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Pathogenesis and treatment of alcoholic
liver disease: progress over the last 50 years
Lieber CS*
Alcohol Research and Treatment Center, Section of Liver Disease and Nutrition, Bronx VA Medical Center, Professor of Medicine and Pathology,
Mount Sinai School of Medicine, New York, USA

Abstract
Fifty years ago the dogma prevailed that alcohol was
not toxic to the liver and that alcoholic liver disease was
exclusively a consequence of nutritional deficiencies. We
showed, however, that liver pathology developed even in the
absence of malnutrition. This toxicity of alcohol was linked
to its metabolism via alcohol dehydrogenase which converts
nicotinamide adenine dinucleotide (NAD) to nicotinamide
adenine dinucleotide-reduced form (NADH) which contributes to hyperuricemia, hypoglycemia and hepatic steatosis
by inhibiting lipid oxidation and promoting lipogenesis. We
also discovered a new pathway of ethanol metabolism, the
microsomal ethanol oxidizing system (MEOS). The activity
of its main enzyme, cytochrome P4502E1 (CYP2E1), and
its gene are increased by chronic consumption, resulting
in metabolic tolerance to ethanol. CYP2E1 also detoxifies
many drugs but occasionally toxic and even carcinogenic
metabolites are produced. This activity is also associated
with the generation of free radicals with resulting lipid
peroxidation and membrane damage as well as depletion of
mitochondrial reduced glutathione (GSH) and its ultimate
precursor, namely methionine activated to S-adenosylmethionine (SAMe). Its repletion restores liver functions.
Administration of polyenylphosphatidylcholine (PPC),
a mixture of unsaturated phosphatidylcholines (PC)
extracted from soybeans, restores the structure of the membranes and the function of the corresponding enzymes. Ethanol impairs the conversion of -carotene to vitamin A and
depletes hepatic vitamin A and, when it is given together
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with vitamin A or -carotene, hepatotoxicity is potentiated.
Our present therapeutic approach is to reduce excess alcohol consumption by the Brief Intervention technique found
to be very successful. We correct hepatic SAMe depletion
and supplementation with PPC has some favorable effects
on parameters of liver damage which continue to be evaluated. Similarly dilinoleoylphosphatidylcholine (DLPC),
PPC’s main component, also partially opposes the increase
in CYP2E1 by ethanol. Hence, therapy with SAMe +DLPC
is now being considered.

Key words:

alcoholic hepatitis, nonalcoholic steatohepatitis (NASH), cytochrome P450 (CYP2E1),
S-adenosylmethionine (SAMe), polyenylphosphatidylcholine (PPC).

Introduction
In a prospective survey of 280 subjects with alcoholic liver
injury [1] it was found that, within 48 months of follow-up, more
than half of those with cirrhosis, and two thirds of those with cirrhosis plus alcoholic hepatitis, had died. This dismal outcome is
more severe than that of many cancers, yet it is attracting much
less concern, both among the public and the medical profession.
This may be due, at least in part, to the general perception that
not much can be done about this major public health issue.
One purpose of this review is to analyze how concepts about
alcoholic liver disease have evolved and how the present state
of knowledge allows for a more optimistic outlook in terms of
treatment and outcome.

Malnutrition versus toxicity
Because experimentally, nutritional deficiencies cause
liver damage, it was postulated that this is also the mechanism

7
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Figure 1. Interaction of direct toxicity of ethanol on liver and gut with malnutrition secondary to dietary deficiencies, maldigestion, and
malabsorption, as well as impaired hepatic activation, inhibition and increased degradation of nutrients (modified from [176])
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whereby alcoholic liver disease develops. Accordingly, fifty years
ago the dogma prevailed that alcohol was not toxic to the liver
and that alcoholic liver disease was exclusively a consequence of
nutritional deficiencies. As a result, the prevailing therapy was
nutritional with enriched diets. This view was clearly expressed
by Best et al. [2], the co-discoverer of insulin, who stated that
“There is no more evidence of a specific toxic effect of pure
ethyl alcohol upon liver cells than there is for one due to sugar”.
This opinion was based on his experiments in rats given alcohol
in drinking water. They did not develop any liver damage unless
the diet was deficient. However, rats do not develop significant
blood levels of alcohol when given in the drinking water. When
we overcame the aversion of the rats for alcohol by incorporating 35% of calories as alcohol into nutritionally adequate liquid
diets, obvious liver pathology, including fatty liver, developed
compared to the control animals pair-fed with an isocaloric diet
in which alcohol was replaced by carbohydrates [3]. This was
also demonstrated in volunteers given alcohol with enriched
diets which did not prevent the development of the first stage
of alcoholic liver disease, namely alcoholic fatty liver [3,4] indicating that alcohol exerts some direct toxic effect on the liver
independent of malnutrition (Fig. 1). This demonstration of the
hepatotoxicity of alcohol did, of course, not preclude that one of
the mechanisms whereby alcohol affects the liver may also be its
interference with nutritional factors.

Pathogenesis and treatment of alcoholic
and non-alcoholic fatty liver
1. Alcohol and nutrition
Unlike other drugs, ethanol is a substantial source of
energy, with 7.1 kcal (29.7 kJ) per gram, a value that exceeds
the energy content of carbohydrates or proteins. On average,
ethanol accounts for half an alcoholic’s caloric intake. It therefore displaces normal nutrients, causing malnutrition (Fig. 1),
including deficiencies of folate, thiamine, and other vitamins.
Secondary malnutrition also occurs through malabsorption
due to gastrointestinal complications, such as pancreatic insufficiency and impaired hepatic metabolism of nutrients (Fig. 1).
In addition, alcohol promotes the degradation of nutrients, as
exemplified by its effects on vitamin A [5].
Indeed, in addition to the study of the hepatotoxicity of
ethanol, we investigated its associated effect on nutrients with
implications for the liver. This included the discovery that
liver microsomes harbor previously unrecognized pathways for
retinol metabolism [6] which were shown to play a role in the
homeostatic control of hepatic vitamin A levels [7]. Using purified cytochrome P-450 isozymes, including the human CYPIIC8
[8], retinol [6,8] and retinoic acid [8,9] metabolizing systems
were reconstituted; administration of ethanol or various drugs
was shown to result in the induction of the activity of these

Pathogenesis and treatment of alcoholic liver disease: progress over the last 50 years

Figure 2. Toxic and metabolic disorders caused by ethanol abuse. Most of the toxic and metabolic disorders that result from long-term
ethanol abuse can be explained on the basis of the metabolism of ethanol by alcohol dehydrogenase (ADH) and the associated generation
of reduced NADH or by the microsomal ethanol oxidizing system (MEOS), with the induction of cytochrome P-4502E1 and other microsomal enzymes, as well as by the toxic effects of acetaldehyde produced by both pathways. FA denotes fatty acids, and L-FABP denotes
liver fatty-acid-binding protein (from [177])
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systems [10,11], a possible mechanism for the striking hepatic
vitamin A depletion which was discovered to result from chronic
ethanol consumption in rats and non-human primates [12], as
well as man [13]. This hepatic vitamin A depletion was found to
be associated with significant lysosomal lesions [14].
Depletion of vitamin A called for its replenishment but it
was found that vitamin A supplementation in alcohol users is
complicated because of the marked exacerbation of vitamin
A hepatotoxicity by chronic ethanol consumption. Indeed,
amounts of ethanol and vitamin A which, by themselves, do
not produce fibrosis, when combined, resulted in necrosis and
fibrosis in the liver [15], with development of severe mitochondrial injury [16]. Furthermore, it was discovered in non-human
primates that alcohol interferes with the clearance of the retinol
precursor -carotene, possibly by impairing its conversion to
vitamin A, resulting in enhanced hepatic and blood levels in
baboons [17] and also in man [18], with associated potentiation
of their hepatotoxicity [17]. In the aggregate, the above listed
studies have led to the recognition of a narrowed therapeutic
window for vitamin A and -carotene in moderate and in heavy
drinkers; in turn, this has prompted a redefinition of the optimal
conditions for their therapeutic use, in order to avoid adverse
interactions with ethanol in terms of hepatotoxicity and carcinogenicity, as reviewed by Leo and Lieber [19].

These studies also established the fact that, even in the
presence of an adequate diet, alcohol can produce a fatty liver
at blood levels which do not necessarily produce intoxication.
Increases in dietary long-chain triglycerides enhanced the
alcohol-induced steatosis and this effect was attenuated by
medium-chain triglycerides [20] as confirmed more recently
[21]. Decreasing dietary fat reduced steatosis but, below a level
of 10% of calories as dietary fat, there was a reversal of this
effect, probably due to the high carbohydrate content of the corresponding diet [22]. These, as well as other effects of alcohol
were shown to be due to ethanol’s prevailing metabolism in the
liver (Fig. 2).

2. Toxic effects of hepatic alcohol oxidation
a. Role of Alcohol Dehydrogenase (ADH)
Oxidation of ethanol through the ADH pathway produces
acetaldehyde, which is converted to acetate (Fig. 3); both reactions reduce nicotinamide adenine dinucleotide (NAD) to nicotinamide adenine dinucleotide-reduced form (NADH). Excess
NADH causes a number of metabolic disorders [5], including
inhibition of the Krebs cycle and of its fatty acid oxidation. The
inhibition of fatty-acid oxidation favors steatosis and hyperlipidemia. The effects of ethanol were reproduced in vitro by an
alternative NADH-generating system (sorbitol-fructose) and
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were blocked by a H+ acceptor (methylene blue) [23,24]. The
preventive effect of methylene blue against ethanol-induced
fat accumulation was more recently confirmed [25]. Our liquid
diet rat model of alcoholic liver disease consistently reproduced
a fatty liver but it did not progress to inflammation, fibrosis and
cirrhosis. This is probably due to the fact that, even with the
liquid diet, the alcohol intake is limited to 35% of total calories
whereas alcoholics who develop cirrhosis usually consume at
least 50% of their calories as alcohol. Such a high intake of alcohol was then achieved in non-human primates, namely baboons
[26]. Under these conditions, not only fatty liver, but also fibrosis and cirrhosis developed despite adequate diets.
It was also known that catalase, located in the peroxisomes,
is capable of oxidizing ethanol in vitro in the presence of an
H2O2-generating system [27] (Fig. 3), but under physiological
conditions, catalase appears to play no major role. In both the
rat and baboon models, it was also shown that in addition to
the metabolic abnormalities caused by the ADH activity, a new
pathway of ethanol metabolism, namely the microsomal ethanol
oxidizing system (MEOS), plays a key role in the progression of
the disease (vide infra).

propensity for flushing is genetically determined and caused
by decreased acetaldehyde disposition secondary to the lack
of ALDH2 activity [29-32]. In fact, the flushing reaction seen
in susceptible Asians mimics to a lesser degree the disulfiram
reaction caused by the elevation of acetaldehyde following aldehyde dehydrogenase inhibition. The latter reaction has gained
therapeutic use as a reinforcement for abstinence in alcoholism
rehabilitation programs. In addition, the aversive cardiovascular
effects of acetaldehyde may contribute to the relatively lower
incidence of cirrhosis in “flushers” [33]. The flushing phenotype
may also confer some resistance to the development of alcoholism [34]. Conversely, however, some Japanese alcoholics with
an ALDH2 deficiency and, presumably, higher hepatic acetaldehyde levels during drinking, develop alcoholic liver disease
at a lower cumulative intake of ethanol than controls [35]. The
ALDH2 activity is also significantly reduced by chronic ethanol
consumption [36]. The decreased capacity of mitochondria after
chronic alcohol consumption to oxidize acetaldehyde, associated
with unaltered or even enhanced rates of ethanol oxidation and
hence acetaldehyde generation (e.g. because of MEOS induction, vide infra) results in an imbalance between production
and disposition of acetaldehyde. The latter causes the elevated
acetaldehyde levels observed after chronic ethanol consumption
in man [37] and in baboons [38], with a tremendous increase of
acetaldehyde in hepatic venous bloods, reflecting the high tissue
level.
Acetaldehyde’s toxicity is due, in part, to its capacity to
bind to proteins, such as microtobules [39], collagen [40] and
microsomal protein [41], including CYP2E1 [42]. By binding
to the tubulin of microtubules, acetaldehyde blocks the secretion of proteins. The increases in protein, lipid, water [43] and
electrolytes cause hepatocytes to enlarge or “balloon”, a hallmark of alcoholic liver disease. Acetaldehyde-protein adducts
promote collagen production and may also act as neoantigens,
which stimulate an immune response [44,45]. Formation of
adducts results in hepatic protein retention, contributing to the
hepatomegaly [46], and a score of other toxic manifestations,
including decreased GSH and impairment of other antioxidant mechanisms, as reviewed elsewhere [5,47]. The effects
include inhibiting the repair of alkylated nucleoproteins [48],
decreasing the activity of key enzymes, and markedly reducing oxygen utilization in mitochondria damaged by long-term
ethanol consumption [38,49]. Impaired oxygen utilization was
also confirmed in baboons in vivo [38]. The impaired oxidation
capacity of the mitochondria also interferes with the oxidation
of acetaldehyde [50], thereby contributing to the vicious circle of
progressive acetaldehyde accumulation in turn causing greater
mitochondrial injury.

b. Role of Acetaldehyde Dehydrogenase
As mentioned, the oxidation of ethanol results in the production of the highly toxic metabolite, namely acetaldehyde
which is rapidly further metabolized to acetate, mainly by a mitochondrial low Km aldehyde dehydrogenase (ALDH2), the
activity of which is lacking in about 25-50% of Asians. In these
individuals, even small amounts of alcohol which have almost no
effect on Caucasians can produce a rapid facial flush, frequently
associated with tachycardia, headache and nausea [28]. This

c. Microsomal Ethanol Oxidizing System (MEOS)
1) Discovery of this new pathway
As reviewed elsewhere [51,52], the discovery of this
pathway was prompted by the observation that, after chronic
ethanol consumption, there is an adaptive increase of ethanol
metabolism which could not be explained on the basis of ADH,
therefore raising the possibility of the existence of an additional
pathway. The first indication of a possible interaction of ethanol
with the endoplasmic reticulum of the hepatocyte (also called

Figure 3. Ethanol oxidation by (A) alcohol dehydrogenase
(ADH) and nicotinamide adenine dinucleotide (NAD+);
(B) the hepatic microsomal ethanol oxidizing system (MEOS),
which involves cytochrome P4502E1 and the reduced form
of nicotinamide adenine dinucleotide phosphate (NADPH);
(C) a combination of NADPH oxidase and catalase; and (D)
xanthine oxidase and catalase (from [5])
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2) Differentiation of the MEOS from ADH and catalase
Eventually, MEOS was solubilized and separated from
ADH and catalase activities by diethylaminoethyl cellulose
column chromatography [69,70]. Furthermore, whereas catalase
reacts peroxidatically primarily with methanol and ethanol, but
not with alcohols of longer aliphatic chains [71], the NADPHdependent MEOS was found capable of metabolizing n-propanol as well as n-butanol. This was shown in hepatic microsomal
preparations and in reconstituted systems that contained the
microsomal components cytochrome P450, NADPH-cytochrome P450 reductase and phospholipids, and exhibited no
ADH or catalase activity [68-70,72]. Such a system was also
reconstituted in acatalasemic mice [68]. Furthermore, MEOS
activity was inhibited by carbon monoxide and the effect was
reversed by lights of wavelengths 430 to 460 nm, which showed
the involvement of cytochrome P450 [73]. Finally, successful
reconstitution was accomplished with either partially purified
or highly-purified microsomal P450 from alcohol [74] or phenobarbital-treated [75] rats. Based on these and various other
studies, and regardless of the original claim to the contrary [76],
it was finally agreed by the principal contenders involved that
catalase cannot account for the microsomal ethanol oxidation

Figure 4. Hepatic cytochrome P4502E1 levels in alcoholics and
in nondrinkers. Cytochrome P4502E1 was quantitated by scanning of Western blots of microsomes obtained from percutaneous liver biopsies, using anti-2E1 antibodies. (data from [79])
10 –

Immunocreation intensity

microsomal fraction when obtained by ultracentrifugation) was
provided by the observation that in rats and humans, ethanol
feeding results in a proliferation of the smooth endoplasmic
reticulum (SER) [53-55] which was confirmed by an increase
in the amount of enzyme activities of the hepatic microsomal
membranes [56], including a rise in microsomal glucose-6-phosphatase activity after chronic ethanol administration [57]. This
increase in SER resembled that seen after the administration
of a wide variety of hepatotoxins [58], barbiturates, and other
therapeutic agents [59] and food additives [60]. Because many
of the substances that induce a proliferation of the SER are
metabolized, at least in part, by the cytochrome P450 enzyme
system that is located in the SER, the possibility that ethanol
may also be metabolized by a similar process was raised. Indeed,
such a system was demonstrated in liver microsomes in vitro
and found to be inducible by chronic ethanol feeding in vivo
[22,61]. The proposal that this new pathway (named MEOS)
plays a significant role in ethanol metabolism initiated a decade
of lively debate: some invoked ADH contaminating the liver
microsomes [62], whereas others asserted that this microsomal
ethanol oxidation was due to a hydrogen peroxide-dependent
reaction promoted by contaminating catalase [63]. Indeed, it
had been postulated that the combination of H2O2 generation
from NADPH oxidase and of catalase could account for microsomal ethanol oxidation [64,65] (Fig. 3), especially because
a H2O2-generating system (glucose-glucose oxidase) can be
substituted for NADPH. Actually, the latter is not unexpected,
because not only do microsomes contain catalase, but commercial glucose oxidase (used to generate NADPH) is contaminated
with catalase. It also had been reported that microsomes from
acatalasemic mice fail to oxidize ethanol [66], but this claim
was subsequently retracted [67]. In fact, hepatic microsomes
of acatalasemic mice subjected to heat inactivation displayed
decreased catalase activity, but NADPH-dependent MEOS
remained active and unaffected [26,68].
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[77,78], and that the MEOS is distinct from ADH and catalase
and dependent on cytochromes P450, as reviewed elsewhere
[51,52].
Thus, it was established that the key enzyme of the MEOS
is an ethanol-inducible cytochrome P450 2E1 (CYP2E1) which
was found (Fig. 4) to be increased 4- to 10-fold in liver biopsies
of recently drinking subjects [79], with a corresponding rise in
mRNA [80]. This induction contributes to the metabolic tolerance to ethanol that develops in the alcoholic (in addition to the
central nervous tolerance).
3) “Ethanol-specific” cytochrome P450
That chronic ethanol consumption results in the induction
of a unique P450 enzyme was shown by Ohnishi and Lieber [74]
using a liver microsomal P450 fraction isolated from ethanoltreated rats. An ethanol-inducible form of P450 (LM-3a) was
purified from rabbit liver microsomes which catalyzed ethanol
oxidation at rates much higher than other P450 isozymes
[81,82]. Similar results have been obtained with cytochrome
P450j, a major hepatic P450 isozyme purified from ethanol- or
isoniazid-treated rats [83,84]. A P450j-like isozyme was also
described in humans [85,86]. In a new nomenclature system, it
was proposed that the ethanol-inducible form be designated as
CYP2El [87].
Despite the discovery of CYP2E1 and its prevailing role in
microsomal ethanol oxidation, the term MEOS was maintained
because cytochromes P450 other than CYP2E1, as well as
hydroxy radicals, can contribute to ethanol metabolism in the
microsomes (vide infra). Thus, the term MEOS characterizes
total microsomal ethanol oxidation, not only that catalyzed by
CYP2E1.
The rat CYP2E1 gene was isolated, characterized, and
localized to chromosome 7 [88] and the human gene to chromosome 10 [89]. In rabbits, two genes may be involved [90].
The rat hepatic CYP2E1 gene is transcriptionally activated
within 1 day after birth [91]. This activation is accompanied by
a demethylation of cytosine residues located within the 5’ flanking region of the gene, suggesting that methylation of specific
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residues in the 2E1 gene is responsible for the lack of transcription of the 2E1 gene in fetal liver. Cytochrome P4502E1 remains
relatively stable during the remainder of the life span, and
a tissue-specific relation between the hypomethylation of the
human CYP2E1 gene and its hypoexpression was observed [92].
CYP2E1 can be strikingly induced by a variety of substrates.
4) Physiologic role of CYP2E1
As revealed in the studies cited above, the most common
cause for CYP2E1 induction is early alcoholic liver injury,
such as alcoholic steatosis and alcoholic steatohepatitis (ASH).
CYP2E1, however, is also induced in nonalcoholic steatohepatitis (NASH), which can be understood on the basis of the physiologic role of CYP2E1. Indeed, CYP2E1 has a dual role (Fig. 5),
namely one of detoxification and one of nutritional support.
That CYP2E1 contributes to the defense mechanisms of the
body against the penetration of toxic xenobiotics is suggested by
its location and inducibility at port of entries into the body, and
by its broad substrate specificity.
Regarding xenobiotics such as alcohol, CYP2E1 may play
a dual detoxification role: through its location in the liver, it
may oppose the ethanol resulting from gastrointestinal fermentation to enter the systemic circulation. Moreover, through
its marked inducibility at high ethanol concentration, it may
prevent alcohol that has entered the circulation from reaching
excessive levels. This inducibility was shown not only in experimental animals [93] but also in man [94]. In volunteers, chronic
administration of substantial amounts of ethanol resulted in
a progressively increased rate of clearance of alcohol from the
blood. This accelerated blood alcohol disappearance occurred
exclusively at relatively high concentrations of ethanol, the
kinetics of which clearly indicate that a system is involved with
a Km of approximately 10 mM, which is consistent with that of
MEOS (and its CYP2E1) and at least 1-2 orders of magnitude
higher than that of ADH. Thus, despite the fact that, at low
ethanol concentrations, liver ADH has a much higher capacity
for ethanol oxidation than the CYP2E1 system, it is the MEOS,
and particularly its CYP2E1, which accounts for the metabolic
adaptation to high concentrations of ethanol that develops upon
chronic substantial ethanol consumption.
In terms of the nutritional role, CYP2E1 is inducible by
fasting in the rat [95]. The increase may be due, at least in
part, to ketones. Indeed, in rats [96], rabbits [97], and humans
[98], acetone is actively utilized, being metabolized by a microsomal acetone mono-oxygenase identified as CYP2E1 [99,
100]. Acetone is both an inducer and a substrate of CYP2E1
[101,102]. The existence of a gluconeogenic pathway for
acetone was shown by the incorporation of [14C] acetone into
glucose and aminoacids during fasting and diabetic ketoacidosis
[98,103,104]. The conversion of acetone to acetol and then to
methylglyoxal, both intermediates in the gluconeogenic pathway, was demonstrated in vitro [96,97,105]. The contribution of
CYP2E1 to the biotransformation of acetone was shown in vivo
by the increase in blood acetone after the CYP2E1 inhibitors
diallyl sulfide, diallyl sulfoxide, and diallyl sulfone [106]. It is
noteworthy, as already pointed out by Reichard et al., [103] that
acetone may be a significant gluconeogenic precursor in fasting
humans, accounting for 10% of the gluconeogenic demands.

The role of CYP2E1 in fatty acid metabolism also supports
the concept of a nutritional role for CYP2E1. Indeed, CYP2E1,
in addition to its ethanol oxidizing activity, catalyzes fatty acid
-1 and -2 hydroxylations [107-109]. Ethanol feeding also
results in an increased activity of CYP4A1 [110]. The CYP4A
subfamily catalyzes -hydroxylation at the terminal carbon of
fatty acids. Further oxidation of the and -1 hydroxyacids by
alcohol and aldehyde dehydrogenases results in the production
of dicarboxylic and oxo-carboxylic acids.
5) Gender difference
It is of interest that dicarboxylic acids (products of the
CYP4A-mediated pathway) play a regulatory role in the hepatic
disposition of non-esterified fatty acids by activating a peroxisomal proliferator nuclear receptor alpha (PPNR ) which
increases the transcription of key fatty acid disposal pathways,
such as the microsomal CYP4A1, the peroxisomal acyl-CoA
oxidase and the liver fatty acid-binding protein (L-FABPc) in
the cytosol [111]. This, in turn, results in enhanced microsomal
-oxidation and peroxisomal -oxidation of fatty acids and in
a greater stimulatory effect of L-FABPc on microsomal acylglycerol synthesis [112].
The resulting changes exacerbate the gender difference
in the alcohol-induced lipid abnormalities and in the vulnerability to alcoholic liver disease. It was known that gender
differences in ethanol distribution [113], bioavailability [114]
and hepatic metabolism [115], with increased production of
acetaldehyde [116], may contribute to women’s vulnerability to
alcohol consumption. In addition, gender differences in alcoholinduced derangements of hepatic lipid metabolism, affecting
the disposition of potentially toxic fatty acids, have also been
reported in animal experiments [117]. Indeed, chronic alcohol
administration increased -oxidation more effectively in male
than in female rats [110], explaining the potentially deleterious
accumulation of non-esterified fatty acids in the liver of the
alcohol-fed females [117]. This was also associated with a much
smaller ethanol-induced increase in cytosolic L-FABPc and
microsomal esterification in females than in males, whereas
the inhibition of mitochondrial -oxidation was similar in both
genders. Related findings have been observed in humans [118]
and contribute to the greater vulnerability of women to the
development of alcoholic liver injury.
6) CYP2E1 and oxidative stress
The increase of CYP2E1 has also been shown to play a key
role in the pathogenesis of alcoholic liver injury, including
ASH, because of the oxidative stress it generates [51]. Actually,
CYP2E1 is also invariably elevated in the liver of patients with
NASH [119] because fatty acids (which increase in obesity)
and ketones (which increase in diabetes) are also substrates
for CYP2E1 (vide supra and Fig. 5); their excess up-regulates
CYP2E1. Although the pathogenesis of NAFLD and NASH
has not yet been fully elucidated, a popular mechanism is the
“Two Hit” theory [120], the first hit being the accumulation, by
several causes (such as obesity), of fatty acids in the liver. The
second hit is the peroxidation of these fatty acids because of the
oxidative stress produced by different factors, such as CYP2E1
induction [121].
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Figure 5. Physiologic and toxic roles of cytochrome P4502E1
(CYP2E1), the main enzymes of the microsomal ethanol
oxidizing system (MEOS). Many endogenous and xenobiotic
compounds, including ethanol, ketones, and fatty acids, are
substrates for CYP2E1 and induce its activity through various
mechanisms, resulting in an array of beneficial as well as harmful effects. NADPH = Reduced form of nicotinamide adenine
dinucleotide phosphate (from [52])
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human data are available, mainly because of a lack of very effective agents suitable for chronic human use. Several inhibitors
[132] have been used or are being developed [133] but there is
still a need to obtain CYP2E1 inhibitors which are both effective
and also innocuous enough to be used chronically in humans.
It is noteworthy that preliminary results in a rat model
of NASH [134] revealed that the combination of SAMe and
DLPC, two physiological antioxidants, reduces the oxidative
stress resulting from the CYP2E1 induction generated by an
excess of lipids, thereby significantly attenuating key changes
associated with NASH. Accordingly, since SAMe and DLPC
are innocuous, clinical trials with NASH patients can now be
considered.
Using the same NASH experimental models, acarbose,
a glucosidase inhibitor, was also found to attenuate the NASH
[135].

Xenobiotics (including ethanol)

Progression of fatty liver to inflammation
and fibrosis
1. Role of products of lipid peroxidation
7) Mitochondrial injury
The damage caused by oxidative stress in both ASH and
NASH includes mitochondrial injury, which in turn exacerbates
the oxidative stress [51]. That mitochondrial damage is a key
component of alcoholic liver injury is well established [5], but
NASH is also associated with mitochondrial structural defects
whereas NAFLD is not. This mitochondrial dysfunction contributes to the oxidative stress in NASH [122].
Like many other useful adaptive systems, when the adaptation becomes excessive, adverse consequences prevail. CYP2E1
leaks oxygen radicals as part of its operation (Fig. 5) and when
they exceed the cellular defense systems, they result in oxidative
stress with its pathologic consequences. This is true when excess
alcohol has to be metabolized, as in ASH, or when CYP2E1 is
confronted by an excess of ketones and fatty acids associated
with diabetes and/or obesity, resulting in NASH.
8) NASH
No therapy for NASH has been proven clearly effective
[123-126]. Preliminary data with antioxidants such as vitamin E
and C in the treatment of NASH are promising [127], but need to
be confirmed. In view of the pathogenic role of CYP2E1 in both
ASH and NASH, inhibitors are being considered to oppose the
up-regulation of CYP2E1 activity by either ethanol, fatty acids or
ketones, which results in increased generation of reactive radicals
and toxic metabolites. Indeed, it has been suggested that CYP2E1
inhibitors may eventually provide useful tools for the prevention
and treatment of the hepatotoxicity associated with heavy drinking as well as overeating. Indeed, experimentally, a decrease
in the inducibility of CYP2E1 was found to be associated with
a reduction in associated liver injury [128,129] but when the liver
pathology was semiquantitated, it was only partially ameliorated
by the CYP2E1 inhibitors used [130,131]. Indeed, the CYP2E1
inhibition was incomplete. Whereas CYP2E1 inhibitors completely blocked lipid peroxidation, they only partially prevented
other lipid abnormalities [128]. Thus far, no corresponding

The oxidative stress caused by CYP2E1 induction,
acetaldehyde and mitochondrial injury (vide supra) results in
lipid peroxidation and membrane damage. In addition, lipid
peroxidation products such as 4-hydroxynonenal stimulate
fibrogenesis which is also increased through feedback inhibition
of collagen synthesis because acetaldehyde forms adducts with
the carboxyl-terminal propeptide of procollagen [40].

2. Role of inflammation, cytokines and anticytokine
therapy
Oxidative stress promotes inflammation which is aggravated
by an increase of the proinflammatory cytokine TNF- in the
Kupffer cells. TNF- causes metabolic disturbances that are
similar to the complications of alcoholic hepatitis, and it is also
an important mediator of endotoxic shock and sepsis. Kupffer
cells are a major source of cytokines. They also harbor CYP2E1
and its increase after chronic alcohol consumption [136] may act
as a major stimulator. Indeed, in both acute and chronic liver
diseases, Kupffer cells become activated to produce cytokines
and reactive oxygen radicals [137]. Of potential therapeutic
interest is the observation that DLPC (the active PC species
of PPC) decreases stellate cell activation [138] and that it
selectively modulates the LPS-induced activation of Kupffer
cells by decreasing the production of the cytotoxic TNF- , while
potentiating the release of the protective IL-1 [139]. This dual
action of DLPC on cytokines may provide a potent mechanism
against liver injury. In addition to the reduction in TNF- , the
enhanced release of IL-1 could oppose the hepatotoxicity of
TNF- , either directly or indirectly through an IL-1 related
increase in the tolerance to TNF- mediated toxicity.
Recently, it has also been shown that ethanol induces transforming growth factor (TGF- ) production in hepatocytes,
leading to stimulation of collagen synthesis by hepatic stellate
cells [140]. These results suggest that TGF- derived from ethanol-exposed hepatocytes may contribute to the development of
hepatic fibrosis in alcoholic liver disease. This effect was spe-
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Figure 6. Sequential development of alcoholic liver injury in baboons fed ethanol with adequate diet (left panel) and prevention of septal
fibrosis and cirrhosis by supplementation with polyenylphosphatidylcholine (PPC) (right panel). Liver morphology in animals pair-fed
control diets (with or without PPC) remained normal (not shown) (from [146])
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cifically inhibited by anti-TGF- antibodies. It is noteworthy that
experimentally DLPC also decreased TGF- 1-induced collagen
mRNA by inhibiting p38 MAPK in hepatic stellate cells [141].
These are activated through induction of CYP2E1, acetaldehyde and by endotoxin. TNF- is decreased by DLPC, but also
in stellate cells not only in Kupffer cells (vide supra) [141]. In
addition, collagen accumulation reflects not only enhanced
synthesis, but results from an imbalance between collagen
degradation and collagen production. Thus, cirrhosis might, in
part, represent a relative failure of collagen degradation to keep
pace with synthesis. Interestingly, PPC may affect this balance.
Indeed, addition of PPC to transformed lipocytes was found to
prevent the acetaldehyde-mediated increase in collagen accumulation, possibly by stimulation of collagenase activity [142].
The active ingredient was identified as DLPC [143]. The role of
collagenase was also shown indirectly in man by the correlation
of the development of alcoholic fibrosis with increased activity
of the circulating tissue inhibitor of metalloproteinase (TIMP).
Indeed, serum TIMP was significantly increased in alcoholic cirrhosis and may play a role in its pathogenesis through inhibition
of collagenase activity. In addition, it can serve as a marker of
precirrhotic states, since this test was more sensitive in detecting
either perivenular fibrosis or septal fibrosis and offered better
discrimination from fatty liver than serum procollagen peptide
(PIIIP) [144]. The stimulation of collagenase activity [142] may
explain, at least in part, why PPC attenuates the development
of fibrosis (including cirrhosis) after chronic alcohol administration [145], an effect confirmed using more purified lecithin
extracts, which again pointed to DLPC as the active ingredient
of PPC [146] (Fig. 6). In the latter studies, the control livers
remained normal whereas 10 of 12 baboons fed alcohol without
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PPC developed septal fibrosis or cirrhosis, with transformation
of 81±3% of the hepatic lipocytes to collagen producing transitional cells. By contrast, none of the 8 animals fed alcohol with
PPC developed septal fibrosis and cirrhosis, and only 48±9% of
their lipocytes were transformed.

Antifibrotic therapy through correction
of altered nutrient activation or
of the deficiency in selective nutrients
The nutritional approach to liver disease has been improved
by recognizing the importance not only of providing a sufficient
intake of nutrients but also of correcting the impairment in the
activation of key nutrients by alcohol.

1. Methionine and S-adenosylmethionine (SAMe)
a. Pathogenesis of the deficiency and its consequences
Correction of methionine deficiency has been proposed for
the treatment of liver diseases, especially the alcoholic variety,
but excess methionine was shown to have some adverse effects,
as reviewed elsewhere [147]. Whereas in some patients with
alcoholic liver disease, circulating methionine levels are normal,
in others elevated levels were observed and it was reported that
the blood clearance of methionine after an oral load was slowed,
suggesting impaired metabolism. Indeed, for most of its functions, methionine must be activated to SAMe and, in cirrhotic
livers, Duce et al. [148] reported a decrease in the activity of the
enzyme involved, namely SAMe synthetase, also called methionine adenosyltransferase [149] (Fig. 7). Furthermore, long-term
ethanol consumption in non-human primates was associated

Pathogenesis and treatment of alcoholic liver disease: progress over the last 50 years

Figure 7. Link between enhanced lipid peroxidation and accelerated acetaldehyde production as well as increased free radical generation
by the induced microsomes, with sites of possible therapeutic interventions. Metabolic blocks caused by liver disease (a, b) or folate (c),
B12 (c), or B6 (d) deficiencies are illustrated, with corresponding depletions in S-adenosylmethionine, phosphatidylcholine, and reduced
glutathione (GSH). New therapeutic approaches include: down-regulation of microsomal enzyme induction, especially of cytochrome
P450 2E1 (CYP2E1); decrease of free radicals with antioxidants, and replenishment of S-adenosylmethionine as well as “phosphatidylcholine. ADH = Alcohol dehydrogenase. (from [147])
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with a significant depletion of hepatic SAMe [145] which may
have a number of adverse effects since SAMe is the principal
methylating agent in various transmethylation reactions which
are important for nucleic acid and protein synthesis, membrane
fluidity and the transport of metabolites and transmission of signals across membranes. Because of impaired methyltransferase
activity, SAMe depletion exacerbates the membrane injury
induced by alcohol. Furthermore, SAMe plays a key role in the
synthesis of polyamines and provides a source of cysteine for
glutathione production (Fig. 7).
b. Therapeutic applications of SAMe, including clinical
trials
In baboons, correction of the ethanol-induced hepatic
SAMe depletion with oral SAMe administration resulted in
a corresponding attenuation of ethanol-induced liver injury,
as shown by a less striking glutathione (GSH) depletion, lesser
increases in plasma AST and glutamic dehydrogenase (GDH)
activities and fewer megamitochondria [145]. SAMe treatment
is also beneficial in man, as shown in a prospective, multicenter,
double-blind, placebo-controlled trial [128] performed in 220
inpatients with chronic liver diseases (chronic active hepatitis
and cirrhosis, including primary biliary cirrhosis) in whom serum
markers of cholestasis and subjective symptoms significantly
improved after SAMe. Oral administration of 1 200 mg/day of
SAMe for 6 months also resulted in a significant increase of
hepatic GSH in patients with alcoholic as well as nonalcoholic

liver disease [150]. Noteworthy is a two-year randomized,
placebo-controlled, double-blind, multicenter clinical trial of
SAMe in patients with alcoholic liver cirrhosis (Child class
A and B) in whom SAMe improved survival (29% vs 12%,
P=0.025) or delayed liver transplantation [151].

2. Antioxidant therapy
a. Polyenylphosphatidylcholine therapy
This promising therapy involves using polyunsaturated PPC
or specifically its main PC species namely DLPC. An early event
in the development of ALD is a decrease in hepatic levels of
phospholipids, especially PC. This phospholipid deficiency is
associated with altered mitochondrial membranes and correlates with morphologic changes and impaired function. Administration of PPC to primates corrected the ethanol-induced
decrease in phospholipid levels and prevented progression
to alcohol-induced septal fibrosis and cirrhosis [144], with an
associated reduction in the number of activated stellate cells.
These had been found to be strikingly increased in alcoholfed baboons, contributing to the progression of fibrosis [152].
A similar transformation of stellate cells was observed in
patients with alcoholic liver disease [153], and an attenuation of
the activation of stellate cells to myofibroblast-like cells was also
observed in vitro [138].
A possible explanation for the beneficial effect of PPC,
especially DLPC, is the ability of liver cells to directly incorporate the phospholipids into cell membranes. This influ-
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ences membrane structure and function. Indeed, the activity
of membrane-bound enzymes was normalized: cytochrome
oxidase, a key enzyme of the mitochondrial electron-transport
chain, which requires a normal phospholipid milieu for optimal
activity, and which is severely depressed by chronic ethanol
consumption, was restored to normal by addition of PC in vitro
[154] or by PPC supplementation in vivo [155], with improvement of hepatic mitochondrial respiration. It is noteworthy that
misoprostol can also attenuate several functional alterations in
liver mitochondria during alcohol consumption [156].
PPC promotes collagen breakdown [146] and it also acts as
an antioxidant [157] which results in a protection against oxidative stress, as determined by normalization of 4-hydroxynonenal,
F2-isoprostanes, and GSH levels [157]. Furthermore, the activity of phosphatidylethanolamine methyltransferase (PEMT),
a key enzyme for the regeneration of hepatic PC, and which is
depressed in alcoholic liver disease (Fig. 7), is also restored with
PPC treatment [146].
All these favorable effects of PPC provided a basis for some
of the reported therapeutic effects of unsaturated phospholipids in the treatment of liver diseases, including patients with
alcoholic hepatitis [158]. Furthermore, PC was shown [146]
to interfere with collagen formation from stellate cells which
have a predominant role in alcohol-induced fibrogenesis. Subsequently, PPC was found to improve liver tests in patients with
hepatitis C [159], and to ameliorate alcoholic liver disease in
a pilot study of patients with underlying fibrosis [160]. This was
followed by a randomized, prospective, double-blind, placebocontrolled clinical trial conducted in twenty VA medical centers
with 789 patients (97% male; mean age 48.8 years) averaging
16 drinks/ day (1 drink =14 g alcohol) for nineteen years [161].
A baseline liver biopsy confirmed the presence of perivenular
or septal fibrosis or incomplete cirrhosis. Alcohol intake was
reduced to approximately two-and-one-half drinks/ day as a result of the Brief Intervention approach [162,163]. Accordingly,
there was no more progression of the fibrosis and therefore no
way to test whether PPC could oppose such a progression except
for a subgroup who were still consuming 6 or more drinks a day
and who displayed beneficial effects against fibrosis. Ascites,
an important secondary clinical measure of liver disease, was
also less frequently observed during follow-up of PPC treated
patients. Furthermore, improvement in transaminases and
bilirubin favoring PPC was seen in the subgroup of HCV+
drinkers. We found that 25% of all patients with alcoholic liver
disease are HCV+, with an even higher incidence in some U.S.
urban areas [164]. In addition to antiviral medications, agents
that oppose oxidative stress and fibrosis such as PPC are also
being tested for hepatitis C treatment since these two processes
contribute much to the pathology and mortality associated with
the virus.
b. Silymarin and other antioxidants
Silymarin was found to be effective against various liver
injuries in rodents. In patients with alcoholic liver disease, some
randomized controlled trials with silymarin showed beneficial
effects such as improved survival [165]. However, other studies
did not verify such an effect [166]. To clarify this issue, silymarin
was studied under controlled conditions in non-human primates

and it was found to oppose the alcohol-induced oxidative stress
and to retard the development of alcohol-induced hepatic fibrosis [161]. The negative outcome observed in some clinical trials
possibly reflects poor compliance. Thus, in view of the innocuity
of silymarin, it might be justified to verify its effect in additional
clinical studies. Theoretically, other antioxidants, such as alphatocopherol, might be useful. Indeed, in patients with cirrhosis,
diminished hepatic vitamin E levels have been observed [167].
However, therapeutic results were disappointing [168].

3. Anti-inflammatory therapy
a. Corticosteroids
Because of the potential role of inflammatory factors in
the pathogenesis of fibrosis and cirrhosis, anti-inflammatory
therapy with corticosteroids has been used. It improved survival
rates in encephalopathic patients but not in those with milder
illnesses [169]. In patients who had either spontaneous hepatic
encephalopathy or a high hepatic discriminant function (based
on elevated prothrombin time and bilirubin concentration),
prednisolone improved survival by 2 months [170]. However,
Christensen and Gluud [171] performed a meta-analysis of 15
treatment trials and concluded that steroids are of no benefit
in alcoholic hepatitis. Obviously, multiple factors affect the outcome and present a great challenge to the clinician.
b. Colchicine
Colchicine has also been evaluated as a treatment for alcoholic cirrhosis because of its anti-inflammatory and antifibrotic
effect [172]. At the end of this study, patients in the colchicine
group had a significantly better 5-year survival. However, these
beneficial effects were not confirmed in a recent multicenter
trial [173].

Conclusions
The better understanding of the pathogenesis of alcoholic
liver disease resulting from extensive research carried out over
the last half century has raised prospects for better treatment as
well. Our present therapeutic approach is to first reduce excess
alcohol consumption by the Brief Intervention technique which,
in a recent controlled study, resulted in a significant and striking
decrease of alcohol consumption from an average 18 to only
2 drinks per day sustained for up to 5 years [162]. New tools
have also been developed for early recognition and detection
of heavy drinkers, based on circulating biologic markers, mainly
carbohydrate-deficient transferrin, and preferably in association
with -glutamyltransferase (GGT) [174]. These biochemical
markers, combined with screening for signs of medical complications, help overcome patient denial and facilitate early detection. Craving can be opposed by such pharmacologic agents as
naltrexone [175].
Thus, effective prevention and therapy against steatosis and
its progression to more severe injury can be achieved by a multifactorial approach: control of alcohol consumption, avoidance
of obesity and excess dietary long-chain fatty acids, and replenishment of SAMe and the phosphatidylcholines (using PPC).
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Introduction

Cholecystokinin

Over the years, cholecystokinin (CCK) has been accepted as
the gastrointestinal hormone mainly responsible for the control
of gallbladder contraction, pancreatic enzyme secretion, growth
of the pancreatic gland and gut motility. On the contrary, its sister hormone gastrin is recognized to regulate gastric acid secretion and proliferation of the acid secreting portion of the gastric
mucosae as well as that of the upper intestine and colon.
These two hormones share the same carboxy-terminal pentapeptide amide sequence but differ in their sulfation sites on
the active C-terminal portion of their molecule; indeed, gastrin
is sulfated on its sixth tyrosyl residue and CCK on its seventh
residue [1]. Because of their structure similarities, both peptides
share common biological activities; indeed, CCK possesses weak
gastrin activity and gastrin shares slight CCK activity [2].
CCK and gastrin initiate their biological effects through
their binding to two subclasses of CCK receptors; the CCK-1
receptor, formerly characterized as the CCKA receptor (A for
alimentary), is highly selective for sulfated CCK [3] whereas
the CCK-2 receptor, earlier called CCKB receptor (B for brain),
does not discriminate between sulfated or nonsulfated CCK and
gastrin [4].
In this review, we will briefly summarize the different
molecular forms and cellular localization of CCK and gastrin.
The emphasis will, however, be put on the CCK-1 and CCK-2
receptors describing their biochemical characteristics, their
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gene in different species, their localization and the results of
their specific occupation under normal and pathological states.
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A. Molecular forms
Shortly after his discovery of CCK-33 in pig intestine [1],
Mutt purified the slightly larger form CCK-39 from the same
species’ intestine [5]. Later on, smaller and larger molecules
were isolated from several species’ brain and intestine. CCK-58,
8, 5 and 4 were found in porcine brain [6] whereas the molecular
forms 58, 39, 33, 25, 18, 8, 7 and 5 were all identified in dog
intestine [7,8]. Some of these same peptides were also identified
in bovine intestine, 39 and 33, in rat intestine, 58, 22, 8 and in
guinea pig intestine, 22 and 8 [9-11]. Early studies indicated that
CCK-58 was the major form of CCK in human intestine [12]
although it had been previously identified in the blood of dogs
[13] and humans [14]. More recently, Reeve demonstrated that
the only detectable form of CCK in rat blood was CCK-58 using
a new method of extraction to minimize loss and degradation
[15]. It was also demonstrated that this CCK-58 peptide exists
under sulfated and non-sulfated forms in porcine and dog intestines [16,17]. This CCK-58 molecule was found much less potent
than CCK-8 in releasing amylase from dispersed rat pancreatic
acini [18]; later on, it was demonstrated that this decreased
activity of CCK-58 depended upon its amino terminus shielding
the carboxyl terminus responsible for its biological activity [19].

B. Localization
As indicated above, CCK is a peptide that exists in several
different molecular forms and all these biologically active
molecules contain the same carboxyl terminal phenylalanine
amide. CCK is produced and released by the endocrine I cells
located within the small intestine mucosae [20]. These I cells
are present in larger amounts in the duodenum and proximal
jejunum with decreased concentrations further down the gut
[21]. CCK was also found in a subpopulation of pituitary cells
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[22] and in the brain, its highest concentration was measured in
the cerebral cortex [23]; the hormone has been associated in the
pathogenesis of schizophrenia [24] and satiety control [25]. CCK
was also localized in the celiac plexus and in the vagus nerve in
an efferent direction toward the gut [26]. In the nervous system,
central and peripheral, CCK is considered as a neurotransmitter.
The major question raised at this point regards the form of CCK
stored in the intestine and brain; this is being pointed out because
of the recent demonstration that CCK-58 appears to be the predominant intestinal form in dogs [8], humans [12] and rats [15]
and was found the major molecular form in dog [13] and human
[14] plasma following its release. With all these different forms of
endocrine CCK circulating in the blood or acting through paracrine and autocrine mechanisms, it is important to characterize
these molecular forms because they operate via only two different
receptor subtypes, the CCK-1 and CCK-2 receptors, and have different physiological effects on various target tissues.

Gastrin
A. Molecular forms
Although postulated in 1905 by Edkins [27], the existence
and nature of gastrin were confirmed by Gregory and Tracy in
1964 when they isolated, sequenced and pharmacologically evaluated the hormone they had purified from hog gastric mucosae
[28]. Later on, two heptadecapeptides were isolated with
identical amino acid sequences; they were named gastrin I, the
non-sulfated form, and gastrin II the sulfated form [29]. Similar
forms of gastrin were later found in cat, cow, sheep, dog, goat,
rat, guinea pig and rabbit. Few years later, Besson and Yalow
identified a 34 amino acid peptide they named “big gastrin” [30]
which was later confirmed to exist also in human as an extended
form of the G-17 molecule [31]. With the advent of molecular
biology and cloning techniques gastrin cDNA was characterized
initially from pig antrum in 1982 [32] and a year later it was done
for human [33]. From these cloning studies, it was established
that from the porcine gastrin precursor cDNA rich of 620 nucleotides, emerged an mRNA of 312 bases coding a 104 amino-acid
preprogastrin molecule while the human preprogastrin peptide
contained 4 less amino acids [34]. This preprogastrin precursor
is further converted to progastrin which through hydrolysis by
specific endopeptidases gave glycine-extended Gastrin-34 and
then amidated Gastrin-17 [35]. In search for other gastrin molecules, minigastrin (Gastrin-14) was identified [36] along with
smaller forms including a c-terminal hexapeptide from porcine
antrum [37] and a pentapeptide from canine brain and intestine
[38]. Finally, a C-terminal tetrapeptide was purified from the
gut [39]. One interesting feature of the gastrin peptide is that in
neonatal rat pancreas, the major source of gastrin in the newborn rat, gastrin is totally sulfated; this complete sulfation of
gastrin was also observed in the feline pancreas and in the small
intestine of human fetus [40]. Later on, the antrum was shown
to contain approximately equal proportions of non-sulfated and
sulfated gastrin [29].
Human plasma contains the two major forms of gastrin,
G-34 and G-17, along with two minor components identified as
little gastrin I and II and minigastrin I and II; these forms also

circulate as sulfated and non sulfated [41]. Recently, progastrin
and glycine-extended gastrins were found to possess biological
activities [42,43] and be among the blood circulating forms of
gastrin although comprising less than 10% of the circulating
hormones [35]. Over the last ten years, Reeve and colleagues
claimed that CCK-58 was the major circulating form of CCK in
the blood of many species including man and that other forms
could be products of degradation happening right after blood
collection. Gastrin-34 is also the most abundant form of gastrin
into circulation [44] and one may also ask the pertinent question
whether the other identified forms can result from degradation.

B. Localization
In the gastrointestinal tract, gastrin is synthesized and
released from the endocrine G cells [45] and specific antibodies
identified G-34 and G-17 in the same gastric antral cells [46].
During development, at least in the rat, it was observed that patterns of gastrin expression differed in the pancreas, antrum and
duodenum [47]. In the pancreas, gastrin is transiently expressed
during fetal life before the expression of any other islet hormone;
immediately after birth, pancreatic gastrin mRNA expression is
fading away to become almost undetectable by day 10 after birth
[48]. In the duodenum, gastrin expression remains constant
during neonatal development while its expression begins 3 days
after birth in the stomach [47].
The highest concentrations of gastrin are present in the
antrum of adult mammals whereas the duodenum has the highest concentration in the fetus [49]. Contrary to the duodenum
of dog, cat and hog, which are almost depleted of gastrin, that
of human is quite rich and contains as much hormone as the
antrum [50]. It was also established that around 90% of gastrin
found in the human antrum was G-17 while this form found in
the duodenum represents between 40 to 50% of its total content
[30]. Contrary to human foetal intestinal gastrin which is totally
sulfated, only 50% is so in adults [51]. According to Reeve,
small amounts of gastrin were found in the pituitary gland [52]
with most of the gastrin-like immunoreactivity being CCK-8 or
CCK-58 [53].

CCK receptors
The cholecystokinin and gastrin family of peptides share
a common carboxy terminal pentapeptide-amide amino
sequence and interact with two CCK receptor subtypes, CCK-1
and CCK-2, belonging to the family of seven transmembrane
domain receptors.

CCK-1 receptor
A. Gene structure
The genes for the CCK-1 receptor have been cloned from
guinea pig gallbladder, pancreas and gastric chief cells [54],
human gallbladder [55,56], rabbit gastric [57] and mouse [58]
cDNA libraries. This receptor gene consists in all species of
five exons and four introns and there is a conserved structural
homology in this CCK-1 receptor among different species; as an
example, the human gallbladder CCK-1 receptor exhibits 92%
identity and 95% similarity with its rat pancreatic counterpart
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[59]. The human CCK-1 gene is localized to chromosome 4, that
of the mouse has been mapped on chromosome 5 [60] whereas
the rat CCK-1 gene was identified on chromosome 14 [61].
B. Biochemical characteristics
Over the years, the CCK-1 receptor structure has been
evaluated by at least four different techniques starting with
radioligand affinity cross-linking then receptor purification;
more recently, deduction of the primary amino acid sequences
was done from cDNA structure and the production of more specific receptor antibodies helped in confirming the protein mass.
Initial studies on CCK-1 receptor characterization using the
cross-linking technique with CCK-33 led to the identification of
a major protein of 75 to 95 kDa and minor proteins of 47 and,
140 kDa [62,63]. Using labeled CCK-9 as tracer, CCK receptors
proteins of 84 kDa were identified on guinea pig pancreatic
acini [64] and some of 78, 45 and 28 kDa were located on dog
pancreatic acini [64]. On human gastric smooth muscle membrane, a major band was noticed at 75 kDa and a minor one at
200 kDa [65]. For more details on the CCK-1 receptor biochemical characteristics, consult the review by Silvente-Poirot [66].
From radio labeled CCK agonists binding competition
studies, their analysis led to an accepted model that the CCK-1
receptor consists of two binding sites, one of high affinity and
low capacity and the other of low affinity and high capacity
[67]. Further analysis of competition curves led to a model with
three affinity states with high, low and very low affinity states
[68]. The two sites model has been the most documented and
studies using pancreatic acini from guinea pig and dog [64] have
reported high and low affinity states of 0.1 and 35 nM (guinea
pig) and 0.5 and 25.0 nM (dog); in rat pancreatic acini, values
of 0.06 and 21 nM were reported [3] whereas the receptor from
gastric smooth muscle membrane exhibits affinities of 0.07 and
8.4 pM for its high and low affinities, respectively [65]. The concentration of these receptors sites is relatively low with values of
20, 25 and 4 fmol mgprt-1 for the high affinity sites on guinea pig,
dog [64] and rat [3] pancreatic acini and 500, 600 and 640 fmol
mgprt-1 for the low affinity sites in these same three species.
C. Localization
Studies on the location of CCK-1 receptors in target cells
have been performed using at least four different techniques.
Initially, receptors were located from binding studies using
labeled specific CCK agonists or antagonists; at the same time,
also with labeled hormone, quantitative electron or regular
microscope autoradiographs were displayed. More recently,
northern blot and in situ hybridization and RT-PCR using species-specific radiolabeled full-length coding sequence cDNA
probes or specific primers has been performed using poly (A)+
mRNA from each tissue. Finally, the development of specific
CCK receptor antibodies was of great help in the identification
of the specific cells containing the receptor; these antibodies
were used in association with immunofluorescence and confocal
microscopy techniques. As examples, the radiolabeled CCK agonist CCK-8 and antagonist L-364,718 binding studies revealed
the presence of the CCK-1 receptor in human gallbladder [55],
guinea pig gallbladder and pancreas [54] and rat pancreas [59].
The, 125I-labeled BH-CCK33 hormone also allowed identifica-

tion of CCK receptor on mouse [69] and rat [70] pancreatic
acini by electron microscopy. Autoradiographs of whole pieces
of tissue pictured the CCK-1 receptor in human gallbladder [71],
pancreatic nerves [72], in the basal region of the human antral
and fundic mucosae as well as in the muscularis propria of the
antrum, fundus, and gallbladder [73]. Quantitative RT-PCR
experiments indicated that the message levels for the CCK-1
receptors are very low [74] or not expressed at all [75] in human
normal pancreas. However, the message was detected in normal
gallbladder, intestine, colon, spleen, ovary, cerebellum and
frontal lobe [75]. Northern blot and in situ hybridization analysis which detect specific mRNAs actually present in a tissue
indicate that the CCK-1 mRNA are absent from adult human
pancreas [74] whereas detected in rat fundus mucosae and
pancreas [76]. From all these binding studies and those utilizing
molecular biology techniques, it seems that the northern blot
and in situ hybridization assays give you a better and more accurate estimation of the true presence of the receptor mRNA in
enough amount to expect the presence of the receptor protein.
Caution has to be taken with the in situ hybridization especially
with the pancreas of any species because of the presence of large
quantities of RNAse hydrolyzing the probes used.
Once the receptor mRNA has been identified in any given
tissue or organ, it is important to establish the presence of the
receptor protein for biological function evaluation. This can
be done with accuracy and specificity with potent receptor
antibodies which have been well characterized and checked by
preabsorption of the antiserum with the synthetic peptide used
for immunization. These specific antibodies can discriminate
any other receptor proteins in any given cell using immunofluorescence or confocal microscopy in co-localization studies with
hormones, specific enzymes or proteins. Development of such
CCK receptor antibodies is quite recent and already the first
published results raised controversies mainly because some of
these antibodies were not as specific as they should have been.
The initial studies with such specific CCK-1 receptor antibodies revealed the presence of this receptor on rat myenteric
neurons and on fibers in the muscle and mucosae of their stomach, colocalized with VIP or substance P in different neurons
[77]. Similar location was also suggested in calf intestine [78].
With another specific antibody, our group described the CCK-1
receptor on rat and mouse pancreatic acinar cells as well as on
central cells of rat, mouse and pig pancreatic islets [79], these
cells were later confirmed to be the alpha and beta cells in the
rat [80]. Although Schweiger [81] failed to visualize the CCK-1
receptor on pig islets’ beta cells, he reported its location on
the glucagon cells as we previously indicated but not on the
acinar cells [79]. We later indicated that their antibody raised in
chicken eggs lacked specificity when tested on pig pancreas [80].
Future experiments in this area of research should focus on the
development of new specific receptor antibodies that will allow
a better mapping of these CCK-1 receptors in target tissues and
cells and the use of new sets of “receptor antagonists” for better
understanding of their physiological responses.
D. CCK-1 receptor occupation and physiological responses
Occupation of the CCK-1 receptor by CCK and its analogues
leads to stimulation of pancreatic enzyme secretion, pancreatic
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endocrine hormones release, motility of the gut organs, contraction of the gallbladder, growth of the pancreas and control
of satiety and pain in the central and peripheral nervous systems.
1. Secretion of the pancreatic enzymes
One of the first physiological role attributed to CCK was its
implication in the control of pancreatic enzyme secretion; this is
why one of its initial name was pancreozymin as its action was
on the pancreas. Rodents have been the experimental model of
choice for such studies and preparation of fresh acini has been
the selected technique. Indeed, incubation of pancreatic acini
with increasing concentrations of CCK leads to maximal amylase release [82], an effect totally inhibited by the selective and
potent CCK-1 receptor antagonist L-364,718 [83]. This CCK-1
receptor antagonist was also very efficient in inhibiting pancreatic enzyme release in vivo in rat [83] and dog [84]. Although
Cuber showed that CCK-8 increased pancreatic enzyme secretion in pig [85] and Cantor in human [86], it was later demonstrated that in these two species, CCK via its CCK-1 receptor
had no direct effect on pancreatic acinar cell secretion [74,87].
In light of these data, we should consider that in large mammals including human, CCK would bind to its CCK-1 receptor
present in afferent neurons and activate enzyme secretion by
way of a vagal-vagal loop releasing acetylcholine as the final
mediator [88]. This is supported by observations in conscious
calves that intraluminal administration of CCK-8 resulted in
pancreatic enzyme release, an effect atropine-sensitive [89]. It
was later confirmed that the calf pancreas does not possess the
CCK-1 receptor on its acinar cells [90].
2. Release of pancreatic islet hormones
In the endocrine pancreas, CCK was shown to stimulate
insulin release in many species in vivo and also from rat isolated
islets [91,92]; this insulinotropic effect of CCK is inhibited by
the specific CCK-1 receptor antagonist, L-364,718 [93]. Furthermore, it was recently shown that the CCK-1 but not the CCK-2
receptor transcript was detected in rat islets [94], a location later
confirmed by immunofluorescence [79]. CCK is also involved
in glucagon release [95] and its effect through CCK-1 receptor
occupation was confirmed in CCK-1 receptor deficient rats
whose islets did not secrete glucagon in response to CCK [96].
This CCK-1 receptor on glucagon cells was also confirmed by
immunofluorescence in rat islets [80]. These data disagree with
those of Saillan-Barreau [97] who showed that glucagon release
from human purified islets in response to CCK resulted from
CCK-2 receptor occupation as they showed co-localization of
this CCK-2 receptor with glucagon in alpha cells. Our laboratory
was unable to confirm such a co-localization and also unable to
establish the specificity of their antibody [80].
3. Motility of the gut organs
STOMACH: It has been known for many years now that the
presence of medium chain fatty acids in the upper gut liberates
endogenous CCK which can relax the proximal stomach [98]
and delay gastric emptying [99]. Recently, it was demonstrated
in humans that endogenous CCK release by fatty acids reduced
the tolerated volume of liquid delivered into the stomach via

a CCK-1 receptor-mediated delay in gastric emptying by either
reducing the proximal gastric tone, antral peristalsis, and/or
by increasing pyloric or intestinal tone [100]. These effects on
stomach functions were also confirmed in healthy volunteers
using GI 181771X, a full specific CCK-1 receptor agonist with
no CCK-2 receptor agonist activity [101]. This agonist delayed
gastric emptying of solids and increased fasting gastric volumes
[102].
COLON: Using receptor autoradiography, it was demonstrated in human colon that the main target of CCK was the
myenteric plexus which is rich in CCK-1 receptors. These CCK-1
receptors were also located, at moderate to low density, in the
longitudinal muscle [103]. It was then suggested that CCK can
affect colonic motility via two different routes involving the
neurons of the myenteric plexus and directly on the smooth
muscle cells. In the colon, CCK increases colonic transit time
[104], thus exerting its inhibitory effect on propulsive motility
in the ascending colon [105]. Although physiological serum
concentrations of endogenous or exogenous CCK did not
affect phasic contractility, tone or transit in healthy subjects,
suggesting no CCK physiological implication in the control of
interdigestive and postprandial human colonic motility [106], it
remains that loxiglumide, a known CCK-1 receptor antagonist,
can accelerate colonic transit in normal volunteers [107]. This
may suggest that local CCK release can modulate colon motility
via paracrine actions involving higher CCK concentrations than
those observed in the circulation.
4. Gallbladder contraction
It has to be remembered that CCK was initially discovered
for its ability to contract gallbladder. It is now well recognized
that CCK is the major hormonal physiological regulator of
gallbladder contraction. Indeed, this was established from the
demonstration that physiological concentrations of CCK in the
blood after a meal were able to cause postprandial gallbladder
contraction [108], an effect totally prevented by the administration of a specific CCK-1 receptor antagonist, devazepide [109]. In
addition, CCK was postulated to stimulate hepatic bicarbonate
secretion into bile [100] and relaxation of the sphincter of Oddi
[111]. It thus seems that CCK can physiologically coordinate bile
circulation towards its final destination, the duodenum.
5. Growth of gut organs
CCK given to induce enzyme secretion in rats in amount
comparable to that in response to a meal, induced growth of the
pancreatic gland as indicated by major increases in gland weight,
in total enzymes and proteins contents as well as RNA and DNA
[112,113]. This trophic action of CCK can be obtained whether
CCK was given exogenously [114] or endogenously released
either by feeding a high protein diet [115] or in response to pancreatic juice diversion [116]. These growth effects of CCK on the
pancreas involve the CCK-1 receptor subtype as its response was
totally abolished by the CCK-1 receptor antagonist L-364,718
[115,116]. These trophic effects of CCK on the pancreas have
also been observed in the mouse [117] and Syrian hamster [118].
Liver growth however, remained insensitive to the action of
either gastrin or CCK at least in the rat [119]. Recently, it was
demonstrated that CCK, via its CCK-1 receptor, played a role in
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the intrinsic gastric mucosal defense system against injury from
luminal irritants, effects which seem to involve the production
of nitric oxide from the constitutive form of nitric oxide synthase
[120].
6. Control of satiety and pain
SATIETY: CCK is now well recognized as an hormonal
inhibitor of food intake in many species including humans. It
was observed that this suppressive effect of CCK on food intake
was enhanced with age in rats, but the observed enhanced
sensitivity to the central administration of CCK could not be
explained by changes in gene expression of CCK nor of the
CCK-1 receptors [121]. The implication of the CCK-1 receptor
in satiety control was clearly demonstrated in OLETF (CCK-1
receptor deficient) rats who are hyperphagic during dark and
light periods with increased meal size and a concomitant reduction in total number of meals; this decrease in meal number
did not compensate for the increased meal size [122]. It was
also recently observed that the dorsomedial hypothalamus
is one of the few hypothalamic sites in the rat containing
CCK-1 receptors and it is exactly there that local CCK injection has the greatest inhibitory effect on food intake [122].
This brain area is also rich in neuropeptide Y (NPY) which was
also associated with satiety control. It was then hypothesized
that CCK, via its CCK-1 receptor in the dorsomedial hypothalamus, would play a suppressing role on NPY. In the absence of
CCK-1 receptor, this inhibition of NPY is absent and therefore
we observe failure to compensate for the increased meal size
[124].
GUT PAIN CONTROL: Infusion of CCK to patients with
IBS (Irritable Bowel Syndrome) caused higher pain scores in
patients with functional abdominal pain [125]; higher plasma
CCK was also determined in these IBS patients [126] although
this finding was not unanimous [127]. Recently, motility patterns
were compared between healthy volunteers and IBS patients
with abdominal pain and frequent defecation or diarrhea; in the
IBS patients, the motility index, the frequency of high-amplitude
propagating complexes, and the responses to CCK were all significantly greater than in the control patients. In most patients,
the high-amplitude propagating complexes coincided with pain
appearance and the effects of CCK were significantly inhibited
by a CCK-1 receptor antagonist and also by atropine, suggesting
participation of the enteric nervous system [128].
One of the major problems with the use of CCK-1 receptor antagonists in the management of abdominal pain in IBS
patients remains their alteration of the normal functions of
the gallbladder owing to potential bile stasis and gallstones
formation. In a recent study [129] however, it was shown in
healthy male volunteers that dexloxiglumide added to a liquid
diet partly reversed the increase in colonic transit time caused
by the liquid diet without impairing postprandial gallbladder
responses [130]. These new data strongly suggest that CCK-1
receptor antagonists can be used to control gut motility and pain
without detrimental effects on the gallbladder. This suggestion
was later supported in a broader study in which dexloxiglumide,
well tolerated by patients, tended to normalize bowel function
in a group of female constipation-predominant IBS without
promoting gallstone formation [131].

E. CCK-1 receptor occupation under pathological
conditions
1. Effects on the stomach
In the early nineties, a Japanese group [132] reported that
Otsuka Long Evans Tokushima Fatty (OLETF) rats were spontaneous mutants with little or no expression of the CCK-1 receptor gene [61]. In these CCK-1 receptor deficient rats, TRH which
increases vagal efferent activity, indomethacin which decreases
mucosal prostaglandin levels, protective molecules for the stomach, HCL and ethanol, known to increase the severity of gastric
mucosal damage, all increased the severity of gastric mucosal
lesions when compared to control animals. It is known that
CCK exhibits anti-ulcer action on the gastric mucosae through
its CCK-1 receptor occupation in rats [133]. Recently, CCK-1
and CCK-2 receptors were located in the human stomach [73]
and the low degree of variability of CCK receptor density found
in human endoscopic biopsy specimens from various individuals
supports analysis of their status in pathological states, which has
not yet been done to our knowledge.
2. Effects on the exocrine and endocrine pancreas
In CCK-1 receptor deficient rats, pancreatic protein release
in response to exogenous CCK-8 or endogenous CCK release
by pancreatic juice diversion were significantly impaired [134];
failure to respond to CCK was also observed in isolated acini
from these OLETF rats [135].
In CCK deficient mice, the concentration of CCK-1 receptor
mRNA remained normal suggesting that agonist binding to its
receptor does not regulate receptor gene expression. Moreover,
in these CCK-deficient mice, growth of their pancreas and their
enzymes adaptation to different diets remained also comparable
to control values [136]. These data on CCK-deficient mice agree
in some way with findings in rats without CCK-1 receptor [137].
Indeed, in OLETF rats, pancreatic wet weight increases were
significantly lower than those in normal LETO rats at all ages
examined while total DNA contents in the whole gland and
protein concentrations were comparable in both strains. These
studies suggest that CCK-1 receptors might not be an absolute
requirement for normal pancreatic growth at least in rodents.
Although the pancreas develops normally in CCK-1 receptor
deficient rats, its regeneration was significantly delayed following 30% pancreatectomy, suggesting its potential need in the
gland regeneration process [138].
In the obese Zucker rats, their pancreatic protein secretion in response to increasing doses of CCK-8 was significantly
reduced at all doses tested, this impaired release was also associated with significant decreases in CCK-1 receptor high and low
affinity sites without any effect on their affinity [139].
Stimulation of the pancreatic gland by supraphysiological
doses of caerulein, a CCK analogue, resulted in oedematous
pancreatitis with destruction of the pancreas architecture
and an important lost of the pancreatic gland, about 40%.
Regeneration of the gland can be totally achieved within 5 days
following a caerulein treatment at a physiological doses [140],
during which the CCK-1 receptor mRNAs were tremendously
increased [141]. This regeneration of the pancreatic gland
undoubtedly involves the CCK-1 receptors because it can be
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prevented by a concomitant treatment with a specific CCK-1
receptor antagonist, L-364,718 [142].
The absence of CCK-1 receptors also impairs functions of
the endocrine pancreas; although pancreatic insulin contents
were not affected in CCK-1 receptor deficient rats, its release
in response to CCK-8 remained at basal level; similarly, CCK- 8
failed to induce glucagon secretion while it increased its release
in normal rats. In response to a meal, plasma insulin was reduced
and associated with transient hyperglycemia in CCK-1 receptor
deficient rats. These data clearly demonstrate the importance
of the CCK-1 receptor in the control of insulin and glucagon
release along with glycemia [96], and agree with the recent
co-localization of the CCK-1 receptor with insulin and glucagon
in many species by immunofluorescence [80].
3. Effects on the gallbladder
A deletion of a 262-base pair coding region of the human
gallbladder CCK-1 receptor led to obesity and cholesterol
gallstone disease in a patient with this mutation [143]. After
sequencing, the majority of the mRNA produced from this gene
was abnormally processed, resulting in deletion of its third exon;
this mRNA encoded an inactive receptor unable to recognize
CCK agonists. Although not yet proven in substantial number
of patients, it is tempting to associate this peculiar mutation with
gallstone formation and obesity.

CCK-2 receptor
A. Gene structure
The genes for the CCK-2 receptor have been cloned in
human [144], rat [145], mouse [146], dog [147] and rabbit
[148]. In human, the nucleotide sequence plus the 3’ noncoding
region of the human frontal cortex clone is 1969 bp in length
[144]. Using Mastomys gastrin receptor cDNAs containing the
second and third transmembrane domains and the entire coding region, respectively, five cDNA clones were isolated from
a human brain cDNA library with the h CCKB3 clone being
the most compatible with the major transcript size of the human
brain CCK-2 receptor [149]. From screening a cDNA library
constructed from AR42J cells from a rat pancreatic acinar
carcinoma cell line, a 2243-base pair clone was isolated from
a rat brain cortex cDNA library with identical cDNA sequence
to the clone isolated from the AR42J cell cDNA library [145].
The mouse CCK-2 receptor gene was cloned from a 129/SVJ
genomic library using a rat cDNA probe [146]. Restriction
mapping and DNA sequencing revealed the gene structure to
be comprised of five exons distributed over, 11 kb. The coding
region contains 1362 nucleotides. The canine CCK-2 receptor
was cloned from a parietal cell cDNA expression library and its
cDNA has an open reading frame encoding a 453 amino acid
protein [147]. Finally, the rabbit CCK-2 receptor was cloned
by screening a rabbit EMBL phage library with a cDNA probe
based on the nucleotide sequence of the human gastrin/CCK-2
receptor. The gene contained a 1356-bp open reading frame
consisting of five exons interrupted by 4 introns and encoded
a protein of 452 amino acids [148]. According to published
data, the human CCK-2 receptor has 90% identity to rat and
canine receptor. The predicted mouse CCK-2 receptor shares

87% and 92% amino acid identity with the human and rat receptor, respectively. The rabbit protein coding region of the gene
exhibits 93 to 97% amino acid similarity with corresponding
cDNA identified in human, canine and rat brain or stomach.
Fluorescent in situ hybridization of human metaphase chromosomal spreads localized the human CCK-2 receptor gene to the
distal short arm of chromosome, 11 [150].
B. Biochemical characteristics
The biochemical characterization of the CCK-2 receptor
has been done using cell membrane fractions, cells, fixed tissue
on slides, group of cells (acini) or transfected cells, usually the
COS-7 cells. The binding studies were usually performed using
the following radioligands: 125I-CCK-8, 125I-Nleu11hgastrin13,
125
I-BH-CCK-8, 125I-BH(Thr.Nle)CCK-9, 3H-L365,260 and
125
I-BH(2-17)G17NS.
Pharmacological characterization of the human brain
CCK- 2 receptor expressed in COS 7 cells indicated agonist
affinities consistent with occupation of the CCK-2 receptor.
Indeed, calculated IC50 values for CCK-8, gastrin 1 and CCK- 4
were 0.14, 0.94 and 32 nM, respectively, values comparable to
those previously obtained using isolated brain membranes. The
CCK-B receptor antagonist L-365,260 bound with approximately 40-fold higher affinity than L-364,718, the CCK-1 receptor antagonist [151]. In another comparable study, L-365,260
was 50-fold more potent than L-364,718 [144]. In tissue sections
of the human gastric mucosae expressing the CCK-2 receptor,
L- 365,260 presented an IC50 of 68 nM compared to an IC50
greater than 1 M for L-364-718 [73]. The binding characteristics of 3H-L-365,260 to six different human pancreatic cancer
cell homogenates were comparable with KDS in the nM range,
2.0 to 4.3, and receptor concentrations of 125 to 280 fmol/mg
protein. Similar binding data were obtained from tumors grown
in nude mice [152]. According to binding studies done on pancreatic tissue sections using 125I-BH-CCK-8, it would seem that
the human pancreas possesses CCK-2 receptor as the receptor
did not discriminate between CCK-8 and gastrin-17-1 binding
and bound L-365,260 with higher affinity than lorglumide
a known CCK-1 receptor antagonist [71].
In rat adipocytes, CCK-2 receptors were identified on membranes and binding studies were consistent with a single class
of high affinity sites with a KD of 0.2 nM; the absence of CCK-1
receptor was established by RT-PCR in these cells [153]. On
dog pancreatic acini, a population of CCK-2 receptor with high
affinity sites for G-17 ns and G/CCK-4 was identified which was
not associated with amylase release. This population of receptor
recognized equally CCK-39, CCK-8 and G-17 ns with IC50 of
1 nM [154]. On rabbit isolated gastric mucosal cells, 125I-(Nle11)-HG-13 bound specifically to a receptor population with a KD of
70 pM, binding displaced by gastrin analogues and specific gastrin antagonists [155]. The pig pancreas demonstrated a single
class of high affinity sites with as KD of 0.22 nM established from
a saturation analysis of 125I-BH-[Thr.Nle] CCK-9 binding to pancreatic membranes. However, competition binding by specific
CCK-1 and CCK-2 agonists and antagonists indicates the presence of both CCK receptor subtypes with CCK-2 receptor being
predominant [156]. In general, the CCK-2 receptor cloned from
different species exhibits a comparable high affinity for CCK-8
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and gastrin-17-1 with IC50 in the nM range. On the contrary,
they have higher affinity for the CCK-2 receptor antagonist
L-365,260 (IC50 around 10 nM) than for the CCK-1 receptor
antagonist L-364,718 (IC50 around 1 M).
C. Localization
The search for the CCK-2 receptor localization was done
using the following techniques: RT-PCR, Northern Blot, immunological staining and autoradiography.
In human
PCR amplification identified a CCK-2 receptor DNA
fragment in the human brain, stomach and pancreas but not
in the kidney [76]; in a more exhaustive study using the same
technique, this CCK-2 receptor was also identified in brain,
stomach, pancreas, small intestine, liver, colon, spleen, lung,
thymus, ovary, breast, prostate, testes, adrenal and in the kidney
[75] contrary to what was observed in the previous study [76].
Still by RT-PCR, in human purified pancreatic acini, messages
for the CCK-2 receptor were observed; however, in situ hybridization could not confirm this expression probably because of
its insufficient level of expression [74]. The CCK-2 receptor
mRNA was also identified in human pancreas and in the islets
of Langerhans [97] as well as in human gastric mucosae, more
precisely in parietal and neuroendocrine cells and in epithelial
cells within the neck of the gastric gland [157].
Using Northern blot analysis detecting the mRNA present
in a gland or tissue, the CCK-2 receptor was initially detected
in human brain, stomach fundus, pancreas and gallbladder
[144,151] but not in heart, placenta, lung, liver, skeletal muscle
and kidney [149]; some of these organs indicated positive CCK-2
messages by RT-PCR [75].
By autoradiography analysis of 125I-BH-CCK-8 binding, it
was shown that the human pancreas predominantly expresses the
CCK-2 receptor subtype present all across the gland [71]. Using
the same technique but with 125I-[Leu15]-gastrin-1, high concentrations of CCK-2 receptors were detected in the mid glandular
region of the human fundic mucosae and circular muscle [73] as
well as in pancreatic islets but not in normal acini [72]. Our own
study more precisely identified the CCK-2 receptor on human
foetal and adult pancreatic islets, specifically on the somatostatin
delta cells using a specific CCK-2 receptor antibody; the presence
of the receptor was also confirmed by Western blots [158]. These
data do not agree with a previous location of this CCK-2 receptor
on the human islet’s glucagon cells [97] with an antibody we could
not evaluate its specificity [80].
In the rat, mouse and guinea pig
In rat and mouse, we encountered the same location
problems with the RT-PCR and Northern Blot techniques.
By RT-PCR, the CCK-2 receptor was identified in rat total
pancreas homogenate, in purified islets [158] and in the antrum
mucosae [76] while it could not be detected in two other studies [159,160]. However, by Northern blot analysis, the CCK-2
receptor mRNA remained absent from the rat pancreas and
islets [76,145,159,160] and from the rat muscle, kidney, liver and
guinea pig gallbladder [76,145]; On the other end, the receptor
was detected in the rat brain sub-cortex and cortex and in the

fundic mucosae [76,145]. In the adult mouse, the CCK-2-subtype transcripts were detected by Northern Blot analysis in brain
and stomach, but not in the pancreas, liver or colon; however,
using RT-PCR, a more sensitive technique, transcripts were
confirmed in brain and stomach and others were also present
in colon, pancreas, kidney and ovary and remained absent in
heart, duodenum, small intestine, liver, gallbladder and testis
[146]. In the pig [87], the CCK-2 receptor has been identified by
Northern Blot in the brain, pancreas and gallbladder.
By immunohistochemistry and electron microscopy, the
CCK-2 receptor was localized in guinea pig parietal cells, on
chief cells and in endocrine cells of the stomach but not in the
lamina propria [161]. By immunocytochemistry, the CCK-2
receptor was shown to be transiently expressed in foetal rat
pancreas (E17-E18), expression which disappeared on E20-E22
and after birth. In adult pancreas, the receptor was localized
on glucagon islet cells. By immunohistochemistry using fluoCCK- 8, the CCK-2 receptor was identified on gastric ECL
cells but surprisingly not on parietal cells; the bioactivity of this
agonist was confirmed by its ability to induce histamine release
from the ECL cells [162]. In the guinea pig and dog stomach,
a specific CCK-2 receptor antibody identified the receptor in
a few, small epithelial cells in the bottom part of the corpus
mucosae and in the antral mucosae with co-localization with the
somatostatin cells [163] as observed in the rat pancreatic islets
[158]. Also with a specific CCK-2 receptor antibody, the protein
was identified with mucosae neural components of the bovine
small intestine [78].
An analysis of all these data on the CCK-2 receptor localization using different techniques suggests that safe localization
at the cellular level will come with the use of standardized and
specific antibodies ultimately with colocalization with known
cellular protein, enzymes or hormones.
D. CCK-2 receptor occupation and physiological responses
The presence of the CCK-2 receptor has been observed in
the esophagus, stomach, upper gut, pancreas and on adipose
tissue.
1. Growth of the esophagus
CCK-2 receptors have been identified in both lower and
mid esophageal mucosae in human [164] and it was previously
reported that gastrin can exert trophic effects on esophageal
mucosae whether the hormone was infused or endogenously
release [165,166].
2. Effects on the stomach
Administration of graded doses of pentagastrin, a gastrin17 analogue, caused graded increases in both peak acid output
and duration of response in rats [167]. With the discovery of the
CCK receptor subtypes, explanation of acid release in response
to gastrin has moved from a direct effect on the parietal cells
to a rather indirect effect through the enterochromaffin-like
(ECL) cells. It is now believed that gastrin stimulates acid
release primarily through activation of the CCK-2 receptor on
the ECL cells via histamine release [168]. The importance of
the gastrin-enterochromaffin-like cell axis was strengthened
recently by the observation that in gastrin KO mice, histidine
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decarboxylase, the enzyme responsible for histamine synthesis
(HDC) mRNA was reduced along with a concomitant decrease
in HDC activity. In these ECL cells, the number of secretory histamine vesicles was also decreased. Overall, gastric acid output
in gastrin KO mice was only 20% of that in the wild type mice
[169]. The involvement of the CCK-2 receptor in the control of
gastric acid secretion is also supported from data obtained with
a new CCK-2 receptor agonists, the diketopiperazine analogues.
Indeed, one of these, compound 1, dose-dependently increased
gastric acid output in an anesthetized rat, an effect totally
blocked by a CCK-2 receptor antagonist, CI-988 [170].
Gastrin is generally considered to be a trophic factor for
the oxyntic gland area mucosae of the stomach and may also
be involved in regulating mucosal growth in small intestine and
colon [171]. However, an extensive study in fed rats using relatively high doses of pentagastrin, 0.25, 1.0 and 4.0 mg kg–1 for 5
days did not have any significant effects on thymidine incorporation into oxyntic gland area, duodenum and colon, total organ
weight of these three organs as well as their total DNA contents
[167]. More recently, it was shown that gastrin elicited increased
[3H] thymidine incorporation into ECL cells but failed to do
so on parietal cells. Furthermore, gastrin increased tyrosine
phosphorylation and activation of MAP kinase and c-fos and
c-jun gene expression only in ECL cells. In these respective
cells, gastrin dose-dependently increased histamine release and
[14C]-aminopyrine uptake [172]. These data clearly indicate that
gastrin can activate intracellular pathways related to cell growth
in the ECL cells but not in the parietal cells and suggest that
gastrin may act to promote commitment or differentiation of
precursor cells to parietal cells [173].
3. Effects on the pancreas
Although previous pharmacological data in humans support the involvement of CCK-1 receptor in the regulation of
pancreatic exocrine secretion based on the potent response
to CCK and the limited one to gastrin [86,174], it was later
suggested that the CCK-1 receptors were present on neurons,
rather than on pancreatic acinar cells, and that the final mediator would be acetylcholine [175]. This hypothesis was recently
supported by the observation that the human pancreatic acinar
cells lack functional responses to cholecystokinin and gastrin; in
that study, however, it was clearly demonstrated that the CCK-2
receptor has the potential to induce enzyme secretion when
transiently transfected into human acini with a secretory response
to CCK-8 comparable to that induced by carbachol [74]. This
potential of the CCK-2 receptor coupled to pancreatic enzyme
secretion was also demonstrated in transgenic mice expressing the human CCK-2 receptor in their acini as they secreted
amylase in response to CCK and gastrin in a dose-dependent
manner in the presence of a CCK-1 receptor antagonist; the
pharmacological characteristics of these secretory responses to
both stimuli reflect occupation of the CCK-1 rather than that of
the CCK-2 receptor with EC50 in the pM range [176]. In the rat,
our own data [177] (Fig. 1) indicate that their pancreas expresses
both CCK receptors subtypes with secretion in response to gastrin being the result of CCK-1 receptor occupation; indeed, it is
inhibited by the CCK-1 receptor antagonist, L-364,718 but not by
the CCK-2 receptor antagonist, L-365,260. In pig acini, amylase

Figure 1. Amylase release in response to pentagastrin (PG) and
PG plus the CCK-1 (L-364,718) and the CCK-2 (L-365,260)
receptor antagonists
Freshly prepared acini were incubated 30 min at 37°C with
increasing concentrations of pentagastrin, L-364,718 and
L-365,260
RT-PCR
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release was stimulated by caerulein concentrations above 1 nM,
remained insensitive to the high affinity CCK-1 receptor agonist
JMV-180 and caerulein-induced amylase secretion was inhibited
only by the CCK-1 receptor antagonist MK-329 at concentrations
above 100 nM [87]. These data are difficult to reconcile with
the absence of either CCK receptor subtype on the pig acinar
cells [79,80]; one possibility remains that the acini preparation
contained functional nerve ending sensitive to CCK as part of the
short reflex system described by Konturek [175]. In response to
CCK and gastrin in the presence of SR27,897, a CCK-1 receptor
antagonist, glucagon secretion from purified human pancreatic
islets reached its maximal release at 13 and 8 pM, respectively,
a response inhibited by RPR-101048, a specific CCK-2 receptor
antagonist [97]. Again, maximal secretory responses to CCK in
the pM range pleads for CCK-1 receptor occupation [3] and such
high affinity of gastrin for its CCK-2 receptor are unusual [177].
The implication of the CCK-2 receptor in the control of pancreas growth via its agonist gastrin is far from being established.
Indeed, in the rat, under conditions which increased serum
gastrin levels, gastrin infusion or chronic injections, omeprazole
treatment, and fundectomy, all were without effect on the
weight and DNA content of the pancreatic gland [167,178]. Earlier studies, however, claimed that gastrin exerts trophic effects
in the pancreas [179,180].
In normal rats, levels of circulating leptin observed 2 and
6 h after feeding were significantly reduced by treatment with
YM022, a specific CCK-2 receptor antagonist. By reducing
plasma leptin, the antagonist simultaneously increased epididymal fat tissue leptin content after refeeding. Concomitantly,
the antagonist also dose-dependently inhibited leptin mRNA
recovery observed after refeeding. This study also indicated that
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the CCK-2 receptor was present in all the adipose tissues tested:
mesenteric, epididymal and perirenal [153].
E. CCK-2 receptor occupation under pathological
conditions
1. The esophagus
Over recent years, there has been an enormous increase in
the incidence of Barrett’s metaplasia and esophageal adenocarcinoma. Since gastrin plays an important role in the regulation
of gastrointestinal organs proliferation and differentiation, it
became important to evaluate its implication in the regulation
of Barrett’s metaplasia and a search for its CCK-2 receptor.
In SEG-1 cells, a human esophageal adenocarcinoma cell
line, the presence of the CCK-2 receptor has been established by
RT-PCR and gastrin shown to cause a dose-dependent increase
in their proliferation when compared to controls; this proliferative effect of gastrin was abolished in the presence of the specific
CCK-2 receptor antagonist L-365,260 [181]. In analyzing human
tissue samples, the relative expression levels of gastrin and the
CCK-2 receptor were significantly increased by 29 and 8 fold,
respectively in the Barrett’s samples when compared to their
paired normal; in esophageal cells, high basal levels of activated
PKB/AkT were associated to endogenous gastrin expression
and reduced in the presence of YMO22, a specific CCK-2
receptor antagonist. It is then suggested that gastrin acting in
an autocrine manner may aid progression of Barrett’s metaplasia through amplification of antiapoptotic pathways [182]. In
another study, CCK-2 receptors were detected in 30% of normal
patients, in 80% of patients with esophagitis, in 100% of patients
with Barrett’s metaplasia and in 70% of patients with esophageal
adenocarcinomas. In the Barrett’s group, all patients expressed
CCK-2 receptors twice as much as in controls. Furthermore, in
Barrett’s mucosal biopsies, gastrin significantly increased DNA
synthesis, an effect blocked by the CCK-2 receptor antagonist
L-740,093. It thus seems that overexpression of the CCK-2
receptor in Barrett’s metaplasia may have implications in the
management of patients in whom gastrin is elevated by acid suppression therapy [164]. However, an earlier study indicated that
in esophageal cancers, only one sample exhibited a low level of
CCK-2 receptor mRNA; in that study, the CCK-1 receptor was
overexpressed in esophageal cancers [183]. These contradictory
results definitely plead for new studies to clarify which CCK
receptor subtypes are overexpressed in Barrett metaplasia and
cancer of the esophagus.
2. The stomach
In the human gastric adenocarcinoma cell line, amidated
gastrin caused a dose-dependent increase in DNA synthesis, an
effect attenuated by the CCK-2 receptor antagonist L-365,260;
this growth-promoting effect of gastrin was associated with
increased levels of cyclin D1 transcripts, protein and promoter
activity [184].
In rat, sustained hypergastrinaemia resulted in ECL cell
hyperplasia and later on lead to ECL cell carcinoid; in human,
after 5 years of proton pump treatment, ECL cell hyperplasia
rather than carcinoids was observed [185]. In the African rodent
Mastomys, induced hypergastrinemia by histamine-2 receptor
blockade, resulted in ECL cells carcinoids associated with slight

elevation of the CCK-2 receptor mRNA but an 8 fold increase
in histidine decarboxylase (HDC) mRNA not influenced by
CCK- 2 receptor inhibition. These data suggest that HDC
mRNA expression in neoplastic ECL cells is not under the
influence of the CCK-2 receptor [186].
Many studies indicate that gastrin is an important factor in
the progression to gastric cancer; however, the presence of gastrin and its CCK-2 receptor in gastric adenocarcinomas remains
a controversial issue. Indeed, gastrin and its receptor have been
detected in human gastric adenocarcinomas by immunohistochemistry [187]. However, the CCK-2 receptor expression was
detected in only 7% of gastric cancer samples by RT-PCR [188],
or by receptor autoradiography [189]. In another study using
RT-PCR, transcripts of CCK-2 receptors were present in 7 out of
8 specimens of gastric adenocarcinoma [183]. Again, the expression of the CCK-2 receptor in gastric cancer cells and tissues has
to be reevaluated with standardized techniques.
3. The pancreas
In the rat with caerulein-induced pancreatitis, CCK-2
receptor mRNA expression was tremendously increased above
control values, and its overexpression was maintained only in
animals treated with growth-promoting doses of caerulein used
to induce pancreas regeneration [141].
Transfection of the human CCK-2 receptor in mouse pancreatic acinar cells, a location where it does not normally belong
[80], led to larger pancreas at age 50 days. When these mice
were crossed with gastrin-mice expressing gastrin in their pancreatic cells, some of these animals (3 out of 20 homozygous),
developed malignant transformations through an acinar-ductal
carcinoma sequence [190]. On the contrary, transfection of the
CCK-2 receptor in human pancreatic cells, the MiaPaCa-2 and
Panc-1, led to inhibited anchorage-dependent growth upon
CCK stimulation along with decreased DNA synthesis [191].
These data suggest that occupation of overexpressed CCK-2
receptors on at least two pancreatic tumor cell lines can result in
cell growth inhibition. However, similar MIA-PaCa-2 cells were
shown to possess specific CCK-2 receptors whose occupation by
CCK resulted in their proliferation [192]. This inhibitory effect
of CCK is also totally opposite to growth stimulation of the
hormone on normal acinar cells in culture [193]. These opposite
responses are not yet quite understood; the ductal origin of the
pancreatic cancer cells could be the reason; however, this possibility is not supported by the observation that ductal complexes
induced in duct-ligated rat pancreas are stimulated to grow in
response to gastrin; these cells have a higher expression of the
CCK-2 receptor absent on normal ductal cells [194]. Furthermore, CCK-2 receptors have been identified by binding assays
with the CCK-2 receptor antagonist L-365,260, on six different
human pancreatic cancer cells of ductal origin [152].
Controversy also exists in the distribution of the CCK
receptor subtypes in human tumors, mostly those of the pancreas. According to Reubi using his autoradiography technique
for identification, 22% of the gastroenteropancreatic tumors
express the CCK-2 receptor with 38% expressing the CCK-1
subtype [195]. In another study [72], the same authors indicated
that ductal pancreatic carcinoma rarely expressed CCK receptors; the CCK-2 receptor mRNA and protein were identified in
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Figure 2. RT-PCR of CCK2-R mRNA and Western blots of the
CCK-1 and CCK-2 receptor proteins from different pancreatic
preparations using the specific CCK-1 (1122) and CCK-2
(9262) receptor antibodies. Conditions of both experiments are
described in [158]

Figure 3. Localization of the CCK-1 and CCK-2 receptors on
purified rat pancreatic acini by confocal microscopy. Conditions
of the experiment and the use of the specific antibodies are
described in [158]
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a few tumors characterized by neuroendocrine differentiation.
The major source of CCK-2 receptors in pancreatic tumor was
found in islets [72].
Using RT-PCR, expression of the CCK-2 receptors was
detected in all normal pancreatic tissue samples and adenocarcinomas whereas the CCK-1 receptors were observed in gallbladder, intestine, brain, ovary, spleen, thymus and in all pancreatic
adenocarcinomas but not in any normal pancreas specimen [75].
Using the same technique, CCK was undetectable in all tumors
and normal pancreas; the CCK-2 receptor mRNA was detected
in all pancreatic tumors, all resection tissue, and all normal
pancreatic tissue. Furthermore, the CCK-1 receptor mRNAs
were detected in 12 of 18 tumors, in 5 of 10 resection margins
and in all normal tissue samples [196], this last result being different from those of the previous study [75]. In order to solve
the dilemma of CCK receptors presence in normal and tumoral
pancreatic tissues and identify the specific cells expressing these
receptors, an immunohistochemical study with specific CCK
receptor subtype antibodies has to be done.
4. The colon
Until recently, the predominant thought was that the CCK-2
receptor could play a role in the proliferation of colon cancers;
this view was deduced mostly from studies performed on cancer
cell lines. However, the presence of the CCK-2 receptors in
human colon cancer still remains controversial. In one study
using receptor autoradiography, the CCK-2 receptors could
not be detected in 22 specimens of colorectal carcinomas [195].
In another study using RT-PCR, a low level of CCK-2 receptor
mRNA was found in only 2 out of 12 colon adenocarcinoma
samples [183]. From binding studies, very low CCK-2 receptor
binding sites were detected in some primary human colon tumors
[197] whereas others failed to detect specific binding in the majority of colon cancers [198]. The present overall view is that gastrin
and its CCK-2 receptor do not play a major role in the growth of

the majority of colorectal carcinomas. It is also evident that future
research will have to be focused on the receptor protein cellular
localization using specific potent antibodies.
5. Cellular co-localization of the CCK-1 and CCK-2 receptors
Characterization of the CCK-1 and CCK-2 receptors by
binding studies on pancreatic acinar cells led to the discovery
that those acini may possess both receptor subtypes. An initial
study indicated that dog pancreatic acini expressed high affinity
sites for G17 and G/CCK-4 and that their occupation was not
related to amylase release [154]. Similarly, gastrin receptors
were also characterized by binding studies on guinea pig acini
and shown to be distinct from the previously described CCK
receptors [199]. In purified human acini, using quantitative RTPCR, it was shown that the CCK-1 receptor was expressed at less
than one copy/acinar cell and approximately at five copies/acinar
cell for the CCK-2 receptor. These acini did not release amylase
in response to CCK-8 and gastrin and this failure was assumed
to result from insufficient level of receptor expression [74].
As shown in Fig. 2, our own data indicate that the rat
pancreas expressed the CCK-2 receptor mRNA in the whole
gland (band 1), in purified islets (band 3) and in hand-picked
acini (band 4). This message corresponds to the CCK-2 receptor
expressed as an 80 kDa protein present in all fractions; acinar
cells and islets have the CCK-1 receptor also present as an 80
kDa protein. Specificity of both antibodies is demonstrated in
band 6 with preincubation of each antibody with its specific
peptide used for its development. The presence of both CCK
receptor proteins on purified acini is also confirmed by confocal
microscopy with the same antibodies used for the Western blots.
As shown in Fig. 3, it is evident that the CCK-1 receptor proteins
are more abundant on purified rat acinar cells than the CCK-2
receptors which also seem to be present on all cells. Amounts of
this CCK-2 receptor are evidently more important in islets delta
cells as observed in Fig. 4.
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Figure 4. Colocalization of the pancreatic CCK-2 receptor with three islets hormones. Islets purification from human and rat pancreas
was performed as described in [158]
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The major question raised following the demonstration
that individual cells contain both subtypes of the CCK receptor, remains its physiological relevancy. The phenomenon
is not unique to the CCK receptors as oligomerization [200]
and heterodimerization [201] of the somatostatin receptor
subtypes have been previously observed. One result of such
heterodimerization of the SST3 and SST2A receptors is the
resistance of the SST2A to agonist-induced desensitization
[201]. Heterodimerization of the CCK-1 and CCK-2 receptors
was observed following their stable transfection in CHO cells
and such complexes exhibited enhanced agonist-stimulated cellular signaling, delayed agonist-induced receptor internalization
and increased cell growth [202]. We previously demonstrated
[177] (Fig. 1) that the presence of the CCK-2 receptor on rat
pancreatic acini was not associated with enzyme release confirming what was obtained in dog acini [154].

ogy and cancer development. It is therefore mandatory to establish their respective cellular location in normal and cancerous
organs for potential therapies with selective and appropriate
hormones and receptor antagonists. In the near future, we
should look forward for a better understanding of CCK receptors’ homo- and heterodimerization and their consequences on
potential integrated physiological responses and/or association
to cancer development.
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Abstract
Purpose: The management and surgical revascularization treatment of patients with acute coronary syndromes
(ACS) have undergone great evolution over the past decade. The objective of the present study was therefore to
analyze the outcome and predictors of survival in patients
unresponsive to maximal non-surgical treatment referred to
emergency coronary artery bypass grafting (CABG) with
ACS.
Material and methods: Between October 1999 and September 2004, a total of 3571 CABG patients underwent
primary isolated CABG at our institution. Out of these,
non-ACS (N-ACS) was present in 3124 patients (group 1),
386 patients (group 2) had non-ST-elevation ACS (NSTEACS), whereas 61 patients (group 3) had ST-elevation ACS
(STE-ACS). Clinical data, in-hospital morbidity and mortality were prospectively recorded and studied retrospectively
in the groups.
Results: Left main stem stenosis was observed in 25%,
32%, and 41%, respectively (P<0.02). Previous myocardial
infarction was found in 33%, 43%, and 73% (P<0.001).
Overall in-hospital mortality was 1.5% in group 1, 4.2% in
group 2, and 13.0% in group 3 (P<0.001). Logistic regression
and receiver operating characteristic analyses identified
cTnI as the strongest preoperative predictor significantly
related to in-hospital mortality. A preoperative cTnI level
above 1.5 ng/ml was the best single predictor for in-hospital
mortality amongst patients with ACS.
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Conclusions: The present study clearly demonstrates
a significant difference of in-hospital morbidity and
mortality between patients with ACS undergoing CABG.
A more precise patient’s risk stratification on admission and improvements in the perioperative management
with adjunctive pharmacological therapies and the use of
intraaortic balloon counter pulsation may improve patients’
outcome.
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Introduction
To date, patients undergoing coronary artery bypass grafting
(CABG) with acute coronary syndromes (ACS) ranging from
unstable angina or acute myocardial infarction (AMI) without
ST-segment elevations up to evolving AMI with persistent ST-segment elevations, offer a challenge from the standpoint of
diagnosis, treatment, and prognosis, as the clinical manifestations vary considerably. The differences between the entities
of ACS are related to the symptoms severity, the initial electrocardiographic pattern, and the degree of acute myocardial
cellular necrosis, as expressed by cardiac troponins elevation
as a biochemical marker of irreversible myocardial necrosis
[1-3]. Patients with ST-elevation acute myocardial infarction
have been clearly identified to have an increased risk of suffering death in hospital and, moreover, to have an increased
adverse prognosis in the setting of percutaneous coronary
intervention [4,5] as well as in patients undergoing emergency
CABG [6,7]. However, the reasons for higher adverse prognosis
and increased mortality rates in patients with non-ST-elevation
ACS (NSTE-ACS) associated with ‘minor myocardial damage’
resulting in minor elevations of cardiac troponins are not fully
understood. Nonetheless, the surgical revascularization in
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patients with ACS has, so far, an important indication based on
the obstructive coronary artery lesion; all of them considered of
high risk according to the ACC/AHA guidelines [8-10].
The outcomes of patients with ACS undergoing CABG
surgery during their hospitalization are expected to be worse
than of non-ACS (N-ACS) patients [11,12]. Although there is
a plethora of data regarding the outcomes of CABG in general,
there are less of contemporary data regarding the frequency and
outcomes of CABG among a wide spectrum of patients refferd
to CABG due to ACS, although surgical revascularization treatment and management of ACS patients have undergone a great
evolution over the past decade [9,12].
The objective of the present study was therefore to analyze
the outcome and predictors of survival in patients unresponsive
to maximal non-surgical treatment referred to emergency
CABG due to ACS at our institution.

Material and methods
Patient population and data collection
From 1999 to 2004, a total of 3 510 consecutive patients
who underwent primary isolated CABG at the West-German
Heart Center Essen were prospectively studied. Of these, 3124
patients had N-ACS (Group 1), whereas a NSTE-ACS (Group
2) was preoperatively identified in 386 CABG patients. NSTEACS was supposed to be present if patients had symptoms
indicative of an ACS within the preceding 24 hours like new
onset of chest pain or accelerating chest pain within the previous
24 hours occurring at rest or with minimal exertion, alleviated by
nitroglycerin and/or rest in the absence of ST-segment elevation
of >1 mm on the electrocardiogram or with an elevated serum
level of cardiac troponin I (cTnI) or creatine kinase (CK) on
admission. Informed consent was obtained for all patients and
the study protocols were approved by the Institutional Review
Board of the West-German Heart Center Essen. Patients
were excluded from the study, if any of the following criteria
were present: (1) preoperative myocardial infarction with
ST-segment elevation on the electrocardiogram (STEMI);
(2) new onset left bundle branch block; (3) reoperations;
(4) any concomitant heart surgery besides CABG. All clinical
data were prospectively recorded and documented with more
than 1800 variables per case using a database tool according to
the “Heidelberger Verein zur Multizentrischen Datenanalyse
e.V.” (HVMD) [13].
The primary study endpoint for comparison between the two
groups were in-hospital mortality, defined as all cause of death
within 30 days after surgery or during the same time period of
hospitalization. Secondary study endpoints were postoperative
major adverse events (MAE) during the period of hospitalization including: (1) perioperative myocardial infarction (PMI);
(2) low cardiac output syndrome (LOS) with high-dose inotropic support with or without requiring the use of an intraaortic
balloon counterpulsation; (3) stroke, and minor adverse events
like; (4) new-onset ventricular arrhythmias; (5) major bleeding;
(6) necessity for rethoracotomy and (7) postoperative renal
failure requiring temporary hemodialysis. Perioperative myocardial infarction was considered to have occurred, if one of the

following diagnostic criteria were present: (1) a postoperaive
cTnI serum level above 10.5 ng/ml within the first 24 hours
after CABG, as previously described [14]; (2) the appearance of
ST-segment deviations at the J point in two or more contiguous
leads with cut-off points 0.2 mV in leads V1, V2, or V3 and
0.1 mV in other leads or T-wave abnormalities in two or more
contiguous leads or the development of new Q-waves [2]. LOS
was present, if high-dose inotropic support was necessary in the
postoperative course during hospital stay with or without the
need of an intraaortic balloon couterpulsation (IABP).

Preoperative risk stratification
In patients with an established diagnosis of ACS, the management strategy to be selected in a particular patient depends
on the perceived risk of progression to myocardial infarction or
death. All patients presenting with NSTE-ACS were stratified to
their individual risk, using the established independent predictors like: (A) markers of thrombotic risk, such as recurrence of
chest pain, ECG-changes, or elevated levels of cardiac markers
for myocardial damage and severity of coronary artery disease,
and (B) risk-factors and comorbidities, such as age, history of
previous MI, left ventricular function, renal dysfunction, etc
[15-17].

Preoperative management
Patients presenting NSTE-ACS were treated preoperatively on the evidence of clinical trials or meta-analyses with:
(1) hemodynamic monitoring; (2) adjunctive pharmacological
therapeutic measures, using beta-blockers, nitrates, low-molecular-weight or intravenous heparin, and finally ADP receptor
antagonists, such as ticlopidine and clopidogrel resulting in
inhibition of platelet aggregation in patients with NSTE-ACS;
(3) the optimal timing of CABG surgery, which depends on
the preoperative dynamics of acute myocardial injury and (4)
the evaluation of the prophylactic use of preoperative IABP
treatment, especially in high-risk patients due to (a) impaired
left ventricular ejection fraction, (b) preoperative hemodynamic
instability with necessity of inotropic support, (c) unstable
angina at the time of operation despite intravenous nitroglycerin and heparin, and (d) filiform left mainstem disease or left
main equivalent or severe three-vessel disease.

Surgical management
Standard anesthetic and monitoring techniques were
used in all patients. Internal thoracic artery, radial artery, and
saphenous vein grafts were used as graft conduits. Heparin was
administered in order to achieve an activated coagulation time
above 400 s. Standard cardiopulmonary bypass (CPB) technique
was used with ascending aortic and two-stage venous cannulation. During CPB, moderate hemodilution with a hematocrit
level between 20% and 25% using mild systemic hypothermia
(>32 °C) was maintained. A maximum of myocardial protection
was achieved using simultaneous antegrade and retrograde
cristalloid cardioplegic arrest (Bretschneider) with additional
topical cooling, and single aortic cross clamping for all distal
anastomosis. In addition, cardioplegia was administered
through the distal grafts until aortic unclamping if necessary.
Depending on the severity of coronary artery disease and the
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resultant estimated extent of acute myocardial injury, the C1-esterase inhibitor (Berinert) was administered intravenously
5 minutes before reperfusion. Reperfusion was performed
using a modified protocol with aortic systolic blood pressure
<50 mmHg at aortic unclamping for the first 3 minutes of
reperfusion. Proximal graft anastomoses to the aorta were
performed with partial occlusion of the ascending aorta. IABP
support was applied intra- and postoperatively according to the
morphology of coronary arteries, necessity of inotropic support
and/or hemodynamic difficulties during CPB weaning time or in
the early postoperative course.

Postoperative management
Postoperative management for high-risk CABG patients
was standardized. Patients were monitored with respect to
arterial pressure, pulmonary pressure, central venous pressure.
A 12-lead ECG as well as the serum biomarkers for myocardial
damage, such as cardiac troponin I, myoglobin, and creatin
kinase were determined immediately after arrival on the intensive care unit and at 6, 12 and 24 hours postoperatively and once
a day thereafter. A medication of 500 mg acetylsalicylic acid was
administered intravenously within the first 6 hours after surgery
in the absence of significant bleeding.

Statistical analysis
Data are reported as mean ±SD and categorical variables
by their percentage. For all categorical variables the odds ratios
(OR) and 95% confidence intervals (CI) were calculated.
Comparisons of categorical variables between the groups were
performed by Pearson’s Chi-square test, since expected frequencies <5 occurred all P values were calculated exactly. Comparisons of continuous variables between groups were analyzed by
students t-test. Univariate and multivariate logistic regression
analyses were performed to identify preoperative independent
predictors for in-hospital mortality. All preoperative predictor
variables that were identified as significant at a two-tailed nominal P value of less than 0.10 in univariate regression analysis
were then entered into a multivariate logistic regression analysis
model. Receiver operating curve (ROC) analyses were applied
to determine optimal cut-off values of cTnI and to evaluate the
predictive power for in-hospital mortality. A P value less than
0.05 was considered to indicate statistical significance. All statistical analyses between groups were performed using the SPSS
software package (SPSS Inc., Chicago, IL, USA).

Results
The demographics and baseline data of the two groups are
summarized in Tab. 1. Preoperative baseline characteristics
and demographics of the patients were comparable with the
contemporary coronary surgery patient profile. A preoperative
significant difference between the groups could be observed in
terms of age, smoking history, previous myocardial infarction,
symptoms of angina, left mainstem disease, left ventricular
ejection fraction as well as the preoperative cTnI serum level
(Fig. 2A) and CK activity. The preoperative cTnI serum level
was likewise significantly different according to the survival

Table 1. Baseline characteristics
Group 1
N-ACS
(n=3124)

Group 2
NSTE-ACS
(n=386)

P
value

Demographics
Age, y

66±9

67±9

0.01

Gender, female

635 (20)

95 (25)

0.11

Body weight, kg

81±14

82±16

0.44

Diabetes mellitus

941 (30)

122 (30)

0.72

Hypertension

2588 (83)

333 (86)

0.15

Hyperlipidemia

2525 (81)

295 (76)

0.09

Family history

1409 (45)

178 (45)

0.82

Smoking history

1902 (61)

199 (62)

0.004

Cardiovascular risk factors

Comorbidities
History of stroke

221 (7)

22 (6)

0.77

COPD

497 (16)

70 (16)

0.18

PVD

472 (15)

54 (15)

0.62

Renal disease*

436 (14)

51 (13)

0.92

65 (2)

7 (2)

0.59

Previous MI**

1028 (33)

189 (43)

<0.0001

Previous PCI

625 (20)

66 (17)

0.18

CCS III-IV

1839 (59)

268 (66)

0.0001

Dialysis
Cardiac history

Extent of CAD
Left-mainstem disease

782 (25)

123 (32)

0.02

One-vessel disease

90 (3)

11 (4)

0.06

Two-vessel disease

472 (15)

57 (14)

0.44

Three-vessel disease

2595 (83)

318 (82)

0.97

60±15

56±15

<0.0001

0.03±0.04

2.4±7.6

<0.0001

55±63

85±120

<0.0001

LV function
LV-EF, %
Preoperative serum marker
cTnI, ng/mL
CK, IU/L

Data are presented as mean ±SD or number (%); COPD – Chronic
obstructive pulmonary disease; PVD – Peripheral vascular disease;
MI – Myocardial infarction; PCI – Percutaneous coronary intervention; CCS – Canadian Cardiovascular Society; CAD – Coronary
artery disease; LV – Left ventricle; EF – Ejection fraction; * – Serum
Creatinine >0.2 mol/l; ** – >7 days

staus of the entire study cohort (Fig. 2B). As demonstrated
in Tab. 2 the intraoperative data did not differ between the
groups, except the amount of cardioplegia to be used, which was
slightly but significantly more in group 2 compared to group 1
(P=0.01). The aortic cross clamping time and the cardiopulmonary bypass time tended to be longer in group 2. The number
of graft conduits per patient did not differ between the groups
and the percentage of internal mammary artery grafts to be used
was also not different. The intraoperative mean graft flow, as
measured by Doppler flowmetry, did also not differ between
the groups. According to the postoperative data, as shown in
Tab. 2 and Fig. 1, a significant difference in the necessity for
intraoperative and postoperative intraaortic balloon pump
(IABP) support between the groups (P<0.001) accompanied
by a significantly prolonged postoperative ventilation time
(P<0.001) and a longer ICU stay (P<0.001) could be observed.
Among the 3124 patients with N-ACS of group 1, 47 (1.5%) died

39

Thielmann M, Jakob H

Figure 1. Preoperative, intraoperative and postoperative use of
intraaortic ballon counterpulsation support in CABG patients
with NACS versus NSTE-ACS (P<0.001)
25
20

Figure 2. (A) Preoperative serum cTnI levels in patients with
NACS versus NSTE-ACS (P<0.01). (B) Prognostic value of
pre-CABG cTnI serum levels: survival status of the entire study
cohort according to pre-CABG cTnI levels (P<0.05). (C) In-hospital mortality in CABG patients with NACS versus NSTE-ACS
(P<0.001)

P<0.001

A

15

13.2
2.3

10
5
0

P<0.01

3.0

2.7

cTnI [ng/ml]

IABP support [%]

2.9

0.0
NACS

Preoperative IABP support
Intra-/postoperative IABP support

0.0

B

Intraoperative data
ACC time, min

68±23

72±23

–

0.19

CPB time, min

106±39

110±33

–

0.21

1516±473

1579±445

–

0.01

Reperfusion time, min

31±16

34±14

–

0.11

Grafts per patient, n

3.0±0.8

3.0±0.8

–

0.30

Ventilation time, h

8 (7-11)

8 (7-13)

–

<0.001

IABP support

84 (2.7)

51 (13)

Postoperative data

NSTE-ACS
P<0.05

0.8

P
value

cTnI [ng/ml]

Group 1
Group 2
OR
N-ACS NSTE-ACS
(95% CI)
(n=3124) (n=386)

NACS

1.0

Table 2. Intra- and postoperative characteristics

Cardioplegia, mL

1.5

0.8

NSTE-ACS

0.5

0.3

0.0

C

Survivors

Non-survivors

P<0.001

10.0

5.5(3.8-8.1) <0.001

ICU stay, d

1 (1-2)

1 (1-4)

–

<0.001

Hospital stay, d

8 (6-12)

8 (6-12)

–

0.21

Death in hospital

47 (1.5)

16 (4.2)

2.8(1.5-5.2) <0.001

LCOS

48 (1.5)

22 (5.7)

3.9(2.2-6.7) <0.001

PMI

171 (5.5)

44 (11.5)

2.2(1.5-3.2) <0.001

Stroke

62 (2.0)

6 (1.6)

0.8(0.3-1.9)

0.56

Major bleeding

110 (3.5)

11 (2.8)

0.8(0.4-1.6)

0.50

Rethoracotomy

88 (2.8)

16 (4.1)

1.5(0.8-2.6)

0.15

Arrhythmia

410 (13)

78 (20)

1.7(1.3-2.1) <0.001

Renal failure (dialysis)

172 (5.5)

62 (16)

3.3(2.4-4.5) <0.001

Major adverse events

Other complications

Data are presented as mean ±SD, median (25% – 75% Interquartile)
or number (%); ACC – Aortic cross-clamp; CPB – Cardiopulmonary
bypass; IABP – Intraaortic ballon counterpulsation; ICU – Intensive
care unit; LOS – Low cardiac output syndrome; PMI – Perioperative
myocardial infarction; OR – odds ratio and 95% confidence interval
between group 1 and 2

in the postoperative course within 30 days or within the same
time of hospital stay, whereas 16 (4.2%) deaths occurred among
386 patients with NSTE-ACS in group 2 (P<0.001; Fig. 2C).
The difference of in-hospital mortality was accompanied by
a significant difference in the appearence of postoperative
low cardiac output syndrome (P<0.001) and the incidence of
perioperative myocardial infarction (P<0.001). The incidence

In-hospital mortality [%]
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7.5

5.0

2.5

0.0

NACS

NSTE-ACS

of postoperative stroke was not significantly different. Other
postoperative complications and adverse events like major
bleeding (>200 ml/h first 6 h) and all causes of rethoracotomy
were not different between the groups. The occurrence of newonset arrhythmia (P<0.001) and the incidence of postoperative
renal failure requiring temporary veno-venous hemofiltration or
hemodialysis was significantly different between the two groups
(P<0.001).
Univariate and multivariate logistic regression analyses
identified a number of risk factors and preoperative variables
like age, peripheral vascular disease, previous PCI, angina class
and preoperative cTnI serum level to be related with in-hospital
mortality. These independent predictors of death are detailed
in Tab. 4. In this regard, the preoperative cTnI serum level
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Table 4. Univariate and multivariate logistic regression analysis of variables between groups 1 and 2
Univariate Regression Analysis

Multivariate Regeression Analysis

Odds Ratio [95% CI]

P Value

Odds Ratio [95% CI]

P Value

Age

1.1 (1.0-1.1)

<0.001

1.1 (1.0-1.1)

0.02

Gender

2.1 (1.1-4.1)

0.02

1.3 (0.6-2.8)

0.46

Obesity

0.9 (0.5-1.7)

0.80

—

—

Smoking

0.4 (0.2-0.8)

0.01

0.6 (0.3-1.2)

0.17

Diabetes mellitus

1.9 (1.0-3.5)

0.05

1.3 (0.7-2.7)

0.44

Hypertension

3.8 (0.9-15.9)

0.07

2.1 (0.5-8.9)

0.33

Hyperlipidemia

1.8 (0.7-4.5)

0.24

—

—

Renal disease

1.0 (0.3-2.8)

0.96

—

—

COPD

1.5 (0.7-3.2)

0.29

—

—

PVD

2.6 (1.3-5.2)

0.01

2.5 (1.2-5.2)

0.01

Previous MI

1.5 (0.8-2.9)

0.19

—

—

Previous PCI

2.4 (1.2-4.7)

0.01

2.7 (1.3-5.6)

0.01

Angina Class III-IV

5.5 (2.0-15.5)

0.01

3.5 (1.2-10.2)

0.02

Left-mainstem disease

1.0 (0.5-2.0)

0.91

—

—

LV-EF (%)

0.98 (0.96-1.0)

0.12

—

—

CK (IU/L)

1.0 (0.99-1.0)

0.62

—

—

cTnI (ng/mL)

1.1 (1.0-1.1)

<0.0001

1.1 (1.0-1.1)

<0.001

* – All cause of death; CI – Confidence interval

Figure 3. ROC curve analysis demonstrating the discriminatory
power of preoperative cTnI levels for in-hospital mortality. The
optimal per-CABG cTnI serum level was found with 1.5 ng/ml
with an area under curve of 0.72±0.08, a sensitivitiy of 75.0%
and a specificity of 78.5%
1.00

Sensitivity

0.75

0.50

0.25

0.00
0.00

0.25

0.50

0.75

1.00

1-Specificity

was found to be the strongest independent risk factor for death
(P<0.0001). The discriminative power of the preoperative cTnI
serum level for in-hospital mortality by using a receiver operating
characteristic (ROC) curve analysis revealed an optimal cTnI
cut-off value of 1.5 ng/ml, with an area under curve of 0.72±0.08,
a sensitivitiy of 75.0% and a specificity of 78.5% (Fig. 3).

Discussion
Our findings in the present study suggest that in a surgical
population of patients undergoing CABG, the existence of pre-

operative non-ST-elevation ACS is associated with a significantly
higher mortality within 30 days and a higher incidence of major
adverse cardiac events, such as perioperative myocardial infarction or low cardiac output syndrome. Moreover, the present
study could clearly demonstrate, that increased mortality rates
after CABG due to NSTE-ACS are significantly associated with
several independent preoperative predictors, most notably, with
the degree of preoperative cTnI serum elevation. Furthermore,
the present study suggest that the surgical revascularization
with the concomitant perioperative management strategies is
safe and effective in the clinical course of patients presenting
NSTE-ACS. At our institution, the average mortality rate was
4.2% during hospital stay or within 30 days for CABG patients
with NSTE-ASC, which was significantly higher compared to
CABG patients without ACS during the same interval. This
overall hospital mortality rate is well in the range of actual data
of the current literature [11].
Multiple studies have shown that patients undergoing
coronary artery bypass grafting who present acute myocardial
infarction with ST-segment elevations on the electrocardiogram
have an clearly increased risk of suffering death in hospital. It
has been clearly shown that emergency revasculratzation of
patients with an acute transmural myocardial infarction have
an increased adverse prognosis in the setting of percutaneous
coronary intervention [5,18] as well as in patients following
emergency CABG [6,7]. However, the occurences and reasons
for higher adverse prognosis and increased mortality rates in
patients with non-ST-elevation ACS (NSTE-ACS) associated
with ‘minor myocardial damage’ resulting in minor elevations
of cardiac troponins are not fully understood. In the setting of
ACS, elevations of cardiac troponins were found to be associated with multivessel disease, complex coronary lesions with
unstable and ruptured plaques, distal coronary microembolization of platelet microaggregates and plaque debris [19,20] as
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well as abnormal microvascular myocardial perfusion [5], which
might be an alternative or contributory cause of elevations of
cardiac troponins. In several recent studies, it has been shown
that patients with unstable CAD and elevated cardiac troponins
had more widespread CAD than those without elevated cardiac
troponins and had more often complex coronary lesions and
visible thrombus in the culprit vessel [21,22]. It has also been
demonstrated, that minor elevations of cardiac troponins and
thus, a ‘minor myocardial damage’, is present in approximately
30% of patients with rest angina and negative CK/CK-MB
values [23].
According to risk stratification among patients with NSTEACS, there is an increased risk of death within 6 weeks in those
with elevated serum levels of cardiac troponins and the risk of
death continues to increase as the cardiac troponin serum level
increases [8,10]. Reversible ST-segment depression is associated
with an increase by a factor of 3-6 in the likelihood of death,
myocardial infarction, ischemia at rest, or provocable ischemia
during a test to stratify risk. Although the conditions of the
majority of patients with unstable angina will stabilize with
effective antiischemic medications, approximately 50-60% of
such patients will require revascularization treatment because
of the “unresponsiveness” of medical therapy [12]. High-risk
patients are those who have had angina at rest, prolonged
angina, or persistent angina with positive serum levels of cardiac
troponins or dynamic ST-segment changes or hemodynamic
instability, and these patients urgently require invasive diagnostic evaluation and subsequent revascularization treatment. In
accordance to the present guidelines of the ACC/AHA, patients
with NSTE-ACS require, first of all, an aggressive medical treatment in order to stabilize and control the symptoms if possible.
Medical therapy should be adjusted rapidly to relieve manifestations of ischemia and should include antiplatelet therapy
(aspirin, or ticlopidine or clopidogrel if aspirin is contraindicated), antithrombotic therapy (unfractionated heparin or lowmolecular-weight heparin), beta-blockers, nitrates, and possibly
calcium-channel blockers. Early administration of glycoprotein
IIb/IIIa inhibitors may be particularly important, especially in
high-risk patients with positive troponin tests or those in whom
implantation of coronary stents is anticipated [8-10]. However,
even in patients with NSTE-ACS were surgical revascularization is indicated, a recently published randomized trial have
demonstrated that the benefit (freedom from cardiovascular
death, MI, stroke) of administering clopidogrel early on admission appear to outweight the risk of life-threatening bleeding in
patients with NSTE-ACS following CABG [24].
Surgical myocardial revascularization with CABG for
patients with unstable angina and left main stem stenosis
or equivalent with evidence of myocardial ischemia, or with
triple vessel disease and impaired left ventricular function,
improves prognosis and has, so far, a clear indication based on
the obstructive coronary artery lesion; all of them considered
of high-risk according to the ACC/AHA guidelines [8-10].
The perioperative treatment strategies of NSTE-ACS patients
undergoing CABG are basically based on numerous suggestions
and recommendations that have been made to reduce the risk
for CABG surgery in patients with AMI ‘in general’, including
better selection and optimal timing of surgery [7], adjunctive

pharmacological therapy [25], and accurately timed IABP support [26].
The benefical effects of preoperative IABP treatment on
outcome in high-risk patients have been clearly demonstrated in
several non-randomized and randomized trials. Even in patients
undergoing CABG with preoperative evidence of myocardial
ischemia and/or preoperative hemodynamic instability, there
is strong evidence of the benefical effect for preoperative and
intraoperative use of the IABP [26-28].
The optimal timing of surgical revascularization in patients
with AMI has been described in several previous studies. It has
been shown that hospital mortality decreases with increasing
time interval between CABG and AMI [7,29]. However, no data
are currently available according to the optimal timing of CABG
in patients with NSTE-ACS. At our institution, the timing for
surgery of patients with NSTE-ACS was depending on the severity of symptoms and the level and/or kinetic of preoperative cTnI
value indicating ongoing myocardial ischemia despite maximal
non-surgical therapy on the one hand, and the complexity and
severity of the coronary artery lesions on the other hand.
In terms of using the optimal myocardial protection during
CABG, the type of cardioplegia (blood versus cristalloid, warm
versus cold) has been the subject of numerous experimental and
clinical studies, but this issue still remains controversial [30-32].
The benefical effect with optimal delivery of the cardioplegic
solution by the use of simultaneous antegrade/retrograde
cardioplegia and additional administration through the distal
grafts, however, have been clearly demonstrated [33-35].
The adjunctive pharmacological therapy and thus, the optimal cardiac protection during AMI and/or myocardial injury
due to ischemia/reperfusion is still a challenging field of cardiovascular research since numerous treatment options have been
investigated so far to reduce myocardial infact size. Intravenous
beta-blockers administered in the early hours of infarction
were clearly shown to be of benefit [36]. Intravenous adenosine
appeared promising for AMIs and myocardial protection during
CABG, as did C1-esterase inhibitors and cariporide in some
studies [37-40]. However, the majority of other medications
were studied with negative or marginal results. Moreover, no
data are currently available according to the optimal adjunctive
pharmacological therapy of patients undergoing CABG with
NSTE-ACS.

Conclusions
The present study demonstrates a significantly higher risk
for patients with NSTE-ACS undergoing surgical revascularization compared to patients with N-ACS with significantly
increased in-hospital morbidity and mortality rates. Multivariate logistic regression analysis revealed the preoperative cardiac
troponin I level as the most strongest independent predictor
of death in-hospital. Therefore, a more precise patient’s risk
assessment and a tailored perioperative management strategy
may improve patients outcome.
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Abstract
Heart failure (HF) is a patophysiological condition,
when the heart can not provide adequate blood flow to the
body organs. The main cause of HF is now ischemic heart
disease (IHD), and the number of patients with HF in aging
society is growing. HF is becoming the leading cause of
death. Medical therapy does not provide satisfactory results
in respect of symptoms and survival (5 year survival 28-40%).
Therefore there is a trend towards early invasive methods of
IHD treatment: percutaneous or surgical revascularisation
and surgical reconstruction of myocardial damage.
Most common surgical procedure in IHD is coronary
artery bypass grafting (CABG). This treatment is safe
and effective in patients with normal ventricular function
(operative mortality 0.5%, 5 year survival >92%). Results
in patients with impaired left ventricular (LV) function are
better than conservative therapy, but still not satisfactory
(operative mortality 8.4%, 5 year survival 65%). The modern
surgical concept for improvement of ventricular function is
left ventricular (LV) shape and volume restoration (SVR)
accompanied by CABG. In cases of severe damage of myocardium resulting in left ventricular aneurysm or akinesia,
SVR improves LV function and prevents further LV remodeling. At present it is under investigation whether SVR is
of benefit for moderate-sized ventricles and NYHA class II
symptoms. In case of ischemic mitral insufficiency mitral
valve repair is a method of choice. The results of combined
procedures in Heart Failure group (CABG + MV reconstruction or SVR) are better than CABG alone. Other surgical alternatives for HF treatment are: heart transplantation,
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ventricular assist devices (VAD), dynamic cardiomyoplasty,
constrictive devices and cellular transplantation therapy.
Heart transplantation is reserved for younger patients
with less comorbidities. Shortage of donor organs and poor
long-term results remains a main problem of such a treatment. VAD at present is still very expensive, and serves particularly as a “bridge to heart transplantation” or “bridge
to recovery” rather then destination therapy. Despite of all
achievements in medical or invasive HF treatment further
basic and clinical works as well as new organization systems
are necessary to find optimal strategies to reduce cost of
care, improve quality of life and survival.
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Definition of heart failure (HF) currently describes pathophysiological status when heart muscle as pump can not provide
adequate blood flow to the body organs to meet metabolic
needs of above tissue. Following last years, incidence of heart
failure has been increasing. Reaching annual prevalence of
14-16 patients per 1 000 health care system patients [1]. However, more recent data showed kind of plateau regarding mortality from heart failure in 5 years adjusted for age. The same
have been followed analyzing changes in relative risk of death
after heart failure onset within a different age cohorts. Relative
risk of death in younger group of patients (mean age of 60 years)
showing signs of heart failure, have been reduced from 0.84 during 1985-1990 to 0.63 in a year 1991-1995 and to 0.48 during
1996-2000. However, within a group of more elderly patients
(mean age 80 years) relative risk of death from heart failure
at the same time frames have been reduced only slightly: 0.850.88-0.72. The same trend has been followed in both sex groups
[2]. Also it is well recognized that ischemic heart disease (IHD)
together with cerebrovascular disease defined as atherothrombosis remains leading cause of death and heart failure [3].
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Table 1. Arts II Arterial Revascularization Therapies Study Part
II: Sirolimus-Eluting Bx Velocity Stent for the Treatment of
Multivessel de Novo Coronary Artery Lesions
(Luis Gruberg MD) Presenter: Patric W. Serruys, on Behalf of
the ARTS II Investigators

Figure 1. Myocardial Revascularization
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CABG = coronary artery bypass graft; CVA = cerebrovascular accident; MACCE = major adverse cardiac and cerebrovascular events;
PCI = percutaneous coronary intervention

After myocardial infarction (MI) there is a direct correlation between the quantity of HF biomarkers like Troponin I
(Tn I), C-reactive protein (CRP) for B type natriuretic peptide
(BNP) and incidence of onset of HF or death from it. Applying multimarkers approach to determine 30 day mortality risk
in acute coronary ischemia cases in an OPUS-TIMI (16) and
TACTICS-TIMI (18) studies, all 3 biomarkers increase correlated well with the increased risk of 30 days mortality rate from
progressing heart failure after MI [4]. Those, whom sustain from
MI, develop minor or major symptoms of HF because of left
ventricular (LV) remodeling. HF is diagnosed in approximately
1% of population at the age of more then 65 years and remains
as a main cause at hospitalization for the patients of the same
age. More then 30% of them being rehospitalized within 90 days
because of progression of HF symptoms, inadequate medical
treatment and inadequate follow-up of patients: discrepancies
between planned treatment and treatment after discharge.
Medical treatment of HF remains as a treatment core and
includes: diuretics, digoxine, aldosterone antagonists, B blokers,
ACE inhibitors and currently angiotensine II receptors inhibitors. However, they do not substantially improve symptoms of
HF either prolong survival of HF patients [5].
Speaking about treatment of IHD as from the main cause
of HF, there is well accepted trend towards early and aggressive
mechanical revascularization of stenotic or acutely occluded
coronary vessel.
PCI and stenting studies within international cardiological
society, however, still showed rather high rate of death, MI and
major adverse cardiac event rate in a large group of studies:
TAXUS VI, ENDEAVOR I, ARTS II, TROPICAL, SVELTE,
SICTO, PISCES, ISAR, IMPRESS-2 MVD, etc. [6] (Tab. 1).
Large numbers of invasive coronary procedures seems did
not reduce, rather increased financial burden to cardiosurgical
and intensive care unit budgets, because of higher numbers of
more elderly and more sick patients. For instance in Denmark
number of coronary artery bypass grafting (CABG) operations
have decreased approximately by 20% since 2002, at the same
time treatment costs within ICU have increased approximately
20% (personal communication with Danish CABG registry).

Medical Rx

Bypass Sx
20%

Transplant
11.6% Op. Mortality

Surgical treatment of IHD complicated by HF creates
number of socioeconomical, ethical and medical problems.
Though, currently there is little doubt and controversy regarding
indications for surgery for high risk myocardial revascularization or ischemic mitral valve repair. Indications for surgery of
LV volume and shape restoration operations remain unclear.
CABG operations can provide rather low (less then 0.5%)
mortality and good survival 5 years after surgery (>92%) in
a group of patients with good LV function (ejection fraction
/EF/>50%). However, decreased EF correlates with increased
operative mortality: 6.2% 5 year survival 65%, respectively
EF<0.30 – operative mortality – 8.4% (CASS registry) (Fig. 1)
High risk myocardial revascularization without concomitant
valve or LV size and shape correction may carry high operative
mortality – up to 20% comparing to 11.6% mortality rate in
a heart transplant group. However, late 5 year survival is better
(80%) in CABG group (80%) and heart transplantation group
(85%) compared to only medical group, where 5 year survival is
at best from 28% to 40% of patients [5].
We have analyzed our low EF <30% CAGB patient group.
Operative mortality being 3.9% and when this group of patients
was divided in to a group with restrictive diastolic dysfunction,
operative mortality reached 8.7%. Analysis of HF symptoms
or functional capacity after 1 year following surgery within
a group of patients with low LVEF <30% showed general
shift of patients from NYHA class III (66.5%) before surgery
to NYHA class II postoperatively (70.4%), however 28% of
pts remaining in NYHA class III. While analyzing group of
pts with restrictive diastolic dysfunction after 1 year following
CABG, there was a positive trend towards improvement of
a postoperative NYHA class comparing to preoperative. Being
78.3% of pts in a NYHA class III and 17.4% in a NYHA class
IV preoperatively and postoperatively NYHA class III – 42.9%
but NYHA class IV – 28.6% (Fig. 2).
Currently it is still unclear whether the patients will sustain
high risk CABG surgery and will benefit from it regarding
reduction of HF symptom. We do continue operating on them
irrespectively with or without clear evidence of myocardical
viability, tests, providing optimal myocardial preservation
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Figure 2. NYHA changes in a PTS group with restrictive LV
diastolic dysfunction
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Figure 3. Mechanisms of IMR

Figure 7. Annuloplasty (symmetric or asymmetric)

Figure 4. Papillary muscle shortening (total) or partial with or
without papillotomy including translocation

and revascularization techniques in order to facilitate optimal
postoperative medical treatment, and for some young patients
as a first step cardiac operation before advocating heart transplantation.
Generally the same is applied for the patients with ischemic
mitral regurgitation (IMR). The mechanism of IMR depends
on a changes localy and remote from MI area: post infarction
remodeling of LV, which in general leads to general LV enlargement, different local LV deformities, depending on a localization of MI, leading to distortion of all MV apparatus: MV
annulus dilatation, restriction or prolapse of leaflets, elongation
or dysfunction of papillary muscles. Complex changes of all the
LV and MV apparatus geometry would finally lead to IMR:
central, paracommissural or both (Fig. 3).
Undersized annuloplasty for IMR and dilative CMD
proposed by Steven F. Bolling remains as a good alternative

to treat IMR along with CABG. Providing low operative
mortality and better postoperative results comparing to mitral
valve replacement. However, up to 8-12% of ischemic mitral
valve annuloplasty repairs will fail within 1-3 years because of
further LV remodeling and progressive LV failure. Some of the
surgeons at this stage would advocate mitral valve replacement
by valve substitute, for instance A. Calafiore: when valve leaflet
coaptation point is beyond atrioventricular ring line more then
1 cm. Having more then 550 cases of mitral valve repair including 470 patients with IMR repair, we would advocate “future
oriented ischemic mitral valve repair”. Those would include:
correction of the whole mitral valve apparatus: papillary muscle
elongation, partial or total shortening (Fig. 4) or translocation
techniques (Fig. 5) along with LV basal segment, mitral valve
annulus and papillary muscle base or interpapillary muscle
distance correction (Fig. 7). All procedure is selected after
careful transesophageal echo investigation before surgery.
Effectiveness of mitral valve repair is controlled in operating
room, also when the heart starts beating and generating physiological haemodynamic parameters. Second attempt of mitral
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Figure 8. Results OR IMV REPAIR II

Figure 9. Results of IMV III
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valve repair is undertaken if residual MR is more or equal to
grade two. Whenever effective mitral valve repair can not be
achieved, mitral valve is replaced, in our experience – 4 cases
(less then 1%). Currently all annuloplasties now are performed
using two double 2/0 Ethibond semi pursue, Teflon pledget reinforced sutures (Fig. 7). Carefully following suture annuloplasty
procedure, both symmetric and asymmetric, suture tear through
tissue can be completely avoided, providing long-term effective
stabilization of MV annulus and subsequently clinical improvement of HF symptoms postoperatively. In our IMR repair group
86% of pts showed minor or negligible residual and recurrent
MR, no more then grade 1 (mean 0.9). 14% of pts in whom
TEE intra and early postoperatively revealed MR grade 1 and
more, but no more then grade 2, (mean intraoperative MR 1.5;
early postoperatively – 1.6) in a late postoperative period (more
then 12 month) had recurrent MR with mean MR grade 2.6
(Fig. 8). However, only 10% (7 pts) required redo surgery on
mitral valve in a late postoperative period. All valves have been
replaced using mechanical (2 pts) and biological (5 pts) valve
substitutes with 0% mortality. Most of them have been operated
on using fibrillating heart technique. This restrospective single
center analysis would confirm the indications to correct even
moderate IMR, whenever left ventricular end diastolic diameter
reaches or exceeds 50 mm. Nevertheless it is worth to mention
that actuarial survival of our pts is 65% in 2 years after surgery
(Fig. 9).
As LV remodeling certainly have an effect onto IMR it
does have impact onto LV function impairment also. Segmental
MI leads to increased LV end diastolic pressure and volume
subsequently to increased wall tension and stress, and finally
congestion. At present only paramount experience of Vincent
Dor (Centre Cardiothoracique de Monaco) led surgeons to
turn onto LV reconstruction – aneurysmectomies. At present
RESTORE (Reconstructive Endoventricular Surgery Returning
Torsion Original Radius Elliptical Shape to the Left Ventricle)
registry demonstrated five-year findings in 1198 pts operated on
between 1998-2003. Surgical ventricular restoration (SVR) using
patch in 80% and without it in 20% was accompanied by CABG
in 95%, MV repair in 22% and MV replacement in 1%. SVR

can be performed relatively safe with overall 30 day mortality
– 5.3%: 8.7% with mitral valve repair, vs 4.0% without repair.
LVEF improvement is significant, from mean preoperative EF
of 29.6 % to 39.5% postoperatively. Preoperative LV end systolic
volume index decreased from a mean of 80.4 ml/m2 to 56.6 ml/m2
postoperatively. NYHA class being 3-4 in 67% of pts, in postoperative period 85% of pts were in NYHA class 1 or 2. Over all
5 year survival was 68.6% and survival was better in the group
of pts who had dyskinetic as compared with akinetic LV (80% vs
65%). Risk factors for death were EF<30%, LVESVI>8 ml/m2,
NYHA class 3-4 and advanced age >75% [7].
At present STICH; Surgical Treatment for Ischemic Heart
Failure trial may help to answer the question of wether SVR
is of benefit to those with more moderate-sized ventricles and
NYHA class 2 HF symptoms. STICH is randomizing pts with
ischemic cardiomyopathy to medical therapy, CABG alone, or
CABG with SVR [8]. Currently we have introduced aneurismal
compression plication technique for small aneurysmus or diffuse hipo-akinetic areas (Fig. 10).
Other alternatives in treating heart failure of ischemic
origin are less effective and some of them have more or less
experimental or historical importance. That would be dynamic
cardiomyoplasty (A. Carpentier), cellular transplantation, constrictive devices, cardiac resynchronization therapy along with
ICD implantation and least but not last heart transplantation
and ventricular assist devices (VAD).
However, perhaps only heart transplantation and VAD
therapy are under closer investigation. Although, heart transplantation techniques are well established and results quite well
understood and accepted, this method of treatment remains
reserved for younger patients with les comorbidities. Heart
transplantation results because of dilative cardiomyopathy are
certainly better comparing to those of ischemic. Also shortage of
donor organs does not warrant to become heart transplantation
as a method of choice for those with four advanced ischemic
heart failure.
VAD therapy may become another, yet still expensive
alternative for those with IHF. From existing registries it is well
known, even FDA have approved the whole line of assist devices
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Figure 10. LV wall compression – reinforcement

in treating terminal heart failure, 20-30% on VAD therapy will
die before heart transplantation. Infection at the site of cables
and cannulas or device endocarditis will reach to 70% in 2 years
period. Thromboembolic complications also would account up
to 25%. Only in USA 4 000 pts with congestive heart disease
awaits for heart transplantation, and only 2 200 will get this type
of surgery. For the VAD (biVAD’s) only in USA there is a need
of 100 systems per year.
Though it can be achieved rather good survival in all three
treatment modalities: “bridge to transplantation”, ”bridge to
recovery” and ”destination therapy”, vast majority of pts will
die within 2 to 3 years, however, quality of life during those years
may be improved dramatically.
Despite of all achievements in medical or invasive coronary
artery disease therapy surgical approach to treat ischemic heart
failure remains in majority of cases main method of treatment.
Finally establishment of new organization systems and
models like multidisciplinary approach to IHF pts may reduce
hospitalization rate more then 80%, more then by 85% can
be reduced visits to emergency units, reduced cost of care,
improved quality of life and survival.
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Abstract

Epidemiological information

This review summarizes the available evidence concerning the relationship between renal dysfunction and cardiovascular risk in non-diabetic patients. Based on numerous
studies, there remains no more doubt today, that even minor
renal dysfunction, as reflected by microalbuminuria and/or
decreased estimated glomerular filtration rate, causes a dramatic increase in cardiovascular risk. Renal dysfunction as
a novel risk indicator should be incorporated into currently
used algorithms to assess risk factor profile, not to the least
because evaluation of renal function helps to select the most
appropriate strategy to reduce the cardiovascular risk.

Key words:
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glomerular filtration rate.

Introduction
It has recently been recognized that both microalbuminuria
and a reduced glomerular filtration rate impact heavily on the
cardiovascular risk in non-diabetic patients. This had been well
known for a long time in diabetic patients but the information in
non-diabetic patients is novel [1].
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Following several early observations the best currently available information comes from the so-called PREVEND-Study
covering 40,856 inhabitants of the Dutch city of Groningen
[2]. A normal urinary albumin concentration in one spot urine
sample was seen in 73%, a high normal concentration between
10-20 mg/l in 19% and frank microalbuminuria in 8%. Those
patients had mostly no comorbidity but in approximately 25%
of the patients hypertension, diabetes or a combination of both
was noted. It is of interest to look at the correlates, which were
associated with increased albumin excretion. In men a highly
significant relation between fasting plasma glucose concentration and urinary albumin excretion rate was found; this was less
pronounced in women. It is of particular note that this was true
not only for plasma glucose concentrations in the hyperglycaemic range but was seen even in the high normal range of plasma
glucose concentration. This finding is not without interest
because impaired plasma glucose concentration is a feature
of the metabolic syndrome, which is associated with a particularly high cardiovascular risk. Another facet of the metabolic
syndrome, i.e. an increased body-mass-index (BMI), was also
correlated to the urinary albumin excretion rate – again more
pronounced in men compared to women. This was not only true
for morbid obesity. The relation extended even into the range of
low normal BMI values. This finding is of interest in view of the
observation of Mykkanen [3]: in a large study covering 982 nondiabetic individuals he had noted that insulin sensitivity, when
measured with the intravenous glucose tolerance test, was significantly reduced in patients who exhibited microalbuminuria.
In those patients elevated concentrations of immune reactive
insulin were also noted.
Fliser et al. [4] examined patients with primary renal disease using the intravenous glucose tolerance test. Even when
the inulin clearance was only not below 80 ml/min. patients on
average had significantly impaired insulin sensitivity. Conversely
Chen et al. [5] found in the general population that insulin
resistance (measured as the HOMA-index) increased the risk
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of a future development of renal dysfunction. Finally in renal
patients, similarly as in non-renal patients, insulin resistance is
an independent predictor of total mortality and cardiovascular
mortality [6]. So the two phenomena of insulin resistance and
renal dysfunction are tightly related and may be linked by common pathomechanisms.
Microalbuminuria and reduced glomerular filtration rate
(GFR) are two different aspects of renal dysfunction. The question arises whether the two are somehow interrelated. Unfortunately, there are no studies available where renal function had
been measured with exact clearance techniques. Nevertheless,
Pinto Sietsma [7] noted in the PREVEND-Study in Groningen
that in individuals with a moderate increase in urinary albumin
excretion the average creatinine clearance, was significantly
higher. Only in the highest quantiles of albuminuria was a reduction of creatinine clearance found. This is reminiscent of the
finding of Mogensen [8] in patients with type 2 diabetes in whom
he found increased GFR in the early stage of microalbuminuria.
It was only when proteinuria progressed markedly that the GFR
decreased.
A further question is whether such minor albuminuria is
relevant for all-cause mortality and cardiovascular mortality
respectively? Again the Groningen study [9] noted a slight but
significant increase of mortality which started in the range of
high normal urinary albumin concentrations and rose progressively in the microalbuminuric range (20-200 mg/l). The HOPE
study had also shown that the risk rises progressively with
increasing albuminuria, similar to the relation between cardiovascular events and plasma cholesterol concentration [10]. This
was true even in the range of normal urinary albumin concentrations. It follows that the definition of “microalbuminuria”
is somewhat arbitrary and that urinary albumin excretion rate
should be treated as a continuous value.
This continuous relationship corresponds to what Rachmani [11] had noted in patients with diabetes. Compared
to the range of low normal albuminuria, albuminuria in the
range 10-20 mg/ day increased the risk to progress to frank
microalbuminuria by a factor of 2.34 and the risk to experience
a cardiovascular endpoint by factor of 1.9. In the range of frank
microalbuminuria the risk was significantly higher by a factor of
12.4 and 9.8 respectively.

The high cardiovascular risk associated
with reduced renal function
In parallel with the interest in microalbuminuria, the issue
of the relation between moderately impaired renal function
and cardiovascular risk has recently also attracted considerable
interest.
The first observation in this direction was made in the
Hypertension Detection and Follow up Programme. Shulman
[12] reported on a 96-months follow up study in which he found
a highly significant correlation between serum creatinine concentration and cumulative mortality. An increase was seen even
between serum creatinine concentrations of 1.20 and 1.49 mg/
dl. This finding has considerably epidemiological importance.
Tab. 1 summarizes the epidemiological analysis of Levey [13]

Table 1. Frequency of impaired renal function in the general
population of the USA (NHANES data)
Chronic
kidney disease
(CKD)

Estimated
glomerular filtration
(eGFR)

stage

ml/min

%

5

<15

0.1

4

15-29

0.2

3

30-59

4.3

2

60-89

3.0

1

>90

3.3

Percent
population

based upon the data of NHANES (National Health and Nutrition Survey) in the USA. The number of patients with chronic
kidney disease (CKD) stage 5 is very low, i.e. 300 000. In contrast
in USA 5.3 million inhabitants have CKD stage 2 and 7.6 million
inhabitants CKD stage 3.
A relation between impaired renal function and increased
cardiovascular risk was found in several distinct cohorts, i.e.
in the general population, in hypertensive patients, in patients
at high cardiovascular risk and patients with impaired cardiac
function. Furthermore, a similar relation has also been noted in
patients with an acute ischemic cardiac event.
In the Dutch city of Hoorn Henry observed elderly patients
for up to 10 years [14]. He noted that the risk to die from cardiovascular causes increased by 26% per 5 ml decrease in GFR.
In other words, if the filtrate decreases by 20 ml/min the risk
doubles.
In hypertensive individuals Luis Ruilope noted in the HOT
(Hypertension Optimal Treatment) study that – independent of
the diastolic target blood pressure to which the patient was randomised – the frequency of cardiovascular event was significantly
higher by a factor of 2, if the estimated creatinine clearance was
less than 60 ml/min compared to hypertensive patients with a
higher GFR [15]. Similarly in the HOPE study Mann [16] noted
that with increasing concentrations of serum creatinine the rate
of cardiac events was significantly higher if patients had a serum
creatinine concentration higher than 1.4 mg/dl. The risk was then
increased by 40% compared to an increase of 60% when patients
had microalbuminuria. The risk was increased by 108% when the
patients had elevated serum creatinine plus microalbuminuria.
A particularly impressive increase in the risk of death in
individuals with impaired renal function is seen in patients suffering from congestive heart failure. In a randomised prospective study Hillege [17] examined the relation between estimated
GFR, severity of congestive heart failure (New York Heart
Association category) and use of ACE inhibitors. In the highest
compared to the lowest quartile the relative risk was increased
by a factor of 2.85. An inverse relation was noted between GFR
and atrial natriuretic peptid (ANP) plasma concentration. This
finding may point to an important role of hypervolemia. The
adverse effect of an elevated serum creatinine concentration
was not completely explained by the severity of heart failure
suggesting that there was an independent pathogenetic relation
between renal dysfunction and cardiovascular risk.

51

52

Adamczak M, Ritz E

Figure 1. Cockroft-Gault formula for creatinine clearance (Ccrea)
estimation
Cockroft-Gaul formula
Ccrea=

(140 - age) x body weight [kg]
S-creatinine [mg/dl] x 72

(x0.85)woman

Ccrea[ml/min.]

It is also known that patients with impaired renal function,
who have an ischemic cardiac event, have higher in-hospital
mortality as well as postdischarge mortality than patients with
normal renal function. In a national sample of elderly Medicare-patients who had an acute ischemic event Shlipak [18]
found a clear relation between survival after discharge from the
hospital and serum creatinine concentration. In a monocentric
study assessing 3 000 patients with an acute cardiac ischemic
event, Wright noted that hospital mortality as well as postdischarge mortality was dramatically increased when the estimated
GFR was decreased. Disappointingly the patients with impaired
renal function, despite their extreme cardiovascular risk, had
also received less aspirin, less betablockers, and less invasive
procedures such as thrombolysis or percutaneous transluminal
coronary angioplasty (PTCA). But this iatrogenic factor does
not fully explain the extremely high cardiac risk. Even when
individuals with a creatinine clearance of 100 ml/min were compared to patients with a creatinine clearance of 90 ml/min, the
risk was almost double in the latter. Reinicke [19] examined the
cumulative mortality of patients who had been discharged after
PTCA. Even when comparing a serum creatinine of 1 mg/dl
with a concentration of 1.2 mg/dl the mortality increased from
5 to 8.5%.

What practical conclusions can we draw
from these observations?
It is unfortunate, that the cardiovascular risk increases in
a concentration range of serum creatinine where this analyte
is very insensitive to changes in the glomerular filtration rate. It
is therefore recommended that the chemical laboratory reports
not only the serum creatinine concentration, but estimates the
GFR based on information concerning age, body weight and
gender. Several formulas such as the Cockroft-Gault formula
(see Fig. 1) or the MDRD formula are currently available.
The risk in a patient with moderate impaired renal function is
comparable in magnitude to that of a patient with diabetes mellitus. The National Institute of Health (NIH) emphasized that,
in analogy to what is done in diabetes mellitus, cardiovascular
prophylaxis in the patients with renal dysfunction should be
considered secondary and no longer primary prophylaxis.

Underlying pathomechanisms
Although the exact pathomechanisms linking renal dysfunction to cardiac mortality have not been completely clarified

some very interesting recent observations suggest that a whole
array of factors is involved.
Kielstein [20] examined a cohort of patients with primary
renal disease and found elevated concentrations of asymmetric
dimethyl-L-arginin (ADMA), an inhibitor of endothelial nitric
oxide synthase (eNOS). It is remarkable that this was true even
in patients in whom normal clearance values had been measured. It is of course clear that normal whole kidney clearance
is perfectly compatible with a major reduction in renal parenchymal mass, because the remaining glomeruli compensate to
a large extent by increasing single nephron GFR. Why should
increased ADMA be linked to cardiovascular risk. ADMA
interferes with the production of the endogenous vasodilator
and endothelial protective factor nitric oxide (NO) and inhibits
several diverse endothelial cell functions.
ADMA is excreted via the kidney but this is not the only
explanation. There are very good arguments that a catabolic
enzyme in endothelial cells, dimethylarginine dimethylaminohydrolase, is diminished as well.
As another potential pathogenetic factor Kronenberg [21]
found marked abnormalities of apolipoproteins, particularly an
increase in apolipoprotein-A-IV (which of course is cardioprotective but the finding illustrates that the regulation of apo-lipoprotein metabolism is abnormal). Kronenberg also found very
early in renal disease an increase of the concentration of the
cardiovascular risk factor Lp(a) [22].
In hypertensive patients with autosomal dominal polycystic
kidney disease Klein [23] measured increased sympathetic
nerve activity even when the glomerular filtration rate was still
normal.
Furthermore, Shlipak [24] found that patients having only
a minor increase of serum creatinine had elevated serum
concentrations of biomarkers indicating a state of microinflammation, e.g. increased CRP, fibrinogen, interleukin 6 as well
as evidence of a prothrombotic state (elevated factor VIII,
D-dimers).
Finally, even when inulin clearance was still normal,
Stefański [25] found that the night-time decrease of blood
pressure was attenuated and left ventricular wall thickness was
increased as evidence of concentric remodelling.
All the above factors could interact to increase the cardiovascular risk.
Finally, since the early days of dialysis it had been postulated
that atherogenesis is accelerated in uremia [26]. Recently there
have been several studies in a genetic model of spontaneous
atherogenesis the apo-e -/- mouse. In these animals resection of
renal parenchyma increases the rate of growth of atherosclerotic
plaques. Of note, this was even seen when only one kidney was
removed [27].

Conclusion
It is obvious from the above that minor renal dysfunction,
as reflected by microalbuminuria or decreased estimated GFR,
has a major impact on cardiovascular risk. Renal dysfunction
is thus a novel risk factor, which must be incorporated into
currently used algorithms to assess risk factor profile. Evaluation

Impact of renal dysfunction as a cardiovascular risk factor

of renal function is important in order to select the appropriate
strategy to reduce the cardiovascular risk (www.eshonline.org/
documents/2003_guidelines
and
www.escardio.org/scinfo/
guidelines.htm).
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Helicobacter pylori infection
and gastric MALT lymphoma
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Abstract
Helicobacter pylori infection is implicated in the development of two different gastric cancers: gastric adenocarcinoma and gastric MALT lymphoma. The association
with the gastric MALT lymphoma is strong and causal. It is
currently the only cancer which can be treated by a simple
antibiotic treatment. However, the evolution of an H. pylori
infection towards lymphoma is exceptional. Host susceptibility factors and environmental factors predisposing
a patient to lymphoma have not yet been determined. The
bacterial factors are currently being identified.
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Introduction
Twenty-five years have gone by since two Australian
researchers were able to culture Helicobacter pylori (H. pylori)
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for the first time [1,2]. This bacterium which is strictly adapted
to humans has unique properties. First of all, approximately half
of the world population is said to be infected. Furthermore,
the bacterium’s adaptation to the gastric mucosa, thanks to its
large production of urease which neutralizes the gastric acidity,
insures its survival. Only about 10% of infected subjects develop
gastroduodenal diseases, all within a very heterogeneous spectrum: gastritis, ulcers, gastric adenocarcinoma or mucosa associated lymphoid tissue (MALT)-type gastric lymphoma. H. pylori
infection is therefore a potentially carcinogenic infection and,
as such, has been recognized as a type I carcinogen (maximum
level) by the International Agency In Research against Cancer
[3]. The discovery of the bacterium has revolutionized one of
the most important domains of gastroenterology. In fact, despite
initial skepticism, ulcer treatment is now comprised of an antibiotic therapy aimed at eradicating H. pylori. The beneficial
effect of this intervention was subsequentially applied to gastric
MALT lymphoma as it is indeed possible to cure this particular
cancer on a long term basis following H. pylori eradication [4].
For a given subject, individual factors, environmental factors and factors linked to the bacterium itself, contribute to the
evolution towards a chronic infection and leads to the appearance of a lymphoma.
This article is comprised of three successive aspects: a general review of gastrointestinal lymphomas, a part dedicated
especially to gastric MALT lymphoma, and finally an up-to-date
on the most recent genetic data concerning H. pylori strains
which are associated with gastric MALT lymphoma.

Primitive gastrointestinal lymphomas
The term of “lymphoma” evokes primarily a lymph node
pathology. However, lymphoid tissue is also present in certain
organs as the digestive tract. Indeed, 25% of all lymphomas are
found elsewhere than in the lymph nodes and, amongst them,
digestive lymphomas are the most frequent [5]. Work done by
Isaacson and Wright led to regrouping most of the extra-gan-
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Table 1. Histopathological classification of gastrointestinal lymphomas
Phenotype B
Low grade MALT B lymphoma
– Western type (focalized)
– Mediterranean type (extensive): IPSID (essentially alpha chain disease)

From the marginal zone of MALT

High grade MALT B lymphoma, with or without a component of weak malignancy including:
– centroblast
– immunoblast
– large anaplasic cells

Diffuse large B cells

Centrocytic lymphoma = digestive lymphomatic polyposis

From the mantle zone

Burkitt’s lymphoma or Burkitt type lymphoma

From Burkitt

Other types (equivalent to ganglionnary lymphomas)

Follicular
Phenotype T

T lymphomas associated (EATL) with an enteropathy

T intestinal type

T lymphomas not associated with an enteropathy
MALT – Mucosa Associated Lymphoid Tissue
IPSID – Immuno Proliferative Small Intestinal Disease
EATL – Enteropathy-Associated T Lymphoma

glionary lymphomas into one entity, the MALT lymphomas [6].
The diagnosis of gastrointestinal lymphomas should now be
made following the recent classification of the World Health
Organization (Tab. 1) [7,8].

Figure 1. Schematic representation of lymphoid tissue from the
digestive tract (MALT) [60]
epithelium

I. Epidemiology of and predisposing factors
for gastrointestinal lymphomas
Digestive lymphoma localizations represent 12.5% of all
non-Hodgkin lymphomas (NHL) and are the most frequently
found extraganglionary form (36%), gastric localization being
the most frequent [9].
There is a male predominance in primitive gastrointestinal
lymphomas (PGIL) (ratio 2:1). The average age is 57 years, but
the age is much lower in Burkitt’s lymphoma cases which concern young patients [10,11].
The etiology of PGIL is most often unknown. Acquired
immune deficiency syndromes (AIDS) or genetic problems
(chromosome X-linked deficiencies) have been associated with
different kinds of lymphoma like Burkitt’s lymphoma or lymphomatic polyposis syndrome. The infection hypothesis has also
been considered, for example, in the case of certain T intestinal
lymphomas which are associated with human T-cell leukemia retrovirus type I (HTLV-I). Recently Campylobacter jejuni has been
suspected to play a role in the genesis of certain cases of immuno
proliferative small intestinal disease (IPSID), but this hypothesis
has not received unanimous approval [12,13]. H. pylori infection
therefore represents the infectious cause of lymphoma which has
been studied and characterized the most thoroughly.

II. Comparison of morphological characteristics
of MALT lymphomas and Peyer patches
MALT lymphomas share morphologic characteristics which
bring them close to Peyer patches and allow them to be differentiated from lymph node lymphomas, as follows:
– the constant presence of lymphoid follicles with a clear
center;
– lymphoepithelial lesions formed by invasion of individuals glands by aggregates of lymphoma cells.

plasmocytes
Interfollicular zone
T lymphocytes
Marginal zone
Centrocyte-like
B cells

M cell

CD 5
CD 10

Mantle zone
Centrofollicular
zone
B Lymphocytes

Lymphoid follicle

Peyer patches are indeed comprised of lymphoid follicles
with a clear center which, when activated, are surrounded by
a mantle zone and a marginal zone. The T lymphocytes are
arranged along the venules and histocytes. The follicles bulge
towards the intestinal lumen and establish a zone called “the
dome”, found between the follicle and the epithelium and
comprised of B lymphocytes from the marginal zone (Fig. 1).
Immunohistochemical studies show that only at the dome level
are there intraepithelial B lymphocytes (CD20+, CD79a+) in
formations resembling miniature lymphoepithelial lesions.

Gastric MALT lymphoma
Gastric lymphoma is considered to be the classic lymphoma
of MALT-type of the digestive tract. It is a B cell lymphoma
with a very unusual pathogenesis and evolution which slowly
progresses and stays localized in the stomach for a long time.
The development of the lymphoma is directly linked to the
H. pylori infection although it is not known why this evolution is
present in only a very small number of infected subjects.
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I. Epidemiology of gastric MALT lymphoma
Epidemiological data on gastric MALT lymphoma are very
heterogeneous. An epidemiological study carried out in Germany reported on the detection of 94 cases in a total population
of 3.5 million inhabitants over a 3 year period, and estimated the
incidence to be 0.7-0.8 per 100 000, with an average age of 62.1
years and a sex ratio slightly in favor of the male gender [9]. This
incidence seems to be comparable to that of other European
countries with the exception of England where the incidence is
lower (0.2 per 100 000). Amongst the North African countries,
in Tunisia, the incidence is estimated at 6.3 per 100 000 for men
and 3.8 per 100 000 for women [14].

II. Relationship between H. pylori infection and
gastric MALT lymphoma
In order to analyze the relationship between H. pylori infection and gastric MALT lymphoma, it is interesting to review the
Bradford Hill criteria which were first used to show the causal
link between lung cancer and tobacco smoking [15]. These
criteria include: 1) an association and a temporal relationship
between the two situations, 2) the biological plausability, i.e. the
pathophysiological mechanisms underlying this association, and
3) the efficacity of an intervention. The existence of an animal
model is another argument in favour of a causal relationship.
2-1. Association and temporal relationship
Numerous epidemiological arguments back the fact that
an association exists between gastric MALT lymphoma and
H. pylori infection.
First, the prevalence of H. pylori infection in patients suffering with gastric MALT lymphoma, based on several studies,
is between 80 and 90%, whereas the prevalence in the adult
population in France for example, ranges from 25 to 30%
[16]. Parsonnet et al. [17] offered a major epidemiological
argument implicating H. pylori infection in MALT lymphoma.
These authors showed in a case-control study nested in two
large cohorts that the relative risk of developing this type of
lymphoma was six times higher in the presence of an H. pylori
infection. Furthermore, this increase was noted only for the
gastric lymphomas; there was no increase in the relative risk
for nodal lymphomas. They found that 88% of the patients had
anti-H. pylori antibodies in blood samples collected fifteen years
before the diagnosis of lymphoma, which clearly indicates that
the H. pylori infection preceded the appearance of the gastric
MALT lymphoma.
For certain cases, another species of the Helicobacter genus
has been incriminated: Helicobacter heilmannii [18]. However,
these cases are very rare, especially since the prevalence of
H. heilmannii infection in humans in very low: 0.5% compared
to an average of 20 to 25% in France for H. pylori [19].
2-2. Pathophysiological mechanism
The stomach normally is lacking in lymphoid tissue. After
an H. pylori infection, a lymphoid infiltrate appears, which constitute a chronic gastritis. In certain cases the lympoid tissue can
be organized as lymphoid follicles. MALT lymphoma emerges
from these lymphoid structures [20]. Therefore, these lymphoid
follicles appear after an antigenic stimulation by H. pylori. This
hypothesis was validated in vitro by showing that T lymphocytes
sensitized for H. pylori produce cytokines which stimulate

Table 2. Summary of the main studies performed from 1993
à 2002 evaluating the impact of H. pylori eradication on the
regression of low grade gastric MALT lymphoma

Author

Reference Year

Wotherspoon et al.
[27]
Bayerdörffer et al.
[61]
Savio et al.
[62]
Roggero et al.
[63]
Fischbach et al.
[64]
Montalban et al.
[65]
Pinotti et al.
[66]
Neubauer et al.
[67]
Nobre-Leitao et al.
[68]
Steinbach et al.
[69]
Thiede et al.
[70]
Fischbach et al.
[71]
Ruskone-Fourmestraux et al.
[72]
De Jong et al.
[73]
Matsushima et al.
[74]
Diz-Lois Palomares et al.
[75]
Levy et al.
[30]
Liu et al.
[44]
Accumulated data
1993-2002

1993
1995
1996
1995
1996
1997
1997
1997
1998
1999
2000
2000
2001
2001
2002
2002
2002
2002

Number
%
of patients remission
6
33
12
25
15
9
45
50
17
28
84
36
34
23
14
14
48
111
604

83
69
84
60
93
88
68
80
100
50
81
89
56
56
71
71
69
43
72.8

B lymphoid proliferation [21-23]. The remaining question is
whether the activation of the B cells requires the presence of
a continuous antigenic stimulation by H. pylori or whether it is
the consequence of an autoimmune mechanism [24]. In fact, the
neoplastic B cells frequently produce antibodies directed toward
autoantigens. Furthermore, the cells need to be in contact with
the intratumoral T cells in order to proliferate, a CD40 and
CD40 ligand interaction occurs [25]. This would explain the
tendency for lymphomas with a weak degree of malignancy to
remain localized and to regress following an H. pylori eradication. The existence of a clonal lymphocytic proliferation over
several years would favour the occurrence of genetic alterations
and the lymphoma would progressively proliferate independently of H. pylori [26]. Even if the mechanism for the evolution
of a H. pylori infection to the gastritis stage and then to MALT
lymphoma remains unknown, the role played by the bacterium
seems to be likely.
2-3. Effect of an intervention
The possibility of obtaining a regression of the lymphoma by
taking an H. pylori eradication treatment constitutes the definitive proof of the causal role of the infection.
Wotherspoon et al. [27] showed in a pilot study including six
patients that it was possible to obtain a regression of a low grade
gastric MALT lymphoma in five of these patients, 22 months
after the eradication of H. pylori. Several studies have determined that the tumor regression is 70 to 80%, with extremes
of 50 to 100%, within a minimum delay of 4 to 6 months and
after a maximum of 18 months, and after a post-treatment lapse
greater than 6 years [4,28]. The variety of results obtained in
the different studies stems mainly from the heterogeneity of the
patients studied and the differences related to the locoregional
extension of the lymphoma. Indeed, if only patients at stage EI
were included in the different studies, the regression rate would
be close to 80%. Furthermore, the time interval chosen between
the eradication treatment and the lymphoma control may have
a slight effect on the disparity of the results obtained (Tab. 2).
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Figure 2. Hypothetical cascade from the appearance of a MALT
lymphoma at the gastric mucus level after infection with
H. pylori
Normal mucosa

H. pylori
Superficial gastritis

Genetic
abnormalities

Chronic gastritis
Antigenic
stimulation

Gastritis with
hyperplastic lymphoid
follicles
MALT Lymphoma
Autonomous MALT Lymphoma

In France, the most commonly used eradication treatment
combines amoxicillin (1 g bid) and clarithromycin (500 mg bid)
with a double dose of proton pump inhibitor (PPI), compared to
the usual dose, for 7 to 14 days. A control, based on H. pylori culture of gastric biopsies, should be carried out at least one month
after the end of the treatment to verify H. pylori eradication and
eventually modify the treatment depending on the antibiotic
susceptibility results. The slow evolution of the disease allows
a delay of at least 6 months before checking the histological
and endoscopic evolution during the first two years [29,30]. In
the case of a lymphoma with a high degree of malignancy, the
chances of healing due to an H. pylori eradication are smaller
[31]. Although it is now well accepted that a H. pylori infection
contributes to the appearance of lymphoid tissue in the stomach and to its evolution towards a malignant proliferation, the
H. pylori-dependent characteristics of the lymphoma disappears
as genetic abnormalities accumulate (Fig. 2).
Regarding lymphomas linked to H. heilmannii, a tumoral
regression has also been obtained after an eradication treatment
identical to that of H. pylori [18].
The H. pylori eradication treatment seems to have a positive
effect on extragastric MALT lymphomas (salivary gland, duodenum, colon, bladder, lung) even though it is often impossible to
detect H. pylori in these extra-abdominal sites [32,33].
Lastly, treatment of H. pylori positive lymphomas which do
not respond to eradication treatment, i.e. most of those of high
grade of malignancy or, certain of those of low grade malignancy, as well as treatment of H. pylori negative gastric MALT
lymphomas, is based on more classic therapeutic approaches for
lymphomas. Gastric resection is the oldest treatment still being
used. This approach can be helpful in removing big tumors but
an average survival rate of 63% at most after 5 years can be
expected for lymphomas at the EI2 stage [11]. Radiotherapy is
currently preferred to surgery [34]. Finally chemotherapy using
alkylant agents like chlorambucil or cyclophosphamide can be
used successfully on patients diagnosed at an advanced stage of
lymphoma or after a treatment failure [34].
2-4. Existence of an animal model
A prolonged gastric H. pylori infection in the BALB/c mouse
constitutes a lymphogenesis model [35,36]. In these experimen-

tal lymphomas, one finds the characteristics of centrocyte-like
cells, lymphoepithelial lesions, glandular destruction and
consequently an aspect which is quite similar to that of human
lymphomas. However, in the BALB/c model, lymphoepithelial
lesions which evoke a gastric MALT lymphoma appear only
in certain animals infected orally with H. pylori (an average
of 40%) and approximately 20 months post-infection [36]. In
some cases lymphoma can also evolve toward high grade gastric
MALT lymphoma. One should note that in this model an eradication treatment induces the regression of the lymphoma.

III. Associated molecular abnormalities
Several translocations have been identified in the tumoral
cells of gastric MALT lymphomas. Their significance is becoming more and more clear; in fact, they cause an antiapoptotic
effect which is strictly related to a malignant expansion [37].
3-1. The translocation t(1;14)(p22;q32)
The translocation t(1;14) is found in approximately 5%
of gastric MALT lymphomas. It leads to the overexpression
of Bcl-10 protein whose gene is put under the control of the
promotor gene of the immunoglobulin heavy chains. Bcl-10 possesses a CARD amino-terminal domain (“caspase recruitment
domain”) and can activate the NF- B transcription factor [38].
In the lymphomatous cells, the Bcl-10 gene is overexpressed but
it is also mutated, provoking the synthesis of a truncated protein
capable of activating NF- B and cell proliferation, but its overexpression does not induce apoptosis [39]. The t(1;14) translocation is also frequently associated with other supernumerary
genetic abnormalities like those at the 3, 8 and 12 chromosome
level. Trisomy 3 is found in 30% of gastric MALT lymphomas
even though its role in the progression of the disease has not
been well established [40].
3-2. The t(11;18) translocation
The t(11;18) translocation has been implicated in 21 to 60%
of gastric MALT lymphomas. This translocation is also found
in the marginal zone of other mucus sites in lymphomas [41].
It involves two genes: a human para-capsase, MLT1 (MALT
lymphoma associated translocation-1); and c-IAP2 or API,
a function of which is to inhibit the capsases by interacting
directly with them. The translocation produces an IAP2-MLT1
fusion which has the capacity of activating the NF- B pathway
and therefore the cell protection against apoptosis [42]. It is
associated with the most advanced stages, in particular with
tumors having started to invade the submucosa, and also with
the absence of regression in EI and EII stage lymphomas undergoing H. pylori eradication treatment [43-45]. The translocation
should therefore be identified because its detection is predictive
of the efficiency of an eradication treatment.
3-3. The t(14;18)(q32;q21) translocation
A third translocation was reported, t(14;18)(q32;q21),
initially associated with a MALT type lymphoma of the skin
and the liver, and then found in different localizations like the
salivary glands [46]. Its identification implies a third pathway
of carcinogenesis. However, for the moment this translocation
does not appear to be associated with gastric lymphomas.
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Studies on H. pylori strains associated with
gastric MALT lymphoma
H. pylori was the first bacterium to be classified as a type
I carcinogen (maximum level) by the International Agency of
Research against Cancer [3]. Since its discovery, many research
projects have focused on virulence factors or genetic markers
but few studies have included H. pylori strains associated with
gastric MALT lymphoma.

I. Study of the major virulence factors associated
with H. pylori
H. pylori is perfectly adapted to the human stomach thanks
to factors which allow it to: 1) resist against gastric acidity,
2) move around in the gastric mucus, and 3) escape from the
immune response of the host. The major virulence factors found
in H. pylori are those stimulating inflammation and the cell damage which results thereof, and in particular the products of the
cag pathogenicity island and other proinflammatory proteins.
Eight virulence factors were recently evaluated by studying
a large collection of French strains issued from patients with
gastric MALT lymphoma or gastritis [47]. Four factors involved
in gastric inflammation and tissue lesions (CagA, CagE, OipA
and IceA) as well as the vacuolizing cytotoxin VacA were tested.
CagA is the virulence factor which has been most thoroughly
studied along with VacA, and it has been associated in particular
with duodenal ulcer and gastric adenocarcinoma. Four external
membrane proteins were also studied: BabA, SabA, HopZ and
HopQ. BabA, SabA and HopZ are adherence factors, BabA
and SabA recognize in particular Lewis type antigens [48-50].
None of these factors tested individually could be significantly
associated with strains from low grade gastric MALT lymphoma
whereas three of them (IceA1, SabA and HopZ) showed
a tendency to be associated. These strains have probably not
a proinflammatory potential which distinguishes them from
strains associated with ulcers or gastric adenocarcinoma [47].

II. Study of the genetic characteristics of H. pylori
strains associated with gastric MALT lymphoma
The development of a low grade gastric MALT lymphoma
is most likely the consequence of an infection with an H. pylori
strain, which harbours a particular set of genes or a particular
gene expression, in a host with a particular genetic susceptibility. Within H. pylori species a considerable genomic as well
as phenotypic diversity do exist. It is therefore possible that
some strains have evolved towards a capacity to induce disease.
Since known pathogenicity factors have not be implicated, the
genetic material from these strains must be analyzed in order
to determine either specific genetic markers or new virulence
factors.
The new method for studying the genetic material in bacteria is comprised of DNA chips which detect the presence of
ORFs in a set of strains compared to the genome of the strains
for which the whole genomic sequence is known [51]. As no
H. pylori strain associated with MALT lymphoma has ever been
sequenced, a subtractive hybridization technique was used [52].
This technique has the advantage of extracting from the genome
of a particular strain what is specific to it when compared to

Figure 3. Prevalence of ORF JHP950 in H. pylori strains associated with low grade gastric MALT lymphoma (MALT) (n=43)
in comparison to strains associated with chronic gastritis
(Gastritis) (n=39), duodenal ulcer (Ulcer) (n=41) or gastric
adenocarcinoma (Cancer) (n=28) [53]
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a control strain. Indeed, it is within the variable part of the
genome of strains associated with gastric MALT lymphoma
that new virulence factors are expected to be found. A specific
marker for low grade gastric MALT lymphoma strains, the ORF
JHP950, has reinforced the hypothesis that these MALT strains
share a common genetic profile. Indeed, the prevalence of the
JHP950 ORF in gastric MALT lymphoma strains was significantly higher than in strains isolated from duodenal ulcer and
gastric adenocarcinoma (Fig. 3) [53]. This ORF belongs to the
so-called plasticity zone of H. pylori. This zone is not considered
to be a pathogenicity island per se but more likely a large sized
genomic island [52]. However, ORF JHP950 is a part of the
predicted operon containing ORF JHP947 which has been
associated with strains isolated from patients with gastric adenocarcinoma [54]. ORF JHP950 is associated with gastric MALT
lymphoma on the same level as the cagA gene is associated with
ulcer strains [55].
Furthermore, by comparing the data obtained with this
marker to those in the study on H. pylori major virulence factors, a significant association between this ORF and the genes,
IceA1 and SabA, was shown in gastric MALT lymphoma strains
[53]. Studies on the genetic diversity of H. pylori, such as the one
performed by Salama et al. [51], showed a cluster of genes, in
particular cag pathogenicity island ORFs associated to certain
genes like babA or hopQ which were consequently identified
as virulence factors [56,57]. The gene cluster identified in
MALT strains could be a result of the phylogenetic evolution
of lymphoma strains; i.e., they would have been selected during
evolution because they offer an advantage, which remains to be
determined, for the strains that contain them. ORF JHP950
codes for a protein with an undetermined function like 33% of
the ORFs in the H. pylori genome, and therefore its role cannot
be integrated into the pathophysiology of lymphoma [58]. Only

Helicobacter pylori infection and gastric MALT lymphoma

complementary approaches such as reverse genetics, proteomics
or others will allow us to answer this question. This study therefore allowed us to show the presence of genetic markers in certain H. pylori strains associated with gastric MALT lymphoma
which could be used in the screening of strains with a high risk
of causing a lymphoma.

II. Recent data obtained by comparative genomics
H. pylori strains associated with gastric MALT lymphoma
therefore apparently share common genes. This hypothesis was
recently confirmed by results obtained by comparative genomic
studies. DNA from the collection of 43 lymphoma strains previously mentioned were hybridized on high density membranes
containing a selection of 248 non-ubiquitous genes (the variable
part of the H. pylori genome) and 50 ubiquitous genes (the stable part of the H. pylori genome). A statistical analysis carried
out using the normalized values of these hybridizations revealed
that 80% of the strains associated with lymphoma could be
grouped together in the same cluster, distinguishing them from
strains associated with other pathologies linked to H. pylori
(gastritis, ulcer and intestinal metaplasia) [59].
These recent data do not allow us yet to understand the
pathophysiological mechanisms of these particular strains but
incite us strongly to look at the genetic material of these strains
from every angle. It is from this perspective that a complete
genome sequencing of a strain originating from a low grade
gastric MALT lymphoma was conducted, in order to be able to
compare it to the genomes of other H. pylori strains issued from
other diseases.

Conclusions
The implication of H. pylori in the genesis of gastric MALT
lymphoma has been clearly established. This discovery has revolutionized the treatment of this lymphoma because a H. pylori
eradication treatment is capable of curing the lymphoma in
most instances. This infection portrays a magnificent model
of carcinogenesis induced by a chronic bacterial infection. The
pathophysiological mechanisms leading to the occurrence of the
lymphoma are beginning to be understood. The most recent
molecular data indicates that strains associated with this cancer
share common genetic characteristics. The identification of
a first genetic marker for these strains and the results which are
expected from the complete sequencing of a MALT lymphoma
strain should lead to a screening method at the precancerous
stage of strains with a high risk of causing lymphoma, and therefore, to propose a targeted antibiotic treatment. However, all of
the elements involved in lymphogenesis are probably not limited
only to bacteria and therefore a joint research effort involving
individual susceptibility factors should be carried out.
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Introduction
Neuroendocrine tumours constitute a group of tumours
that originate from neuroendocrine cells throughout the body.
That includes endocrine tumours of the thymus, lung, pancreas
and gastrointestinal tract. Neuroendocrine gastrointestinal
tumours have classically been divided into carcinoid tumours
and endocrine pancreatic tumours. Many of these tumours produce hormones that can induce clinical symptoms in the patient
[1]. Since these hormones are stored in secretory granules
containing chromogranin A, a common feature for patients with
neuroendocrine tumours is elevated levels of chromogranin A in
plasma. Measurement of this hormone is a very sensitive marker
for neuroendocrine tumours [2].
Patients with endocrine pancreatic tumours (EPT) can
develop different syndromes according to the hormone
produced. These syndromes include the Zollinger-Ellison
syndrome for patients producing gastrin, the Verner-Morrison
syndrome for patients with vasoactive intestinal peptide (VIP)
production, the insulinoma syndrome due to excess of insulin/
/proinsulin and the glucagonoma syndrome for patients with
high glucagon production respectively. A subgroup of endocrine
pancreatic tumours (30-40%) does not produce any hormone
that give rise to clinical symptoms and these tumours are called
non-functioning endocrine pancreatic tumours.
Patients with gastrointestinal endocrine tumours have traditionally been divided into foregut (gastric, duodenal), midgut
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(ileal, jejunal, appendicial) and hindgut carcinoids (colonic
and rectal). For patients with midgut carcinoid tumours the
carcinoid syndrome becomes overt when the patient develops
liver metastases. The carcinoid syndrome consists of flushes,
diarrhea, the carcinoid heart disease and sometimes bronchial
constriction. These tumours produce serotonin and tachykinins
and the most frequently measured tumour marker is the urinary
5-HIAA (5-hydroxyindoleacetic acid) which is a degradation
product of serotonin. Patients with foregut carcinoid tumours
may produce several different hormones including gastrin,
ACTH (adrenocorticotropin releasing hormone), ghrelin and
somatostatin, and therefore the symptoms may vary considerably in these patients.
Recently a new classification has been proposed by WHO.
The tumours are divided into well differentiated neuroendocrine tumours, well differentiated neuroendocrine carcinoma,
tumours with uncertain behavior and low differentiated
carcinoma. Proliferation index (Ki-67, MIB-1), angioinvasion
and mitoses are important factors in the classification [3]. This
classification is now being introduced into the clinic.

Somatostatin and somatostatin analogs
Somatostatin is a peptide hormone that was first isolated in
1973 [4]. The primary function attributed to this hormone was
the inhibition of growth hormone release. Subsequently several
other functions of somatostatin have been identified such as
a general inhibitory effect on hormone release from endocrine
cells, inhibition of secretion from the exocrine pancreas, reduction of gastrointestinal motility and a neurotransmitter function
and immunoregulatory [5]. Already in 1978 the first report
discussing the use of natural somatostatin for the treatment of
a patient with a carcinoid tumour in order to reduce hormone
related symptoms was published [6]. However, the use of natural
somatostatin for long-term treatment is difficult since the halflife of this hormone is only 90 seconds necessitating continuous
intravenous infusion. In the early 1980s the first long-acting
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somatostatin analog, octreotide, was introduced for clinical use.
Octreotide is an octapeptide with a half-life in the circulation of
about 115 minutes after subcutaneous injection [7]. The initial
clinical applications were acromegaly and hormone producing
tumours of the gastrointestinal tract [8]. Beside octreotide,
another somatostatin analog is now available, lanreotide [9].
Both these somatostatin analogs have the same receptor binding
profile with a high affinity for somatostatin receptor subtypes 2
and 5.
The primary effect of the somatostatin analog treatment is
to inhibit the secretion of excessive hormones produced by the
tumour cells and thereby significantly reduce hormone related
symptoms. In patients with carcinoid crises or the VIPoma syndrome, treatment with a somatostatin analog may be life-saving.
This relief of symptoms is usually concomitant with reduced
hormone levels detected in plasma and urine. In different studies, significantly reduced hormone levels are found in 50-70%
of patients treated with somatostatin analogs. In most patients
an improvement of quality-of-life can be seen following treatment with somatostatin analogs. Today long acting formulations
of both octreotide (Sandostatin LAR®) and lanreotide exist
(Somatuline Autogel®) [10].
In in vitro experiments somatostatin analogs have been
shown to inhibit proliferation of many different tumour cell
lines. It has been demonstrated a stabilization of tumour growth
in 30-50% of patients possibly by reduction of growth promoting
factors and inhibition of angiogenesis [11]. However, only very
few patients (2-5%) respond by reduction in tumour size (50%)
during treatment with somatostatin analogs [11].
New somatostatin analogs with different receptor subtype
binding profiles and biological actions have been reported. It
has been argued that analogs with specificity for new subsets of
receptors or single somatostatin receptor subtypes may prove
valuable for treatment of both malignant and non-malignant
diseases. However, until now, only three analogs with very similar binding and biological profiles have been tested in clinical
trials (octreotide, lanreotide and vapreotide). A new somatostatin analog is being introduced with a more universal binding
profile than the previously available analogs. This new analog,
SOM230, binds with high affinity to somatostatin receptors 1, 2,
3 and 5 [12] and effectively inhibits secretion of growth hormone
from primary cultures of rat pituitary cells. The in vivo effect of
growth hormone suppression in rats is also very high. In longterm studies, the reduction in IGF-1 levels in plasma was 75%
in rats treated with SOM230 and 28% in animals treated with
octreotide. The inhibitory effect on growth hormone secretion
seems to be rather specific since insulin and glucagon levels were
reduced only at high doses of SOM230. These results could also
be confirmed in primates [13]. SOM230 is now applied in phase
II trials in midgut carcinoids. In an early trial with patients with
midgut carcinoid refractory to octreotide LAR, 30% responded
to SOM230 at doses of 900 g bid [14].

Somatostatin receptors
Somatostatin acts through specific receptors expressed on
the plasma membrane. Five different subtypes have been cloned

and they belong to the seven-transmembrane receptor superfamily [15-17]. The receptors are G protein-coupled but several
other second messenger systems are also used for intracellular
signal transduction. The somatostatin receptors are expressed in
a tissue specific manner [18]. All somatostatin receptor subtypes
can be found in the brain and in the endocrine cells of the pancreas. In the endocrine pancreatic cells the receptor expression
shows considerable variability [19]. In the endocrine cells of the
pancreatic islets somatostatin receptor subtypes 1, 3 and 4 are
almost always expressed in all four cell types, while somatostatin
receptor subtype 2 is found in most alpha cells and beta cells,
but only in about half of the delta and very few PP (pancreatic
polypeptide) cells. Somatostatin receptor subtype 5 is found in
all beta cells and delta cells but almost never in alpha cells or PP
cells. This expression pattern differs from the expression found
in endocrine cells scattered throughout the exocrine pancreas
and also from endocrine cells found in the ductal epithelium.
In these locations fewer receptor subtypes can be identified
although all receptor subtypes are present in some cells.
Somatostatin receptor subtype 2 is found in the gastrointestinal tract together with subtype 1 and 5. The receptor subtype
most rarely expressed is subtype 4 that can be found in the lung,
however, very little research has been directed towards this
receptor and future studies may show other locations for this
receptor as well. It has been shown that somatostatin receptor
subtype 2 is the subtype mainly responsible for the inhibitory
effect on hormone release from endocrine cells [18]. This action
involves inhibition of cAMP formation and also a reduction in
intracellular calcium levels leading to inhibition of hormone
secretion. Patel et al. showed that somatostatin receptor subtype 3 might be involved in apoptosis [20]. In a recent paper
another group has been able to couple induction of apoptosis
to somatostatin receptor subtype 2 as well [21]. The increase of
apoptosis was shown in a cell line, LH-60, that has a deletion of
the p53 gene. Thus, in these cells the induction of apoptosis has
to be independent of p53 accumulation.
Receptor subtypes 1, 2 and 5 may mediate a growth-inhibiting signal at least in vitro [22,23]. It has been shown that SHP-1
protein plays an important role in somatostatin mediated cell
growth arrest signaled through receptor subtype 2 [24]. The
activity of SHP-1 is stimulated by somatostatin receptor subtype
2 and the activated SHP-1 inhibits the cell proliferation by
accumulation of hypophosphorylated retinoblastoma protein
leading to growth arrest.
The possibility of G protein-coupled receptor to form dimers has been proposed previously. Somatostatin receptors have
been shown to form dimers, both between different somatostatin receptor subtypes [25] and also with dopamine receptors
[26]. The exact physiological function of this dimerization is
not clear, but in experimental systems it has been shown that
somatostatin receptor subtype 5 can form dimers with receptor
subtype 1 but not with somatostatin receptor subtype 4. Thus,
there seem to be some restriction as to the dimers that can be
formed. This phenomenon was studied in transfected CHO-cells
and it was shown that somatostatin receptor subtype 5 could be
found as a monomer which was considered to be inactive and
as a homodimer or a heterodimer with somatostatin receptor
subtype 1 after stimulation of a ligand binding to the receptor
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Table 1. Expression of somatostatin receptor subtypes in neuroendocrine tumours examined by immunohistochemistry and
RT-PCR
Sst1

Sst2

Sst3

Sst4

Sst5

Papotti et al. [28]

30/33*

37/48

30/48

8/33*

29/48

Kulaksiz et al. [29]

21/69

54/69

54/69

ND

53/69

6/7

6/7

6/7

ND

ND

Papotti et al. [28]

12/13*

21/26

17/26

3/13*

21/26

Kulaksiz et al. [29]

13/35

30/35

26/35

ND

29/35

Endocrine pancreatic
tumours

Oda et al. [31]
Midgut carcinoid
tumour

ND: not done; * indicates use of RT-PCR method

[25]. It was also shown that somatostatin receptor subtype 1 was
internalized only as a heterodimer, and this might explain why
normal endocrine cells adapt to somatostatin analogue treatment and maintain a normal responsiveness in cells that express
all five receptor subtypes.

Somatostatin receptor expression
in neuroendocrine tumours
The expression of somatostatin receptors in neuroendocrine
tumours was first shown by Reubi in 1987 by autoradiography
using somatostatin labeled with radioactive iodine [27]. After
the somatostatin receptor became cloned, in situ hybridization
and RT-PCR took the place of autoradiography. During the past
few years polyclonal antibodies specific for the five different
somatostatin receptor subtypes have been developed and there
are now some reports of the somatostatin receptor expression in
neuroendocrine tumours based on immunohistochemical staining. See Tab. 1 for a summary of results concerning somatostatin
receptor expression in different neuroendocrine tumours.
There are some papers reporting on the expression of somatostatin receptors in endocrine pancreatic tumours. Papotti
et al. [28] have investigated the expression of somatostatin
receptor subtypes by RT-PCR (all subtypes) and immunohistochemistry (subtypes 2, 3 and 5). They found that most tumours
expressed somatostatin receptors subtype 1, 2, 3 and 5. However, only a minority of tumours expressed receptor subtype 4.
They reported that all patients included with gastrinomas and
glucagonomas expressed somatostatin receptor subtype 2 while
all somatostatinomas expressed receptor subtype 5. The expression in insulinomas was, however, variable.
Another group has also reported on the expression of somatostatin receptors 1, 2, 3 and 5 in endocrine pancreatic tumours
[29]. They found a high expression of receptor subtypes 2, 3 and
5 while the expression of subtype 1 was intermediate. They did
not investigate the somatostatin receptor subtype 4 expression.
For details see Tab. 1.
In carcinoid tumours, the expression of somatostatin receptor subtype 2 has been correlated to responsiveness to treatment with somatostatin analogs [30]. In a recent publication

the predictive value of somatostatin receptor expression was
investigated in patients with endocrine pancreatic tumours [31].
Tumour specimens from seven patients with endocrine pancreatic tumours were stained for somatostatin receptor subtypes 1,
2 and 3. The only patient responding to octreotide injection was
a patient with an insulinoma who had a very strong expression
of somatostatin receptor subtype 2. In this patient octreotide
could reduce the hypoglycemias. In this report most patients
expressed all three subtypes that were examined, but the expression was often rather weak.
Both Papotti and Kulaksiz have reported on the expression of somatostatin receptors in carcinoid tumours as well
[28,29]. The results are similar to the results for endocrine
pancreatic tumours with a high expression for subtypes 2, 3 and
5 reported by both authors. Papotti reported a high expression
also for receptor subtype 1 while this was low in the paper by
Kulaksiz. Somatostatin receptor subtype 4 was only investigated
by RT-PCR in Papottis’ work and showed a low expression.
A considerable variation in the receptor expression was not
only seen between patients, but also within the same patient’s
tumour tissue sample.

Imaging
Somatostatin analogs can be labeled with radioactive isotopes, injected intravenously and the distribution of tracer can
subsequently be detected with a gamma camera. Octreoscan is
the most frequently used method, and today this investigation is
included in the basic work-up of patients with neuroendocrine
tumours [32]. The investigation will give information both about
the receptor status of the tumour and also of the tumour spread.
This information is used when decisions are made about the
treatment of the patients. Patients with somatostatin receptor
expressing tumours usually respond to treatment with somatostatin analogs, while those that lack such expression usually fail
to respond with a decrease in hormone levels [32].
The use of somatostatin receptor scintigraphy for radio
nuclear imaging of neuroendocrine tumours has been compared
with other diagnostic methods. A comparison was made between
123
I-meta-iodobenzylguanidine (123I-MIBG) and 111In-pentetreotide in 54 patients with different neuroendocrine tumours [34].
The difference in sensitivity in detecting metastases seen on
computerized tomography or magnetic resonance tomography
was investigated. It was shown that 111In-pentetreotide was more
sensitive than 123I-MIBG with a detection rate of 67% vs 50%
for carcinoid tumours and 91% vs 9% for endocrine pancreatic
tumours. These differences may in part be explained by the
fact that the two different methods reflect different biological
features and in some patients they might be complementary
to each other. For patients with midgut carcinoid tumours and
endocrine pancreatic tumours both spread of disease and somatostatin receptor status might be of importance and therefore an
111
In-pentetreotide scintigraphy should be performed.
In another investigation, fluorodeoxyglucose (FDG)
positron emission tomography (PET) and somatostatin receptor scintigraphy were compared in patients most of whom had
carcinoid tumours [35]. In this study FDG PET was performed
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in 17 patients and somatostatin receptor scintigraphy in 16
patients. Most patients had typical carcinoid tumours with
a low proliferation rate. FDG PET correctly confirmed 4/7
primary tumours and 8/11 metastatic lesions, while somatostatin
receptor scintigraphy identified 6/7 primary tumours and 10/11
metastases. There was no correlation between the tracer uptake
in tumour lesions and histological features such as proliferation
rate measured by Ki-67 or p53 expression. It was concluded that
somatostatin receptor scintigraphy should be performed in most
patients and that FDG PET should be used in patients that are
negative at somatostatin receptor scintigraphy. In a most recent
study PET with C11-5HTP had significantly higher sensitivity than
Octreoscan® in patients with neuroendocrine GEP-NET’s [36].

Treatment with somatostatin analogs
Midgut carcinoid tumours
A large number of clinical trials with octreotide in midgut
carcinoid tumours have been published [37-39]. The reported
subjective and histochemical response rate has been between
40% and 60% when the tumor responses have been less than
5%. In patients with midgut carcinoid tumours the use of somatostatin analogs has been considered to be first line treatment in
the presence of a carcinoid syndrome. In some studies the somatostatin analog is combined with alpha-interferon [40]. Aparicio
et al. recently discussed the use of somatostatin analogs in
neuroendocrine tumours [41]. They used somatostatin analogs
(octreotide 100 g thrice daily and/or lanreotide 30 mg every 14
days) in 35 patients with progressive disease, 12 midgut carcinoid patients, 13 patients with endocrine pancreatic tumours,
5 with primary tumours in the lung and 5 patients with other
locations of the primary tumour. A partial reduction in tumour
size was observed in one patient, while the tumour growth was
stabilized in 20 other patients. The authors also divided the
patients into those with tumours with a high proliferation rate
and those with a low proliferation rate. They found a significantly lower response rate in patients with rapidly progressing
tumours (4/12) as compared to patients with slowly growing
tumours (13/17), p<0.02. The median duration of treatment
in this study was 7 months. The dose of somatostatin analog
might be critical. Ultra high doses of somatostatin analogs have
demonstrated significant clinical benefit in patients resistant to
standard doses of octreotide or lanreotide [42,43]. Guidelines
for the use of octreotide in clinical practice have recently been
published [44].

in tumour size while 60% of the patients remained stable for
a median of 12 months. However, their material was a mixed
material with several different tumour groups and they used
response criteria that are not commonly accepted, designating
a reduction in tumour size by >30% as an objective response.
Therefore, results from this study are difficult to compare with
results from other groups.
Another study investigating the potential of this combination to control both symptoms and tumour growth has been presented [46]. Only patients with malignant endocrine pancreatic
tumours were included. A total of 16 patients were treated with
a combination of a somatostatin analog (octreotide or somatuline) and alpha-interferon (interferon-alpha2b, lymphoblastoid
interferon or human leukocyte interferon). During treatment
with this combination 3 patients (19%) showed a reduction in
tumour size by >50% for about 2 years (19-25 months). Eleven
patients showed stabilization of tumour size for 13 months (4-32
months) while 2 patients continued to progress. In 62.5% (10
of 16) of the patients a biochemical response was detected for
a median of 22 months (range 10-32 months). Five patients
remained stable for 9 months (4-20 months) and only one
patient progressed. From this study it seems that the combination can be used with good results in patients with endocrine
pancreatic tumours and can be considered as an alternative for
patients who do not want to receive chemotherapy as first line
treatment.
In another study 15 patients with malignant gastrinomas
were treated with octreotide [47]. All patients had liver
metastases and were in a progressive state. The patients were
treated with octreotide 200 g twice daily and were eventually
switched over to long-acting release octreotide 20-30 mg every
month. After 3 months of treatment 7 patients (47%) had
stabilization of their previously progressive disease and one
patient had a reduction in tumour size (6%). The mean duration of response was 25 months (range 5.5-54.1 months) and six
of the eight responders were still responding at the time of last
follow-up. This response could not be correlated to pre-study
clinical parameters such as tumour extent, gastrin levels or acid
secretory rates. Patients with slow-growing tumours tended to
have a higher response rate. During follow-up only 25% of
patients responding to somatostatin analog treatment died as
compared to 71% of the non-responders. The authors claimed
that octreotide is an effective antitumour treatment and might
be considered early in the treatment of patients with endocrine
pancreatic tumours.

Tumour targeting
Endocrine pancreatic tumours
The use of somatostatin analogs in the treatment of endocrine pancreatic tumours is well established. Single treatment
with somatostatin analogs produces good symptomatic and
biochemical responses, but the effect on tumour size is disappointing with only about 5% objective responses. The use of
a combination of somatostatin analogs and alpha-interferon
has been proposed as a possible strategy to control both hormone symptoms and tumour growth. Such a combination was
reported on by Frank et al. [45]. In their study 21 patients with
progressing tumours were included. One patient had a decrease

During the last few years the same substances that are
used for somatostatin receptor scintigraphy have been used
for high-dose radioactive tumour targeting therapy. There have
been some reports on small clinical trials with good results both
on hormone levels and on tumour size [48,49]. The toxicity is
mainly limited to impairment of kidney function and bone marrow suppression with a decrease in platelets and white blood
cells.
In a phase II study, 41 patients with neuroendocrine
gastroenteropancreatic and bronchial carcinoid tumours were
included [50]. Thirty-four patients had progressive disease.
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They were treated with four courses of 90Y-DOTATOC up to
a total dose of 6 000 MBq/m2. Complete remission was found
in 1 patient while 9 of 41 showed a partial response. A minor
response was observed in 5 patients and 6 patients progressed.
The rest of the patients remained stable. The median duration of
response was not reached after 26 months of follow-up and the
two-year survival was 76%. A reduction in morphine dependent
tumour-associated pain was observed and 83% of patients with
a carcinoid syndrome had a reduction in symptoms. Side-effects
included grade III pancytopenia in 5% and vomiting in 23% of
patients.
In another study the same group reported on a similar study
including 39 patients with neuroendocrine tumours, treated
with 7.4 GBq/m2 of 90Y-DOTATOC [51]. The response rates
were within the same range with only 3 patients progressing
and 2 patients showing a complete remission. Bone marrow
suppression was seen in the same range as in the previous study.
However, in this study one patient developed grade 2 renal
insufficiency.
111
In-pentetreotide can also be used to treat patients with
neuroendocrine tumours. In a small study, 27 patients with
advanced gastroenteropancreatic tumours who had failed
all forms of conventional therapy were treated with at least
2 monthly injections of 180 mCi 111In-pentetreotide [52]. A total
of 16 patients were considered to have clinical benefit from the
treatment. A radiological response was found in 2 patients and
tumour necrosis in 7 patients. Tumour markers decreased by
>50% in 81% of the patients. An inclusion criterion for entering this study was that patients should have less than 6 months
expected survival. The median survival after treatment was
18 months (range 3-54 months) and the treatment was well
tolerated. Thus, the authors argued that treatment with 111Inpentetreotide might prolong the survival in these severely ill
patients.
The adverse reactions to tumour targeting treatment with
radioactive somatostatin analogues mainly affects bone marrow and kidney function. In a report concerning a patient with
midgut carcinoid tumours treated with 90Y-DOTATOC, a severe
deterioration of kidney function occurred 15 months after treatment was discontinued [53]. The patient had received 4 doses
of 90Y-DOTATOC reaching a cumulative dose of 9.62 MBq.
Injections were administrated every 6th week. In an attempt
to prevent renal toxicity, the patient received an amino acid
solution, Hartmann-Hepa 8%, together with the fourth treatment cycle. Before and during treatment the patient had normal
levels of serum creatinine and urea nitrogen. After 15 months
a progressive deterioration of renal function was observed
leading to end-stage renal disease. The patient was treated with
intermittent haemodialysis when creatinine clearance declined
to less than 10 ml/min. A contributing factor to this renal failure
might be that the patient did not receive treatment with amino
acids until the last treatment period.
In nuclear medicine, cationic amino acids are used in
order to prevent renal damage from high doses of radioactive
isotopes. The hypothesis is that positively charged amino acids
bind to the negatively charged sites in the renal tubular cells and
hence decrease the tubular reabsorption and further degradation of the injected conjugate. It has been shown that infusion

of arginine and lysine can reduce the kidney uptake of 111In-pentetreotide and radiolabeled Fab-fragments both in experimental
models and in patients [54,55].
In another report, 5 patients treated with 90Y-DOTATOC
developed renal failure [56]. In three of these patients a kidney
biopsy could be performed showing a thrombotic microangiopathy. This pathological-anatomical diagnosis is the same as
the picture seen in patients receiving external radiotherapy. In
these patients the renal failure became overt only 3 months after
the last injection of 90Y-DOTATOC. This severe adverse
reaction indicates that further studies are needed to understand how kidney protection should be administrated and the
level and frequency of doses of 90Y-DOTATOC that should be
used.
New isotopes will be tested in the future in order to treat
patients with somatostatin receptor expressing tumours. One
such new isotope is 177-lutetium (177Lu), a beta- and gammaemitting radionuclide. An advantage of this radionuclide as
compared to 90-yttrium is that it has a shorter penetration in
tissue, making it more suitable for treatment of small tumours.
The somatostatin analog DOTA-0-Tyr3-octreotate binds with
a very high affinity to somatostatin receptor subtype 2 and
can be labeled with 177Lu. In animal experiments with a rat
model, 177Lu-octreotate had a favorable impact on survival. In
a study comparing the uptake of the two different radioactive
compounds, 90Y-DOTATOC and 177Lu-octreotate, performed in
six patients with somatostatin receptor expressing tumours, the
uptake in spleen, liver and kidney was equal, while the tumour
uptake was three to fourfold higher in four of five patients
from 177Lu-octreotate [57]. Also in this study, infusion of amino
acids reduced the kidney radiation dose by almost 50%. Thus,
a higher absorbed dose can be obtained in most tumours
without increase in doses absorbed by potentially dose-limiting organs. In a recent paper by Kwekkeboom and co-workers,
the results of treatment of 131 patients with neuroendocrine
tumours, treated with cumulative doses up to 600-800 m Ci of
177
Lu-Octreotate. Complete remission was obtained in 2%, partial remission in 26%, minor responses in 19%, stable disease in
35% and progression in 18%. Hematology toxicity occurred in
less than 2% and renal insufficiency in one patient and hepatorenal syndrome in another [58].

Future aspects
SOM230 is a new somatostatin analog with high affinity
for somatostatin receptor subtype 1, 2, 3 and 5 that has entered
early clinical studies and results will soon be available. Much
effort is also being placed into development of methods to investigate the expression of the different somatostatin receptors in
normal and malignant tissue. Several groups have developed
receptor subtype specific antibodies that can be used in immunohistochemistry and hopefully these will soon be included
in the diagnostic work-up. The use of different radioactively
labeled somatostatin analogs is also a subject which draws much
attention at the moment and new trials with new analogs and
new isotopes will be initiated very soon. In the future mixtures
of isotopes might be used in order to treat both very small and
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medium sized metastases at the same time. Radio sensitizers
that may improve the effect of radioactive targeting therapy are
also being developed.
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Abstract
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The incidence of pancreatic carcinoma is recently
increasing but the prognosis remains extremely poor. Widespread awareness of important clues to the diagnosis is
particularly important to improve the prognosis. Dilatation
of the main pancreatic duct on ultrasonograms and/or CT
scans, hyperamylasemia incidentally found during routine
blood examinations, and recent onset diabetes mellitus
must lead to thorough imaging studies of the pancreas.
Death from pancreatic carcinoma occurs in 0.2-1.9% of
all diabetic patients, being more than 300 times frequent
compared to general population. Diabetes may be the only
clinical sign of pancreatic carcinoma in some patients. In
our recent study, of 163 diabetic patients selected by several criteria who underwent ERCP screening, 12 patients
(7.4%) proved to have pancreatic carcinoma. The prevalence
of pancreatic carcinoma was more frequent in those with
a recent onset (<3 years) of diabetes (13.7% (8/58)) than in
those with a longer history (>3 years, 3.8% (4/105)). Furthermore, intraductal papillary mucinous neoplasm (IPMN)
is reported to be associated with pancreatic carcinoma.
Concomitant carcinoma was found in 9 of our series of 94
patients (9.5%) who underwent surgical resection of branch
duct IPMN. Of particular interest is the fact that two of the 9
patients had carcinoma in situ that could be diagnosed only
by cytology of the pancreatic juice. IPMN may be the only
clue to the early diagnosis of pancreatic carcinoma presenting with no clinical symptoms or abnormalities on imaging
studies.
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Introduction
The incidence of pancreatic carcinoma is increasing probably due to aging of the general population and/or some other
reasons, but the early diagnosis remains difficult. There are
a few fortunate patients who are incidentally diagnosed as having small pancreatic carcinoma due to the advent of a variety
of imaging studies, but most of the patients with pancreatic
carcinoma are diagnosed in a far-advanced stage because they
do not present with specific symptoms and usual work-up imaging studies do not include the pancreas. The extremely high
malignant potential of pancreatic carcinoma and its early extrapancreatic invasion due to the retroperitoneal location readily
make it unresectable, keeping the prognosis dismal. A high
index of suspicion and awareness of a variety of diagnostic clues
are essential to make early diagnosis of pancreatic carcinoma.
This is an overview of various important clues to the diagnosis of
this disease entity, i.e. 1) dilation of the pancreatic duct and/or
hyperamylasemia, 2) diabetes mellitus, and 3) intraductal papillary mucinous neoplasms (IPMN) of the pancreas. In particular,
the importance of IPMN as a new hint for the diagnosis is
emphasized.

1. Dilation of the pancreatic duct and/or
hyperamylasemia
The most frequent key to the diagnosis of pancreatic carcinoma is dilation of the main pancreatic duct detected by US
and/or CT. If this dilation is erroneously considered as chronic
pancreatitis and further examinations are not conducted, the
diagnosis of pancreatic carcinoma would be missed. Diffuse
main pancreatic duct dilation tends to be regarded as chronic
pancreatitis; however, thorough examinations to negate the
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presence of periampullary carcinoma must be performed before
any treatment or follow-up as chronic pancreatitis is begun.
Hyperamylasemia and/or hyperamylasuria have similar significance and can be the first clue to the diagnosis of pancreatic carcinoma, because these findings can be found by routine blood
and urine chemistry. Since the amylase level may vary from
day to day, an attitude toward a thorough examination even of
one time detection of hyperamylasemia or hyperamylasuria is
important.
On the other hand, there has been much controversy as to
carcinogenesis in chronic pancreatitis. Chronic inflammation is
reported to lead to carcinogenesis in patients with hereditary
and nonhereditary chronic pancreatitis. A genetic injury and
cell overgrowth caused by chronic persistent inflammation may
lead to carcinogenesis by increased cell cycles due to production
of inflammatory mediators such as cytokines, superoxide, and
NF- B and cyclooxygenase [1-3]. On the other hand, there were
some reports that none of patients with chronic pancreatitis
developed pancreatic cancer at long term. Gambill [4] found no
single case of pancreatic cancer in their series of 56 patients with
chronic pancreatitis followed-up for >20 years. Oguchi et al. [5]
also described that none of 53 patients with pancreatolithiasis
had pancreatic cancer during observation up to 16 years. A few
groups of authors reported that pancreatic cancer occurred in
only 1-2% of patients with chronic pancreatitis [6-8]. Therefore,
whether persistent inflammation of chronic pancreatitis leads to
carcinogenesis or not remains controversial. However, it can be
said that diffuse dilation of the main pancreatic duct seemingly
due to chronic pancreatitis should prompt thorough examinations of the pancreas to negate the presence of pancreatic
cancer.

2. Diabetes mellitus
DiMagno [9] listed recent onset diabetes mellitus as
well as chronic pancreatitis, intraductal papillary mucinous
neoplasm (IPMN), hereditary pancreatic cancer, hereditary
chronic pancreatitis, familial adenomatous polyposis of the
colon and hereditary dysplastic nevus syndrome as a high-risk
group of pancreatic cancer. He emphasized the importance of
recognition of the high-risk population for early diagnosis of
pancreatic cancer by reviewing the fact that 15% of all patients
with pancreatic cancer had sought medical advice more than
6 months before the diagnosis of cancer but spent that useless
period, undergoing various examinations under suspicion of
other diseases.
The rate of death from pancreatic cancer reaches 0.2-1.9%
in diabetic patients and obviously higher than 0.004-0.008%
in ordinary population [10]. Diabetes results from endocrine
impairment due to upstream pancreatitis caused by obstruction
of the main pancreatic duct, extensive replacement of pancreatic
parenchyma by cancer, and/or effects of amylin to raise blood
sugar or islet amyloid polypeptide (IAPP), that increases resistance to insulin, produced by pancreatic cancer cells [11,12].
In our previous report, we determined the prevalence of
pancreatic cancer in patients with diabetes [13]. We selected
a high-risk group in diabetic patients by identifying our origi-

nal criteria, including: 1) an onset of diabetes after 55 years of
age, 2) deterioration of diabetes or body weight loss despite
strict medical control, 3) elevation of serum amylase and/or
CA19-9 levels, and 4) pancreatobiliary abnormalities such as
pancreatic duct dilation, enlargement, and hypoechoic mass
on routine ultrasonography, and conducted ERCP screening of
pancreatic cancer. We found 6 patients (7.0%) with pancreatic
cancer in a consecutive series of 86 such patients with diabetes.
When confined to 36 patients with recent-onset diabetes within
3 years, 5 patients (13.9%) were diagnosed as having pancreatic
cancer. These prevalence rates remain unchanged even after the
number of patients studied has increased to 163, being 7.4% in
the whole series and 13.7% in the recent-onset. Pancreatic cancer could be demonstrated by noninvasive imaging modalities
such as ultrasonography, computed tomography, and magnetic
resonance cholangiopancreatography in all these patients. We
should be well aware of the fact that diabetes may be a sign of
pancreatic cancer.

3. Intraductal papillary mucinous neoplasm
(IPMN)
IPMN is a clinical entity of recent interest, presenting with
cystic dilation of either branch or main pancreatic duct or both.
Papillary proliferation of mucinous epithelium gradually and
slowly grows up and shows malignant transformation. The presence of mural nodules, thickening of the cystic wall, and main
pancreatic duct dilation indicates the possibility of malignancy.
In addition to its own malignant transformation the high
prevalence of extrapancreatic malignancy is recently drawing
attention. Yamaguchi et al. [14] reported that 30% of patients
with IPMN resected had synchronous or metachronous extrapancreatic malignancy, i.e. 5 gastric cancers, 3 colon cancers,
one cancer each in oral cavity, breast, prostate, and uterine
cervix in three of 10 patients with main duct IPMN and 10 of
36 patients with branch duct IPMN. Sugiyama et al. [15] also
found extrapancreatic malignant tumors synchronously or metachronously in 15 (32%) of 42 patients with IPMN, including
5 colon cancers, 4 gastric cancers, and one cancer each in the
bile duct, lung, breast, bladder, prostate, and uterus. Adsay et al.
[16] showed that 8 (28%) of 28 patients with IPMN had a history of extrapancreatic malignancy. Furthermore, even in a large
series of 148 patients with IPMN reported by Osanai et al. [17],
there was a 24% prevalence of extrapancreatic malignancy.
The exact cause and mechanism of the high prevalence of
extrapancreatic malignancy in patients with IPMN are unknown.
The fact previously noted that IPMN is more frequent in elderly
population may be one of possible explanations. However, the
prevalence of extrapancreatic malignant tumors in patients
with pancreatic cancer which is similarly more frequent in the
aged people is significantly lower than that in those with IPMN,
being approximately 7% [14]. This observation indicates that all
patients with IPMN including those after surgical resection need
to undergo periodic checks of these extrapancreatic organs.
The possibly high prevalence of pancreatic cancer in
patients with IPMN is a relatively new finding [18,19]. Benign
branch duct IPMN may be associated with synchronous or meta-
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Figure 1. Magnetic resonance cholangiopancreatogram in a 72-year-old man with a 40 years’ history of diabetes which showed
acute exacerbation two months ago. A branch duct intraductal
papillary mucinous neoplasm (arrow) is present in the uncinate
process and concomitant cancer in the head of the pancreas
(arrow heads). Note marked dilation of the main pancreatic duct
proximal to the stenosis due to cancer. This patient has all three
important clues to the diagnosis of pancreatic cancer, i.e. exacerbation of diabetes, intraductal papillary mucinous neoplasm,
and dilation of the pancreatic duct

chronous pancreatic cancer in the other portion of the pancreas
(Fig. 1). In our series of 94 patients who underwent resection
of branch duct IPMN for its possibly malignant change or the
concomitant presence of pancreatic cancer, 9 patients (9.5%)
were found to have pancreatic cancer synchronously or metachronously. In particular, two of the 9 patients were diagnosed
as having carcinoma in situ by pancreatic juice cytology during
work-up for branch duct IPMN [18]. Although MRCP seems to
be replacing ERCP in the diagnosis and evaluation of IPMN,
ERCP cytology of the pancreatic juice should not be negated for
early detection of pancreatic cancer associated with IPMN.
Main duct IPMN is frequently malignant, the percentage
being more than 60-70% [20-28]. Branch duct IPMN is also
known to show malignant transformation and Uehara et al.
[29] emphasized the important role of pancreatic juice cytology
for the diagnosis of the malignant change. Nakaizumi et al. [30]
diagnosed carcinoma in situ in patients with pancreatic duct
dilation and/or small cystic dilation of branch ducts by enthusiastic use of ERCP cytology. The small cystic dilation of branch
pancreatic ducts might have included branch duct IPMN. It
seems that pancreatic cancer concomitant with IPMN tends to
occur in those with small branch duct IPMN [19]. Therefore, it
can be said that small cystic lesions including branch duct IPMN
are the only clue to the early diagnosis of pancreatic cancer,
especially carcinoma in situ, at the moment. The advances in
modern molecular biology are expected to yield more sensitive
markers for the diagnosis of pancreatic cancer, either by ERCP
aspirates or by blood examinations.
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Abstract
Hereditary pancreatitis is an autosomal dominant
disease with incomplete penetrance (80%) [1-10], accounting for approximately 1% of all cases of pancreatitis. It is
characterized by the onset of recurrent attacks of acute pancreatitis in childhood and frequent progression to chronic
pancreatitis [11-13]. Whitcomb et al. identified the cationic
trypsinogen gene (PRSS1) on chromosome 7q35 as the site
of the mutation that causes hereditary pancreatitis [14]. The
European registry of hereditary pancreatitis and familial
pancreatic cancer (EUROPAC) aims to identify and make
provisions for those affected by hereditary pancreatitis and
familial pancreatic cancer. The most common mutations in
hereditary pancreatitis are R122H, N29I and A16V but many
families have been described with clinically defined hereditary pancreatitis where there is no PRSS1 mutation [1].
It is known that the cumulative lifetime risk (to age 70
years) of pancreatic cancer is 40% in individuals with hereditary pancreatitis [15]. This subset of individuals form an
ideal group for the development of a screening programme
aimed at detecting pancreatic cancer at an early stage in an
attempt to improve the presently poor long-term survival.
Current screening strategies involve multimodality imaging
(computed tomography, endoluminal ultrasound) and endoscopic retrograde cholangiopancreatography for pancreatic
juice collection followed by molecular analysis of the DNA
extracted from the juice. The potential benefit of screening
(curative resection) must be balanced against the associated
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morbidity and mortality of surgery. Philosophically, the
individual’s best interest must be sought in light of the latest
advances in medicine and science following discussions with
a multidisciplinary team in specialist pancreatic centres.
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Hereditary pancreatitis
Hereditary pancreatitis was first described by Comfort et al.
in 1952 when working at the Mayo clinic [16]. Comfort et al.
described a family with four definite and two suspected cases
of relapsing chronic pancreatitis in childhood / adolescence.
The observed pattern of inheritance appeared to follow an
autosomal dominant mode but with an incomplete penetrance.
This observation has since been confirmed by other groups in
Europe and North America [2-10]. Indeed, the incomplete
penetrance has been noted by various groups with a figure of
80% penetrance being widely accepted [1]. However, as affected
individuals are more likely to be tested for the mutation than
unaffected individuals and families with few affected members
are less likely to be recruited, estimates of penetrance may be
overestimated.
Hereditary pancreatitis accounts for approximately 1% of
all cases of pancreatitis. It is characterized by the onset of recurrent attacks of acute pancreatitis in childhood and frequent
progression to chronic pancreatitis [11-13]. The classic clinical
and demographic characteristics include recurrent episodes of
pancreatitis during childhood, equal gender distribution, the
frequent presence of pancreatic duct stones, a positive family
history, and the absence of other known causes of pancreatitis
[13,17,18]. The EUROPAC definition of hereditary pancreatitis
is two or more first-degree relatives, or three or more second-
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degree relatives, in two or more generations with recurrent
acute pancreatitis and/or chronic pancreatitis in the absence of
other precipitating or causative factors such as gallstones, tropical pancreatitis or excess ethanol consumption [1].
The aetiology of hereditary pancreatitis remained obscure
for almost 50 years since first described by Comfort et al. in
1952 [16], until the application of modern molecular genetic
techniques. Linkage analysis using microsatellite markers,
established cosegregation between the disease phenotype and
the long arm of chromosome 7 [19-21]. Once the hereditary
pancreatitis gene was mapped to 7q35, positional cloning using a
candidate gene approach was employed, whereby genes already
known to be in that region were sequenced. Soon afterwards
Whitcomb et al. identified the third exon of the protease serine
1 or cationic trypsinogen gene (PRSS1) on chromosome 7q35
as the site of the mutation that causes hereditary pancreatitis
[14]. The PRSS1 protein contains 247 amino acids with an
eight amino acid activation peptide and a 15 amino acid signal
sequence [22].

The European Registry of Hereditary
Pancreatitis and Familial Pancreatic Cancer
The European Registry of Hereditary Pancreatitis and
Familial Pancreatic Cancer (EUROPAC) was established in
1997 following the realization by a group of European pancreatologists of the need to identify and make provisions for
individuals and families affected by inherited diseases of the
pancreas, specifically hereditary pancreatitis and familial pancreatic cancer.
The EUROPAC study (www.liv.ac.uk/surgery/europac.html)
was established as a European collaboration and in 2002,
a formal collaboration was established with a similar research
based registry, the Nationale Fallsammlung Familiäres Pankreaskarzinom (FaPaCa or the German National Case Collection of Familial Pancreatic Cancer) of Marburg, Germany
(www.med.uni-marburg.de/e-einrichtungen/fapaca/).
The aims of the EUROPAC study have evolved with
advances identified in published scientific research and with the
identification of new areas of key interest in hereditary pancreatitis and familial pancreatic cancer.
The aims of the study include:
(I) to study and establish the phenotypic and genotypic
relations with respect to hereditary pancreatitis (HP)
and familial pancreatic cancer (FPC),
(II) to stratify the risk to family members of developing
cancer and other clinical manifestations of the inherited
condition,
(III) to identify pancreatic cancer susceptibility genes,
(IV) to develop a robust, evidence based secondary screening
programme for the detection of early pancreatic cancer
in these high risk groups with emphasis on the development and identification of molecular based techniques
and markers,
(V) to provide a support service for individuals, their
families and for physicians through a comprehensive,
multidisciplinary network system of specialists including
pancreatologists (surgeons and gastroenterologists),

clinical geneticists, and other affected individuals across
Europe,
(VI) to provide recommendations, with an accredited
molecular genetics service on germline gene testing for
genetic mutations that might predispose an individual to
pancreatic cancer or pancreatitis,
(VII) to collaborate with other research groups across
Europe and beyond in advancing pancreatic research
through the exchange of data and materials through
both national and international meetings and to publish
high quality data in journals that will impact clinical
practice across the globe in these disease groups.

Mutations in the cationic trypsinogen
gene and variants
Since identification of PRSS1 as a disease gene, a number
of different mutations have been identified. The two most frequently occurring mutations in HP are R122H and N29I. These
two mutations have been identified in families with hereditary
pancreatitis from Europe [23-27], Asia [28] and the Americas
[14,29,30].

R122H
The R122H mutation is a single guanine (G) to adenine
(A) transition mutation in the third exon of PRSS1 that results
in an arginine (CGC) to histidine (CAC) missense substitution
at amino acid residue 122. Note that originally residue 122 was
referred to as position 117 according to the consensus position
with chymotrypsinogen; hence the mutation was referred to as
R117H.
The trypsin molecule contains a calcium binding pocket
near the side chain connecting the two globular domains of the
molecule. This side chain (the autolysis loop) contains amino
acid position 122, which is a target for attack by other trypsin
molecules. Enzymatic cleavage of the side chain at arginine 122
(R122) by the second trypsin leads to rapid destruction of the
first trypsin molecule (autolysis). The autolysis loop is flexible
and R122 may come near to the calcium binding pocket. As the
concentration of soluble calcium rises, calcium enters the calcium binding pocket and limits exposure of R122 to enzymatic
attack by another trypsin [31]. It is widely assumed, with some
biochemical support [32-35], that the substitution of histidine
for arginine results in a reduction in the destruction of autoactivated trypsinogen in a calcium dependent fashion.
The R122H mutation was easily identified as it created
a novel recognition site for the restriction endonuclease AflIII.
However, Howes et al. demonstrated that a neutral polymorphism within this enzyme recognition site may produce a false
negative result [36]. An alternative mutation specific polymerase
chain reaction approach was therefore developed for detection
of the mutation even in the presence of the polymorphism [36].

N29I
A second mutation in PRSS1 was subsequently discovered
a year later in two affected families without the R122H mutation [37]. A single adenine (A) to thymine (T) transversion
mutation (N29I) was identified in exon 2 which results in
a change from asparagine (AAC) to isoleucine (ATC) at amino
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acid 29, the mutation was previously known as N21I according
to the chymotrypsinogen consensus numeration.
The mechanism accounting for how N29I causes pancreatitis is uncertain, although in light of the assumed mechanism
of action of R122H and the clinical similarities between R122H
and N29I phenotypes, it was suggested that the mechanism
must involve increased trypsin activity [37]. This may be due to
enhanced autoactivation of trypsinogen, alteration of the binding of pancreatic secretory trypsin inhibitor (PSTI/SPINK1) or
impairment of trypsin inactivation by altering the accessibility of
the initial hydrolysis site to trypsin. Whitcomb et al. predicted
conformational changes in the crystallographic structure of
trypsin [38] which could explain a reduced accessibility to the
calcium binding pocket. An alternative model was proposed by
Nishimori et al., who suggested that the N29I mutation alters
the native structure of the PRSS1 gene to a sheet structure [28].
It was implied that this conformational alteration might impair
trypsin activation. Sahin-Toth and collaborators used direct
biochemical approaches to investigate the mechanism rather
than structural modelling and concluded that the N29I mutation increased autoactivation under acidic conditions [33]. This
is the most widely accepted mechanism at the time of writing
and contrasts with the perceived model for R122H pathology
(i.e., reduced inactivation following autoactivation). Despite
the apparently significant difference between the pathological mechanisms of N29I and R122H, initial reports from the
EUROPAC registry indicate a remarkably similar pathophysiology of the disease in patients with the two mutations [1].

A16V
A third mutation where there is a cytosine (C) to thymine
(T) missense mutation has been identified in exon 2 that leads
to an alanine (GCC) to valine (GTC) substitution at codon 16
(A16V) [27]. This mutation affects the first amino acid of the
trypsinogen molecule and thus directly the cleavage site for the
signal peptide. The mechanism by which pancreatitis is initiated
remains speculative, but given the position of the mutation at
the edge of the signal peptide it is widely believed to involve
defects in secretion.
The A16V mutation was identified during a study to
determine the spectrum and frequency of mutations in the
PRSS1 gene in 44 children/adolescents with chronic pancreatitis
[23]. Thirty of these individuals were found to have idiopathic
pancreatitis and fourteen hereditary pancreatitis. R122H was
identified in one individual; A16V was found in three individuals with presumed idiopathic pancreatitis and in one said to have
hereditary pancreatitis. The A16V mutation was also identified
in seven first-degree relatives of these patients but only one had
clinically apparent pancreatitis, suggesting low penetrance of
this mutation.

Variants
The main mutations (N29I and R122H) have exclusively
been found in patients with hereditary pancreatitis and,
although A16V mutations were originally identified in patients
with no clear family history, this mutation has not yet been identified in individuals with ethanol-induced or tropical pancreatitis
[1,39-43]. In addition to these three principle mutations, there

are multiple variants of the PRSS1 gene as detailed in a recent
review by Howes et al. [1]. These include: -28delTCC (a three
base pair deletion 28 base pairs upstream from start codon)
[25], D19A [44], D22G [45], K23R [25], N29T [46], P36R [40],
Y37X [47], G83E [40], K92N [40], L104P [39], R116C [39,48],
V123M [40] and C139F [39]. All these variants are rare and in
some cases the link with inherited pancreatitis is only suggestive.
Two neutral polymorphisms (D162D [39] and N246N [39]) have
also been described.

Other disease genes
Although mutations in the Kazal type 1 serine protease
inhibitor (SPINK1/PSTI trypsin inhibitor) [49-58] and cystic
fibrosis transmembrane conductance regulator (CFTR) [52,
59-62] genes have been associated with cases of pancreatitis
of various aetiology, no other gene apart from PRSS1 has been
shown to have mutations that cause hereditary pancreatitis.
However, many families have been described with clinically
defined hereditary pancreatitis where there is no PRSS1 mutation [1]. This indicates that there is at least one more disease
gene left to be identified.

Presentation of hereditary pancreatitis
It is crucial to note that data on individuals and their
families with hereditary pancreatitis, such as that collated by the
EUROPAC study group are hierarchical in structure on account
of the nesting of affected individuals within their families and
thus they are not completely independent [1]. Howes et al. demonstrated the variation distributed within a family and between
families by way of multi-level modelling [1]. This paper was the
first that was large enough to use hierarchical statistical analyses
in studying the relationship between biological and demographic
factors of individuals with hereditary pancreatitis [1].
Howes et al. found that their cohort of patients (n=418
affected) presented with symptoms of pancreatitis at an early
age, with a median onset of symptoms at 12 years (95% Confidence Intervals /CI/: 10,13), with over 70% of individuals
developing symptomatic pancreatitis by the age of 20 years [1].
Lowenfels et al. looked at a large cohort of individuals with
hereditary pancreatitis (n=412 affected) from 16 countries and
found the mean age of symptom onset to be 14.1 years with an
equal sex ratio but with a slightly more common paternal inheritance pattern (57%) [63].
Howes et al. demonstrated that individuals with R122H
mutations presented 10 years earlier (95% CI: 8,12) in comparison to those individuals with the N29I mutation or compared
with individuals with no PRSS1 mutation, who had a median
age of presentation of 14 years (95% CI: 11,18) and 14.5 years
(95% CI: 10,21), respectively [1], although not reported in the
paper the data set also showed no evidence for any preference
for paternal transmission (unpublished observation).
These findings of early disease onset are fairly consistent
with the published literature [1,6-8,13,27,28,37,63-68] reporting
significant earlier symptom onset in R122H mutation carriers.
Interestingly, Keim et al. studied 101 individuals and failed to
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demonstrate any significant difference in age of symptom onset
between R122H and N29I mutation carriers [6]. This may be
accountable to the small study number and the hierarchical
structure of individuals nested within families. Bias arises given
that members of families are similar in contrast to random selection of individuals from a population.
Amann et al. provides one of the few studies looking at
identical twins in hereditary pancreatitis [10]. They found that
the median age of symptom onset of hereditary pancreatitis
in concordant twins was almost identical, with similar ages of
onset seen in matched siblings and a significantly different age
of symptom onset from individuals from age-, sex-, and mutation-matched controls.
Such observations suggest an important role for genetic
background, aside from the causative mutations, in determining disease progression. However, bias is probable as siblings
are likely to share a common environment as well as a common
genetic profile.

Symptoms of hereditary pancreatitis
Howes et al. of the EUROPAC Study group have provided
the largest detailed study of hereditary pancreatitis to date [1].
At the time of their guillotine, 527 individuals had been recruited
from 14 countries of which 418 individuals from 112 families
were affected. This was 58 (52%) families of whom 222 individuals (53%) were characterised by R122H mutations, 24 (21%) of
families had N29I mutations (94 individuals, 22%) and 21 (19%)
of families had no PRSS1 mutation (72 patients, 17%). Howes
et al. demonstrated an overall median of 1.88 attacks (interquartile range: 0.63-3.0) per year, which was unrelated to the type
of PRSS1 gene mutation or gender (multi-level modelling) [1].
Not all of the symptomatic episodes of pancreatitis were severe
enough to warrant hospital admission, with the median number
of admissions to hospital for complications of pancreatitis being
0.3 (interquartile range: 0.08-1.0); other attacks were managed
at home or by their General Practitioner (personal physician)
[1,69]. The number of hospital admissions was unaffected by
gender, however, individuals with PRSS1 mutations did have
a tendency for fewer hospital admissions than those with no
identified causative mutation. This reached significance when
comparing patients with the N29I mutation and those who did
not carry a PRSS1 mutation [1]. Approximately, 90% (158/176)
of individuals reported that symptomatic episodes lasted no
more than one week; the remaining 10% (18/176) had attacks
over one week. The duration of acute pancreatitis was not influenced by either gender or PRSS1 mutation status [1]. Prior to the
Howes et al. study [1], Gorry et al. reported on two large families with PRSS1 mutations [37]. They found that 86% (24/ 28)
of individuals in the R122H family (n=28) had more than five
hospital admissions in contrast to the N29I family (n=15) where
there were just 47% (7/15). In a larger study by Keim et al. the
clinical characteristics of 30 families with hereditary pancreatitis
consisting of six families with the N29I mutation (n=25) and 21
families with the R122H mutation (n=76) were examined [6]. In
the N29I group, 24% (6/25) had no symptoms or atypical symptoms and 40% (10/25) mild symptoms. In the R122H group,

26% (20/76) had no symptoms or atypical symptoms and 42%
(32/76) mild symptoms. Keim et al. admit that their sample size
was small and that the clinical scoring system to classify chronic
pancreatitis was not validated [6].

Secondary screening for early pancreatic
cancer in high risk groups
It is estimated that 5-10% of pancreatic cancers are attributable to genetic factors [70,71]. Bartsch identified three clinical
settings where there may be an inherited predisposition to
pancreatic cancer [72]. Firstly, as an adjunct to a familial cancer
syndrome associated with an increased risk of pancreatic cancer, as in familial atypical multiple mole melanoma (FAMMM)
syndrome [73] and Peutz-Jeghers syndrome [74]. Secondly, as an
inherited predisposition to pancreatic cancer linked to another
condition; genetic disorders known to predispose to cancer of
the pancreas include: hereditary pancreatitis [15,16] and cystic
fibrosis [75]. Finally, there are a group of families with apparent
autosomal dominant inheritance and a predisposition for pancreatic cancer with no known causative gene (familial pancreatic
cancer) [70]. For the purposes of this article, only hereditary
pancreatitis will be dealt with.

Hereditary pancreatitis and pancreatic
cancer risk
Lowenfels et al. on behalf of the International Hereditary
Pancreatitis Study Group estimated that the cumulative lifetime
risk (to the age of 70 years) of cancer of the pancreas to be 40%
in patients with hereditary pancreatitis [15]. This was supported
by Howes et al. in a larger study [1] (see Fig. 1, Tab. 1 and 2).
Lowenfels et al. also reported that paternal transmission of
hereditary pancreatitis was associated with a much greater
lifetime risk of developing pancreatic cancer [15] but the
EUROPAC study group showed that there was no significant
difference between paternal and maternal transmission [76].
In cancer syndromes where the gene is unknown it is not
clear which individuals are at risk as many family members will
not be gene carriers. This is not an issue with hereditary pancreatitis as it is likely that the pancreatic cancer in these families
relates to the pancreatitis rather than directly from the gene
mutation, therefore only individuals with pancreatitis would be
screened.

The justification for secondary screening
Pancreatic cancer is an aggressive disease with a poor
prognosis, representing 2% of all new cases of cancer but
leading to 5% of all cancer deaths [77]. The median survival is
approximately 4-6 months with only 5-10% of individuals being
candidates for a surgical resection [78].
The prevalence of pancreatic cancer in the general population (8-12 per 100,000) is too low even in high-prevalence areas
such as Northern Europe and North America to permit screen-
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Figure 1. Time to pancreatic cancer showing no significant differences by mutation status. (Reprinted form “Clinical and Genetic Characteristic of Hereditary Pancreatitis in Europe” by Howes et al. with permission from the American Gastroenterological Association [1])
Time to Pancreatic Cancer by Mutation Status
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Table 1. Cumulative risk for the development of pancreatic
cancer in hereditary pancreatitis in the EUROPAC Study
(n=375) [1]
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Table 2. Estimates for the development of pancreatic cancer in
three large studies of hereditary pancreatitis

Age of risk
(Years)

Cumulative Risk of
Pancreatic Cancer (%)

95% Confidence
Intervals

40

0.5

0.0-1.3

Lowenfels et al. [15]

50

3.4

0.4-6.5

Keim et al. [6]

60

9.8

3.6-16.0

Howes et al. [1]

70

18.8

8.6-29.0

80

33.3

19.0-47.5

ing of the asymptomatic population, given the diagnostic accuracy of present detection methods [79]. However, in the case
of hereditary pancreatitis secondary screening can be justified
– the primary screen would be to identify the family and the individual with pancreatitis. The secondary screen would attempt to
identify those patients with an early asymptomatic cancer which
was amenable to curative surgical resection. The diagnostic tests
used should provide a high positive predictive value to avoid
missing any surgically resectable cancers and a high negative
predictive value to prevent unnecessary surgery.
The greatest concern when carrying out screening is the
harm that could be caused to individuals with no malignancy.
This could result from unnecessary surgery, although with
hereditary pancreatitis this would involve resection of a diseased
rather than a healthy pancreas. Harm may also be inflicted on
a patient directly as a result of the screening modality, but this
concern is reduced if the modality is applied as part of the normal management of pancreatitis. The presence of pancreatitis is
an indication for screening, but distinguishing a pancreas with
a small tumour from a diseased pancreas is more difficult than
distinguishing a small pancreatic tumour in an otherwise healthy
organ.
Imaging modalities such as endoluminal ultrasound scanning (EUS), and endoscopic retrograde cholangiopancreatography (ERCP) have been employed to distinguish patients

Study

Lifetime
Risk

Number
of Cancer
Cases

One Cancer
per Person
Years

40%

8

1066

-

3

1200

33%

26

703

with pancreatic cancer from patients with symptoms routinely
mistaken for pancreatic cancer, such as pancreatitis [80]. The
EUROPAC study group also employs molecular screening
of pancreatic juice obtained at ERCP as adjuncts to imaging
modalities to stratify risk, reducing the frequency of screening in
lower risk patients and increasing the positive predictive value
of the imaging [81].

Management of high risk individuals
A screening programme can only be justified if a positive
result will offer some possibility of treatment; primary screening, by classifying individuals as high risk for pancreatic cancer
is therefore, controversial. Arguments can be made that lifestyle
changes may reduce risk and that advice on prevention including the avoidance of smoking are therefore, beneficial. Smoking
has been suggested to increase risk of cancer in hereditary pancreatitis [82]. On the other hand, there is the issue of increased
anxiety for the family unit and lack of clear evidence that such
lifestyle changes will overcome the genetic risk [81]. Thus, having identified individuals at high risk, there is an ethical requirement to offer enrolment on a secondary screening programme,
which would allow tumours to be identified at a treatable stage.
Guidelines were established during the third international
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symposium on inherited diseases of the pancreas in Milan in
2001 for the secondary screening of patients with hereditary
pancreatitis. These included patients being given the opportunity to discuss the variability in the penetrance of the pancreatic
susceptibility gene(s) with a clinical geneticist, who would also
address issues of psychological stress, insurance and employment discrimination [83].
The strategy of secondary screening is based on the assumption that one can detect pancreatic cancer at an early stage,
at worst as pancreatic carcinoma in situ [84]. There is some
evidence to suggest that those patients with pancreatic tumours
of <1.0 cm can be cured. Ariyama et al. reported a 100% 5-year
survival rate for seven individuals with tumours <1.0 cm and
limited to the epithelium [85,86].
Certainly there is evidence that increasing tumour size correlates with an increasing rate of unresectability and decreasing
survival rate underpins the need to detect tumours while they
are small and have not spread locally [85]. There is also an
increasingly attractive argument that the presence of high-grade
dysplasia (pre-cancerous lesion) is in itself enough to justify surgery [87]. The decision to undertake surgery will be based on the
risk of developing cancer outweighing the risk of an operation.
Careful characterisation of families with hereditary pancreatitis may allow trends to be established in the age of onset
of pancreatic cancer. This in turn would allow the age at which
pre-test risk would be enough to justify secondary screening.

Imaging of the pancreas
The most common imaging modalities at present are
computed tomography (CT) and ultrasound (US) followed by
endoluminal ultrasound (EUS) and positron emission tomography (PET) [88]. Alternatives are magnetic resonance imaging (MRI), endoscopic retrograde cholangiopancreatography
(ERCP) and magnetic resonance cholangiopancreatography
(MRCP). Little data exists on the sensitivity of these techniques
in detecting lesions in asymptomatic individuals. It is clear that
despite significant strides in technology, no individual imaging
technique has achieved sufficient accuracy to precisely assess
tumour resectability in pancreatic cancer; therefore, combinations of imaging modalities are employed. To date no consensus
about the best approach to assess tumour stage or resectability
has been achieved; reliable data on their combined efficacy is
limited to a few prospective trials [89].

Screening modalities
Computed tomography
Traditionally, the purpose of CT has been to diagnose
and stage pancreatic cancer once clinically suspected or once
a patient has developed suspicious symptoms [90-92]. It has
generally not been considered useful for screening asymptomatic individuals because of the belief that CT is less sensitive
than EUS [93,94]. In spite of this, CT remains the most widely
available and best validated tool for pancreatic imaging [95].
The sensitivity for detection of pancreatic cancer was investi-

gated by Gangi et al. [96]. Two ‘blinded’ radiologists reported
CT scans from patients subsequently diagnosed with pancreatic
cancer. Signs of pancreatic cancer, either definitive or suspicious
were identified in 93-100% of scans obtained 0-2 months before
clinical diagnosis. However, with scans obtained 2-6 months and
6-18 months before diagnosis, detection was 67-83% and 63%,
respectively. Only 7% of scans taken 18 months or more before
diagnosis were suggestive of cancer [96]. The sensitivity of helical
CT in the detection of small adenocarcinomas of the pancreas
( 2 cm) at pathological examination was evaluated by Bronstein
et al. [97]. They found a sensitivity of 77% (2 observers) and
72% (10 observers) in small pancreatic masses; this group also
looked at scans from patients with no adenocarcinoma and
obtained a specificity of 100% (all observers). However, this
high specificity is of little relevance to hereditary pancreatitis
as no patients in their study had chronic pancreatitis, which may
mimic carcinoma on imaging [98].
The earliest finding consistently identified by radiologists
was pancreatic duct dilatation, followed by pancreatic duct cutoff [93]. These features would be expected in nearly all patients
with hereditary pancreatitis, certainly with older patients (who
are at most risk of cancer). Ishikawa et al. found that almost
60% of small adenocarcinomas (<1 cm) showed pancreatic
duct dilatation without a mass on CT or EUS, whereas <15%
showed a mass [86].
With the availability of multidetector spiral computed
tomography (MDCT) scanners with narrow slice thickness and
biphasic technique, the accuracy for the detection of pancreatic
cancer before development has improved and despite the
limitations in this group of patients it should be employed in any
secondary screening programme.

Endoscopic retrograde
cholangiopancreatography and molecular
screening of pancreatic juice
Endoscopic retrograde cholangiopancreatography (ERCP)
has a played a significant role in the diagnosis of pancreatic diseases since its development in the 1960s. According to the Japan
Pancreas Society in 2003, ERCP is ranked as the third most
frequent diagnostic modality employed in detecting cancers of
the pancreas [99]. ERCP allows the anatomic visualisation of
the hepatobiliary tree and provides a mechanism of collection of
pancreatic juice for genetic analyses, brush cytology, and biopsy.
Niederau and Grendell combined data from almost twenty
studies and found a sensitivity of 92% and specificity of 96% for
diagnosing cancer of the pancreas by ERCP [100], however, this
analysis relied heavily on detection of fairly late stage tumours
and the relevance to secondary screening must therefore be
treated with caution.
ERCP-directed brush cytology can be used to investigate
and evaluate lesions of the pancreato-hepatobiliary systems
including the ampulla of Vater [101,102]. This technique
requires an experienced cytopathologist and has a sensitivity, which ranges from 33-57%; the specificity ranging from
97-100% [101,103-110]. The low sensitivity may be related to
technical problems and difficulties in sampling or visualisation
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[111]. The role of ERCP is evolving into a therapeutic modality;
its role in diagnostics is slowly being superseded by endosonographic modalities, however, the development of molecular
screening models such as that developed by EUROPAC are
likely to improve the sensitivity and specificity for the detection
of early pancreatic cancer in high risk groups [81]. Nonetheless,
the potential benefit of ERCP for pancreatic juice sampling and
molecular analysis must be carefully considered against the risks
involved, most significantly the risk of acute pancreatitis. Estimates of the risk of ERCP induced pancreatitis vary from 4 to
7% [112-114]. Mortality associated with post ERCP pancreatitis
is approximately 0.2% [112]. These risks will depend on many
factors relating to the patient and the nature of the procedure;
patients with existing chronic pancreatitis would be likely to
have a lower risk.
In order to improve specificity without significantly compromising sensitivity, molecular changes occurring during tumour
progression are being exploited. Mutations in K-Ras occur at
an early stage of development and can be found in 85% of
patients with pancreatic cancer [115]. The detection of these
mutations in stool and duodenal or pancreatic juice has been
proposed as an early detection strategy [116]. However, K-Ras
mutations can be identified in pancreatic juice from patients
with chronic pancreatitis or even biliary tract stones as well
as patients with cancer [81], making the specificity of this test
very low. The p16INK4a tumour suppressor gene is inactivated
in around 95% of pancreatic cancers, but this occurs later in
cancer progression than K-Ras mutation [117,118]. Although,
promoter hypermethylation is only involved in approximately
16% of p16INK4a inactivation [118], promoter methylation of
DNA extracted from pancreatic juice appears to be elevated
in most patients with pancreatic cancer, reflecting a change in
the non-tumour cells of the diseased pancreas [81]. Detection of
p16INK4a promoter CpG island methylation has been examined as
a screening modality for pancreatic cancer [81,119-121]. Initial
reports of no promoter methylation in cancer patients probably
reflected low sensitivity of the assay and subsequent analysis
indicated some level of promoter methylation in all pancreatic
juice samples, from cancer patients or from controls [81]. Quantification rather than detection was therefore used to distinguish
cancer patients, raising the threshold for the methylation level
considered as positive allowed specificity to be increased but
at the expense of sensitivity; a compromise threshold of 12%
promoter methylation gave nearly 90% specificity with over
60% sensitivity [81].
The p53 tumour suppressor gene is mutated in about 50%
of pancreatic ductal adenocarcinomas [122]. Immunocytology
detects mutant p53 indirectly as a result of the accumulation of
mutant p53 protein in cells. This technique however, will miss
mutations that lead to loss or truncation of p53 protein [123].
Mutations have also been detected in pancreatic juice using
single stranded conformational polymorphism (SSCP). In the
largest of these studies, 11/26 patients (42%) with pancreatic
cancer had a detectable p53 mutation in comparison to 0/16
patients with chronic pancreatitis [124]. SSCP lacks sensitivity (detecting approximately one mutant copy per 100 wild
type copies) and cannot distinguish between polymorphisms,
functionally silent mutations and inactivating mutations.

A yeast functional assay which acts by detecting the essential
transcriptional activation function of p53 has also been applied
to pancreatic juice. In this technique, human p53 expressed in
Saccharomyces cerevisiae activates transcription of the ADE2
gene. Yeast colonies containing wild-type p53 are white, while
colonies containing mutant p53 are red as a result of the accumulation of a metabolic intermediate [81]. Using this technique
42% of 48 cancer patients were correctly identified, with no
mutant p53 being identified in 49 patients with biliary tract
stones (although p53 mutations were detected in 2/49 patients
with chronic pancreatitis).
Recently, Yan et al. of the EUROPAC study group published
data on stratification of cancer risk using p53 and K-Ras mutation status combined with p16INK4a promoter methylation [81].
They concluded that for individuals in a population with a 1%
incidence of cancer, risk could be stratified between negligible
and over 50%; exceeding 90% when discriminating patients
with malignancy from patients with no pancreatic disease. The
authors admit that their analysis (a Bayesian approach using the
specificity and sensitivity of the three tests as independent) was
based on patients with a presumed diagnosis prior to molecular
analysis, which would tend to lead to an overestimate of the
power of the screening modalities. Work is ongoing to clarify
the sensitivity of the modalities in asymptomatic patients.
Clearly, such molecular screening models have enormous
potential as adjuncts to pre-existing screening tools in the
clinical management of high risk patients and are already implemented in centres like Liverpool (EUROPAC) as part of the
multidisciplinary, multimodality screening programme already
in place.

Endoluminal ultrasound
Endoluminal ultrasound (EUS) is high frequency, real-time
ultrasonography combined with endoscopy. EUS is associated
with a very low risk of adverse effects (0-0.5%) and very high
sensitivity (>90%) for the detection of early, non-metastatic,
pancreatic cancer [88,125,126]. As a modality, EUS can display
small pancreatic lesions undetectable by CT and MRI. Some
centres in the United States recommend screening for pancreatic cancer by performing yearly EUS, followed by ERCP,
EUS guided fine-needle aspiration or CT to further investigate
abnormalities [127]. This is in accordance with the American
Gastroenterological Association recommendations for those
with familial syndromes [128]. This approach has been tested
with 38 high risk patients, none of whom had symptoms of
pancreatic cancer. None of these patients had hereditary pancreatitis. Pancreatic masses were identified in seven patients. All
seven were operated on and one of them (a 45 year old female
with a history of breast cancer) was found to have an invasive
ductal adenocarcinoma, this patient is still alive five years after
surgery. Rulyak et al. suggested that the use of EUS to screen
members of a familial pancreatic kindred was cost-effective,
however, the benefit is limited to populations with a pre-test
probability of pancreatic dysplasia >16% [129]. According
to Rulyak et al. screening should begin at 50 years of age, or
10 years before the earliest age of onset of pancreatic cancer
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in a family member, beginning with yearly examinations in
a pancreatic specialist centre [130].
Given the risk of pancreatitis with ERCP, it may be reasonable to perform an EUS prior to an ERCP in patients with
a family history of cancer [131]. Therefore, at the University
of Washington Medical Centre, the first phase of screening in
high risk patients involves EUS, which if abnormal is followed
by ERCP [132]. If both are normal then they are repeated annually or per patient’s choice [132]. However, it is questionable
whether EUS can detect a small lesion on a background of
pancreatitis and so for hereditary pancreatitis the additional
modality of CT is indicated.

Tumour markers
Many of the imaging techniques previously described have
the disadvantage that they are invasive or involve morbidity as
a result of exposure to radiation. Therefore, a simple serum
based test has advantages if adequate specificity and sensitivity
can be achieved. A number of proteins have been identified that
have raised levels in patients with pancreatic cancer; the question remains whether this increase occurs early enough to give
the required sensitivity and whether this increase is specific to
pancreatic cancer or whether levels may be elevated in high risk
patients even in the absence of tumours. In addition to a high
sensitivity and specificity, tumour marker testing should be
cheap and reproducible.

Carbohydrate antigen 19-9 in serum
Carbohydrate antigen 19-9 (Ca19-9) is a cell surface glycoprotein (a monosialoganglioside) expressed on the surface of
pancreatic cancer cells as well as by normal human pancreatic
and biliary duct cells, and gastric, colonic, endometrial and
salivary epithelia. It is elevated above 100 U/ml in the serum
of patients with hepatocellular carcinoma, ovarian carcinoma,
bronchial, colon and gastric cancers as well as pancreatic cancer.
It has been found to be a useful tumour marker in diagnosis,
a prognostic indicator and provides an overall evaluation of
therapeutic efficacy and recurrent disease status [111,133].
Only 50% of cancers <2 cm are associated with a rise in
Ca19-9 [111]. The limitations of Ca19-9 were well demonstrated
in a study by Kim et al., who found a positive predictive value
of less than 1% for patients undergoing ultrasonography who
were described as asymptomatic; they tested 71,000 individuals
using a cut-off of 37 U/ml [134]. Another important limitation of
Ca19-9 relates to patients with negative Lewis blood group antigen (Lewis a-, b-). This group of patients representing 4-15% of
the population are unable to synthesize Ca19-9 and so its use in
this population should clearly be avoided [133,135-137].
In an early publication by Malesci et al., a Ca19-9 greater
than 40 U/ml was found in 90% (57/63) of pancreatic cancer
patients and in only 10% (5/50) of patients with chronic pancreatitis [138]. In 4/5 patients with chronic pancreatitis, repeat
testing when the patients were in a non-relapse state revealed
normal levels of Ca19-9. This study highlights that a progressive

upward trend seems to be more indicative of pancreatic cancer
than fluctuating levels, which may be associated with the degree
of active inflammation in patients with pancreatitis [138].
Forsmark et al. retrospectively reviewed 53 patients with
Ca19-9 values >90 U/ml in whom the test had been done
because of clinical suspicion of pancreatic malignancy [139].
Pancreatic cancer was found in 85% (45/53) of patients. When
a cut-off value of Ca19-9 >200 U/ml was used, 97% (36/37) of
patients had pancreatic cancer. Thirty patients with pancreatic
cancer and no radiographic criteria of unresectability underwent
attempted resection; five of these patients were judged to be
potentially resectable; four underwent attempted resection. In
only one patient with a Ca19-9 value >300 U/ml was resection
possible. Forsmark et al. concluded that pancreatic malignancy
was highly suggestive in patients with suspected pancreatic
cancer and a Ca19-9 >90 U/ml, while a Ca19-9 >200 U/ml
was considered virtually diagnostic. In those with a Ca19-9
>300 U/ml, resection was rarely possible.
As high levels only appear to be found in late disease, use of
tumour markers like Ca19-9 as a serum screening modality for
the early diagnosis of pancreatic cancer is extremely limited. It
should only be utilised in combination with radiological imaging
and endoscopy, and molecular screening methods such as the
molecular mutational analysis of pancreatic juice employed by
the EUROPAC group.

Conclusions
In the last decade great strides have been made in our
understanding of the molecular biology and pathophysiology
of hereditary pancreatitis. This has been transcribed to the
clinical setting resulting in better clinical management of those
individuals with such inherited diseases of the pancreas. Indeed,
the emphasis has been to identify such high risk groups for the
development of pancreatic cancer through secondary screening
programmes such as that offered by the EUROPAC study group
in the hope that early diagnosis will lead to a ‘cure’ through
a surgical resection. However, the benefits to the patient of
embarking on such a screening programme must be considered
carefully given the definite risk of morbidity and mortality associated with a pancreatic resection.
Hence, the quest for the ideal imaging and molecular
modalities for the purpose of secondary screening for the diagnosis of early pancreatic cancer remains both challenging and
unresolved. Philosophically, the individual’s best interest must
be sought in light of the latest advances in medicine and science
following discussion with a multidisciplinary team inclusive of
genetic counselling.
The identification of precursor lesions within pancreatic
ducts has led to the formulation of a progression model of
pancreatic cancer and subsequent identification of early- and
late-stage changes leading to invasive cancer [93,140-145].
Ultimately, understanding the genetic events underlying the
development of pancreatic cancer may serve as a useful adjunct
in the screening and treatment of patients suffering from, or
at risk for, pancreatic cancer. Conceptually, identification of
a point on the progression, based on the appearance of molecu-
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lar markers, would allow rational evaluation of the risk that
cancer development is inevitable. This can only be confirmed
by long-term prospective follow-up of patients from an asymptomatic state to confirmed pancreatic cancer. Prospective and
repeated multimodality mutation testing of pancreatic juice in
tandem with conventional imaging modalities like CT, EUS and
ERCP, will further stratify the risk of pancreatic cancer in high
risk groups, and thus facilitate clinical decision making.
The growth and expansion of the EUROPAC registry over
the last eight years in bettering our understanding of inherited
pancreatic diseases would not be possible without the collaborative efforts of both scientists and clinicians. It is only through
such collaborative efforts that we may further advance our
scientific knowledge of hereditary pancreatitis thus improving
the management of these individuals who have an estimated
lifetime risk of 40% (to the age of 70 years) for the development of pancreatic cancer [1,15]. At present, it is only through
secondary screening programmes that early lesions in such high
risk groups may be identified, in the hope that a curative surgical
resection may be offered.
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Abstract
Pancreaticoduodenectomy is considered the standard
procedure for the surgical treatment of the pancreatic head
cancer. However, the extent of lymph node clearance associated to the procedure is still largely debated. Arguments
in favour of an extended lymphadenectomy are the regular
progression of lymph node invasion, without skip metastases, and the removal of the extrapancreatic neural plexus
that is invaded in 52-72% of patients. Arguments against
the extended lymphadenectomy are the failure of extended
lymphadenectomy to improve survival in other cancers, and
the severe diarrhoea that follows the skeletonisation of the
superior mesenteric artery. After Ishikawa’s paper, several
retrospective studies supported a longer survival after an
extended than after a standard lymphadenectomy, but as
much retrospective studies failed to demonstrate any difference.
Only three prospective randomised controlled trials have
been performed so far. Unfortunately all are underpowered,
and the substantial differences in the surgical procedures, in
the adjuvant treatment, and in the length of follow-up make
the comparison impossible. Only one study reports a significantly longer survival for lymph node positive patients who
underwent an extended lymphadenectomy, but adjuvant
treatment was not performed. Furthermore, the difference
was of minimal clinical impact.
At least two adequately powered prospective Randomised Controlled Trials including a true extended lymphadenectomy, and a standardised adjuvant treatment,
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would be required to answer the question. Unfortunately,
we have not yet a standardised adjuvant (or neoadjuvant)
treatment, and we do not know the impact of such treatment on the expected statistical difference in the survival
after a standard or extended lymphadenectomy. The lot of
work required to perform such trials probably doesn’t worth
the expected results.

Key words:

pancreatic cancer, pancreaticoduodenectomy,
lymphadenectomy.

Introduction
Although incidence of pancreatic cancer ranks tenth
among the leading cancer types, it is the fourth or fifth cause of
cancer related deaths in the Western Countries [1,2]. Surgical
resection is possible only in 10-20% of all patients. However,
it is the only chance for long term survival, although patients
cured of this disease are very rare [3]. Lymph node metastases
are among the predictors of shorter survival together with the
size of the primary tumour, the degree of tumour differentiation, the status of the resection margins (R0, R1, and R2), and
the DNA ploidy. Several surgical procedures were proposed to
increase the radicality of surgery and, hopefully, the number of
long-term survivors. Total pancreatectomy was performed with
increasing frequency since the first procedure for pancreatic
cancer was reported in 1943 by Rockey [4], and a longer survival
was reported by ReMine et al. [5] and Brooks and Coulebras
[6]. A steep decline started during eighties, when the expected
longer survival failed to be demonstrated [7-9]. The worsening of
the quality of life due to the brittle diabetes and to the complete
exocrine insufficiency, limited the use of total pancreatectomy
to patients with positive resection margins at frozen section or
to cancers not resectable with partial pancreatectomy [8-9]. The
so-called “regional pancreatectomy”, including vascular resections together with wide lymphadenectomy, was proposed by
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Fortner in 1973 [10], but was followed by very few Surgeons and
then abandoned in its full complexity. Apart of the very important contribution to the knowledge of the tumour spread, some
aspects of the procedure were resumed later on. While arterial
resections are now considered useless and high risk procedures,
resection of the mesenteric-portal vein, as proposed by Fortner, is considered useful if performed to obtain clear margins
without increasing the mortality rate. The sixth edition of the
AJCC cancer staging manual includes the mesenteric-portal
vein invasion among the resectable stage IIA (N-) or IIB (N+)
lesions [11].
Also the radical lymphadenectomy was resumed by Ishikawa
who reported in 1988, a significantly longer survival for patients
who underwent an extended lymphadenectomy when compared
to those who received only a standard lymphadenectomy. The
study opened a wide debate among surgeons, with many supporting extended lymphadenectomy [12-25], while many others
considering it useless [26-34]. However, the actual extent of
lymphadenectomy to be associated with pancreatic resection is
different among different Authors. The terms Palliative, Standard, Traditional, Extended, D1, D2, D3, Regional, Extended
Retro-Peritoneal, Standard Radical, and Extended Radical are
only some of those used to indicate the extent of lymph node dissection. Furthermore, the same word was also used to describe
quite different procedures. To try to overcome the problems created by this Babel of terms, a Consensus Conference took place
in Castelfranco Veneto, Italy on May 30 1998. The definitions,
based on the lymph node classification of the Japan Pancreas
Society, have been published [35,36]. Unfortunately no prospective study based on those definitions was performed. However,
the prospective ESPAC-3 study (European Study Group for
Pancreatic Cancer) on adjuvant treatment of pancreatic cancer
included those definitions in the report of the surgical procedure performed.

Theoretical basis for
an extended lymphadenectomy
Lymph node metastases of pancreatic cancer follow a strict
sequential rule of invasion. Hermanek reports an incidence of
3% of skip metastases, although the lymphatic drainage may be
uni- or multidirectional [37]. Skip metastases were very rare also
in the study of Pedrazzoli et al. [22]. The variability of the routes
followed by lymph node metastases may explain why Kocher
et al. failed to find a sentinel node in pancreatic cancer [38].
In 1992, Kayahara reported that the main lymphatic pathway
from the head of the pancreas to the para-aortic lymph nodes
was through the lymph nodes around the superior mesenteric
artery [39]. Furthermore, Japanese Authors demonstrated
that the extrapancreatic neural plexus was invaded in 52-72%
of patients with pancreatic cancer [40-44] and the mesenteric
lymph node invasion was significantly more frequent (52% vs
8%) in patients with extrapancreatic neural plexus invasion [44].
Therefore the resection of a pancreatic head cancer without
a lymphadenectomy encompassing all mesenteric nodes and
leaving behind the extrapancreatic neural plexus was considered
inadequate by most of the Japanese Authors. Another advan-

Table 1. Morbidity and mortality rate after a “Standard” or
“Extended lymphadenectomy” [22,34,52]
Standard PD Extended PD
P value
(n=209)
(n=213)
Complication Yes/No

34/66

42/58

NS

Pancreatic fistula %

8.6

12.2

NS

Intra-abdominal abscess %

3.8

3.3

NS

Bile leak %

3.8

4.7

NS

Delayed gastric emptying %

5.9

15.1*

NS

Wound infection %

4.3

11.1

NS

Reoperation %

4.3

4.2

NS

Perioperative mortalita %

4.3

4.2

NS

* Mainly due to distal gastrectomy [34]

tage for an extended lymphadenectomy is a better classification
of the extent of the disease.

Theoretical basis against
an extended lymphadenectomy
Extended lymphadenectomy is still under scrutiny for the
surgical treatment of breast, oesophageal, gastrointestinal cancers [45-50]. This means, that in spite of hundred of published
papers on these topics, a definite conclusion was not reached.
On the other side, lymph nodes should be considered for their
unique function: “They are neither Millipore filters, nor open
lymph channels, but porous filters that temporarily hold up
antigens entering through the afferent lymphatic. Lymph node
lymphocytes have the opportunity to identify antigens and begin
antibody production, an essential component of the immunocompetence of the host” [50]. Lymphadenectomy of non
metastatic lymph nodes may eliminate also lymphocytes that
are immunocompetent against pancreatic cancer cells. Based
on the incidence of an R0 resection no higher than 80%, on
the frequency of 10% of pathologic involvement of the secondechelon lymph nodes (N2 disease), on the frequency of truly M0
pancreatic adenocarcinoma of 5%, Pisters et al. [51] estimated
that to detect a difference in a randomised trial with 80% power
238,000 patients would be required.

Evaluation of the risk of the procedure
Extended lymphadenectomy increases the morbidity, and in
some studies also the mortality rate, of the surgical treatment
of oesophageal and gastric cancer [47-49]. It is obvious that an
increased morbidity and/or mortality rate is expected also after
a pancreaticoduodenectomy with extended lymphadenectomy.
Tab. 1 reports the results of three studies [22,34,52] pooled altogether. Although some differences were present, both for the
standard and the extended lymphadenectomy, within the three
studies, the complication and mortality rates were very similar.
This means that, in experienced institutions, an extended lymphadenectomy can be performed safely.
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Table 2. Published reports on standard and extended lymphadenectomy in pancreaticoduodenectomy
Patients per group

Mortality %

Morbidity %

5-year survival %

Standard Extended Standard Extended Standard Extended Standard Extended
Henne-Bruns et al. [20]

26
46

Fernandez-Cruz et al. [23] †

3.8
6.5

34

n.d.
n.d.

0

50

Study type, evidence level ¶

35.0
17.6

Prospective, non randomised/2b

n.d.

Prospective/2c

Gazzaniga et al. [32]

48

45+31#

8.3

3.9

29

26

6.8

13.1

Prospective, non randomised/2b

Iacono et al. [24]

13

17

0

0

46

47

n.d.

n.d.

Prospective, non randomised/2b

Popiela et al. [33] ‡

65

136

6.9

6.9

43

43

16.7
67.6 †

16.7
67.6 †

Prospective, non randomised/2b

Capussotti et al. [25] ‡

37

112

5.4

6.3

35

38

8.4

8.4

Prospective, non randomised/2b

Pedrazzoli et al. [22]

40

41

5

5

45

34

7.5

0

Prospective, randomised/1b

Yeo et al. [34] ‡
Pancreatic cancer

146
84

148
83

4.1

2

29

43

23
10

29
25

Prospective, randomised/1b

Nimura et al. [55]

51

50

0

2

10

20

29.3

15.1

Prospective, randomised/1b

¶ – Oxford Centre for Evidence-based Medicine Levels of Evidence (May 2001)
† – Ampullary cancers
# – Adjuvant chemotherapy
‡ – Pancreatic and ampullary cancers
– Four-year actual survival
* – P<0.01

Evaluation of the Quality of Life (QOL)
after the procedure
Severe diarrhoea is the main patient’s complaint after an
extended lymphadenectomy. Ishikawa reported a watery diarrhoea “which necessitates daily administration of both opium
(for 6-30 months) and intravenous infusion (for 1-4 months)”
[53]. Furthermore, “these patients stayed in the hospital for
2.5 postoperative months on average, and more than half of
them needed re-hospitalization for the treatment of oedema
caused by poor nutrition” [53]. Severe diarrhoea was also
reported by Henne-Bruns [20] in 76% of the 46 patients who
underwent extended radical retroperitoneal lymphadenectomy,
by Mosca and Boggi [54] in 33% of patients, and by Nimura et
al. [55] in 48% of patients. The presence of severe diarrhoea
was not evaluated during the prospective study of Pedrazzoli
et al. [22]. However, a 15-20% of motility disorders, mainly
diarrhoea, were reported during the discussion of the paper.
Fortner reported only 1 patient with profuse diarrhoea among
97 patients who underwent regional pancreatectomy [56]. On
the other hand, Yeo et al. [34] did not found any difference in
QOL among patients who underwent standard or extended lymphadenectomy. Therefore we must admit that there are several
important differences in the surgical technique of an extended
lymphadenectomy that can explain the different incidence of
severe diarrhoea.

Evidence based data comparing standard vs
radical pancreaticoduodenectomy
First of all we need to clarify that the extent of the so-called
standard and radical (extended) procedures are different among
both retrospective and prospective studies. Some of those dif-

ferences are reported in a previous review [57]. We have already
published a detailed analysis of retrospective studies published
prior to 1999 [58]. We will complete the analysis of papers
published after that review (Tab. 2). Henne-Bruns et al. [20]
compared a regional lymphadenectomy (RLA) performed in 26
patients with an extended radical retroperitoneal lymphadenectomy (ELA) performed in 46 patients. The RLA was similar to
the radical pancreaticoduodenectomy and ELA was similar to
the extended radical pancreaticoduodenectomy as defined in
Castelfranco Veneto in 1998 [35]. Therefore, both procedures
should be considered as “extended” lymphadenectomies. There
was no difference in morbidity, mortality rate and survival
between the two groups of patients. Fernandez-Cruz et al. [23]
performed a pylorus preserving pancreaticoduodenectomy with
radical lymphadenectomy in 34 consecutive patients with ampullary cancer. On the basis of the documented lymph node spread,
the Authors concluded for a need of a wide extensive lymph
node dissection. Gazzaniga et al. [32] reported on 124 patients
that underwent pancreaticoduodenectomy with D1 (n=48), or
D2 (n=76) lymphadenectomy. Thirty-one D2 patients received
also adjuvant treatment. The morbidity and mortality rate, as
well as long-term survival, were the same for the three groups
of patients. Iacono et al. [24] reported on 30 patient that underwent standard (n=13) or extended (n=17) lymphadenectomy.
The morbidity and mortality rate were the same for the two
groups of patients, while the long-term survival was prolonged
after an extended lymphadenectomy. Popiela et al. resected
201 patients with pancreatic or ampullary cancer. Sixty-five
underwent standard and 136 extended lymphadenectomy.
Curiously, patients with lymph node negative pancreatic cancer
had a significantly higher 5-year survival after an extended procedure. Capussotti et al. [25] reported on a consecutive series
of 149 periampullary adenocarcinoma. A standard resection
was performed in 112 patients, an extended lymphadenectomy
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in 37 patients. Although the 5-year survival was the same, the
extended lymphadenectomy “was the most powerful determinant of 2-year survival by multivariate analysis”. In 2002 Yeo et
al. reported the results of the largest RCT on standard versus
extended lymphadenectomy. Overall 299 patients were enrolled
in the study; 5 were subsequently excluded leaving 294 patients
for analysis: 167 pancreatic and 132 periampullary cancers. The
overall survival, the disease specific survival and the lymph node
positive pancreatic cancer patient’s survival was the same after
the standard or the extended procedure. More recently, Yuji
Nimura [55] presented the preliminary results of a prospective
randomised controlled trial performed by 14 Centres in Japan
between March 2000 and May 2003. Patient’s accrual was
stopped after 112 enrolled cases with 11 drop-out. The decision
was taken on the basis of the very preliminary results showing no
difference in survival. The only significant difference reported
by Prof. Nimura was the worse QOL at 3 months after an
extended lymphadenectomy, mainly due to the severe diarrhoea
in 48% of patients.

Discussion
Is it possible, from the data reported in the literature, to
draw any conclusion about the usefulness of an extended lymphadenectomy associated to the pancreaticoduodenectomy in
patients with pancreatic cancer?
If we follow Pisters’ conclusion [51], the demonstration of
a hypothetical difference of 0.4% in a randomised trial with
80% power, would require 238,000 patients randomised to each
of the two arms. If this is true, the conclusion should be that
extended lymphadenectomy is useless.
However, Pisters’ statement based on two wrong assumptions. In fact, if the first assumption that the incidence of an
R0 resection may be no higher than 80% is correct, the second
assumption about the frequency of pathologic involvement of
the further tissue removed with an extended lymphadenectomy
and the third assumption that only M0 patients benefit from an
extended lymphadenectomy are incorrect:
1.
The statement that “only patients who have pathologically involved second-echelon lymph nodes (N2 disease)
(invaded in 10% of patients) can benefit …” should be reviewed,
because an extended lymphadenectomy removes also the extrapancreatic nerve plexus that is invaded in 52-72% of patients
with pancreatic cancer [40-44]. Therefore the frequency of
involved second echelon lymph nodes and/or of the extrapancreatic nerve plexus is estimated to be 60% (0.60) and not 10%
(0.10).
2.
The statement that “only patients who have involved
lymph nodes without visceral metastatic disease are likely to
derive a survival benefit…” is wrong both because it is very rare
to find patients with N2 disease that are truly M0 (long-term
survivors), and because the reported difference in survival rate
for N+ patients is restricted to the second year [22,15,25]. The
percentage of patients that will benefit from the removal of
the small amount of more tumour cells removed together N2
lymph nodes and the extrapancreatic nerve plexus is difficult to
evaluate. Patients who die within one year after surgery have

Table 3. Characteristics of the three prospective RCT
Pedrazzoli
[22]
Period

Yeo
[34]

Nimura
[55]

1991–1994 1996–2001 2000–2003

Partecipating Centres

6

1

14

Enrolled patients

83

299

112

Drop-out patients

2

5

11

Histology reviewer

External

Internal

n.r.

Yes

Partial

Yes

13.3
19.8

17
28.5

13.3
40.1

Skeletonization celiac axis and
SMA
Harvested lymph nodes:
Standard
Extended
Adjuvant treatment

No

Yes (78%)

No

Survival report

Actual

Actuarial

Actuarial

Minimum follow-up

4 years

2 years

1 year

n.r. – not reported

enough M1 undetectable disease to benefit from the removal of
the small amount of more tumour cells included in an extended
lymphadenectomy. On the other hand, very few of the long-term survivors are N2+ and/or extrapancreatic nerve plexus +.
Therefore, it is impossible to define how many patients will actually benefit from this point of view.
In 2001 I was requested to prepare a prospective randomised
study based on the previous experience [22], on the results of the
consensus conference of Castelfranco Veneto [35], and on the
survival curves of the ESPAC-1 study [60]. 15 European Centres
gave their consent to participate. The primary endpoint was the
2-year survival proportion. The hypothesis to be tested using
the log rank test was an improvement in the 2-year survival
from 20% to 40% when lymph node positive patients undergo a
“Radical” pancreaticoduodenectomy. To detect this difference
with 80% power and alpha equal to 0.05 level of significance
(two-sided), a total of 284 patients were needed to be confident
that at least 75 lymph node positive patients (53% of the total)
were included in each surgical arm (“Standard” or “Radical”
pancreatoduodenectomy). The sample size was also able to
detect an improvement in the 3-year survival from 7 to 20% with
the same power and alpha levels [61]. The possible improvement
after a “Radical” pancreaticoduodenectomy of the 2 and 3-year
survival rate of the N-0 patients in whom lymph node micro
metastases were detected (50-70% of the N-0 patients) was also
included in the evaluation. Unfortunately the study aborted.
Therefore we have only three prospective randomised
controlled trials. They show no survival advantage from an
extended lymphadenectomy [22,34,55]. However, when subgroups of patients were analyzed, using an a posteriori analysis
that was not planned at the time of study design, the first trial
[22] reported a statistically significant (p<0.05), although
clinically modest, longer survival rate in node positive patients
after an extended rather than a standard lymphadenectomy.
The differences among the three trials are reported in Tab. 3.
Some aspects should be underlined. The trial of Pedrazzoli et
al. [22] has been criticized for the small number of lymph nodes
harvested in both arms. The problem was not due to the extent
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of lymphadenectomy, but to the inadequate experience of the
pathologists. In fact, the standard lymphadenectomy of the
Japanese study [55] harvested the same number of lymph nodes
as the Italian study [22] that removed several more lymph node
groups (12b1, 12b2, 12c, 8a, 14a, 14b). An adjuvant treatment
was performed in 78% of the Johns Hopkins’ patients and in
none of the other two studies. Furthermore, the skeletonisation
of the celiac trunk and of the SMA was included only in the Italian and Japanese studies.
We must remember that every well designed study has the
20% of probability of missing a significant difference. This
means that at least two prospective adequately powered RCT
with concordant results are needed to confirm or exclude the
hypothesis. Now we have only two RCT completely comparable
for the extent of surgery [22,55] because the third-one includes
adjuvant treatment and less extensive surgery for the “Radical”
group. The two trials give discordant results about the survival
of LN+ patients. Therefore, a definitive conclusion from the
statistical point of view can’t be drown. Furthermore, we do
not know if the failure of the Johns Hopkins study to demonstrate a different survival after a standard or an extended
lymphadenectomy was due to the inadequate extent of the
lymphadenectomy or to the effect of the adjuvant treatment.
Are further prospective studies needed to clarify the actual
usefulness of an extended lymphadenectomy? In spite of the
discordant results of the several studies for and against the
extended procedure, the answer should be no. The advantage
of patient’s survival of the extended procedure, provided it does
exist, is clinically negligible.

Conclusions
The extended lymphadenectomy can be performed safely
by experienced surgeons, ameliorates the tumour staging in
a significant number of patients, and, chiefly, does not worsen
long-term survival, but it is not the treatment of choice of pancreatic cancer.
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Abstract

Introduction

Investigations of solid tumors have shown that a very
specific characterization of aberrant tissues can best be performed using a combination of cytologic, cytogenetic and
molecular-cytogenetic methods. Thus, cytological analyses
may serve to examine various features of tumors cultivated
in vitro, e.g. growth peculiarities, cell morphology, specific
details of cell division and mitotic rates, and anomalies of
the spindle apparatus. Besides, chromosomal diagnostics
characterizing non-specific aberrations focuses on the pathological karyotype and its evolution and heterogeneity, as
well as on the development of secondary chromosomal aberrations. In the field of molecular-cytogenetic diagnostics
we emphasize particularly the combination of metaphase
and interphase analyses and the investigation of specific
structural aberrations by fluorescence in situ hybridization
(FISH). In contrast to the method of comparative genomic
hybridization (CGH), the spectrum of applications for both
methods is discussed. The findings described in this paper
were obtained primarily from the analysis of 68 tumors of
the urogenital tract (20 kidney tumors, 33 bladder tumors,
15 testis tumors).

Key words:

tumor cytogenetics, tumor growth in vitro,
polykaryotic cells, micronucleus formation,
multipolar spindle apparatus, composite
karyotype, meta- and interphase-FISH, CGH,
cell cycle abnormalities.

* CORRESPONDING AUTHOR:
Institute of Human Genetics
University of Bonn
Wilhelmstrasse 31
D-53111 Bonn, Germany
Tel: +49 228 2872338; Fax: +49 228 2872380
email: raff@uni-bonn.de (Prof. Gesa Schwanitz)
Received 22.04.2005

Accepted

26.04.2005

Solid tumors can be analysed in vitro by a combination of
cytologic and cytogenetic parameters. At the same time, these
methods permit the differentiation between tumor cells and
neighbouring normal tissue in cases where non-transformed
cells may have contaminated the probe.
The object of this paper is a characterization of different
cytologic and cytogenetic parameters relevant to the analysis of
such tumors, in which both the potential and the limits of these
methods will be discussed.
The in vitro solid tumor cultures described below were
for the most part derived from tumors of the urogenital tract
(kidney [1,2], bladder [3], and testis [4-6]). In some few cases
findings obtained from head/neck tumors were included [7,8].

Cell growth and morphology
1. Cell growth
Unlimited growth is a characteristic feature of all tumor
cells. Control mechanisms which, i.e. coordinate processes of
proliferation in normal meristematic cells are absent.
Furthermore, a break-down of contact inhibition occurs in
cell culture. Cells tend to grow in a criss-cross manner, covering each other, so that instead of a monolayer the result will be
three-dimensional cell groups (Fig. 1a-c).

2. Cell morphology
Variable cell shape and differing nucleus-plasma ratios
are a conspicuous phenomenon in tumor cells. Cytoplasmatic
deposits which develop mainly around the nucleus may be
attributed to a changed cell metabolism. So-called micronuclei
also occur and are caused by abnormalities in the cell cycle
which lead to an aberrant distribution of single chromosomes in
anaphase of mitosis and the appearance of acentric fragments in
the cytoplasma. These chromosomes and fragments are stimulated by the main nucleus to form an additional small nucleus.
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Figure 1. Growth abnormalities of testicular tumor cells in vitro
(vital cell culture, phase contrast microscopy): a) criss-crossgrowth, b) star-like growth, c) three-dimensional growth

Figure 2. Morphologic changes in testicular tumor cells in vitro
(vital cell culture, phase contrast microscopy): a) and b) variation
in cell shape, c) polykaryotic cells with perinuclear deposits

a)

a)

b)

b)

c)

c)

Also multinucleated (2-8 nuclei) cells with a distinctly enlarged
or diminished nucleus occur (Fig. 2a-c).

3. Morphology of the nucleus
Nuclei are often polymorphic, exhibiting constrictions
and cytoplasmic inclusions as well as more complex structures
(Fig. 3a-c).

4. Changes in tumor growth during prolonged or
specific cultivation
Prolonged in vitro cultivation of tumor cells as well as
the use of specific cell culture media in combination with the
frequently heterogeneous nature of tumor cells may lead to the
selective proliferation of particular subpopulations which may
be especially well-adapted to the in vitro conditions, but which
are not representative of the original tumor. Therefore, cultures
of several different biopsy samples should be set up for each
tumor culture and the results of these long-term cultures should
be compared with those of a direct preparation [9,10].

5. Mitotic index and polyploidy rates
In our own studies, the mitotic index as a measure of the
rate of cell division fluctuated greatly in different tumors of the
same type. The mitotic index was determined two hours after
addition of colcemid; the resulting arrest of cells in metaphase
for an extended period of time automatically leads to an artificially increased value. Normal fibroblast cultures were used as
a comparison. While controls of fibroblasts usually amount to
a mitotic index of approximately 10‰, the values for tumor
cells, even for the same type of tumor, varied strongly, ranging
from 1-180‰. This was as well observed for the polyploidy
rates, with the majority of aberrations being tetraploid mitoses.
The normal reference value was 0.5-1.6%, whereas the tumor
cultures showed rates of 5-10%. Isolated tumors were primarily
triploid, which made their polyploidy level 6n.

6. Analysis of the spindle apparatus
The spindle apparatus may be analysed via indirect immunofluorescence, and the nucleus or rather the chromosomes are
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Figure 3. Nuclear abnormalities of testicular tumor cells in vitro
(Acridin orange staining)

Figure 4. Multipolar spindle apparatus (human lung carcinoma
cells, cell line A549)

a)

b)

Figure 5. Asynchronous cell cycle leading to mitosis with chromosomes in pro- and metaphase stage (Giemsa staining)

c)

2. Karyotype analyses
counterstained with propidium iodid or DAPI. Typical anomalies we found in our own investigations were multipolar and
degenerated spindles [11]. As before, analyses of untransformed
cells served as controls. We found aberration rates of 1-2% for
normal fibroblast cultures as compared to 15-40% for various
tumor cultures (Fig. 4).
These aberrations induce a secondary increase of aneuploidy in cultured tumor cells.

In tumor cytogenetics, various banding techniques may be
used, and may often be combined in order to obtain as much
information as possible. This is especially necessary in cases
where complex rearrangements of the chromosomes have
occurred. A first analysis provides details about the modal
number of chromosomes, conspicuous marker chromosomes,
rearrangements and amplifications (Fig. 6).

3. Heterogeneity and tumor evolution

Chromosome analyses
1. Non-specific chromosome aberrations
In general, chromosomes in tumor preparations exhibit
a tendency to reduced condensation and aberrant spiralisation.
Condensation abnormalities may be limited to isolated chromosomes. This phenomenon occurs when the chromosomes do not
pass through the cell cycle in a synchronised manner. For example, individual chromosomes have not yet reached metaphase
but have remained in late prophase (Fig. 5).

The analysis of a large number of metaphases is absolutely
essential for the assessment of the heterogeneity of a cell
population. Solid tumors often exhibit highly increased karyotype instability. This inherent characteristic exists in vivo, and
persists in the in vitro culture as well, where new mutations can
also occur. The ability of a unique karyotype to be passed on to
daughter cells in vitro depends on the specific selection advantages and disadvantages in each case.
For tumor karyotyping it is therefore necessary to register
the entirety of various characteristic aberrations and to record
the tumor evolution as well.
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Figure 6. Composite karyotype of a permanent cell line (T966) of a head-neck tumor (GTG-banding)
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Table 1. Results of karyotype analysis after long-term cell
culture of a bladder tumor (number of analysed cells in square
brackets)
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Figure 7. Partial endoreduplication of chromosome 2 (GTG
banding)

Normal karyotype:
46, XY [12]
Single karyotypes:
38, XY,-?5,-7,-11,-12,-15,-19,-19,-20
45, Y,-X
45, XY,-21 [2]
45, XY,-11
45, XY,-19
45, XY,-22
45, XY,-2,-19,+mar1
45, XY,-21,+?
46, XY,-7,+mar2
46, XY,-8,+mar3
46, XY,der(12)add(12(p13)
46, Y,-X,+7,-16,+17
85, XY,-3,-8,-14,-?15,-18
88, XXY,-6,-7,-8
89, XXYY,-?8,-13,-18
90, X,+del(4)(p?23),-5,-5,-8,+11,+11,+?14,+16,-17,t(19;?)(q?13.3;?)x2
Composite karyotypes:
Mainline: 38~90, XY,-7,-8,-19 [8]
Sideline: 45, XY,-21 [3]

vidual stages. The characterization of complex chromosomal
rearrangements may require additional molecular cytogenetic
analysis (Tab. 1).

4. Failure of chromosomal replication and secondary
aberrations
A so-called “composite karyotype” contains all the clonal
alterations that occur (Tab. 1). These can subsequently be analysed regarding their interchromosomal and intrachromosomal
distribution for both numerical and structural aberrations.
Furthermore, various types of aberrations (e.g. translocations,
isochromosomes, deletions, duplications, monosomies, trisomies) are characteristic for distinct tumor types and for indi-

Tumor cells exhibit an increased tendency to abnormal
replication of the chromosomes during S-phase of the cell cycle.
This can result in complete or partial endoreduplications in the
following mitosis (Fig. 7). Moreover, metaphases of tumor cells
may show elevated rates of chromosomal breakage. In parallel,
interphase cells in these cultures often display an increased rate
of micronuclei (Fig. 8). Usually it is not possible to differentiate
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Figure 8. Interphase cell with micronucleus formation (Giemsa
staining)

Figure 10. Interphase analyses showing simultaneous gains and
losses of chromosome X (FISH with a centromeric probe for the
X chromosome)
a)

b)

Figure 9. Testicular tumor with an additional isochromosome of
the short arms of chromosome 12 (fluorescence in situ hybridisation, FISH, with whole chromosome paint for chromosome 12)

Figure 11. Results of Interphase-FISH in head-neck tumors
and control cultures demonstrating the quantitative analyses
of gains and losses of chromosome 6 (FISH with a centromeric
probe for chromosome 6)
4 signals 0 signal
2.4%
3.7%
1 signal
3 signals
19.6%
21%

between exogenous induced breaks caused by cytostatic therapy
on the one hand, and breaks caused by a higher mutation rate
in the tumor on the other hand. The latter explanation appears
to be more relevant, as tumor cells of patients not undergoing
therapy also exhibit higher breakage rates.

Molecular cytogenetic analyses

2 signals
53.3%
control 2n
1 signal
2.4%
2 signals
12.4%

3 signals
85.2%
control 3n

0 signal
0.8% 1 signal
8.6%

2 signals
90.6%
tumor 1, D6Z1
10 signals 2 signals
6.1%
4.3%
8 signals
3 signals
9.2%
6.7%
7 signals
4 signals
8.6%
25.2%
6 signals 5 signals
23.3%
16.6%
tumor 2, D6Z1

The following is a short description of the two methods most
often utilised for diagnostic purposes in tumor cytogenetics.

1. Fluorescence in situ hybridization (FISH)
Hybridization with defined DNA probes can be performed
using metaphase or interphase spreads [12]. This technique is
frequently used to characterise structurally altered chromosomes in more detail and for additional quantitative analyses
(Fig. 9a-c). FISH is especially suited for the analysis of complex
balanced rearrangements and in cases where the same chromosome occurs monosomic, trisomic or in higher amplification
numbers (Fig. 10).

2. Comparative genomic hybridization (CGH)
This method has the great advantage to be independent from
cell division stages for chromosome analysis. DNA extraction of
the tumor which is to be examined can even be performed with
a sample in fixative. During hybridization, chromosomal gains
and losses can be determined in one single step (Fig. 11).
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Figure 12. CGH-profile of bladder tumor. More losses than gains of chromosomes 8, 9, 15, 17, 19, 20, 22, X and Y. More gains of chromosomes 4, 5, 11, 14, 16 and 18
chromosomes
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slide average
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The disadvantage of this method lies in the fact that complex aberrations, the simultaneous presence of duplications and
deletions and the karyotype complexity of main and side lines
cannot be assessed.
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Abstract

Cytotoxic agents

In the last 2 decades, major progresses have been made
in the management of patients with advanced colorectal
cancer (ACC). The modulation of 5-fluorouracil (5-FU) by
folinic acid (LV), followed by the introduction of irinotecan
and oxaliplatin have significantly improved the outcome of
these patients. New strategies consist of oral fluoropyrimidines, and of targeted agents to inhibit cancer signalisation.
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Introduction
Chemotherapy of advanced colorectal cancer (ACC) has
considerably evolved since the time bolus 5-fluorouracil (5-FU)
was the only treatment. The efficacy of 5-FU has been largely
improved by folinic acid (LV), continuous infusion and oral
fluoropyrimidines. In the last years, therapeutic options have
broadened considerably with the introduction of oxaliplatin and
irinotecan. More recently, promising results have been reported
with the development of biologically targeted agents which aim
to inhibit cancer signalisation and represent a significant step
forward.
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The last 10 years have seen considerable changes in the
management of ACC with the emergence of novel cytotoxic
agents like irinotecan, oxaliplatin and oral fluoropyrimidines.
For a long time, ACC have been considered as resistant
to chemotherapy, and 5-FU was the only drug used in these
patients. In the 80’s, fluoropyrimidines’ efficacy was increased
by their biomodulation and their administration in continuous
infusion. Modulation of 5-FU by LV or 5-FU continuous infusion double the tumor response rate achieved with 5-FU bolus
[1-3]. The biweekly LV5FU2 regimen takes advantage of these
findings [4], but overall best 5-FU regimens led to only small
improvements in survival.
The introduction of irinotecan and oxaliplatin opened
new perspectives. Globally, 5-FU/LV/irinotecan or 5-FU/LV/
oxaliplatin lead to tumor response of 50%, progression–free
survival around 9 months, and overall survival around 18 months
(Tab. 1) [5-9]. Clearly, a step forward had been done.

Oral fluoropyrimidines
Oral fluoropyrimidines, such as tegafur/uracil (UFT) and
capecitabine, mimic infusional 5-FU and make easier drug
administration to preserve as far as possible the quality of life.
UFT and capecitabine have demonstrated their efficacy in
large randomized phase III trials in which they were compared
to bolus 5FU/LV [10-13]. Both oral fluoropyrimidines are interesting alternatives to 5-FU/LV bolus regimens and have recently
been approved in Europe for first-line treatment. Furthermore,
the development of oral fluoropyrymidines in metastatic cancers
has opened new perspectives in the field of adjuvant chemotherapy [14-16].
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Table 1. Advances in first line treatment

5-FU bolus

5-FU/LV or
CI 5FU

5-FU/LV
+ CPT-11
or 5-FU/LV
+ oxaliplatine

~ 10%

~ 25%

~ 50%

Median progression-free
Survival

~ 4 months

~ 6 months

~ 9 months

Median overall survival

~ 12 months ~ 12 months ~ 18 months

Endpoint

Tumor response rate

CI: continuous infusion

Targeted therapies
A better understanding of oncogenesis has allowed the
development of highly efficient agents able to target critical
pathways involved in cancer progression. Targeted therapies
have also the potential to be better tolerated and therefore may
be alternatives to conventional chemotherapy. Recent studies
have shown their ability to increase cytotoxics efficiency when
administered in association, and even to reverse acquired drug
resistance in some cases. At present time, treatment of advanced
colorectal cancers represents a promising field of clinical investigations.

Targeting epidermal growth factor receptor
The Epidermal Growth Factor Receptor (EGFR) family
consists of 4 members: HER-1 (erb-B1/EGFR), HER-2 (Erb-B2), HER-3 (Erb-B3) and HER-4 (Erb-B4). Each of these
proteins is composed of an extracellular binding domain,
a transmenbrane segment and an intracellular protein kinase
domain. The binding of epidermal growth factor (EGF) drives
to the dimerization of ligand-receptors and therefore the triggering of intrinsic protein kinase activity. Several intracellular
substrates are phosphorylated, leading to the activation of two
major signalling pathways (Ras-Raf-Map-kinase, PI3K-AKT
and Jak/Stat) which regulate transcription of molecules involved
in oncogenesis [17]. The EGFR is frequently deregulated in
colorectal carcinoma [18], and overexpression of the receptor
confers a poor prognosis.
The crucial role of EGFR in tumor proliferation and its
frequent overexpression provide the rationale for the treatment
of ACC.
The targeting of EGFR and its downstream signalling
pathways include inhibitors of tyrosine kinase activity (ZD1839,
OSI-774) and monoclonal antibodies directed against the extracellular domain of EGFR (C225, ABX-EGF).
Up to now, studies using EGFR tyrosine kinase inhibitors
remain disappointing. However, a phase II study evaluating
the efficacy of gefitinib (ZD1839, Iressa) associated with FOLFOX yielded 75% partial response if patients were previously
untreated, and 23% otherwise [19].
Several monoclonal antibodies to the EGFR (EGFRMabs)
have already been used in phase II or phase-III clinical trials
with interesting results. Among them, the one furthest ahead

in clinical development is the IMC-C225 also called C225
(cetuximab). C225 is a murine chimeric monoclonal antibody
which binds selectively to EGFR with a higher affinity than
either EGF or TGF . Cetuximab is usually administered as
a 400 mg/m2 intravenous loading dose followed by a weekly
dose of 250 mg/ m2. Most common side-effects consist of
acneiform skin rash (60%) and anaphylactic reactions (2%)
which may be prevented by prophylactic antihistamin therapy.
Cetuximab is effective in single-agent administration, but the
major innovation brought by this drug is the potential to reverse
resistance to cytotoxic agent.
Cetuximab has been tested in different phase II trials alone
or associated to ironotecan or oxaliplatin. Cetuximab was first
used in patients with refractory metastatic colorectal cancer and
progressing on an irinotecan based regimen [20]. Combination
of cetuximab to irinotecan yielded a 23% response rate and a 6
months median duration in a non-comparative trial enrolling
121 patients; 31% patients presented a stable disease [21].
These results were confirmed in a large randomized phase II
trial (474 patients) [22] demonstrating a 23% response rate.
Median time to progression was 126 days (versus 45 days for
cetuximab alone) proving the efficiency of cetuximab in heavely
pretreated patients. Toxicity appeared manageable; grade 3-4
toxicity included diarrhea (20%), asthenia (13%), neutropenia
(11%), acne (7%) and vomiting (6%).
On the basis of these results, cetuximab was approved in
numerous countries for patients progressive under irinotecan
regimen.
Three other trials used cetuximab associated to irinotecan
in first line therapy. They respectively enrolled 21, 25 and 19
evaluable patients. Response rate were comprised between 43
and 58% [23-25].
More recently, cetuximab has been associated to oxaliplatin
in three studies; two of them are still going on. First results of
the EXPLORE study [26] has been presented at the 2004 ASCO
meeting. This trial aims to include 1100 patients and to compare
FOLFOX 4 to FOLFOX 4+ cetuximab in second line therapy.
First analysis showed that the regimen seems feasible and safe.
The ACROBAT study [27] evaluated FOLFOX4 + cetuximab
as first line treatment in 61 patients. Efficacy results are very
encouraging with 81% response rate (including 2 complete
responses) and 7 stable diseases (12%). Data suggest that
cetuximab is safe and effective when combined to FOLFOX 4.
Grade 3-4 toxicity included diarrhea (26%), acne (21%), neutropenia (14%), mucositis (9%), asthenia (9%), vomiting (5%)
and neurotoxicity (2%).
Futures directions of cetuximab development include its
combination with other cytotoxic or targeted therapies.

Targeting vascular endothelial growth factor
The development of new vessels (angiogenesis) is essential
for tumoral growth, invasion and metastasis. Several mechanisms and molecules are involved in the angiogenesis, and
each of them represents a potential target. Currently vascular
endothelial growth factor (VEGF) is thought to be the major
growth factor. Therefore, targeting VEGF appears as a promising strategy. VEGF acts via two receptors (VEGF-R1 and
VEGF-R2) which are located on endothelial cells and present
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a protein kinase activity. Overexpression of VEGF is associated
with metastatic phenotype and poor prognosis [28-29].
Rhu-mab-VEGF (bevacizumab, AVASTIN®) is a humanized monoclonal antibody against VEGF which has been
furthermore investigated in a 3 arms randomized phase II trial
[30] enrolling 104 patients. Bevacizumab (5 mg/kg or 10 mg/kg)
combined to 5-FU/LV obtained better response rate (40 and
24%), median time to progression (9.2 and 7.2) and median
survival (21.5 and 16.1 months) than 5-FU/LV.
These results were confirmed in 2003, when for the first
time, a phase III trial demonstrated an angiogenic agent
can improve overall survival [31]. In this trial involving 815
previously untreated patients, the addition of bevacizumab
(5 mg/ kg/ two weeks) to irinotecan/5-FU/LV increased response
rate (45% versus 25%, p=0.0029), progression-free survival
time (10.6 versus 6.2 months, p<0.00001) and overall survival time (20.3 versus 3.2 months, p=0.00003). Toxicity was
equivalent except hypertension. In 2004, bevacizumab received
approval for use in first-line treatment in combination with
5-FU based chemotherapy.
Currently, the oral angiogenesis PTK/ZK222584 which
selectively targets the VEGF-R tyrosine kinase inhibitor is
evaluated in association with 5-FU/LV plus irinotecan or oxaliplatin [32-33].

Conclusion
Irinotecan and oxaliplatin have widely expanded the options
available for the management of patients with ACC, with consequent improvements in survival. More recently, promising
results have been reported with new agents such as angiogenic
inhibitors and anti-EGF receptors which represent another step
forward. The association of targeted therapies with cytotoxic
chemotherapies exploit their complementary mechanism of
actions. The use of these new strategies such as maintenance
therapy after achieving best response must be further explored.
Ongoing and future trials will demonstrate the optimal schedules of drug administrations, and will better quantify their benefit upon standard approaches. One must also keep in mind that
these advances are an economic challenge. For example 8 weeks
of 5-FU/LV Mayo Clinic regimen cost $63 whereas for the same
duration, FOLFIRI costs $9.381 and FOLFIRI + cetuximab
$30.675 [34]. Cost-effectiveness analyses are wanted to evaluate
the real financial implications of these drugs.
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Abstract
Acute pancreatitis is an autodigestive disease, of which
protease inhibition has been the focus of experimental and
clinical research. Different from Europe and the United
States, protease inhibitors are often applied in the treatment
of acute pancreatitis in Japan. However, in clinical settings,
the effect of protease inhibitors on acute pancreatitis is
still controversial. Continuous Regional Arterial Infusion
(CRAI) of protease inhibitors and antibiotics therapy were
developed in Japan and it has been demonstrated that CRAI
therapy has beneficial effects on severe acute necrotizing
pancreatitis. In the Japanese clinical guidelines for the treatment of acute pancreatitis, published in 2003, CRAI therapy
is still classified as a special therapy. However, a Randomized Controlled Trial for CRAI therapy has started and
CRAI therapy is expected to become a new standard therapy
for severe acute pancreatitis. CRAI therapy is aimed at
preventing the progression of pancreatic inflammation and
pancreatic infection. CRAI therapy can decrease the mortality rate and the frequency of pancreatic infection in severe
acute pancreatitis, but it should be started as soon as possible after the onset of acute pancreatitis.
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Introduction
Acute pancreatitis is an autodigestive disease and protease
inhibitors have been expected to be a key factor in the therapeutic approach to its treatment. However, in clinical settings,
the effect of protease inhibitors in the treatment of acute pancreatitis is still controversial and a new regimen of anti protease
therapy is required to establish the role of protease inhibitors in
treating acute pancreatitis.
In 2003, evidence based clinical guidelines for treating acute
pancreatitis were published in Japan [1], assessing all proposed
therapies and examination techniques for acute pancreatitis,
which were then categorized and their efficacies re-evaluated.
In these guidelines, fluid resuscitation, intensive care and surgical therapy for pancreatic infection are recommended as the
basic therapies for acute pancreatitis. Additionally, Continuous
Regional Arterial Infusion (CRAI) of protease inhibitor and
antibiotics were proposed as special therapy for severe acute
pancreatitis. CRAI of protease inhibitor and antibiotics, which
markedly increases the tissue concentration of administered
drugs in acute pancreatitis, was pioneered in Japan and has been
demonstrated to reduce the mortality rate and the frequency of
infected pancreatic necrosis.
In this review, this new strategy for acute pancreatitis
– CRAI of protease inhibitor and antibiotics therapy – is summarized and discussed.

Protease inhibitors
Protease inhibitors were developed to inhibit pancreatic
proteases, such as trypsin, which have an important role in
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Figure 1. Angiographic appearance of acute pancreatitis.
A) normal pancreas; B) acute necrotizing pancreatitis. Diffuse
narrowing of the splenic and common hepatic arteries and
impaired visualization of the ramifications are shown in acute
necrotizing pancreatitis. (9-year-old boy at 56 hours after the
onset)

Figure 2. Contrast enhanced CT finding in a patient with acute
necrotizing pancreatitis (68-year-old male). A) before CRAI
therapy (at 65 hours after onset); B) after CRAI therapy (at 2
weeks after onset). The inflammation of the pancreatic head
(arrow) improved after CRAI therapy

A
B
A
B

pancreatic inflammation. Aprotinin, which was often used in
1960’s-1970’s for the treatment of acute pancreatitis, has not
shown any beneficial effects on acute pancreatitis in its Randomized Controlled Trials (RCTs) [2-4]. Gabexate mesilate
was developed in Japan and some RCTs of gabexate mesilate
have been performed [5-7]. However, most of them failed to
demonstrate any significant beneficial effects on acute pancreatitis. Especially, in a German RCT of gabexate mesilate [5],
more than 200 patients were included and more than 4 g/day of
gabexate mesilate was administered for the treatment of acute
pancreatitis. However, the RCT did not show any significant
beneficial effects on mortality or morbidity of complications in
acute pancreatitis. As a result of these RCTs, the European and
American guidelines for the treatment of acute pancreatitis do
not admit any beneficial effects of protease inhibitors [8-9].
In 2000 Chen et al. reported that the continuous intravenous administration of gabexate mesilate (2400 mg/day for
7 days) significantly decreased the morbidity of complications
and mortality rate in severe acute pancreatitis [10]. The metaanalysis [11-13], which does not contain the RCT reported by
Chen et al., did not show any clinical beneficial effects of gabexate mesilate on mild and moderate acute pancreatitis. Although
the analysis also did not show the beneficial effects of gabexate
mesilate on the mortality rate and the frequency of surgical

intervention in severe acute pancreatitis, they showed that
gabexate mesilate (900-2 400 mg/day for 4-12 days) decreased
the morbidity of complications in severe acute pancreatitis.
In consideration of these results, the effect of protease
inhibitors can not be neglected completely, but in Europe and
United States, their effects on acute pancreatitis are not
accepted. In Japan, there has been no RCT of protease inhibitors which has evaluated the mortality rate for acute pancreatitis
and there is no positive evidence for the treatment of acute
pancreatitis with protease inhibitors. However, based on the
report of Chen et al. and the results of the meta-analysis, the
intravenous administration of gabexate mesilate (2 400 mg/day)
is recommended in Japan. Additionally, the double-blind
controlled studies have shown that nafamostat mesilate and
urinastatin have nearly the same effect as gabexate mesilate on
acute pancreatitis [14-16] and, therefore, nafamostat mesilate
and urinastatin are also often used in the treatment of acute
pancreatitis in Japan.
As stated above, the clinical effects of protease inhibitors
for the treatment of acute pancreatitis are still controversial.
In Japan, although the effect of protease inhibitors on acute
pancreatitis is recognized, the route, period of treatment and
the infusion dose of protease inhibitors are still under investigation.
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Figure 3. Infectious complications and mortality in patients with acute necrotizing pancreatitis. A) frequency of intra-abdominal infection; B) frequency of infected pancreatic necrosis; C) mortality rate. All patients received the protease inhibitor, nafamostat mesilate, and
antibiotics. Group I (n=16) received both medications intravenously. Group II (n=22) received nafamostat, via Continuous Regional
Arterial Infusion (CRAI), and antibiotics intravenously. Group III (n=15) received both medications via CRAI. (From Reference 24, with
permission)
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CRAI of protease inhibitors and antibiotics
It is characteristic that the half-life of the protease inhibitors
clinically used is very short because they are promptly broken
down by elastase in the blood and metabolized in the liver [17].
Moreover, ischemia and disturbance of the pancreatic microcirculation occur in severe acute pancreatitis and the concentration of protease inhibitor in the pancreas is considered to be
decreased [18]. Therefore, CRAI was developed as a new drug
delivery system to the pancreas which infuses drugs directly to
the pancreatic artery. Kakugawa and Yamauchi et al. [19] investigated the concentration of nafamostat mesilate in the pancreas
according to the route of infusion and they reported that the
concentration of nafamostat mesilate in the pancreas infused
by CRAI was five times higher than that infused intravenously
in dog acute pancreatitis. Mikami et al. [20] reported that the
concentration of nafamostat mesilate in the pancreas infused by
CRAI was ten times higher than that infused intravenously in rat
severe acute pancreatitis. In both reports, CRAI of nafamostat
mesilate significantly improved the severity of acute pancreatitis
compared with the intravenous infusion of nafamostat mesilate.
As mentioned above, although more than 4 g/day of gabexate
mesilate was infused for the treatment of acute pancreatitis in
the German RCT [5], there were no significant differences in
the mortality rate and morbidity of complications. This result
might imply that the intravenous administration of 4 g/day
gabexate mesilate did not increase the concentration of the drug
in the pancreas and the amount of the drug was not enough to
prevent the spread of inflammation.
Regarding antibiotics, a RCT performed in Italy showed
that imipenem significantly prevented pancreatic infection in
acute pancreatitis [21]. Büchler et al. [22] investigated the concentration of imipenem in pancreatic operations involving acute
necrotizing pancreatitis and reported that the concentration of
imipenem in the pancreas was very high. However, the specimen
they investigated was not the pancreatic necrotic tissue itself,
but the edematous tissue around the pancreatic necrotic tis-
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Group III

0
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Group III

sue. Therefore, although they showed that the concentration
of imipenem in the pancreas is very high, the concentration of
imipenem in the pancreatic necrotic tissue is unclear. In consideration of the complicated pathology of acute necrotizing pancreatitis, CRAI aiming to obtain a high pancreatic concentration
of drugs is considered to be an ideal drug delivery system and
limiting the extent of pancreatic inflammation and pancreatic
infection is expected.

Methodology of CRAI of protease inhibitor
and antibiotics
After the admission of a patient with acute pancreatitis,
contrast enhanced CT examination and fluid resuscitation are
performed as soon as possible. Then, according to the findings
of the contrast enhanced CT, clinical findings and laboratory
data, the severity of the acute pancreatitis is diagnosed. Patients
for whom CRAI therapy is indicated then undergo angiography
examination. The femoral artery is punctured by the Seldinger
method and a 4Fr or 5Fr catheter is inserted from the femoral
artery and angiography of the celiac artery (CEA) and the
supramesenteric artery (SMA) is performed. It is important that
the artery flowing to the region of inflammation is selected for
the route of administration in CRAI therapy. For example, if
the main region of inflammation is in the pancreatic head, the
tip of the catheter is located in the common hepatic artery or
gastroduodenal artery or SMA. If inflammation is located in the
pancreatic body-tail, the tip of the catheter is manipulated into
the splenic artery, or sometimes the dorsal pancreatic artery. If
inflammation extends throughout the whole pancreas, the tip of
the catheter is located in the CEA, and in some institutes a separate catheter is located in each of the splenic and gastroduodenal arteries. The catheter for the infusion of drugs is the same as
that used for angiography. The catheter is fixed to the femoral
skin with silk strings. Before returning to the intensive care unit
(ICU) or the ward, the catheter is filled with saline containing
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heparin. Nafamostat mesilate (240 mg) dissolved in 500 ml 5%
glucose solution is infused through the catheter continuously
at 20 ml/h. Imipenem (0.5 g) is dissolved in 100 ml saline and
infused intra-arterially every 12 hours. The period of CRAI
therapy is 5 days, following which only antibiotics are administrated for 7 days to prevent pancreatic infection.

The efficacy of CRAI therapy
Imaizumi et al. [23] investigated the efficacy of CRAI
therapy for severe acute pancreatitis in 51 patients admitted to
ICU. They reported that CRAI therapy significantly decreased
the rate of surgery and that the survival rate of the patients with
CRAI therapy was significantly higher than that of the patients
without CRAI therapy.
One aim of CRAI therapy is to prevent the progression of
inflammation from pancreatic ischemia to pancreatic necrosis
and to prevent early pancreatic infection. Therefore, the indication for CRAI therapy is a patient with severe acute pancreatitis
whose pancreas is not enhanced homogenously by contrast
enhanced CT on admission. In acute necrotizing pancreatitis,
the necrotic, hemorrhagic, ischemic and edematous regions
coexist in the early phase of the disease and the necrotic and
ischemic regions appear to be heterogeneous low density areas
in contrast enhanced CT but not all of these heterogeneous low
density areas are actually necrotic. Generally, in acute necrotizing pancreatitis, the necrotic regions are clearly distinguished
from the non-necrotic regions in contrast enhanced CT during
the first one/two weeks after the onset of pancreatitis and there
is no clear demarcation between these two regions within 4-5
days after the onset of pancreatitis [18]. Therefore, the window
for the start of CRAI therapy is during this 4-5 days after onset.
Takeda et al. [24] reported that the mortality rates of
patients with acute necrotizing pancreatitis who were started on
CRAI therapy within 48 hours, during 48-72 hours and after 72
hours after onset were 3.2%, 9.1% and 26.3%, respectively. The
mortality rate of patients on CRAI therapy within 48 hours after
onset was significantly lower than that after 72 hours after onset.
Similarly, the cooperative survey of CRAI therapy in Japan has
shown that the mortality rate of patients who beginning CRAI
within 48 hours and after 48 hours after onset was 11.9% and
23.6%, respectively, and there was a significant difference
between them [25]. In our department, CRAI therapy was performed only for the patients with acute necrotizing pancreatitis
within seven days after onset, and we have recognized that it
is important to begin CRAI therapy as soon as possible after
onset.
The characteristic effect of CRAI therapy on acute pancreatitis is improvement in abdominal pain. Takeda et al. reported
that abdominal pain was improved in all patients on whom
abdominal pain could be evaluated during CRAI therapy [26].
Similarly, the cooperative survey of CRAI therapy in Japan
has reported that abdominal pain disappeared in 76% of the
patients at 48 hours after initiation of CRAI therapy and the
pain had disappeared in 87% of patients at 72 hours after initiation of the therapy [25]. This may be an effect of the protease
inhibitor, which inhibits the inflammatory process in the pan-

creatic parenchyma caused by activation of pancreatic enzymes.
In Japan, both protease inhibitor and antibiotics are infused
during CRAI therapy. Takeda et al. compared retrospectively
the effect of CRAI therapy among (1) patients with both
intravenous infusion of protease inhibitor and antibiotics,
(2) patients with intra-arterial infusion of protease inhibitor
and intravenous infusion of antibiotics and (3) patients with
intra-arterial infusion of both protease inhibitor and antibiotics. They reported that the mortality rate of patients with both
intra-arterial infusions was significantly lower than that of the
patients with both intravenous infusions. They also reported
that there was no significant difference between patients with
intra-arterial infusion of protease inhibitor and intravenous
infusion of antibiotics and patients with both intra-arterial
infusions in the mortality rate, but the frequency of the infected
pancreatic necrosis in patients with both intra-arterial infusions
was significantly lower than for patients with intra-arterial infusion of protease inhibitor and intravenous infusion of antibiotics
[26]. Therefore, CRAI of both protease inhibitor and antibiotics
is effective both for the improvement of mortality rate and the
prevention of infected pancreatic necrosis and especially, CRAI
of protease inhibitor may have an effect on the prevention of
infected pancreatic necrosis.
Recently, Hirota et al. [27] reported enteric necrosis
combined with severe acute pancreatitis due to non-occlusive
mesenteric ischemia and they proposed a modified CRAI therapy via infusion through the SMA in addition to the pancreatic
artery to prevent enteric necrosis. The indication of this therapy
is patients with vascular spasm of the SMA. Takagi and Isaji et al.
reported that the intra-arterial infusion of protease inhibitors to
the SMA has an effect on the prevention of pancreatic infection
in dog acute necrotizing pancreatitis [28]. They also reported
that the infusion of antibiotics through the SMA is effective for
the prevention of gut bacterial translocation. However, there is
still little clinical evidence for the effectiveness of their method
and further clinical study is required. The protease inhibitors
used in CRAI therapy are also applied in the treatment of
disseminated intravascular coagulation. In acute necrotizing
pancreatitis, patients with vascular spasm are often observed in
the early phase of the disease and the blood circulation is likely
to be disturbed. Although there is still no method to dramatically improve vascular spasm in acute pancreatitis, the effect
of protease inhibitor, which also has an anticoagulant effect, is
being re-evaluated with a view to the prevention of embolization
when the blood circulation is disturbed [18].

Conclucions
This review discussed the role, method and the results of
new therapy for acute necrotic pancreatitis – CRAI of protease
inhibitor and antibiotics therapy. Although CRAI therapy is
still one of the special therapies for acute pancreatitis in Japan,
the efficacy of this therapy on the early phase of acute severe
pancreatitis is widely recognized. Currently, RCTs of CRAI
therapy for acute pancreatitis are in progress and it is expected
that the efficacy of this therapy will eventually be recognized
internationally.
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Anti-cytokine strategies in acute pancreatitis:
pathophysiological insights and clinical implications
Rau BM*, Krüger CM, Schilling MK
Department of General, Visceral and Vascular Surgery, University of the Saarland, Homburg/Saar, Germany

Abstract

Key words:

The clinical presentation of acute pancreatitis varies
significantly from mild self-limiting discomfort to a severe
life-threatening condition. Once the disease process is initiated, the severity of the disease is largely determined by a
complex network of activated inflammatory mediators such
as cytokines, proteolytic enzymes, reactive oxygen species,
and many more which render the local injury to a systemic
disease with multiple organ dysfunction, sepsis, and considerable mortality. Remarkable progress in diagnostic modalities, intensive care technologies, and organ preserving
surgical techniques have decreased mortality of severe acute
pancreatitis during the past decades. However, the treatment of acute pancreatitis still remains largely supportive
and no specific approach exists to prevent evolving complications. A large body of clinical and experimental evidence
suggests that cytokines are key factors in the pathomechanism of local and systemic complications of acute pancreatitis. Targeting cytokine activity as therapeutic approach to
acute pancreatitis is a challenging concept and the results
of modulating activation of TNF- , IL-1 , IL-2, IL-10, PAF
and various chemokines has indeed been promising in the
experimental setting even if tested under therapeutic conditions. However, experience from a limited number of clinical
trials on anti cytokine strategies in acute pancreatitis has
remarkably emphasized that translating successful experimental observations into reproducible clinical associations
seems to be difficult.
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Introduction
Acute pancreatitis usually takes an uneventful course with
complete restitutio ad intergrum and mortality rates of less
than 1%. In contrast, in about 25% of all patients the disease
takes a severe course evolving to a potentially life-threatening
condition with considerable morbidity and mortality [1]. It has
been largely shown that the hallmark of severe acute pancreatitis is the development of pancreatic necrosis which is still the
essential determinant of further complications [2,3]. Depending
on the extent of intra- and extrapancreatic necrosis pancreatic
infections and remote organ failure frequently arise as major
complications in the subsequent course of the disease and considerably add to mortality [2-6]. Nowadays, a multidisciplinary
approach of prolonged intensive care management and delayed
organ sparing surgical protocols has decreased the mortality of
severe acute pancreatitis to about 20% to 30% in the past 20
years [7,8]. Despite the introduction of novel therapeutic concepts such as early ERCP in biliary acute pancreatitis, prophylactic antibiotics, and enteral nutrition since the early 90ies [7]
the management of acute pancreatitis still remains largely supportive and despite all efforts, a break-trough in lowering mortality in patients with severe attacks has not been achieved [3-6].
Currently, no disease-specific medical treatment has ever been
proven to overcome relevant complications such as pancreatic
necrosis, infection of necrosis or organ failure effectively.
Dissatisfaction with persistently high mortality rates along
with an improved understanding of the underlying pathomechanism of acute pancreatitis have made pancreatologists
to pursue the search for alternative therapeutic approaches.
More than 100 years ago Chiari proposed the first pathophysiological concept of acute pancreatitis by “autodigestion” of
the gland via its own enzymes [9]. Since the mid 80ies, the
pancreatic proteinase-antiproteinase imbalance was thought
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Figure 1. Schematic overview of the inflammatory cascade in acute pancreatitis. Activation of various leukocyte subsets and endothelium
at the site of injury release various pro- and antiinflammatory cytokines, chemokines, and other mediators. An overt and sustained activation of proinflammatory mediators leads to systemic inflammatory response syndrome (SIRS) which may further proceed to multi organ
dysfunction syndrome (MODS), infection of necrosis and sepsis
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to play a key role in the pathogenesis of acute pancreatitis.
Hence, trypsinogen activation is believed to be one of the earliest pathophysiological events which triggers a cascade of other
pancreatic proenzymes such as chymotrypsinogen, type I prophospholipase A2, procarboxypeptidase B, or proelastase [10].
According to the “autodigestion” theory by Chiari, premature
trypsinogen activation within the acinar cells has been found
in various experimental models of acute pancreatitis [10,11].
Subsequently, significant amounts of trypsinogen and other proteases have been measured in the interstitial space as well as in
the systemic circulation with a positive correlation to the extent
of pancreatic tissue destruction and overall disease severity [11].
However, trypsinogen activation is only a temporary event in
acute pancreatitis and most recent experimental studies have
questioned the prevailing opinion of its dominating pathophysiological role [12]. These recent findings would at least in part
explain the failure of antiproteinase therapy [13] or inhibiting
pancreatic enzyme secretion [14] in decreasing complications
and associated mortality in human acute pancreatitis.
An alternative pathophysiological concept was proposed
by Rinderknecht in 1988. According to his theory, a complex
network of inflammatory mediators released by activated
leukocytes was suggested as key factor for rendering the local

Pulmonary / Renal failure, Shock

Sepsis

pancreatic insult into a systemic disease with distant organ failure [15]. In the subsequent years a growing number of clinical
studies convincingly showed that acute pancreatitis is reflected
by a large array of circulating inflammatory variables such as
cytokines, chemokines, reactive oxygen species, adhesion molecules, acute phase proteins, and others [16,17]. In patients with
an overt systemic inflammatory response and subsequent organ
failure the quantitative release of nearly all mediators measured
was significantly higher than that observed in patients with mild
disease [18,19]. As a clinical consequence, measurement of
specific inflammatory mediators offered a new interesting alternative to an easier severity stratification of acute pancreatitis
compared with expensive imaging procedures or clinical staging
scores [20]. Beyond the diagnostic and prognostic implications the “mediator hypothesis” was further substantiated by
a growing number of experimental studies which ultimately
lead to the establishment of the so-called “three” hit theory
(Fig. 1). Herein, various pro- and antiinflammatory mediators
are considered as important link between the initial local insult
(first hit), the systemic host response and organ failure (second
hit), and subsequent septic complications (third hit) in acute
pancreatitis. By either inhibiting leukocyte activation or directly
targeting leukocyte derived inflammatory mediators cytokines
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Table 1. Therapeutic effects of cytokine modulating approaches in experimental acute pancreatitis
Author

Target

Model

Norman et al. [35]

TNF-

CDE, mouse

Norman et al. [43]

IL-1

Cerulein, mouse

Norman et al. [45]

IL-1

Paszkowski et al. [48]
Kusske et al. [75]

Delay of drug
Intrapancreatic damage
administration
1.5 days

Distat organ damage

Mortality
decrease

edema

no effect

1 hour

necrosis, edema

ND

ND

CDE, mouse

1.5 days

necrosis, edema

lung

decrease

IL-1 /ICE

TC, rat

12 hours

necrosis

lung

decrease

IL-10

CDE, mouse

33 hours

histologic score

ND

decrease

Rongione et al. [76]

IL-10

Cerulein, rat

2 hours

histologic score

ND

Zou et al. [80]

IL-10

TC, rat

necrosis

lung , liver

Mayer et al. [89]

IL-2

Cerulein, mouse

6 hours

histologic score

lung

ND

Formela et al. [99]

PAF

Ischemia, rat

30 minutes

histologic score

ND

ND

Hofbauer et al. [101]

PAF

Duct ligation, opossum

2 days

necrosis

lung

Foitzik et al. [102]

PAF

GDOC, rat

6 hours

microcirculation

lung, kidney function

Bhatia et al. [117]

CINC

Cerulein, rat

1 hour

no effect

lung

ND

Bhatia et al. [118]

RANTES

Cerulein, mouse

1 hour

no effect

lung

ND

Bhatia et al. [120]

MCP-1

Cerulein, mouse

1 hour

necrosis

ND

ND

30 minutes

ND
decrease

ND
decrease

CDE – choline deficient ethionine supplemented; TC – Taurocholate; GDOC – Glycodeoxycholic acid; ND – not determined

have been recognized as central determinants of severity
in acute pancreatitis and emerged as interesting targets for
a potential therapeutic approach (Tab. 1).

The Role of Cytokines
Cytokines are a family of low molecular weight proteins
(16-28 kDa), which have been extensively investigated in
inflammatory conditions including acute pancreatitis. More
than 30 different cytokines have been identified so far. With few
exceptions, cytokines are not constitutively expressed in normal
tissues and upregulation is usually initiated following external
stimuli such as injury or stress in various cell types [16,17].
All cytokines cause their effects via highly specific membrane
bound cell-surface receptors and have pleiotropic activities on
a variety of target cells. On a functional basis cytokines can be
divided into two groups: the pro- and the anti-inflammatory
cytokines. There is immense redundancy within the system in
such that many cytokines share similar biological effects and in
the absence of another, they can fill the gap. Currently, there is
no more doubt about the detrimental role of many cytokines in
promoting local tissue destruction and mediating distant organ
complications in acute pancreatitis and inflammatory disorders
in general.

Tumor necrosis factor- (TNF- )
and Interleukin-1
Tumor necrosis factor- (TNF- ) and interleukin-1 (IL-1 )
belong to the so-called “first order” proinflammatory cytokines.
Activated macrophages and polymorphonuclear leukocytes
have been thought to be the primary site and major source of
TNF- and IL-1 synthesis for years [18,21]. However, more
recent studies have emphasized the impact of acinar cells in
contributing to the synthesis and release of TNF- and other

cytokines [22-25]. A primary involvement of TNF- in acute
pancreatitis was shown in both clinical [26] and experimental
studies [27-30] already since the early 90ies. Besides an early
rise of systemic TNF- concentrations [27-29] organ-specific
and time dependent upregulation of TNF- mRNA and protein
levels in the pancreas but also in distant organs such as lung and
liver provided the first evidence that cytokines are important
mediators of systemic complications and survival [29-31]. In the
experimental setting TNF- antagonism by either anti TNFantibodies or TNF- receptor blockade almost uniformly
revealed protective effects on local intrapancreatic damage,
systemic severity, and mortality [32-36]. An effective amelioration of pancreatitis associated pulmonary damage could be
shown by alternative anti TNF strategies using inhibitors of p38
mitogen-activated protein (MAP) kinases of nuclear factor B
(NF B) [23,37,38]. Interestingly, the protective effect of TNFantagonism on disease severity and mortality was still observed
in a therapeutic study design after the systemic effects already
had fully developed [35].
Similar observations have been made for IL-1 , the second
of the “first order” cytokines. As observed for TNF- , organspecific expression of IL-1 is an early feature in experimental
acute pancreatitis and is found in both the pancreas and distant
organs [21,31] and correlates with the severity of the model
studied. However, in contrast to an overt local overexpression,
systemic IL-1 concentrations remain relatively low [19,39].
Unlike TNF- , IL-1 synthesis and release has been mainly
demonstrated by activated leukocyte populations [21,18]
and no direct effect of this cytokine on acinar cell viability or
function has ever been demonstrated [40,41]. Blockade of the
IL-1 receptor by pharmacological agents or targeted genetic
disruption revealed a significant reduction of intrapancreatic
damage, systemic severity, and mortality in every established
pancreatitis model similar to that observed by blocking TNF[36,42-45]. A recent interesting alternative approach to inhibit
IL-1 activation in acute pancreatitis included the inhibition of
caspase-1, formerly termed interleukin 1 -converting enzyme
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(ICE). Targeting ICE activity by a specific synthetic inhibitor led
to a dramatic amelioration of severity and mortality irrespective
of the model used [46-48]. Of specific interest is the fact that
the protective effects on overall severity and mortality were still
present after a therapeutic window of 12 hours following induction of severe acute pancreatitis [48]. By comparing anti TNFand anti IL-1 strategies, it becomes clearly evident that both
cytokines share striking similarities in their pathophysiological
functions and closely control the regulation of their own and
each other [44,49]. This was convincingly shown by Denham
et al. [36] who could not demonstrate any additive protective
effects by combined genetic disruption of TNF- and the IL-1
receptor in two models of murine acute pancreatitis.
Surprisingly, in contrast to their outstanding pathophysiological importance both cytokines play no role as biochemical
markers for a reliable severity assessment of acute pancreatitis
in the clinical setting. Is has been largely shown that TNFmeasurements are difficult, because they are substantially
hampered by intermittent TNF- release and a short plasma
half-life of less than 20 minutes. Similar observations have been
made for IL-1 , which shows an early and transicient increase
in most severe cases only [19,50-52]. The soluble TNF receptor
complex as well as the IL-1 receptor antagonist (IL-1RA) are
more stable than the cytokines itself and thus easier to measure.
Although TNF receptors [50,53] and IL-1ra [19,50,51,54] were
found to correlate with severe acute pancreatitis and associated
organ failure they are no candidate parameters for a meaningful
clinical application.
In contrast to the extensive investigations of both cytokines
in experimental respect no study has ever been conducted investigating TNF- or IL-1 antagonism in clinical acute pancreatitis.
However, interesting insights can be drawn from a number of
sepsis trials. Acute pancreatitis, especially in its severe form,
shares striking similarities with sepsis and septic shock. The
clinical feature of multi system organ failure and the inflammatory mediator profile are indistinguishable in each of these
conditions and suggest a common pathogenic mechanism, albeit
as a result of different inflammatory stimuli. Some large randomized multicenter trials on anti TNF- and IL-1 antagonism
in patients with sepsis have demonstrated overall disappointing
results. The use of an anti TNF- antibody in patients with sepsis failed to reduce 28 day mortality in two phase III trials, the
North American Sepsis Trial (NORASEPT) and the International Sepsis Trial. Likewise, fusion proteins for p75 TNF-R and
p55 TNF-R were ineffective as well [55,56]. A post hoc analysis
of a controlled trial of human recombinant IL-1 RA in patients
with sepsis syndrome revealed an increase in survival time in
a subgroup of patients with multi organ failure [57]. However,
this observation again could not be confirmed by a subsequent
trial [58].

Interleukin-18
Interleukin-18 (IL-18), formerly called interferon- -inducing factor, is a novel proinflammatory cytokine playing an
important role in the Th-1 response, primarily due to its ability
to induce IFN- production in T-cells and natural killer cells [59].

IL-18 shares striking similarities with IL-1 concerning structure and function. Both are synthesized as biologically inactive
precursors requiring proteolytic cleavage into their mature form
by caspases-1/ICE. Moreover, the biological activity of IL-18 is
closely related to that of IL-1 : IL-18 induces the gene expression and synthesis of TNF, IL-1, and several chemokines by
means of a putative IL-18 receptor complex which is a member
of the IL-1R family as well [59]. IL-18 has gained considerable
attention since the striking protective effects of caspase-1 inhibition have been reported by a large number of experimental
studies in various inflammatory conditions [60] including acute
pancreatitis [46-48]. Under therapeutic conditions, caspase-1
antagonism has been more effective in reducing pancreatitis
related severity and mortality [48] than has IL-1 antagonism
[43,45] in severe experimental models. Therefore, caspase-1
mediated activation of IL-18 may well explain the better results
of blocking caspases-1 activity [61]. In fact, by comparing the
dynamics of systemic IL-1 and IL-18 concentrations an interesting observation became evident supporting this theory: IL-1
revealed a temporary and moderate increase during the very
first days after onset of symptoms in severe disease only [19]. In
contrast, IL-18 was released in much higher concentrations with
maximum levels during the second week after disease onset in
patients with persisting multiorgan system failure [62,63]. The
effectiveness of delayed ICE treatment could therefore be a result of inhibited generation of mature IL-18 rather than IL-1 .
Interestingly, neutralizing IL-18 activity by monoclonal antibodies has indeed proven to decrease intrapancreatic damage more
effectively than neutralizing IL-1 activity in cerulein-induced
pancreatitis in mice [64]. Since a therapeutic inhibition of IL-18
has not been investigated in any model of acute pancreatitis so
far this interesting cytokine will need further investigation.

Interleukin-6
Interleukin-6 (IL-6) is produced by a wide range of cells
including monocytes/macrophages, endothelial cells, and
fibroblasts in response to potent proinflammatory stimuli such
as endotoxin, IL-1 or TNF- . IL-6 is the primary inducer of
the acute-phase response in various inflammatory conditions
[65]. The clinical value of IL-6 for an early and accurate severity
stratification of acute pancreatitis has been recognized since the
very first reports on cytokine measurements in human acute
pancreatitis appeared in the literature [66,67]. Hence, a large
number studies have addressed this issue which uniformly
confirmed that IL-6 is an earlier marker of severity than the currently established “gold standard” C-reactive protein [19,67]. In
terms of predicting pancreatitis associated complications, IL-6
was found to be an excellent predictor of remote organ failure
[18,19,53]. In contrast to the exhaustive clinical investigation
of IL-6, only few studies have ever addressed the role of this
cytokine as potential target for modulating disease severity.
From the limited number of experimental studies prophylactic
inhibition or genetic deletion of IL- 6 had a deleterious [68,69]
rather than a protective effect [70] on disease severity and
mortality [68-70]. Therefore, the presence of a physiologic IL-6
mediated inflammatory response seems to be necessary for local
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and systemic damage control in acute pancreatitis. However, in
an overall sense, these observations preclude IL-6 as driving
force for the initiation or propagation of organ-specific complications of acute pancreatitis.

Interleukin-10
Interleukin-10 (IL-10) is a potent anti-inflammatory
cytokine expressed by almost all cells but primarily released
by activated monocytes/macrophages and Th-2 lymphocytes.
This cytokine exerts its antiinflammatory properties through
inhibition of various proinflammatory cytokines and adhesion
molecules on the transcriptional and post-transcriptional level.
In addition, IL-10 induces the synthesis of natural cytokine
antagonists such as IL-1RA and TNF- receptors [71]. In
human acute pancreatitis, circulating levels of IL-10 were
found to correlate with the severity of the disease [19,51] and
with organ failure or death in some, but not all of the studies
[72,73]. Interesting pathophysiological aspects of this cytokine
arose from a number of experimental studies which uniformly
demonstrated a protective effect of IL-10 in several models of
acute pancreatitis [74-80]. Irrespective whether IL-10 activity
was blocked [79], the IL-10 gene was genetically disrupted
[78] or the cytokine activity was augmented [74-77,80] organ
specific damage in the pancreas, the lung and the liver as well as
mortality were significantly reduced. Of specific interest was the
observation that the protective effects were still observed when
active IL-10 or genetic transfection was started in a therapeutic
fashion after acute pancreatitis had been induced [75,76,80].
Convincing experimental evidence of IL-10 modulating
approaches has driven the design of clinical trials with the aim
to reduce the occurrence of post-ERCP pancreatitis by prophylactic recombinant IL-10 administration. In 2001 Deviere et al.
[81] published a single center, double blind controlled study in
patients undergoing ERCP, which showed that IL-10 was able
to decrease the incidence of post-ERCP pancreatitis independently from other risk factors as well as the length of hospital
stay. Inconclusive results came from an US-american trial in
which only a trend toward a reduced incidence of post-ERCP
pancreatitis and hospital stay was found [82]. A recent metaanalysis including four randomized clinical trials in 294 patients
receiving recombinant IL-10 and 259 patients receiving placebo
before ERCP could show that IL-10 significantly reduces the
risk of post-ERCP pancreatitis [83]. However, the ultimate benefit of IL-10 treatment in preventing post-ERCP pancreatitis is
not definitely proven and still needs further evaluation.

Interleukin-2
Increasing clinical evidence suggests that an impaired
immune function contributes to the progression of acute
pancreatitis. However, cellular immune functions constitute
a complex network and seem to have distinct roles in the early
toxic and the late septic stages of acute pancreatitis [19,84-86].
Interleukin-2 (IL-2) is a product of activated Th-1 lymphocytes
and plays a central role in normal immune function. Clinical and

experimental observations have pointed out that the activation
of the T-cell system within the inflammatory cascade of acute
pancreatitis enhances pancreatic tissue injury [87], the inflammatory response [88-90], and mortality [88]. The release of the
soluble IL-2 receptor shows a close correlation with persisting
organ complications during the later stages of the disease [19,86]
with peak levels predicting a lethal outcome [19]. In diet induced
acute pancreatitis in mice a significant reduction of IL-2 production with a consecutively enhanced susceptibility to endotoxininduced mortality was found during the later stages of the disease
which could be reversed by in vivo therapy with recombinant IL-2
[90]. These experimental data are well in line with clinical observations and strongly suggest that an impaired immune function
increases the risk of subsequent septic complications. Interestingly, the administration on the immunostimulant Levamisole,
which is known to potentiate IL-2 production, effectively
decreased the incidence of pancreatic infections in a cat model
of severe acute pancreatitis [91]. In contrast to the late effects of
IL-2 deficiency and immunoparalysis the deleterious consequences of an overt IL-2 mediated T-cell response during the
early course of the disease could be emphasized in moderate to
severe models of murine acute pancreatitis [87-89]. T and B-cell
deficient mice with acute pancreatitis exhibit significantly lower
pulmonary damage [88]. The immunosuppressant FK506 which
inhibits IL-2 production on the transcriptional level effectively
decreased early local and systemic disease severity [89,92],
even if given therapeutically after induction of pancreatitis [89].
However, opposite results were shown by another study in which
FK506 significantly worsened survival in diet-induced murine
pancreatitis [93]. As a result of the obvious controversies even in
the experimental setting and the diverse effects of IL-2 during different stages of acute pancreatitis the general concept of immunomodulation as a potential therapeutic target is yet attractive
but remains inconclusive and is not ready to be transferred to
clinical application.

Platelet-Activating Factor
Platelet-activating factor (PAF) is a lipid that functions as
a proinflammatory cytokine since it induces platelet activation and aggregation, neutrophil and monocyte activation,
chemotaxis, and vascular effects in terms of vasodilatation and
increased vascular permeability [94]. Upon activation leukocytes, platelets, and endothelial cells are major sources of PAF
release. PAF synthesis and secretion is closely related to TNFand IL-1 in a synergistic manner [94].
A pathophysiological implication of PAF in acute pancreatitis could be first demonstrated by an Italian group in 1989.
Administration of PAF into the superior pancreaticoduodenal
artery of rabbits induced classical morphologic and biochemical changes of acute pancreatitis in a dose dependent manner
within 24-72 hours of injection [95]. These exciting observations
have made a number of groups to pursue the role of this novel
cytokine in acute pancreatitis [96-103]. Surprisingly, the course
of PAF levels has never been investigated in human acute
pancreatitis, however, an increase of PAF concentrations in
pancreas, lung, ascites, and plasma was found in experimen-
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tal models [97,98]. Except one study [103] PAF antagonism
has been shown to reduce nearly all pathophysiological changes
of acute pancreatitis in established experimental models
[99-102]. Besides a significant amelioration of local intrapancreatic damage and microcirculatory derangements a considerable decrease of distant organ involvement and mortality was
observed, if PAF antagonists were applied in a therapeutic
fashion [99,101,102].
On the basis of the almost uniformly positive experimental results PAF antagonism is one of the few pharmaceutical
approaches to acute pancreatitis which have passed the threshold
from the experimental setting to clinical application. Lexipafant,
one of the most powerful PAF antagonists has been tested in two
phase II trials encountering 133 patients with acute pancreatitis
[104] or predicted severe acute pancreatitis [105]. In both studies a significant improvement of organ failure or organ failure
scores was observed and justified the subsequent initiation of
a randomized, double-blind, placebo controlled multicenter trial
in 290 patients with predicted severe acute pancreatitis [106]. As
with other previous multicenter trials assessing pharmacological
agents [13,14] lexipafant did not show any clear benefit in reducing complications, new onset organ failure, or mortality in acute
pancreatitis. However, apart from providing interesting insights
to the clinical pathophysiology of acute pancreatitis some positive
aspects of this approach need to be underscored. Systemic sepsis,
development of pseudocysts, and systemic IL-8 and E-selectin
levels were significantly lower in the treated than in the nontreated group. A post hoc logistic regression analysis showed that
initiation of lexipafant treatment within 48 hours of disease onset
was related to a lower mortality rate.

Chemokines
Chemokines are a family of small (8-10 kDa), inducible,
secreted cytokines with chemotactic and activating effects on
different leukocyte subsets thus providing a key stimulus for
directing leukocytes to the areas of injury [107]. Over 50 different chemokines and more than 20 receptors with overlapping
functions have been characterized. Chemokines can be subdivided on a structural basis into the CXC-subfamily in which the
first two of four conserved cysteine residues are separated by
another amino acid and the CC-subfamily in which the first two
cysteine residues are adjacent. The structural classification of
the chemokines also determines their biological activity: while
a subgroup of the CXC-chemokines, such as interleukin-8,
are potent neutrophil chemoattractants and activators, the
CC-chemokines comprising monocyte chemoattractant protein
(MCP)-1, -2, -3, macrophage inflammatory protein (MIP)- 1
and -1 , regulated on activation, normal T-cell expressed and
secreted (RANTES), and eotaxin predominantly affect monocytes [107,108]. Although the importance of chemokines in
inflammatory conditions has been well recognized they have
only recently become the focus of interest in acute pancreatitis.
So far, only a small number of experimental and clinical studies
have pointed out that chemokine blockade may be at least as
effective as cytokine blockade because of their more proximal
position within the inflammatory mediator cascade.

Interleukin-8
Interleukin-8 (IL-8) is the most well known and best characterized member of the chemokine family in acute pancreatitis.
IL-8 is synthesized by a large number of different cells such
as leukocyte subsets, endothelial and even pancreatic acinar
cells [18,23,24]. As a chemokine-specific feature IL-8 is able to
stimulate neutrophil chemotaxis and the release of proteolytic
enzymes as well as reactive oxygen species thereby enhancing
tissue destruction [108]. Along with IL-6, IL-8 has been payed
much attention to as early prognostic biochemical variable of
disease severity within the first days after onset of symptoms in
acute pancreatitis [18,19,109]. An even more interesting aspect
of IL-8 was described by our group [110,111]. In patients with
necrotizing pancreatitis who developed septic multi organ failure
during the later stages of the disease IL-8 has proven as an excellent marker for monitoring this life-threatening complication
[111]. Some years later the deleterious role of IL-8 in acute
pancreatitis could be nicely demonstrated in the experimental
setting [112]. However, only one study has ever investigated the
role of anti-IL-8 treatment in this context, yet with interesting
results. In a rabbit model of acute pancreatitis Osman et al. [113]
could show that prophylactic blockade of IL-8 lead to a significant
reduction of systemic severity, lung injury, and mortality, whereas
the local intrapancreatic damage remained unchanged. Although
it remains yet unproven whether the protective effects are still
observed in a therapeutic design, the study strongly supports the
role of chemokines in mediating distant organ failure.

Other chemokines
Besides IL-8 other chemokines such as monocyte chemoattractant protein-1 (MCP-1), growth-related oncogene
alpha (GRO- ), and epithelial neutrophil-activating protein
78 (ENA78) could be found in high concentrations during
the early stages of clinical acute pancreatitis. The quantitative
release of these chemokine was more related to the occurrence
of systemic than of local complications, thus suggesting a pivotal
role in the pathomechanism of distant organ failure [114,115].
In experimental acute pancreatitis chemokines were found to be
upregulated as early as 30 minutes after cerulein hyperstimulation [116] and acinar cells were shown to be a major source of
chemokine synthesis [23]. In several experimental studies pancreatitis associated pulmonary damage was effectively reduced,
if activation of the CXC chemokines CINC or RANTES via
specific antibodies or synthetic inhibitors was blocked [117,118].
Targeted disruption of the MIP-1 /RANTES receptor CCR-1
had a similar effect in the cerulein model in mice [119]. An
interesting common observation of these studies was the fact
that despite a significant reduction of overall severity and pulmonary damage no effects on local intrapancreatic damage were
observed. So far, MCP-1 seems to be only chemokine which
exerts a detrimental role on the degree of local intrapancreatic
damage [120]. Unfortunately, although the protective effects
were still observed after therapeutic inhibition in most studies
[117,118,120], the role of chemokine antagonism on mortality
has never been investigated so far.
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Anti cytokine strategies in the clinical
setting
A large body of experimental evidence suggests that
modulation of pro- or antiinflammatory cytokine activation has
favourable effects on local and systemic disease severity in acute
pancreatitis. Different approaches to inhibit cytokine activation
have been used in various experimental models, many of them
have even proven effective, if applied in a therapeutic fashion
after induction of acute pancreatitis. Despite the number of
favourable experimental studies, only few clinical trials on
anti-cytokine strategies have been performed. Hence, only
PAF antagonism and IL-10 treatment have been investigated in
acute pancreatitis by controlled studies with largely disappointing results.
Yet, cytokines are still an exciting and challenging target for
potential new approaches to the treatment of acute pancreatitis.
The failure of the few representative clinical studies on anti-cytokine strategies does not necessarily mean that this approach
is generally ineffective since we know that those cytokine identified so far most likely represent the “tip of the iceberg” only
[121]. However, before new clinical trials are started, there must
be careful consideration of why previous interventions were not
effective.
In fact, every “first order” cytokine known so far is a strong
promoter for the progression of acute pancreatitis on its own.
However, a magnitude of other potent inflammatory mediators
is known to interact and control the cytokine release and vice
versa. It therefore should be kept in mind that the concept of
blocking a single elevated cytokine may be too simple to deal
with the complex problem of acute pancreatitis. It remains
largely questionable, if there is any “ultimate” target at all, and
if so it still needs to be defined.
Secondly, as patients with acute pancreatitis move through
different phases from sterile inflammatory response to septic
organ failure, there may be intervals when it is appropriate to
inhibit multiple cytokines while at other times it may be appropriate to augment them.
A third point involves the optimum timing to start cytokine
antagonism. Norman et al. [16] has well described that the
therapeutic window in acute pancreatitis is restricted to about
48-72 hours following the onset of symptoms until complications such as necrosis or organ failure develop. This concept
is supported by at least two controlled trials using different
pharmaceutical approaches: the European PAF-antagonist
phase III trial [106] and the German Octreotide trial [122]
in which a beneficial effect was achieved when treatment was
started within 48 hours after onset of symptoms. However, clinical experience has shown that many patients with severe disease
usually present to specialized centers capable to provide this
kind of specific and expensive treatment beyond the 48 hour
time interval after onset of symptoms.
At present, a truly optimistic view on anti-cytokine strategies is not supported by any of the large representative clinical
studies. The main limitations of anti-cytokine-treatment strategies relate to the difficulties in translating successful experimental observations into reproducible clinical associations due
to the complexity and individuality of the human nature [123].

Moreover, deficiencies in study design with insufficient sample
sizes, inconsistent definitions and tools to stratify disease severity as well as non-comparable study endpoints have further
contributed to the failure of nearly all clinical studies on new
pharmacological approaches to acute pancreatitis. Despite all
limitations, treatment of acute pancreatitis by cytokine modulation still remains an attractive concept. However, further work
will be needed to overcome the fundamental conceptional problems as well as to accomplish our still incomplete understanding
of the complex pathophysiology of this challenging disease.
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Antibiotic treatment in acute pancreatitis
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Abstract
Severe acute pancreatitis is characterized by a poor
prognosis with local and systemic complications, high morbidity and mortality. From the morphological standpoint,
almost all patients suffering from severe forms of acute
pancreatitis present various degree of pancreatic necrosis.
In these patients the occurrence of infection of pancreatic
necrosis certainly represents a very important prognostic
factor as it has worldwide accepted as the leading cause
of death. In addition, the discovery of an infected necrosis
represents a crucial point in the treatment of these patients
as it is the only clear-cut shift from medical to surgical treatment in necrotizing pancreatitis. Over the last years, earlier
and more precise identification of pancreatic necrosis
together with availability of new classes of antibiotics with
documented activity against the most commonly involved
bacteria and able to reach in therapeutic concentration the
pancreatic necrosis give us the opportunity to perform some
important controlled clinical trials on antibiotic prophylaxis
in necrotizing acute pancreatitis. The great majority of these
studies showed the usefulness of a prophylactic regimen
(using antibiotics such as fluoroquinolones and carbapenems) in terms of reduction of pancreatic and extrapancreatic
infections in comparison with untreated controls. Nevertheless, some questions on this topic still present controversial
aspects such as the antibiotic of choice, the duration of
treatment, the possible opportunistic infections with fungi
and/or resistant strains. Antibiotics may prove very useful
in patients with documented infected necrosis and high
anaesthesiological risk unfit for surgical debridement and
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drainage; some initial experiences show the possibility that
antibiotic treatment may be curative without surgery in
these selected cases.
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Introduction
When we are talking about acute pancreatitis (AP) we are
facing with two complete different diseases, i.e. mild and severe
AP. Almost all patients with mild disease recovery within few
days and they do not require any specific treatment, including
antibiotics. For these patients, presenting with edematous form
of AP, we can observe a spontaneous resolution of the disease;
the main clinical problem consist of the correction of the etiological factor to avoid recurrences. On the contrary, severe AP
presents a poor prognosis with local and systemic complications,
high morbidity and mortality [1]. From the morphological standpoint, severe AP shows various degree of pancreatic necrosis in
almost all cases. In a recent survey on AP in Italy (1184 patients
prospectively enrolled in 2 years), severe forms represent the
14% only of all AP, but mortality (20%) and morbidity (47%)
are almost completely confined in this form. Data from other
series coming from Europe and USA shows a percentage of
severe forms little bit superior – 15 to 25% – with a related
mortality up to 50% [2-5]. In these patients the occurrence of
pancreatic infection, that means infection of pancreatic necrosis,
certainly represents a very important prognostic factor as it has
worldwide accepted as the leading cause of death. On this context, infection of necrosis accounts for a major cause of death in
the late phase of the disease, in general after the second week,
when most deaths are the sequel of ongoing sepsis and septic
multiple organ failure [6].
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Infection of pancreatic necrosis
in severe AP
Pancreatic infection basically occurs in patients with AP
presenting pancreatic or peripancreatic necrosis and/or fluid
collections. Pancreatic necrosis become infected in a percentage
ranging from 20 to 40% and, as a rule, a time dependent increase
of the infection rate with the duration of the disease is registered
(Fig. 1) [6,7]. Patients suffering from AP develop pancreatic
infection mainly after the second week of the disease, whereas
the most important complications within the first two weeks are
the systemic complications related to the organ(s) failure. Our
recent data based upon a prospective evaluation of 210 patients
with AP observed in four years [8] showed that infection of
necrosis developed in 18 of 75 patients (24%) with necrotizing forms. The occurrence of infection of necrosis represents
a crucial point in the treatment of these patients as it is the only
clear-cut shift from medical to surgical treatment in necrotizing
pancreatitis [7,9]. The extent of pancreatic necrosis correlates
with the incidence of its infection. As a consequence, strict
monitoring of necrotic process, by means of contrast-enhanced
computed-tomography and of fine-needle percutaneous aspiration of necrosis for bacteriological examination when clinical
suspicion of infection arises, is required [10]. Recognition of
bacterial strains at fresh-microscopy of the aspirated material or
positive results of the cultural exam indicates surgical debridement as soon as possible.
Several pathways of bacteria into pancreatic necrosis have
been described: a) hematogenous, via the blood circulation;
b) ascending infection from the duodenum via the pancreatic
duct; c) from the portal vein and the liver via the biliary duct system; d) transcolonic migration via the lymphatics [11]. The latter
pathway is the most important with many in vitro and in vivo
studies which clearly support this mechanism [1,6]. In AP a reduced gut motility secondary to some mediators such as nitric
oxide is reported; this lead to alteration of intestinal microflora
and to damage of mucosal barrier with increase of gut permeability (Fig. 2). In addition, the impairment of gut microcirculation, local ischemia, and a decrease of immune system response

Figure 1. Infection of pancreatic necrosis in severe acute pancreatitis: the incidence rate is a time dependent, and nearly 70%
of this event occurs after the second week of the onset of the
disease
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Table 1. Spectrum of bacteria isolate in infected pancreatic
necrosis: mean value from three large series [16-18]

Monomicrobial flora

60-87%

Escherichia coli

25.9%

Pseudomonas aeruginosa

15.9%

Staphylococcus aeureus

15.3%

Klebsiella spp

10.1%

Proteus mirabilis

10.1%

Streptococcus faecalis

4.4%

Various anaerobes

15.8%

related to cytokine release enforce the mucosal barrier damage,
thus leading to the translocation of intestinal bacteria into the
bloodstream and to a secondary colonization of pancreatic
necrosis. The occurrence that bacteria most frequently isolated
from infected necrosis (Tab. 1) are mainly Gram-negative
strains, typical of intestinal flora, strongly support this pathway.
In the great majority of patients the infection is monomicrobial
with anaerobes bacteria accounting for 15% of cases. In a recent
paper [12] – Tab. 2 – we reported monomicrobial flora in the

Figure 2. Bacterial translocation pathway determines colonization of pancreatic necrosis during necrotizing acute pancreatitis (AP) from
colon microorganisms (see text)
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Table 2. Microbiological isolates in 22 patients presenting severe
acute pancreatitis complicated by infection of necrosis – personal experience [12]
Monomicrobial flora

17/22 (77.3%)

Polimicrobial flora

5/22 (22.7%)
•
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Escherichia coli

Pederzoli et al. 1993

6

• Pseudomonas aeruginosa

5

• Enterococcus faecalis

4

• Staphylococcus aeureus

3

• Xanthomonas maltophilia

3

• Klebsiella oxytocica

2

•

Enterobacteriacee

2

•

Proteus mirabilis

1

•

Streptococcus mitis

1

•

Bacillus species

1

Table 3. Efficacy factor of various antibiotics in the prophylaxis
of infection of pancreatic necrosis in severe acute pancreatitis
(AP); efficacy factor represents the ratio between the bacterial
spectrum covered and the pancreatic penetration, at least at
the minimal inhibitory concentration; the maximum efficacy
factor is 1
Antibiotics in AP

Figure 3. Meta-analysis on mortality resulted from data of four
studies of antibiotic prophylaxis in severe acute pancreatitis (see
text for references)

efficacy factor

Netilmicin

0.14

Tobramycin

0.12

Mezlocillin

0.71

Piperacillin

0.71

Cefotiam

0.75

Ceftizoxime

0.76

Cefotaxime

0.78

Ceftriaxone

0.79

Ciprofloxacin

0.86

Ofloxacin

0.87

Imipenem

0.98

Meropenem

0.98

77% of microbiological isolates from 22 patients with infected
necrosis and stressed the clinical relevance of the occurrence
of Xanthomonas malthophilia pancreatic infection (mortality of
100% in our experience). This Gram-negative organism belongs
to the Pseudomonas family and it has the peculiarity of growth
in plastic devices and of resistance to carbapenem antibiotics we
currently use in the prophylaxis of infected necrosis.

Antibiotic prophylaxis to prevent infection
of pancreatic necrosis
The history of prophylaxis of pancreatic infection starts near
40 years ago. Earlier studies do not indicate favourable effects on
the outcome of AP [13-15]. We can today identify at least three
reasons for these negative results: 1) all studies were carried out
before the CECT era; as a consequence, no clear criteria were
adopted to ascertain the presence of necrosis ant its stratification into two categories, i.e. sterile and infected, was lacking;
2) many of the included patients had edematous pancreatitis;
3) the authors utilize ampicillin that subsequent studies showed

Delcenserie et al. 1993
Schwartz et al. 1997

Sainio et al. 1995

p<0.01
0

0.01

0.1

1
Odds ratio

Meta-analysis
10

to be unable to reach pancreatic necrosis. Starting from the 90’
years a less empiric approach was utilised, on the basis of more
precise identification of pancreatic necrosis, stratification of the
disease severity, and deeper knowledge of prognostic relevance
of pancreatic infection. In addition, and utmost important, new
advances in antibiotic pancreatic penetration, especially during the acute phase of the disease, became available together
with broad-spectrum antibiotics with documented pancreatic
penetration at therapeutic minimal inhibitory concentration
(MIC). On this context, today we have to talk about the efficacy
factor of a specific antibiotic, that means a ratio between the
bacterial spectrum covered and the pancreatic penetration, at
least in MIC [16-18]. Tab. 3 shows the efficacy factor of several
antibiotics; keeping in mind that the maximum efficacy factor
is 1, fluoroquinolones and imipenem present an efficacy factor
clearly more advantageous than cephalosporin, ureidopenicillin,
and aminoglucosides.
Over the last ten years many studies on antibiotic prophylaxis
in AP have been performed. Some of these are single-centre
studies [12,19-22], others are multicenter studies [23-29], others
are meta-analysis researches [30-32]. Significant advantages on
mortality in treated patients in comparison with controls were
observed in the meta-analysis studies (Fig. 3). In particular, the
recent Cochrane review, updated March 2003, concluded that
there is “strong evidence that intravenous antibiotic prophylactic therapy for 10 to 14 days decreases the risk of superinfection
of pancreatic necrosis (Odds ratio 0.51, p=0.04) and decreases
mortality (Odds ratio 0.32, p=0.02)” [32]. A general consensus
on the usefulness of antibiotic treatment in prophylaxis of
infection of pancreatic necrosis in AP appeared in the recent
literature as national or international recommendations or
guidelines [33-40] – Tab. 4. Nevertheless, some questions on this
topic require additional comments. The first one concerns the
antibiotic of choice. The efficacy factor already discussed shows
that the classes of carbapenems (imipenem, meropenem) and
fluorochinolones (pefloxacin, levofloxacin) represent the best
options. Within these two classes, one study from Bassi and
co-workers [25] showed significant better results on infected
necrosis and extrapancreatic infection rate and lower mortality
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Table 4. International guidelines and recommendations for the
antibiotic prophylaxis in Acute Pancreatitis (Cat.: category of
evidence)
American College of Gastroenterology 1997 [33]
…it is reasonable to initiate antibiotic therapy in severe acute pancreatitis
British Society of Gastroenterology 1998 [34]
…there is some evidence to support the use of prophylactic antibiotics
Santorini Consensus Conference 1999 [35]
…prophylactic antibacterial treatment is strongly recommended in severe
pancreatitis (Cat. A)
Italian Guidelines 1999 [36]
…antibiotic treatment is indicated in severe acute pancreatitis
German Guidelines 2000 [37]
…antibiotic prophylaxis is not generally recommended; indication could be
necrotizing pancreatitis, severe acute pancreatitis (Cat. B)
World Congress Gastroenterology 2002 [38]
…antibiotic prophylaxis is advised in patients with greater 30% necrosis
and imipenem is recommended currently (Cat. A)
Japan Guidelines 2002 [39]
…in severe and possibly severe acute pancreatitis broad-spectrum antibiotics should be used prohylactically (Cat. A)
International Association of Pancreatology 2002 [40]
…the use of prophylactic broad-spectrum antibiotics reduces infection rates
in CT-proven necrotizing pancreatitis (Cat. A)

in patients treated with imipenem (29 cases) in comparison with
the group of patients treated with pefloxacin (27 cases). Our
group have recently published the results of another trial [12]
in which imipenem treatment (2 000 mg i.v./day) was compared
with meropenem schedule (1 500 mg i.v./day). Considering all
series of patients (176 cases), we found subsequent infection of
necrosis in a percentage of 12% only. This strongly confirms the
opportunity of the antibiotic prophylaxis in these patients. No
difference was observed between patients treated with meropenem and those treated with imipenem in terms of incidence
of pancreatic infection, extrapancreatic infection and clinical
outcome – Tab. 5. Meropenem resulted as effective as imipenem
in preventing septic complications of patients with severe AP;
one advantage resulted from the financial analysis as meropenem treatment, at the time of the study, resulted cheaper
than imipenem one [12]. The second question about antibiotic
prophylaxis in AP is related to the duration of treatment. No
doubt exists as regards the opportunity to start the treatment as
soon as possible but the its duration is less clear. In the clinical
practice, treatment period isn’t hardly ever shorter than three or
four weeks, but some patients can require a longer time [35,41].
Another question arising on this topic concerns the possible
occurrence of complications of antibiotic prophylaxis. Generally speaking, presumptive risk and problems of prophylactic
antibiotic application still remain a controversial issue [42]. One
aspect is related to a change into the bacterial spectrum and to
a selection of resistant strains induced by a prolonged antibiotic
treatment. Resistance of carbapenems was recently reported in
limited series of patients with AP and it yielded a significant
risk factor for a fatal outcome [43]. Another point regards
a presumptive increase of the incidence of fungal infection, in
particular of Candida infection [44,45]. The clinical significance
in terms of severity of this occurrence has been likely overestimated [46]; the recent Cochrane review, updated March 2003
[32], concluded that there is not an increased preponderance
of fungi infection with antibiotics (Odds 0.83, p=0.7). In our

Table 5. Results of a recent randomized trial of our group in
which comparison of prophylactic treatment with meropenem vs
imipenem was performed; all patients (n=176) suffering from
severe necrotizing acute pancreatitis [12]
Meropenem
patients (n)
daily dosage (i.v.)
Necrosis <30/30-50/>50%

Imipenem

88

88

500 mg x 3

500 mg x 4

51/25/12

54/21/13

Infection of necrosis

10 (11.4%)

12 (13.6%)

Extrapancreatic sepsis

19 (21.6%)

13 (23.9%)

Multi-organ-failure

6 (6.8%)

8 (9%)

Systemic complications

30 (34.1%)

33 (37.5%)

Local complications

28 (31.8%)

30 (34.1%)

Surgery

15 (17%)

16 (18.1%)

Deaths

12 (13.6%)

10 (11.3%)

24 (7-90)

23.3 (6-80)

Hospitalization (days)

recent experience [12], we did not find fungi in 22 patients with
documented infected pancreatic necrosis, also in 3 of them
with Candida albicans colonization of central venous catheter.
The last point requiring an additional comment on this field is
related to the possibility of the enhancement of the power of
antibiotic treatment by other medications. Olah and co-workers
[47] have recently published the results of a randomised trial
in whom early jejunal feeding combined with prophylactic imipenem showed significant better results (in terms of reduction
of the septic complication rate) when compared with parenteral
nutrition plus the same antibiotic regimen in patients with
necrotizing AP. All the same, one can strongly speculate on the
potential role of probiotics coupled with antibiotic prophylaxis
and a randomised large trial on this topic seems to be timely
today [48].

Antibiotic for the treatment
of infected pancreatic necrosis
To the best of our present knowledge the discovery of infection of pancreatic necrosis in severe AP indicates a surgical
approach as soon as possible; in general this means necrosectomy, debridement and multiple drainage catheters [1,3,5,9].
This option is efficacious and relatively safe but it can result less
feasible in some patients presenting high anesthesiological risk
for advanced age and/or severe co-morbidities [49,50]. On this
context, the rising question could be: can the antibiotic therapy
be curative in pancreatic necrosis already infected? While there
is a general consensus regarding the usefulness of antibiotics for
the prophylaxis in patients with severe AP, the role of antibiotics
in the treatment of infection of pancreatic necrosis represents
a controversial issue. Very few data are available in the literature [7,32,41] regarding this argument. Nordback and co-workers [22] report a very interesting results in a recent trial on the
utilization of antibiotics (imipenem 3 g/day) for the prophylaxis
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of pancreatic infection. They found a significant reduction of
the pancreatic infection rate in the treated group (8% vs 42%
of the control group ) but, more interesting, 9 out of 14 patients
without prophylaxis who develop an infection were cured with
imipenem without surgical debridement. Our group also made
a favourable experience on this topic. During the period January 1998 – December 2003 we observed 101 patients suffering
from necrotizing AP with a mortality of 12.9% (13 patients). All
patients were treated with prophylactic antibiotic; 24 of them
(23.8%) develop infected necrosis and 20 out of 24 were operated on. So, four patients because of high anaesthesiological
risk underwent medical treatment only, including three weeks
of imipenem (two patients, 2 g/day i.v.) or meropenem (two
patients, 1.5 g/day i.v.) treatment; favourable outcome was
observed and morphological resolution registered in all patients
at various interval time.

Conclusions
Many recent data indicates that patients with necrotizing
AP may benefit from the application of a strict cardio-respiratory monitoring, sharp hydroelectrolytic and caloric supplementation and – last but not least – appropriate prophylactic
antibiotic regimen. The usage of antibiotics able to reach the
pancreatic necrosis and to cover the spectrum of bacteria most
frequently involved is becoming a mandatory part of the treatments schedule all over the world. This represents a substantial
step forward in the clinical practice as the overwhelming majority of clinical studies focused on the natural history and outcome
of AP shows that bacterial infection of pancreatic necrosis is the
leading cause of death in patients affected by this demanding
disease.
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Abstract

Key words:

Diabetic nephropathy is diagnosed either when persistent increase of urinary albumin excretion rate (UAER)
above 30 mg/24h in a patient with diabetes was discovered
(early or incipient nephropathy) or when UAER values
are persistently elevated above 300 mg/24h (overt or clinical nephropathy). In both situations the additional criteria
of presence of diabetic retinopathy and the absence of the
evidence of other kidney or renal tract disease should be
fulfilled. It was found that the excess of cardiovascular
events and mortality occurs already in diabetic patients with
persistent microalbuminuria, but is particularly evident in
macroalbuminuric diabetic patients and results not only
from end-stage renal failure (ESRF) but rather from cardiovascular disease (CVD), the latter mainly in type 2 diabetic
patients. Several traditional risk factor for atherosclerosis
has been identified in diabetic patients with micro- or
macroalbuminuria including elevated blood pressure levels, dyslipidemia and procoagulatory state associated with
endothelial dysfunction. Microalbuminuria is currently
regarded as a marker of generalized endothelial damage,
it reflects transvascular albumin leakage, now recognized
as an early event in atherogenesis. Recently the association
of microalbuminuria with the marker of chronic inflammation (C-reactive protein) and with increased production of
vascular endothelial growth factor (VEGE) was described.
Thus, multiple mechanisms are involved in the development
and progression of cardiovascular complications both in
micro- and macroalbuminuric diabetic patients and all these
mechanisms should be regarded as the target for therapeutic
intervention.
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There are two different criteria of diabetic nephropathy in
the medical literature. First one defines that persistent albuminuria (urinary albumin excretion rate, UAER >300 mg/24
hours or 200 g/minute) is the hall-mark of diabetic nephropathy which can be diagnosed clinically if the following additional
criteria are fulfilled: presence of diabetic retinopathy and the
absence of clinical or laboratory evidence of other kidney or
renal tract disease [1]. Another one defines that persistently
raised UAER already above arbitrary established normal
range, so-called microalbuminuria (UAER >30 mg/24 hours or
20 g/min, and less than or equal to 300 mg/24 hours or
200 g/min), associated with identical additional criteria as in
the case of first definition, is sufficient for diagnosis of early
(incipient) diabetic nephropathy [2]. According to this second
criterion, persistently elevated UAER values >300 mg/24 hours
or >200 g/min, should be named macroalbuminuria, which is
usually associated with proteinuria exceeding 0.5 g/24 hours and
is indicative for more advanced stage of diabetic nephropathy:
overt diabetic nephropathy.
Irrespective of differences in the criteria, diabetic nephropathy is a major cause of illness and death in diabetes. The excess
of cardiovascular events and mortality occurs already in diabetic
patients with persistent microalbuminuria, but is particularly
evident in proteinuric diabetic patients and results not only from
end-stage renal failure (ESRF) but rather from cardiovascular
disease (CVD), the latter mainly in type 2 diabetic patients.
Until recently, microalbuminuria was said to confer a 60
to 85% risk of the development of overt proteinuria within 6
to 14 years in type 1 diabetic patients, suggesting an inexorable
process leading to overt proteinuria [3,4]. The prospective study
of patients with persistent microalbumiuria followed for six
years revealed last year [5] that regression of microalbuminuria
in type 1 diabetes was frequent, with a cumulative incidence of
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58 percent. The determinants of the regression of microalbuminuria (defined as a 50 percent reduction in UAER from one
two-year period to the next) were: short duration of microalbuminuria, glycosylated hemoglobin levels less than 8 percent,
systolic blood pressure less than 115 mmHg, serum cholesterol
level below 5.12 mmol/l (198 mg/dl) and serum trigliceride
level below 1.64 mmol/l (145 mg/dl). The use of angiotensinconverting-enzyme inhibitors (ACEI) was not associated with
the regression of microalbuminuria. These results indicated
that elevated UAER does not imply inexorably progressive
nephropathy and suggested that the definition of early diabetic
nephropathy should be modified. It was hypothesized that very
low systemic blood pressure attenuates shear stress and may
permit the recovery of glomerular integrity and this and/or other
mechanisms underlying the regression of microalbuminuria are
most effective in the low range of glycosylated hemoglobin and
low levels of cholesterol and trigliceride [5]. This hypothesis is
based on the observations that microalbuminuria is associated
with impairment of renal hemodynamic autoregulation [6,7].
Other factors, including genetic predisposition [8], should however-be considered as determinants of development and further
evaluation of microalbuminuria in diabetic patients.
Although currently microalbuminuria should be considered as a marker of dynamic, rather than fixed renal injury
in patients with type 1 diabetes [5], it was demonstrated that
microalbuminuria is a marker for increased risk of cardiovascular disease in these patients [9]. The aerobic work capacity
is impaired in patients with persistent microalbuminuria [10],
which suggests that microangiopathy or other pathological
process is affecting myocardium. The increase in the ratio of
low-density and high-density lipoprotein has been described
[11], indicating atherogenic lipid profile. Impaired fibrinolytic
activity and elevated plasma levels of fibrinogen and von Willebrand factor are present in patients with microalbuminuria,
suggesting generalized endothelial injury [9]. Microalbuminuria
is regarded as a marker of generalized endothelial damage, it
reflects transvascular albumin leakage and has been proposed
to indicate increased endothelial permeability, now recognized
as an early event in atherogenesis [11,12]. It was demonstrated
that microalbuminuria precedes the increase in arterial blood
pressure, and a concomitant increase in UAER and blood pressure was observed with the estimated mean annual increase in
blood pressure of 2.7 mmHg [13,14]. Elevated blood pressure is
additional risk factor for development of cardiovascular complications in patients with type 1 diabetes and microalbuminuria.
The prevalence of arterial hypertension (blood pressure
values 140/90 mmHg) in adult type 1 diabetic patients with
microalbuminuria is 52%, and is increased when compared to
patients with normoalbuminuria in whom was estimated as 42%
[15,16]. Several studies have reported that sodium and water
retention play a dominant role in the initiation and maintenance
of systemic hypertension in patients with microalbuminuria,
whereas the contribution of the renin-angiotensin-aldosterone
system is smaller [1]. A genetic predisposition to hypertension
in type 1 diabetic patients developing diabetic nephropathy was
suggested and confirmed recently [17]. It was also demonstrated
that the D allele associated with the insertion (I)/deletion (D)
polymorphism of the gene for angiotensin-converting enzyme

(ACE) and DD homozygocity are risk factors for an accelerated
course of diabetic nephropathy in patients with type 1 diabetes.
Of particular interest is that deletion polymorphism in the ACE
gene is associated with coronary heart disease (CHD) in type 1
diabetic patients with nephropathy [18] as well as in nondiabetic
patients [19]. The DD genotype appeared also to increase mortality once dialysis treatment was initiated. Since plasma ACE
level (and also tissue ACE activity, as demonstrated in experimental studies) in DD subjects is about twice that of II subjects,
with ID subjects having intermediate levels [20], it strongly
suggests that increased generation of the angiotensin II (Ang II)
unfavourably influences development of both renal and vascular
changes and that inhibition of Ang II activity should have important protective effects. These protective effects associated with
the use of ACE inhibitors or/and the antagonists of AT1 receptors of Ang II were confirmed in several prospective studies in
diabetic patients with nephropathy.
The generalized vascular lesions, the atherogenic changes in
the lipid profile and elevated blood pressure that characterize
patients with type 1 diabetes and microalbuminuria may lead to
increased incidence of cardiovascular events and even to death
from vascular disease, but it is still not proven whether microalbuminuria in it self is associated with an excess mortality in
these patients, or whether it is so only because it is a predictor of
clinical nephropathy and end-stage renal disease (ESRD). It is
also not directly proven whether regression of microalbuminuria is associated with the reduced incidence of cardiovascular
events, although it seems very probable. It has been demonstrated microalbuminuria independently predicts all-cause and
cardiovascular mortality in general population [21].
It is also well documented that microalbuminuria in patients
with type 2 diabetes is a predictor of cardiovascular complications and death [22,23]. The prevalence of microalbuminuria
averaged 27% in cross-sectional evaluation of type 2 diabetic
patients. Several traditional cardiovascular risk factors, including elevated hemoglobin A1C (HbA1C) levels, obesity and hypertension were found with increased frequency in patients with
type 2 diabetes and microalbuminuria and increased frequency
of the CHD was observed as well [24]. Particularly high prevalence of arterial hypertension averaging 90% of the subjects has
been found in type 2 diabetic patients with microalbuminuria
[16] and very often hypertension preceded the development of
microalbuminuria for many years. The mean 24 h systolic blood
pressure showed a significant positive correlation with UAER
within the microalbuminuric patients with type 2 diabetes [25].
Persistent microalbuminuria appeared to predict and aggravate
lipoprotein abnormalities in type 2 diabetic patients. In these
patients, a significant increase in very-low-density lipoprotein
(VLDL) cholesterol, VLDL and low-density lipoprotein (LDL)
trigliceride levels and a decrease in high-density lipoprotein
(HDL) cholesterol levels were seen after the 5-year follow-up
[26]. In many subjects the components of metabolic syndrome
(central obesity, the resistance of periferal tissues to insulin,
hyperinsulinemia, hypertension and the atherogenic lipid profile) precedes the development of type 2 diabetes and recently
microalbuminuria was included as an additional factor in the
criteria for diagnosis of this syndrome [27]. A variety of hemostatic abnormalities have been shown to correlate significantly
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with UAER in diabetic patients, including plasma fibrinogen,
factor VII activity, factor VII antigen, protein C, lipid peroxides
and others [28,29] indicating a tendency to hypercoagulability in
microalbuminuric type 2 diabetic patients.
It is generally accepted that increased blood pressure levels,
hyperlipidemia and hemostatic abnormalities constitute the set
of factors with are responsible for the significantly increased
risk of developing macrovascular disease in type 2 diabetic
patients with microalbuminuria, which indicate the endothelial
damage [9]. Deckert et al. [30] suggested a common pathogenic
mechanism of microalbuminuria and premature atherosclerosis
because of the similarity and functional alterations of glomeruli
and large vessel walls in patients with albuminuria.
There is growing support for the suggestion that microalbuminuria may be reflection of generalized endothelial
dysfunction in capillaries (e.g. glomeruli) and arteries [31,32],
and that leakage of albumin though the glomerular wall might
be a marker of preclinical atheriosclerosis [33]. Theoretically,
such a leakiness may allow for an increased lipid insudation
into the large vessel wall, thereby linking microalbuminuria to
atherogenesis [21,23].
Recently, an association of cardiovascular disease with
the markers of inflammation was demonstrated both in nondiabetic and diabetic populations [23]. Stehouwer et al. [34]
prospectively followed markers of chronic inflammation and
endothelial dysfunction in a large group of patients with type
2 diabetes for 9 years. Markers for both endothelial dysfunction and chronic inflammation, as well as microalbuminuria,
were found to be interrelated, to have developed in parallel,
progressed with time, and were related to death. It may be
concluded that a sensitive marker of (sub)clinical inflammation,
such C-reactive protein (CRP) and microalbuminuria reflect
intimately related components of the atheroslcerotic disease
process [35]. It was demonstrated that elevated CRP levels
enhances the relationship between blood pressure (which has
been shown to be the main determinant of microalbuminuria in
diabetes and hypertension) and microalbuminuria. This interaction was found independently of other factors. It was suggested
that CRP may be a marker of vascular disease, which indicates
impaired autoregulation of glomerular pressure and/or dysfunction of glomerular endothelinum. Both of these factors may
enhance microalbuminuria. It is of interest, that CRP and
microalbuminuria both predict incident cases of type 2 diabetes,
which underlines their role in insulin resistance [6,37].
The results of the recent study [38] have suggested that the
link between cardiovascular risk factors and microalbuminuria
may originate from elevated vascular endothelial growth factor
(VEGF) levels. It was shown that hyperglicemia plays an important role in increasing VEGF plasma concentrations and VEGF
levels are increased in patients with diabetes. Elevated circulating VEGF levels, increased additionally when hypertension
is present, may cause increased vascular permeability, which
results in microalbuminuria in the kidney. It was concluded
that there is a relation between increased VEGF levels and
subsequent occurrence of microalbuminuria and the increased
cardiovascular risk. The significant association between microalbuminuria and VEGF was dependent on cardiovascular risk
factors [38].

Independently of the mechanisms involved in the development of microalbuminuria in type 2 diabetic patients, several
retrospective and prospective studies have shown that microalbuminuria is not only predictor for proteinuria and progressive diabetic nephropathy but also a prognostic indicator of
early mortality from cardiovascular disease. In the prospective
study of elderly diabetic patients, UAER was the best prognostic factor for long-term mortality [39]. In another study [40]
the excess mortality in type 2 diabetic patients was highly significantly increased among those with microalbuminuria (28%),
compared with those with normal UAER (5%), and the predictive power of microalbuminuria persisted after adjustment for
the effect of major risk factors. It was also demonstrated that
albuminuria was much strongly associated with premature death
from cardiovascular diseases than with end-stage renal disease
(ESRD): after 10 years of follow-up 69% of patients died from
acute myocardial infarction, cardiac failure, or stroke, while
only 7% patients died from ESRD [1]. It may be concluded that
microalbuminuria in type 2 diabetic patients appeared to be
more relevant as a marker for cardiovascular disease and death
than for renal failure [9].
The patients with both type 1 and type 2 diabetes complicated
by overt nephropathy with proteinuria demonstrate even higher
risk of cardiovascular complications than the patients with microalbuminuria, due to the effects of the same factors influencing
prognosis in patients with microalbuminuria. It was demonstrated, however, that the survival of type 1 diabetic patients with
overt nephropathy improved substantially because early antihypertensive treatment. In the long-term observational follow-up
study it was shown that the median survival time was 13.9 years in
type 1 diabetic patients with diabetic nephropathy [39]. The study
also revealed that death due to ESRD was reduced to 35%. When
the cumulative death rate during the natural history of diabetic
nephropathy in type 1 patients were compared before and after
introduction of effective antihypertensive treatment, it appeared
that the mean survival times increased from 5-7 years before to
>16 years after introduction on modern hypertensive treatment
[1]. The recent meta-analysis of the prospective studies evaluating
the effect of the antagonist of the Ang II AT 1 receptors (ARB) in
type 2 diabetic patients either with micro- or macroalbuminuria,
hypertension and even elevated blood preasure levels, revealed
a significant risk reduction of 15% of cardiovascular events as
compared with patients treated with other hypotensive agents [1],
along with marked renoprotective effect of ARBs.
There are several additional risk factors for cardiovascular
complications in patients with type 1 and type 2 diabetes and
nephropathy, including diabetic cardiomyopathy, autonomic
neuropathy of cardiovascular system, left ventricular hypertrophy and cardiac rhythm abnormalities (which predispose
to sudden death), which were not discussed in this paper. The
presented data seems, however, sufficient to support the conclusion that early detection of microalbuminuria or proteinuria in
a patient with diabetes indicates not only a potential risk for the
development of progressive kidney function impairment, but is
also a marker of high risk of cardiovascular complications. These
patients should receive a multifactorial treatment and should be
monitored carefully to prevent or slow down the progression of
both kidney and cardiovascular complications.
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Introduction
Hemostasis is a process of blood clot formation at the site
of vessel injury. When a blood vessel wall breaks, the hemostatic
response must be quick, localized, and carefully regulated. Bleeding or a thrombosis may occur due to missing or dysfunctional
moieties of the coagulation or fibrinolytic factors. The pathways
of thrombin-stimulated fibrin clot formation and plasmin-induced
clot lysis are linked and commonly regulated. When they work in
coordinated harmony, a clot is laid down to stop bleeding, followed by eventual clot lysis and tissue repairing. Abnormal bleeding can result from diminished thrombin generation (e.g., due to
factor VIII deficiency) or enhanced plasmin formation (e.g., due
to alpha-2-antiplasmin deficiency). Conversely, excessive production of thrombin (e.g., due to an inherited thrombophilia) can
lead to thrombosis. Clot formation and its subsequent lysis may
be decided in the four steps: initiation and formation of the platelet plug, propagation by the coagulation cascade, termination of
the clotting by antithrombotic control mechanisms and removal
of the clot by fibrinolysis.
In a variety of slowly progressive renal diseases such as
chronic glomerulonephritis, diabetic nephropathy, and polycystic kidney disease, it is at present, not possible or very difficult
to correct the underlying disease. Eventual progression to renal
failure is common in patients with various kidney diseases once
the serum creatinine exceeds 1.5 to 2.0 mg/dL. This may occur
even if the underlying disorder is “cured”. After a certain point,
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a reduction in the number of functioning nephrons eventually
leads to loss of the more normal remaining nephrons. Renal
failure may be associated with a variety of signs and symptoms
that are collectively referred to as the uremic state. However,
the is no predictable correlation between the development
of these problems and the severity of renal disease. Loss of
renal function results in the accumulation of metabolic waste
products and alters the normal homeostatic mechanisms.
Potential consequences of these abnormalities are the signs and
symptoms of uremia. Using renal replacement therapy in a form
dialyses or kidney transplantation, the physician can treat these
disturbances and improve the quality of life in many patients
with chronic, end-stage renal disease.

Platelet dysfunction in uremia
Platelets are activated at the site of vascular injury to form
a platelet plug that provides the initial hemostatic response to
stop bleeding. The functional response of activated platelets
involves: adhesion – a sticking of platelets to the subendothelial
matrix, aggregation – platelet-platelet cohesion, secretion – the
release of platelet granule proteins (serotonin, ADP, thrombospondin, fibrinogen, thromboxane A2, growth factors) and
procoagulant activity – the enhancement of thrombin generation.
It is likely that multiple factors are responsible for the platelet dysfunction in uremia. Three of the factors that may contribute are the retention of uremic toxins, anemia, and nitric oxide
[1]. Platelet dysfunction is observed mainly in advanced uremia
before starting dialysis treatment. It is probably related to uremic
toxins present in the circulation. The importance of circulating
toxins is suggested by commonly seen a beneficial effect of acute
dialysis on platelet dysfunction, although the bleeding time is
rarely normalized [1]. Urea alone, however, is probably not the
major platelet toxin and there is no correlation between blood
urea nitrogen and the bleeding time in patients with renal failure
[2]. Other potential toxins include guanidinosuccinic acid, phe-

Hemostasis in chronic renal failure

nolic acid, and middle molecules (mol wt 500 to 3 000 Daltons).
However, no single compound accumulating in end-stage renal
failure has been unequivocally identified as being responsible
for platelet dysfunction. In vitro studies in which normal platelets are incubated with uremic serum suggest that a dialyzable
factor interferes with the binding of fibrinogen to GPIIb-IIIa
[3]. Several authors reported that platelet aggregation induced
by different stimuli in PRP was depressed in chronic uremia
[4,5] whereas other studies provide evidence of hyperaggregability [6-8]. In our previous study, in hemodialyzed (HD) and
peritoneally dialyzed (CAPD – chronic ambulatory peritoneal
dialysis) patients platelet aggregation in PRP induced by 5 agonists was significantly depressed, whereas platelet aggregation
in whole blood (considered as more physiological) did not differ
from that in the healthy volunteers. So far, there have been no
comprehensive data on platelet aggregation in CAPD subjects.
In one report of Arends et al. [9] it was stated that treatment by
means of peritoneal dialysis can at least partially correct platelet
dysfunction and reverse the bleeding tendency. Kim et al. [10]
found that there was a direct link between hypoalbuminemia
and increased platelet aggregation in CAPD, which confirmed
eaarlier observation of Sloand et al. [11]. Kozek-Langenecker
et al. [12] found a decreased expression of fibrinogen binding
sites on resting uremic platelets (from hemodialyzed patients)
compared with normal platelets as measured by reduced binding
of activation-independent monoclonal antibody against platelet
GPIIIa. It has been hypothesized that fibrinogen fragments may
occupy a percentage of platelet fibrinogen receptors, thus preventing binding of fibrinogen to platelets, a step considered to
be essential for aggregation. On the other hand, Himmelfarb et
al. [13] found that HD patients had a marked increase in circulating reticulated platelets compared to PD patients or controls,
indicating accelerated platelet turnover. Increased platelet activation and turnover may contribute to the qualitative platelet
dysfunction in uremia.
Degree of anemia appears to correlate relatively closely
with the degree of prolongation of the bleeding time [14], which
reflects the impaired platelet-vessel wall interactions. The prolongation of the bleeding time is a common feature of chronic
renal failure. It has been proposed that rheologic factors play an
important role in the relationship between anemia and platelet
dysfunction [14]. At a hematocrit above 30 percent, the red cells
primarily occupy the center of the vessel, while the platelets
are in a skimming layer at the endothelial surface. This close
proximity allows the platelets to adhere and then form a platelet
plug when there is an endothelial injury. With anemia, on the
other hand, the platelets are more dispersed, thereby impairing
adherence to the endothelium. Correction of anemia with blood
transfusions or erythropoietin often improves platelet function.
Moreover, nitric oxide (NO; endothelium-derived relaxing
factor) produced by endothelial cells and platelets, is a potent
inhibitor of platelet aggregation. It has been reported that platelet NO synthesis is increased in uremic patients and that uremic
plasma stimulates NO production by cultured endothelial cells
[15]. It may be due to elevated blood levels of guanidinosuccinic
acid, a uremic toxin that may be a precursor for nitric oxide [16].
Noris et al. [17] suggested that increased NO biosynthesis may
contribute to platelet dysfunction and possibly other manifesta-

tions of uremic syndrome, including hemodialysis hypotension
and administration of an NO synthesis inhibitor normalizes the
bleeding time in uremic rats. Nonetheless, up to date controversial results on platelet function in dialyzed patients: impaired or
enhanced, have been a matter of debate.

Endothelium in uremia
In renal failure endothelial dysfunction and atherosclerosis
are almost universal, as well as cardiovascular complications.
Endothelial cell injury is the probable cause due to uremic
toxins retention, dyslipidemia, hypertension and secondary
hyperparathyroidism as well as increased levels of IL-1 and
TNF . Signs of endothelial dysfunction have been reported in
dialyzed patients [18,19-21]. The assessment of endothelial cell
injury in vivo is complex due to multifunctional nature of these
cells. Endothelial damage is an injury response mechanism,
which includes impaired endothelium-dependent vasodilation,
increased adhesion of platelets and leukocytes. This is a putative
first step in atherogenesis. Moreover, exposure of endothelial
cells to oxidized LDL in vitro releases various adhesion molecules including VCAM (vascular cell adhesion molecule),
ICAM (intercellular cell adhesion molecule), selectins and vWF
[22], which are considered as markers of endothelial cell injury.
On the other hand, vascular endothelium provides effective
anticoagulant properties by expressing surface bound proteoglycans, such as thrombomodulin and heparan sulfate, and by
releasing coagulation factors inhibitors, such as protein S and
tissue factor pathway inhibitor-TFPI [23]. Thus, endothelial dysfunction may be responsible for accelerated atherosclerosis in
patients with chronic renal failure. So far, many reports devoted
to disturbances in hemostasis and endothelium in hemodialyzed
patients [24,25] did not focus on hemostasis and endothelial
function in patients on CAPD.
P-selectin, released from activated platelets and endothelial
cells may play a very important role in the development of
atherosclerosis. However, it has been controversial whether
plasma P-selectin concentration reflects activation of platelets
or endothelial cells [26]. In our previous study [27], P-selectin
did not differ between patients on CAPD and healthy volunteers. Platelet glycoprotein V–GPV shed to blood is considered
as a new marker of platelet function. In our previous study we
found a similar concentration of GPV in CAPD patients and the
healthy volunteers [28].
E-selectin has only been described on endothelial cells and
may therefore represent a circulating surrogate for evaluation
of endothelial cell activation or damage [29]. In our previous
study [27], E-selectin did not differ significantly between all
three groups studied in contrast to the study of Bonomini et
al. [30], who found elevated E-selectin in undialyzed CRF
patients, HD and CAPD subjects. They also showed a strong
linear correlation between serum creatinine and serum levels of
adhesion molecules: ICAM, VCAM, E-selectin and P-selectin.
In our study, we were unable to show such correlations between
kidney function and concentration of adhesion molecules [28].
However, concentrations of ICAM, VCAM, TFPI (total, full
length and truncated) and thrombomodulin were significantly
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higher in CAPD patients when compared to the healthy volunteers. It may be due to the inadequate clearance as well as their
enhanced synthesis/release. Jacobson et al. [21] found elevated
markers of endothelial dysfunction: vWF, thrombomodulin,
and soluble adhesion molecules: ICAM and VCAM, as well as
strong correlations between them in dialyzed and nondialyzed
patients with chronic renal failure. However, correlations were
found in the whole group (10 HD patients, 20 CAPD, 25 with
chronic renal failure).
Recent studies indicate that vascular endothelial growth
factor (VEGF), the major stimulus of angiogenesis, prompts
activated endothelial cells to become prothrombotic. On VEGF
stimulation, endothelial cells increase TF expression on their
membranes and thereby generate thrombin activity from prothrombin [31]. Moreover, recently Blann et al. [32] suggested
that increased VEGF might be evidence of the early stages of
atherosclerosis, i.e. increased angiogenesis in response to early
injury of the arterial wall. On the other hand, elevated VEGF
may just reflect increased turnover of endothelial cells, which
are damaged by the disease process [33]. In our previous study,
we found elevated VEGF in CAPD patients [28].
Vascular endothelial cells express CD40 and ligation of
CD40 on endothelial cell is known to upregulate expression
of the inflammatory adhesion molecules: E-selectin, VCAM-1
and ICAM-1 [34]. Slupsky et al. [35] demonstrated that ligation
of CD40 on endothelial cells initiated a procoagulant phenotype which included upregulation of tissue factor and down
regulation of thrombomodulin. In our previous study [27], we
observed a significant rise in CD40 ligand in CAPD patients.
Moreover, local ligation of CD40 on endothelial cell in the presence of increased TF concentration, observed in CAPD patients
[18] might play a role in the thrombotic complications in these
patients.
A novel cell adhesion molecule localized at the endothelial
junction is CD146. It is constitutively expressed in all human
endothelial cells irrespective of anatomical site or vessel calibers [36,37]. Moreover, an increase of CD146 expression is
detectable on HUVEC treated with inflammatory cytokines
[37], suggesting that endothelial activation modulates its expression. Recently, Bardin et al. [38] reported an increased plasma
CD146 levels in several pathophysiological settings, linked to
endothelial junctional alteration, i.e. chronic renal failure. This
increase was corroborated by increased expression of CD146 on
kidney biopsies from 5 patients with renal failure. Bardin et al.
[38] suggested that elevation of CD146 in patients with CRF
could be due to an increased release or to its reduced elimination. However, they did not study CD146 correlation with renal
function.

Coagulation in uremia
Classically, the intrinsic pathway is initiated by the exposure
of blood to a negatively charged surface (such as glass in the
aPTT clotting time) and the extrinsic pathway is activated by
tissue factor-TF exposed at the site of injury or TF-like material.
Both pathways converge on the activation of factor X which
then activates prothrombin to thrombin, the final enzyme of the

clotting cascade. Thrombin converts fibrinogen from a soluble
plasma protein into an insoluble fibrin clot. It is now established
that the generation or exposure of TF at the wound site is the
primary physiologic event in initiating clotting [39]. TF-induced
coagulation plays an important role in the pathophysiology of
many diseases including thrombosis, atherosclerosis, ischemiareperfusion injury, sepsis or glomerulonephritis [40]. Factor VII
participates in the initiation of TF pathway-induced coagulation, and an increase in factor VII activity has been recognized
as a risk factor for cardiovascular disease, a common finding and
a potent cause of mortality in renal patients [41]. The interactions of activated platelets and the clotting cascade, with their
subsequent amplification, give rise to a hemostatic response
that is rapid and localized to the injury site. It is also potentially
explosive, and if unchecked, could lead to thrombosis, vascular
inflammation, and tissue damage. Fortunately, antithrombotic
pathways are mostly anchored on vascular endothelial cells,
which play an active role in maintaining the fluidity of blood.
The termination phase involves two circulating enzyme inhibitors, antithrombin (formerly called antithrombin III) and tissue
factor pathway inhibitor-TFPI; and, a clotting-initiated inhibitory process, the protein C pathway. Expressed primarily by
the microvascular endothelium-TFPI, appears to be the major
physiologic inhibitor of TF-induced coagulation [40].
Significant alterations in the plasma levels of coagulation factors and natural anticoagulants have been observed
in uremics. In comparison with hemodialyzed patients there
are still a limited data concerning hemostasis in CAPD subjects. Indirect evidence of hypercoagulation in HD provide
the following laboratory alterations: hyperfibrinogenemia,
enhanced: factor VII activity, factor VIII and von Willebrand
factor concentration, low: antithrombin III, protein C and S
activities, activities of factor II, IX, X and XII despite their
normal or elevated plasma concentrations [42,43]. In CAPD
a peculiar coagulation profile is observed: hyperfibrinogenemia, elevated activities of factors II, VII, VIII, IX, X, XII,
high concentrations of protein S, normal antithrombin III and
protein C [44,45]. In our previous study [18] elevated plasma
markers of ongoing coagulation – prothrombin fragments 1+2
(F1+2) and thrombin-antithrombin complexes were found
in HD and CAPD patients relative to healthy volunteers.
Thus, a conversion of prothrombin into thrombin by factor
X appears to be more accelerated in CAPD patients, leading
to increased fibrin formation. Sagripanti et al. [46] found that
elevated prothrombin fragments 1+2 in hemodialyzed patients
reflected increased in vivo conversion of prothrombin into
thrombin rather than impaired renal catabolism or excretion
of this polypeptide. Moreover, Kario et al. [47] shown that high
plasma prothrombin fragments 1+2 were accompanied by factor VII hyperactivity in hemodialyzed patients, suggesting that
increase in F1+2 actually reflected hypercoagulation. Opposite
results presented Tomura et al. [48]. According to Kobayashi
et al. [44] hypercoagulability and secondary hyperfibrinolysis
occur in CAPD patients when compared to healthy volunteers.
However, among 21 patients studied by them 19 were treated
with rHuEPO (3 were diabetic), therefore, their results are difficult to interprete since erythropoietin affects coagulation and
fibrinolysis. As the interactions between TF and factor VII can
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trigger coagulation cascade, it is conceivable that the eventual
result is increased thrombin generation.
In our previous study we found that concentrations of TF
were significantly higher in dialyzed patients (HD, CAPD)
when compared to the healthy volunteers as well as TFPI activity [49]. Cella et al. [50] did not observe any differences in TFPI
activity between chronically hemodialyzed patients and healthy
subjects, whereas Kario et al. [51] reported an increased plasma
TFPI activity before dialysis. It could be due to a reduced kidney
catabolism or to endothelial cell damage. High TFPI activity in
uremia may also reflect endothelial cell injury due to hemodialysis treatment. The increased concentrations of other markers of
endothelial cell damage such as vWF and thrombomodulin are
in keeping with this concept.
However, in our study [18] vWF concentrations in CAPD
subjects were lower than in HD patients. On the other hand, in
CAPD patients there are no systemic anticoagulation but TFPI
activity is also enhanced. Thus, increased TFPI activity before
dialysis session in HD patients seems unlikely to be due to the
effects of residual heparin from the previous dialysis session.
TFPI is a potent inhibitor of the factor VIIa/TF complex in the
presence of factor Xa, as well as being a direct inhibitor of factor Xa [40]. This high level of TFPI might thus counterbalance
the increased activity of factor VII in uremia and may be considered as a defence mechanism against hypercoagulable state.

Fibrinolysis in uremia
To restore vessel patency following hemostasis, the clot
must be organized and removed by plasmin in conjunction with
wound healing and tissue remodeling. Fibrin binds plasminogen,
the precursor molecule to plasmin, and tissue plasminogen activator (tPA). It leads to formation of active, proteolytic plasmin
[52,53], which cleaves the polymerized fibrin strand at multiple
sites, releasing fibrin degradation products (FDPs), i.e. D-dimers. The plasminogen/plasminogen-activator system is complex,
paralleling the coagulation cascade [54]. Plasmin activity is regulated by vascular endothelial cells that secrete both plasminogen
activators (tissue-type plasminogen activator and urokinase-type
plasminogen activator) and plasminogen activator inhibitors
(PAI-1 and PAI-2). Balance between tPA and PAI is the major
determinant of the overall fibrinolytic activity. When fibrin is
degraded by plasmin, new carboxy-terminal lysines are exposed
in the partially digested clot. These residues provide additional
sites for plasminogen binding to the clot, creating a positive
feedback loop in the clot lysis. The carboxy-terminal lysines are
susceptible to removal by carboxypeptidases [55,56]. Thrombin
Activatable Fibrinolysis Inhibitor–TAFI, a proenzyme form of
carboxypeptidase-B is a newly recognized physiologic substrate
for the thrombin-thrombomodulin (TTM) complex [57]. Therefore, it couples two distinct in function systems: coagulation and
fibrinolysis. Activated TAFI delays clot lysis.
In dialyzed patients both impaired overall fibrinolytic
activity and hyperfibrinolysis have been reported [18,44,58].
Therefore, the question arises, whether activation of fibrinolysis
is primary or secondary. Tomura et al. [48] found increased
tissue plasminogen activator-tPA and decreased its inhibitor-

PAI-1 in 17 HD patients when compared to 17 CAPD subjects.
In CAPD patients overall fibrinolytic activity as reflected by
prolonged ECLT is depressed when compared to HD subjects.
Moreover, plasmin-antiplasmin complexes have been found to
be elevated or normal in dialyzed patients [58,59]. It may suggest only local activation of fibrinolysis. According to Lane at al.
[60] and others [43-45,59,61] in hemodialyzed and peritoneally
dialyzed patients, hyperfibrinolysis is secondary to activation of
coagulation cascade. At the same time, overall fibrinolytic activity is impaired [5,62,63]. In our previous study [18] we found
that in CAPD patients overall fibrinolytic activity as reflected
by prolonged ECLT was depressed when compared to HD
subjects. Moreover, plasmin-antiplasmin complexes are lower
in CAPD than in HD. However, FAI (fibrinolytic activity index
= fibrinogen/ECLT) was significantly higher in non-diabetic
CAPD patients when compared to non-diabetic HD subjects.
Nakamura et al. [64] reported that HD patients exhibited a high
PAP levels but a low plasmin activity. Moreover, Tomura et al.
[48] showed lack of correlation between PAP and tPA or PAI in
HD. It may be due to the fact that PAP complexes are not sensitive markers of plasmin generation in dialyzed subjects. Opatrny
et al. [62] reported a fibrinolysis defect manifesting after standard fibrinolytic stimulus (DDAVP-1-deamino-8-D-arginine
vasopressin) by an insufficient decrease in PAI-1 concentration
in patients with type 2 diabetes mellitus maintained on chronic
hemodialysis. On the other hand, Babazono et al. [63] compared
coagulation and fibrinolysis in 23 diabetic patients on long-term
CAPD with hemodialyzed diabetic patients. They found that
CAPD patients had higher fibrinogen and von Willebrand factor
as well as serum lipids relative to HD patients. They concluded
that CAPD was associated with more atherogenic lipid profile
than were on hemodialyses and with hypercoagulable state
but not with decreased fibrinolysis state. We have reported for
the first time that TAFI concentration and activity in dialyzed
patients with diabetic nephropathy was significantly higher that
in the relevant groups of dialyzed patients without diabetic
nephropathy [65]. Previously, we found that TAFI concentrations were significantly higher in CAPD [66] as well as in kidney
transplant recipients [67], two populations of kidney patients
with decreased fibrinolytic activity and a hypercoagulable state.
Differences in TAFI concentration and activity between HD
and CAPD patients were at the level of statistical significance
(p=0.09 and p=0.07, respectively).

Conclusions
Disturbances in hemostasis are common complications of
kidney diseases. Their occurrence and severity correlate quite
well with the progressive loss of renal function to end-stage
renal disease. Both bleeding diathesis and thromboembolism
have been identified [14]. The principal cause of these abnormalities is the uremic state and as a rule, it is at least partially
reversible with the institution of adequate renal replacement
therapy. The pathogenesis of uremic bleeding is multifactorial.
It has been attributed to: platelet dysfunction, abnormal platelet-vessel wall interactions and altered rheological properties
of the blood flow [4,68,69]. The most important determinants
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Table 1. Some hemostatic parameters in HD and CAPD patients
HD

CAPD

Fibrinogen
F II activity
F VII activity
FVIII activity
F IX activity
F X activity
F XII activity
Protein C activity
Protein S activity
antithrombin
vWF
thrombomodulin
TF
TFPI
F1+2
TAT
PAP
t-PA
PAI-1
TAFI

of the pathogenesis of the prothrombotic state in uremia are:
increased levels of clotting factors and decreased levels of clotting inhibitors, hyperfibrinogenemia, diminished fibrinolytic
activity, and platelet hyperaggregability (Tab. 1). At present,
the incidence of bleeding is apparently declining, whereas
thrombotic complications have become the predominant causes
of mortality [41]. The intensity of hypercoagulability is thought
to be related to the degree of hypoalbuminemia, being more
evident at serum albumin levels of <2g/dL, with an implicated
participatory role of the associated hypertriglyceridemia and
changes in arachidonic acid metabolism that accompany the
metabolic response to hypoalbuminemia [70].
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multimodal, multilevel and multiscale systems
in medicine and biology
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Abstract
Computational modelling, nano-bioscience and information technology in biology and medicine will play
a major role in the interdisciplinary attempts to elucidate
structures and functions of living systems. Developing tools
capable to integrate the new advances and make benefit of
them is crucial: accumulation of data and knowledge base
with only storage and retrieval capabilities will have a poor
impact if they are not made “active” or “operational”. This
is where models will play a central role in offering, not only
sound ways for representation or simulation, but also the
appropriate frames to put the players in the right place, with
intra- and inter-level coupling and multisource handling.
This paper advocated that sequential observations of multiple and complex mechanisms will be of limited interest to
understand the inter-relations that are occurring at the same
time, and therefore, that designing multimodal, multilevel
and multiscale experiments, matched with these models, are
of major importance.
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Introduction
There is a large consensus today about the need for convergence of genomics, proteomics, metabolomics, biochemistry,
biology and physiology with computer sciences, information
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technology, mathematics and automatic control. The wealth of
new data and knowledge related to sub-cellular and supra-cellular mechanisms calls for smart warehouses allowing efficient
queries. The same requirements can be found at individual
and population level with the aim to improve the diagnosis
decision and the therapeutic means, to better manage health
care systems. They all deal with large scale, dynamically varying,
non-linear complex systems.
If there is a general agreement on this situation, no clear
definition on the ways to carry out such tasks are available.
All disciplines are concerned and claim that they are the right
places to drive this research while, at the same time, recognizing
the need for multidisciplinary or interdisciplinary competences.
New educational tracks are open, novel journals and conferences are launched, new attractive keywords are displayed,
multiple reports are disseminated, and this does not help in
clarifying the most relevant approaches to undertake. It may
be more interesting sometimes to have a look back to science
and to see if we are not reinventing the wheel by just creating
“virtual worlds” with pseudomagic clothes. There is no doubt
for instance that interface domains are existing for decades,
and the “biomedical engineering” is one example, among many
others. Some decline may have been observed in physiology,
whose goal is to explore whore organs in their natural context.
Structural biology has taken the lead for years and left functions
away. Computational modelling has a long experience to share
with other fields even if for a long time it has been considered
by experimental scientists as a marginal and too abstract way to
handle real problems.
This short paper does not pretend to bring “ready-to-use”
solutions in this area. However, its goal is to point out some
important issues that will be more and more important in the
future. Section 2 reviews the last trends illustrating the views
recently proposed under different headings and sketches a few
important issues to deal with. An overall picture, organized
around the multimodal, multilevel, multisource and multiscale
concepts and illustrated through two examples, is provided Section 3 before concluding.
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Some trends and key paradigms
A few recent headings
“Integrative” is certainly the most popularised term today in
almost all Life Sciences and particularly in Biology and Physiology [1,2]. It is opposed to the “reductionnist” approach whose
goal consists to identify molecular and cellular events studied in
isolated systems (like it is performed in genomics, proteomics,
biochemistry and cell biology). “Integrative” is seen as the
studies targeted to the understanding of physiological functions
in the context of organ or organ systems. Behind these views,
there is the perception that molecular biology can not provide
all the answers to understand the genetic, proteomic and cellular mechanisms involved in tissue organization, growth, differentiation, etc. It is striking to see the move from structural to
functional, genomics to metabolomics... However, fundamental
questions are posed at the same time by this debate. One of the
key point is how to derive findings or to extrapolate the observed
behaviours to global, in vivo, organs or systems at specific life
stages. The functional properties, and the structure-to-function
features, are among the most concerned.
Systems Biology is another fashionable topic even if it is
loosely defined. It deals with studies of intra- and intercellular
dynamics, using systems and signal-oriented approaches. One of
the goal is to identify structural characteristics and variables in
order to derive mathematical models and to simulate the subcellular, cellular and supra-cellular dynamics. The emphasis
is put here on regulation, prediction and control, signals and
information, theoretical modelling, predictive behaviour, all
terms referring to engineering and applied mathematical sciences or physics. The cell has been already widely explored:
an example of the mammalian cell can be found in [3] where
the main circuitry is identified with growth, differentiation and
apoptosis controls. The fascinating features of such modelling,
and consequently the challenges to face, are related to the sensing capabilities, catalyse reactions, switches, actuators and to the
number of distinct inputs/outputs that are present, some being
known, others being only approximated or assumed. Many questions for Systems Biology arise about information processing,
the transduction pathways, the types of reactions, the non-linear
relations involved, the robustness, the role of multiple loops, the
mix of discrete and continuous components, etc. These issues
are central to Systems Biology and call for advances in mathematical modelling (the recent paper by Sontag [4] argues that
automatic control should, in turn, benefit of biological problems
by identifying new theoretical problems).
Nanomedicine has emerged very recently and several
surveys have been published to analyse their potential opportunities for health [5-8]. Nanomedicine, as defined in [8], aims
at “the comprehensive monitoring, repair and improvement of
all human biological systems, working from the molecular level
using engineered devices and nanostructures to achieve medical
benefit”. The same report identified nanomaterials and devices,
nanoimaging and analytical tools, novel therapeutic and drug
delivery systems, as the major technological components to
address. It also emphasized the importance of regulatory issues
for clinical applications and the need of in-depth toxicological
studies, either environmental and clinical. Taking nanoimaging

as example (refer to [9] for more details), there is no clear frontiers with what is called “molecular imaging” even if the initial
views where mainly directed to medical modalities. In both cases
the objective is the in vivo measurement and characterization
of biological processes at the cellular and molecular level and,
beyond the standard anatomical and functional mapping, the in
vivo detection and quantification of molecular disease markers
or therapeutic agents via specific probes. It is expected that early
disease manifestations will be detected by enzymes or signalling
molecules. Succeeding in such challenges should take time of
course and should address many faces among which patientspecific patterns and adverse drug reactions.
All these topics are of course inter-related and represent
the many attempts to understand the overall levels of living
bodies. The “flags” they display express the search for new
paths. They lack sometimes of basic links to major theoretical
disciplines and may try to rebuild them on their own, for their
specific purpose. The convergence mentioned above aims at
merging technology, informatics with mathematics, statistical
physics to deal with the many facets to jointly address. Historically, truly pluridisciplinary fields can not be away of this effort
for several reasons. First, learning or simply understanding the
key concepts coming from other disciplines requires time before
really bringing significant contributions. Second, these concepts
are confronted to very different practices which also must be
acquired. Third, the techniques already in hands may be not
sufficient to face the new problems to be solved. Fourth, the
amount of data and knowledge is such that it may be difficult
to properly adjust the trade-off between the many elementary
components and the global properties to take into account. The
next section will exemplify a few points in this direction.

Basic questions
Determinist versus stochastic views
Most of the molecular mechanisms involved in gene expression and cellular processes have relied on the paradigm of
determinism. In this classical view of a genetic program, a cell
differentiates during embryo development upon an input signal
and no variability (all cells must react identically to the stimulus) can be expected. The stochastic aspects of cell physiology
have been widely discarded. However, there is more and more
evidence that, instead to consider on-off schemes, stochastic
behaviours have an important role. The notion of “average
cell” has been recently discussed [10] and a model was proposed
based on a probability for each gene of a single cell to be activated at any time, probability depending of the concentration
of transcriptional regulators. Fluctuations at a macrolevel in
heartbeats, in regulatory networks, in the activity of neurons
or in proteins and nucleic acids, that can in certain cases look
like noise, have been recognized as major features. Statistical
physics point out that many stochastic processes (say stochastic
disorder at the molecular level) can lead to organized structures
(e.g. macroscopic level, tissues). There are many problems to be
solved before capturing, describing, modelling these fluctuations
and understanding how the biological entities control them during normal growth and pathological disorders. We need further
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in vivo experiments to elucidate the stochastic rules governing
cellular and supra-cellular mechanisms but in-silico models can
provide some insights on their plausibility.

From genes to biological organizations
If it is true that genetics has brought many major highlights
within the last decades, it can also be questioned. It may be
important to consider, for cell differentiation, phenotypic autostabilization (differentiated cells stabilizing their own phenotype) and interdependence for proliferation (differentiated cells
stimulating the proliferation of alien phenotypes). It has been
shown in embryogenesis for instance that these two mechanisms
can generate an organized cellular bi-layer structure from two
cell types with finite growth, and that their imbalance leads to tissue disorganization and cancer-like growth [11]. These elements
suggest that the molecular theory where cells rest or proliferate
according to the input signals they receive can be challenged by
other views based on quantitative equilibrium between a set of
factors involved in tissue organization, including the cellular
microenvironment, the tissue structure and, in other words, the
whole organism is concerned. The consequence of such view is
that both genomic and cellular interactions are involved in tissue
organization. The assumptions about our accurate descriptions
of elements are perhaps overestimated because much remains
to discover at nano-, micro- and macrolevels in living systems.
But, it is true, that the study of entire ensembles has to be
conducted. The next challenging task is to reassemble them into
global pictures in order to capture their proper roles and their
key collective properties. This is the objective of the Physiome
project [12,13].

Complex systems and complexity
The convergent feeling that we have to understand complex
systems is not enough. Complexity must be defined in a more
precise way. Von Neumann already in 1966 said about complexity that “none of this can get out of the realm vague statement
until one has defined the concept of complication correctly...
the simplest mechanical and thermodynamical systems had to
be discussed a long time before the correct concepts of energy
and entropy could be extracted from them”. Oxford dictionary
defines complexity as “comprehending various parts connected
together; composite, compound, involved, intricate”. Parts, that
can not so easily be separated, are both distinct (large variety
and heterogeneity, highly variable behaviours) and connected
(with constraints, redundancy and strong dependency). Roughly
speaking, we may say that complexity increases when the variety
(distinction) and dependency (connection) of parts increase in
space, time and function.
However, the number of parts left out the connectivity,
what may be of utmost importance, “organisation” and “levels
of organisation” (molecules, proteins, cells, assemblies, tissues,
organs, systems, etc.). Complexity is sometimes specified as the
way in which the whole is different from the composition of its
parts. In other words, a complex system should show collective
properties that can not be apprehended from their elementary
components.
There are two approaches debated on complex systems,
either by questioning a given object from multiple disciplines,

or, by tackling a specific question transversal to different objects.
The latter being the essence of a complex system science, its
purpose is to model biological objects, ecological systems,
social organizations and also the highly sophisticated man-made
systems. It is very likely that both views will be continuing in the
future. What is at our mathematical reach today? What can be
built on our present physiological/biological knowledge? What
generic questions may traverse the all fields? The answers are
not much.

Mode, level, source, scale and models
This section is devoted to three major issues that should
bring new highlights to undertake some of the biological and the
medical problems above mentioned. They are not of course the
only topics of interest to address in the future: in each area of
engineering science (information processing in its wide sense), in
all biomedical and clinical disciplines (understanding of disease
and the underlying mechanisms), there are significant advances
that may be foreseen. There is no in our mind a hierarchy that
should justify to consider these problems as less important than
those reported and discussed below. All are participating to the
search of answers to basic questions or, equally, to better care
of human beings.

Modelling, processing and sensing
The tight connection between data acquisition and data
processing is well established. It includes the design of innovative sensors providing vectorial (multichannel or multilead)
signals capable to provide observations at nano-, micro- or
macroscales. Their main advantage is to achieve a very high
time resolution, their drawback being a poor spatial sampling.
Conversely, macro-imaging modalities (ranging from the new
Multi Slice Computer Tomography – MSCT, high field Magnetic
Resonance Imaging to Nuclear Modalities like Positron Emission Tomography – PET) lead to relatively well sampled volume
data sets but with still limited time resolution (the exceptions
being ultrasound techniques and perhaps the emerging optical
devices). A major feature between these two sources of data
remains perhaps the relative lack of innovations for devices
devoted to physiological signal sensing while the imaging modalities are improving every day and can significantly change our
access to pathological patterns. Another trend in clinical devices
(mainly in imaging but also through the development of microtechnologies) is the emphasis put on multimodal techniques
with either post-registration of data sets or a direct coupling of
sources in the same system (for instance CT and PET).
When surveying the recent advances in processing techniques, it is worth noting that a number of new resources are at
our disposal: wavelets, time-frequency, blind source separation,
particle filtering for signal processing, Kernel methods in data
mining, deformable models and level sets in image analysis
are among the most well known [14]. All these tools, when
applied to data to detect, separate mixture components, extract
quantitative features, are aimed at improving decisions, the
ultimate goal being early and better diagnosis. They belong to
what I call the “surface approach” which means that no explicit
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Figure 1. The basic loop providing the capability from hypothesis generation, to design biological experiments or medical
protocols, with the appropriate data acquisition resources, the
most efficient information processing means in order to feed,
refine and evaluate the relevance of model and the most plausible interpretations. Additional loops can be added (processing to
sensing, for instance) if the analysis does not introduce formal
representations of physiological knowledge)

Figure 3. A schematic representation of the multilevel challenge.
Rows depict the intra-level interactions between similar entities,
columns the inter-level connections with close and distant loops
inter level transmition
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Figure 2. The multilevel signals that can be recorded during invitro and in-vivo observations of cells, neuronal assemblies and
main cerebral structures. Pictures from top to bottom display
the dense EEG setting, a MEG platform, an electrode array in
EcoG, depth electrodes for SEEG and a Multiple Micro Electrode Arrays (MMEA)
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formulation of the pathophysiological mechanisms originating
the observed patterns is carried out. I oppose that to the “deep
approach” which tries to establish the link, at a given detail
level, between these patterns and the underlying mechanisms.
The latter requires to design a model of these mechanisms,
allowing a physical interpretation of the information conveyed
by the data.
These remarks represent the foundation of Fig. 1. It is my
feeling that the fundamental loop, iterated over time, must
include both sensing, processing and modelling. In addition this
loop has to integrate both the multimodal, multiscale, multilevel
and multisource dimensions. Multimodal means that a specific
object, at a given scale, must be observed simultaneously in
most, if not all, the physical components (electrical, mechanical,
chemical, etc.) that drive its behaviour. We are far from that and
such approach requires the design, not only of the appropriate

intra level coupling

devices, but also of new experimental protocols, either in biology
or in medicine. Multilevel concerns the ability to derive relations
between very elementary entities with macrosets constituted by
these entities leading to different, collective behaviours (an
example of that is the jump from neurons to populations of
neurons, see next paragraph). Multisource refers, for instance,
to the several features that can be extracted from the data: it
is in some way related to multiparametric approaches or the
so-called fusion problems. When dealing with image sequence,
it will combine both motion information, boundary and region
features, intensity-based or topology-based. Multiscale methods
call for innovating views to jointly acquired and processed data
at fine and large scale. It can be sometimes close to the multilevel concept but when applied to time, it discriminates the longterm dependences to the immediate responses to local events.
It is the conjunction of these all dimensions with the coupling to physiologically-founded models which is, in our views,
very challenging.

An example of multilevel, monomodal,
multitimescale system
Let us take the epilepsy case to illustrate our purpose. The
data that we may access are identified Fig. 2. They go from membrane properties with the ion channels that can observed through
patch clamp techniques, to neuronal in vivo characteristics
available by means of multiple micro arrays (MMA), still limited
populations of neurons using stereo-electro-encephalography
signals (SEEG), brain structures with electro-corticography
(EcoG) up to the brain activities with high density EEG and magneto-encephalography (MEG). These multilevel data represent
of course important jumps over description levels, e.g. too rough
and sparse to reflect the continuum we are looking for, among
which synaptic delays, excitation and inhibition, afferent and
efferent connections and loops, conduction paths, etc.
They remain monomodal, e.g. electrically-based mechanisms are observed. However, they provide a first step of the
frame required to model and to understand the intra-level coupling and the inter-level transitions (Fig. 3). From the multiscale
standpoint, we are also interested in short impulses (submil-
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Figure 4. Major measurements and components intervening in clinical diagnosis of cardiac disorders with focus on Cardiac Resynchronization Therapy. Picture (a) is from [Garreau, 2004] [21]. Picture (b) is from [Schleich, 2002] [22]. Pictures (c) and (d) are from [de Boer,
2000] [23]
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liseconds), potentiation effects over long-range time horizon
(i.e. seconds, minutes or more) but also on the immediately
adjacent interactions or very distant ones (from nanometers up
to millimeters or more). Models here should play a major role to
simulate and provide insights on the plausible roles of neuronal
network topologies (chains, lattices, fully-connected graphs), on
the mutual synchronization of cells (uniform or non-uniform
pulse-coupled oscillators), on travelling waves and non-linear
dynamics, etc. A lot of models have been developed to render
the functional behaviours at different levels. The reader interested in this area can refer to the compartmental model [15],
recently investigated in networks with axo-axonal gap junctions
[16], the work of Nunez [17] putting emphasis on the delays due
to axonal conduction and long-range interactions, population
models [18,19] and the efforts devoted to link micro and macro
behaviours by Wright and Liley [20].

An example of multimodal, monolevel approach
The key dimensions for further advances in clinical diagnosis and therapy of cardiac disorders are reported Fig. 4. Only
a few of them, that we consider as major issues to deal with, will
be discussed here. The integration of multimodal imaging data
is a critical issue [24]. It starts with the diagnosis tools providing
the 2D, 3D and 4D elements to capture local, regional and global characteristics required to determine the morphological and
functional patterns of the heart, either normal or abnormal. The
progress in ultrasound techniques, and in Multi Slice CT allows
now to acquire 3D time image sequences with high contrast and
spatio-temporal resolutions. The major problems, beyond spatio-temporal registration methods aimed at deriving a common
coordinate system, are to extract quantitative features that can
be physically and physiologically interpreted with a proper anatomical reference. Accurate and reliable segmentation methods,
fulfilling the time computation constraints in clinical practice,

with robust motion estimation algorithms and perfusion parameters have to be combined in a sound information processing
frame in order to get a full view of the status of the heart. Electrical catheter-based mapping [25-27] is a relevant complement
of the imaging sources for electrophysiological tracking but they
have the inconvenient to be invasive, expensive and to increase
the time duration of the exploration, and as such put more clinical demands.
The physiopathological in-silico modelling of the heart capable to fuse together the patient specific features (i.e. electrical,
mechanical and perhaps more importantly the electromechanical, mechanochemical, etc.) with the corresponding anatomical
structures into generic models integrating the last data obtained
through in vitro, ex vivo and in vivo experiments is perhaps
the grand challenge for tomorrow. A lot of efforts have been
devoted to the restitution of the electrophysiological activity
of the heart and two main model families can be distinguished
(refer to [28, 29] for full references): 1. simplified models, which
are limited to the simulation of an action potential waveform,
without taking into account any sub-cellular process, such as the
Fitzugh-Nagumo’s model (which was later improved by Aliev
and Panfilov) or the model proposed by van Capelle and Durrer
and 2. electrophysiologically detailed models: which are based
on the Hodgkin-Huxley approach for modelling ionic currents.
A variety of models have been proposed for the later type, with
increasing levels of detail and for specific myocardial tissues (i.e.
ventricular, atrial, or Purkinje myocites). Large-scale electrical
models have been developed [30,31], some being mapped to 3D
anatomical data [32,33] but the key issue remains the inverse
problem, i.e. the identification of the system from the current
observed data. However, even if it is not out of reach, we are still
far to deal with the full complexity of cardiac mechanisms. To
just take an example, the excitation-contraction coupling, which
refers to the physiological processes linking myocite depolarisa-
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tion and contraction, involves many structural and regulatory
proteins whose nature and function are just emerging [34].
Merging the multifunctional models we need to face electrical, mechanical, haemodynamic facets, at different scales,
distinct supports, time dynamics with the multimodal data that
we have at our disposal, would directly impact our capability to
diagnose and care. Further clinical advances should rely on the
design of intelligent devices, implantable or not, able to handle
the several variables required, with both real-time recording,
processing, stimulation capabilities.

Conclusions
The topics addressed in this paper are a few among many
fields where major emerging research is carried out. They are at
the exact convergence point between biology, medicine, physics,
mathematics and engineering science. The future is open due
to the amount of knowledge that are currently acquired and the
challenging work to perform before really achieving significant
breakthroughs. Engineering – with competences in computer
science (database management), automatic control (modelling
and control), information processing (recognition and fusion for
signals and images), microtechnology (sensing devices) – must
be fully part of this future. Moreover, biomedical engineering
and medical informatics are key players because they are used to
interdisciplinary research, to design pertinent experiments and
also to take care of the all aspects involved between a research
finding and its transformation into a product with an health care
impact.

Acknowledgement
The author is indebted to many colleagues and friends for
the active discussions and exchanges both in the LTSI (A Bardou, JJ Bellanger, A Hernandez, F Wendling) and outside
(P Bourgine, P Chauvel, J Demongeot, Y Meyer).

References

11. Coatrieux JL. Integrative science: A modelling challenge. IEEE
Eng Med Biol, 2004; 23(1): 12-4.
12. Coatrieux JL. Integrative science: place and future of the modelbased information processing. IEEE Eng Med Biol, 2004; 23(4): 19-21.
13. Hanahan D, Weinberg RA. The Hallmarks of cancer. Cell, 2000;
100: 57-70.
14. Sontag ED. Some directions in control theory inspired by systems
biology. Syst Biol, 2004; 1(1): 9-18.
15. Commission of the European Communities Communication:
Towards a European Strategy for nanotechnology, EU, DG Research,
Brussels, 2004.
16. NIH Roadmap. Nanomedicine, NIH, USA, 2004. Newman MEJ,
Models of the small-world: a review. J Stat Phys, 2000; 101: 819-41
17. UK Royal Society and Royal Academy of Engineering: Report
on Nanoscience and Nanotechnologies, Opportunities and Uncertainties, UK, 2004.
18. ESF Scientific Forward Look on Nanomedicine, European Science Foundation, Strasbourg, France, 2005.
19. Li KCP Ed. Molecular Imaging I-II. Special Issues, IEEE Eng
Med Biol Magazine, 2004: 23: 4-5.

10. Levsky JM, Singer RH. Gene expression and the myth of the
average cell. Trends Cell Biol, 2003; 13: 4-6
11. Laforge B, Guez D, Martinez M, Kupiec JJ. Modeling embryogenesis and cancer: an approach based on an equilibrium between the
autostabilization of stochastic gene expression and the interdependence
of cells for proliferation. Prog Biophys Mol Biol, 2004.
12. Crampin EJ, Halstead M, Hunter P, Nielsen P, Noble D, Smith
N, Tawhai M. Computational physiology and the Physiome Project. Exp
Physiol, 2004; 89: 1-26.
13. Demongeot J, Bezy-Wendling J, Mattes J, Haigron P, Glade N,
Coatrieux JL. Multiscale modeling and imaging: the challenges of biocomplexity. Procedings of IEEE, 2003; 91(10): 1723-37.
14. Coatrieux JL. Integrative science: biosignal processing and modelling. IEEE Eng Med Biol, 2004; 23(3): 9-12.
15. Traub RD, Jefferys JGR, Miles R, Whittington MA, Toth K. A
branching dentritic model of a rodent CA3 pyramidal neurone. J Physiol,
1994; 481: 79-95.
16. Traub RD, Schmitz D, Jefferys JG, Draghun A. High frequency
population oscillations are predicted to occur in hippocampal pyramidal
neuronal networks interconnected by axoaxonal gap junctions. Neuroscience, 1999; 92(2): 407-26.
17. Nunez PL. Neocortical dynamics and human EEG rhythms. New
York-London, Oxford University Press, 1994.
18. Wendling F, Bellanger JJ, Bartolomei F, Chauvel P. Relevance
of nonlinear lumped-parameter models in the analysis of depth-EEG
epileptic signals. Biological Cybernetics, 2000; 83: 367-8.
19. Wendling F, Bartolomei F, Bellanger JJ, Chauvel P. Epileptic fast
activity can be explained by a model of impaired GABAergic dendritic
inhibition. Eur J Neurosc, 2002; 15(9): 1499-508.
20. Wright JJ, Liley DTJ. Dynamics of the brain at global and
microscopic scales: neural networks and the EEG. Behavioral and Brain
Sciences, 1996; 19: 285-320.
21. Garreau M, Simon A, Boulmier D, Guillaume H. Cardiac
Motion Extraction in Multislice Computed Tomography by using a 3D
Hierarchical Surface Matching Process. IEEE computers in Cardiology,
Chicago, 2004.
22. Schleich JM, Dillenseger JL, Andru S, Coatrieux JL, Almange
C. Understanding normal cardiac development using animated models.
IEEE Computer Graphics and Applications, 2002; 22: 14-9.
23. De Boer IH, Sachse FB, Mang S, Dössel O. Methods for determination of electrode positions in tomographic images. International
Journal of Bioelectromagnetism, 2000: 2-2.
24. Roux C, Coatrieux JL. Contemporary perspectives on Three
Dimensional Biomedical Imaging. IOS Press, Amsterdam, 1997.
25. Gepstein L, Hayan G, Ben-Haim SA. A novel method for nonfluoroscopic catheter-based electroanatomical mapping of the heart: in
vitro and in vivo accuracy results. Circulation, 1997; 95: 1611-22.
26. Schilling RJ, Peters S, Davies DW. Simultaneous endocardial
mapping in the left ventricle using a noncontact catheter: comparison of
contact and reconstructed electrograms during sinus rhythm. Circulation,
1998; 98: 887-98.
27. De Bakker JMT, Hauer RNW, Simmens TA. Activation mapping: unipolar versus bipolar recording. In: Zipes DP, Jalife J Eds,
Cardiac Electrophysioloy: from cell to bedsite. 3rd Edition Philadelphia,
Saunders, 2000; 1068-78.
28. Bardou A, Auger P, Birkui P, Chasse JL. Modeling of cardiac
electrophysiological mechanisms: from action potential genesis to its
propagation in myocardium. Crit Rev Biomed Eng, 1996; 24: 141-221.
29. Virag N, Blanc O, Kappenberger L. Computer simulation and
experimental assessment of cardiac electrophysiology. Futura Publishing,
2001.
30. Noble D, Winslow RL. Reconstruction of the heart: network
models of SA node-atrial interaction, in Computational Biology of the
Heart. Wiley & Sons, 1997; 49-64.
31. Quan W, Evans SJ, Hastings HM. Efficient integration of a realistic two-dimensional cardiac tissue model by domain decomposition.
IEEE Trans Biomed Eng, 1998; 45(3): 372-85.
32. Hunter PJ, Nash MP, Sands GB. Computational electromechanics of the heart, in Computational Biology of the Heart. Wiley & Sons,
1996; 345-407.
33. Rudy Y. Insights from theoretical simulations in a fixed pathway.
J Cardiovasc Electrophysiology, 1995; 6: 294-312.
34. Bers D. Cardiac excitation-contraction coupling. Nature, 2002;
415: 198-205.

137

138

Zvárová J

Roczniki Akademii Medycznej w Białymstoku · Vol. 50, 2005 · Annales Academiae Medicae Bialostocensis

New approaches to health promotion
and informatics education using Internet
in the Czech Republic
Zvárová J*
European Center for Medical Informatics, Statistics and Epidemiology, Institute of Computer Science,
Academy of Sciences of the Czech Republic, Prague, Czech Republic

Abstract
The paper describes nowadays information technology
skills in the Czech Republic. It focuses on informatics education using Internet, ECDL concept and the links between
computer literacy among health care professionals and
quality of health care. Everyone understands that the main
source of wealth of any nation is information management
and the efficient transformation of information into knowledge. There appear completely new decisive factors for
the economics of the near future based on circulation and
exchange information. It is clear that modern health care
cannot be build without information and communication
technologies. We discuss several approaches how to contribute to some topics of information society in health care,
namely the role of electronic health record, structured information, extraction of information from free medical texts
and sharing knowledge stored in medical guidelines.

Key words:
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Introduction
Modern information and communication technologies have
strongly influenced health care. The health care sector has to
face enormous acceleration in appearance of new knowledge,
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in development of new technologies and technical devices, new
drugs, as well as spread of new diseases. The patient benefit,
professional competence and service excellence can be facilitated
by the achievements of information and communication technology. Consequently, the ability to use this technology – computer
literacy, seems to become an imperative for health care professionals and other staff involved in health care delivery [1].
What are information technology skills in the Czech Republic? At the end of the year 2003, about 30% of the population
was using the Internet. However, one tenth of all Internet users
were students, and more than half were less than 25 years old.
We are speaking in the European programs about e-accessibility. It is the basic assumption for the future application of
e-Health. In the period of 2002-2004 the Czech Republic run
domestic online programs as a part of the Action Realization
Plan of the State Information Politics. The programs were
designed to introduce new information and communication
technologies in Czech health care. However, coming from the
figures, we can see a local portion of PC-equipped households
in the Czech Republic. Now about 13% of the households in the
Czech Republic are equipped with a PC. That means a low possibility to introduce the advanced concepts of health telematics
to the home care applications.
Nowadays, informatics education using Internet is strongly
increasing in Czech universities and other institutions. They
organize graduate, postgraduate (doctoral) and long-life education in the field of biomedical and health informatics to fill in the
gap. The links between computer literacy and quality of health
care as well as the need for computer literacy among health care
professionals is obvious. Health care in general is not the fastest
in utilizing information technology to its full benefit. Due to
new achievements in electronic heath record and telemedicine
we can expect great changes in health care services.
Telemedicine contributes very strongly to a new model of
health care. Information technologies (IT) start to be a part
of professional practice in health care. Patients also have easy
access to vast amounts of information and they are encouraged
to use it. Use of information technology greatly enhances the
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access to and flexibility of education; e-learning has become an
attractive and cost-effective addition to traditional methods of
education and training. Informed and empowered patients are
able to be involved in decision making about own treatment. To
this environment we introduced some concepts that are actively
promoting e-accessibility among patients and health professionals. For example in the Czech Republic the ECDL concept has
been applied, new courses, electronic books, web pages and
evaluation systems using internet (e.g. ExaME system) have
been developed and applied. The research and development
under the National Research Plan have been strongly focused
on information society in health care. Further we will give more
details on some new approaches to health promotion and informatics education using Internet connected with research and
education in the Czech Republic and we mention several activities managed by the EuroMISE Center (European Centre for
Medical Informatics, Statistics and Epidemiology) in the health
oriented research and education (www.euromise.cz).

Informatics Education using Internet
Links between computer literacy and quality of health care
as well as the need for computer literacy among health care
professionals is obvious. Nowadays, informatics education using
Internet is strongly increasing in Czech schools and other institutions. The concept of ECDL has been introduced as one of the
tools to assure the quality of informatics education.
The need for computer literacy among professionals has
been acknowledged and has been recognised as one of the
priorities for developments in the European countries. IT
professionals joined in the Council of European Professional
Informatics Societies (CEPIS, www.cepis.com) defined the
concept of the European Computer Driving Licence (ECDL,
www.ecdl.com) based on the results of the European project.
The underlying intention was to offer the means of certifying
knowledge of essential concepts of IT, and competence in the
use of a personal computer and of common computer applications. To reach this goal the ECDL Syllabus defines the term
‘computer literacy’ and classifies 7 domains (modules) within
this term. These are: basic concepts of IT, using the computer
and file management, word processing, spreadsheets, databases,
presentations, and information and communication. Each
module lists the facts to be known and the skills to be mastered
for a candidate to achieve the ECDL certification. The ECDL
testing was launched in 1997 and has quickly attracted the attention of both the general public and employers in Europe and
oversees. In the Czech Republic the ECDL testing started in
the year 2001 and has been supervised by the Czech Society of
Cybernetics and Informatics (www.cski.cz) [2]. In the year 2004
the number of the issued certificates increased to 5330. Total
numbers of indexes, certificates, accredited centres and testers
are given in Tab. 1.
The ability to manage modern communication tools such
as Internet services is one of the most important prerequisites
for the development and use of e-education, especially in
the lifelong learning. Now we describe the Czech program of
postgraduate doctoral studies in Biomedical informatics where

Table 1. Total numbers of indexes, certificates, accredited centres and testers in the years 2001-2004

Year

Absolute
number

Cumulative number

Issued
Indexes

Issued
Indexes

Issued
Certificates

Testing
Terms

Accredited
Centres

2001

3880

3880

863

966

6

2002

1980

5860

1887

1806

40

2003

3232

9092

3471

2916

65

2004

3905

12997

5330

3281

97

Internet is widely used in education and training activities [3].
The agreement on cooperation of Charles University in Prague
and Academy of Sciences of the Czech Republic in postgraduate
doctoral studies was signed on April 23rd, 1997. The main goal
of this agreement has been cooperation in development and
running of joint education and training of young researchers.
Based on this agreement the system of postgraduate doctoral
studies in biomedicine has been opened (www.kav.cas.cz/pdsb).
There is now 19 boards of scientific disciplines in postgraduate
doctoral studies in biomedicine, one of them the board of Biomedical Informatics. EuroMISE Centre is the joint workplace of
Charles University in Prague, Institute of Computer Science of
the Academy of Sciences of the Czech Republic, University of
Economy in Prague, General University Hospital in Prague and
Municipal Hospital in Caslav participates highly in the biomedical informatics education and training. New teaching methods
and tools, based on nowadays information and communication
technologies using Internet, have been developed. New books,
their electronic versions and corresponding knowledge bases
for evaluation of students’ knowledge were published in two
opened editions Biomedical Informatics and Biomedical Statistics [4-7]. Their electronic versions are available on Internet
(www.euromise.cz). Moreover, advanced system ExaMe for
evaluation of knowledge using Internet in distant and open
education was introduced [8]. Since 2001 the system ExaMe
has been regularly used in different courses developed by the
EuroMISE Centre. Fig. 1 shows the screen of the ExaMe test for
evaluation of knowledge in the course “Statistics in Biomedical
Research”. More details about the system ExaMe can be found
in [9].

Telemedicine contribution
to a new model of health care
The national program of research (NPR) and development
in the Czech Republic was elaborated in two foresights organized in the years 2001 and 2003. They significantly helped to
formulate the content and structure of the key research topics
for NPR. More then 500 experts evaluated various topics independently and set-up their preferences. The detailed SWOT
analysis was applied to quantify the results of expert reports and
evaluation. The Czech government approved the proposal of
the first foresight for NPR in April 2003. The research priorities
were implemented in the call for proposals opened in February
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Figure 1. The screen of the ExaMe test in the course “Statistics in
Biomedical Research”

Figure 2. The screen of the MUDR EHR showing a structured
way of storing data

Figure 3. Application of the MUDRlite in stomatology

2004 for the period 2004-2008. Several of the core areas covered
by IT disciplines were focused on the health care issues directly
or the health care domain, where Internet and telemedicine play
a very important role.
Let us mentioned objectives of the project “Information
technologies for development of continuous shared health care”
selected in the first call for proposals of NPR. The project deals
with development of methods and technologies for continous
shared health care in information society. Remote approach to
information (data, knowledge) stored in patient health documentation is the central issue of the project. Electronic Health
Record (EHR) is a basic assumption for telemedical applications. The research results on universal multimedia electronic
health record have been implemented. In the Czech Republic
results of the research on MUltimedia Distributed electronic
health Record (MUDR) have started to be exploited [10] in
different forms, including applications of PDA. Basic features
of the MUDR EHR are:
• Tree level architecture
• Separation of values from description of features
(knowledge base)
• Representation using both knowledge base and real
values by graph structure
• Unified view on data of any type
• Presentation of data in many languages
• Integration of systems for decision support, e.g. medical
guidelines.

However, the main objective of the research is to cover the
widest area of patient data by structured form, see Fig. 2. For
applied research it is very important to verify developed methods
and technologies in health care practice. MUDRLite application
is the direct reaction on topics generated by Czech physicians.
For example the version of the MUDR record with applications
in stomatology can work on stand-alone workstation without
connection with a remote server, see Fig. 3. Moreover, proposed
solutions can be also verified in two ambulatories of preventive cardiology supervised by both hospitals of the EuroMISE
Centre. The project has been also focused on the design and
evaluation of a proper infrastructure supporting management of
electronic health care documentation and on the development
of a health care system for continuous shared care about citizens
among various hospitals and general practitioners. One of possible applications is the use of Internet in sharing data among
physicians and patients at remote places. We have developed
the e-Health portal (www.euromise.cz) where online advice can
be given by physicians to patients on distance under valid Czech
and European legislative rules of medical data security, safety
and privacy. Further issues of continuous shared care are connected with partial automatic structuring of information coved
by free text medical record and promoting medical guidelines.
Automatic extraction of structured data from medical records
written in free text has been done by methods based on analysis
using regular rules. Application was tested on medical records
from General Faculty Hospital and Municipal Hospital in
Caslav [11] and embedded in the MUDR EHR, see Fig. 4.
Finally, some knowledge acquired in medicine is possible
to represent by medical guidelines, which make decision process in concrete case more easy and transparent. For computer
implementation and processing, it is necessary to have medical
guidelines explicitly structured. The most important and nowadays mostly used is the GLIF (Guideline Interchange Format)
model. The main goal of GLIF is to enable sharing of guidelines
among institutions and across computer applications. The GLIF
browser is designed as a general tool that can present any formalized medical guidelines in a user-friendly manner. It can be
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Figure 4. Embedded analysis of free medical text in MUDR
EHR

used for education of students and as a decision support system
in medical practice. Our method for automatic comparing of
medical guidelines with EHR has the following advantages
[12].
General applicability. System based on proposed method
can work with arbitrary guidelines. Only at first the guidelines
must be transformed into GLIF graph model. The transformation of free text guidelines into GLIF model or some similar
structured and precisely defined formal model should be accomplish anyway, because only in this way one can be certain, that
guidelines are unambiguous and non-contradictory.
Facilitation of changes in the system. When some part of
guidelines is changed, it is not necessary to correct the set of
rules used for checking of input data. What is sufficient to do is
making corresponding change in guideline model.
Support of distributed computing. The guidelines models
can be maintained on a server running at one site and EHR
and the system for its comparing with GLIF model and GLIF
browser on a user computer.
A method of medical guidelines modelling in GLIF and its
implementation in XML have been developed and first version
of Processing Medical Guidelines is available on the web pages
(www.euromise.cz).

Conclusions
The ability to manage modern communication tools such as
Internet services is one of the most important prerequisites for
the development and use of e-education (especially in the area
of lifelong education) and e-Health applications. The computer
literacy and how to prove it, it is a very important task for today.
We discussed the role of the ECDL concept for measuring of
computer literacy in population. Nowadays, younger groups

are more confident in Internet services than the older people.
Therefore it is very difficult to implement some e-health
application concerning home care, care for elderly or disabled
people. However, links between computer literacy among health
care professionals and quality of health care are obvious. Everyone understands that the main source of wealth of any nation
is information management and the efficient transformation of
information into knowledge. There appear completely new decisive factors for the economics of the near future based on circulation and exchange information. It is clear that modern health
care cannot be build without information and communication
technologies. Telemedicine is largely based on electronic health
record and new methods and tools how to structure information,
extract information from free medical texts and sharing knowledge is the main objective of many research projects.
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Peroxisome proliferator-activated receptor
ligand prevents the development of chronic
pancreatitis through modulating NF- B-dependent
proinflammatory cytokine production and pancreatic
stellate cell activation
Hisada S, Shimizu K*, Shiratori K, Kobayashi M
Department of Gastroenterology and Pathology, Tokyo Women's Medical University, School of Medicine, Tokyo, Japan

Abstract
Purpose: Thiazolidinedione derivatives (TZDs) are
known to be ligands of peroxisome proliferator-activated
receptor (PPAR ). In this study, we investigated the effect of
a TZD, troglitazone, on inflammation and fibrogenesis in the
pancreas of an experimental model of chronic pancreatitis.
Material and methods: Male WBN/Kob rats with spontaneous chronic pancreatitis were fed rat chow containing
0.2% troglitazone from 1 to 4 months of age. Immunohistochemical studies of rat pancreas were carried out with
monoclonal mouse antibody against human alpha-smooth
muscle actin ( -SMA) or rabbit polyclonal antibody against
collagen type I, collagen type III, or fibronectin. Cytokine
production was measured by enzyme-linked immunosorbent
assay. The inhibitory action of troglitazone on nuclear factor- B (NF- B) binding activity in activated macrophages
was also investigated.
Results: Long-term administration of troglitazone
reduced inflammatory cell infiltration and fibrosis in the
pancreas of WBN/Kob rats, and expression of -SMA, procollagen I, III, and fibronectin was significantly reduced by
troglitazone. The increase in TNF- production by activated
macrophages was significantly decreased by troglitazone.
Peritoneal macrophages isolated from WBN/Kob rats produced a large amount of TNF- , whereas those from troglitazone-treated WBN/Kob rats produced only a marginal
amount of TNF- . Lipopolysaccharide-induced NF- B binding activity in peritoneal macrophages was also significantly
reduced by troglitazone.
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Conclusions: Troglitazone prevented the progression of
chronic pancreatitis via inhibition of ECM synthesis and
proinflammatory cytokine production mediated by the inhibition of NF- B activity.
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Introduction
Chronic pancreatitis is an irreversible, progressive disease
characterized by pancreatic exocrine and endocrine dysfunction and by morphological damage, including inflammatory
responses, subsequent fibrosis, and destruction of acinar and
duct cells. Thiazolidinedione derivatives (TZDs) are known
antidiabetic agents and ligands for peroxisome proliferatoractivated receptor (PPAR ), a member of the nuclear receptor superfamily of transcription factors [1-5]. We previously
reported that a TZD, troglitazone, improves exocrine pancreatic function in rats with streptozotocin-induced diabetes
mellitus and inhibits the progression of pancreatic damages and
pancreatic exocrine insufficiency in an animal model of chronic
pancreatitis through morphological improvement of inflammation and fibrogenesis [6,7]. Pancreatic stellate cells (PSCs) have
been characterized as the major source of extracellular matrix
and cytokine production and as playing a pivotal role in the
fibrogenesis in chronic pancreatitis [8]. We have reported finding that troglitazone prevents the progression of chronic pancreatitis by interfering with the fibrogenic action of PSCs in an in
vitro study [9], and PPAR ligands have been reported to inhibit
inflammatory cytokine production [10,11]. Su et al. found that
PPAR ligands reduce colonic inflammation in a mouse model
of inflammatory bowel disease by down-regulating proinflammatory cytokine production at the transcriptional level through
inhibition of activation of a transcription factor, nuclear factor- B (NF- B) [12]. In the present study, we found that long-term
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administration of a PPAR ligand prevents the progression of
chronic pancreatitis by modulating the pancreatic inflammatory
and fibrogenic response through inhibition of NF- B-dependent proinflammatory-cytokine production.

directed against -SMA. Following incubation with peroxidaseconjugated secondary antibodies, signals were developed by
a chemiluminescence system.

Isolation of peritoneal macrophages

Material and methods
Animals and experimental protocol
One-month-old male WBN/Kob rats were fed 0.2% troglitazone (supplied by Sankyo Company Ltd, Tokyo, Japan) containing rat chow for 3 months, and male WBN/Kob rats and male
Wistar rats were fed the same rat chow without troglitazone, as
controls. For the morphological studies, pancreata were fixed
overnight in freshly prepared 4% paraformaldehyde in PBS
(pH 7.2) before embedding them in paraffin by the standard
method.

Morphological examination of the pancreas
After deparaffinizing the sections and rehydrating them
through a xylene and ethanol series, they were stained with
hematoxylin-eosin or Masson's trichrome stain and evaluated
histopathologically. To measure the area of the pancreas that
was fibrotic, the whole pancreas was divided into a splenic half
and a duodenal half, and each half was sliced at 3 mm intervals
to provide cross-sections of tissue. The area of the fibrotic tissue
identified by staining with Masson's trichrome was calculated in
all specimens with image analysis software (SPICA II, Olympus
Optical Co., Tokyo, Japan). The proportion (%) of the pancreas
that was fibrtoric was calculated thus: (fibrotic area / total area
of the specimen x 100).

Immunohistochemical study
Serial sections were used for the immunohistochemical
study. The protocol basically consisted using the avidin-biotin
complex method and reagents provided by Vector Laboratories
Inc (Burlingame, CA). Briefly, sections were incubated overnight at 4°C with monoclonal mouse antibody directed against
human alpha-smooth muscle actin ( -SMA), rabbit polyclonal
antibody against collagen type I, collagen type III, or fibronectin
(DakoCytomation, Kyoto, Japan), and then incubated with
a biotinylated secondary antibody. Peroxidase staining was
performed with 3,3’-diaminobenzidine (DAB). Immunoglobulin
from non-immunized animals was substituted for the primary
antibody to provide a negative control.

Protein extraction and western blot analysis
The pancreas was homogenized in lysis buffer containing
0.15M NaCl, 50 mM Tris-HCl (pH 7.2), 1% deoxycholic acid,
1% Trion X-100, 0.1% SDS, and 1 mM PMSF, plus 5 g/ml of
each of the following proteinase inhibitors: pepstatin, leupeptin, chymostatin, antipain, and aprotinin. After centrifuging
the homogenates at 15,000 rpm for 10 min at 4°C, the protein
concentrations were determined. A 25 g sample of protein was
separated by SDS-PAGE and transferred electrophoretically to
the membrane, and nonspecific binding was blocked by 1-hour
incubation of the membrane in 3% low-fat milk in PBS (pH 7.6).
The blots were then incubated with monoclonal mouse antibody

The abdomen was opened and lavaged with 5 ml of cooled
PBS. The peritoneal lavage fluid was then collected and centrifuged at 1500 rpm for 15 min. The cell pellet was washed once
in PBS and resuspended at a concentration of 2 x 106 cells/ml
in RPMI 1640 medium supplemented with 10% FCS, 100 U/ml
penicillin, and 100 g/ml streptomycin. The cells were plated in
chamber slides and cultured at 37°C under a 5% CO2 atmosphere for 2 hours. Nonadherent cells and the medium were then
removed, and the adherent cells were washed three times with
PBS and used as peritoneal macrophages.

Measurement of the concentration of TNF- released
by peritoneal macrophages
To measure the TNF- released by peritoneal macrophages,
cells isolated from male WBN/Kob rats were resuspended at
a concentration of 1 x 105 cells/200 ml/well in 10% FBS-RPMI
1640 medium containing 100 U/ml penicillin and 100 mg/ml
streptomycin and cultured at 37°C under 95% O2 and 5% CO2
for 3 days. The culture supernatant was used to determine the
TNF- concentration. Whether troglitazone modulates TNFsecretion by activated macrophages was also investigated.
Freshly isolated peritoneal macrophages (1 x 106 cells/ml) from
male Wistar rats were grown for 18 hours in standard medium,
and then for 2 hours in fresh medium containing troglitazone,
after which the cells were cultured in the presence of lipopolysaccharide (LPS) (10 ng/ml) for 3 days. TNF- in the supernatant released by the peritoneal macrophages was measured with
an enzyme-linked immunosorbent assay (ELISA) kit (Genzyme,
USA).

Nuclear protein extracts
Peritoneal macrophages isolated from male Wistar rats
were exposed to LPS for 3 hours in the presence or absence of
troglitazone, and the cells were harvested for nuclear extract
preparation. Cells were washed twice in cold PBS and lysed in
1.2 ml of ice-cold hypotonic lysis buffer (10 mM HEPES, pH 7.9,
10 mM KCl, 0.1 mM EDTA, pH 8.0, 1 mM DTT, TritonX 0.5%
containing protease inhibitor) for 30 min on ice, and centrifuged
at 6500 rpm for 1 min. The pellets were resuspended in 50 l
of nuclear extraction buffer (20 mM HEPES, pH 7.9, 400 mM
KCl, 1.5 mM MgCl2, 0.2 mM EDTA, pH 8.0). The lysate was
incubated for 20 min, and an aliquot of the culture supernatant
was stored at -80°C.

Electrophoretic mobility shift assay (EMSA)
EMSA was performed by using a gel shift assay system
kit (Promega, USA). Complementary oligonucleotides were
32
P-end-labeled with T4 polynucleotide kinase. Oligonucleotide
probes were incubated with 10 g of nuclear extracts in binding
buffer with or without unlabeled competitor or noncompetitor
oligonucleotide. DNA-binding protein complexes were separated with 6% DNA retardation gel (Novex, USA) at 250V and
visualized by autoradiography.
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Figure 1. Histological appearance of the pancreas of WBN/Kob rats. Focal inflammatory cell infiltration, hemorrhage, and fibrosis were
observed in 4-months-old WBN/Kob rats. These findings were markedly prevented by administration of troglitazone. Original magnification x100
control

Statistical analysis
All data are expressed as the mean ± standard error.
Statistical analysis was performed by the unpaired Student’s
t test or by one-way analysis of variance followed by Fisher’s
multiple comparison test. All differences with p values <0.05
were regarded as significant.

Results
Troglitazone prevents the progression of chronic
pancreatitis in male WBN/Kob rats
Significant focal inflammatory cell infiltration, hemorrhage,
and fibrosis were observed in all of the 4-month old WBN/Kob
rats, and troglitazone administration for 3 months significantly
limited the development of the pancreatic inflammation (Fig. 1).
The proportion of the total area of the pancreatic specimen
occupied by the fibrotic area, which stained positive with Masson’s trichrome, was calculated to evaluate the effect of troglitazone on pancreatic fibrosis. The fibrotic area (10.5±1.5 mm2)
accounted for only 2-3% of the total area (303.7±19.3 mm2)
measured in the WBN/Kob rats fed troglitazone for 3 months,
as opposed to approximately 7% in the control WBN/Kob rats
(16.8±0.5 mm2 / 240.0±11.1 mm2). The immunohistochemical
study revealed the presence of spindle-shaped -SMA-positive
cells, thought to be myofibroblasts, scattered throughout the
fibrotic area in the control WBN/Kob rats. Administration
of troglitazone significantly reduced the number of -SMA
positive cells, and the areas positive for collagen I, III, and
fibronectin were also reduced by troglitazone (Fig. 2). Western
blot analysis demonstrated strong expression of -SMA in the
control WBN / Kob rats, and its expression was decreased in the
WBN/Kob rats fed troglitazone (Fig. 3). These findings suggest
that PSCs may be an important target in the mechanism of the
anti-fibrotic action of troglitazone.

troglitazone-treated

TNF- production by peritoneal macrophages is
decreased by exposure to troglitazone
We investigated the mechanism of the inhibitory action of
troglitazone on proinflammatory cytokine production. Peritoneal macrophages isolated from WBN/Kob rats produced
a much greater amount of TNF- (1061±28 pg/ml/105 cells)
during three days of culture than cells from normal Wistar
rats (31±14 pg/ml/105 cells). However, the cells from troglitazone-treated rats produced only a marginal amount of TNF- .
LPS-stimulated macrophages from normal Wistar rats released
a larger amount of TNF- than unstimulated macrophages,
and exposure to troglitazone significantly decreased the LPS-induced TNF- production (Fig. 4).

Troglitazone dose-dependently inhibits NF- B/Rel
activation in activated macrophages
We investigated whether troglitazone affects NF- B/Rel
binding activity in LPS-stimulated macrophages. No NF- B/Rel
binding activity was detected in nuclear extracts prepared from
unstimulated cells, and the specificity of the NF- B/Rel binding
activity induced by LPS was confirmed by a competition study.
Increasing doses of troglitazone suppressed the NF- B/Rel
binding activity in a dose-dependent manner (Fig. 5).

Discussion
In previous in vivo studies, we found that pancreatic exocrine dysfunction in rats with streptozotocin-induced diabetes
mellitus and in an animal model of chronic pancreatitis was
improved by administration of troglitazone [6,7], and the severity of the morphological pancreatic damage, including inflammatory cell infiltration and fibrosis, was suppressed by the
inhibitory effect of troglitazone on intrapancreatic proinflammatory cytokine expression and PSC activation. We also found
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Figure 2. Immunohistochemical staining for -SMA, collagen I, III, and fibronectin. The area of the pancreas that stained positive for
-SMA, collagen I, III, and fibronectin in the troglitazone (TRO)-treated rats was much smaller that in the control WBN/Kob rats
control

troglitazone-treated

α-SMA

α-SMA

collagen I

collagen I

collagen III

collagen III

fibronectin

fibronectin

Figure 3. Western blot analysis showed a significantly lower
-SMA protein level in the pancreas of troglitazone-treated
WBN/Kob rats than in the control WBN/Kob rats

α-SMA
troglitazone

–

–

+

+

that PSC proliferation was inhibited by troglitazone’s blocking effect on cell-cycle progression beyond the G1 phase via
PPAR -dependent and independent mechanisms [9]. The
present study demonstrated the area of the pancreas that was
positive for collagen I, III, and fibronectin, and expression of
-SMA was markedly diminished by troglitazone in an animal
model of chronic pancreatitis, suggesting that troglitazone
contributes to the prevention of the progression of chronic
pancreatitits by inhibiting ECM production.
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Figure 4. TNF- production by peritoneal macrophages. Peritoneal macrophages were isolated from male Wistar rats (n=4)
and exposed to LPS 10 ng/ml for 3 days. TNF- released into
the medium by the peritoneal macrophages was determined
by ELISA. LPS exposure increased TNF- secretion, and LPSstimulated TNF- secretion was significantly inhibited by troglitazone. Each value represents a mean ± SEM
14000
12000

*
*

10000
TNF-α (pg/ml)
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Figure 5. Analysis of NF B binding activity by the EMSA. Peritoneal macrophages were activated by LPS, and NF B binding
activity was analyzed by EMSA with a 32P-end labeled NF B
oligomer. Specific binding activity was determined by an excess
amount of unlabeled NF- B oligonucleotide or a nonspecific
oligomer containing the SP-1 DNA recognition motif. Peritoneal
macrophages were incubated in medium at a concentration of
1, 50, or 100 M of troglitazone for 2 hours and then exposed to
LPS 10 ng/ml for 3 hours
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When PSCs are stimulated by various soluble mediators
released by activated macrophages and aggregating platelets,
the phenotype of quiescent fat-storing cells converts to a myofibroblast-like cell phenotype that produces collagen type I, III,
and IV, and fibronectin [13,14], and transforming growth factor
(TGF)- and TNF- accelerate the change in cell phenotype.
Platelet-derived growth factor is a potent stimulator of cell proliferation, and TGF- , PDGF, and basic fibroblast growth factor
(bFGF) stimulate ECM synthesis [14,15]. Macrophage activation is closely associated with the fibrogenic action of PSCs. The
present study revealed that the TNF- release by peritoneal
macrophages isolated from WBN/Kob rats was significantly
suppressed by troglitazone, and similar results were obtained
in LPS-stimulated peritoneal macrophages isolated from normal Wistar rats. PPAR ligands have been reported to inhibit
inflammatory cytokine gene expression and promotor activity
by antagonizing the activity of the transcription factors of
AP-1, STAT, and nuclear factor- B (NF- B) [10,11], and PPAR
ligands inhibit the nuclear translocation and subsequent DNA
binding of NF- B by inhibiting the degradation of B- [11,
16-18]. NF- B is a transcription factor that binds to enhancer
elements involved in a variety of inflammatory cytokine genes,
such as the genes encoding TNF- , IL-6, IL-8, and inducible
nitric oxide synthase. NF- B/Rel is known to be activated in
animal models of acute pancreatits, including cerulein-induced
pancreatitis and taurocholate pancreatitis [19,20], and we found
that LPS-induced NF- B/Rel activation in peritoneal macrophages isolated from rats with chronic pancreatitis was inhibited
by troglitazone, suggesting that one of the mechanisms by which
troglitazone decreases inflammatory cytokine production is
mediated by the inhibition of NF- B/Rel activation.
The matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs) are crucial modulators of
fibrogenesis and fibrolysis. PSCs express not only the ECM but
membrane type-1 MMP, MMP-2, and MMP-9, which are known

to degrade basement membrane collagen, and MMP-13, which
degrades fibrillar collagen, and their inhibitors, TIMP-1 and
TIMP-2 [14,21]. Activated PSCs also express activated TGF- 1,
which up-regulates collagen I and down-regulates MMP-3 and
MM-9 [14]. Recent reports suggest that pioglitazone and rosiglitazone inhibit pancreatic cancer cells invasiveness by suppressing their gelatinolytic and fibrinolytic activity though inhibition
of MMP-2 activity [22], and a study on hepatic stellate cells
reported that pioglitazone prevents the activation of hepatic
stellate cells, thereby resulting in a reduction in expression of
type I procollagen, MMP-2, TIMP-1, and TIMP-2 mRNA and
acceleration of fibrolysis in the liver [23]. While the regulation
of fibrogenic and fibrolytic action on ECM by the combination
of MMPs and TIMPs is complicated, the balance between ECM
synthesis and degradation by MMPs and TIMPs may be a candidates for the mechanism that regulates the anti-fibrogenic effect
of TZDs in chronic pancreatitis.
Prevention of inflammation and fibrosis through inhibition of proinflammatory cytokine production and activation of
PSCs is a major target of the treatment of chronic pancreatitis.
Our recent study suggests that PSCs act as resident phagocytic
cells and that scavenger receptor CD36 promotes troglitazoneinduced phagocytic activity via activation of endogenous PPAR
[24]. TZD may be a useful drug for the treatment of chronic
pancreatitis.
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Abstract
Purpose: Adiponectin (APM1) – a newly discovered adipocytokine secreted by fat tissue – was recently suggested to
play a role in the genetic predisposition to type 2 diabetes,
obesity and insulin resistance. Adiponectin gene is localized
on chromosome 3q27 within the region which was identified as susceptibility locus for type 2 diabetes and metabolic
syndrome. Till now genetic associations of two SNP in exon
2 (+45T/G) and intron 2 (+276G/T) of adiponectin gene
with type 2 diabetes and adiponectin level were reported
in Japanese population and with insulin resistance in some
Caucasian populations (Italy, Germany). Moreover, in the
proximal promoter region of the APM1 gene: SNP-11426A/G
and –11391A/-11377G haplotype predicted the associations
with fasting plasma glucose, type 2 diabetes and adiponectin
levels. On the other hand the role of mutations in exon 3 of
the adiponectin gene is not so well studied.
Material and methods: The aim of our study was the
screening for rare mutation in exon 3 of adiponectin gene
in the Polish subjects with type 2 diabetes as there is no data
available about the frequency and role of these mutations
in our population. The study was performed in the group
of 187 Polish origin patients with type 2 diabetes (32 female
and 155 male, mean age 54.1±8.6 yrs) and 102 age and sex
matched healthy controls.
Results: The frequency of adiponectin gene mutations in
exon 3 was 3.9%, while in the control group 0.98% and this
difference was not statistically significant. We also observed
that adiponectin level is significantly lower in patients with
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c.331 T C mutation (Y111H) in comparison to subjects
without this mutation (5.0 ug/ml vs 14.4 ug/ml, p=0.0148).
Conclusions: To our knowledge the present study is the
first which shows that in Polish populations.

Key words:

adiponectin, polymorphism, exon 3, type 2
diabetes.

Introduction
Adiponectin (APM1) – a newly discovered adipocytokine
secreted by fat tissue – was recently suggested to play a role in
the genetic predisposition to type 2 diabetes, obesity and insulin
resistance [1,2].
There is an increasing evidence that hypoadiponectinemia,
observed in these different forms of metabolic syndrome, may
have a role in the pathogenesis of insulin resistance [3-5]. It was
shown that administration of adiponectin to animals with insulin
resistance lowered free fatty acid by improving their oxidation in
skeletal muscle and decreasing serum levels of glucose [6].
Adiponectin gene is localized on chromosome 3q27 within
the region which was identified as susceptibility locus for type 2
diabetes and metabolic syndrome [7]. Till now genetic associations of two SNP in exon 2 (+45T/G) and intron 2 (+276G/T)
of adiponectin gene with type 2 diabetes and adiponectin level
were reported in Japanese population and with insulin resistance in some Caucasian populations (Italy, Germany) [8-11].
Moreover, in the proximal promoter region of the APM1 gene:
SNP-11426A/G and -11391A/-11377G haplotype predicted the
associations with fasting plasma glucose, type 2 diabetes and
adiponectin levels [9,12].
On the other hand the role of mutations in exon 3 of the adiponectin gene is not so well studied. However, the association of
these rare mutation with type 2 diabetes was recently shown in
French Caucasians, but it was not confirmed in by the Swedish
group [8,12].
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Table 1. Clinical chracteristics of the patients with the mutations detected in exon 3 of the adiponectin gene and subjects without these
mutations

Subject ID

CASE
024
CASE
037

Age

Sex

DM
T2

CHD

49

m

yes

yes

Amino acid
substitution

Adiponectin
serum level

BMI

Hypertension

Hyperlipdemia

Tyr111His

5.7

26.3

1

1

Tyr111His

3.2

26.1

0

0

Tyr111His

9.4

30.1

1

0

Thr83Thr

26.0

25.1

1

0

Tyr111His

1.5

25.9

0

1

no

14.4

30.3

103/182

123/182

TAC CAC
TAC CAC
49

m

yes

yes

CASE
173

54

m

yes

yes

CASE
067

62

m

yes

yes

CONT
186

51

m

no

yes

53.8

32f/
150m

99/182

111/182

CASEs
without
mutation

Mutation
in exon 3

TAC CAC

ACC ACT

TAC CAC

no

The aim of our study was the screening for rare mutation
in exon 3 of adiponectin gene in the Polish subjects with type 2
diabetes as there is no data available about the frequency and
role of these mutations in our population.

Material and methods
The study was performed in the group of 187 Polish origin
patients with type 2 diabetes (32 female and 155 male, mean age
54.1±8.6 yrs) and 102 age and sex matched healthy controls.
For the study of the adiponectin gene mutations: c.250
G C(GGA CGA)
G84R
(Glycine Arginine);
c.268
G A (GGT ATG) G90S (Glycine Serine); c.331 T C
(TAC CAC) Y111H (Tyrosine Histidine); c.491 TAC
(ATC ACC) I164T (Isoleucine Threonine) 476 bp fragment
of exon 3 was directly sequenced using forward: 5’-GTGAGTGGGAGCCACAGGGATG-3’ and rewers: 5’-GCCGGAGGCCTGGTCCACATTA-3’ primers.

Results
In the studied group with type 2 diabetes we have found four
mutations in exon 3 of the adiponectin gene (three missence
Y111H and one silent mutation at the position c.249 C T, and
only one mutation (Y111H) in subject without type 2 diabetes
(but with the history of CHD and hyperlipidemia).
In our population we didn’t find any mutation which were
earlier observed in Japanese population (including c.491 T C
(I164T) and in the previous studies in French Caucasians: at the
positions c.250 G C (G84R) or c.268 G A (G90S) [8,13].
The frequency of adiponectin gene mutations in exon 3 was
3.9%, while in the control group 0.98% and this difference was
not statistically significant. We also observed that adiponectin
level is significantly lower in patients with c.331 T C muta-

tion (Y111H) in comparison to subjects without this mutation
(5.0 ug/ml vs 14.4 ug/ml, p=0.0148) (Tab. 1).

Discussion
To our knowledge the present study is the first which shows
that in Polish populations. Tyr111His mutation in exon 3 of
adiponectin gene could contribute to the lower level of adiponectin in the peripheral blood. Similar observation about the
association of at least one of G84R, G90S or Y111H variants
with adiponectin level and type 2 diabetes was previously
described in the group of 1373 French Caucasian subjects with
obesity and type 2 diabetes [8]. Contrary to our and Vasseur and
col. observations these three SNPs were at a very low frequency
in Swedish patients and were not associated with type 2 diabetes
[12].
At present it is difficult to explain how the observed mutation could influence the adiponectin level or function. As
Y111H missense mutation is located in the highly conserved
region of the adiponectin gene – at the hinge between the collagen and globular domains, it was previously suggested that this
mutation may partially hinder the complexation of collagenous
homotrimers in boundles and alter the spatial organization of
protein, interfere in post-translational modifications or influence the interactions of proteins with their receptor [8].
In our study the frequency of adiponectin gene mutations in
exon 3 was three times higher than in the control group (3.9%
vs 0.98%) but this difference didn’t reach the statistical significance. We think that the main reason for the lack of statistical
differences between the groups is that the frequency of the
studied mutation is relatively low and to prove the difference
one would have to study much larger group of subjects.
In summary our study suggests that Y111H missense mutation is associated with the lower levels of adiponectin in the
peripheral blood and its potential association with type 2 diabe-
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Figure 1. Fragments of DNA sequences of exon 3 of adiponectin gene with or without studied mutations
C) DNA sequence without c.249 C T mutation (Thr83Thr)

A) DNA sequence without c.331 T C mutation (Y111H)
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tes, coronary artery disease and maybe some other disorders of
metabolic syndrome need to be studied in the larger population
of subjects.
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Abstract
It is well known that subjects with type 1 diabetes are
at an increased risk of death from coronary heart disease
in comparison to non-diabetic age-matched individuals
because hyperglycaemia is believed to be a key risk factor
for the development of micro- and macrovascular complications. On the other hand there is increasing evidence about
the role of inflammatory mediators in the pathogenesis
of atherosclerosis and the development of acute coronary
syndromes. It has been recently suggested that IL-18 and
sICAM-1 have a strong predictive value for cardiovascular
diseases and deaths in patients with coronary artery disease
and/or in apparently healthy men.
The aim of our study was to estimate the serum levels
of IL-18 and sICAM-1 in subjects with type 1 diabetes and
their relatives, who share HLA diabetic susceptibility genes
(with or without pancreatic autoantibodies), but still without glucose level disturbances, as an evaluation of the possible role of genetic predisposition to the presence of IL-18
in diabetic families. The study was carried out in 35 type 1
diabetic subjects, their 101 healthy first-degree relatives: 36
siblings and 65 parents and the control group consisted of 31
healthy volunteers.
We have found increased IL-18 and sICAM-1 levels in
subjects with type 1 diabetes and their first degree relatives,
who share diabetic HLA haplotypes: DRB1*03/DRB1*04
or DRB1*03/*04/DQB1*02 independently of their autoimmune status. There was a strong positive correlation between
IL-18 and sICAM-1 levels in diabetic subjects and their first
degree relatives without glucose level disturbances.
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To our knowledge this is the first study, which suggests
that sICAM-1 elevations could be a result of IL-18 overproduction in type 1 diabetic subjects and their first degree
relatives. Since in previous studies IL-18 and sICAM-1 were
found to be predictors of death in subjects with CHD, one
could speculate that high levels of IL-18 observed in subjects
with genetic predisposition, but still with normal glucose
levels, are an in addition to hyperglycaemia, pathogenic factors responsible for a higher risk of acute coronary events in
subjects with diabetes type 1.

Key words:

coronary heart disease, diabetes type 1,
interleukin 18, soluble Intercellular Adhesion
Molecule 1.

Introduction
It is well known that subjects with type 1 diabetes have
a two to four times increased risk of death from coronary heart
disease in comparison to non-diabetic age-matched individuals
and hyperglycaemia is believed to be a key risk factor for the
development of micro- and macrovascular complications [1].
However, in contrast to the beneficial influence on microvascular complications, the role of good glycaemic control in the
prevention of cardiovascular deaths isn’t still well documented
in diabetic patients [2,3].
On the other hand there is increasing evidence about the
role of inflammatory mediators in the pathogenesis of atherosclerosis and development of acute coronary syndromes [4-6].
Interleukin 18 (IL-18) is a pleiotropic pro-inflammatory
cytokine involved in the regulation of innate and acquired
immune responses, playing a key role in autoimmune, inflammatory and infectious diseases [7]. IL-18 strongly stimulates
INF- production by T cells and NK cells and in synergy with
IL-12 promotes the development of Th1 responses [7,8].
The possible role of IL-18 in the pathogenesis of cardiovas-
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Table 1. Serum concentration of IL-18 and sICAM-1 in type 1 diabetic patients, their first degree relatives and healthy controls
Type 1 diabetes
(n=35)
IL-18 (pg/ml)
sICAM-1 (ng/ml)

Siblings
(n=36)

Parents
(n=65)

Healthy controls
(n=31)

157.3±80.1**

170.3±66.9**

146.9±72.6*

115.1±30.4

357.2±69.4###

311.2±75.1##

322.0±74.6#

257.3±46.7

Data are means ±SD, P values vs controls: ** p<0.01, * p<0.05, ### p<0.000001, ## p<0.00002, # p<0.00003

cular disease was previously suggested by Blankenberg et al.,
who have found IL-18 to be a strong predictor of cardiovascular
death in stable and unstable angina [9]. An increased expression
of IL-18 has been reported in human atherosclerotic plaque and
proposed to be involved in the plaque destabilisation [10,11].
Increased plasma IL-18 concentrations also correlated with
the severity of myocardial dysfunction in patients with acute
coronary syndromes [12].
The soluble form of intercellular adhesion molecule 1
(ICAM-1) is another marker of inflammation recently found
to be related with cardiovascular mortality and ischemic stroke
independently from other traditional risk factors [13-15].
ICAM-1 plays a crucial role in leukocytes migration from circulation into inflamed tissues and the soluble form of ICAM-1 is
supposed to be cleaved during this process [13-15]. High levels
of circulating ICAM-1 are associated with the early stages of
atherosclerosis development and their concentrations were
shown to correlate with pro-inflammatory cytokines: TNF- ,
IL-6 [16,17].
Moreover it was recently shown in in vitro studies that IL-18
in time- and concentration-dependent fashion up-regulates the
expression of ICAM-1 in the monocytes population in human
PBMC. On the other hand ICAM-1/LFA-1 interactions induced
by IL-18 are important for the enhanced production of INF- ,
TNF- , IL-12 [18,19].
The aim of our study was to estimate the serum levels of
IL-18 in subjects with type 1 diabetes and their relatives sharing
HLA diabetic susceptibility genes (with or without pancreatic
autoantibodies), but as yet with no glucose level disturbances, as
an evaluation of the possible role of genetic predisposition for
the determination of IL-18 in diabetic families.
In addition we have investigated the relationship between
IL-18 and sICAM-1 serum levels as their relationship has been
suggested in in vitro studies and both markers were found to
have a strong predictive value for cardiovascular diseases and
deaths in the patients with coronary artery disease and/or in
apparently healthy men [9,14,20].

Material and methods
The study was carried out in 35 type 1 diabetic subjects
(mean age 15.5±7.6 yrs, F/M=11/24, with good metabolic control – HbA1C<7%) and their 101 healthy first-degree relatives:
36 siblings (16.1±9.9, F/M=13/23) and 65 parents (40.9±9.5 yrs,
F/M=33/32). Diagnosis of type 1 diabetes was made according
to the criteria defined by WHO in 1985, the presence of ketosis,
low body mass index and need for insulin therapy.

The control group consisted of 31 healthy volunteers from
our staff families (mean age 16.4±3.1, F/M=13/18), who had
no family history of type 1 diabetes and other autoimmune
diseases.
The concentrations of IL-18 were measured by ELISA
using two monoclonal antibodies against two different epitopes
of human IL-18 (MBL, Ltd, Nagoya, Japan). The sensitivity of
the assay is 12.5 pg/ml.
sICAM-1 levels in the serum were determined by solid
phase ELISA assay (Parameter, R&D Systems, Abingdon, UK;
the minimum detectable concentration was 0.35 ng/ml).
Antibodies against glutamic acid decarboxylase (GADA)
and against tyrosine phosphatase (IA-2A) were measured by
RIA (Euroimmun, GmbH, Lübeck, Germany). HbA1C was
quantified by high-performance liquid chromatography (BioRad, München, Germany).
The genotyping of HLA alleles associated with type 1 diabetes mellitus in the Polish population: DRB1*03, DRB1*0401,
DQB1*02 was performed using SSP-PCR method as described
previously [21,22].
The results of IL-18 or sICAM-1 levels are presented as
a mean ±SD. The statistical significance between the groups
were evaluated by the Mann-Whitney U test, for regression
analysis Spearman’s correlation coefficient was used (Statistica
5.0, StatSoft, Tulsa, OK, USA) and the differences where considered significant at p<0.05.

Results
In subjects with type 1 diabetes fasting serum levels of IL- 18
and sICAM-1 were increased in comparison to the healthy
controls (Tab. 1) and the degree of these elevations were not
dependent on the degree of glycaemic control. No correlation
was observed between HbA1C and IL-18 or sICAM-1 levels. We
also didn’t find any correlation between IL-18 levels and age or
gender (data not shown).
Moreover our study has shown that IL-18 and sICAM-1
levels were higher in siblings and parents of diabetic subjects in comparison to the controls (Tab. 1). More detailed
analysis revealed that increased IL-18 levels are observed in
the first degree relatives, who share diabetic HLA haplotypes:
DRB1*03/DRB1*04 or DRB1*03/*04/DQB1*02 (Fig. 1)
independently of their autoimmune status (no difference in
subjects with or without GADA, IA-2A autoantibodies). There
was a strong positive correlation between IL-18 and sICAM-1
levels in diabetic subjects and their first degree relatives with no
glucose level disturbances (r=0.4, p<0.0002) (Fig. 2).

Interleukin 18 and sICAM-1 serum levels in families with type 1 diabetes mellitus

Figure 1. Serum concentration of IL-18 in association to HLA
diabetic susceptibility alleles in siblings of type 1 diabetic
patients
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Discussion
In our previous study we have shown an association between
type 1 diabetes and G C polymorphism at position -137 in the
promoter of IL-18 gene [23]. These findings together with our
present observations, that IL-18 levels are increased in type 1
diabetic patients and their healthy relatives, who share HLA
diabetic susceptibility alleles, seems to suggest that IL-18 levels
could be influenced by genetic predisposition in type 1 diabetic
subjects and their relatives with alleles associated with the
disease.
To our knowledge till now there has been only one paper
published concerning the levels of IL-18 in type 1 diabetes [24].

Nicoletti et al have found higher levels of IL-18 in the prediabetic stage of type 1 diabetes, but in contrast to our results,
not in the newly diagnosed subjects [24]. This difference could
result from the methodological reasons, since their assay was
able to measure detectable levels of IL-18 only in 3 out of 35
(8.6%) diabetic subjects. However It was recently reported that
different ELISA assays can detect different subtypes of IL-18 in
human serum [25]. In our assay two monoclonal antibodies were
used against two different epitopes of human IL-18 (commercially available ELISA test, previously used in other published
studies), IL-18 levels were detected in all the studied subjects
and the mean levels of cytokine in the healthy controls were
similar to the concentrations observed in other studies [9].
Moreover in the present study we found increased levels
of sICAM-1 in type 1 diabetic patients and their first degree
relatives and a strong positive correlation between IL-18 and
sICAM-1 levels, which could suggest that high concentrations
of sICAM-1 could be, at least partially, influenced by IL-18
overproduction in diabetic patients and their relatives.
In the present study we didn’t observe any relationship
between the both studied parameters and glycaemic control
or immune status. No relation between HbA1C or duration
of disease and increased sICAM-1 in type 1 diabetes was
previously reported by Fasching et al., who suggested that the
high concentrations of sICAM-1 reflected endothelial cell
stimulation and leukocyte activation [26]. Moreover Jude et al.
observed that higher levels of ICAM-1 in the sera of patients
with diabetes were of good predicture value of the development
of macrovascular disease in diabetic patients independently of
glycaemic control [14]. On the other hand Esposito et al. have
shown that in subjects with IGT, as well as in healthy controls,
acute hyperglycaemia increased IL-18 concentration during the
clamp study [27]. In the light of their findings we believe that no
correlation between HbA1C and IL-18 levels in our study could

Figure 2. Relationship between serum IL-18 and sICAM-1 levels in type 1 diabetic subjects and their first degree relatives
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result from good glycaemic control (HbA1C<7%) observed in
the studied type 1 diabetic patients.
In summary, to our knowledge this is the first study which
suggests that sICAM-1 elevations could be a result of IL-18
overproduction in type 1 diabetic subjects and their first degree
relatives. Since IL-18 and sICAM-1 have been the predictors
of death in subjects with CHD, one could speculate that higher
levels of IL-18, observed in subjects with genetic predisposition
to type 1 diabetes, but still with normal glucose levels, could be
in addition to hyperglycaemia, considered a pathogenic factor
responsible for a higher risk of acute coronary events in subjects
with diabetes type 1 in comparison to non-diabetic age-matched
individuals.
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Abstract
Purpose: The occurrence of benign bile duct stenoses
is mostly associated with prior biliary surgery, pancreatic
diseases or sclerosing cholangitis. It remains a challenging
problem for gastroenterologists and surgeons, especially in
case the endoscopic approach is not possible. The exact role
of percutaneous transhepatic stenting for these patients has
not been clearly defined yet.
Material and methods: 36 patients with symptomatic
benign bile duct stenoses or strictures after surgery underwent percutaneous transhepatic stenting and were studied
prospectively. We were particularly interested in how many
patients would achieve resolution of the stricture and tolerate removal of the drainage in the long-run.
Results: The primary success rate of percutaneous transhepatic biliary drainage (PTBD) was 92% (33/36 patients).
All patients presented improvement of jaundice and
cholestasis. Relief of the stricture and clinical improvement
was achieved in 72% (26/36) of patients after a median stenting time of 14.5 (6-34) months. 5.5% (2/36) required further
stenting due to a persistent stricture. A clinical recovery
without radiological stricture regression after stenting demonstrated 22% (8/36) of patients. Long-term failures were
noted in 27% (10/36) of patients after a median follow-up
of 48 months.
Conclusions: Percutaneous transhepatic stenting of
symptomatic benign biliary strictures is safe and highly
effective in achieving adequate internal bile drainage. There
seems to be a therapeutic benefit not only for short-term
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interventional treatment but also as a sufficient long-term
therapeutic alternative to surgery with tolerable complication rates.
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benign biliary stricture, percutaneous transhepatic drainage, long-term stenting.

Introduction
The etiology of benign bile duct stenoses is often associated
with open or laparoscopic cholecystectomy, pancreatic diseases,
sclerosing cholangitis and biliary anastomoses – e.g. after liver
transplantation or hepaticojejunostomy [1,2]. Postoperative bile
duct injuries occur in 0.2% to 0.5% of patients undergoing open
cholecystectomy and in 0% to 2.7% after laparoscopic cholecystectomy. Biliary tract complications, ranging from 7% to 31%
after orthotopic liver transplantation, have been reported in
the literature [3-5]. Benign bile duct strictures (BBS) represent
a significant clinical problem, despite technological developments that have facilitated diagnosis and management. Longterm complications may lead to recurrent chronic cholangitis in
up to 9% and secondary biliary cirrhosis in about 7% of patients.
Sepsis due to pyogenic liver abscess has also been described in
a number of patients [6].
Two treatment modalities for management of BBS are
available: surgical biliary drainage (mainly Roux-en Y hepaticojejunostomy) and the non-surgical approach with endoscopic
stricture dilation (consisting of repeated balloon dilation and/or
temporary insertion of a plastic stent) or percutaneous transhepatic biliary drainage (PTBD) for patients with inaccessible
papilla or intrahepatic strictures. These two therapeutic modalities provide comparable results with stricture relapses demonstrated in 15% to 45% of cases after mean follow-up periods of
4 to 9 years [2,4-9]. However, surgical biliary drainage is associated with a mortality of more than 10% although a mortality of
almost zero has been seen in more recent but smaller studies
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Table 1. Previous surgical interventions before PTBD
Operation
Cholecystectomy

N
13 (8 laparoscopic)

Biliodigestive anastomosis

13

Whipple’s procedure

4

Hepaticojejunostomy

2

No prior surgery

4

[10-16]. Therefore, over the last decade there have been many
efforts to explore endoscopic management [17]. Endoscopic
biliary stenting has been proved with good long-term results in
more than 80% of cases, respectively [5,8,9,18,19].
On the other side, data on the efficacy of the percutaneous transhepatic approach for BBS is based only on small
uncontrolled trials. Overall, PTBD has achieved success rates
of approximately 70% to 80% in patients with medium-term follow-up periods only [18,20-23]. The data are more limited with
regard to long-term results, and the patients described have
been subject to greater selection.
To clarify the role of PTBD, we prospectively studied the
efficacy and safety of this approach for BBS in patients with an
inaccessible papilla, intrahepatic stricture or in whom surgical
intervention was to be avoided. Overall, the main focus was to
investigate the long-term outcome of this treatment.

Material and methods
Patients
A prospective analysis of the “ ‘Ludwigshafen’ benign biliary
stricture register” revealed 127 cases of benign bile duct stenoses treated interventionally at the Endoscopy Unit, Department of Gastroenterology, Klinikum Ludwigshafen, Germany,
from 01.01.1996 until 01.01.2004, respectively. Patients with
malignant strictures or cholestasis due to distal common bile
duct stricture on chronic pancreatitis were excluded. A total
of 36 cases with symptomatic cholestasis were treated via the
percutaneous transhepatic route. Endoscopic approach was not
suitable in all 36 patients and they were referred for percutaneous transhepatic biliary drainage (PTBD) therefore.
The patients previous surgeries are listed in Tab. 1. Of 36
patients, 32 had undergone biliary operations while 4 patients
had had no previous surgery in the biliary system overall. However, these patients had intrahepatic strictures or had undergone
Billroth-II resection of the stomach and gastroduodenectomy
though that might have indirectly affected the biliary system
and they were included into the analysis. The median interval
between surgery and our subsequent percutaneous biliary drainage was 36.5±64 (1-252) months.

Endoscopic Technique
Percutaneous access of the biliary system was achieved in
case ERCP was not successful, because the papilla could not be
reached due to anatomical difficulties, biliodigestive anastomoses or intrahepatic strictures. Depending on the anatomy and
the site of cholestasis, a right and/or left peripheral bile duct

was punctured and a guide wire was used to pass the stricture.
The technique of percutaneous transhepatic cholangiography
(PTC) was performed as described previously by other authors
[24]. After insertion of a 5 Fr plastic sheath over the stricture
a more rigid guide wire was placed into the intestine. The transhepatic tract was sequentially (usually within 7-10 days) dilated
by exchange of transhepatic plastic tubes with an increasing
diameter up to 16-18 Fr until a stable cutaneobiliary fistula is
achieved. We performed percutaneous transhepatic cholangioscopy (PTCS; CHFX-P20, Olympus, Hamburg, GER) in every
patient to clarify the macroscopic-endoscopic dignity of the
stricture and to obtain histological specimen. In patients with
concomitant bile duct stones adjuvant endoscopic techniques
like laser lithotripsy and elctrohydraulic lithotripsy (EHL), was
used and the stone fragments were pushed into the intestine or
extracted with a basket afterwards.
Percutaneous transhepatic biliary drainage / stenting was
carried out with transhepatic flexible tubes (Yamakawa® type,
FA. Pflugbeil, Zorneding, GER). These polyethylene tubes are
available with an outer diameter of 14-18 Fr and have sideholes
for biliary drainage. The proximal tip of the tube was locked
and positioned at the skin level. Technical success was defined
as correct placement across the biliary stricture and a free flow
of bile was noted through the stent into the intestine. Complications were defined immediate if related to the procedure itself
or if they occurred within 1 week post-procedure. The patients
were advised to flush the tube with sterile saline solution at least
twice a week. Re-evaluation of the patients was scheduled every
4 months and the stents were exchanged electively to prevent
complications of clogging in the follow-up. Patients who developed cholangitis received intravenous antibiotic treatment and
stent exchange.

Follow-up and outcome
The charts of the patients were reviewed retrospectively for
indication, effectiveness, success and complications of PTBD.
Additionally, patients were contacted regularly to obtain current
clinical status and to document any symptoms of stent related
problems in the follow-up. Clinical and laboratory data of the
patients were assessed using the patients’ records and by personal interviews. Successful stenting was defined as radiological
stricture regression with clinical improvement after stent removal
in the long-run. Treatment was defined as not successful when
patients presented no radiological and clinical stricture regression
and required ongoing stenting or surgical approach in the followup. Prognostic factors were evaluated for a definitive successful
outcome of biliary stenting. The results are specified as mean
+/- standard deviation and range of values. Statistical analysis
was performed using the 2 test to verify the independence of
two variables, and the Fisher’s exact test for case numbers <50,
p<0.05 was defined as statistically significant.

Results
Percutaneous transhepatic biliodigestive stent therapy
was carried out in 36 patients with symptomatic benign biliary
stricture. There were 19 woman and 17 men with a mean age
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Figure 2. High-grade biliary stricture

of 67.5 ±12.5 (38-87) years. All cases presented with signs of
obstructive jaundice or cholangitis when the indication of PTBD
was defined. The patients demonstrated the following laboratory data before biliary drainage: total bilirubine 3.3±2.8 mg/dl
(0.2-14 mg/dl), alkaline phosphatase (AP) level 687.3±417 U/l
(53-2412 U/l) and the median diameter of the largest pre-stenotic/ anastomotic bile duct segment measured by ultrasound
was 9.52±3.1 mm (5-18 mm). The length of the stricture did
not exceed 15mm in most cases. Concomitant bile duct stones
were present in 21 patients and were successfully removed
after PTCS-guided laser lithotripsy or EHL before placement
of transhepatic tubes. Complete clearance of the bile ducts was
achieved after 2.2±0.5 treatment sessions, respectively.
Successful internal biliary drainage was achieved primarily
within the PTC-procedure in 33/36 (92%) of cases and a 9 Fr
transhepatic polyethylene bougie was placed with the distal tip
in the intestine. After sequential dilation of the cutaneobiliary
tract and the stricture to a width of at least 14 Fr, a 14-18 Fr
Yamakawa® prosthesis was successfully positioned into the right
hepatic duct (n=22), into the left hepatic duct (n=10) or into
both ducts (n=4). The primary failed cases underwent percutaneous cholangioscopy and the biliary stricture was passed with
a guide-wire under endoscopic control in all 3 patients. Therefore, of the 36 primary attempts of PTBD, all were successful.
Overall, adequate internal biliary drainage was noted in 100%
(36/36) of patients.

Short-term results:
Adequate drainage with significantly lowered bilirubine and
alkaline phosphatase (AP) levels was recognized in the shortterm follow-up in all 36 patients. Total bilirubine decreased
from 3.3 mg/dl to 1.3±1.4 mg/dl (0.3-10.8 mg/dl), alkaline
phosphatase (AP) level from 687.3 U/l to 261.2±156 U/l
(76- 1200 U/l) and the diameter of the proximal common
bile duct diminished remarkable to a width of 5.58±2.1 mm
(3-9 mm), respectively. There was no problem of early clogging
or perforation of the prosthesis. No procedure-related mortality
was encountered. Therefore, the 30-day mortality rate was 0%
while we recognized a morbidity rate of 13%, respectively.
The early complications related to the percutaneous transhepatic approach consisted of 2 cases of temporary cholangitis,
2 patients with minor bleeding episodes due to biliovenous
fistulas and one patient with active arterial bleeding after dilation of the transhepatic tract. Patients with cholangitis received

Figure 3. Regression after 1-year stenting

antibiotics via the i.v. route and this was successful in all cases.
Hemostasis due to biliovenous fistula was achieved by placement of transhepatic polyethylene tubes with no sideholes at
the site of the fistula. Management of the arterial bleeding after
dilation included angiography with superselective coiling of
a peripheral branch of the hepatic artery. The mean hospitalization of the patients for initial PTC and PTBD was 17.5±-4.8
(8-29) days.

Long-term results:
The median duration of drainage was 12±9.9 (1-52) months
and the subsequent follow-up for all patients irrespective of
treatment allocation was 48±14.2 (2-156) months. We recognized a radiological verified regression of the biliary stenosis in
26 patients after a stenting period of 14.4±6.1 (4-36) months.
The radiographic measurement after removal of the stent
demonstrated a mean dilation of the stenotic biliary segment
from 1.4±0.6 (1-3) mm to 2.4±2.9 (1-10) mm. However, 10 of
36 patients (27%) presented a persistent biliary stricture after
transhepatic stenting therapy.
Overall, in 22 patients, the transhepatic tubes could be
removed permanently while objective stricture regression and
clinical improvement was observed in the long-term follow-up.
The median stenting time for these patients was 14.9±6.2 (6-34)
months (Fig. 2,3). In 8 of the 10 patients without radiological
stricture regression, we removed the drains after a median
stenting time of 13.5±4.7 (8-22) months and the patients
demonstrated clinical improvement (no jaundice, pain or
cholangitis) without a stent in situ. However, in the long-term
follow-up 4 of the 8 patients were re-admitted because of recurrent jaundice, bile duct stones or cholangitis after 23.5±4.6
(17-24) months.
Four patients (11%) with primary stricture regression developed relapse of cholestasis after 20.2±2.6 (18-24) months. The
objective radiological long-term success rate (stricture regression + clinical improvement) with percutaneous treatment was
22 of 36 patients (62%), while the overall benefit from therapy
was 26 of 36 patients (72%).
The remaining 10 cases, which had to be regarded as
long-term failures, should be differentiated in primary failures (no stricture regression and/or no clinical improvement
after attempted PTBD extraction) and secondary failures
(recurrence/relapse of stricture and/or clinical improvement in
the follow-up (Fig. 1).
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Figure 1. Long-term results and outcome of PTBD in biliary stenoses

Patients
PTBD
N=36

Stricture regression
N=26

No stricture regression
N=10

Stent removal
and clinical improvement
N=8

Stricture relapse
N=4

Ongoing stenting
no improvement
N=2

Clinical relapse
N=4

Long-term failure
N=10

Persistent stricture without clinical improvement after
attempted PTBD was noted in 2 of 36 (6%) patients. The
median stenting time for these patients was 11.9±12 (2-52)
months. The reason for ongoing stenting were contraindications
for surgery in both patients. The percutaneous drainages were
exchanged regularly every 4 months to prevent complications
like clogging and cholangitis.
Eight patients (22%) developed relapse of the biliary stricture or recurrence of clinical symptoms (jaundice, cholangitis,
cholestasis) after 21.8±4.4 (17-24) months. The median stenting
period of these patients was 14.2±5.1 (4-36) months. Of these
8 patients, 2 were managed by insertion of a percutaneous selfexpandable metal stent, one patient underwent biliary drainage
surgery and 5 patients were treated with ongoing percutaneous
drainage again. Four patients (11%) with primary PTBD could
be switched to a biliodigestive stenting via the endoscopic
route. All patients with continued percutaneous transhepatic
stenting have remained well, with uneventful exchanges of the
Yamakawa drains every 4 months. Currently, 4/36 patients with
persistent stenosis or stricture relapse have stents in place at the
time of writing.
Possible influencing factors for determining superior longterm outcome like age, gender, etiology of the stricture, stricture
location, cholestatic serum parameters, width of the common
bile duct and treatment time were investigated as well. Statistical analysis (Fisher’s exact test) revealed minor significance only
for proximal or intrahepatic location, anastomotic strictures,
short strictures (p=0.07) and extended percutaneous stenting

time (p=0.08). All other variables demonstrated no significant
influence for successful long-term outcome.

Long-term complications
Stent occlusion was the predominant late complication and
was found in 14 (38%) of 36 patients. In total, we observed
19 (9.5%) occlusions of 198 stents in 36 patients. There was
no early or late perforation of the prosthesis in our patients.
Diameter and the length of the prosthesis were irrespective
parameters for stent occlusion. However, Yamakawa drains with
sideholes beginning at 7.5 cm from the proximal tip seems to be
superior to drains with sideholes beginning at 15 cm from the
proximal tip. An occlusion occurred more frequently in patients
with stent renewal “on demand” than in patients with elective
replacements every 4 months.

Discussion
Benign bile duct stricture (BBS) caused by prior biliary
surgery (open/laparoscopic cholecystectomy), pancreatic diseases, sclerosing cholangitis or biliary anastomoses represent
a difficult clinical challenge for gastroenterologists and surgeons [6,11,15,25]. If untreated, there is a high risk of repeated
cholangitis, biliary cirrhosis, hepatic failure, or death [10,13,19].
Many patients have undergone various treatment approaches
before admission to specialized centers [3,5,9]. However, adequate management of these patients is based on a “skilled team
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approach” between endoscopists and surgeons. Dependant factors for the “team approach” are patient’s age, comorbidities,
course and etiology of the stricture [6,7,11-13].
Today, emerging endoscopic and transhepatic treatment
modalities are particularly attractive because of their low
morbidity in comparison to surgical approaches [1,2,8,26]. The
characteristics of BBS as well as the success of the non-surgical
treatment are well documented in the literature [5]. Surgery
and endoscopic approach have demonstrated similar long-term
success rates [2,9,13,16,26]. Bergman et al. found a long-term
success of biliary stenting in 80% of their patients while 20%
suffered from stricture relapse within the first 2 years of stent
therapy. They advise endoscopic treatment as the initial management of choice for postoperative bile duct stenosis [26]. For
patients with tight benign strictures, an endoscopic dilation therapy for a minimum of one year is recommended [1,2,7,17,26].
Indications for surgery are complete transection, failed
previous repairs and failure of initial interventional therapy. All
other patients should be candidates for endoscopic stenting as
initial and definitive treatment [3,5,9,11]. However, only a few
direct comparisons between long-term results of surgery and
interventional techniques have been made until today.
More favorable long-term results have been demonstrated
in uncontrolled series for percutaneous transhepatic treatment,
with a success rate between 70% to 93% at a mean follow-up
of 24 to 36 months [18,20,27-29]. The goal of the percutaneous
transhepatic approach, especially in patients with inaccessible
papilla and intrahepatic stenoses, is to establish adequate
internal biliary drainage to prevent cholestasis, cholangitis, and
sludge or stone formation. Obviously, it is necessary that the new
interventional and minimal invasive techniques like percutaneous transhepatic treatment should be compared with surgical
results. However, it is difficult to assess the relative value of the
new interventional and percutaneous approaches in comparison
to surgery, and not only because of the limited patient numbers
published in the literature until today. Moreover, it is problematical to give guidelines on when the percutaneous transhepatic
tube can be removed and there is lack of confidence about the
time of stenting as well.
This manuscript is the first published paper presenting
long-term (>4 years) results of the treatment with percutaneous
transhepatic drains (Yamakawa® prosthesis) in benign biliary
strictures. The transhepatic prosthesis should not be left in place
longer than 4 months. After this time the Yamakawa® drainage
should be replaced in case of persistent stricture every 4 months
up to 1 year. We defined successful treatment as stricture regression and/or ongoing clinical absence of cholestasis after removal
of the prosthesis. Our results show that of 36 patients with BBS
who were treated during an 8-year period, about 72% were able
to benefit from the percutaneous treatment. In the long-term
follow-up of 48 months, we noted an acceptable rate of stricture
relapse (22%) and a reasonable rate of complications (13%).
Our short- and medium-term results are comparable with
the results from previously published data. Despite of these
promising outcome, we should take into consideration the
shortcomings of our data. First, the patient number in our study
was 36 and this makes a reliable statistical comparison more
difficult. Second, the uncontrolled character of the study may

Table 2. Stricture location and overall success rate of PTBD
Stricture location

Success of treatment

Anastomotic

9/10

Distal common bile duct

1/7

Mid/proximal common bile duct

3/7

Intrahepatic

12/12

All locations

26/36 (72%)

lead to an inhomogenous patient group. Therefore a systemic
bias concerning outcome variables and complication rate cannot
be ruled out.
On the other side, as our study involves unselective consecutive patients, we conclude that our results provide a realistic and
reliable assessment of the outcome of percutaneous transhepatic stent therapy in the clinical reality.
In 21 patients (58%) concomitant intrahepatic stones were
diagnosed due to intrahepatic or anastomotic stricture. The
overall stone-free success rate after 2.2 treatment sessions was
100% without any complications using laser lithotripsy or electrohydraulic lithotripsy (EHL). Comparable high success rates
of 83-100% were reported with the practice of different techniques of lithotripsy under cholangioscopic control [24,30,31].
Long-term success defined as no further stricture and no
recurrence of cholestasis or cholangitis is the vital issue for
patients with benign biliary strictures. The overall success rate
in the present study is comparable with those demonstrated in
most of the published reports [18,20,22,29]. In accordance to
the findings of Citron et al., treatment was more successful in
strictures located intrahepatic or in the upper parts of the common bile duct while their lowest success rates were in the distal
common bile duct (Tab. 2) [32].
Direct comparison of results between surgery and interventional techniques is difficult because data have rarely been
published. The success rate of primary operation is about 80%
and after 6-8 years varies between 75% and 90% [9-11,16]. In
comparison with these data we had a primary success rate of
94% (34 of 36 patients), and 26 of 36 (72%) of patients were
asymptomatic after percutaneous therapy after a long-term follow-up of 48 months.
As shown in our results, over 70% of patients presented
a radiological verified regression of the stricture in the follow-up. However, on the other hand, 22% of our patients
demonstrated an unchanged radiological stricture but clinical
improvement after stent removal in the long-run. We therefore
presume that the bile duct diameter alone is not the only factor
influencing biliary clearance function.
The success of treatment probably also depends on the period
during which the stents were in place, as the present results also
show. Until now, there are no data on how long a transhepatic
tube should remain in place. From our experience we conclude
that percutaneous transhepatic tubes should be placed for up to
1 year. A stricture remaining after this length of treatment should
be operated, because it is unlikely that conservative treatment
would be successful. However, ongoing percutaneous transhepatic stent therapy should become the therapy of choice in poor
surgical candidates or those who deny surgery.
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The decision on when to remove the transhepatic tube is
difficult, since a new percutaneous tract into the small bowel
has to be created if there is a recurrence, and this is sometimes
problematic, especially after surgical interventions. Born et al.
reported two different approaches to solve the problem [18].
They tried to leave a small-diameter (7 Fr) non-functioning
catheter in place for 2 to 4 months in order to maintain the cutaneobiliary tract for follow-up radiographics. After this time the
likelihood of stricture recurrence may be lower. Another option
is to leave a shortened percutaneous tube in place, not bridging
the stenosis but keeping the sinus tract open. However, we have
to keep in mind the high rate of tube dislocation and cholangitis
in the follow-up with this approach.

Conclusions
In conclusion, taking into account all the available data,
however, the problem of what to recommend to the individual
patient is difficult. Despite the improving success rates with surgical anastomosis [9,10,12,15,25] the minimal invasive approach
with transhepatic stenting should be performed as first line therapy - and not only for patients with high surgical risk [14,28,33],
since we have to keep in mind the substantial differences in
the success rates and associated risks involved in primary and
repeated interventions for surgical repair [17]. Moreover, we
recommend that the transhepatic approach should be the definitive treatment of choice for patients with intrahepatic strictures,
inoperable cases or after hepaticojejunostomy. Percutaneous
transhepatic stent therapy for BBS is an effective and low-risk
procedure and its associated long-term results promise a real
alternative to surgery.
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Abstract

Key words:

Purpose: Free wall cardiac rupture (CR) is one of the
most common cause of in-hospital death in acute myocardial infarction (AMI). The early diagnosis of CR and selection of the patients predisposed to CR become an important
clinical tool. Aim: assessing the occurrence of CR in patients
with AMI, to determine the factors which could help to identify the patients threatened with CR.
Material and methods: 2320 consecutive patients with
AMI. CR was proved by autopsy or by echocardiography
performed during cardio-pulmonary resuscitation (CPR).
Results: In-hospital mortality was 11% (254 patients). 50
patients (2%) died from CR. CR was the cause of 20% of total
in-hospital death. Patients with CR were older than survivors
(72 vs 60 years, p<0.0001). Women prevailed in CR group:
(62% in CR group vs 27% in the survivors, p<0.01). 29% of
patients were treated with thrombolytics (Th+). Out of 58
patients from Th (+) group who died, 17 (29.3%) died because
of CR. CR occurred in 33 (16.8%) patients out of 196 died in
Th (-) group. In the logistic regression analysis only age and
sex remained as predictors of CR. 16 patients died from CR
during first 24 h from admission (ECR). In 34 patients CR
occurred >24 h (LCR). In ECR group were no prevalence of
women, while in LCR women constituted 68%. In ECR group
all but one patient had no previous history of MI (p=0.06).
Frequency of thrombolythic therapy was equal.
Conclusions: Advanced age patients, particularly women
with first AMI are at risk of CR. Decision of thrombolytic
treatment in this group of patients must be very cautious.
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Introduction
Free wall cardiac rupture (CR) became a second most
important cause of death in acute myocardial infarction (AMI).
Almost inevitably CR leads to death and is considered to be
a hopeless situation. Some data suggest, that CR occurs more
often than it is clinically diagnosed and in case of subacute CR
conservative or surgical treatment could be lifesaving [1,2]. On
the other hand different kind of reperfusion therapy (trombolysis or primary PCI) seems to influence the occurrence of CR
[3-5]. Therfore the early diagnosis of CR and selection of the
patients predisposed to CR become an important clinical tool.
The aim of the study was to assess the trends of occurrence
and frequency of CR in patients suffering from AMI admitted
to our department and to determine the demographic and clinical factors which could help to identify the patients especially
threated with CR.

Material and methods
2 320 consecutive patients with AMI admitted to Cardiological Department of Wrocław County Hospital from 1985 to 2001
were retrospectively analysed.
Diagnosis of AMI was established according to the “old”
WHO definition: retrosternal pain not responding to sublingual
nitrates, ST elevation in at least 2 ECG leads and/or CPK elevation (>2 x normal level).
In respect of AMI localisation, we divided patients into 3
groups: group 1 – anterior Q wave AMI, group 2 – inferior Q
wave AMI, group 3 – patients with isolated lateral MI, MI of
uncertain localisation, non-Q AMI.
Until 1987 AMI treatment consisted of administration of
unfractionated Heparin and intravenous Nitroglycerin. Since
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Figure 2. Bar graphs demonstrating aging of study population
(median = 61 years)

Table 1. Baseline characteristics of study population by sex

Age

All (%)
n=2320

Women (%)
n=672

Men (%)
n=1648

P value

80

<0.001

70

60.9±12

66.0±11

58.6±12

AMI localisation
anterior
inferior
other

910 (39.2)
1083 (46.7)
325 (14.0)

269 (40.0)
293(43.6)
110 (16.4)

641 (38.9)
790 (48.0)
215 (13.1)

NS

Thrombolysis

661 (28.5)

186 (27.7)

475 (28.9)

NS

Total mortality

60
50
% 40

254 (11.0)

111 (16.5)

143 (8.7)

<0.001

30

CR

50 (2.2)

31 (4.6)

19 (1.2)

<0.00001

20

OD

204 (8.8)

80 (11.9)

124 (7.5)

<0.001

CR – cardiac rupture; OD – other death

10
0
1985-1988

1989-1992
<61

1993-1995

1996-1998

>61

1999-2001

p=0.001

Figure 1. Bar graphs demonstrating percentage men/women
over analysed period
80

Statistical analysis

70
60
50
% 40
30
20
10
0
1985-1988

1989-1992
Women

1993-1995

1996-1998

Men

p=0.02

1999-2001

Results are presented as a mean ± standard deviation (SD)
for continuous and normally distributed variables, as median
and as percentage for categorical data. Analysis of normality
was performed with Kolmogorov-Smirnov test. For continuous
variables comparisons between two groups were performed
with unpaired two-tailed t-test. Categorical data and proportion
were analysed using Chi-square test. Stepwise logistic regression
model was developed to analyse the effect of baseline characteristics for the prediction of CR. A p value < 0.05 was considered
statistically significant.

Results
1987 fibrinolytic treatment with streptokinase was introduced,
since 1990 – new generations of thrombolytics (t-PA, rt-PA,
TNK-tPA) were applied as well as a routine administration of
aspirin. Up to 2001 primary percutaeous interventions (PCI)
were not performed.
CR was diagnosed in 50 patients. In 39 of them on autopsy.
The other 11 patients were included in the CR group on the
basis of the signs of electromechanical dissociation (EMD)
during cardiopulmonary resuscitation, with CR confirmed by
echocardiography. Echocardiographic diagnose of CR was
made when liquid layer (more than 1 cm) was present in the
pericardial sac, distributed regularly around the heart. Sometimes hyperechogenic structures (clots) were visible.
CR population was divided into 2 subgroups: early CR
(ECR) subgroup consisted of 16 patients who died within 24
hours after hospital admission. The remaining 34 patients were
included to the late CR (LCR) subgroup.
We analysed demographic and clinical data, localisation of
the AMI as well as influence of fibrinolytic treatment. In the
CR group we assessed also the anamnestic data like previous
myocardial infarction, preceding angina and hypertension,
thrombolytic treatment.

Characteristic of the study group is shown in Tab. 1.
There were 29% women in study population. Women were
significantly older than men. During observation time, the percentage of women with AMI was growing up significantly, AMI
population was growing old (Fig. 1,2).
254 patients (11%) died. During study period hospital mortality ranged from 15.9% to 5.7% and significantly decreased
(p=0.01). CR constituted 19.7% of whole deaths. The frequency
of CR fluctuated, but increased (Fig. 3). CR as a cause of death
was noted significantly more often in women than in men. The
mean age of AMI survivors (S) was nearly 7 years lower, than
those who died, and more than 11 years lower than those who
died of CR (Tab. 2).
In whole AMI group, inferior wall MI occurred slightly
more often, in CR group anterior wall MI was in prevalence.

Cardiac rupture and thrombolysis
661 patients (28.5%) received thrombolytic treatment.
Frequency of thrombolytic therapy rose rapidly, with maximum
in 1999, when 53% of patients received this kind of treatment.
There was difference in mortality between groups in favour of
those who received thrombolytic treatment Th (+): (8.8% vs
11.8% respectively, p=0.033).
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Figure 3. Free wall cardiac rupture ploted against thrombolytic
treatment

Table 2. Subgroup analysis: hospital outcomes
S (%)
n=2066

CR (%)
n=50

OD (%)
n=204

P value

60.0±12

71.7±9

68.1±12

<0.001

Sex
women
men

561 (27.2)
1505 (72.8)

31 (62)
19 (38)

80 (39.2)
124 (60.8)

<0.01

AMI localisation
anterior
inferior
other

805 (39.0)
991 (48.0)
268 (13.0)

25 (50.0)
20 (40.0)
5 (10.0)

80 (39.2)
72 (35.3)
52 (25.5)

603 (29)

17 (34.0)

41 (20.1)

p=0.034

4.1±3.6
4

5.6±10
2

NS

120

Age

100
80
60
40
20
0

Thrombolysis
87

88

89

90

91

92

93

Thr (+)

94

95

96

97

98

99

2000

%CR

Time to death (day)
Median

NS

CR – cardiac rupture; OD – other death; S – survivors

Table 3. Demographic and clinical data in patients with (CR)
divided into early and late rupture (ECR and LCR)

Out of 58 patients from Th (+) group who died, 17 (29.3%)
died because of CR. Out of 196 patients who died and did not
received thrombolytic treatment (Th (-) group) frequency of CR
was lower: 33 patients (16.8%) p=0.036. Only 2 patients (12%)
who died from CR received thrombolytic treatment later than
6 h from the onset of chest pain. In first case time interval was
7 h, in second one 12 h after beginning of chest pain.
32% of CR occurred during first 24 hours after admission
(ECR group). The differences between ECR and LCR groups
were not signifficant. However, in ECR group were no prevalence of women, while in LCR women constituted 68% (Tab. 3).
In ECR group only one patient had previous history of MI while
in LCR 11 (p=0.06). Frequency of thrombolythic therapy was
equal in both groups.
All investigated variables were included in a logistic regression analysis for the prediction of CR. In the forward stepwise
procedure the variables that remained as predictors of CR were
age (OR 1.072 CI 1.042 – 1.103) and sex (OR 0.349 CI 0.187
– 0.652) both for p<0.001.

Discussion
Our study had an observational character and consisted of
unselected consecutive patients with AMI treated in one cardiac
centre during consecutive 17 years. Thrombolysis was the only
one reperfusion therapy administered.
We noticed significant improvement of survival in patients
with AMI during analysed period in spite of growing old population and increasing percentage of women resulted in well known
fact of greater mortality in this subgroups of patients [6-10].
The occurrence of CR was consistent with previously published papers [11,12]. Probably the percentage could be greater,
if as in most studies, all patients died with signs of EMD were
qualified as CR. Some authors consider appearance of EMD
as diagnostic for CR [13,14]. In our study we considered only
incontestable cases of CR confirmed on autopsy and/or by
echocardiography.

CR (%)
n=50

ECR (%)
n=16

LCR (%)
n=34

Age

71.7±9

69±9

73±8

sex
women
men

31 (62)
19 (38)

8 (50)
8 (50)

23 (68)
11 (32)

Previous MI

11 (24)

1 (7)

10 (32)

Previous angina

14 (32)

3 (23)

11 (36)

Hypertension

23 (46)

6 (38)

17 (50)

AMI localisation
anterior
inferior
other

25 (50)
22 (44)
3 (6)

9 (56)
6 (38)
1 (6)

16 (47)
16 (47)
2 (6)

Thrombolysis

17 (34)

6 (38)

11 (32)

CR – cardiac rupture; ECR – early cardiac rupture; LCR – late
cardiac rupture

In our material, as in previous studies CR occurred in
significantly older patients, with prevalence of women [15-17].
The prevalence of CR in women population is not obvious.
Significantly higher mean age of women is of great importance.
The different course of CAD in women plays also an important
role. The differences concern anatomical properties of coronary
circulation and atherosclerotic plaque [19,20].

Cardiac rupture in respect of thrombolysis
There are three mechanisms possibly responsible for an
increased occurrence of CR in patients received thrombolysis:
1) hemorrhage to the ischemic zone resulting loose of strength
of muscular tissue [20,21]; 2) thrombolytic agents increase
degradation of collagen and restrain its synthesis [22]; 3) lymphocyte migration to the infarct zone initiate absorbtion of
collagen and proteolysis [21].
The results of GISSI-1 trial and Honan investigation
showed, that percentage of CR positively correlates with the
delay of thrombolytic treatment [23,24]. LATE trial did not
confirm this results, suggesting that the late thrombolysis (>12
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hours), did not increase the risk of CR, but accelerated occurrence of CR as compared to placebo group [13]. Other authors
suggest, that thrombolysis decrease the rate of CR and the lack
of reperfusion of the culprit vessel is responsible for increased
risk of CR [25]. In fundamental anlysis concerning CR based on
U.S. registry of 35 000 patients with AMI, Becker found, that
in the thrombolytic era, percentage of CR as a cause of death
increased. Moreover, thrombolysis accelerates occurrance of
CR as compared to patients who did not received thrombolysis
[12].
We found higher percentage of CR in patients treated with
thrombolytics but in logistic regression analysis this difference
did not reach statistical significance perhaps because of small
sample size. We cannot confirm an observation concerning
acceleration of CR by late administration of thrombolytics as
well as an observation concerning shorter time interval from the
onset of chest pain to CR in patients treated with thrombolythics.
There are no clear classification of CR. Generally 2 classification are proposed: acute CR (death within 30 min) and
subacute CR (30% of cases) or early CR (up to 72 h) and late
CR [1,2,26]. We were searching for the predisposing factors for
CR during first 24 hours hospitalisation when the choice of
reperfusion therapy takes place. We can not explain why the significant prevalence of women in CR group did not concern the
ECR subgroup, where the proportion between men and women
were equal. Some authors had similar observation [1,2]. In
contrary to ECR group, in LCR group 50% of patients suffered
from hypertension which is regarded by some authors as a factor
increasing the risk of CR [11]. All but one patient from the ECR
group had previously MI, only a few had history of angina. More
severe course of MI and greater tendency to CR was described
in patients suffered from the first MI with no preinfarction
angina [27]. This observation may be explained by lack of the
effect of ischemic preconditioning. According to some authors
CR occurres frequently in patient with one vessel disease, when
the collateral circulation is not developed. Mentioned above
differences between the ECR and LCR group suggest not
homogenous mechanisms leading to CR. Cardiomyocyte apoptosis, neutrophylic infiltration and the importance of defective
metalloproteinases (MMPs) activation during LV remodeling
after AMI could lead to CR [5,28]. On a mouse model of AMI it
has been demonstrated that MMPs inhibition may prevent CR
[29]. Genetic susceptibility for CR (i.e. polymorphism in MPPs
promoters) is also taken into consideration [5].
Some investigators call in question the advantage of thrombolytic therapy in patients >75 years, because of high risk of
such treatment [30]. The optimal reperfusion therapy in this
group of patients is now widely discussed. Primary PCI reduces
the risk of CR, although its influence on frequency of CR occurrence in AMI is now the matter of investigation [31,32].

Conclusions
Selection of patients with AMI particulary threaten with CR
may be possible. This are the patients older than 70 years with
first AMI, particulary women. In this group of patients, throm-

bolytic therapy if given should be followed by careful (probably
echocardiographic) observation.
Limitations: The material presented was analysed in most
cases retrospectively, so it was impossible to focus on same
important problems like eventual analysis of subacute CR.
The obduction was not performed in all patients died because
of AMI, even in patients died within signs of EMD, which with
no doubt influenced on lowering the percentage of CR in our
material.
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Abstract
Purpose: Thrombin activatable fibrinolysis inhibitor
(TAFI) seems to be a potential haemostatic risk factor of
coronary artery disease (CAD). Taking into account interactions between TAFI and haemostasis, especially during
cardiopulmonary bypass, we decided to determine concentration of TAFI and activated TAFI (TAFIa) and other
haemostasis markers in CABG patients.
Material and methods: 45 CAD patients (11 women, 34
men) undergoing elective CABG were included in the study.
Blood samples were taken before the operation, on the 3rd,
7th day and 3 months after CABG. A value of p<0.05 was
considered statistically significant.
Results: We found a significant decrease in TAFIa
concentration on 3rd postoperative day: 6 g/ml (0.3-43.2)
vs 8.9 g/ml (0.5-37) before CABG (p<0.05), a significant
increase in TAFI concentration on the 7th postoperative
day: 127.7%±36.8 vs 112.18%±30.34 of standard plasma
concentration before CABG (p<0.05), significant increase
in plasmin-antyplasmin (PAP) complexes concentration
on 3rd and 7th day, respectively: 645 g/l (323-1237) vs
406 g/l (197-1840) before CABG (p<0.001); and 1 030 g/l
(640-2 149) vs 406 g/l (197-1840) before CABG (p<0.0001).
Before operation we found a significant negative correlation
between PAP complexes concentration before CABG and
EuroSCORE risk scale value (p<0.01).
Conclusions: In CABG patients, there is a significant
increase in fibrinolytic activity due to decrease in TAFIa
concentration, with simultaneous increase in PAP com* CORRESPONDING AUTHOR:
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plexes. A significant negative correlation between PAP
complexes concentration before CABG and EuroSCORE
risk scale value stressed a potentially higher operation risk
in patients with lower fibrinolytic activity.

Key words:

thrombin activatable fibrinolysis inhibitor
(TAFI), coronary artery bypass grafting
(CABG), coronary artery disease (CAD),
haemostasis.

Intoduction
Coronary artery disease (CAD) is a leading cause of mortality in well developed societies. This occurs in spite of growing
knowledge of atherosclerosis pathogenesis. Atherosclerosis
begins as a functional or/and structural changes in endothelium,
which in turn causes its injury and impairs humoral and secreting
function. Haemostasis plays an important role in the progression of atherosclerosis, development of cardiac complications
(acute coronary syndromes) – especially after cardiac surgery
with cardiopulmonary bypass. Increased risk of cardiovascular
diseases is combined with high activity of coagulation system
and lower activity of fibrinolytic system, enhanced platelets
activation, and dysfunction of the endothelium. In spite of that,
research still continues to determine the precise role of each of
haemostatic factors in increased risk of coronary artery disease
and its complications.
Decrease of fibrinolytic activity is considered to be a risk
factor for arterial thrombosis. Thrombin activatable fibrinolysis
inhibitor (TAFI), a glikoprotein identified by Bajzar [1] in 1995,
seems to play special role as a potential risk factor of CAD.
Mosnier et al. [2] proved that plasma TAFI concentration in
normal individuals correlates with clot lysis time. Activated
TAFI (TAFIa) inhibits the conversion of Glu-plasminogen
to Lys-plasminogen [3]. Thrombin-thrombomodulin complex
is a physiological activator not only for TAFI, but also for
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Figure 1. Physiological role of TAFI in haemostasis
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Table 1. Clinical characteristics of the study group

Number of patients (n)
Females
Males
CCS class (n)
II
III
Age (years)
Body mass index (kg/m²)

Plasminogen

Ejection fraction of the left ventricle (%)
–

–

Thrombin

Ejection fraction between 50% and 30% (n)
Ejection fraction <30% (n)

Plasmin

EuroSCORE (points)
Aspirin withdraw before CABG (days)

Fibrinogen

Fibrin

Products of
fibrin degradation

h
activatable fibrinolysis inhibitor
TAFI – thrombin
TAFIa – activated thrombin activatable fibrinolysis inhibitor

protein C – that is why TAFI could be a kind of link between
coagulation and fibrinolysis. Activation of TAFI is mediated by
thrombin – generated by the coagulation cascade [4]. TAFIa
is a substrate for transglutaminases – e.g. factor XIIIa builds
TAFIa into fibrin net – it ensures localisation activity and may
protect against its inhibitors [4]. The physiological role of TAFI
in haemostasis is shown on Fig. 1.
In an animal arterial and vein thrombolysis models inhibition of TAFI by specific inhibitors enhanced tPA induced lysis
of a thrombus [5]. Van Tilburg et al. [6] showed that TAFI
plasma concentration above the 90th percentile of the controls
increased the risk for thrombosis nearly 2-fold compared with
TAFI plasma concentration below the 90th percentile. Schroeder
et al. [7] revealed in intracoronary plasma samples of CAD
patients a significant increase of TAFI concentration compared
to the control group. They showed also a positive correlation
between TAFI concentration and fibrinogen and total cholesterol
concentration, but they showed no correlation neither between
TAFI and others cardiovascular risk factors nor between TAFI
and extent of coronary atherosclerosis. They suggested that TAFI
might be a risk factor for development of CAD. Silveira et al.
[8] found a significant increase in TAFI plasma concentration in
pre-CABG patients with stable angina pectoris (110 men) compared to the control group. In a subset of 31 men, they observed
a decrease in TAFI concentration on 3rd postoperative day and
its increase on 6th postoperative day compared with preoperative
concentration. Silveira et al. [9] suggested that increased TAFI
concentration could enhance early occlusion of venous bypass
grafts as well as acceleration of thrombosis in native atherosclerotic coronary arteries by fibrinolysis inhibition. Lau et al.
[9] have proposed a novel potential predictor of angiographic
coronary restenosis after percutaneous transluminal coronary
angioplasty (PTCA) – increased concentration of TAFI together
with decreased concentration of PAI-1.
However, the final role of plasma TAFI concentration in
arterial thrombotic events is not clear yet. Brouwers et al. [10]
investigated 209 unstable angina pectoris (UAP) patients of

MI (n)
Q-wave
Non-Q
Segmental wall motion abnormalities
of the left ventricle (n)

45
11
34
25
20
60.4±9.38
(35-75)
29±3.5
48.18±9.85
13
3
2.2±1.5
12.24±7.81
(5-30);
median – 9
18
10
36

Previous coronary angioplasty (n)

4

Hypertension (n)

32

Cigarette smoking (n)

17

Obesity (n)

17

Peripheral atherosclerosis (n)

4

Obstructive lung disease (n)

1

Mild renal failure (n)

1

MI – myocardial infarction; EuroSCORE – cardiac surgery operative risk scale; CCS class – Canadian Cardiovascular Society Grading
Scale for Angina Pectoris

which 76 were refractory to medical treatment. Patients with
more severe form of UAP had significantly lower plasma TAFI
concentration. Moreover, Juhan-Vague et al. [11] observed that
low plasma TAFI concentration was associated with significantly
higher risk of myocardial infarction (MI).
Taking all these data into consideration, we designed a prospective study to determine the effects of CABG on TAFI concentration and activated TAFI (TAFIa) concentration, as well
as on markers of coagulation: prothrombin fragments F 1+2,
thrombin-antythrombin (TAT) complexes, fibrinolysis: plasminantyplasmin (PAP) complexes and endothelial dysfunction: von
Willebrand factor (vWF), thrombomodulin (TM). We assessed
also correlations between TAFI, other biochemical and perioperative parameters and clinical outcome of CABG patients.

Material and methods
Patients
Forty-five stabile angina pectoris patients (11 women, 34
men) with CAD confirmed by angiography, udergoing elective
CABG were included in the study. Patients were qualified for
the operation according to ACC/AHA Guidelines for CABG
– class I and IIa. Tab. 1 shows characteristics of the study group.
Exclusion criteria were: diabetes mellitus, liver dysfunction,
treating with oral anticoagulants, unstable angina pectoris, and
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Table 2. Procedural data and clinical perioperative parameters

Figure 2. Plasma TAFI concentration
180

Procedural data
Duration of procedure (hours)

Duration of cardiopulmonary bypass (min)

106.02±36

Cross-clamping time (min)

59.8±28.03

Number of grafts (n)

2.73±0.81

Postoperative course
Myocardial ischaemia events (n)
Perioperative
MI (n)

*

160

6.19±1.16

12
Non-Q

3

Q-Wave

1

Intra-aortic balloon pump (n)

2

Blood transfusion (n)

34

Haemofiltration (n)

4

MI – myocardial infarction

absence of lipid disorders. Aspirin therapy was withdrawn to all
the patients about two weeks before the operation (average 12
days, minimum 5 days) and restarted in the evening of the day of
CABG. There were no significant differences in pharmacology
treatment in the study after the surgery. That way its potential
disturbing influence on investigated parameters was minimized.
The Ethics Committee of the Medical University of Białystok
approved the study protocol.

Methods
CABG was performed typically – via median sternotomy.
Standard anesthetic and cardiopulmonary bypass (CPB) techniques with normotermia were used. Tab. 2 shows procedural
data and clinical perioperative parameters. Blood samples were
taken the day before the operation, on the 3rd, 7th day and
3 months after CABG. The first post-CABG measurements
were performed three days after the procedure to minimize
the effects of surgical stress, blood transfusion or agents used
perioperatively on the concentration of examined haemostatic
parameters.
Blood samples were taken from antecubital vein without
the stasis, in the morning and were collected on citrate (3,8%
trisodium citrate – 1 ml of citrate, 9 ml of blood). Blood samples
were centrifuged within one hour at 3 000 rpm for 10 minutes.
Half of the supernatant was taken from the middle layer of
plasma. Plasma samples were stored at -70°C until assayed.
The control group consisted of 33 age- and sex-matched
healthy volunteers to obtain the normal ranges of the haemostatic parameters studied.
TAFI antigen concentration (TAFI Ag) was determined
by commercially available immunoassay (TAFI-EIA, Affinity
Biologicals Inc, Canada). TAFI concentration was expressed as
percentage of standard plasma concentration. TAFIa concentration was determined by commercial chromogenic assay (ACTICHROME® Plasma TAFI Activity Kit, American Diagnostica,
USA). Other haemostatic markers were also determined by
using commercial immunoassays: prothrombin fragments 1 +2
(F 1+2) – Enzygost® F 1+2 micro, Dade – Behring, Germany;
thrombin-antythrombin (TAT) complexes – Enzygost® TAT
micro, Dade – Behring, Germany; plasmin-antyplasmin (PAP)
complexes – Enzygost® PAP micro Dade – Behring; Germany;

% of standard plasma concentration
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140
120
100
80
60
40
20
0

Control
mean;

Before CABG
±SD;

3rd day
±SE;

7th day

3 months after

* p<0.05 vs before CABG

thrombomodulin (TM) – IMUBIND® Thrombomodulin
ELISA Kit, American Diagnostica, USA; von Willebrand factor (vWF) – IMUBIND® vWF ACTIVITY Elisa, American
Diagnostica Stago USA. All assays were performed according to
manufacturer’s instructions by the same person.
Other coagulation and biochemical parameters were
determined using standard laboratory methods: prothrombin
time (PT), INR, activated partial thromboplastin time (APTT),
fibrinogen, complete blood count, platelets, creatinine, urea,
bilirubin, sodium, potassium, total protein, alanine aminotransferase (AlAT), aspartate aminotransferase (AspAT), creatinine
kinase (CK) and its cardiac isoenzyme (CK-MB), glucose, total
cholesterol and its fractions.
We estimated the operative risk for each patient from the
study group, according to EuroSCORE (cardiac surgery operative risk scale). The higher EuroSCORE value indicated higher
operative risk.

Statistical analysis
Statistical analyses were performed using Statistica 6.0 PL
software for Windows (Tulsa, OK, USA). Shapiro-Wilk test
was used to check the data distribution. Whenever possible in
skewed distribution, logarithmic transformation was performed
before the analysis. In normally distributed variables statistical
analysis was performed using one way ANOVA test with following post hoc Tukey’s test. In a case on non-normal distribution,
Kruskall-Wallis analysis of variance with post hoc Mann-Whitney test was used. All the normally distributed parameters were
presented as means ±SD. Others are given as medians and
minimal-maximal values. A value of p<0.05 was considered
statistically significant. Correlations between parameters were
analyzed with Pearson’s or Spearman’s correlation coefficient,
as appropriate.

Results
We found a significant increase in TAFI concentration on
the 7th day after CABG: 127.7%±36.8 vs 112.18%±30.34 of
standard plasma concentration before CABG, p<0.05 (Fig. 2).
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Figure 3. Plasma TAFIa concentration

Figure 4. Plasma plasmin-antiplasmin (PAP) complexes concentration
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Figure 5. Plasma von Willebrand factor (vWF) activity

Before CABG

3th day
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median;
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Figure 6. Plasma prothrombin fragments 1+2 (F 1+2) concentration
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There was a significant decrease in TAFIa concentration on the
3rd postoperative day: 6 g/ml (0.3-43.2) vs 8,9 g/ml (0.5-37)
before CABG, p<0.05 (Fig. 3).
Significant increase in PAP complexes on the 3rd and
7th day was found, respectively: 645 g/l (323-1237) vs
406 g/l (197-1840) before CABG, p<0.001; and 1030 g/l (640-2149) vs 406 g/l (197-1840) before CABG, p<0.0001 (Fig. 4).
Significant increase in vWF activity on the 3rd and 7th day,
respectively: 154.3%±17.8 vs 129.6%±24.4 before CABG,
p<0.0001 and 150.95%±21.1 vs 129.6%±24.4 before CABG,
p<0.0001 (Fig. 5). No significant F 1+2 fragments (Fig. 6) and
TAT complexes (Fig. 7) concentration alteration, before vs after
CABG were found. On the 3rd postoperative day a tendency
to decrease in TAT complexes was observed when compared to
the pretreatment values. However, it did not reach statistical
significance (p=0.06) (Fig. 7). There was no significant TM
concentration alteration, before vs after CABG. However on
the 3rd postoperative day we found statistical margin increase
in TM concentration compared to the values from before the
procedure: 4 ng/ml (0.64-15,88) vs 2.52 ng/ml (0.12-25,8) before
CABG, p=0.059) (Fig. 8).

Control

Before CABG

3th day

7th day

3 months after

median;
min-max;
25-75%;
* p<0.0001 vs control group

TAFIa concentration, PAP complexes concentration, F 1+2
fragments concentration, TAT complexes concentration, vWF
activity were significant higher in studied patients before an
operation then in control group. There were respectively: TAFIa
concentration 8.9 g/ml (0.5-37) vs 4.4 g/ml (1.1-10.6) p<0.005
(Fig. 3); PAP complexes 406 g/l (197-1840) vs 285 g/ml
(126-1 917) p<0.005 – Fig. 4; F 1+2 fragments 2.07 nM/l (1.11-9.28) vs 0.63 nM/l (0.26-4.52) p<0.0001 (Fig. 6); TAT complexes 7.95 g/l (0.4-124.4) vs 1 g/l (1-4) p<0.0001 (Fig. 7);
vWF 129.6%±24.4 vs 88.2%±15.2 p<0.0001 (Fig. 5). TAFI
(Fig. 2) and TM (Fig. 8) concentrations did not differ significantly between control group and patients before the CABG.
In the study group we also found significant decrease in
total cholesterol, LDL-cholesterol and triglycerides concentrations 3 months after CABG compared to before an operation,
respectively: 4.77 mmol/l±1.38 vs 5.71 mmol/l±1.11 p<0.05;
2.91 mmol/l±1.15 vs 3.59 mmol/l±1.14 p<0.05; 1.43 mmol/
l±0.59 vs 1.9 mmol/l±0.79 p<0.05. A significant decrease in
haemoglobin, erythrocytes concentrations and haematocrit
value on 7-th postoperative day compared to before an operation
was found, respectively: 7.01 mmol/l±1.09 vs 8.53 mmol/l±0.72
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Figure 7. Plasma thrombin-antithrombin (TAT) complexes
concentration

Figure 8. Plasma thrombomodulin (TM) concentration
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p<0.05; 3.86 x10 9/mm3±0.78 vs 4.52 x10 9/mm3±0.34 p<0.05;
34.98%±6.03 vs 41.18%±3.42 p<0.05. On 7th postoperative
day compared to before an operation a significant increase in
platelets concentration was found: 331.33 x10 3/mm3±108.32 vs
215.84 x103/mm3±45.52.

Correlations
– significant positive correlation between TAFIa concentration before CABG and total cholesterol concentration
(p<0.05; r=0.41);
– significant positive correlation between TAFIa concentration on the 3rd postoperative day and concentration of
fibrinogen (p<0.05; r=0.49);
– significant negative correlation between PAP complexes
concentration before CABG and EuroSCORE risk scale value
(p<0.01; r=-0.44);
– significant positive correlation between F 1+2 fragments
concentration on the 3rd postoperative and aorta clamping time
(p<0.05; r=0.31);
– significant positive correlation between vWF activity on
the 7th postoperative day and duration time of the procedure
(p<0.05; r=0.33).

Discussion
Since TAFI has been identified and its role in haemostasis
and thrombosis has been confirmed, a possibility of important
role of TAFI in CAD, has been considering. There was few data
on TAFI concentration, and/or TAFIa concentration and their
correlations with independent risk factors for CAD and other
haemostasis parameters in CAD patients [7,9-11].
In the studied group, there was significant increase of TAFI
concentration on the 7th postoperative day compared to the
values before the procedure. Taking into account simultaneous
increase of the markers of plasmin formation (PAP-complexes),
increase of TAFI concentration could be a response to increased
fibrinolytic activity. That is even more prominent because

Control

Before CABG
median;

3th day
min-max;

7th day

3 months after

25-75%

increase of TAFI concentration took place despite hemodilution
after CABG.
Silveira et al. [8] also revealed increase of TAFI concentration on the 6th day after CABG in CAD patients, compared to
the values obtained before the procedure and to the control
group. Simultaneously in a subset of 31 men, they observed
decrease of TAFI concentration on the 3rd postoperative day
and its increase on the 6th postoperative day compared with
preoperative values [8]. In our study on the 3rd postoperative
day we observed statistical decrease of TAFIa concentration,
however we did not observe statistical decrease in TAFI concentration. In our study TAFIa concentration before CABG
was higher than in healthy volunteers. So, decreased TAFIa
concentration on the 3rd postoperative day could rather reflect
an increased fibrinolytic activity in our studied group. Moreover,
PAP complexes concentration statistically increased on the 3rd
and 7th postoperative day when compared to the pretreatment
values. Concentrations of thrombin generation markers –
(F 1+2 fragments and TAT complexes) were no statistically
different before and after CABG. These preliminary results on
the effects of CABG on markers of ongoing coagulation and
vWF were reported previously [12]. On the other hand, TAFIa
concentration as well as F 1+2 and TAT complexes were significanlty higher in patients undergoing CABG when compared
to the healthy volunteers. All haemostatic parameters studied
returned to baseline values after 3 months following CABG. An
observed decrease of TAFIa concentration after CABG could
be a result of used CPB. There was a hypercoagulability state
before the operation followed by hyperfibrinolysis in early postoperative period (3rd to 7th day). CPB could decrease TAFIa
concentration by reduction of TAFI activator-thrombin concentration [13]. The significant negative correlation between TAFIa
concentration on the 3rd postoperative day and cross clamping
time of aorta during the operation may speak in favour that CPB
could reduce TAFIa concentration.
Silveira et al. [8] reported also a significant decrease in
PAI-1 concentration on the 3rd postoperative day and a little
higher, but still lower than before the CABG on the 6th post-
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operative day. It may suggest an increased plasma fibrinolytic
activity. In our study we found an increase in PAP complexes on
the 3rd and 7th day after CABG, which reflected an increased
plasma fibrinolytic activity. We did not find an increase in TAFIa
concentration on the 7th day after CABG, but a tendency to
a decrease in TAFIa concentration. Silveira et al. [8] suggested
that a mechanism of impaired fibrinolysis resulted in more stable fibrin deposits and increased the risk of precocious CAD as
well as early occlusion of venous bypass grafts. They proposed
that high plasma TAFI concentration might be a potential risk
factor for CAD and for early vein graft occlusion [8].
In our study we found that TAFIa concentration was higher
in stable CAD patients before CABG when compared to the
healthy volunteers, therefore our data might support the results
reported by Silveira et al. [8]. In fact, Juhan-Vague et al. [11]
observed that TAFI concentration above the 90th percentile
significantly correlated with lower risk of MI experienced
between 3 to 6 months before the study. They even suggested
that TAFI increase could protect against MI. It was a multicentre study, which comprised of patients both from the North
and South Europe. However, non-prosepctive design and wide
TAFI polymorphism are the main limitations of this study [11].
We should also stress that in Juhan-Vague et al. [11] study the
healthy volunteers were on Mediterranean diet. Moreover,
secondary prevention of CAD in post MI patients was different in countries studied. Brouwers et al. [10] investigated UAP
patients with refractory and non-refractory form to medical
treatment. Plasma TAFI concentration was significantly higher
in non-refractory patients compared to refractory patients. They
determined also the association between plasma TAFI concentration, TAFI gene polymorphism, other biochemical parameters and clinical outcome of UAP patients. Patients with more
severe form of UAP had significantly lower plasma TAFI concentration [10]. But as showed in our study – increase of TAFI
concentration might have been a consequence of the increase
of fibrinolytic activity. However, the Brouwers et al. [10] did not
study fibrinolytic activity or markers of ongoing fibrinolysis in
their patients. On the other hand, according to Lau et al. [9]
reported that patients with serious restenosis (>50%) after
PTCA exhibited a significantly higher concentration of TAFI
and lower concentration of PAI-1. Therefore, it seems that the
role of TAFI in arterial thrombotic events remains unclear.
In the literature TAFI was also considered as an acute phase
protein. In our study we found a positive correlation between
TAFIa concentration and fibrinogen on the 3rd postoperative
day. Similar data were reported previously [7,8], however, other
did not agree with this suggestion [14]. In patients undergoing
CABG, it is very difficult to assess whether TAFI is an acute
phase protein, because CPB always caused huge general inflammatory response [15-17], and we did not observe a significant
increase in TAFI concentration on the 3rd postoperative
day. A negative correlation between TAFI concentration and
fibrinogen after 3 months following CABG did not support this
suggestion.
We observed a positive significant correlation between
TAFIa concentration and total cholesterol concentration only
on the 7th postoperative day. A significant positive correlation
between TAFI concentration and total cholesterol, LDL-choles-

terol and VLDL-cholesterol concentrations were observed by
Silveira et al. [8] only in the study group, but not in the control
group. Schroeder et al. [7] showed a similar correlation between
TAFI concentration and total cholesterol concentration. However, Juhan-Vague et al. [11] did not observe such a correlation
it in nearly 600 CAD patients after MI. These discrepances may
be due to the fact that all patients studied were taking statins
before and 3 months after CABG. Statins were withdrawn
at least one week before the CABG because of temporary
increase in aminotransferases activity caused by CPB. All the
patients studied obligatory continued statin therapy since
7-14th postoperative day. Therefore, a significant decrease in
total cholesterol, LDL-cholesterol and triglycerides, was found
3 months after CABG. According to accepted standards, all
patients should receive statins after CABG, as a secondary
prevention, unless contraindicated.
We found a significant negative correlation between PAP
complexes concentration before CABG and EuroSCORE
value. EuroSCORE is universally administered scale which estimates risk of cardiac surgery operation in European population
[18]. Patients which have more points in EuroSCORE (have
higher operative risk) had lower PAP complexes concentration.
It means that they had lower plasma fibrinolytic activity. These
patients could have higher risk of acute coronary syndrome
occurrence during/after CABG, especially because they also
revealed a hypercoagulable state [19] before the procedure.
In studied group, on the 3rd and 7th postoperative day there
was significant increase of vWF activity (a marker of disturbed
endothelium function), compared to the baseline values. After 3
months – vWF activity returned to the baseline values. Simultaneously vWF activity in studied group before CABG was significantly higher than in healthy volunteers as described by others
[20,21]. A rise in vWF may suggest a further endothelium injury
after operations with CPB. In our study we found a statistically
positive correlation between vWF activity on the 7th postoperative day and duration time of the procedure.
We found a significant increase in platelet count occurring
7 days after CABG. Several morphotic blood elements, including platelets, undergo destruction during CPB [22]. An increase
in the number of platelets 7 days after CABG may be a compensatory reaction to peri-operative injury. In studied group we also
found a significant decrease in haematocrit value, erythrocyte
count and haemoglobin concentration on 7th day after CABG.
These findings may be due to haemodilution – a process caused
by CPB, or due to both peri- and postoperative blood loss. All
these parameters returned to the baseline values 3 months after
CABG.
Due to the fact that haemostatic disturbances after CPB are
still not fully understood, further studies are needed to recognize the pathogenetic mechanisms of haemostatic abnormalities
in coronary heart diease and the effect of CABG, as well as the
role of TAFI in these processes.

Conclusions
1. In patients with stable angina pectoris undergoing
CABG, an increase in fibrinolytic activity may be due to the
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fall in TAFIa concentration with simultaneous rise in PAP
complexes.
2. Positive significant correlation between TAFIa concentration and total cholesterol concentration before CABG may
suggest the role for TAFI as a potential risk factor for CAD.
3. Significantly negative correlation between PAP complexes and EuroSCORE value stressed a potentially higher
operation risk in patients with lower fibrinolytic activity.
4. Positive significant correlation between F 1+2 fragments concentration on the 3rd postoperative day and aorta
clamping time could prove that F 1+2 fragments may contribute
to postoperative acute coronary syndromes.
5. Postoperative rise in vWF may suggest an endothelium
injury after operations with CPB.
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Abstract
Purpose: Chronic inflammation in Lyme borreliosis may
be sustained by aberrant inflammatory response, characterized by Th1 lymphocyte predominance, which in turn may
be determined by chemokines synthesized in inflammatory
focus. The aim of the study was to evaluate synthesis of
chemokines: interferon-induced T cell chemoattractant
(I-TAC – chemoattractant for Th1 lymphocytes), and monocyte chemotactic protein (MCP-1) in Lyme borreliosis.
Material and methods: Study group consisted of 13
patients with erythema migrans, 10 with Lyme arthritis
and 6 with neuroborreliosis. Serum, as well as cerebrospinal fluid (CSF) in neuroborreliosis, was obtained before
(examination 1) and during (examination 2) antibiotic
treatment. Control serum was obtained from 8 healthy volunteers and control csf from 8 patients in whom meningitis
and neuroborreliosis was excluded after diagnostic lumbar
puncture. The samples were assayed for MCP-1 and I-TAC
by ELISA.
Results: Serum mean I-TAC concentration in examination 1 was 73.0 pg/ml in erythema migrans, 78.9 pg/ml
in Lyme arthritis and 87.3 pg/ml in neuroborreliosis
(29.9 pg/ml in controls, difference significant for neuroborreliosis) and did not change significantly in examination 2.
MCP-1 serum concentration was significantly increased to
497.5 pg/ml in neuroborreliosis in examination 2. I-TAC
concentration in csf remained low, while MCP-1 concentration in examination 1 was increased to 589.1 pg/ml, significantly higher than simultaneously in serum.
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Conclusions: I-TAC synthesis is increased in Lyme borreliosis and may be a factor favoring predominance of Th1
lymphocyte subset. MCP-1 creates chemotactic gradient
towards central nervous system and may contribute to csf
pleocytosis in neuroborreliosis.
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Introduction
Lyme borreliosis is an infectious disease whose etiologic
agent, Borrelia burgdorferi spirochete, is transmitted from
animal reservoir to humans by Ixodes ticks. Three stages can
be distinguished in course of the disease: localized infection,
early disseminated infection and chronic infection (lasting
for >12 months) [1]. Typically affected sites are skin (primary
lesion – erythema migrans, EM), musculoskeletal system (Lyme
arthritis, LA) and central (CNS) and peripheral nervous system
(neuroborreliosis) [1]. Spirochetes found in affected tissues
are innumerous related to the intensity of inflammatory and
destructive processes, which suggests that functional disorders
of the immune system and autoimmune processes take important part in the pathogenesis of this disease, especially in its
chronic stage [2-4]. Consistently with that, clinical course of
Lyme borreliosis is often prolonged and antibiotic treatment
tends to be inefficient in chronic disease. The more profound
understanding of the pathogenesis of inflammation in patients
with chronic Lyme borreliosis could possibly lead to development of new therapeutic approaches, aimed at the aberrant and
prolonged inflammatory response.
Chemokines are family of cytokines characterized by a potent chemotactic activity towards leukocytes and playing a vital
role in the development of inflammatory reactions. According
to amino acid sequence and spectrum of activity they are divided
into CXC-chemokine family (including, among the others,
interleukine 8; Il-8) and CC-chemokine family [5]. Synthesis
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of chemokines is induced by proinflammatory cytokines (interleukine 1 – Il-1 , tumor necrosis factor alpha – TNF- ) and
viral and bacterial antigens including surface lipoproteins of
Borrelia burgdorferi, and takes place in leukocytes, fibroblasts,
epithelial and endothelial cells [5-7]. The enhanced synthesis
of chemokines has been observed in the inflammation site in
course of various infectious diseases. In meningitides of viral
and bacterial etiology increased concentrations of chemokines
in cerebrospinal fluid (CSF) are observed [8-12]. A dominant
role of endogenous chemotactic factors, including chemokines,
in driving leukocytes into inflammatory infiltrates in Lyme borreliosis is very likely, especially that membrane components
of Borrelia burgdorferi spirochetes themselves do not show
chemotactic activity [13].
Monocyte chemoattractant protein 1 (MCP-1) is a CC
chemokine chemotactic for most of mononuclear cell populations [5,14]. Its receptor, CC-chemokine receptor 2 (CCR2),
is expressed on Il-2-activated T lymphocytes, as well as on
monocytes and basophils [5]. Borrelia burgdorferi and its surface lipoproteins induce MCP-1 synthesis in endothelial cells,
fibroblasts and monocytes [6,7,15]. The capability of astrocytes
and microglia to synthesize MCP-1 and its presence in CSF of
patients with both viral and bacterial meningitis suggest that
MCP-1 may be also synthesized within CNS in course of neuroborreliosis [11,16,17].
Interferon-induced T cell chemoattractant (I-TAC) is
a CXC chemokine acting via a CXC-chemokine receptor 3
(CXCR3) (18,19). CXCR3 is expressed on T lymphocytes under
stimulation with Il-2 and is present on active T lymphocytes
and memory cells as well as, to a lesser extent, on NK cells
and B lymphocytes [20-24]. I-TAC synthesis by monocytes and
neutrophils may lead to recruitment of activated T lymphocytes
to the inflammation site. I-TAC is also produced by astrocytes,
which suggests its role in the inflammatory processes within
CNS [20,21]. I-TAC synthesis is induced by IFN- and further
enhanced by tumor necrosis factor alpha (TNF- ), Il-1 and
lipopolisacharide (LPS), which, however, do not induce I-TAC
expression on their own [18,20,21]. Il-4 and Il-10 suppress
I- TAC synthesis, which may contribute to the regulation of the
inflammatory response in vivo [20,21]. As far as its amino acid
sequence and activity, I-TAC shows much similarity to IP-10
and Mig chemokines, which are also induced by IFN- and bind
CXCR3, but with less affinity [19,20].
The purpose of our study was to evaluate the role of MCP1 and I-TAC as factors possibly responsible for migration of
mononuclear cells, especially activated T lymphocytes, into
the inflammatory focus in Lyme borreliosis. To check for their
increased synthesis in Lyme borreliosis in vivo and their role in
creating chemotactic gradient, we measured MCP-1 and I-TAC
concentration in serum of patients with different clinical forms
of Lyme borreliosis, as well as in CSF of patients with neuroborreliosis.

Material and methods
The study included 29 patients with Lyme borreliosis (14
females and 15 males, age 21-68 years, mean 44.6) hospitalized

in the Department of Infectious Diseases and Neuroinfections
of the Medical University of Białystok or treated in the Outpatient Department of the Dłuski Regional Specialist Hospital
in Białystok. Diagnosis was based on epidemiological data,
anamnesis, physical examination and presence of anti-Borrelia burgdorferi antibodies in serum, and in neuroborreliosis
also in CSF. Generally, diagnosis made by treating physician
and recorded in medical documentation was a rationale for
patients’ inclusion into the study group. All Lyme borreliosis
patients reported either tick bites or frequent exposure to ticks
in endemic areas. The clinical forms of Lyme borreliosis were
distinguished according to Åsbrink [1]. Diagnosis of EM was
based on the presence of typical skin lesion at least 5 cm in diameter, developing within several days or weeks around the place
of tick bite. Neuroborreliosis (NB) was diagnosed in patients
either with lymphocytic meningitis or symptoms of chronic CNS
involvement, antibodies against Borrelia burgdorferi detectable
in serum and CSF and no indication of other probable etiology.
Lyme arthritis (LA) was diagnosed in patients complaining of
chronic or recurrent musculoskeletal pain, affecting mainly
large joints of upper and lower extremities, who had IgG antibodies against Borrelia burgdorferi detectable in serum and no
features of acute inflammation in basic laboratory tests (ESR,
leukocyte and platelet count). Depending on clinical picture,
other examinations were carried out (detection of rheumatoid
factor by standard laboratory test, radiological examination of
affected joints), which excluded other probable causes of musculoskeletal symptoms.
Patients were divided into three groups: with EM – 13
patients, 7 females and 6 males (21-68 years, mean – 45.5); with
LA – 10 patients, 4 females and 6 males (24-64 years, mean
– 44.5) and with NB – 6 patients, 3 females and 3 males (27-51
years, mean – 42.8). Typically, patients from different study
groups represented consecutive stages of Lyme borreliosis. EM
patients had short history of the disease, with symptoms lasting
for days or weeks (early localized infection), NB patients presented with duration of illness from a few weeks (early disseminated infection) to 1-2 years while LA patients complained of
chronic and/or recurrent symptoms (chronic infection). Control
group (C) consisted of 16 people: serum samples were obtained
from 8 healthy persons (blood donors from the Regional Blood
Donation Center in Białystok) and CSF samples from 8 patients
in whom meningitis and neuroborreliosis were excluded after
performing diagnostic lumbar taps. Informed consent was
obtained from the patients and the study design was approved
by the Ethics Committee of the Medical Academy in Białystok.
For the purpose of the study we used serum samples
obtained together with venous blood for routine laboratory
examinations, before treatment (examination 1) and during
or after antibiotic therapy with doxycycline or III generation
cephalosporine (examination 2). In NB group, CSF obtained
by spinal puncture performed for diagnostic purpose was also
examined. All samples were stored at -80°C and tested simultaneously. In EM group the period between examination 1 and
2 was from 23 to 40 days (mean ± SD – 30.1 days ± 5.5), in LA
group – from 5 to 52 days (14.6 days ± 13.6) and in NB group
the period between taking serum samples was from 8 to 66 days
(36.2 days ± 24.1); treatment-phase CSF samples were available
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Table 1. I-TAC concentrations in serum of patients with erythema migrans, Lyme arthritis and neuroborreliosis before treatment (examination 1) and during antibiotic therapy (examination 2) in comparison with the values observed in serum of controls (pg/ml)

Group
EM (n=13)

Examination 1

Examination 2

min-max

SD

min-max

54.18

2.03-379.48

88.66

112.16

SD
191.43

2.79-173.16

73.00 ¶

LA (n=10)

5.14-440.31

78.87

132.51

3.93-630.63

90.26

NB (n=6)

46.00-149.73

87.25 **

38.58

70.56-137.93

96.76 **

29.86

15.49

-

C (n=8)

0.57-50.17

-

28.82
-

EM – erythema migrans; LA – Lyme arthritis; NB – neuroborreliosis; C – control group; min-max – the range of concentrations observed;
– mean; SD – standard deviation; ¶ – difference on the border of statistical significance in comparison with controls (p=0.0579); ** – statistically significant difference in comparison with controls (p< 0.01); – statistically significant difference between groups of patients with NB and
with LA in examination 2 (p<0.05)

Table 2. MCP-1 concentrations in serum of patients with erythema migrans, Lyme arthritis and neuroborreliosis before treatment (examination 1) and during antibiotic therapy (examination 2) in comparison with the values observed in serum of controls (pg/ml)

Group

Examination 1

Examination 2

min-max

SD

min-max

SD

EM (n=13)

136.72-453.66

277.17

86.35

175.10-276.12

323.50

140.55

LA (n=10)

100.80-699.24

388.97

208.00

180.64-832.34

429.06¶

216.64

NB (n=6)

159.34-226.00

245.78 #§

78.24

226.00-775.74

497.47 * §

215.87

C (n=8)

152.32-314.60

253.71

55.25

-

-

-

EM – erythema migrans; LA – Lyme arthritis; NB – neuroborreliosis; C – control group; min-max – the range of concentrations observed;
– mean; SD – standard deviation; ¶ – difference on the border of statistical significance in comparison with controls (p=0.0506); * – statistically
significant difference in comparison with controls (p<0.05); § – difference on the border of statistical significance between examination 1 and 2
in NB group (p=0.0796)

in 5 out of 6 NB patients and were obtained from 6 to 66 days
after the first sample (32 days ± 23.9).
IgM and IgG antibodies against Borrelia burgdorferi were
detected with ELISA assay from Biomedica (Viena, Austria),
according to manufacturer’s instructions. Following Borrelia
burgdorferi recombinant antigens were included in the assay:
p21 (OspC), Borrelia garinii p41 and Borrelia afzelii p41 for
IgM detection and p21, B. garinii p41, B. afzelii p41, p18 and
p100 for IgG detection. Results were expressed as BBU/ml
(Biomedica Borrelia units/ml) and >11 BBU/ml was considered
positive. In case of borderline results (9-11 BBU/ml) sera were
re-evaluated with Western blot assays Milenia Blot Borrelia
IgM and IgG (DPC Bierman GmbH, Germany). Patients with
symptoms of meningitis were examined for presence of antibodies against tick-borne encephalitis virus in class IgM and
IgG in serum and CSF with ELISA assay from Virion/Serion
(Würzburg, Germany). The CSF protein concentration and
pleocytosis were measured on the day of CSF collection, with
standard laboratory techniques. MCP-1 and I-TAC concentrations were measured in serum and CSF samples by ELISA
assay with reagents from R&D Systems (USA), following the
manufacturer’s instructions.
Statistical analysis was performed by means of SSST software. The Mann-Whitney test was used for comparisons of the
chemokine concentrations between groups and between serum
and CSF. The levels in examination 1 and 2 were compared by
means of Wilcoxon’s paired test. Pearson’s linear correlation
coefficient was used to estimate correlations between variables.
The value of p <0.05 was considered statistically significant.

Results
I-TAC concentration in patients’ serum together with statistical interpretation is shown in Tab. 1. Mean I-TAC concentration was significantly increased in NB group both before and
after treatment, while in EM in examination 1 it was increased
with borderline significance.
MCP-1 concentrations are presented in Tab. 2. Significant
increase of MCP-1 concentration in comparison with control
serum was observed in NB group in examination 2 and borderline increase – in LA in examination 2. In NB group there was
also increase of MCP-1 concentration between examination 1
and 2.
The mean chemokine concentrations in CSF are shown in
Tab. 3. I-TAC concentration was significantly increased in comparison with control CSF both before and after treatment, but
it remained lower than simultaneous concentration of I-TAC in
serum. Concentration of MCP-1 before treatment showed only
a borderline tendency to increase when compared with control
CSF, but was significantly higher than concentration observed at
the same time in serum; this difference was no longer present in
examination 2.
CSF of all patients with NB presented with changes characteristic of lymphocytic meningitis, except for one patient whose
CFS parameters were within the normal range (<5 cells/ mm3
and protein concentration <45 mg/dl). The mean CSF pleocytosis was =153/mm3 (from 1 to 343) in examination 1, whereas,
in examination 2, it improved to =17/mm3 (from 12 to 23),
with percentage of mononuclear cells in both examinations
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Table 3. I-TAC and MCP-1 concentrations in cerebrospinal fluid of patients with neuroborreliosis before treatment (examination 1) and
during antibiotic therapy (examination 2) in comparison with the values observed in serum of these patients and in control cerebrospinal
fluid (pg/ml)

Chemokine

Examination 1
min-max

Examination 2
SD

min-max

C
SD

min-max

SD

I-TAC

25.63-55.42

36.69 ** †

13.12

28.72-58.41

44.84 ** †

11.70

16.79-26.75

23.23

3.38

MCP-1

306.36-872.16

589.11 ¶ ‡

235.11

214.40-940.82

510.95

253.17

306.13-400.50

356.01

36.94

C – control group; min-max – the range of concentrations observed; – mean; SD – standard deviation; ¶ – difference on the border of statistical significance in comparison with controls (p=0.0528); ** – statistically significant difference in comparison with controls with p<0.01;
† – significantly lower levels than observed simultaneously in serum (p<0.05); ‡ – significantly higher levels than observed simultaneously in serum
(p<0.05)

ranging from 80 to 100%. The mean protein concentration
was =76.5 mg/dl (44.3-145.4 mg/dl) in examination 1 and
=59.25 mg/dl in examination 2.
The serum and CSF concentrations of chemokines were not
significantly correlated with CSF inflammatory parameters (data
not shown). In case of MCP-1 there was a tendency for positive
correlation of its CSF concentration with CSF parameters (protein level, and total, mononuclear and polynuclear cell count),
which, however, did not reach statistical significance.

Discussion
Our study revealed a consistent tendency for increased concentrations of I-TAC and MCP-1 in serum of patients with Lyme
borreliosis. The role of I-TAC in Lyme borreliosis has not been
evaluated so far. In our study we found mean concentration of ITAC to be from 2.4 to 3.2 – fold higher in patients with different
forms of Lyme borreliosis in comparison with controls, which,
however, was statistically significant only in neuroborreliosis.
The important role of MCP-1 in Lyme borreliosis was already
suggested by results of in vitro studies by Sprenger’s et al., who
found that MCP-1 synthesis was most effectively stimulated by
a small number of Borrelia burgdorferi cells (1 bacterial cell
per 10 monocytes) [6]. In the same setting, Il-8 was produced
most effectively at the spirochete to monocytes ratio of 1:1 and
MIP-1 at 10:1 [6]. This suggests that production of MCP-1 in
vivo may be initiated by a relatively small number of invading
spirochetes [6]. In the study of Gergel et al. MCP-1 appeared
to be a factor responsible for T lymphocyte migration across
cultured human endothelium incubated with B. burgdorferi
[25]. However, in contrast with in vitro data, in the study of
Pashenkov et al. no elevated levels of MCP-1 were detected in
serum and CSF of patients with Lyme meningitis [26]. In our
study, MCP-1 levels were not significantly increased in serum
of patients before treatment, but reached significantly increased
values in examination 2 in neuroborreliosis (and of borderline
significance in LA group).
I-TAC concentration remained significantly lower in CSF
of patients with neuroborreliosis than in serum, arguing against
its role in causing CSF pleocytosis. In contrast with that, the
mean MCP-1 concentration before treatment, as well as individual concentrations in all studied patients, were higher in
CSF than in serum, which suggests that MCP-1 may participate

in stimulating migration of mononuclear cells to CSF in neuroborreliosis. So far, similar chemotactic gradient towards CSF
in neuroborreliosis was observed for Il-8, however, it was
present only in 10 out of 20 patients examined and in the
whole studied group there was no difference between mean
Il-8 concentration in CSF and serum [27]. MCP-1 is present
in CSF of patients with viral and purulent meningitis, where
it seems to be the main factor responsible for the migration
of monocytes/macrophages to CSF and contributing to the
migration of T lymphocytes [8,11,17]. Concentrations of MCP-1
in CSF were generally higher (3-6 ng/ml) and concentration
gradient between CSF and serum was more evident in patients
with viral and purulent meningitides than in patients with
neuroborreliosis included in our study [8,11]. More similar to
values we noted in neuroborreliosis was mean concentration of
MCP-1 observed by Mastroianni et al. in patients with tuberculous meningitis (808 pg/ml), a condition which differs from
neuroborreliosis in terms of severity but resembles it with its
prolonged and subacute clinical course [8]. Lack of significant
correlation between CSF pleocytosis and MCP-1 concentration
does not exclude pathogenetic significance of this chemokine, as
any correlation of this kind must be weakened by multiplicity of
factors contributing to the inflammatory state within CSF. Other
studies in which chemokine concentrations were measured in
CSF of patients with meningitis showed either no correlation
at all or only limited to certain forms of meningitis and certain
leukocyte populations [6,8,9].
There was no decline in chemokine concentrations between
examination 1 and 2, and even a weak tendency for increase
could be observed, which reached the borderline significance
in case of MCP-1 in patients with neuroborreliosis. Of note, the
examination 2 was often carried out before completion of treatment, which typically lasted four weeks. However, this result is
in contrast with our previous study, in which concentrations of
Il-8 and -chemokines: macrophage inflammatory protein-1
and 1 (MIP-1 and MIP-1 ) in serum and CSF of patients with
Lyme borreliosis fell several-fold during two weeks of treatment
[27]. It may suggest the long-term maintenance of the synthesis
of MCP-1 and I-TAC in patients with Lyme borreliosis and possibly their involvement in some form of protracted inflammatory
reaction, which is sustained in spite of antibiotic therapy and
spirochete elimination. Conversely, it could be hypothesized
that the increased synthesis of I-TAC and/or MCP-1 at this time
point is somehow related to the resolution of the inflammatory

Concentration of interferon-inducible T cell chemoattractant and monocyte chemotactic protein-1 in serum and cerebrospinal fluid…

condition. Further studies serially measuring concentrations
of MCP-1 and I-TAC in larger groups of patients and relating
them to other markers of inflammation and clinical course and
outcome of the disease could possibly clarify that issue.
The tendency to predominance of inflammatory response
dependent on lymphocytes of either Th1 (with increased synthesis of IFN- ) or Th2 (synthesis of Il-4, Il-5 and Il-10) subset
in different infections can vary individually and condition the
host’s capability to eliminate various pathogens [28]. According to Gergel et al., human endothelium incubated with B.
burgdorferi promotes a selective migration of IFN- secreting
T lymphocytes and may recruit them into inflammatory lesion,
which suggests that Th1 response to B. burgdorferi typically
dominates [25]. However, in Lyme borreliosis predominance of
cytokines released by Th2 lymphocytes over the cytokines produced by Th1 cells may be associated with milder inflammatory
reaction and better prognosis [29,30]. Th1 predominance was
suggested to be associated with the prevailing cellular response,
which may not be fully effective in Borrelia burgdorferi elimination and lead to prolonged infection, tissue damage and even
autoimmunity [2,29]. The experiments on mice suggest an
unfavorable effect of IFN- and favorable of Il-4 on symptoms
of Lyme arthritis [30]. An increased IFN- and a decreased Il-4
expression was observed in the joints of patients with chronic
LA, which may indicate that this type of response promotes
a clinical manifestation of the disease in humans [29]. Also in
neuroborreliosis IFN- synthesis in peripheral blood and CSF
lymphocytes dominates over Il-4 synthesis [31].
According to the study of Sallusto et al., the predominance
of Th1 or Th2 cells in inflammatory focus may depend on
a spectrum of produced chemokines, which determine the
selective migration and accumulation of different populations
of T lymphocytes at the site of an inflammation [24]. Studies on
I-TAC synthesis indicate its dependence on IFN- and inhibition
by Il-4 and Il-10 [19-21]. According to Burns et al. synthesis of
MPC-1 by the endothelium incubated with Borrelia burgdorferi
was inhibited by Il-10 [15]. This may suggest the connection of
both chemokines with the Th1 type response and suppression of
their synthesis in the case of the Th2 response predominance.
The receptor for I-TAC (CXCR3) is exposed on Th1 in several-fold higher quantities than on Th2 lymphocytes, which is
reflected by stronger chemotactic effect of I-TAC on Th1 than
on Th2 cells [22-24]. According to Quin et al., CXCR3 is found
on practically all T cells forming inflammatory infiltrates in
rheumatoid arthritis – a chronic inflammatory condition with
a marked predominance of Th1 response [23]. Moreover,
I-TAC and, to a lesser extent, related chemokines Mig and
IP-10, act antagonistically on the chemokine receptor CCR3,
expressed on eosinophils and Th2 lymphocytes, but not on Th1
cells [23,24,32]. This may allow I-TAC to inhibit Th2 cell migration stimulated through CCR3 and their accumulation in an
inflammatory focus [32]. I-TAC seems to be connected by a positive feedback with Th1 cell activity, as it favors Th1 lymphocyte
selective accumulation in inflammation site, while its synthesis is
stimulated by Th1-related cytokines. As I-TAC demonstrates so
evident association with the Th1 cytokine profile, the increase of
its concentration in Lyme borreliosis seems consistent with the
present knowledge about the cytokine patterns in this disease

and may be considered another element of inflammatory processes unfavorable for its clinical course.
As for MCP-1, its relation to the specific cytokine profile in
not explicit. The MCP-1 receptor is found on both main subsets
of Th lymphocytes, but its expression is higher on Th1 cells; in
vitro this chemokine attracts both Th1 and Th2 lymphocytes [23].
In the study of Gergel et al. migration of T lymphocytes across
B. burgdorferi-stimulated endothelium driven by MCP-1 lead
to selective enrichment in IFN- secreting cells [25]. However,
some data from animal models suggest the connection between
MCP-1 and Th2 type response [33,34]. In murine endotoxemia
MCP-1 plays a protective role, enhancing the expression of Il-10
[33]. The differentiation of T lymphocytes towards Th2 phenotype due to MCP-1 was observed in mice, probably through the
stimulation of Il-4 synthesis by MCP-1 [34]. Interestingly in this
context, our study demonstrated significant increase of MCP-1
levels in serum, but not in CSF, of patients with Lyme borreliosis
during the antibiotic treatment, suggesting its systemic synthesis
being increased during the resolution phase of the inflammation
caused by Borrelia burgdorferi.
Our study has shown the increased synthesis of chemokines
acting on mononuclear cells, including activated T lymphocytes,
MCP-1 and I-TAC, in patients with Lyme borreliosis. The
increase in serum concentrations was more pronounced for
I-TAC, and this chemokine, which is connected with Th1
profile of cytokine expression, may be one of the important
pro-inflammatory factors in Lyme borreliosis and possibly promote its unfavorable clinical course. MCP-1 is present in CSF
in neuroborreliosis and creates a chemotactic gradient between
CSF and serum. It is likely that MCP-1 plays, next to Il-8, certain
role in stimulating the inflow of leukocytes to CSF in course of
neuroborreliosis.
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Abstract
Purpose: Increased HBV-DNA concentration is a prognostic factor of disease progression in chronic hepatitis B
patients. Moreover, active hepatic inflammation during
HBV replication influences apoptosis intensification. The
aim of this study was to estimate occurrence of HBV replication among carriers of HBsAg. Furthermore, we analysed
the correlation between HBV replication and HBeAg or
anti-HBe presence as well as known apoptosis indicators
– sFas and sFasL concentration.
Material and methods: The study included 34 HBV
infected patients, aged 20-43 yrs defined as HBsAg healthy
carriers. HBV-DNA was extracted from patients’ serum
using two different DNA isolation kits: the QIAamp DNA
Mini Kit (QIAGEN Ltd, USA) and the Gene Elute Mammalian Genomic DNA Miniprep Kit (Sigma, USA).
HBV-DNA concentration in serum was measured by
RT-PCR based on TaqMan Universal Master Mix (Applied
Biosystems). The detection limit of this system was as few
as 10 HBV-DNA copies/mL of serum. HBV-DNA concentration was calculated from a linear standard curve obtained
between 10 and 108 DNA copies/reaction.
HBeAg and anti-HBe in serum were detected by MEIA
method (ABBOTT, Germany). The concentration of sFas
and sFasL in serum was – estimated by ELISA method
(Bender MedSystems, Austria).
Results: HBV active replication was detected in
79% HBsAg carriers. The HBV-DNA levels exceeding
105 copies/ mL were observed in 64% patients. Among HBsAg
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carriers presenting HBeAg, HBV replication occurred more
often and was more intensify than in HBsAg carriers presenting anti-HBe antibodies. The sFasL occurrence in serum
of 56% HBsAg carriers shows an active apoptosis, independent from ALT and AST activity within normal ranges.
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Introduction
Healthy HBsAg carriers show correct liver function. Some
of those persons eliminate HBV. However, Hou et al. [1]
showed, progressing liver inflammation in approximately 30%
of chronic HBsAg carriers. Exact prognostic factors defining
a direction of an HBV infection evolution in such persons are
not known. It seems that high HBV replication may is suggest
the developments of chronic liver inflammation.
HBeAg presence in serum of persons with high HBV
replication indicates the infection of “wild” type HBV. Among
patients that show anti-HBe antibodies existence, replication of
HBV is frequent and is mainly caused by mutant HBV infection,
namely YMDD [2,3]. The HBsAg carriers with high levels of
HBV-DNA are a group of increased risk of chronic liver inflammation development. Antiviral therapy initiation should be
considered in such patients.
Patients with active hepatitis B present escalation of apoptosis and cytotoxic reactions. One of the indicators of this process
is high Fas and FasL serum concentration. Simultaneous confirmation of a high HBV-DNA replication and the Fas, FasL serum
concentration in HBV infected patient should indicate a need
of an antiviral therapy consideration [4].
The aim of this study was to define the frequency of HBV
replication among HBsAg carriers as well as to investigate the
HBV-DNA levels in reference to HBeAg, anti-HBe presence
and Fas, FasL serum concentrations.
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Material and methods
The study included 34 HBV infected patients, 15 women
(aged 20-43 yrs) and 19 men (aged 21-38 yrs) defined as HBsAg
healthy carriers.
Inclusion criteria were:
1. age 18 and over
2. chronic HBV infection evidenced by HBsAg presence
for at least 1 year
3. ALT, AST, bilirubin, albumin and prothrombin time
within normal range in period of yearly observation
(triple investigation)
4. no changes in USG liver examination.
Patients presenting one or more of following criteria were
excluded:
1. significant laboratory abnormalities in ALT or AST
activity
2. past or present history of drug or alcohol abuse
3. autoimmune disorders (ANA in serum), past or
present
4. HIV, delta virus or hepatitis C co-infection
5. patients undergoing dialysis because of chronic renal
injury
6. history of malignant diseases.
Informed consent was obtained from each patient and the
Bioethics Committee at the Medical University of Białystok
approved the study protocol.

Extraction of HBV-DNA from patient sera
HBV-DNA was extracted from 200 l of patient sera
using two different kits for DNA isolation: the QIAamp DNA
Mini Kit (QIAGEN Ltd, USA) and the “Gene Elute Mammalian Genomic DNA Miniprep Kit” (Sigma, USA). In the
first method (QIAamp DNA Mini Kit) 200 l of serum was
added to 200 l lyses solution (AL) supplemented with 5 g
of oligo (A)25 carrier DNA and 400 g of QIAGEN protease.
After 10 minutes at 56°C incubation, 230 l of 96% ethanol was
added and the mixture was transferred onto a QIAamp spin
column combined attached to a collective tube. The microcolumn was centrifuged for 1 minute at 6 000 x g in a standard
tabletop centrifuge at room temperature. After being washed
once with 500 l of washing buffer (AW1) and once with washing buffer (AW2), DNA was eluted with 50 l of elution buffer
AE (10 mM Tris-HCl, 0.5 mM EDTA-Na2, pH 8.0). This
resulted in obtaining fourfold concentration of the original
input material.
In the second method (Genomic DNA Miniprep Kit)
200 l of serum was added to 200 l lyses solution with
400 g of proteinase K. After 10 minutes at 70°C incubation
for, 200 l of 96% ethanol was added and the mixture was
transferred onto a spin column attached to a collective tube.
The microcolumn was centrifuged for 1 minute at 12 000 x g in a
standard tabletop centrifuge at room temperature. After being
washed twice with 500 l of washing buffer DNA was eluted with
200 l of elution buffer AE (10 mM Tris-HCl, 0.5 mM EDTANa2, pH 8.0).
Obtained DNA solutions were stored at -20°C until further
processing.

All serum samples were processed at the same time with
both negative (water) and positive control (HBV-positive
serum) samples. To minimize the risk of samples cross-contamination, only one tube of serum was opened at a time during the
aliquoting and lyses steps.

HBV-DNA quantification
In order to detect HBV-DNA sequences in sera of the
patients the conventional PCR method with conserved
pre-S/S region primers was used. Thermal cycling was performed using the following conditions: initial incubation at 96°C
for 120 s, and then 40 cycles in 94°C for 30 s, 50°C for 30 s and
72°C for 60 s.
We detected HBV-DNA concentration in sera by real-time
detection PCR based on TaqMan chemistry. Amplification was
performed in 25 l reaction mixture containing 2 x TaqMan
Universal Master Mix (Applied Biosystems) with uracil N’-glycosylase, 30 pmol of forward primer, 30 pmol of reverse primer,
30 pmol TaqMan probe (5’-FAM) and 5 l of isolated DNA. The
primers and probe were selected in the pre-S region of the HBV
genome and generated a product of 89 bp. After incubation
for 2 minutes at 50°C, which enables uracil N’-glycosylase to
inactivate possible contaminating amplicons, incubation for 10
min at 95°C allowed AmpliTaq Gold polymerase to activate and
inactivate the uracil N’-glycosylase. The PCR cycling program
consisted of 45 two-step cycles of 15 w at 95°C and 60 s at 60°C.
Analysis of raw data was done with the Sequence Detector
V1.6.3 software (PEBiosystems). Data were collected at the
annealing step (60°C) of every cycle, and the threshold cycle
(Ct) for each sample was calculated by determining the point
at which the fluorescence exceeded the threshold limit, which
was set at 0.04 U. The standard curve was calculated automatically by plotting the Ct values against each standard of known
concentration. For preparation of the external standards an
international reference VQC plasma preparation panel (CLB)
containing well-characterized HBV-DNA levels was used.
Sample copy numbers were calculated by interpolation of the
experimentally determined standard curve. The detection limit
of this system was as few as 10 HBV-DNA copies/ml of serum.
A linear standard curve was obtained between 10 and 108 DNA
template copies/reaction.

Serological analyses
HBV infection was diagnosed on the basis of HBsAg,
HBeAg and anti-HBe the presence. The HBsAg, HBeAg
and anti-HBe were detected by microenzyme immunological
method (MEIA, ABBOTT, Germany).

sFas and sFasL
The sFas and sFasL concentration in the serum was measured twice by immunology – enzymatic assay test (ELISA,
Bender MedSystems, Austria) [5].

Statistical analyses
Statistical analysis was performed with use of Logistic
Regression test and Fisher Exact test by program of SS for Windows. Values of p<0.05 were considered to be significant.

HBV-DNA and sFas, sFasL concentrations in serum of healthy HBsAg carriers

Table 1. The HBV-DNA and sFas, sFasL serum concentration in healthy HBsAg carriers presenting HBeAg or anti-HBe antibodies
HBV-DNA
No

sex

HBeAg

anti-HBe

1

-

2

-

3

HBV-DNA

sFas**
pg/ml

SFasL***
pg/ml

8.4x105

18

0.13

1.06x105

16.5

0.1

QIAGEN*
real-time

QIAGEN*

NESTED*

SIGMA*

+

-

++

-

+

+

-

-

+

-

-

-

-

0

13.5

0

4

-

+

+

-

+

2.08x105

8

2.57

5

-

+

++

+

-

9.09x104

14

11.5

6

-

+

+

-

-

4.1x104

8

2.53

7

-

+

++

-

-

3.04x105

31

0

8

-

+

++

-

-

9.18x105

8.5

0

9

-

+

+++

+++

++

6.27x105

19

0

10

-

+

++

+

-

4.43x105

7.4

0.13

11

+

-

+

+

-

2.72x105

14

0.08

12

-

+

++

++

-

9.82x106

7.5

0.08

13

-

+

++

++

++

0

3.5

0.16

14

-

+

-

-

-

1.39x105

43

0.83

15

-

+

-

++

-

1x104

8

0

16

+

-

+

+

-

1.33x105

19

0

17

+

-

+

-

-

0

16

0

18

+

-

+

-

+

2.95x105

6.5

0

19

+

-

+++

++

+

2.45x105

14

9.89

20

-

+

-

-

-

0

11

0

21

-

+

+

++

-

5.77x104

22

0.08

22

-

+

+

-

-

4.15x104

12.5

0.12

23

-

+

+

++

+

1.45x105

13

0

24

-

+

++

++

+

1.43x106

12.5

0

25

-

+

-

-

+

0

17

0.81

26

+

-

++++

++

+++

1.93x109

13

0

27

+

-

++

-

-

1.01x105

23

0

28

+

-

++++

++

+++

8.03x109

27

0.08

29

-

+

++

++

+

9.85x105

25.5

0

30

-

+

++

++

+

2.09x105

13

4.73

31

-

+

+

++

-

0

31

0

32

+

-

+++

+++

-

5.57x106

11.5

2.53

33

-

+

-

-

-

0

7

0.07

34

-

+

+

+

+

1.1x105

7.5

0.1

* – DNA isolation method; ** – normal range = 20.3 pg/ml, S.D. = ±4.9; *** – normal range = 0

Results
Our investigations showed that the QIAGEN test is a more
sensitive in HBV-DNA detection in comparison to SIGMA test;
however, we did not observed statistical differences between
used tests.
HBV replication was confirmed in 24 (71%) of 34 HBsAg
carriers. 22 (65%) of them presented HBV-DNA level exceeding 105 copies/mL. Moreover, 8 (80%) of HBsAg and HBeAg
positive carriers showed HBV-DNA replication over 105/mL.
Among HBsAg carriers presenting anti-HBe antibodies, only
14 (54%) had HBV-DNA concentration exceeding 105/mL.
We did not observe significant differences level in HBV-DNA
between HBsAg carriers in respect to HBeAg and anti-HBe
antibodies occurrence. The HBV viral load below 104 copies/mL
was observed only in HBsAg carriers with anti-HBe antibodies,
(5/24 persons =21%).

The difference in sFas serum concentration between HBsAg
carriers and control group (15.4 pg/ml vel 18.4 pg/ml; p>0.05)
was not significant. Concentration of sFas in serum did not
depend on HBeAg or anti-HBe antibodies presence (15.75
pg/ml vel 15.18 pg/ml; p>0.05).
None of individuals in control group expressed sFasL in
serum. Conversely sFasL was detected in sera of 19 (56%)
HBsAg carriers, which may indicate increased apoptosis activity
in these patients.

Discussion
The HBsAg carriers are defined as healthy persons, thus do
not require antiviral treatment. Furthermore, according to the
National Institutes of Health, patients with serum HBV-DNA
levels exceeding 105 copies/mL of HBV-DNA in serum should
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be considered as a individuals with an active HBV replication
and ongoing liver damage, thus should be classified as chronic
hepatitis B [6]. Investigations oindicating correlation between
histological changes in liver and HBV-DNA serum concentration may confirm this opinion. It is particularly apparent in
patients whose HBV viral load in serum exceeds 106 copies/mL
[7].
Several evidences suggest that advancement of liver inflammation is correlated with HBV viral load [1]. This is coherent
with studies showing the relationship between the amount of
liver inflammation and HBV-DNA in HBsAg carriers with suppression of immunological response [8]. Langer et al. [9] found
active HBV-DNA replication in 49% of HBsAg carriers. Those
persons didn’t have any symptoms and biochemical markers of
liver function were within normal ranges.
For a long-time HBeAg to anti-HBe seroconversion was
recognised as a profitable indicator of HBV elimination. Tedder
et al. [10] describedd a relationship between HBV-DNA viral
load and the presence of HBeAg. On the other hand, Chu et al.
[11] and Langer et al. [9], found higher proportion of anti-HBe
antibodies in HBsAG carriers with active viral replication than
in patients presenting HBeAg. The interesting observation was
that in some individuals after HBeAg to anti-HBe seroconversion HBV-DNA concentration decreased [10,12].
Karasawa et al. [13], in 93% HBsAg carriers with anti-HBe
antibodies detected HBV mutant “pre-core” existence. Moreover, investigations of Shan’s et al. [14], showed a higher rate
of HBV mutations among anti-HBe presenting carriers than
in patients with HBeAg. It is possible that mutation process
contributes to low level of HBV-DNA in persons presenting
anti-HBe antibodies.
HBV active replication among HBsAg carriers leads to
chronic hepatitis development. Furthermore, long lasting stimulation of hepatocytes to Fas synthesis may induce inflammatory
– necrotic changes and fibrosis intensification in the liver [15].
Fas and FasL are proteins that regulate processes of apoptosis in patients with chronic liver injury [16-18]. The Kupffer’ cells
stimulate the synthesis of cytokines influencing biosynthesis of
Fas in hepatocytes. In their study of Xin et al. [19] and Luo et
al. [20] confirmed relationship between Fas and FasL serum or
liver’s tissue concentration and apoptosis activity in patients
with chronic liver injury. Cytotoxic reaction and apoptosis run
simultaneously in chronic hepatitis B patients and both are controlled by Fas and FasL synthesis [21]. Results of our investigations suggest that sFasL incidence in HBsAg carriers may reflect
apoptosis activation. Regardless of correct biochemical markers
of the liver function sFasL detection in the serum of HBsAg carriers may demonstrate activation of non-specific immunological
processes against HBV infection.

Conclusions
High HBV replication is common within HBsAg carriers. It
concerns healthy HBsAg carriers presenting HBeAg as well as
anti-HBe antibodies in serum. However, the HBV replication
is slightly decreased in carriers with anti-HBe antibodies incidence. The sFasL occurrence in over a half of studied HBsAg

carriers may demonstrate activation of non-specific immunological processes against HBV infection.
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Abstract
Purpose: To evaluate serum pepsinogen I (PG I) and
gastrin-17 (G-17) levels in patients with Helicobacter pylori
(H. pylori) – associated chronic atrophic gastritis, with reference to endoscopical Kimura-Takemoto’s staging, chromoendoscopical and histological features.
Material and methods: 267 dyspeptic H. pylori-infected
patients were examined by chromoendoscopy with biopsy
sampling according to the Sydney System and according
to Kimura-Takemoto’s scale. Simultaneous assessment of
serum pepsinogen I (PG I) and gastrin-17 (G-17) levels
by enzyme immunoassay was performed. The serologic
and morphologic results were compared with correlation
analysis.
Results: There was strong reverse correlation between
the stomach mucosal atrophy (antral part or corpus) and
the proper serologic markers (respectively, G-17 or PG I) in
H. pylori-associated chronic gastritis when gastric biopsies
taken according to the Sydney System were assessed. The
use of Kimura-Takemoto’s scale has revealed the decrease of
serum PG I levels only at O-2 and O-3 grades of the corpus
mucosa atrophy. Probably, these results reflects the development of functional failure of the stomach corpus mucosa
at late stages of atrophy when its compensatory capacity
becomes insufficient. There were not any advantages in
sampling biopsies for the detecting of intestinal metaplasia (IM) by the Sydney System, or by Kimura-Takemoto’s
scheme. The obvious concordance between histologically
proven extent of IM and the number of IM foci detected by
chromoendoscopy has been revealed.
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Conclusions: The biopsy sampling for the diagnosis of
precancerous changes of the stomach mucosa after noninvasive screening of atrophic gastritis (e.g., by means of
EIA) should be based preferably on the visual signs acquired
via chromoendoscopy than through routine endoscopy,
independently of the scheme of examination of stomach
mucosa, either according to the Sydney System, or to the
Kimura-Takemoto’s scale.

Key words:
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Introduction
Helicobacter pylori (H. pylori) is a major causative agent in
the pathogenesis of chronic active gastritis, duodenal and gastric
ulcer [1]. There is a strong evidence that H. pylori infection may
be associated also with gastric carcinoma and low-grade MALT
lymphoma [2]. Our knowledge of the pathogenesis of gastric
neoplasms is therefore increasing, and new approaches to the
prevention of gastric cancer by eradication treatment of gastric
precancerous diseases, mainly H. pylori gastritis, can be considered. H. pylori infection causes the development of infiltration
of gastric mucosa by mononuclear cells and neutrophils, the
latter can serve as a marker for the activity of gastritis. Chronic
active inflammation is ultimately accompanied by a replacement
of the gastric foveolae by a regenerative type of epithelium and
a decrease in the production of mucus [3]. Besides, this damage
leads to a persistent state of proliferation and regeneration,
and thus increases the risk of malignant alterations of the
gastric stem cells at the neck region of the gastric tubes [4]. As
a consequence, the multifocal features such as atrophy, intestinal metaplasia, and epithelial dysplasia may be found in association with H. pylori infection. In turn, atrophic gastritis and
intestinal metaplasia have been considered precursor lesions of
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intestinal type of gastric cancer [5]. The effect of eradication of
Helicobacter pylori on the prevention or regression of atrophy
and IM has not been fully elucidated. The point of no return at
which such a regression is possible is not known [6]. This subject
is very important, because it has a great influence on a strategy
of gastric cancer prevention. It has been shown that the extent
and topography of H. pylori-associated gastritis differs when
compared with age- and sex-matched patients having peptic
ulcer or merely gastritis. It appears that patients with gastric
cancer have much more severe gastritis in the corpus of the
stomach in contrast to the antrum-predominating gastritis in
duodenal ulcer patients [7]. That pronounced gastritis in the
corpus may be involved in the development of gastric cancer
can be explained by the finding of a decrease in acid production associated with a shift in the distribution of gastritis toward
the corpus [8]. This reduction in local acid production might
then result in the suppression of a defense mechanism against
dedifferentiated epithelium – since atypical cells are very acid
sensitive – and might thus lead to persistence and progression
of atypical cells [9].
The gastric mucosa can be evaluated by gastrointestinal
endoscopic examination with biopsy [10], but this is an invasive and expensive technique. Easier objective methods for
evaluating gastritis and H. pylori infection are needed. Of
course, H. pylori infection can be diagnosed by the assay of
anti-H. pylori antibodies, the urease test, culture or Giemsa
stain of gastric mucosa, or the urea breath test. However, measurement of serum pepsinogen is easier and does not require
special equipment or techniques. The concentration of serum
pepsinogen, which is an ordinary zymogen of pepsin in gastric
mucosa, is known to be a marker of atrophic gastritis [11], as
well as being a marker of H. pylori infection and eradication [12].
Moreover, gastric mass screening can be performed by assays of
serum pepsinogen concentrations [13]. The same is true about
measurement of serum gastrin for the non-invasive detection
of gastric antral atrophy [14]. Previously, we have found that
non-invasive detection of atrophic gastritis requires further
endoscopy with histological examination for the recognition of
possible progression of atrophy into IM, dysplasia or carcinoma
[15], so it is critically important to be sure that the method of
endoscopy would allow the adequate biopsy sampling from the
irregularly distributed foci of above mentioned preneoplastic
changes of stomach mucosa.
The aim of the present study was to evaluate serum pepsinogen I (PG I) and gastrin-17 (G-17) levels in patients with
Helicobacter pylori-associated chronic atrophic gastritis, with
reference to endoscopical Kimura-Takemoto’s staging, chromoendoscopical and histological features.

Material and methods
The study was carried out according to updated Declaration of Helsinki in a group of 267 dyspeptic H. pylori-infected
patients (175 female, 92 male, aged from 15 to 89 years, in
average 61.7±13.0 years), after informed consent for examinations. Any eventual medication with proton pomp inhibitors, H2
antagonists and NSAIDs were excluded for at least one month

before examinations. The diagnostic test was histology in 267
cases; 158 cases were diagnosed by chromoendoscopy using the
methylene blue dye scattering method and 109 – by endoscopy
using the Kimura-Takemoto endoscopic classification [16].
The assessment of the type of mucosal atrophy according to
Kimura-Takemoto’s grading was as follows: C-0 – absence
of atrophy, C-1 – pyloric mucosal atrophy, C-2 – atrophy on
a lesser curvature of a lower third of the stomach, C-3 – the
atrophy on a lesser curvature of a middle third of stomach,
O-1 – a border of an atrophy is between lesser curvature and
anterior wall; O-2 – atrophy within the limits of an anterior
wall of a stomach; O-3 – the area of atrophy is distributed from
anterior wall to the major curvature of the stomach. Biopsy
specimens were fixed in 10% formalin, embedded in paraffin,
cut in sequential 5 m sections, and stained with hematoxylin
and eosin, PAS/alcian blue (pH 2.5), and Giemsa stain. The
grade of the stomach mucosal atrophy was estimated from 0 to
3 according to Houston visual analogous scale [10]. Fasting
serum H. pylori antibodies (Hp-Ab), serum levels of PG I and
G-17 were assayed by enzyme immunoassay (EIA) with Biohit
GastroPanel® (Biohit Plc, Helsinki, Finland). According to the
instruction of manufacturer, serum levels of PG I <25 g/l were
accepted as markers of gastric corpus atrophy; serum levels of
G-17 <5 pmol/l were estimated as markers of gastric antral
atrophy; serum levels of G-17 <10 pmol/l in a combination with
serum levels of PG I <50 g/l were estimated as markers of mild
gastric corpus atrophy. Hp-Ab IgG titers were estimated as follows: <32 EIU (EIU – enzyme immunoassay unit) – negative
result; 32-44 EIU – doubtful result; >44 EIU – positive result.
The numerical meanings of assayed parameters were analyzed
by the program GastroSoft® (Biohit Plc, Helsinki, Finland)
enclosed to test-system Biohit GastroPanel®. On the basis of
inserted data, the program composed the diagnosis in a view
of the presence or absence of H. pylori-infection and mucosal
atrophy, with estimating of gastric cancer or peptic ulcer risk
and with recommendations on the treatment according to Maastricht-2 consensus.
The statistical analysis was used to estimate the mean values
of investigated parameters and to calculate statistical significance of received data by Mann-Whitney criterion, and by the
Spearman’s correlation coefficient (rs).

Results
According to EIA data, the absence of the corpus mucosal
atrophy was detected in 155 patients, mild corpus atrophy – in 33
patients, moderate corpus atrophy – in 48 patients, and severe
corpus atrophy – in 31 patients. The corresponding values of
serum PG I are presented in Tab. 1.
The absence of antral mucosal atrophy was detected in 14
patients, mild antral atrophy – in 40 patients, moderate antral
atrophy – in 94 patients, and severe antral atrophy – in 119
patients. The corresponding values of serum G-17 are presented
in Tab. 2.
The correlation analysis has revealed strong reverse correlation between the presence and the degree of stomach corpus
atrophy and the serum levels of PG I (rs= -0.63; P<0.05). Simi-
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Table 1. The mean values of serum PG I at different degrees of
the stomach corpus musocal atrophy ( g/l) in chronic gastritis

Mean

95% confidence
interval

No atrophy

133.30

-10.63 – 277.23

Mild atrophy

42.61*

Moderate atrophy

18.66*

Severe atrophy

7.79*

Figure 1. The prevalence of intestinal metaplasia (IM) in the
patients with Helicobacter pylori – associated chronic atrophic
gastritis

Number of
patients

100

71.96

155

90

-21.10 – 106.31

31.85

33

80

-19.31 – 56.63

18.98

48

-1.21 – 16.78

4.49

31

Total

Severe IM
Moderate IM

70
60

267

Mild IM

50

*P<0.05 compared to non-atrophic state and to previous degree of
atrophy

40
30

No IM

20

Table 2. The mean values of serum G-17 at different degrees of
the stomach antral musocal atrophy (pmol/l) in chronic gastritis

10
%0

Mean

95% confidence
interval

Number of
patients

No atrophy

15.46

3.15 – 27.78

6.16

14

Mild atrophy

8.71*

3.49 – 13.94

2.61

40

Moderate atrophy

6.15*

2.61 – 9.70

1.77

94

Severe atrophy

1.31*

-2.34 – 4.95

1.82

119

Total

267

Figure 2. Correlations (rs) between the results of EIA (serum
G-17 levels for C 1, serum PG I levels for C 2 – O 3) with the type
of stomach mucosal atrophy according to Kimura-Takemoto’s
grading (*P<0.05 compared to C2 – O1 stages)
0.8

*P<0.05 compared to non-atrophic state and to previous degree of
atrophy

0.7

0.69
0.57*

0.6

Mean

95% confidence
interval

Number of
patients

No IM

1.05

0.5 – 1.6

0.27

51

Mild IM

5.04*

-17.24 – 27.32

11.14

50
38

Moderate IM

8.85*

1.09 – 16.60

3.88

Severe IM

23.89*

-11.50 – 59.29

17.70

Total

0.5
r(s)

Table 3. The mean number of foci of chromoendoscopically
detected intestinal metaplasia (IM) in relation to histological
detection of IM in Helicobacter pylori – associated atrophic
gastritis

0.48*

0.4
0.3

0.3

0.24

0.2

0.13

0.1
0.0

C1

C2

C3

C0

C 02

C 03

19
158

*P<0.05 compared to non-metaplastic state and to previous degree
of IM

larly, we have observed the strong reverse correlation between
the presence and the degree of stomach antral atrophy and the
serum levels of G-17 (rs= -0.73; P<0.05). There were no any
marked correlations between serum Hp-Ab IgG titers and the
presence and the degree of stomach corpus or antral atrophy
(the values of rs, respectively, 0.12 and 0.14; P>0.05 for both
corpus or antral mucosa).
Among 158 patients, which were undergone chromoendoscopy, there were 107 histologically proven cases of intestinal
metaplasia (IM), 50 patients of them had mild IM, 38 – moderate IM, and 19 – severe IM. Fifty one patients had no histological features of IM (Fig. 1).
We have compared the histologically detected extent of
IM and the number of foci of IM detected by chromoendoscopy (Tab. 3). The results have confirmed the high accuracy
of chromoendoscopy in distinguishing IM in atrophic gastritis
(rs= 0.92; P<0.05).

Further, we have compared the results of EIA with the type
of stomach mucosal atrophy according to Kimura-Takemoto’s
grading (Fig. 2). There was strong reverse correlation between
serum G-17 level and the presence of C-1 grade of stomach
mucosal atrophy (antral). On the contrary, the correlations in
the corpus of the stomach were not so obvious, and reached the
significant values beginning from O-2 grade of corpus atrophy.
So, the progression of corpus mucosal atrophy was accompanied
with functional disorders only when the vast majority of gastric
glands disappeared.

Discussion
Prior to the identification of H. pylori as the major cause
of gastritis, the decline in the ability to secrete gastric acid
due to atrophic change of gastric mucosa was considered
a consequence of aging. The discovery of H. pylori has led to
a reassessment of the importance of aging and has focused on
the long-term effects of H. pylori infection and its role in the
development of atrophic gastritis [17]. The updated Sydney
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System allows precise histologic evaluation of gastritis [10],
but requires gastrointestinal endoscopy and biopsy, which are
invasive, expensive, and uncomfortable methods. Of course, as
gastrointestinal endoscopic examination is the most accurate
method of examination for gastric diseases, especially gastric
malignancy, it should be used for patients exhibiting any relevant symptoms. However, in follow-up studies and screening of
asymptomatic subjects, an easier and less expensive method is
required.
The serum pepsinogen level reflects the secretory function
of the gastric glands. Its levels decreased significantly in the
patients with chronic atrophic gastritis, an important precursor of gastric carcinoma [11]. It has been suggested that the
measurement of serum pepsinogens could identify people at
high risk for gastric cancer. Chronic atrophic gastritis is believed
to be an important premalignant condition for the development
of gastric carcinoma, particularly the intestinal type [18]. The
serum PG I/II ratio has been found to be reduced in gastric
carcinoma, as pepsinogen I decreases proportionally more
than pepsinogen II. In contrast, the serum level of gastrin was
increased in atrophic corpus gastritis [19]. In Japan, where studies have shown a high prevalence of chronic gastritis, the serum
pepsinogen level has been studied as a mass screening tool for
the detection of gastric cancer. The Kimura-Takemoto’s scale
for the evaluation of gastric mucosa morphology was used in
these studies [20].
Screening by using serum pepsinogen has advantages over
other methods such as endoscopy and barium studies. It is
simple and inexpensive, and there is no radiation hazard. In our
study, there was strong reverse correlation between the presence and the degree of stomach mucosal atrophy (antral part or
corpus) and the proper serologic markers (respectively, G-17 or
PG I) in H. pylori-associated chronic gastritis when we assessed
gastric biopsies taken according the Sydney System. However,
the use of grading the stomach mucosal atrophy according to
Kimura-Takemoto’s scale has brought us some different results
concerning the serum levels of PG I at various extent of corpus
atrophy. We observed the decreasing of serum PG I levels only
at O-2 and O-3 grades of corpus atrophy. In our opinion, these
results reflects the development of functional failure of the
stomach corpus mucosa at late stages of atrophy when its compensatory capacity becomes insufficient. In general, we could
not find any advantages in sampling biopsies for detecting IM by
the Sydney System recommendations, or by Kimura-Takemoto’s
scheme. Similar results are reported by Asaka et al. [21]. We can
not agree with the interpretation of So et al. [22] results, showing
an increase in serum PG I and II levels and a lower PG I/II ratio
in gastric cancer patients. In their study, the gastric atrophy was
present in a small proportion of patients with gastric cancer and
the authors conclude that atrophic gastritis may not be an essential stage in gastric carcinogenesis. Hence, in their meaning, the
serum pepsinogen measurement is not useful for the screening
of gastric cancer in the investigated population. In contrast,
many other studies have shown the correlation between the
serum PG levels and the extent of atrophic gastritis.
Kreuning et al. [23] reported that serologic parameters in
healthy volunteers were related to specific histologic features of
the gastric body. Kawaguchi et al. [24] also confirmed that PG

correlated well with the grade of atrophic gastritis regardless of
the age or sex of patient. Kiyohira et al. [25] investigated the
utility of serum PG concentrations for the diagnosis of H. pylori
infection and the objective evaluation of histologic gastritis. The
authors also investigated whether H. pylori infection could be
diagnosed via serum PG concentrations alone. Kuipers et al.
[26], Asaka et al. [27], and Knight et al. [28] have shown, that
the serum concentrations of PG I and PG II increased and
the I/II ratio decreased in H. pylori infection. Cave et al. [29]
hypothesized that H. pylori leads to increased PG secretion. In
patients with no or mild atrophy, both serum PG I and PG II
concentrations were increased. The mass of chief cells decreases
with the progression of atrophy, with chief cells gradually being
replaced by pyloric gland cells. Serum PG I concentrations then
decrease, but serum PG II concentrations continue to increase.
Consequently, the PG I/II ratio decreases. In marked atrophy,
both serum PG I and PG II concentrations decrease and the PG
I/II ratio shows a marked fall.
Recently, several studies have demonstrated that successful
treatment of H. pylori infection significantly reduces serum PG
concentrations, significantly increases the PG I/II ratio, and
clearly improves histological findings within approximately 1
month [12,30]. Therefore, these parameters may be useful for
monitoring of anti-H. pylori treatment efficacy. Gastric mucosal
evaluation by serum PG concentrations is an inexpensive, noninvasive, simple, and objective method.
Another important issue is revealing the intestinal metaplasia in H. pylori-associated atrophic gastritis. As the serum
pepsinogen I/II ratio was known to be a good marker for gastric
atrophy [31], Asaka et al. [21] hypothesized that the development of atrophic gastritis and intestinal metaplasia in the gastric
mucosa was strongly associated with H. pylori infection. Recently
the authors performed a case-control study of 85 asymptomatic
healthy adults recruited from a health screening center in Sapporo [32]. All subjects underwent endoscopy and gastric biopsy.
The prevalence of atrophic gastritis and intestinal metaplasia
as assessed by pathological findings was significantly greater
in those with H. pylori infection compared with those without
H. pylori infection. The later study [21] was a large scale multicenter study involving different regions in Japan using three
different methods to assess the prevalence of atrophic gastritis
as well as evaluation of the presence of intestinal metaplasia by
endoscopic biopsy. The authors have found that both atrophic
gastritis and intestinal metaplasia were strongly associated with
H. pylori infection and not with aging per se, and that the tight
link is present between H. pylori infection, atrophic gastritis
and intestinal metaplasia. The high prevalence of the precursor
lesion, atrophic gastritis with intestinal metaplasia among those
with H. pylori infection suggests that the risk of development of
early gastric cancer will continue to remain high until H. pylori
is eliminated either naturally or by therapy. Nomura et al.
[33] have reported that persons with both H. pylori or CagA
seropositivity and a low PG I level or PG I/II ratio are highly
susceptible to development of noncardia gastric cancer. Hartleb
et al. [34] have recently stated that the test panel composed of
pepsinogen I and protein stimulated gastrin-17 may be used as
the “serological gastric biopsy” detecting multifocal atrophic
gastritis. The diagnostic sensitivity of this test panel is not
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increased by knowledge of H. pylori status. Previously, we have
shown similar results, with strong correlation between detection
of IM by chromoendoscopy and by histology [15]. Our present
study has confirmed these results in another group of patients,
and there has been the obvious concordance between histologically detected extent of IM and the number of foci of IM
detected by chromoendoscopy.

Conclusions
The natural history of Helicobacter pylori-associated
atrophic gastritis is a permanent progression of the extent and
severity of atrophy with ultimate imbalance between proliferation and differentiation leading to the development of intestinal
metaplasia and dysplasia. The latter have patchy distribution
through the stomach mucosa and, thus, the biopsy sampling for
the diagnosis of precancerous changes of stomach mucosa after
non-invasive screening of atrophic gastritis (e.g., by means of
EIA) should be based preferably on the visual signs acquired
via chromoendoscopy rather than through routine endoscopy.
It holds true independently of the scheme of examination of the
stomach mucosa, would it be based either on the Sydney System,
or the Kimura-Takemoto’s scale.

References

11. Fontham ET, Ruiz B, Perez A, Hunter F, Correa P. Determinants of Helicobacter pylori infection and chronic gastritis. Am J Gastroenterol, 1995; 90: 1094-101.
12. Parsonnet J, Friedman GD, Vandersteen DP, Chang Y, Vogelman JH, Orentreich N, Sibley RK. Helicobacter pylori infection and the
risk of gastric carcinoma. N Engl J Med, 1991; 325: 1127-31.
13. Stolte M, Stadelmann O, Bethke B, Burkard G. Relationship
between the degree of Helicobacter pylori colonization and the degree
and activity of gastritis, surface epithelial degeneration and mucus secretion. Z Gastroenterol, 1995; 33: 89-93.
14. Bechi P, Balzi M, Becciolini A, Maugeri A, Raggi CC, Amorosi
A, Dei R. Helicobacter pylori and cell proliferation of the gastric mucosa:
possible implications for gastric carcinogenesis. Am J Gastroenterol,
1996; 91: 271-6.
15. Correa P. A human model of gastric carcinogenesis. Cancer Res,
1988; 48: 3554-60.
16. Tytgat GNJ. Remaining questions with respect to Helicobacter
pylori. Gastroint Endosc, 1998; 47: 198-9.
17. Stolte M, Meining A. Helicobacter pylori and gastric cancer.
Oncologist, 1998; 3: 124-8.
18. Stolte M, Bethke B. Elimination of Helicobacter pylori under
treatment with omeprazole. Z Gastroenterol, 1990; 28: 271-4.
19. Axon ATR, Lynch DAF. Helicobacter pylori, gastric physiology
and cancer. Eur J Gastroenterol Hepatol, 1993; 5: 109-13.
10. Dixon MF, Genta RM, Yardley J, Correa P. Classification and
grading of gastritis. The updated Sydney System. International Workshop
on the Histopathology of Gastritis, Houston, 1994. Am J Surg Pathol,
1996; 20: 1161-81.
11. Samloff IM, Varis K, Ihamaki T, Siurala M, Rotter JI. Relationships among serum pepsinogen I, serum pepsinogen II, and gastric
mucosal histology: a study in relatives of patients with pernicious anemia.
Gastroenterology, 1982; 83: 204-9.
12. Wagner S, Haruma K, Gladziwa U, Soudah B, Gebel M, Bleck J,
Schmidt H, Manns M. Helicobacter pylori infection and serum pepsinogen A, pepsinogen C, and gastrin in gastritis and peptic ulcer: significance
of inflammation and effect of bacterial eradication. Am J Gastroenterol,
1994; 89: 1211-8.
13. Yoshihara M, Sumii K, Haruma K, Kiyohira K, Hattori N, Kit-

adai Y, Komoto K, Tanaka S, Kajiyama G. Correlation of ratio of serum
pepsinogen I and II with prevalence of gastric cancer and adenoma in
Japanese subjects. Am J Gastroenterol, 1998; 93: 1090-6.
14. Suovaniemi O, Harkonen M, Paloheimo L, Sipponen P. GastroPanel: Diagnosing atrophic gastritis from serum – providing a tool for
evidence-based medicine. Business Briefing: Global Health Care, 2003:
1-4.
15. Pasechnikov VD, Chukov SZ, Kotelevets SM, Mostovov AN,
Polyakova MB, Mernova VP. The non-invasive diagnosis of precancerous
changes of stomach mucosa. Rocz Akad Med Bial, 2004; 49: 66-71.
16. Kimura K, Takemoto T. An endoscopic recognition of the
atrophic border and its significance in chronic gastritis. Endoscopy, 1969;
3: 87-97.
17. Katelaris PH, Seow F, Lin BP, Napoli J, Ngu MC, Jones DB.
Effect of age, Helicobacter pylori infection, and gastritis with atrophy on
serum gastrin and gastric acid secretion in healthy men. Gut, 1993; 34:
1032-7.
18. Correa P. Human gastric carcinogenesis: a multistep and multifactorial process. Cancer Res, 1992; 52: 6735-40.
19. Westerveld BD, Pals G, Lamers CB, Defize J, Pronk JC, Frants
RR, Ooms EC, Kreuning J, Kostense PJ, Eriksson AW, et al. Clinical
significance of pepsinogen A isozymogens, serum pepsinogen A and C
levels, and serum gastrin levels. Cancer, 1987; 59: 952-8.
20. Kitahara F, Kobayashi K, Sato T, Kojima Y, Araki T, Fujino
MA. Accuracy of screening for gastric cancer using serum pepsinogen
concentrations. Gut, 1999; 44: 693-7.
21. Asaka M, Sugiyama T, Nobuta A, Kato M, Takeda H, Graham
DY. Atrophic gastritis and intestinal metaplasia in Japan: results of
a large multicenter study. Helicobacter, 2001; 6: 294-9.
22. So JB, Yeoh KG, Moochala S, Chachlani N, Ho J, Wong WK,
Mack P, Goh PM. Serum pepsinogen levels in gastric cancer patients and
their relationship with Helicobacter pylori infection: a prospective study.
Gastric Cancer, 2002; 5: 228-32.
23. Kreuning J, Lindeman J, Biemond I, Lamers CB. Serological
parameters in assessment of degree of gastritis in healthy volunteers. Dig
Dis Sci, 1995; 40: 609-14.
24. Kawaguchi H, Haruma K, Komoto K, Yoshihara M, Sumii K,
Kajiyama G. Helicobacter pylori infection is the major risk factor for
atrophic gastritis. Am J Gastroenterol, 1996; 91: 959-62.
25. Kiyohira K, Yoshihara M, Ito M, Haruma K, Tanaka S, Chayama K. Serum pepsinogen concentration as a marker of Helicobacter
pylori infection and the histologic grade of gastritis; evaluation of gastric
mucosa by serum pepsinogen levels. J Gastroenterol, 2003; 38: 332-8.
26. Kuipers EJ, Uyterlinde AM, Pena AS, Roosendaal R, Pals G,
Nelis GF, Festen HP, Meuwissen SG. Long-term sequelae of Helicobacter pylori gastritis. Lancet, 1995; 345: 1525-8.
27. Asaka M, Kimura T, Kudo M, Takeda H, Mitani S, Miyazaki
T, Miki K, Graham DY. Relationship of Helicobactor pylori to serum
pepsinogens in an asymptomatic Japanese population. Gastroenterology,
1998; 102: 760-6.
28. Knight T, Greaves S, Wilson A, Hengels K, Newell D, Corlett M,
Webb P, Forman D, Elder J. Variability in serum pepsinogen levels in an
asymptomatic population. Eur J Gastroentrol Hepatol, 1995; 7: 647-54.
29. Cave TR, Cave DR. Helicobacter pylori stimulating pepsin
secretion from isolated rabbit gastric glands. Scand J Gastroenterol,
1991; 26(Suppl. 181): 9-14.
30. Furuta T, Kaneko E, Baba S, Arai H, Futami H. Percentage
changes in serum pepsinogens are useful as indices of eradication of
Helicobacter pylori. Am J Gastroenterol, 1997; 92: 84-8.
31. Miki K, Ichinose M, Shimizu A, Huang SC, Oka H, Furihata C,
Matsushima T, Takahashi K. Serum pepsinogens as a screening test of
extensive chronic gastritis. Gastroenterol Jpn, 1987; 22: 133-41.
32. Asaka M, Kato M, Kudo M, Katagiri M, Nishikawa K, Koshiyama H, Takeda H, Yoshida J, Graham DY. Atrophic changes of gastric
mucosa are caused by Helicobacter pylori infection rather than aging:
studies in asymptomatic Japanese adults. Helicobacter, 1996; 1: 52-6.
33. Nomura AM, Kolonel LN, Miki K, Stemmermann GN, Wilkens
LR, Goodman MT, Perez-Perez GI, Blaser MJ. Helicobacter pylori, pepsinogen, and gastric adenocarcinoma in Hawaii. J Infect Dis, 2005; 191:
2075-81.
34. Hartleb M, Wandzel P, Waluga M, Matyszczyk B, Boldys H,
Romanczyk T. Non-endoscopic diagnosis of multifocal atrophic gastritis;
efficacy of serum gastrin-17, pepsinogens and Helicobacter pylori antibodies. Acta Gastroenterol Belg, 2004; 67: 320-6.

187

188

Blusiewicz K, et al.

Roczniki Akademii Medycznej w Białymstoku · Vol. 50, 2005 · Annales Academiae Medicae Bialostocensis

Gastric juice ammonia and urea concentrations
and their relation to gastric mucosa injury
in patients maintained on chronic hemodialysis
Blusiewicz K1, Rydzewska G2,4, Rydzewski A3,4*

2

1
Dialysis Unit, Regional Hospital, Grajewo, Poland
Department of Internal Medicine and Gastroenterology, Central Clinical Hospital of Ministry of Internal Affairs and Administration, Warsaw, Poland
3
Department of Internal Medicine and Nephrology, Central Clinical Hospital of Ministry of Internal Affairs and Administration, Warsaw, Poland
4
Institute of Medical Education, Świętokrzyska Academy, Kielce, Poland

Abstract
Purpose: This study was undertaken to test the hypothesis that high concentrations of urea in gastric juice would
have an influence on Helicobacter pylori infection in patients
maintained on chronic hemodialysis (HD).
Material and methods: We investigated 30 patients (17
males, 13 females; mean age 50.8 ± 2.9 years) with end-stage
renal disease (ESRD) undergoing hemodialysis treatment
(HD) for at least 6 months, who were compared to 31
patients (16 males, 15 females; mean age 61.3 ± 2.2 years)
with dyspeptic symptoms. Biopsies from the gastric antrum
and body were taken for histological investigation. Urea and
ammonia were measured in gastric juice, and the severity of
gastritis was evaluated according to Sydney criteria.
Results: H. pylori infection was found in 19 (63%) HD
patients and in 22 (71%) control subjects. Gastric juice
urea concentration was significantly higher in HD patients
than in controls and H. pylori infection caused a significant
decrease in urea concentration in both groups. There was an
inverse correlation between urea and ammonia concentration in gastric juice in both groups. Ammonia concentration
in both groups was higher in H. pylori infected patients. In
H. pylori negative subjects ammonia/urea ratio was lower in
HD patients in comparison to controls. Ammonia/urea ratio
was raised by H. pylori infection in both groups, and the difference between HD and control groups persisted. H. pylori
infection was associated with polymorphonuclear infiltration of gastric mucosa. There was a significant correlation
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between gastric ammonia and mucosal polymorphonuclear
leukocytes infiltration and gastritis score.
Conclusions: Higher urea levels in the gastric juice of
chronically hemodialyzed patients do not seem to be a risk
factor for infection with Helicobacter pylori.

Key words:

Helicobacter pylori, gastritis, urea, ammonia,
hemodialysis.

Introduction
Dyspeptic complaints are present in up to 80% of patients
with uremia [1-3]. The reasons for this are not entirely clear.
Helicobacter pylori is an important causative factor of peptic
ulcer disease and chronic gastritis. It is estimated, that in Poland
about 70% of population may be infected [4,5]. Data concerning
frequency of H. pylori infection in chronic hemodialysis patients
are conflicting [3,6-11]. H. pylori has several adaptations for an
acid milieu of the stomach. One of them is urease, which converts urea into ammonia and bicarbonate [12]. The ammonium
hydroxide formed raises pH of gastric juice and enables H. pylori
colonization of gastric mucosa. It has been argued that urease is
essential for gastric colonization [13], although, urease negative
strains have been isolated from patients [14].
In patients with chronic renal failure high gastric juice urea
concentrations, by providing substrate, might lead to elevated
concentrations of ammonia, and ammonia has been incriminated as a main factor injuring gastric mucosa by several groups
[15-20]. It has also been found that in patients maintained on
hemodialysis there is a lack of correlation between endoscopic
findings and histopathology of gastric mucosa [2,3].
Therefore this study was undertaken to test the hypothesis
that high concentrations of urea in the gastric juice would have
an influence on Helicobacter pylori infection by investigating
relationship between concentrations of urea and ammonia in
gastric juice and histopathologic changes of gastric mucosa in
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hemodialyzed patients in comparison to subjects with normal
kidney function.

Material and methods
Patients
30 patients (17 males, 13 females; mean age 50.8 ± 2.9 years)
with end-stage renal disease (ESRD) undergoing hemodialysis
treatment (HD) for at least 6 months, were compared to 31
patients (16 males, 15 females; mean age 61.3 ± 2.2 years) with
dyspeptic symptoms and normal levels of blood urea nitrogen
and creatinine. ESRD patients were hemodialyzed 3 times
a week for 3.5-5.5 hours with Fresenius 4008B machines. Bicarbonate dialysate was used and polysulphone dialysis membranes
(Fresenius F5 and F6 dialyzers).

Study protocol
Patients from both groups were recruited for the study
based on the presence of dyspeptic complaints and abstinence
from alcohol. Exclusion criteria from both groups were as
follows: administration of histamine2-receptor antagonists,
proton-pump inhibitors, bismuth, sucralfate, non-steroidal anti-inflammatory drugs, or antibiotics within 4 weeks before the
study, prior gastrectomy or eradication therapy for H. pylori and
abnormal liver function tests. The study protocol was approved
by Ethics Committee of the Medical University of Białystok.
All the endoscopic procedures were performed by experienced endoscopist (KB). Patients underwent endoscopy before
scheduled hemodialysis, after an overnight fast using Olympus
GIF E10 endoscope. First 5 ml of gastric juice was withdrawn
using sterile cannula and syringe and immediately transferred
to a sterile tightly capped tube, and after cooling to 4°C centrifugated at 3 000 g for 15 minutes. Five mucosa specimens
were obtained using sterile biopsy forceps from the standard
sites in antral region and stomach body for urease test and
histopathology.

Histopathology
The formalin-fixed, paraffin-embedded tissue sections were
stained with hematoxylin and eosin, as well as modified Giemsa
stain, to detect H. pylori. All sections were assessed “blindly” by
the same histopathologist according to the Sydney System [21].
H. pylori colonization, polymorphonuclear infiltration, mononuclear cells number, atrophy and intestinal metaplasia were
scored as absent, mild, moderate or severe.
The scores for each evaluated factor from both antrum and
body were added to give a total “gastritis score” for each patient.
We also calculated polymorphonuclear score, mononuclear
score, atrophy score, and intestinal metaplasia score by adding
individual scores for antrum and corpus.
Patients were considered to be infected with H. pylori if
either histological examination or urease test were positive.

Laboratory methods
Urease test was performed on a biopsy specimen using commercial kit (Institute of Food and Nutrition, Warsaw, Poland).
Urea concentration in gastric juice was measured with

Table 1. Endoscopic findings in each investigated group. HD
(hemodialyzed) patients
HD
– n (%)

Control
– n (%)

P (Fisher’s
exact test)

Normal

10 (33)

10 (33)

NS

Chronic gastritis

10 (33)

12 (39)

NS

Chronic erosive gastritis

6 (20)

6 (19)

NS

Chronic atrophic gastritis

2 (7)

3 (10)

NS

Duodenitis

3 (10)

2 (6)

NS

0

2 (6)

NS

1 (3)

4 (13)

NS

Mucosa

Gastric ulcer
Duodenal ulcer

urease colorimetric method, based on hydrolysis of urea to
ammonia and carbon dioxide in the presence of urease. Ammonia then reacts with oxoglutarate in the presence of GLDH
and NADH, which is oxidised and measured at 340 nm, using
reagents from Abbot (Urea Nitrogen List No 8D34-01) and
Alcyon TM 300/300i analyzer (Abbot Laboratories). Correction
was made for ammonia present in gastric juice according to Lieber [22]. Ammonia was determined with a commercial reagents
(Randox Laboratories) using enzymatic UV method and Cobas
Bio automatic analyzer (Roche Diagnostics). Urease activity
index was calculated as ammonia/urea ratio in gastric juice.

Statistical analysis
Results are expressed as mean ± SD. Chi-square test, Student’s t-test, Mann-Whitney test, MANOVA, Spearman and
Pearson correlations were used as appropriate to test the statistical significance of the differences between groups. A P value
less than 0.2 was introduced into a backward stepwise logistic
regression model. P<0.05 was considered statistically significant. The STATA software, version 8.2 (Stata Corporation, College Station, TX, USA) was used for statistical computations.

Results
Endoscopic findings in each investigated group are shown
in Tab. 1.
Positive urease test was found in 19 (63%) HD patients and
in 22 (71%) control subjects (P=0.525; NS). The presence of
H. pylori in tissue sections was found in 7 (23%) HD patients
and in 15 (48%) control subjects (P=0.042).
Serum urea concentration in HD patients infected with
H. pylori was similar to that in HD subjects without H. pylori
infection (P=0.322). There was a strong correlation between
serum and gastric juice correlations of urea (r=0.795;
P<0.0001).
As seen from Fig. 1 and Tab. 2 gastric juice urea concentration was significantly higher in HD patients than in controls
(Tab. 2) and H. pylori infection caused statistically significant
decrease in urea concentration in both groups (Tab. 2).
The mean gastric juice ammonia concentration in the
H. pylori infected HD patients was 8.9±7.6 mmol/L compared
with 7.4±3.1 mmol/L in the H. pylori positive patients with nor-
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Figure 1. Gastric juice urea concentration in H. pylori negative
and positive control subjects and HD (hemodialyzed) patients
(for statistical significances see Tab. 2)

Figure 3. Individual ammonia and urea concentrations in gastric
juice from both H. pylori positive and negative subjects. HD
(hemodialyzed) patients
25 –
Ammonia in gastric juice (mmol/L)

Urea (mmol/L)

15 –

10 –

5–

20 –

15 –

10 –

5–

0–

0–
H. pylori (+)

Control

HD

Table 2. Influence of renal failure and H. pylori infection on
ammonia and urea concentrations and urease index in gastric
juice (MANOVA)
P value for
Factor

Ammonia

Urea

Urease index

Renal failure
H. pylori infection

NS

<0.00001

<0.00001

<0.00001

=0.0004

<0.00001

NS

NS

0.0075

Interaction between factors

Control

HD

Control

HD

25 –

Urea in gastric juice (mmol/L)

H. pylori (-)

20 –

15 –

10 –

5–

0–

Figure 2. Gastric juice ammonia concentration in H. pylori
negative and positive control subjects and HD (hemodialyzed)
patients (for statistical significances see Tab. 2)

H. pylori
negative
positive

18 –

Figure 4. Ammonia/urea ratio in gastric juice in Helicobcter
pylori (HP) negative and positive control subjects and HD
(hemodialyzed) patients (for statistical significances see Tab. 2)

16 –
14 –
12 –

1–

10 –

0.9 –

8–

0.8 –

6–

0.7 –

4–
2–
0–
H. pylori (-)
Control

H. pylori (+)
HD

Urease activity index

Ammonia (mmol/L)
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0.6 –
0.5 –
0.4 –
0.3 –
0.2 –
0.1 –
0–
HP (-)

mal renal function (Fig. 2). In the H. pylori negative patients the
values were 3.1±2.0 mmol/L and 1.5±1.0 mmol/L respectively
in the HD patients and control subjects and this difference was
statistically significant (Tab. 2).
There was an overlap of the urea and ammonia concentrations in gastric juice from both H. pylori positive and negative
subjects (Fig. 3).
In H. pylori negative subjects ammonia/urea ratio was lower
in HD patients in comparison to controls (Fig. 4 and Tab. 2).

HP (+)
Control

HD

Ammonia/urea ratio was augmented in the presence of H. pylori
infection in both groups, and the difference between HD and
control groups persisted. Increase, however, was more pronounced in controls (Tab. 2).
There was an inverse correlation between urea and ammonia concentration in gastric juice in both groups (Fig. 5).
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Figure 5. Correlation between urea and ammonia in gastric
juice. Regression for HD (hemodialyzed) patients (solid line)
and controls (dashed line)

Table 3. Results of backward stepwise logistic-regression analysis with H. pylori infection status as an outcome variable
Variable

Ammonia (mmol/L)

20 –

95% CI

P value

4.656

1.852-11.707

0.001

Polymorphonuclear infiltration
score for corpus

3.814

1.592-9.136

0.003

* Other variables that were examined but they did not have statistically significant associations with a H. pylori infection included
patients being on HD treatment (lymphoplasmocytic infiltration
score, mucosal atrophy score and intestinal metaplasia score)

R=-0.518
P=0.003

10 –

Odds Ratio

Polymorphonuclear infiltration
score for antrum

R=-0.437
P=0.014

0–
0

5

10

15

20

Urea in gastric juice (mmol/L)
HD H. Pylori (-)
HD H. pylori (+)

Control H. pylori (-)
Control H. pylori (+)

The number of polymorphonuclears in antral and stomach
corpus mucosa was proportional to ammonia concentration in
gastric juice (Spearman’s rho =0.339; P=0.008 and Spearman’s
rho =0.344; P=0.007 respectively).
When all the subjects were analyzed the total gastritis score
was directly correlated with ammonia concentration (Spearman’s rho =0.295; P=0.022), urease activity index (Spearman’s
rho =0.302; P=0.019) and H. pylori positive status (Spearman’s
rho =0.446; P=0.004), and inversely to urea in gastric juice
(Spearman’s rho =-0.284; P=0.028).
We also calculated polymorphonuclear score, mononuclear
score, atrophy score, and intestinal metaplasia score by adding
individual scores for antrum and corpus. Only polymorphonuclear score was significantly higher in HD in comparison to
control group (P=0.045; Mann-Whitney test).
The results of backward stepwise logistic-regression analysis
have shown that only polymorphonuclear infiltration in both
corpus and antrum were predictive for H. pylori infection
(Tab. 3).

Discussion
Since its discovery in 1982 [23], Helicobacter pylori has been
linked to many gastroduodenal diseases, including gastritis,
peptic ulcer and gastric malignancies. However, its role in the
pathogenesis of gastrointestinal complications of renal failure
has not been definitely proved. Uremic patients have very often
dyspeptic symptoms, but their etiology is multifactorial, and
most probably not related to H. pylori infection [2,3].
It has been argued that high gastric juice urea concentrations might create favourable environement for H. pylori, and
therefore a higher frequency of infection in uremic patients
should be expected. That has not been proved to be the case
[24]. To the contrary, several studies reported lower prevalence

of H. pylori infection in renal failure patients [3,6-8]. Frequent
use of antibiotics in patients maintained on chronic HD might
possibly be one of the reasons for the lower prevalence of
H. pylori infection. We observed somewhat higher prevalence of
H. pylori than in other studies, although not different from control subjects – fact perhaps related to the selection of patients
presenting with dyspeptic complaints, as well as to rather high
prevalence of H. pylori infection in Poland. In unselected populations it was reported to be about 70% [4,5].
Similar serum urea concentrations in both H. pylori positive
and negative subjects indicate that differences in gastric juice
urea concentration between these groups were in fact caused
by infection with microorganism. This is in agreement with Neithercut et al. [25] and opposite to Ala-Kaila et al. [2]. Inverse
relationship between urea and ammonia in gastric juice concentrations suggests that uremic state is an important factor causing
raised ammonia concentration in gastric juice. Such effect can
be mimicked by an infusion of urea into the stomach [26], and
should accentuate any ammonia induced effects. Ammonia
is transformed to NH4+ ion (ammonium). The relative concentration of these two forms is pH dependent. Ammonia
concentration raises with an increase of pH. Ammonia has been
incriminated as a factor contributing to gastric mucosal injury
[16]. It has been shown that ammonia accelerates apoptosis in
gastric mucosa [18], inhibits proliferation and cell cycle progression at S-phase [19], cell migration and proliferation of gastric
mucosa [20].
There was an overlap between urea and ammonia concentrations in gastric juice from H. pylori positive and negative
subjects in both groups which precludes possible use of these
parameters as indicators of H. pylori infection. It is interesting to
note that ammonia/urea ratio was a good predictor of H. pylori
infection in both groups of patients.
Total gastritis score was directly correlated with ammonia
concentration and urease activity index and inversely to urea in
gastric juice. It does not necessarily prove a direct causal link.
It may also be an indirect marker of H. pylori presence which
harms mucosa, as suggested by correlation with positive infection status.
Both in HD patients and control group polymorphonuclear infiltration in both corpus and antrum were predictive
for H. pylori infection. It is well known that Helicobacter pylori
infection causes gastric mucosa inflammation which is associated with neutrophilic activation [27,28]. Leukocytes are located
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in the lamina propria of the mucosa, within the epithelium. The
intensity of neutrophilic infiltration within the epithelium is correlated with the extent of mucosa damage and the intensity of
Helicobacter pylori infection.
In conclusion higher urea levels in blood and gastric juice
of chronically hemodialyzed patients do not seem to be a risk
factor for Helicobacter pylori infection.
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Abstract
The introduction of a new 1318 nm wavelength Nd:
YAG laser has created new possibilities in lung parenchyma
surgery. The potentially curative surgical resection of
pulmonary metastases in suitably selected cases had been
recognized slowly. Using the new laser technology a greater
number of patients can now offered salvage surgery. This
paper reviews the history of surgical management of pulmonary metastases, development of new laser technology,
conventional and extended indications for pulmonary
metastasectomy and use of laser in thoracic surgery.
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A long period of time was necessary to establish intended
curative resection of metastases to the lung [1]. After chest wall
resection for rib sarcoma Weinlechner in 1882 [2] performed the
first resection of an isolated metastasis found in the underlying
lung. Pulmonary metastasectomy as an independent operation
was described in 1926 by Divis [3]. In 1939 Barney and Churchill [4] reported the first successful intentional lobectomy for
metastatic kidney cancer, after failure of radiation therapy.
Several years later elective surgery of solitary metastasis has
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been offered to patients selected to long disease free interval to
their primaries [4,5]. In 1953 Mannix [6] performed simultaneous resection of multiple synchronous metastases. He removed
a total of 6 lesions through lingulectomy and basal segmentectomy. In the beginning with metastasectomies 80% of patients
underwent lobectomy or pneumonectomy and mortality was in
the range of 10% [7,8]. Due to improvement of surgical techniques and progress to limited resections, a greater number of
patients are now candidates for resection.
The effect of the Nd:YAG laser on lung tissue and small
pulmonary tumours first was experimentally demonstrated by
Minton et al. [9] in 1967. They excised and vaporised metastases
implanted to rabbit lungs and successfully resected normal
parenchyma of primates. Therefore Minton was the first to
recognise this special laser indication that becomes more and
more important in lung surgery today. But a lot of technical
difficulties prevented the use of lasers in thoracic surgery for
nearly 20 years.
In 1985 LoCicero et al. [10] reopend the discussion of clinical application on lung tissue by describing the mechanism of
the laser’s sealant effect using a CO2 laser. Laser sealing works
by means of a progressive collapse and shrinking of alveols producing a thick, multilayer and air-proof membrane. This result
has been tried to achieve either by CO2 or Neodymium-yttriumaluminium-garnet (Nd:YAG) laser using low power density and
defocussed laser beam. Because of his predominant absorption
and low scattering quality in lung tissue the CO2 laser, however,
proved inadequate for lung surgery. Nd:YAG laser beam
on the other hand is absorbed and scattered by water, black
(anthracotic) structures and hemoglobin pigment thus allowing
more coagulating activity up to 4 mm below the surface of the
lung. Therefore a number of medical centres in the world and
LoCicero as well started experimenting with 1064 nm Nd:YAG
lasers using bare fibres and sapphire tips to deliver the radiation
to lung parenchyma.
In 1988 Rolle et al. [11] first described the advantages of
a new 1318 nm wavelength Nd:YAG laser due to experimental
and clinical wedge and segmental resections in 47 patients. The
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standard 1064 nm Nd:YAG laser was employed parallel for
peripheral resection of coin lesions by Moghissi et al. [12]. In
1991 Kodama et al. [13] described resection of lung metastases
using 1064 nm Nd:YAG laser in 25 patients. Combination of
metastasectomy with lobectomy in 51 patients using this laser
was described by Branscheid et al. in 1992 [14]. In the same
year Kodama et al. [15] reported of 1064 nm laser segmental
resections in combination with bioadhesives in 25 patients with
poor lung function and bronchial carcinoma. In 1994 Mineo et
al. [16] once more emphasised the importance of laser resection of solitary and multiple metastases. In 1998 they reported
that laser metastasectomies demonstrate statistically significant
influence on tissue loss, postoperative air leakage and hospital
stay and they continued to compare the impact of lobectomy
versus minimal and versus laser resections to survival after surgery for lung metastases. The results reported in 2001 indicated
that patients after limited resections have better survival than
having anatomical resections but this comparison did not reach
statistically significance [17,18].
In the majority of peripheral 1064 nm Nd:YAG laser resections bleeding or air leakage can be controlled by defocusing the
laser beam, but deeper resections going to the centre of the lobe
regularly require supplemental hand suturing or bioadhesives.
Therefore Rolle et al. [11] started in 1988 to test the second
wavelength of the Nd:YAG laser (1318 nm) in animal experiments based on the knowledge that the 1318 nm wavelength
significantly differs from the standard wavelength (1064 nm) by
its ten times higher absorption in water. On the other hand the
1318 nm laser offers sufficient scattering of laser light due to
its proximity to the beginning near infra-red spectrum to satisfy
coagulation requirement as well [19].
After a few tests it became clear that the 1318 nm wavelength provided the combination effect needed – cutting and
coagulation qualities which could not be achieved by the 1064
nm wavelength. They also found strong lung tissue shrinkage
providing two additional advantages: mechanical reinforcement
of the coagulation area and closure of air leaks far into the
central region of every lobe [20]. Areas coagulated and sealed
by defocused 1318 nm laser irradiation were found to withstand
artificial ventilation up to pressures of 25 cm H2O.
To achieve higher laser power output for this 1318 nm wavelength a complete new laser system has been developed. The
average energy efficiency of the Nd:YAG laser was almost doubled from 3% to 5%. The beam quality was improved to such an
extend that the laser light of this special wavelength could easily
be coupled into fibres of diameters less than 0.6 mm without any
heat build up or energy losses [21].
The focusing handpiece featuring a four lens system was
developed to allow a near one to one projection of fibre diameter relative to the working focus and enabling power densities
up to 24 kw/cm2. To be complete this laser system includes
a high performance smog evacuator, which is needed to eliminate great deal of smog, produced by large-scale parenchyma
resection [22].
Pulmonary metastasectomy is one of the main indications of
potentially curative and palliative thoracic surgery and has been
established now for more than 20 years [23]. Outside of centres
of thoracic surgery even today it is widely believed that occur-

rence of lung metastases marks the final stage of the underlying disease so that only short survival times are expected and
chemotherapy represents the only feasible treatment option,
if any. However, this view has become obsolete. At the time
of potential palliative surgical intervention modern patients
are usually well informed about the state of their disease and
have clear subjective about the state of things. This allows and
requires a partnership approach with transparent patient guidance and care [24].
Conventional indication for resection of pulmonary metastases based on the conditions that the primary tumour should be
removed completely (RO resection) and extrapulmonary foci
can be ruled out by a preceeding examination of abdomen and
skeletal system. In the past only patients with single side and long
disease free interval to the primary were accepted for surgical
treatment. In 2002 Rolle et al. [25] demonstrated that patients
with multiple and synchronous metastases (i.e. metastases that
are detected together with the primary tumour) are also eligible
for surgical treatment. In 100 consecutive patients they showed
that in 95% of all cases parenchyma sparing “precision” resection could be performed. Lobectomy was only necessary in the
remaining 5% of patients (against an international lobectomy
rate of 20% to 30%) [1], even though 6.3 metastases on average
and a maximum of 124 metastases were removed per patient.
Due to a careful and comprehensive palpation of the collapsed lung, 25% more nodules could be resected than were
indicated in spiral CT scan examination. Classical resection
of pulmonary metastases is limited by surgical technique and
functional conditions of the patient. Despite the fact that
pulmonary metastases tend to grow locally and therefore can
be resected with small margin of safety the number of clamp or
stapler wedge resections is limited to three or five for one side.
The development of this new 1318 nm laser system enables the
thoracic surgeon to resect a much greater number of metastases
with minimal loss of parenchyma furthermore to remove metastases located deep inside a lobe in an oncologically adequate
manner while preserving the function of the lobe [22,25].
The comparison between wedge resection and laser resection was shown in the Fig. 1. One metastasis of 2.5 cm diameter
located centrally within the lower lobe. Laser precision resection with 0.5 cm distance to the tumor has been demonstrated
to be a secure oncological resection followed by a very low
local recurrence rate. The parenchymal lost was calculated:
3 cm x 3 cm x 3 cm =27 cm3 with good ventilation and function of the rest lobe. The parenchymal lost for wedge resection
with 1 cm stapler line distance to the tumor was calculated:
4.5cm x 5.5 cm x 7.0 cm =173 cm3 with no edges left which
give problems due to atelectasis. The ratio in parenchymal lost
wedge resection to laser resection was 173 cm3 : 27 cm3 = 7 : 1.
We note a 7 times more parenchymal lost in classical resection
of metastasis, which is highly significant.
Fig. 2a, 2b and 2c shows five metastases distributed in one
lobe (peripheral and central location). In such case lobectomy
is unavoidable in conventional resection technique. Laser precision resection is easy to perform by saving the lobe even in
a higher number of metastases, due to simultaneous sealing and
coagulation. The lung architecture and orientation was reconstructed following each nodular resection by reapproximating
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Figure 1. Sketch of the patient’s metastasis. This is located
centrally, within the lower lobe, where the lobe is on its thickest.
Comparison between wedge resection and laser resection

Wedge resection
4.5 cm x 5.5 cm x 7.0 cm = 173 cm3

Figure 2a. Sketch of five metastases distributed in one lobe

Laser resection
3.0 cm x 3.0 cm x 3.0 cm = 27 cm3

4.5 cm

5.5 cm

Stapler line
Laser resection

Stapler line

2.5 cm

7.0 cm

Figure 2b. Sketch of the laser resection zone after removel of
metastases

the visceral pleura with a running absorbable suture. The rest of
the lobe remains in function without atelectasis.
On condition that all metastases are complete resected
there is no evidence of worse prognosis for patients with bilateral metastases. In cases of multiple and bilateral resections two
staged operation via anterolateral, muscle sparing thoracotomy
should be planned. The authors suggest to start resection at
the side with the higher number or the more centrally located
metastases. The other side is operated in the same manner in an
average of four weeks later. This two staged approach ensures
healing of the lung treated first under physiotherapy so that it
can reliably take over the function of the other collapsed lung
during the second operation. Overall this treatment significantly
reduces the complication rate [26].
Metastases detected more than three years after removal of
the primary tumour probably indicate an oncologically retarded

Figure 2c. Sketch of suturing the pleura visceralis

disease process with more favourable prognosis. On the other
hand metastases that develop within the first 12 months or are
even diagnosed together with the primary tumour (so-called
synchronous) are said to be followed by shorter survival. Rolle
et al. [25] found complete resection to be the most important
independent prognostic factor and suggested that patients with
synchronous metastases should not be excluded from resection.
Due to the parenchyma sparing and lobe saving effect of this
laser operations it is possible to perform repeated resections
in patients with recurrent metastases. If resection is complete
once again there is no evidence of poor outcome after multiple
thoracotomies. The indication of pulmonary metastasectomy
can be extended to patients with previous complete resection of
extrapulmonary metastases (brain, liver) [26].
This new 1318 nm laser system enables the thoracic surgeon
to seal persistent air leakage from primary or secondary pneu-
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mothorax, to cut adhesions, to resect bullae and perform photothermal pleurectomy. This technique can now be used as well in
open thoracic as in videothoracic assisted surgery [26,27].
Compared to traditional resection techniques this laser
system offers notable advantages. Blood loss and air leaks
are remarkably lower in patients undergoing laser resection
of deep located tumours or in patients with underlying severe
emphysema. Due to more rapid reexpansion of residual lung
parenchyma laser resection allows reduction of chest drainage
time and thus leads to lower morbidity rate and shorter hospitalisation time. The use of this laser is the method of choice
for the resection of multiple metastases and can successfully be
applicated in all kinds of parenchymal resections.
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Abstract

Introduction

The purpose of our study was to evaluate the clinical
usefulness of serum endostatin levels during chemotherapy
of lung cancer in relation to the histopathological type of the
tumor, clinical stage and response to therapy
Material and methods: Serum concentrations of endostatin were determined in 37 patiens (24 with non-small cell
lung cancer and 13 with small cell lung cancer), 10 healthy
subjects constituted controls. To determine endostatin levels (ELISA), venous blood samples were collected from each
patient before treatment and after 4-6 courses of chemotherapy.
Results: The serum concentrations of endostatin were
found significantly higher in patients in comparison with
controls (p=0.003). No statistically significant differences
were established between the concentrations of endostatin
with regard to such clinical features, as: performance status, clinical stage (III and IV) and histopathological type
(non-small cell lung cancer and small cell lung cancer). The
concentrations of endostatin did not change after chemotherapy. There was no change of endostatin concentration
caused by the response to treatment.
Conclusions: The serum endostatin concentrations were
elevated in lung cancer patients.

Key words:

Malignant tumor growth and metastasis formation depend
on the development of new vessels [1]. This process, called
neoangiogenesis is regulated, among the others, by the factors derived from the tumor and caused by the shift of balance
between stimulating and inhibiting factors, to the formers’
advantage [2-4]. Neovascularization results in the progression
through providing oxygen and nutrients necessary to the tumor’s
growth and facilitates the penetration of tumor cells and their
transportation to distant organs [2]. Endostatin is one of natural
antiangiogenic factors. It was discovered in the medium of the
cell line of mice hemangioblastoma in 1997 year. Endostatin is
generated due to the enzymatic digestion of collagen XVIII and
it inhibits endothelial cell proliferation and induces the 15-30
– fold increase in their apoptosis coefficient. It prevents from
VEGF – induced phosphorylation of VEGFR–1 and VEGFR–2
receptors and inhibits VEGF – induced endothelial cell migration. In animal studies, it exhibited an antiangiogenic effect and
inhibited the tumor’s growth and metastasis [5,6]. Endostatin has
also been found in the sera of healthy volunteers. Its increased
levels have been reported in various malignant tumors [6-10].
However, a significance and a role of endostatin in patients with
lung cancer are still unknown.
The purpose of our study was to evaluate serum endostatin
levels in patients with lung cancer (NSCLC and SCLC) treated
with chemotherapy, and their relation to response to therapy.

endostatin, lung carcinoma.
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The study was carried out on 37 patients (31 men and 6
women) aged from 45 to 78 (mean age 60 years), diagnosed with
lung cancer and treated by chemotherapy (Tab. 1). There were
24 patients with diagnosed non-small cell lung cancer (NSCLC)
and 13 patients with small cell lung cancer (SCLC).
In the group examined, the clinical stage was assessed
according to TNM classification modified in 1997. Among the
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Table 2. Comparison of serum endostatin concentration (ng/ml)
in patients and controls

Table 1. Description of patients

Clinical
stage

III A
NSCLC III B
IV
SCLC

III
IV

n

Performance
status
according to
Zubrod
0

1

2 and
more

F

Patients (n=37)

Treatment
response

M

Endostatin
CR PR NC

P

n

n

n

n

n

n

n

2
6
16

2
3
4

0
2
4

0
1
8

0
0
2

2
6
6

1
1
0

1
5
1

0
1
10

0
0
3

11
2

3
0

1
1

7
1

4
0

3
2

0
0

5
0

4
2

2
0

NSCLC – non-small cell lung cancer, SCLC – small cell lung cancer,
F – females, M – males, CR – complete response, PR – partial
response, NC – stabilization, P – progression of the disease

Me

Q3

Q1

Me

Q3

p-value*

113.5

147.1

185.1

75.6

102.8

118.1

0.003 #

p-value for Wilcoxon’s test; # – statistically significant differences
at the significance level of 0.05; Me – median, Q1, Q3 – quartile 1
and 3

of normal distribution in particular groups was rejected (Shapiro-Wilk test).
New parameters of x_endostatin were calculated to check
the correlation between the response and the therapy:

X_ endostatin =

examined, there were 19 stage III patients (2 patients – stage
III a and 17 – stage III b) the rest of patients – 18 individuals
had stage IV. In case of SCLC, stage III corresponded to the
limited stage of the disease and stage IV – to the extensive disease (Tab. 1). Additionally, performance status of patients was
determined according to Zubord’s scale. The total of 12 patients
had the performance status classified as – 0; 8 patients – 1; and
17 patients – 2 or 3. All patients analysed in the study were
treated with chemotherapy. In case of SCLC, they were given
4 – 6 courses of cisplatin + etoposid, and in case of NSCLC,
they received 4 – 6 courses of cisplatin + vinorelbin or cisplatin
+ gemcytabin. In the whole group of patients, 2 patients (with
NSCLC) had complete remission, 12 (7 with NSCLC and 5
with SCLC) – partial remission, 17 (11 with NSCLC and 6 with
SCLC) – stable disease and 5 (3 with NSCLC and 2 with SCLC)
– progressive disease.
The control group included 10 healthy volunteers (3 women
and 7 men; mean age 58 years). Blood samples were collected
before begining and four weeks after the treatment. Peripheral
blood serum was examined. Blood samples of 5 ml each were
drawn on clot on empty stomach. After blood clotting and
centrifugation at the rotation of 2 000 rpm for 10 minutes, the
serum was separated and frozen at the temperature of -70°C to
determine endostatin.
Endostatin levels were measured in the serum by the use of
immunoenzymatic method ELISA with the Quantikine kits of
R&D Systems (Minneapolis, USA) according to the producer’s
instruction. The reader of microplatelets ELx800 of BIOTEK
Instruments Inc. was used in our examinations.

Statistical analysis
The correlations between the histopathological tumor
type, performance status, clinical stage, tumor size and the
concentrations of endostatin were analysed before treatment
using non-parametric tests of Wilcoxon and Kruskal-Wallis.
The differences between the pairs of groups were examined by
means of Dunn’s test for multiple comparisons. The hypothesis

Controls (n=10)

Q1

(endostatin after treatment – endostatin before treatment)
endostatin before treatment

It represents relative changes of endostatin values.
The response influence on x_ endostatin was analysed using
a variation analysis test with a single classification. The assumptions of variation analysis were checked by means of Shapiro-Wilk’s and Bartlett’s tests. The differences between the pairs
of groups were examined using Bonferroni’s test for multiple
comparisons. Most of the tests performed were bilateral. Unilateral tests were notified in the description. The significance level
was 0.05. The analysis was performed basing on the kit of SAS
STAT Release 8.2.

Results
Endostatin was determined in the serum of patients and
controls. Endostatin concentration differed significantly
between patients and controls (Tab. 2). Additionally, the serum
concentrations of endostatin obtained in patients were significantly higher (unilateral test) than in controls (p=0.0014).
No statistically significant differences were found between
the concentrations of endostatin, and the clinical parameters,
such as performance status, clinical stage and histopathologic
form defined as small cell and non-small cell lung cancer
(Tab. 3).
Endostatin concentrations measured after treatment
showed no statistically significant changes in comparison with
the preliminary levels and did not depend on the response
obtained, and remained higher in patients than in controls.

Discussion
Lung cancer still remains the leading cause of mortality in
cancer patients in the world. A high percentage of relapses after
surgical resection is due to the presence of micrometastases at
diagnosis. This high metastatic potential of lung cancer may be
enhanced by intensive angiogenesis within the tumor.

Serum endostatin levels in patients with lung carcinoma

Table 3. Serum endostatin concentration with regard to
histopathological pattern and performance status and clinical
staging
n

Q1

Me

Q3

p-value

NSCLC

24

121

146

187

0.75a

SCLC

13

114

147

18

Performance status

Figure 1. Endostatin concentration (ng/ml) in patients and
controls

400 –

300 –

0.13b

0

12

85

111

166

1

8

137

149

195

2 and more

17

133

149

191

Clinical stage

200 –

0.79a

III

19

102

147

185

IV

18

122

145

190

NSCLC – non-small cell lung cancer; SCLC – small cell lung cancer;
a – p-value for Wilcoxon’s test; b – p-value for Kruskal-Wallis’s test;
Me – median, Q1,Q3 – quartile 1 and 3

In the present study, the concentration of endostatin –
a natural angiogenesis inhibitor – was determined in the serum
of patients with lung cancer. The concentration of endostatin
was significantly higher in patients with lung cancer in comparison with controls. So far, only two studies [8,9] evaluating serum
endostatin concentrations in patients with NSCLC, have been
published. In these studies the serum endostatin levels were also
significantly higher in patients than in healthy controls.
Our study showed no differences of endostatin concentrations between patients with NSCLC and SCLC. To our knowledge, the current study is the first to report serum endostatin
levels in SCLC patients.
In our study there were no differences in relation to clinical
stage (III vs IV) of lung cancer. Conversely, M. Suzuki et al. [8]
found significantly higher endostatin concentrations in patients
with the clinical stage higher than Ib disease and in patients
with their tumor classified as more than T2 compared to other
patients. There were no patients in our study in I and II clinical
stage. In our opinion, that is the reason for differences, in the
results.
No differences of this inhibitor concentrations were found
before and after treatment in the present study. There was no
change of endostatin concentration as a response to treatment.
After treatment it remained higher when compared to controls.
To our knowledge, there were no other published studies
evaluating serum endostatin levels in lung cancer patients after
chemotherapy.
In a few studies, serum endostatin concentrations were
determined in various malignant tumors, such as non-Hodgkin
lymphoma, carcinoma of the bladder, acute leukemia, colorectal
cancer, soft tissue sarcoma, and they were found higher in the
serum of patients than controls [10-14]. In one study, a high
concentration of endostatin correlated with the extent stage
of disease (10), in another, a high concentration of endostatin
was associated with poor prognosis [8,10,14-16]. In most studies,
regardless of surgery treatment or chemotherapy, endostatin
concentrations remained enhanced in patients with malignant
tumors in comparison with controls [12,15]. However, Dhar et
al. [17] proved a significantly lower concentration of endostatin

100 –

0–
Patients

Controls

Table 4. Effect of after – treatment response on relative changes
of endostatin concentrations in serum of lung cancer patients
Complete
Disease
Disease
and partial stabilization progression
remission
(n=17)
(n=5)
(n=14)
mean +/- of mean +/- of
mean +/- of
standard
standard
standard
deviation
deviation
deviation
x_endostatin

0.27±0.96

0.21±0.5

0.2±0.72

p-value*

0.98

* – p – value for the test of variation analysis

in the serum of patients after radical resection of the liver cancer. In Miyashita’s et al. [18] and Homer’s et al. [19] studies, no
differences of endostatin concentrations were found between
patients with cancer and healthy volunteers.
These results indicated that elevated levels of endostatin
were present in the serum of lung cancer patients, however, the
reason for this remains unknown. Further studies are necessary
to clarify the source of endostatin production, site of interaction,
and mechanism of the activity.
Basing on the results of our study, it may be concluded
that the serum endostatin concentrations were elevated in lung
cancer patients.
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Abstract

Key words:

The use of existing possibilities of Telemedicine Center
of Kaunas University of Medicine allows the live distant consultations from high-level medical specialised centers to rural
areas. On July 2004 the Telemedicine Center took part in the
RESCUER/MEDCEUR project exercise. A special objective
was the use of telemedicine facilities for distant consultations
and sorting of victims directly at the event place. Telemedicine Center used appropriate telecommunication devices for
joint activities of civil and multinational military services in
critical situations such as mass casualty events. There were
used ISDN lines and IP radio-connection.
On the final and most intensive day of the anti-terrorism drills, the multinational force of medics at the Kairiu
Training Range in Lithuania reacted to a large mass casualty
event – treating hundreds of victims from a simulated train
crash. Using on-line telemedicine facilities from Kaunas
Medical University Hospital there were corrected the tactics
of giving the first help and sorting of casualties. The most
complicated initiated cases of eye trauma, neurosurgical
trauma, maxilloface trauma and traumatic amputation of
limbs evaluated and selected for emergent evacuation to the
third level hospitals. All those cases transported to Kaunas
and Vilnius Universities Hospitals by helicopters (200 and
300 km from the event place).
The common use of existing military and civil telemedicine infrastructure showed the possibilities of interaction in
management, giving the first help and sorting of casualties
between military and civil medical services during the rescue operations.
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Introduction
The use of existing possibilities of Telemedicine Center of
Kaunas University of Medicine (http://tmc.kmu.lt) allows the
live (on-line) distant consultations from high-level medical
specialised centers to rural areas [1-3]. In order to expand the
use of distant consultations facilities is essential to apply its possibilities in large mass casualty events, decreasing geographical
isolation of the event place.
On 23 and 28 of July 2004 the Telemedicine Center took part
in the RESCUER/MEDCEUR project exercise. MEDCEUR
– Medical Central Europe Exercises. RESCUER/MEDCEUR
2004 is a USAREUR led “In the Spirit of Partnership for Peace”
(ISO PfP) exercise designed to train US, NATO and Partner
nations, to respond to a disaster relief/mass casualty situation.
393 participants from 16 countries, namely Lithuania, Armenia, Azerbaijan, Bulgaria, Estonia, Georgia, United States of
America, Croatia, Latvia, Moldova, Romania and Ukraine took
part in the RESCUER/MEDCEUR 2004 exercises, alongside
the 6 observers from the Netherlands, Poland, Luxembourg, and
Germany [4].
The main objectives of exercises were:
• To train medical subdivisions with interaction between
international medical forces;
• Solution of massive casualties events;
• The actions of the first reaction group;
• To assess collaboration between military medical service
and civil health care services;
• A special project (telemedicine) was the use of telemedicine facilities for distant consultations, management of
interaction between military and civil medical services
and sorting of casualties directly at the event place.
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Materials and methods

Figure 1. Dislocation of involved medical services

The main scenario of exercises was:
• The terrorists groups trying to complicate the joining
NATO of Estonia, Latvia and Lithuania provoced fires
in the woods using high explosives.
• Demonstrating help and solidarity USEUCOM
together with NATO and ISO PfP countries dislocated
special military groups for the fight againt the fires and
for the humanitarian aid.

Kairiai
Event

GROUND EVAC ROUTE

Port

Exercises held at the Kairiu training range in Lithuania near
Klaipeda (Fig. 1). Participants involved from medical side were:
• Emergency Center of Klaipeda city;
• Hospital of Klaipeda city;
• Klaipeda District Hospital;
• Klaipeda Marine Hospital;
• Emergency Hospital of Vilnius University;
• Kaunas Medical University Hospital;
• Telemedicine Center of Kaunas University of Medicine.
On the place of event the Telemedicine Center arranged
live, direct high-level medical multispecialists teleconsultations
from Kaunas Medical University Hospital. Military and civil
networks were involved in this project (Fig. 2).
Telemedicine Center used appropriate telecommunication
devices (Satellite, ISDN, IP) for joint activities of civil and
multinational military services in critical situations such as mass
casualty events. There were used ISDN lines and IP radio-connection [5].

Klaipeda
Hospitals
II level
medical
service

Klaipeda

Curonian Lagoon

202

I level
medical
service

AIR MEDEVAC ROUTE

Kaunas
Hospitals
III level
medical
service

200, 300 km

Results
On 28 of July, the final and most intensive day of the antiterrorism drills, the multinational force of medics at the Kairiu
Training Range in Lithuania reacted to a large mass casualty
event – treating hundreds of victims from a simulated train
crash. Using on-line telemedicine facilities from Kaunas Medical University Hospital there were corrected the tactics of giving
the first help and sorting of casualties. The most complicated
initiated cases of eye trauma, neurosurgical trauma, maxillo-

Figure 2. Radio link connectivity
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face trauma and traumatic amputation of limbs evaluated and
selected for emergent evacuation to the third level hospitals. All
those cases transported to Kaunas and Vilnius Universities Hospitals by helicopters (200 and 300 km from the event place).

Conclusions
The common use of existing military and civil telemedicine
infrastructure showed the possibilities of interaction in management, giving the first help and sorting of casualties between
military and civil medical services during the rescue operations.
These results show the facilities of existing telemedicine
infrastructure and needs for further development of existing
system into International Integrated eHealth Network for very
fast international exchange of medical information, remote consultations of high skilled specialists in emergent or a large mass
casualty events from the best civil and military medical centers.
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Abstract

CC can make a contribution to inhibit B cells growth on the
apoptosis way in this patient group.

Purpose: Although many studies demonstrated expression of TNF family members in the course of B-CLL, there
is a little known about relationships between soluble forms
of these proteins. Furthermore, there is no study reported
on effects of used therapy on this relation. The present study
was designed to asses the relationships between the serum
concentrations of sFas, sFasL and sTRAIL in patients with
B-CLL regarding their correlation with clinical stage and
used therapy.
Material and methods: We studied 40 patients with B-cell
chronic lymphocytic leukemia (B-CLL) at diagnosis, before
treatment and four weeks after therapy. To measure sFas,
sFasL and sTRAIL levels in serum commercially available
ELISA kits were used.
Results: We found increased concentrations of sFas in
sera of all patients with B-CLL before treatment in comparison to the control group. There were no significant
differences in concentrations of sFasL and sTRAIL between
patients and control group. Increased sFasL concentrations
after FC and CC therapy as well as decreased concentrations after 2CdA therapy in comparison to values before
treatment were found. The concentrations of sTRAIL after
FC and CC therapy were higher than those in patients
before treatment.
Conclusions: Results obtained suggest that relationship
between sFas, sFasL and sTRAIL in sera of patients with B-CLL before treatment may facilitate the growth B leukemic
cells. Changes in these relations after therapy with FC and
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Introduction
TNF superfamily proteins such as TNF-related apoptosisinducing ligand (TRAIL)/TRAIL-R and Fas ligand (FasL)/Fas
play a role in cancer development of the lymphoid system [1].
B-cell chronic lymphocytic leukemia (B-CLL) is a clinically heterogenous disease characterized by the accumulation of a clonal
population of B lymphocytes. This accumulation is considered
to result from the prolonged survival of B-CLL cells arrested in
the G0 stage of the cell cycle and by resistance toward apoptosisinducing agents [2,3]. TRAIL and FasL cooperate in limiting
lymphocyte proliferation following activation and use common
pathways leading to apoptotic cell death [1,4].
TRAIL is present as a type II membrane protein and
a soluble protein in culture supernatants and interacts with
five distinct receptors: TRAIL-R1 (DR4), TRAIL-R2 (DR5),
TRAIL-R3 (DcR1), TRAIL-R4 (DcR2) and osteoprotegerin
(OPG) [5,6]. The ability to transmit apoptosis is restricted to
TRAIL-R1 and TRAIL-R2 which contain “death domain”
responsible for transducing the death signal [5-7]. The other
receptors, TRAIL-R3, TRAIL-R4 and OPG, lack a functional
death domain, are decoy receptors unable to transduce a death
signal [5,8]. These receptors compete with TRAIL-R1 and
TRAIL-R2 for TRAIL binding [7]. It has been observed that
B cells from B-CLL expressed levels of the TRAIL-R1 and
TRAIL-R2 [9,10]. Despite TRAIL death receptor expression
B-CLL cells were relatively resistant to induction of apoptosis
by rhTRAIL [10].
Soluble TRAIL is generated by deletion of the transmem-

Soluble form of TRAIL, Fas and FasL in the serum of patients with B-CLL

Table1. Serum levels of TNF molecules in patients with B-CLL before treatment
Patients before treatment

sFas pg/ml
sFasL ng/ml
sTRAIL pg/ml

Control

Stage I
n=8

Stage II
n=4

Stage III
n=7

Stage IV
n=5

179±84.36

293.6*±129

297.5*±42.7

345*±197

378*±168

60±18.0

87.7±44.79

75±37.4

46.6±25.3

44.7±21.7

79.6±25.20

55.6±28.65

54.5±15.2

44.1±21.8

45.6±33.19

* – statistical difference with control (p<0.05)

brane and intracellular domains of mTRAIL by immune cells
including lymphocytes, NK cells, monocytes, dendritic cells,
macrophages and recently by neutrophils [6,8,11].
Although TRAIL signaling appears similar to Fas signaling, TRAIL induces apoptosis more efficiently than FasL. In
contrast to TRAIL expressed on many tissues, the expression of
FasL is restricted to activated lymphocytes and sites of immune
privilege [12]. FasL (APO-1, CD95L) is a type II integral membrane protein and Fas (APO-1, CD95) is a type I membrane
protein [1].
FasL and Fas expression were found on the surface of neoplastic plasma cells [13,14]. Binding FasL to Fas induces apoptosis of the Fas positive cells [1,13,14]. Both Fas and FasL exist as
a soluble forms. Soluble Fas is generated by differential splicing
via deletion of an exon encoding the transmembrane domain of
Fas. In contrast, sFasL, a 26-kDa glycoprotein, is generated by
proteolytic cleavage of the membrane bound form [13,15].
Although many studies demonstrated expression of TNF
family members in the course of B-CLL, there is a little known
about relationships between soluble forms of these proteins that
may influence the B cells growth [13-16]. Furthermore, there is
no study reported on effects of used therapy on the concentrations of these proteins.
The present study was designed to asses the relationships
between the serum concentrations of sFas, as inhibitor of
apoptosis, and sFasL and sTRAIL, as inducers of apoptosis,
in patients with B-CLL regarding their correlation with clinical
stage and used therapy.

Material and methods
Patient group
We studied 40 patients with B-cell chronic lymphocytic
leukemia (B-CLL) at diagnosis, before treatment and four weeks
after therapy. The average of these patients was 62.1 years, and
the male to female ratio was 22/18. The diagnosis of leukemia
was established on the basis of clinical observation, morphological composition of peripheral blood, marrow puncture and cytochemical tests, such as the reaction of alpha-naphtyl and black
Sudan-B for peroxidases (POX), PAS and esterases. Leukemic
B-CLL, according to generally accepted criteria was confirmed
by flow cytometry immunophenotypic analysis of CD5, CD19,
CD23, CD3, CD4 and CD8 using a EPIX XL analyzer (Coulter,
USA). Patients were graded according to Rais’ staging system

as follows: stage I [8], stage II [10], stage III [14], stage IV [8].
Patients with active infection or allergic reaction were excluded
from the study.
All patients with clinical stage III and IV disease were
eligible for treatment. The treatment course consisted of 2CdA
(Biodrybin) given at dose of 0.12 mg/kg/d in a 2-h intravenous
infusion (i.v.) for 5 days; 2CdA 0.12 mg/kg/d in a 2-h i.v. for
3 days and mitoxantrone 10 mg/m2 on day 1st and cyclophosphamide 650 mg/m2 i.v. on day 1st (CMC); cyclophosphamide
650 mg/m2 i.v. on 1st day (CC), fludarabine 25 mg/m2 i.v. for 3rd
day and cyclophosphamide 250 mg/m2 i.v. for 3rd day (FC).
The study was approved by the Local Ethical Committee
and all patients gave written informed consent.

Control group
Control subjects (n=15) were normal healthy volunteers of
the same age (workers and students of the Medical University
of Bialystok).
Peripheral venous blood was drawn from into pyrogen-free
blood collection tubes without additives. The serum was collected after centrifugation at 2 500 rpm for 10 min and then was
stored at -70°C until analyzed.
To measure sFas, sFasL and sTRAIL levels in serum commercially available ELISA kits were used (R&D Systems, Minneapolis, USA), according to the manufacturer’s instructions.
Recombinant sFas, sFasL and sTRAIL were used as respective
standards.
The results are expressed as mean ± standard deviation. Data
was analyzed according to the nonparametric U Mann-Whitney
test. Correlations were calculated using the Pearson’s test.
A p value less than 0.05 was considered statistically significant.

Results
In sera of all patients with B-CLL before treatment we
found increased concentrations of sFas in comparison to the
control group of healthy person (p<0.05) (Tab. 1). There
were no significant differences in concentrations of sFasL and
sTRAIL between sera of these patients and the control group
(Tab. 1). The concentrations of all parameters were analyzed
according to Rais’ stages. However, there was no significant differences between patients in different stages (Tab. 1)
To answer the question of which kind of therapy used in
patients with B-CLL leads to specific changes in concentrations
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Table 2. The mean concentrations of parameters examined in the
serum of patients with B-CLL before and after treatment
Patients with B-CLL
Before treatment

After treatment
n

x±SD

2CdA

13

368±15.3

CMC

10

309±10.4

FC

9

335.0±39.5

x±SD
sFas
pg/ml

sFasL
ng/ml

sTRAIL
pg/ml

328.2±136.8

63±31

49.5±16.1

CC

8

325±78.2

2CdA

13

37.6a±1.42

CMC

10

58.3±1.60

FC

9

87.5a±1.31

CC

8

126a±0.84

2CdA

13

46.8±9.42

CMC

10

60±8.65

FC

9

84.7a±6.40

CC

8

81a±8.91

– statistical difference between patients before and after treatment
(p<0.05)
a

of mediators examined their values we analyzed in detail due to
2CdA, CMC, FC or CC therapy.
We didn’t find significant differences between concentrations of sFas in sera of patients after 2CdA, CMC, FC and CC
therapy in comparison to the values obtained before treatment
(Tab. 2). In contrast, the sera concentrations of sFasL in patients
after used therapy were changed. Patients treated with FC and
CC showed an increase in sFasL concentrations as compared
to examinations before treatment (p<0.05) (Tab. 2). We also
found that concentrations of sFasL in patients after 2CdA
therapy were lower in comparison to examinations before treatment (p<0.05) (Tab. 2). In contrast to 2CdA therapy, CMC
treatment didn’t significantly influence on the sFasL concentrations in patients with B-CLL. In the present study we also
observed absence of changes in sTRAIL concentrations in sera
of patients after 2CdA and CMC treatment. In contrast, FC and
CC therapy led to increased sTRAIL concentrations in patients
with B-CLL (Tab. 2).
In this study we analyzed relationship between the concentrations of parameters examined in sera of patients before and
after treatment. However, there were no correlation between
these molecules.

Discussion
Results of the present study revealed an unfavorable relations between the soluble form of TNF superfamily molecules
in sera of patients with B-CLL before treatment. Increased sFas
and simultaneous decreased sFasL and sTRAIL concentrations
can make a contribution to B leukemic cells growth and progression of B-CLL.
High concentrations of sFas, observed in the present study,
can block death of B leukemic cells by inhibiting the interaction
between Fas and FasL and can help B-CLL cells to escape from

induction of apoptosis by FasL positive cells, such as autologous
T cells [13,15].
Decreased concentrations of sFasL and sTRAIL as inducers
of apoptosis may also be responsible for progression of B-CLL.
Membrane – bound (mTRAILl) and soluble TRAIL (sTRAIL)
were shown to rapidly induce apoptosis in susceptible tumor
cells upon trimerization of its receptor and subsequent activation of the caspase cascade, leading to fragmentation of DNA
[8].
It has been demonstrated that FasL and TRAIL synergistically induce apoptosis of chronic lymphocytic leukemia B cells
[16]. Dicker et al. indicated that two or more death receptors
are more effectively than one of these. This is similar to the
interactions to achieve optimal immune co-stimulation during
the immune response to antigen. Similarly, a requirement for
co-ligation of multiple death receptors via FasL and TRAIL,
could be an important mechanism for enhancing the specificity
of killing by immune mechanisms [16]. Since sFasL and sTRAIL
are generated by proteolytic cleavage of the membrane bound
FasL and TRAIL, decreased sFasL and sTRAIL in the sera of
these patients may be associated with high expression of their
membrane forms. In fact, Tinhofer et al. demonstrated that
the CD19+ B cells fraction from PBMC B-CLL patients were
found to significantly express FasL [14].
Changes in sFasL and sTRAIL concentrations, besides
a direct effect on B leukemic cells growth, may have different
implications for the immune response in patient with B-CLL.
For example, it has been demonstrated that Fas/FasL and
TRAIL-R/TRAIL regulate myelopoiesis and dendritic cell
functions [1]. Furthermore, sFasL has been shown to induce
activation of NF-kB and its low concentration can be responsible for impaired synthesis of different molecules [6].
Elevated concentrations of sFas according to progression
disease appear to confirm its role in pathogenesis of B-CLL and
to indicate that sFas in patients’ sera is, at least partly, derived
from B leukemic cells. This observation is in agreement with
data presented by Osorio et al. who found sFas in supernatants
from in vitro cultured B-CLL cells. They also demonstrated
a correlation between sFas serum levels and clinical progression [13].
The key question of this study is whether therapy used may
change the relations between sFas, sFasL and sTRAIL in sera of
patients with B-CLL. Results obtained revealed that any kind of
therapy didn’t significantly influence on the sFas concentrations
in sera of patients. In contrast, increased sFasL and sTRAIL
concentrations in sera of patients after FC and CC therapy were
observed. Additionally, in sera of patients treated with CMC
increased concentrations of sTRAIL without effect on sFasL
levels were observed. Absence of changes in high concentrations of sFas after FC and CC therapy appear to be balanced by
simultaneous increased concentrations of sFasL and sTRAIL.
Alterations above can make a contribution to enhance B leukemic cells apoptosis and lead to inhibit progression of B-CLL in
patients after treatment.
Since sTRAIL-induced apoptosis is more effectively than
sFasL, soluble recombinant derivatives of TRAIL are considered
as novel tumors therapeutics because of their selective apoptosis
inducing activity in a variety of human tumors but not in normal
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cells [17]. On the other hand, elevated sTRAIL concentrations
may have unfavorable influence on the T cell function. Soluble
TRAIL has been shown to inhibit T cell activation and proliferation without inducing T cell death [8].
Summarizing, our results indicate that relationship between
sFas, sFasL and sTRAIL in sera of patients before treatment
may facilitate the growth B leukemic cells in patients with
B-CLL. Therapy with FC and CC lead to favorable changes in
these relations. However, larger prospective studies, involving
more molecules of TNF superfamily, are needed to explain
a diagnostic value of these observations and to design appropriate therapeutic strategies for B-CLL.
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Abstract

Introduction

Purpose: The aim of the study was to estimate the
anthropometric parameters and their relationship to serum
levels of IGF-I, IGF-II, IGFBP-3, IGFBP-2 and leptin before
and during intensive antineoplastic treatment for acute lymphoblastic leukaemia in children.
Material and methods: In 46 children in median age 6.6
years (range from 1.6 to 16) we evaluated at the time of
diagnosis, after protocol I and after intensive treatment,
height, body mass index (BMI) and IGF-I, IGF-II, IGFBP-3,
IGFBP-2 and leptin.
Results: Height SDS lowered in successive points of
analysis whereas BMI SDS rose after protocol II. IGF-I SDS
was low and similar at each point, IGF-II SDS and IGFBP-3
SDS values augmented progressively and IGFBP-2 SDS was
significantly elevated before treatment and lowered (but not
normalized) during the therapy. Leptin SDS was elevated,
especially after protocol I.
Conclusion: leukaemia and its treatment affect directly
growth factors, its binding proteins and leptin production
leading to growth retardation and overweight.
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Leukaemia and its composed treatment have severe catabolic
effect especially on children, their development, growth and body
composition. Corticosteroids and cytotoxic chemotherapy impair
normal organ and tissues function such as liver, endocrine glands
or cartillage growth plates [1]. Nutritional state and growth rest
under influence of hormonal factors such as leptin and growth
hormone (GH) which action is mediated by insulin-like growth
factors (IGFs) and binding proteins (IGFBPs). Leptin, produced
by adipose tissue, plays an important role in regulation of energy
intake, expenditure and consequently – in regulation of body
composition [2,3]. The importance of hormonal factors (mentioned above) is well known during normal development, growth
and puberty in healthy children. In the present study we evaluated
the relation between IGF-I, IGF-II, their binding proteins, leptin
values and anthropometric parameters in children with newly
diagnosed acute lymphoblastic leukaemia (ALL) and during
intensive anticancer therapy.

Material and methods
Forty-six children (32 boys) in median age 6.58 years (range
from 1.56 to 16.0) with newly diagnosed ALL (42-preB ALL,
4-T-ALL) were included in our study. All patients were treated
according to ALLIC/BFM 2002 protocol.
The analysis was made:
1. at the time of diagnosis,
2. after protocol I (induction remission consisting prednisolone 60 mg/m2 for 28 days, vincristine, asparaginase,
cyclophosphamide, daunorubicine, cytarabine, adriamycine, 6-mercaptopurine and methotrexate – ith.),
together 64 days,
3. after the end of intensive treatment; that is after protocol M including 6-mercaptopurine, methotrexate
(iv. and ith.) and protocol II – with dexamethasone
10 mg/m2 for 22 days, vincristine, doxorubicine, asparaginase, cyclophosphamide, cytarabine, 6-thioguanine).
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Table 1. Mean (±SEM) SDScore values for auxological and biochemical parameters in analysed points of ALL treatment
Height
(SDS)
N=46

BMI
(SDS)
N=46

IGF-I
(SDS)
N=46

IGF-II
(SDS)
N=46

IGFBP-3
(SDS)
N=46

IGFBP-2
(SDS)
N=46

Leptin
(SDS)
N=46

IGFBP-2:
IGF-I
N=46

Leptin:
BMI
N= 46

At diagnosis

0.54±1.7

-0.42±2.0

-1.71±0.9

-0.01±1.5

-0.27±2.3

10.96±8.5

2.12±1.5

28.39±21.0

0.30±0.3

After Protocol I

0.15±1.5

-0.39±2.4

-1.86±1.3

0.64±1.4

0.92±1.9

10.74±7.5

3.13±3.3

17.27±11.8

0.28±0.2

After Protocol II

-0.36±1.0

0.2±2.1.0

-1.8±0.9

0.83±2.0

1.75±2.4

8.03±7.3

2.88±3.1

12.49±11.7

0.52±1.3

All intensive treatment (protocols I, M, II) lasted on six
months.
We measured at each time-point: height, weight, body mass
index (BMI) – calculated as weight (kg) divided by the square of
height (m2) and biochemical parameters.
The samples were obtained after overnight fast and the
serum was stored at -70°C until the analysis. Using radioimmunoassay methods, we determined the serum concentration of
IGF-I (Source kit), IGF-II (DSL kit), IGF BP-3 (DSL kit), IGF
BP-2 (OBRA-Polatom kit) and leptin (Linco HL-81 kit).
All data were presented as SDScore according to age and
sex using Polish reference values for height and BMI [4]. The
values of IGF-I, IGF-II, IGFBP-2, IGFBP-3 and leptin were
compared to those obtained by Blum et al. and Juul et al. [2,3].
The study was approved by the Local Ethics Commitee.
Statistical analysis was performed using Statistica 5.0 for
Windows. Results are showed as mean and standard deviation
for normally distributed values and median significance levels
were calculated according to the nonparametric Wilcoxon test.
The Spearman correlation coefficient was also used. A level of
p<0.05 was regarded as significant.

Results
All data of auxological values and biochemical parameters
(as SDScore) are presented in Tab.1.
1. Auxological values: The mean height SDS at diagnosis
(H1SDS) was 0.54±1.73 and lowered after protocol I (H2SDS)
to 0.15±1.5 and to -0.36±1.04 after the end of intensive treatment (H3SDS) – p<0.008 between H1SDS and H3SDS and
p<0.005 between H2SDS and H3SDS.
The mean BMI SDS did not differ at the time of diagnosis
(-0.42±1.99) and after protocol I (-0.39±2.42) but rose after
protocol II (0.20±2.10 (p<0.05 between BMI 2 SDS and BMI
3 SDS).
2. Biochemical parameters: IGF-I SDS was similar at
diagnosis (-1.71±0.86), after protocol I (-1.86±1.35) and after
protocol II (-1.8±0.89). IGF-II SDS augmented after each point
of analysis: it was at the beginning -0.01±1.5, after protocol I
– 0.64±1.39 (p<0.001), after protocol II – 0.83±2.01 (p<0.0006
between first and third point of analysis). IGFBP-3 SDS rose
from -0.27±2.27 at diagnosis to 0.92±1.95 after protocol I
(p<0.006) and to 1.75±2.42 after protocol II (p<0.00007
between first and third point of analysis and p<0.03 between
second and third point). IGFBP-2 SDS was significantly
elevated in all moments of analysis but lowered gradually from

10.96±8.46 (at diagnosis) to 10.74±7.47 (after protocol I) and
to 8.03±7.32 (after protocol II); p<0.05 between values at diagnosis and the end of treatment.
The values of leptin SDS was higher after protocol I
(3.13±3.3) comparing with the time of diagnosis (2.12±1.54)
(p<0.01) and – with the end of intensive treatment
(2.88±3.08).
The ratio of IGFBP-2: IGF-I was highest at diagnosis
(28.39±21.05), lowered after protocol I (17.27±11.84, p<0.006)
and after protocol II (12.49±11.75, p<0.007). The ratio of
leptin: BMI did not change during the time of observation – at
diagnosis it was 0.30±0.28, after protocol I – 0.28±0.25 and
after protocol II – 0.52±1.29.
3. At the time of diagnosis we found a positive correlations
between: a) height and: IGF-I (r=0.75, p<0.001) and IGFBP-3
(r=0.485, p<0.01) b) BMI and: leptin (r=0.44, p<0.003), IGF-I
(r=0.53, p<0.0003), IGFBP-3 (r= 0.68, p< 0.001).
After protocol I we observed a positive correlation between
a) height and IGF-I (r=0.79, p< 0.0001), IGFBP-3 (r=0.45,
p<0.01) and leptin (r=0.40, p<0.03), b) BMI and: leptin
(r=0.59, p<0.001) and IGFBP-3 (r=0.49, p<0.02).
After the end of intensive treatment we found the positive
correlations between a) height and: IGF-I (r=0.57, p<0.001),
IGFBP-3 (r=0.53, p<0.002), IGF-II (r=0.48, p<0.008), leptin (r=0.32, p<0.05) b) BMI and IGF-I (r=0.55, p<0.008),
IGFBP-3 (r=0.69, p<0.0001), IGF-II (r=0.53, p<0.02) and
– c) negative correlation between BMI and IGF BP-2 (r=-0.32,
p<0.05).
We also observed the following correlations: at the time of
diagnosis – a positive correlation between IGF-I and IGFBP-3
(r=0.60, p<0.002), IGF-I and leptin (r=0.67, p<0.001), IGF-I
and IGF-II (r=0.44, p<0.004), IGF-II and IGFBP-3 (r=0.57,
p<0.0001) and negative correlation between IGF BP-2 and:
IGF-II (r=-0.40, p<0.02) and IGF-I (r=-0.65, p<0.001).
After protocol I we found a positive correlation between IGF-I
and leptin (r= 0.73, p<0.0001), IGF-I and IGFBP-3 (r=0.63,
p<0.002), IGF-II and IGFBP-3 (r=0.37, p<0,03), IGFBP-3 and
leptin (r=0.53, p<0.001) and after protocol II: a positive correlation between IGF-I and IGFBP-3 (r=0.75, p<0.0001), IGF-II
and IGFBP-3 (r=0.82, p<0.0001), IGF-I and IGF-II (r=0.52,
p<0.02) (Tab. 2).

Discussion
We made the simultaneous analysis of growth, body mass
index and serum insulin-like growth factors, its binding proteins
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Table 2. Correlations between auxological and biochemical
parameters expressed as absolute values: I – at diagnosis, II
– after protocol I, III – after protocol II
I
IGF-II

r=0.44
p=0.004

IGFBP-3

r=0.60
p<0.002

r=0.57
p<0.001

IGFBP-2

r=-0.65
p<0.001

R=-0.4
P<0.02

r=-0.24
p=0.13

Leptin

r=0.67
p<0.001

r=0.23
p=0.3

r=0.22
p=0.16

r=-0.28
p=0.08

Height

r=0.75
p<0.001

r=0.41
p=0.05

r=0.49
p<0.01

r=-0.36
p=0.02

r=0.13
p=0.39

BMI

r=0.53
r=0.22
p=0.0003 p=0.32

r=0.68
p=0.001

r=-0.11
p=0.63

r=0.44 r=0.49
p<0.003 p=0.02

IGF-I

IGFBP-3 IGFBP-2 Leptin

IGF-II

height

II
IGF-II

r=0.35
p=0.12

IGFBP-3

r=0.63
p<0.002

r=0.37
p=0.003

IGFBP-2

r=-0.9
p=0.67

r=0.04
p=0.82

Leptin

r=0.73
r=-0.0002 r=0.53
p=0.0001 p=0.98
p=0.001

r=-0.12
p=0.6

Height

r=0.79
r=0.31
p=0.0001 p=0.09

r=0.45
p<0.01

r=-0.01
p=0.93

r=0.4
p=0.03

BMI

r=0.43
p=0.053

r=0,09
p=0.63

r=0,49
p<0.02

r=0.12
p=0.53

r=0.59 r=0.04
p=0.001 p=0.8

IGF-I

IGF-II

IGFBP-3 IGFBP-2 Leptin

r=0.14
p=0.44

height

III
IGF-II

r=0.52
p=0.02

IGFBP-3

r=0.75
r=0.82
p=0.0001 p=0.0001

IGFBP-2

r=-0.24
p=0.15

r=0.003
p=0.99

r=-0.20
p=0.38

Leptin

r=0.17
p=0.45

r=0.19
p=0.39

r=0.8
p=0.12

r=-0.18
p=0.42

Height

r=0.57
p=0.001

r=0.48
p<0.008

r=0.53
p<0.002

r=-0.27
p=0.15

BMI

r=0.55
p=0.008

r=0.53
p=0.02

r=0.69
r=-0.32
p=0.0001 p=0.05

IGF-I

IGF-II

IGFBP-3 IGFBP-2 Leptin height

r=0.32
p=0.05
r=0.29 r=0.39
p=0.19 p=0.03

and leptin during intensive treatment for ALL. In our previous
study we demonstrated normal height and weight values in
children and adolescent treated with chemotherapy alone or
additionally received 12Gy for central nervous system [5]. The
actual study made during the intensive treatment showed the
tendency to decline growth velocity at the following point of
analysis. BMI SDS values did not change after protocol I (with

prednisolone) but increased after protocol II (with dexamethasone). This confirms the observations made by Wallace et al. [6]
who proved that dexamethasone leads to greater change in BMI
than prednisolone during induction chemotherapy for ALL.
The prospective study of Ahmed et al. [7] during intensive
treatment for ALL showed a decline of height SDS at the beginning of treatment with a nadir at 6 month of chemotherapy with
the increase of weight SDS and BMI SDS.
The longitudinal studies made during and after chemotherapy suggest that linear growth is most affected during intensive and maintenance therapy and followed by “catch-up” after
the end of treatment. The tendency to overweight was affirmed
by many investigators not only during the treatment, but also
after the termination of therapy [1,8,9]. This weight gain is due
to excessive fatness. Increased whole body percent of fat was
observed even in patients with normal body mass index, what it
was confirmed by Dalton et al. and in our previous study [8,10].
The patogenesis of developmental disturbances is multifactorial including malignancy per se, intensive chemotherapy
and especially – corticotherapy and radiotherapy for CNS,
reduced physical activity. The disturbances in the GH-IGF axis,
impaired production of IGFs and its binding proteins by the
liver are responsible for those problems [8,9]. Our observations
indicated lowered values of IGF-I SDS accompanied by the
increase of IGF-II SDS (from –0.01 to 0.83) and IGFBP-3 SDS
(from -0.27 to 1.75).
IGFBP-2 production was most affected. We noted significantly elevated IGFBP-2 SDS values at the time of diagnosis
(10.96±8.5) which lowered (but did not normalise) at the termination of intensive treatment (8.03±7.3). Similar tendency was
observed by Mohnike et al. [11] who suggested the involvement
of IGF system, especially IGFBP-2, in the proliferation of
leukaemic cell clones. On the other hand IGFBP-2 levels are
higher in other pathological situations such as growth hormone
deficiency, hyponutrition which often accompany leukaemia
and its treatment [12]. We found considerably elevated values
of IGFBP-2: IGF-I ratio, especially at diagnosis, which lowered
but rested high during all observation. Similar situation was
recorded 6 months after diagnosis by Arguelles et al. [13] and
Barrios et al. [12] and in their opinion it is a sign of catabolic
state. The autors suggest partial and transient GH insensitivity
provoked by leukaemia per se and its aggressive treatment what
may explain the growth retardation in those patients. According
to Brennan et al. [14], reduced IGF-I SDS values in children
with malignancies are a sign of nutritional status, whereas normal IGFBP-3 values result from increased activity of IGFBP-3
protease.
Attard-Montallo et al. [15] in the study concerning different
malignancies showed normal IGF-I and IGFBP-3 levels before
and after intensive chemotherapy with the decrease at the time
of febrile neutropenia. In their opinion these catabolic episodes
provoke GH resistance.
We observed at diagnosis a positive correlation between
IGF-I, IGF-II and IGFBP-3 and negative – between IGFBP-2
and IGF-I and IGF-II. During and after intensive treatment
the similar correlations between IGF-I, IGF-II and IGFBP-3
and lack of correlations with IGFBP-2 were found. The similar
results obtained by Mohnike et al. [11] suggest the different

Relationship between insulin-like growth factors (IGF-I and IGF-II), IGF-binding proteins (IGFBP-3, IGFBP-2)…

regulation of IGFBP-2 and IGFBP-3 and the importance of
IGFBP-2 in lymphoblasts proliferation.
In our group the leptin SDScore was increased at each point
of observation, with its highest level after protocol I. Hyperleptinaemia was observed by Davies et al. [16] and Arguelles et al. [9]
not only during intensive treatment for ALL but also increased
after its cessation, suggesting a leptin resistance. We did not
observe differences in leptin: BMI ratio although this values
progressively augmented. Wallace et al. [6] found the increase
of leptin: BMI ratio between fourth and sixth week of treatment
with the decrease in following weeks. They suggest that increase
in fat mass with leptin resistance is due to corticotherapy and the
direct effect of glucocorticoids on adipocytes.
We noted a positive correlations between leptin and IGF-I
before treatment and after protocol I and between BMI and
IGF-I, IGFBP-3 and leptin which affirm the role of growth factors and its binding proteins in weight gain.

Conclusions
Our study demonstrates that leukaemia and its intensive
chemotherapy affect the production of growth factors, its binding proteins and leptin, which may be responsible for growth
retardation and overweight.
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Abstract

Introduction

Purpose: To assess patient acceptance of diagnostic
conventional laparoscopy and minilaparoscopy under sedoanalgesia.
Materials and methods: 120 consecutive patients undergoing diagnostic laparoscopy were enrolled prospectively in
this study. Within the first week after diagnostic laparoscopy
the patients were asked to answer a total of eight questions
with regard to the acceptance of the procedure.
Results: The inconvenience of laparoscopy was assessed
with a mean of 1.6 on a scale from 0 to 10 (0= no inconvenience, 10= very unpleasant). The discomfort in the two
days following laparoscopy were graded with a mean of 2.1
on a scale from 0 to 10 (0= no inconvenience, 10= very
unpleasant). There was no difference between conventional
laparoscopy and minilaparoscopy. Only 10% of the patients
described laparoscopy more inconvenient in comparison to
diagnostic gastroscopy, whereas 29% of the patients assessed
diagnostic gastroscopy more inconvenient.
Conclusions: Diagnostic laparoscopy under sedoanalgesia is a very well tolerated procedure. There is no difference
between conventional laparoscopy and minilaparoscopy.

Key words:

acceptance, diagnostic laparoscopy, questionnaire.

Despite the availability of modern imaging methods diagnostic laparoscopy still is an important diagnostic tool of gastroenterologists [1-3]. The main indication for laparoscopy is liver
disease and staging of gastrointestinal tumors [4-7].
There are several large studies available comparing the
laparoscopic findings with the histological results of biopsies
taken during laparoscopy in patients with various liver diseases.
These studies consistently demonstrate that histology alone may
miss the diagnosis of cirrhosis in up to a quarter of patients
[8-11]. The diagnosis of cirrhosis is not made by histology alone
especially in the case of macronodular disease and early stages
of cirrhosis [12,13].
Small metastases to the liver surface and/or peritoneum
missed by ultrasound, computed tomography (CT) and magnetic resonance tomography (MRT) can be easily diagnosed
by laparoscopy [14]. With the recent development of small
diameter laparoscopes the method has gained more widespread
acceptance [15,16]. Its diagnostic capacity in liver disease and as
a staging procedure has been proven in recent studies [13,14].
However, as there are no data published with respect to
patient acceptance of minilaparoscopy compared with conventional laparoscopy, we addressed this topic in a prospective
study.

Material and methods
Patients
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120 consecutive patients undergoing diagnostic laparoscopy
(conventional laparoscopy n=64, minilaparoscopy n=56) were
enrolled prospectively in this study.

Laparoscopy
Diagnostic laparoscopy was performed as a standard procedure with the patient under conscious sedation with midazolam
and pethidine. For conventional laparoscopy the Veres needle
was advanced at the point of Monroe (lower left abdominal

Patient acceptance of diagnostic laparoscopy

quadrant). After insufflation of N2O the laparoscope was
introduced into the abdominal cavity through a trocar which
was inserted at the point of Kalk (periumbilical). In the patients
undergoing minilaparoscopy a small trocar for the Veres needle
was advanced at the point of Kalk and after insufflation of N2O
the laparoscope was introduced through the same trocar. Liver
biopsies and/or peritoneal biopsies were taken dependent on
the underlying disease.

Figure 1. “How did you experience laparoscopy in comparison
with former gastroscopy?”

Within the first week after diagnostic laparoscopy the
patients were asked to answer a total of eight questions concerning the acceptance of the procedure. Questions 4 and 8 were
constructed as a visual analog scale [17,18].
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12.5%
6.3%
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I don’t know

more inconvenient

conventional laparoscopy

comparable

less inconvenient

minilaparoscopy

Questionnaire
1. Did you undergo gastroscopy in the past:
no
yes, without sedation
yes, with sedation
2. How did you experience laparoscopy in comparison
with former gastroscopy:
I have not undergone gastroscopy
I don’t know
more unpleasant
comparable
less unpleasant
3. How did you experience laparoscopy in comparison
with former ultrasound guided liver biopsy:
I have not undergone ultrasound guided liver biopsy
I don’t know
more unpleasant
comparable
less unpleasant
4. How was your overall experience of laparoscopy
(left: no inconvenience, right: very unpleasant):
I can’t remember
|_______________________________________________|
no inconvenience
very unpleasant
5. Would you retrospectively give your consent for
laparoscopy:
yes
perhaps
no
6. Would you undergo laparoscopy again, if indicated:
yes
yes, but only under deeper sedoanalgesia
perhaps
no
7. If you had to undergo another laparoscopy, what was
your preference with respect to sedoanalgesia:

more sedoanalgesics
less sedoanalgesics
same medication
8. What was the grade of discomfort in the two days
following laparoscopy (left = no discomfort, right =
severe discomfort):
|_______________________________________________|
no discomfort
severe discomfort

Statistics
The frequency of answers was described for each group
and the associations in the one-way and two-way tables were
measured with Fisher exact test. The Mann-Whitney-U-Test was
used for testing the hypothesis that two independent samples
are from populations with the same distribution (rank-sum test,
questions 4 and 8).

Results
No patient declined to answer the questionnaire. The mean
age (71 men, 49 women) was 54 years. In all patients sedoanalgesia was performed with a combination of midazolam and
pethidin. The mean dose of midazolam was 5.2 mg. One hundred seventeen patients received 50 mg pethidin, one patient
75 mg and two patients 100 mg. There was no statistical significant difference between the groups of patients investigated by
conventional laparoscopy and minilaparoscopy with respect to
the dosage of sedoanalgesics, sex distribution, indication for
laparoscopy or body-mass-index.
Eighty of 120 patients (67%) had undergone gastroscopy in
the past, 23 patients (29%) without and 57 patients (71%) after
administration of sedatives. Thirty eight patients (48%) judged
the inconvenience of gastroscopy and laparoscopy as comparable, 8 patients (10%) described laparoscopy more inconvenient
and 23 patients (29%) less inconvenient. Eleven patients (14%)
could not decide on the topic. There was no difference between
the group of patients who had undergone conventional laparoscopy and minilaparoscopy (p=0.42) (Fig. 1).
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Figure 2. “How was your overall experience of laparoscopy
(0= no inconvenience, 10=very unpleasant)?”
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Figure 4. “What was the grade of discomfort in the two days
following laparoscopy (left=no discomfort, right=severe discomfort)?”

48.4%
37.5%

0
10.9%
7.1%
17.2%
12.5%

2
1.6%
10.7%

3

4.7%
12.5%

4

6.3%
10.7%

5
4.7%
3.6%

7

3.1%
1.8%

8

1.6%
0.0%

9

1.6%
0.0%

10

0.0%
3.6%

%0

10

yes

20

conventional laparoscopy

30

40

50

minilaparoscopy

Only 7 patients (5.8%) had undergone ultrasound-guided
liver biopsy previously. One patient judged both procedures as
comparable and two patients judged laparoscopy less and two
patients more inconvenient.

3.6%

perhaps
conventional laparoscopy

10

1

94.6%

%

15.6%
5.4%

2

95.3%

80

28.1%
14.3%

0

6

Figure 3. “Would you retrospectively give your consent for
laparoscopy?”
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Forty six of 120 patients (38%) could not remember the
performance of laparoscopy. The remaining 74 patients (62%)
judged the inconvenience of laparoscopy with a mean of 1.6 on
a scale from 0 to 10 (visual analog scale, 0=no inconvenience,
10=very unpleasant) (Fig. 2). There was no difference between
conventional and minilaparoscopy (p=0.15).
One hundred fourteen patients (95%) would – retrospectively – again give their consent to the performance of
laparoscopy. Only 2 patients (1.7%) would decline to give their
consent again (Fig. 3).
One hundred five patients (87.5%) would give their consent
to undergo another laparoscopy, if necessary in the future; 10
patients (8.3%) only after the administration of more sedatives.
The performance of another laparoscopy was declined by 3
patients (2.5%). Again there was no difference between conventional and minilaparoscopy (p=0.58).
One hundred one patients (84.2%) would prefer the same
sedoanalgesia in the case of another laparoscopy. Four patients
(3.3%) would prefer less and 15 patients (12.5%) more sedoanalgesics. Again there was no difference between the patients who
had undergone conventional and minilaparoscopy (p=0.66).
The discomfort in the two days following laparoscopy was
graded with a mean of 2.1 on a scale from 0 to 10 (visual analog
scale, 0=no inconvenience, 10=very unpleasant) (Fig. 4). There
was no difference between both groups (p=0.14).
The answers to question 4 (“How was your overall experience of laparoscopy?”) and 8 (“What was the grade of discomfort in the two days following laparoscopy?”) were analysed
with respect to an influence of: age, gender, body-mass-index
and indication for laparoscopy. There was only one significant
association: sex and judgement of the discomfort in the two days
following laparoscopy. Male patients judged the discomfort with
a mean of 1.7 and female patients with a mean of 2.6. This difference was statistically significant (p=0.02).

Discussion
Diagnostic laparoscopy – either as conventional laparoscopy
or minilaparoscopy – can be performed under sedoanalgesia. As
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the value of a diagnostic tool is dependent on the acceptance by
patient we performed a structured questionnaire in a consecutive series of 120 patients undergoing diagnostic laparoscopy.
Especially the question whether the reduced invasiveness of
minilaparoscopy compared with conventional laparoscopy
results in improved patient acceptance was addressed.
Our results demonstrate the overall minor inconvenience of
diagnostic laparoscopy under sedoanalgesia. Only 10 percent of
patients judged diagnostic laparoscopy more inconvenient than
gastroscopy. Fourty eight percent of patients judged the two
procedures comparable and 29% experienced gastroscopy even
more inconvenient in comparison with diagnostic laparoscopy.
Ninety five percent of patients would – retrospectively – give
their consent to the performance of laparoscopy again. Eighty
four percent of patients were satisfied with sedoanalgesia.
Only 12.5% of patients would prefer more sedatives in a future
diagnostic laparoscopy and 3.3% of patients less sedatives.
However, there was no difference between the patients who
had undergone conventional laparoscopy and minilaparoscopy.
Only gender was a predictor of the grade of inconvenience
after laparoscopy. Male patients experienced significantly less
inconvenience.
Discomfort following diagnostic laparoscopy is mainly
caused by pneumoperitoneum [19]. Presumably distension by
gas insufflation leads to minor injuries of vessels and nerves with
the consequence of inflammatory cytokine release [19].
In a placebo controlled study on 110 patients undergoing
laparoscopy for fertility reasons the administration of 200 mg
celecoxib two hours prior to laparoscopy reduced pain after the
procedure [20]. Celecoxib-like rofecoxib – is a cox-II-inhibitor.
Whether the cardiovascular side effects of rofecoxib, which has
lead to its recall by the pharmaceutical company, are specific for
the substance or a class effect, remains unclear [21]. However,
a new study using conventional NSAR seems to be necessary.
In a study by Poynard and Lebrec [22] 113 patients and
80 hepatologists were interviewed with respect to the inconvenience of different diagnostic procedures. These procedures
included gastroscopy and conventional laparoscopy. Gastroscopy was judged more inconvenient compared with laparoscopy
by patients in this study too. The assessment of the hepatologists
was quite different from the assessment of patients. Hepatologists deemed laparoscopy a procedure with more discomfort
compared with gastroscopy.
A study of 56 patients comparing conventional administration of analgosedation with patient-controlled medication
resulted in a similar safety and patient tolerance of colonoscopy
[23]. As patient tolerance of laparoscopy was excellent in our
study, improvement by patient-controlled drug administration
seems unlikely.

Conclusions
Diagnostic laparoscopy under sedoanalgesia is a very well
tolerated procedure. It compares favourably with diagnostic
gastroscopy. However, there is no difference between conventional laparoscopy and minilaparoscopy.
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Staphylococcus aureus septicemia
in non-neutropenic adult patients hospitalized
in internal medicine units
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Abstract
Purpose: Staphylococcus aureus septicemia (SAS) is usually described in immunocompromised patients and during
serious weakening diseases, associated with a neutropenic
condition. Over the last recent years, clinic relevance of SAS
has become more prominent owing to the progressive rise of
methicillin-resistent strains in hospital-acquired infections
and to its development in non-neutropenic patients.
Material and methods: The aim of our study was to evaluate the clinical features and outcome of non-neutropenic
patients with positive blood culture for Staphylococcus
aureus (SA) hospitalized in Internal Medicine Wards of our
hospital during 1 year of observation. 24 patients with those
characteristics were retrospectively recruited; five of them
were then excluded from the analysis because of concomitant oncohematologic disease. The median age of the study
group of patients (19 cases) was 56 years (range 18-87); 10
(52.6%) patients were male.
Results: Infection was hospital-acquired in 10 patients
(52.6%). Predisposing factors were: central venous catheter (CVC) (47.4%), recent surgical intervention (21.0%),
drug-addiction (15.8%). Main comorbidities were diabetes
mellitus in 10 patients (52.6%), heart disease in 4 (21.0%),
chronic renal failure in 3 (15.8%), cerebral vascular disease
in 3 (15.8%). Fever >38°C was found in all patients at the
moment of SA isolation in blood culture. SA isolated-strains
were methicillin-resistant in 7 patients (36.8%). Complications of bacteremia were: pneumonia in 4, endocarditis in 3,
vertebral osteomyelytis in 2, septic splenic embolization in 1
and endophtalmitis in 1 patient. The septicemia-attributable
mortality was 36.8% (7 patients).
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Conclusions: SAS in non-neutropenic patients observed
in Internal Medicine Units are associated with significant
morbidity and mortality, closer to that reported for neutropenic illnesses.

Key words:

Staphylococcus aureus, sepsis, nosocomial
infections.

Introduction
Staphylococcus aureus (SA) is one of the most common
etiological agents of both endemic and epidemic infection
acquired in hospitals and in community. Sustained morbidity
and mortality are associated with SA infections. In fact, when
this microorganism enters the blood, it represents one of the
most lethal human pathogens also because it is often characterized by multidrug resistance [1]. Humans are a natural reservoir
of SA that colonizes the nares, axillae, vagina, pharynx or damaged skin surfaces. Rates of staphylococcal colonization are high
among patients with type 1 diabetes, intravenous drug users,
patients undergoing hemodialysis, surgical patients and patients
with the acquired immunodeficiency syndrome [2].
Infections are initiated when a breach of the skin or mucosal
barrier allows staphylococci access to adjoining tissues or the
bloodstream. Whether an infection is contained or spreads, it
depends on a complex interplay between SA virulence determinants and host defense mechanism. Patients with qualitative or
quantitative defects in leukocyte function are also at increased
risk for staphylococcal disease. The risk of infection is increased
by the presence of foreign material (devices and intravenous
catheters) by means of several pathogenic factors. Staphylococcal bacteremia may be complicated by endocarditis, metastatic
infection, or the sepsis syndrome [3-6].
Over the past last years, the frequency of SA bacteremia
has increased dramatically. This increasing frequency, also in
non-neutropenic patients, coupled with rising rate of antibiotic
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resistance, has renewed interest in this serious, common infection [7].
The aim of our study was to evaluate the clinical and microbiological characteristic of Staphylococcus aureus septicemia
(SAS) by means of an investigation in non-neutropenic patients
hospitalized in the Internal Medicine wards of a regional referral hospital.

Patients and methods
We performed a retrospective study of all SAS in non–neutropenic patients, consecutively hospitalized into the five
Internal Medicine wards of Cardarelli Hospital, Naples, Italy,
a regional referral hospital with a total of 1 100 beds. During
the study period (January – December 2003) all patients with
positive blood culture (confirmed in two samples) for SA were
enrolled. We excluded patients less than 18 years old, those who
had polymicrobic infection, those with a number of neutrophil
cells <2000/mm3 at the hospital admission and / or at blood
cultural isolation and those who were affected by oncohematologic disease. Significant data derived from the patients’ charts
togheter with computer-assisted analysis of all microbiological
2003 data-base of our institution. A specific form elaborated for
this study was utilized.
We evaluated the following data for each patient: age and
sex, place of infection acquisition (community or hospital),
predisposing factors (such as devices or intravenous catheters,
pre-existent diseases), fever, white blood cells number at hospital admission and at the time of blood cultural isolation, site
of infection, complications, antibiotic therapy and antibiotic
resistance of isolated streams, duration of hospital stay, relapses
and final outcome.
SAS was ascertained in case of positive blood culture
(no less than two) in presence of signs and symptoms of septicemia. Borrowing the criteria of pneumonia classification
[8], SAS was considered “community-acquired”, if the first
positive blood culture was found before 48 hours from hospital
admission; it was classified “hospital-acquired” when the first
positive blood culture was after 48 hours from the hospital
admission and no clinical evidence of infection was present at
admission.
Predisposing factors were considered all known conditions
able to help SA to access to the bloodstream and to develop
(central venous catheter – CVC, recent surgical intervention,
drug-addiction). Metastatic infections and relapses were considered as SAS complications.
Recovery was considered the diseapparance of infection
clinical signs during antibiotic therapy with negative blood
cultures and without complications; relapses were defined
the SAS recurrences during hospital stay with at least a week
of delay after the end of antibiotic treatment. SAS-attributable
mortality was considered the persistence of infection at the
death time without other fortuituos causes of death. SAS nonattributable mortality was related to a pre-existent illness or to
other causes without clinical evidence of infection at death time
and without positive blood culture during the last week before
death.

Table 1. Main clinical characteristics of the study-group of
patients
Patients

19

Age

56 years (range 18-87)

Sex

9 F, 10 M

N°

%

Infection acquisition site nosocomial

10

52.6

community

6

31.6

non evaluable

3

15.8

Central venous catheter

9

47.4

Recent surgical intervention

4

21.0

Toxicomania

3

15.8

None

4

21.0

10

52.6

Heart disease

4

21.0

Chronic renal failure

3

15.8

Cerebral vascular disease

3

15.8

None

2

10.5

4

21.0

Endocarditis

3

15.7

Vertebral osteomyelitis

2

10.5

Septic splenic embolization

1

5.2

Endophtalmitis

1

5.2

Methicillin resistance

7

36.8

Septicemia attributable mortality

7

36.8

Predisposing factors

Comorbidities

Diabetes mellitus

Secondary complications Pneumonia

Results
Twenty-four patients with above-mentioned inclusion criteria
were enrolled; five of them were excluded from the final analysis
either because of oncohematologic disease or because of incompleteness of chart’s data. Nine patients were female (47.0%); 10
(53.0%) patients were male; the median age was 56 years (range
18-87) (Tab. 1). Predisposing factors were CVC in 9 pts (47.4%),
recent surgical intervention in 4 (21.0%), drug-addiction in 3
(15.8%); in 4 cases (21.0%) there was no predisposing factor. The
most frequent pre-existent illness were: diabetes in 10 patients
(52.6), heart chronic disease in 4 (21.0%), chronic renal failure in
3 (15.8%), cerebral vascular disease in 3 (15.8%). No pre-existent
disease was in 2 patients (10.5%).
The median value of neutrophil cells was 11 600/mm3
(range 5 100-27 900). Fever (T>38°C) was observed in all
patients at positive blood culture time. In 6 of them (31.5%),
fever was already existent some days before hospital admission
and the patients had already been treated with antibiotics at
home.
Infection was hospital-acquired in 52.6% of cases (10
patients), appearing on average 5.7 days after hospital admission (five of them showed infection during treatment with
cephalosporins). SA strains resulted methicillin-resistant in
36.8% (7 patients).
Relevant complications were pneumonia in 4 patients
(21.0%), endocarditis in 3 (15.7%), vertebral osteomyelitis in
2 (10.5%), septic splenic embolization in 1 case (5.2%), endophtalmitis in 1 patient (5.2%). Patients who recovered from SAS
had not relapses; the median of their hospital stay was 24.6 days
(range 10-56). The septicemia attributable mortality was 36.8%
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Table 2. Antibiotic in vitro susceptibility in the 19 SA strains
isolated
Tetracycline 17 (89%) Rifampicin 17 (89%) Methicillin 11 (60%)
Teicoplanin 18 (95%) Amikacin 16 (84%) Azitromycin 10 (53%)
Cotrimoxazol 18 (95%) Ofloxacin 12 (63%) Clindamycin 9 (47%)
Vancomycin 18 (95%) Imipenem 11 (58%) Erythromycin 9 (47%)

(7 patients), occurred on average 20.6 days after hospitalization
(range 4-31). Tab. 2 shows the in vitro susceptibility of the 19 SA
strains isolated.

Discussion
SAS are rather frequent both in community and in hospital
[9]. According to the National Nosocomial Infection Surveillance System of the Centers for Disease Control and Prevention of Atlanta (CDC), 16 percent of hospital-acquired cases
of bacteremia in the USA from 1990 to 1995 were due to SA,
that represents the second most common agent after coagulasenegative staphylococci [1]. In fact, within USA’s 5400 acute care
hospitals, the three leading causes of nosocomial infections of the
bloodstream are coagulase-negative staphylococci (80% of which
involve strains resistant to methicillin), SA (30% methicillinresistant) and the enterococci (20% vancomicin-resistant). The
rough mortality rate associated with these infections are 21%,
25% and 32%, respectively [10].
Multidrug resistant strains of SA have been reported with
increasing frequency worldwide, including isolates that are resistant to methicillin, lincosamides, macrolides, aminoglycosides,
fluorquinolones or combinations of these antibiotics [2]. The
emergence of SA strains with intermediate resistance to glycopeptides has aroused concern about the development of strains
resistant to all available antibiotics. The CDC estimates that
34% of SA isolates from cases of nosocomial bacteremia in USA
hospitals in 1995 were resistant to methicillin [11]. Infections with
methicillin-resistant SA are more likely to originate in patients
who are seriously ill, immunocompromised and in intensive care
units, than are infections with methicillin-susceptible isolates.
Colonized patients are the chief source of SA in hospitals (nasal
carriage) also in intensive care units where isolation of methicillin-susceptible and methicillin-resistant strains are both frequent.
Because there is an increased use of antimicrobial agents in
areas where isolates of methicillin-resistant SA are found, and
because these isolates are resistant to multiple antimicrobial
agents and not exclusively to beta-lactams, selective pressure may
promote colonization with methicillin-resistant SA to a greater
degree than colonization with methicillin-susceptible isolates
[12]. Patients may already be colonized with SA when they enter
the hospital. The rising incidence of “community-acquired” infections with SA suggest that the rate of colonization with methicillin-resistant SA among outpatients is increasing, particulary
among those who live in extended-care facilities or have recently
been discharged from hospitals. Patients may be colonized with
methicillin-resistant SA at sites other than the nose, particulary
chronic wounds and dermatitides. It is difficult to eradicate SA

from these sites, and thay can be sources of reinfection. Report
of von Eiff and co-workers [13] documented that in most cases,
the infecting SA isolates from the blood came from the patients
themselves, who carried the bacteria in their anterior nares. In
addition, nasal carriage has been associated with an increased risk
of patients after surgery, in patients receiving continuous ambulatory peritoneal dialysis and in patients receiving hemodialysis.
Although the contribution of resistance to the outcome of
such infections is unclear, nosocomial infections of the bloodstream may represent the eighth leading cause of death in the
United States, and the relentless rise of antibiotic resistance has
markedly curtailed options for therapy [14].
The prevention of hospital-acquired infections due to SA
is a major goal of hospital infection-control practitioners. Such
prevention requires an understanding of the source of the
organisms that may eventually find their way into the blood.
Some additional epidemiological considerations arise from
our experience. As concerns predisposing factors, it seems
appropriate to underline the role of minor surgical interventions
in the days before infection onset, particularly in patients with
comorbidities. Two patients with diabetes mellitus died a few
days after simple toilet of foot cutaneous ulceration; another
patient died after displacement of Kirschner’s wires in ambulatory. Diabetes mellitus was the most representative comorbidity
in our patients. Very high susceptibility to SAS in patients suffering from liver cirrhosis is reported [15]. By contrast, no cirrhotic
patients were included in our group of patients; this may be very
likely related to the occurrence of neutropenia in these patients
(neutropenia was considered an exclusion criterion in our study
design). We also noted the absence of predisposing factors in
a high percentage of cases.
Several studies demonstrated a contribution of methicillin
resistance to morbidity and mortality associated with bacteremia caused by SA [16-18]. In our group of patients, this was
not verified: methicillin resistance, found in 36.8% of isolated
SA strains was not associated with deleterious clinical outcome.
The results of Harbarth and co-workers [19] agree with our
data. These authors stated that methicillin resistance in patients
with SAS had no significant impact on patients outcome as
measured by in-hospital mortality after adjustment was made
for major confounders as age, sex, lenght of stay from admission
to the onset of bloodstream infection, number of comorbidities, severity of underlying illness. In vitro, susceptibility of the
SA strains isolated in our group of patients is shown in Tab. 2.
Different classes of antibiotics with different degrees of toxicity
were listed, thus representing a quite wide range of therapeutic
alternatives. As concerns the methicillin-sensitive SA strains, we
found sensitivity for the beta-lactamine class in percentage ranging from 60% (ceftriaxone, cefazolin, amoxicillin plus clavulanic
acid, cefipime) to 100% (piperacillin plus tazobactam).

Conclusions
SAS is an important and frequent disease that physician
must often match in Internal Medicine Units. It affects also
non-neutropenic patients with a high morbidity and mortality
and frequently originates from community-acquired infections.
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of aldehyde dehydrogenase (ALDH) in the liver
of rats during chronic ethanol consumption
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Abstract

Key words:

Purpose: Alterations in the redox state during chronic
ethanol consumption are associated with the oxidation of
ethanol via alcohol and aldehyde dehydrogenase. Among
various antioxidants present in food, strong antioxidative
effects have been attributed to polyphenols of green tea.
The aim of the present study was to investigate the effect of
green tea consumption during chronic ethanol intake on the
activity of aldehyde dehydrogenase in the liver of rats during
maturation and aging.
Materials and methods: The activity of ALDH was measured in the livers of rats aged 2 (young), 12 (adult) and 24
months (old). The rats were fed with a control liquid Lieber
DeCarli diet, control liquid diet containing green tea (3 g/l),
ethanol liquid diet (with increasing ethanol dose from 2.3%
to 7%) and ethanol liquid diet containing green tea.
Results: Chronic ethanol consumption significantly
increased the liver ALDH activity in young and adult rats
but decreased this activity in old animals. The drinking of
green tea did not alter ALDH activity in ethanol-consuming
rats. Drinking green tea alone significantly increased ALDH
activity in young and adult rats but did not alter this activity
in old rats.
Conclusions: These results demonstrate that green tea
administered during chronic ethanol consumption does not
prevents the changes in the hepatic ALDH activity in the
rats at each age.
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Introduction
Ethanol in mammals is oxidized in the liver to acetaldehyde
by alcohol dehydrogenase (ADH), and then to acetate by aldehyde dehydrogenase (ALDH) [1]. In this oxidative metabolic
pathway, an excess of reducing equivalents, such as NADH,
are generated. Another system capable of carrying out ethanol
oxidation is the microsomal ethanol oxidizing system (MEOS)
[2]. The altered redox state in the cytosol and mitochondria, and
the increase in free-radical production are considered responsible for the different metabolic disturbances following chronic
ethanol consumption [1-3].
There are several factors that affect alcohol metabolism.
These include food, alcohol abuse, drugs, gender, body weight,
body composition and ethnicity. It is generally accepted that age
has an effect on alcohol metabolism and that this effect is associated with the activities of alcohol metabolizing enzymes located
in the liver and stomach [4-6].
Recently, it has been shown that green tea exhibits antioxidative activity [7,8]. A potential mechanism(s) for such
an effect involves radical-scavenging, metal chelating and/or
enzyme modulation ability [9,10]. Several compounds of green
tea, mainly catechins, have been reported to have a protective
action. The molecular mechanisms underlying the effects of
catechins in some cases involved inhibition or activation of
enzymes. Among other things, it has been observed that green
tea inhibits the induction of human cytochrome P450 [11], an
enzyme that is induced following chronic ethanol consumption.
The objective of the present study was to investigate the effect of
green tea drinking together with ethanol on the hepatic activity
of ALDH (enzyme involved in redox homeostasis) of rats during
maturation and aging. The effect of green tea drinking was also
determined separately.
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Figure 1. ALDH activity in the control group according to age
of rats

Figure 2. ALDH activity in the liver of young rats drinking green
tea with ethanol
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Material and methods
Male Wistar rats aged 2 (200-220 g b.w.), 12 (520-550 g b.w.)
and 24 months (750-780 g b.w.) were used in the experiment.
The dose of ethanol in this diet was gradually increased from
2.3% (day 1-3), to 4.7% (day 4-6), and to 7% (day 7-28).
The rats were housed in individual cages and pair-fed with
either nutritionally control – a liquid Lieber DeCarli diet containing 47% of total energy as carbohydrate, 18% protein, 35%
lipid or an identical diet with ethanol substituted isocalorically
for carbohydrates (36% of total energy). Liquid diets (control
and ethanol) containing 7 g green tea extract/l were also prepared (Camelia sinensis, O. Kuntze, lyophilized extract, TJ
Lipton, Englewood Cliffs, NJ). The amount of catechins in this
diet, measured by HPLC, was equivalent to the amount of these
compounds in 3 g of green tea extract/l water solution, which is
frequently the concentration used for human consumption [12].
The content of components in diet with green tea was as follows:
epigallocatechin gallate – 337 mg/l, epigallocatechin – 268 mg/l,
epicatechin – 90 mg/l, epicatechin gallate – 60 mg/l, and coffeic
acid – 35 mg/l. The same age animals were divided into 4 groups
(6 animals in each group). The total number of tested rats was
72. All procedures were in accordance with guides for care and
use of laboratory animals, and the protocol was approved by the
local Animal Care Committee in Białystok.
The control group was fed for 5 weeks a control Lieber
DeCarli liquid diet (n=6). The ethanol group was fed for one
week the control Lieber DeCarli liquid diet and for the next
4 weeks the ethanol liquid diet (n=6). The green tea group was
fed for 5 weeks the control Lieber DeCarli liquid diet containing green tea (n=6). The ethanol and green tea group was fed
for one week the control Lieber DeCarli liquid diet containing
green tea and for the next 4 weeks the ethanol liquid diet also
containing green tea (n=6). Dietary intake was comparable in
all groups, with all rats demonstrating consistent weight gain
throughout the 5-week feeding period.

The rats were sacrificed with ether anaesthesia, after which
the livers were quickly removed and placed in ice-cold 0.15 M
NaCl solution, perfused with the same solution to remove blood
cells, blotted on filter paper. The organs were weighed and
homogenized in 9 ml of 0.25 M sucrose. Homogenates (10%)
were centrifuged at 10 000 x g for 15 min at 4°C, and the supernatant was kept on ice until assayed.
Aldehyde dehydrogenase (ALDH) activity was measured
using the fluorogenic method of Wierzchowski et al. [13] based
on oxidation of 6-methoxy-2-naphthaldehyde to the fluorogenic
6-methoxy-2-naphthoate. As described Wierzchowski and
co-workers, this naphthaldehyde is very good substrate for
liver cytosolic ALDH-1 isoenzyme (class I) and for ALDH-3
isoenzyme (class III), which is not expressed in the liver. The
reaction mixture contained 60 l of 300 M of 6-methoxy2-naphthaldehyde, 20 l of 1 mM of NAD, 2.8 ml of 50 mM
Na-pyrophosphate buffer, pH 8.5 and 60 l of homogenate. The
fluorescence was read at an excitation wavelength of 310 nm and
an emission wavelength of 360 nm.
Protein concentration was measured according to Lowry
using bovine serum albumin as the standard (Sigma kits).
The results are expressed as median and ranges. Statistical
analysis was performed using the Mann-Whitney U test. Differences were considered significant at p<0.05.

Results
Aldehyde dehydrogenase activity in the liver of rats fed on
a control liquid diet increased parallel with the age of the animals, obtaining six-times higher value in old rats than in young
(Fig. 1). The acitivity in adult rats was 3-times higher than in
young.
Chronic ethanol consumption caused a significant increase
in ALDH activity in the liver of young and adult rats but lead to
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Figure 3. ALDH activity in the liver of adult rats drinking green
tea with ethanol

Figure 4. ALDH activity in the liver of old rats drinking green
tea with ethanol
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decrease in ALDH activity in old animals when compared to the
control group (p<0.05) (Fig. 2, 3 and 4). The drinking of ethanol
with green tea by young, adult and old rats did not change the
activity of ALDH in comparison with the ethanol alone group
(p>0.05). Administration green tea alone to young and adult
rats significantly increased ALDH activity when compared to
the control group (p<0.05). Drinking green tea alone by old
rats did not influence ALDH activity in comparison with the
control group (p>0.05).

rate of ethanol metabolism require the contribution of ethanol
metabolizing enzymes. However, on the basis of the results
obtained by Lumeng et al., it could be suggested that a reduction in the rate of ethanol elimination in fasted rats may be
caused by decreasing ADH activity [18]. The increase in ALDH
activity after chronic ethanol drinking in the present study may
be caused by the presence of a substrate for this enzyme: acetaldehyde. Recently, Badger et al., for the first time, demonstrated
the existence of an ethanol-dependent induction of rat class I
hepatic ADH [19]. Enhancing activity of liver class I ADH
promotes the generation of acetaldehyde, which may result in
an induction of ALDH activity.
Our data show that drinking green tea alone significantly
increased ALDH activity in young and adult rats. The flavonoids of green tea have been found to affect (inhibition or
activiation) activities of several enzymes, e.g. monooxygenase,
lipoxygenases, cycloooxygenase, histydyne decarboxylase, cyclic
AMP phosphodiesterase [20]. The increase of ALDH activity
observed after green tea consumption may have been caused by
the activation of one of these enzymes by the catechins in green
tea. The other isoflvonoids isolated from plants that affect the
alcohol pharmacokinetics and alcohol-drinking behaviour
in rats are daidzin, daidzein and puerarin [21]. Daidzein is
a reversible inhibitor of alcohol dehydrogenase [22], and daidzin of mitochondrial aldehyde dehydrogenase (class II ALDH)
[23]. In our study we have estimated the activity of ALDH with
the substrate for class I ALDH (cytosolic). However, none of
the 3 isoflavonoids administrated orally affected liver alcohol
dehydrogenase or aldehyde dehydrogenase activities, as it was
reported for intraperitoneal administration [21].
When we demonstrated the stimulation of ALDH activity
by the consumption of green tea, other authors showed the inhibition of cytochrome P450 2E1 activity under similar conditions
[11]. Among the compounds in green tea, the most effective
cytochrome P450 2E1 inhibitor was epigallocatechin gallate.

Discussion
The main findings of our study are that chronic ethanol
consumption significantly increased the liver ALDH activity in
young and adult rats and that drinking ethanol with green tea
by rats at each age did not change this activity when compared
to the ethanol alone group. These data concerning the effect
of ethanol consumption on the activity of enzymes involved in
ethanol metabolism are in conflict with some of the literature.
Some previous reports have found an increase of ALDH activity in the rodent liver cytosol, mitochondria and microsomes
following chronic administration of alcohol [14,15]. Previous
works by Guerri et al. also reported a 2-fold increase in the liver
ALDH of ethanol fed rats (for 7 week) [16]. As Vaananen et
al. noted, even 12 weeks consumption of ethanol did not cause
histological changes in the rat liver parenchyma [15]. However,
despite the lack of parenchymal lesions they observed an
increase in low Km aldehyde dehydrogenase. In our study, the
rats were fed with an ethanol liquid diet for 4 weeks and we did
not observe changes in liver histology. In a more recent study,
Vidal et al. reported that chronic alcohol abuse reduced ALDH
activity (mainly low K m form) in patients with alcoholic cirrhosis
but did not depress ALDH activity in patients without alcoholic
liver diseases [17]. It has been established that increases in the
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The activation of the MEOS system following chronic ethanol
consumption generates free radicals. The green tea antioxidant
potential has been attributed to a free radical scavenging effect.
Thus, drinking green tea may cause the inhibition of one pathway (MEOS) and the activation of another pathway (ALDH)
for hepatic ethanol elimination (our study). The induction of
ALDH activity in the liver of rats drinking tea was observed in
young and adult rats but not in the old animals. This discrepancy
might been caused by differences in ALDH activity at various
ages. In partial support of this hypothesis, the activity of ALDH
in the old control rats was much higher than the activity in the
young and adult animals. Taking into account that the acetaldehyde is the most toxic product generated during ethanol
metabolism, these findings suggest that the older subjects have
the better defence against the negative consequences of alcohol
abuse than the younger subjects.

Conclusions
We conclude that the consumption of green tea following
chronic ethanol administration did not prevents the changes in
the hepatic activity of ALDH in the rats at each age.
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Abstract

Introduction

Purpose: To perform a comparative study of two types
of vagotomy: trunctal vagotomy (TV) and highly selective
vagotomy (HSV) effects on pancreatic morphology assessed
with light microscope and ultrastructural changes assessed
with electron microscope in rabbits 30, 90 and 180 days after
the vagotomy.
Material and methods: The experiments were carried out
on 89 male Popielno white rabbits, aged 4-6 months, 2.5 to
3.0 kg of body weight. On the 30th, 90th and 180th day after
the vagotomy, rabbits were sacrificed and the pancreases
were taken for the light and electron microscopic evaluation.
Results: The regressive changes coexisting with adaptive
like renewal of epithelial cells and mild interstitial fibrosis
resulting from vagotomy were more pronounced in the early
post-operative period and tended to normalize in the later
post-operative one. All the changes seen in post-operative
period were more prominent after TV than after HSV.
Conclusions: Both truncal and highly selective vagotomy
affects evidently the morphology and ultrastructure of the
pancreas in rabbits however the changes after the first
procedure were more advanced than after the latter one.
The intensity of the changes is highest early after these
operations and tend to normalize in the later post-operative
period.

Key words:

highly selective vagotomy, truncal vagotomy,
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The vagal cholinergic pathways play an important role in
neurohormonal regulation of pancreatic function. The morphological changes of the pancreas, as a result of vagotomy,
for surgical treatment of peptic ulcer have not been adequately
investigated.
A decreased size of pancreatic acini and the edema of
beta islet cells occurring within the first weeks following total
vagotomy with pylorotomy in rats have been described [1].
Lorenz et al. [2] observed a decreased size of pancreatic acini
and increased number of alpha cells of the islets 5 weeks after
total vagotomy, whereas 3 weeks after operation their number
may be significantly reduced in rats.
According to Staszyc and Królikowska-Prasał [3], vagotomy
adversely affects the metabolic processes in the pancreas,
which manifests with abnormal enzymatic activity. Islet cells
were found to regenerate earlier than acinar cells, as it was
supported by histochemical examination. Moreover, during the
early post-operative period the truncal vagotomy was found to
influence the neurogenic secretion. Following truncal vagotomy,
the number of zymogen granules was initially decreasing, but
subsequently increased in the rats.
Our own experiments performed in dogs, evaluating the
morphological and histochemical changes in the pancreas
resulting from different types of vagotomy: truncal, and highly
selective, showed that the degree of the abnormalities was highest during the early post-operative period. In later periods, the
severity of morphological and histochemical changes decreased.
The most significant structural abnormalities were observed
after truncal vagotomy [4].
In the available literature we could find neither an
ultrastructural evaluation of the pancreas following different
types of vagotomy, nor the assessment of its influence on the
endocrine and exocrine function of this organ. The observations of the neurological changes in the pancreas, as a result of
vagotomy, are not consistent. Radke and Stach [5-7] did not find
any ultrastructural changes in the pancreatic neurons, which
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Table 1. Experimental and control groups of rabbits
Duration of the experiment (days)
Type of vagotomy

30

90

180

Number of animals
Highly selective vagotomy

11

13

11

Total vagotomy

7

12

10

Control I (sham operation)

3

3

3

Control II ( no operation)

7

5

4

is inconsistent with the findings of Shashirina [8]. The trophic
effect of truncal vagotomy on the rat pancreas, manifesting itself
by an increased weight of the organ, was described by Koop et
al. [9], Tiscornia et al. [10] and Büchler at al. [11].
The gastrointestinal complications of vagotomy, known
from the clinical practice, may result from total or partial parasympathetic denervation. Most of gastrointestinal complications
are well known to develop directly after the surgery, and to be
of transient nature [3,12-14]. Evaluation of such complications
in humans is difficult due to the lack of possibility of morphological, histochemical and ultrastructural assessment in the postoperative period. Therefore, reasonable animal experiments
could be helpful to explain the pancreatic complications of the
vagotomy. The results of such experiments should be applied
with caution in the clinical practice, however, they could bring
some clinical implications, allowing the appropriate therapeutic
or prophylactic intervention.
Considering the different extent and selectivity of parasympathetic denervation of the stomach and as the consequence of
the pancreas after different types of vagotomy the morphological alterations of the pancreas could be less or more advanced
Therefore the aim of the study was to perform a comparative assessment of the influence of different types of vagotomy:
truncal vagotomy (TV) and highly selective vagotomy (HSV) on
the morphology and ultrastructure of the rabbit pancreas after
30, 90 and 180 days following truncal vagotomy and highly selective vagotomy.

Material and methods
The experiments were carried out on 89 male Popielno
white rabbits, aged 4-6 months, with body weight varying from
2.5 to 3.0 kg. The animals were housed in standard laboratory
conditions (room temperature, daily light, natural food and tap
water ad libitum). The care was provided according to current
guidelines for the use of laboratory animals and experiment was
performed according to the updated Helsinki Declaration. The
study received an approval of local bioethics commission. The
animals were allocated to 2 experimental and 2 control groups,
depending on the type of vagotomy (Tab. 1).
The rabbits were fasted overnight before experiment with
free access to tap water. Atropine sulphate was administered
subcutaneously in the dose of 0.1 mg per kilogram of body
weight. The general anaesthesia was induced by an openmethod inhalation with purified ethyl ether. Central superior
laparotomy was then performed. In the animals from the con-

trol group I (sham operation) laparotomy was performed and a
loose catgut ligature was placed on the trunk of the vagus nerve,
while no surgery was performed in the control group II.
Total vagotomy was performed by cutting the vagus nerve
approximately 0.5 cm below the diaphragm. To perform the
highly selective vagotomy after dissection and ligation of blood
vessels, the laminae of the lesser omentum were cut approximately 0.5 cm to the lesser curvature of the stomach, with a cut
leading from the oesophagus towards the pylorus, reaching the
border between the body and the pyloric cavity. Next the small
branches leading from the lesser curvature of the stomach to
the anterior and posterior groups of the branches of the vagus
nerve were cut. This technique saved the branches supplying the
celiac plexus, the liver and the pancreas. The abdominal cavity
was then closed with two layers of dexon “0” interrupted noose
sutures.
The animals were sacrificed on day 30th, day 90th or
day 180th after the surgery, and immediate laparotomy was
performed with dissection of the pancreas for morphological
examination. The weight of the organ was also examined.

Light microscopy
The specimens for morphological examination in the light
microscopy were taken from the left and the right portion of
each pancreas. The material was fixed for 15 days in a 10% neutral formaldehyde solution; then dehydrated and embedded in
the paraffin. The paraffin slices were stained with hematoxylin
and eosin (H&E)

Electron microscopy
Following the truncal and highly selective vagotomy in
rabbits, specimens for electron microscopy were collected from
two random animals in each experimental group (a total of 18
experimental + 4 control specimens).
Small specimens of the rabbit pancreases were stabilized at
room temperature, in a 4% glutaraldehyde solution in 0.1 M
cacodylate buffer at pH=7.4, for six hours. Scraps were then
rinsed for 12 hours in 0.1 M cacodylate buffer at pH=7.4; the
buffer solution was changed three times during this process.
Subsequently, the preparations were additionally stabilized in
a 1% OsO4 water solution in 0.1 M cacodylate buffer at pH=7.4,
for two hours, at the temperature of 4°C. The preparations were
then dehydrated in a series of ethanol solutions of increasing
concentration (30%, 50%, 70%, 90%, 96%, 99.8%), a mixture of
propylene oxide and Spurr resin, a series of volume proportions
1:2, 1:1, 2:1, and twice in pure propylene oxide. Preparations
were then covered with Spurr Low Viscosity resin.
Contrast-enhancement of ultra-thin preparations in 8% uranyl acetate solution for 45 minutes and then for ten minutes in
plumbum citrate solution, according to Raynolds, was applied.
Semi-thin slices, 0.75 m, were stained in a 1% methylene blue
with 1% Azur II solution in 1% water solution of borax. The
preparations were evaluated and photographic documentation
was made using a TESLA BS-500 electron microscope.

Statistical analysis
The results are descriptive, therefore the statistical analysis
is not applicable.
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Figure 1. EM – in acinar cells of the rabbit pancreas, 30 days
after TV, we can notice slight widening of smooth and rough
endosplasmatic reticulum channels, single myelin figures
(arrow) and phagosomes (F). Zymogen granules (Z) have normal
ultrastructural feature. Ultimate magnification: x18 000

Figure 2. EM – in one of the cells of the exocrine rabbit pancreas, 90 days after TV, the numerous autophagy vacuoles (AF)
containing the material of moderate free-electron density, cell
organelles, paracrystalline structures (P) and myelin figures (M)
could be seen. In remaining cells there are numerous zymogen
granules (Z), and in all cells an abundant rough endosplasmatic
reticulum (S) with slight focal broadening of the channels could
be noticed. Ultimate magnification: x14 000

AF
M
Z

AF
S

F

P

F

Results
Histological changes
Light microscopy findings comprised foci of dyschylic
edema observed in individual rabbits. Another finding was foci
of fibrosis within the parenchyma of the pancreas. It needs to
be emphasized that – similarly to light microscopic findings
– dyschylic edema was found more frequently at earlier postoperative stages. The degree of the phenomenon in the early
post-operative period was not very severe. Focal fibrosis of various severity occurred occasionally, similarly to the microscopic
findings described above.

Ultrastructure of the rabbit pancreas after the truncal
vagotomy (TV)
Thirty days after truncal vagotomy the enlargement of the
intercellular spaces, mainly in the exocrine portion of the pancreas, was observed. Within the cytoplasm of the exocrine cells
the proliferation and enlargement of tubules of the smooth-surfaced endoplasmic reticulum, mitochondrial edema, numerous
myelin figures and autophagic vacuoles were found. Occasionally, myelin figures were found within the enlarged intercellular
space, and sometimes within the concavities of the nucleus,
filled with cytoplasm. The number and the electron density of
zymogen granules varied. Occasionally the degradation resulting in the occurrence of myelin figures in the affected granules
could be observed (Fig. 1). Besides this ultrastructural features
of extensive protein synthesis were observed in numerous cells,
including enlargement of the rough-surfaced endoplasmic
reticulum tubules, filled with fine fibrous contents and a conspicuous Golgi apparatus. Within the endocrine component
of the gland, the ultrastructural findings involved mainly the
increased number of granules, observed most frequently in type
B cells. Numerous fibroblasts surrounding the blood capillaries

were observed, accompanied by fine fibrous matter and collagen
fibres.
Ninety days after TV the alterations in the exocrine portion
of the pancreas resembled those observed 30 days following the
surgery, but were less severe. Large autophagic vacuoles were
more frequent, containing cell fragments, crystal-like structures
and numerous, well-developed tubules of the rough-surfaced
endoplasmic reticulum (Fig. 2). In some endocrine cells, mostly
type B islet cells, a focal degeneration of the granules was seen.
Within the intercellular space, especially in the vicinity of blood
vessels, the bundles of collagen fibres, active fibroblasts and
macrophages were found. Occasionally, loose cell fragments
were detected within the intercellular space, which suggests
damage to the cell membranes.
One hundred eighty days after TV a variable, usually big
number of zymogen granules in the cells of the exocrine portion
of the pancreas and ultrastructural features of extensive protein synthesis were observed. Some cells contained numerous
autophagic vacuoles and only few zymogen granules. Sporadically, signs of colliquative necrosis was observed in the exocrine
cells (Fig. 3). Increased number of granules was observed in type
A, B and D endocrine cells, but especially in B cells the granules
were markedly condensed and contracted. These changes were
accompanied by a marked mitochondrial edema. However, in
most cases, the endocrine cells of the pancreatic islets showed
a normal ultrastructural pattern. Intercellular spaces, especially
the pericapillary area, often contained active fibroblasts and
bundles of collagen fibres.

Ultrastructure of the rabbit pancreas following highly
selective vagotomy (HSV)
Thirty days after HSV a variable number of zymogen
granules of various electron densities was observed in the cells
of the exocrine portion of the pancreas. Enlargement of the
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Figure 3. EM – focal colliquative necrosis of pancreatic acinar
cells after 180 days from TV. Numerous autophagy vacuoles
(AF) are visible. Ultimate magnification: x15 000

Figure 5. EM – marked increase of the number of zymogen
granules 90 days after HSV. Visible swelling of mitochondria
(arrows). Ultimate magnification: x14 000

AF

AF

Figure 4. EM – in beta cell of the rabbit pancreas, 30 days after
HSV, shrunk endocrine granules and lysosomes (L) can be
noticed. In exocrine pancreas there is a myelin figure (arrow)
and abundant rough endosplasmatic reticulum. Ultimate magnification: x16 000

L

L

rough-surfaced endoplasmic reticulum, filled with fine fibrous
contents, was a common finding. Moreover, in the cytoplasm
of those cells autophagic vacuoles were observed, containing
membranous convolutions resembling myelin figures, fragments
of organelle and fine granular material. In the endocrine cells,
especially type B cells, condensed and contracted granules as
well as individual myelin figures were observed (Fig. 4). No
fibrosis was detected in the evaluated specimens.
Ninety days after HSV the alterations resembled those
described in the previous group, but they were significantly
less severe. Autophagic vacuoles were occasionally seen in the
cytoplasm of the cells of the exocrine portion of the pancreas.
Myelin figures could be also observed in the enlarged intercellular space. Well-developed rough-surfaced endoplasmic
reticulum, filled with fine fibrous material was seen in many

cells of the exocrine portion of the organ. The number and the
electron density of the zymogen granules varied. In certain cells,
especially those equipped with granular endoplasmic reticulum,
zymogen granules were not seen at all, whereas in other cells the
number of such granules was moderate or marked (Fig. 5). In
the endocrine cells, especially type B cells, condensed and contracted granules as well as myelin figures, secondary lysosomes
and autophagic vacuoles were found. Chaotically distributed
collagen fibres and fragments of fibroblasts were seen in the
intercellular space and the interstitium, especially in the vicinity
of blood capillaries.
One hundred eighty days after HSV large autophagic vacuoles and myelin figures were only occasionally observed in the
cytoplasm of the exocrine portion cells. Individual exocrine cells
containing condensed and fragmented nuclear chromatin as well
as dark cytoplasm, which might suggest apoptotic processes, were
found. Cells with well-developed rough-surfaced endoplasmic
reticulum, containing fine fibrous matter in ergastoplastic cisterns, were a frequent finding. Numerous pores of the nuclear
membrane were observed. The number of zymogen granules,
their shape and density varied. Exceptionally alpha (glycogen)
granules were seen in the cytoplasm of the cells of the endocrine
part of the pancreas. Some cells, mostly type B islet cells, contained contracted granules and numerous secondary lysosomes.

Discussion
Vagotomy, a conservative surgical procedure used for the
treatment of peptic ulcer, remains the subject of experimental
research, aimed at the explanation of the enzymatic and hormonal relations and structural changes within the gastrointestinal
tract, especially the pancreas, as possible consequences of the
surgery. Disturbances concerning innervation of the pancreas and
blood supply to the organ result in trophic changes [9,11]. Radke
and Stach [5-7] did not find any ultrastructural changes in axons
and organelle of the sympathetic and parasympathetic neurons
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(vesicles, mitochondria, microtubules) at 14 days and 5 months
after truncal vagotomy in dogs. However, Shashirina [8], while
evaluating the morphological changes in the neural system of the
pancreas of the guinea pig after vagotomy, described chromatolysis and edema in most neurons evaluated 7 days after the surgery
and increased number of atrophic cells 14 days after operation.
The size of neurons, found to be increased 7 days after surgery,
decreased again on day 14th after vagotomy. Similar changes
were observed in the nucleus. Sixty days after surgery morphometric indices of neurons were comparable to those observed in
the control group. According to this author three post-operative
stages can be distinguished for truncal vagotomy:
1. alterations related to disturbed functioning of the cell (7
days after the surgery),
2. destructive changes (approx. 14 days after the surgery),
3. compensatory changes and recovery (60 days after the
surgery) [8].
Both Büchler et al. [11] in rats after truncal vagotomy
accompanied by pyloroplasty and Koop et al. [9] in rats after
truncal vagotomy, observed increased weight of the pancreas.
However, they did not find any morphological differences in
the exocrine pancreas before and after the operation. The concentrations of DNA and trypsin in homogenized pancreas were
increased, but the activity of lipase was found to be decreased
in both experiments. Similarly, Tiscornia et al. [10] observed
a trophic effect of truncal vagotomy in rats on the exocrine
part of the pancreas, accompanied by an increased activity of
lipase and unchanged activity of other enzymes. This may prove
that the pancreas is controlled by numerous secretory stimuli,
which equilibrate abnormal secretion in the early post-operative period. In the early post-operative period (up to 5 months)
vagotomy affects also the systems responsible for controlling
of the glucose concentration in the blood. The vagus nerve, by
stimulating the secretion of insulin, inhibits glycogenolysis.
Koop et al. [9] in their morphometric assessment of the
endocrine component of the pancreas of rats after truncal
vagotomy, described a relative decrease of the size of this
portion in favor of the exocrine portion. The total number of
endocrine cells remained unchanged. It suggests a trophic effect
of truncal vagotomy on the exocrine, but not on the endocrine
portion of the pancreas. In rats, the number of alpha islet
cells was found significantly reduced at 3 weeks after truncal
vagotomy, while this number was increased at 5 weeks after the
surgery. The alpha/beta cell ratio was 1:2 in control animals, 1: 5
in experimental animals in 1st week after the surgery, and 1:1 in
the 3rd week after the surgery [2]. Truncal vagotomy, apart from
its direct effect on the gland cells, affects them by influencing
the blood supply, as the pancreatic interstitium – the stroma of
the organ – responds to vagotomy with alterations of its enzymatic activity, similarly to the gland tissue.
Available literature indicates on gastrin and the vagus nerve
as the two factors bearing most responsibility for the integrity of
the mucous membrane of the stomach [15,16]. The function of
endocrine cells in the gastrointestinal tract also remains under
control of gastrin and the vagus nerve [6,17].
The light and electron microscopy of the peptic cells in
patients before and one year after highly selective vagotomy did
not show any significant differences within those cells [18].

No ultrastructural alterations were found in the neurons
of the submucous ganglions of the intestine of the pig on day
1 after truncal vagotomy. From 3rd day to 5th day after the
operation some presynaptic axons of the submucous neurons
showed various degree of degeneration. The signs of degeneration involved mostly edema, mitochondrial vacuolization with
broken mitochondrial crests, as well as clustering of synaptic
vesicles. The 7th day after operation, further degeneration of
terminal axons was found. On the 10th day following the surgery
the described changes reached their maximal severity, and subsided 30 days after vagotomy. No differences were observed in
the number of the axons between day 10th and day 30th after
operation. These findings were more frequent as a result of left
as compared to right vagotomy.
Huchtebrock et al. [19] observed signs of degeneration of
internal pancreatic nerves after truncal vagotomy, resection of
the solar and the superior mesenteric ganglions, and a combination of the two procedures. Sixty days after the surgery the
hypertrophy of nerve fibers was observed, however, the integrity
of the internal pancreatic ganglions remained unaffected. The
concentrations of substance P (SP) and neuropeptide Y (NPY)
decreased significantly after the denervation, despite the fact
that the peptidergic nerves had not been damaged neither by the
truncal vagotomy, nor the ganglionectomy, nor the combination
of the two procedures. The canine pancreas should be thought
to posses peptidergic innervation, independent, except for SP
and NPY, of the integrity of the extrapancreatic nerves [19].
Our own studies in dogs did not reveal any significant
changes of the pancreas weight as a consequence of truncal and
selective vagotomy, compared to control animals [11]. However,
in the group of rabbits, 180 days after truncal and highly selective
vagotomy, the weight of the organ was significantly increased
[20,21]. Our own studies, similarly to other authors [6,11,12],
may prove that functional, but not morphological changes of the
pancreas are the most significant consequences of vagotomy in
the early post-operative period.
The above described electron microscopy findings in rabbits, as well as light microscopy, indicate that:
1. The changes resulting from vagotomy are more pronounced in the early post-operative period.
2. The changes resulting from vagotomy tend to normalize
in the later post-operative period.
3. The effects could be mainly of functional nature, including, among others, increased protein synthesis as an
electron microscopy finding.
4. Regressive changes coexist with adaptive changes,
renewal of epithelial cells and mild interstitial fibrosis;
those alterations were seen in all post-operative stages,
and were more prominent after TV than after HSV.
5. The evolution of the alterations in the pancreas, evaluated by means of light and electron microscopy, correlates with the neurological complications of vagotomy in
the pancreas, described by Shashirina [8].
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Abstract
Purpose: To assess effects of NF- B activation inhibitor (pyrrolidine dithiocarbamate – PDTC) alone or with
endothelins (ET-1, ET-2, ET-3) in early course of cerulein
-induced acute pancreatitis (AP) in rats.
Material and methods: After 4 h of AP in Wistar rats,
treated with PDTC 10 or 40 mg/kg or with PDTC 10 mg/kg
and ET-1, ET-2 or ET-3, 0.5 or 1.0 nmol/kg twice i.p. in 1 h
interval, free active trypsin (FAT), total potential trypsin
(TPT) and lipase in 12 000 x g supernatants of pancreatic
homogenates, plasma -amylase and histological changes
were assayed. %FAT/TPT was an index of trypsinogen activation.
Results: %FAT/TPT significantly increased to 12.42±
2.14%, lipase to 5.51±0.84 U/mg protein and -amylase to
28.5±5.61 U/mL in AP vs 1.96±0.31%, 1.29±0.11 U/mg
and 5.80±1.38 U/ml in healthy control. Higher dose PDTC
attenuated trypsinogen activation to 3.01±0.53% and -amylase to 15.3±1.38. PDTC and ET-1 attenuated %FAT/TPT to
2.55±0.18% with lower and 2.34±0.44% with higher dose.
ET-3 was less effective than ET-1: 6.76±0.46% with lower
dose. Lower doses of ET-1 and ET-2 with PDTC, diminished
lipase activity to 2.60±0.36 and 2.94±0.33.
Conclusions: Cumulative attenuation of trypsinogen
activation after lower dose of PDTC and ET-1 approximated
the effect of higher dose of PDTC. Additional effect of ET3 was weaker than ET-1, and ET-2 was ineffective in this
respect. The combination of this NF- B activation inhibitor
and ET-1 could be beneficial in early course of edematous
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AP by attenuating of trypsinogen activation. However, it
should be treated with caution because of some unfavorable
effects on histological scores of pancreatic injury.
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Introduction
Both, premature activation of trypsinogen and an impairment of pancreatic microcirculation are thought to play an
important role in the pathogenesis of acute pancreatitis (AP)
[1,2]. In recent years a pivotal role of transcriptional nuclear
factor- B (NF- B) activation in the onset of acute pancreatitis
with consecutive expression of inflammatory mediators has been
postulated [3,4]. Rapid activation of NF- B in acute taurocholate pancreatitis in rats, accompanied by an increase of TNFgene expression and its inhibition by blocking free radicals
formation has been observed [5]. A direct activation of NF- B
within the pancreas increased the infiltration of neutrophils to
the pancreas and caused extensive damage to the acinar cells [6].
On the contrary, the inhibition of NF- B activation with antioxidants: pyrrolidine dithiocarbamate or resveratrol improved the
course of taurocholate pancreatitis in rats [7,8].
In mild, cerulein (cholecystokinin analog)-induced AP,
the NF- B activation was correlated with the degradation
of its inhibitor I B and followed by a rapid appearance of
NF- B/Rel binding activity [9]. In NF- B deficient mice, the
cerulein-induced pancreatitis was attenuated as evidenced by
the reduction of oxidative stress and enzymatic markers [10].
Selective inhibition of NF- B binding activity or its nuclear
import and unspecific inhibition of NF- B activation, mostly
by the reduction of lipid peroxidation, also ameliorated the
tissue injury in cerulein-induced pancreatitis [11-14]. There
are essential controversies on the relationship between NF- B
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and trypsinogen activation in cerulein- or cholecystokinin
(CCK)-induced AP. Some authors [15,16] are of opinion, that
NF- B and trypsinogen activation, although temporally closely
related, are independent events, whereas others suggest,
that intracellular activation of trypsinogen may contribute to
NF- B activation [17].
In severe, necrotizing AP, a pancreatic capillary flow
decreased by half during 6h, whereas in mild, cerulein-induced
AP it increased almost twice after 3h and remained elevated
throughout 6h experiment [18]. The role of endothelins (ETs),
an endothelium-derived potent vasoactive peptides, in AP
remains not fully elucidated. ETs family consists of three isoforms: ET-1, ET-2 and ET-3. ET-1 is a ligand of two receptors:
ETA – responsible for vasoconstriction and ETB – linked mostly
to vasodilation [19,20]. All forms of endothelins reduced significantly pancreatic blood flow in healthy dogs and rats, however
ET-1 was much more effective than ET-2 or ET-3 on a molecular basis [21,22]. Some authors reported a beneficial effect of
ETA receptor blockade and harmful effect of exogenous ET-1
[23,24]. On the contrary, Kogire et al. [25] found a protective
effect of ET-1 in cerulein-induced AP on histological changes
and a detrimental effect of selective ETA receptor antagonist in
this model of AP. In our own study, both selective ETA receptor
antagonist and nonselective ETA/B antagonist do not exert any
positive effects on early course of cerulein-induced AP and even
some undesired effects on pancreatic histological changes were
noted [26]. On the other side, all forms of endothelins (ET-1,
ET-2 and ET-3) decreased inflammatory cell infiltration and
attenuated trypsinogen activation in the pancreas in this model
of AP [27].
Above data could suggest some positive effects of combined
NF- B inhibition and endothelins in early course of cerulein-induced AP. Therefore, the purpose of present study was to
assess the cumulative effect of NF- B activation inhibitor – pyrrolidine dithiocarbamate (PDTC) and exogenous endothelins
(ET-1, ET-2 and ET-3) on trypsinogen activation, enzymatic
(pancreatic lipase and plasma -amylase) and histological
changes in early course (4h) of cerulein-induced acute pancreatitis in rats.

Material and methods
Animals
The experiments were carried out on 65 male Wistar rats,
weighing 240-300 g, housed individually in wire bottomed cages
in a room temperature of 21±1°C using a 12 hours light – dark
cycle. The animals were given a standard rat chow diet and fasted
overnight before the experiment with free access to water. The
care was provided in accordance with the current procedures for
the care and use of laboratory animals. The protocol has been
approved by the local Bioethical Commission.

Induction of acute pancreatitis
Acute cerulein pancreatitis was induced according to the
method of Yamaguchi et al. [28]. The rats were injected i.p.
with cerulein (Sigma Chemical Co., St. Louis, MO, U.S.A.) at
a dose of 40 g/kg of body weight (b.w.) twice in 1 hour interval.

In control rats, only solvent of cerulein (0.9% NaCl) was given
i.p. In the treated rats, the solution of respective endothelins in
0.9% NaCl was given i.p. twice, simultaneously with cerulein.
A solution of pyrrolidine dithiocarbamate (PDTC) in 0.9%
NaCl was added to the first injection of cerulein.

Experimental design
Rats were subdivided into 10 groups as follows:
Group I. Control group (C), healthy rats, receiving only
saline (0.9% NaCl) i.p. at time 0 and 1 hour later
(n=7).
Group II. Rats with cerulein-induced untreated acute
pancreatitis (AP). The solution of cerulein in equivalent
volume of saline was given i.p. at 0 time and 1 hour later
(n=9).
Group III. Rats with cerulein-induced AP treated with
PDTC at a dose of 10 mg/kg b.w. i.p. once, simultaneously with the first dose of cerulein (n=7).
Group IV. Rats with cerulein-induced AP treated with
PDTC at a dose of 40 mg/kg b.w. i.p. once, simultaneously with the first dose of cerulein (n=6).
Group V. Rats with cerulein-induced AP, treated with PDTC
at a dose of 10 mg/kg b.w. i.p. once, as in the group III
and ET-1 at a dose of 0.5 nmol/kg b.w i.p. twice, in 1 h
interval, simultaneously with cerulein (n=6).
Group VI. Rats with cerulein-induced AP, treated with
PDTC at a dose of 10 mg/kg b.w. i.p. once, as in the
group V and ET-1 at a dose of 1.0 nmol/kg b.w. i.p.
twice, as in the group V (n=6).
Group VII. Rats with cerulein-induced AP, treated with
PDTC at a dose of 10 mg/kg b.w. i.p. once and ET-2 at
a dose of 0.5 nmol/kg b.w. i.p. twice, as in the group V
(n=6).
Group VIII. Rats with cerulein-induced AP, treated with
PDTC at a dose of 10 mg/kg b.w. i.p. once and ET-2 at
a dose of 1.0 nmol/kg b.w. i.p. twice, as in the group V
(n=6).
Group IX. Rats with cerulein-induced AP, treated with
PDTC at a dose of 10 mg/kg b.w. i.p. once and ET-3 at
a dose of 0.5 nmol/kg b.w. i.p. twice, as in the group V
(n=6).
Group X. Rats with cerulein-induced AP, treated with
PDTC at a dose of 10 mg/kg b.w. i.p. once and ET-3 at
a dose of 1.0 nmol/kg b.w. i.p. twice, as in the group V
(n=6).
The volume of 0.9% NaCl as a solvent was equilibrated in all
rats to 3 ml/kg and 2 ml/kg b.w. during the first and the second
injection respectively.

Preparation of pancreatic homogenate and
the plasma
Four hours after the first cerulein injection (or 0.9% NaCl in
C group) a general anesthesia was induced with i.p. ketamine at
a dose of 40 mg/kg b.w., supported by pentobarbital at a dose of
20 mg/kg b.w. The blood samples were taken to the heparinized
syringe by the cardiac puncture and the rats were sacrificed by
decapitation. The pancreases were quickly excised, freed from
the peripancreatic tissues and weighed. For light microscopy,
representative specimens of the pancreas were fixed and the
sections were stained with hematoxylin and eosin.
The remaining portion of the pancreas was processed
according to Yamaguchi et al. [28], meaning it was homogenized
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in four volumes of ice-cold, 50 mmol/L Tris-HCl buffer (pH
8.0), containing non-organic detergent Triton X-100, 0.5% (v/v)
during 1 min by 3 full up and down strokes using a motor driven
glass-Teflon homogenizer (Thomas Scientific, New Jersey,
U.S.A.) cooled with ice. The resulting homogenate was sonified
for 20 seconds in an ice bath using Vibra cell, model VC 50,
Sonics and Materials Inc., Danbury, CT, U.S.A. (frequency 20
kHz and amplitude 70). The volumes were then adjusted giving
10% homogenates, placed on ice for 20 min for further extraction of the enzymes, and then centrifuged at 12 000 x g for 20
min at 4°C. The supernatants were used for the assays of trypsin
activity performed within 6 hours. The remaining portions of the
supernatant were frozen at -80°C, for the assay of lipase activity
and protein concentration.
The samples of heparinized blood were centrifuged at
4 000 rpm with cooling to 4°C, the resulting plasma was collected
and frozen at -80°C for the assay of -amylase activity.

Table 1. Free active trypsin (FAT), total potential trypsin (TPT)
and the index of trypsinogen activation (%FAT/TPT) in the
supernatants of pancreatic homogenates in early (4h) ceruleininduced acute pancreatitis (AP) untreated and treated with
NF- B activation inhibitor pyrrolidine dithiocarbamate (PDTC)
and different endothelins (ET-1, ET-2. ET-3) vs control group (C)
in rats. Means ±S.E.M. are reported

Group

No

Histological examination
Ten slides from 5 rats from each group (50 slides per group)
stained with hematoxylin and eosin (H&E) were evaluated at a
magnification of 200 x in light microscopy by an expert pathologist (A. A.), who was not familiar with the experimental code
at this time. The edema, inflammatory infiltrate, necrosis and
vacuolization were scored from 0 to 3 degrees of severity according to Kyogoku et al. [30]. Generally, the interstitial edema was
scored as follows: 0=absent; 1=expansion of interlobular septa;
2=expansion of intralobular septa; 3=separation of acini. The

TPT
g/mg
protein

%FAT/
/TPT

I

Control (C)
(n=7)

0.219
±0.029

11.80
±1.27

1.96
±0.31

II

AP untreated
(n=9)

1.265•••
±0.103

11.51
±1.18

12.42•••
±2.14

III

AP+PDTC 10 mg/kg
(n=7)

1.507
±0.486

15.92*
±1.26

10.50
±3.70

IV

AP+PDTC 40 mg/kg
(n=6)

0.434***
±0.065

15.33
±1.38

3.01
±0.53

V

AP+PDTC 10 mg/kg + ET-1
2 x 0.5 nmol/kg (n=6)

0.394***
±0.106

15.19*
±0.83

2.55***
±0.18

VI

AP+PDTC 10 mg/kg + ET-1
2 x 1.0 nmol/kg (n=6)

0.385***
±0.064

16.73**
±0.98

2.34***
±0.44

VII

AP+PDTC 10 mg/kg + ET-2
2 x 0.5 nmol/kg (n=6)

1.169
±0.241

11.95
±1.21

10.78
±2.56

VIII

AP+PDTC 10 mg/kg + ET-2
2 x 1.0 nmol/kg (n=6)

1.116
±0.200

11.86
±0.65

9.24
±1.22

IX

AP+PDTC 10 mg/kg + ET-3
2 x 0.5 nmol/kg (n=6)

0.918
±0.144

13.24
±1.56

6.76*
±0.46

X

AP+PDTC 10 mg/kg + ET-3
2 x 1.0 nmol/kg (n=6)

0.773
±0.197

11.13
±0.62

6.88
±1.68

Biochemical assays
1. Trypsin activity: free active trypsin (FAT) and total
potential trypsin (TPT) in the supernatants of pancreatic
homogenates were estimated according to Yamaguchi et al.
[28] with this exception that N -p-tosyl-L-arginine methyl ester
hydrochloride (TAME) 1 mmol/L was used as a substrate and
the absorbance of released product was estimated at 247 nm
wave length in an automatic spectrophotometer Pye Unicam SP
505 (Cambridge, U.K.) as in our previous study [29].
Total potential trypsin (TPT) in the supernatants was
estimated after activation of trypsinogen with enterokinase in
1:1 dilution in 50 mmol/L Tris-HCl buffer (pH 8.0) for 30 min
at 37°C. The freshly prepared working solution of enterokinase
contained 2 mg of enzyme/mL of the same buffer [28]. The time
of this activation proved to be sufficient for maximal activation.
The activity was expressed in g of trypsin/mg of protein by
comparison with the calibration curve of increasing concentrations of bovine trypsin, type I. The %FAT/TPT ratio served as an
index of trypsinogen activation [28].
2. Lipase activity in the supernatants of pancreatic homogenates was assayed with tributyrin (1,2,3-tributylglycerol) as
a substrate and with the pehametric method using autotitrator
(Radiometer, Copenhagen, Denmark) and 0.2 mol/L NaOH, as
in our previous study [29].
3. -amylase activity in the plasma was assayed with colorimetric method with soluble starch as a substrate as in our previous study [29].
All reagents, with the exception of soluble starch were purchased from Sigma Chemicals Co., St Louis, MO, U.S.A.

FAT
g/mg
protein

Statistical significance of differences
between untreated AP group and control group: P<0.001•••,
P<0.01••, P<0.05•;
between treated AP groups and untreated AP group: P<0.001***,
P<0.01**, P<0.05*.

inflammatory infiltrate: 0=absent; 1=less than 20 neutrophils
per field; 2=20-50 neutrophils; 3=more than 50 neutrophils per
field. Parenchymal necrosis: 0=absent; 1=less than approximately 5%; 2=5-20% ; 3=more than 20% of the involved area.
The vacuolization: 0=absent; 1=less than 20% of acinar cells
with vacuoles per field; 2=20-50%; 3=more than 50%.

Statistical analysis
The results of biochemical assays are reported as means
±S.E.M. and after performing an F test for the equality of variances, the means were compared using the t test for unpaired
data. The differences with P<0.05 were considered statistically
significant.

Results
Tab. 1 illustrates the activities of trypsin and the index of
trypsinogen activation in the supernatants containing enzymes
extracted using organic detergent Triton X-100. FAT in cerulein-induced, untreated AP group has been shown to be 5.8 times
higher than in the control group (P<0.001), whereas TPT was
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similar in both groups. In the groups with AP treated with lower
dose of PDTC, a slight decrease of FAT was not significant,
whereas TPT was elevated by 38% (P<0.05) in comparison to
AP untreated. In the group with AP treated with higher dose of
PDTC, FAT achieved only 34% of its value from untreated AP
group (P<0.001). A slight elevation of TPT was not significant.
The combined treatment with lower dose of PDTC and lower or
higher dose of ET-1 attenuated FAT elevation to about 30% of
its value from untreated AP group (P<0.001). Simultaneously,
TPT was increased by 32% (P<0.01) and by 45% (P<0.001)
respectively in comparison to untreated AP. The combined
treatment with lower dose of PDTC and both, lower and higher
doses of ET-2 or ET-3 affected significantly neither FAT nor
TPT in comparison to the untreated AP.
The index of trypsinogen activation (%FAT/TPT) in the
untreated AP group was markedly (6.3 times) higher than in
control group (P<0.001). Interestingly enough, lower dose of
PDTC did not affect significantly the trypsinogen activation,
whereas higher dose of PDTC attenuated it to 24% of its value
from untreated AP (P<0.01). It is noteworthy, that combined
treatment with lower dose of PDTC and both doses of ET-1
resulted in strong attenuation of trypsinogen activation to the
values close to that seen after higher dose of PDTC (P < 0.001).
The combined treatment of AP with lower dose of PDTC and
both doses of ET-2 did not affect significantly the trypsinogen
activation in comparison to untreated AP group. The attenuating effect of combined PDTC and ET-3 treatment at both doses
on the trypsinogen activation to about 55% of its values from
untreated AP was significant (P<0.05) only for lower dose of
ET-3 (Tab. 1).
The activity of lipase in the supernatant of pancreatic
homogenate from untreated AP was about four times elevated
in comparison to control group (P<0.001). The treatment with
lower dose of PDTC did not affect this activity, whereas after
higher dose of PDTC, it was even higher than in untreated AP
(P<0.05). Only combined treatment with lower dose of PDTC
and lower doses of ET-1 or ET-2 attenuated significantly the
increase of pancreatic lipase in AP to 47% (P<0.01) and to
53% (P<0.05) respectively in comparison to untreated AP
group. The plasma -amylase in untreated AP was five times
higher as compared to control group (P<0.001). In treated AP
groups, only higher dose of PDTC decreased plasma -amylase
activity to 54% (P<0.05) of its value from untreated AP group
(Tab. 2).
As can be seen in Tab. 3, the increase of edema, inflammatory cell infiltration, necrosis and vacuolization scores after
supramaximal cerulein stimulation supports the development
of AP. Some shift towards higher scores of edema, necrosis and
vacuolization in AP treated with both doses of PDTC can be
observed. This trend was even more evident for the necrosis
and vacuolization scores after higher dose of PDTC. However,
it does not concern the inflammatory infiltration scores, where
slight reverse tendency can be seen. The addition of ET-1 at
both doses seemed to ameliorate the edema and vacuolization
scores in AP treated with lower dose of PDTC, but not below
AP untreated, without such an effect on the necrosis scores.
More evident positive shift of inflammatory infiltration scoring after addition of higher dose of ET-1 to PDTC can be seen.

Table 2. Lipase activity in the supernatants of pancreatic
homogenates and plasma -amylase in caerulein-induced acute
pancreatitis (AP) untreated and treated with NF- B activation
inhibitor pyrrolidine dithiocarbamate (PDTC) and different
endothelins (ET-1, ET-2, ET-3) vs control group (C) in rats.
Means ±S.E.M. are reported

Group

No

Lipase
U/mg protein

-amylase
U/mL

I

Control (C)
(n=7)

1.29
±0.11

5.8
±1.38

II

AP untreated
(n=9)

5.51•••
±0.84

28.5•••
±5.61

III

AP+PDTC 10 mg/kg
(n=7)

5.41
±0.80

24.6
±3.62

IV

AP+PDTC 40 mg/kg
(n=6)

8.69*
±0.77

15.3*
±1.38

V

AP+PDTC 10 mg/kg + ET-1
2 x 0.5 nmol/kg (n=6)

2.60**
±0.36

25.8
±1.84

VI

AP+PDTC 10 mg/kg + ET-1
2 x 1.0 nmol/kg (n=6)

4.56
±1.54

27.7
±6.40

VII

AP+PDTC 10 mg/kg + ET-2
2 x 0.5 nmol/kg (n=6)

2.94
±0.33

19.7
±3.04

VIII

AP+PDTC 10 mg/kg + ET-2
2 x 1.0 nmol/kg (n=6)

3.61
±0.72

26.8
±2.69

IX

AP+PDTC 10 mg/kg + ET-3
2 x 0.5 nmol/kg (n=6)

4.46
±0.95

30.1
±2.86

X

AP+PDTC 10 mg/kg + ET-3
2 x 1.0 nmol/kg (n=6)

4.41
±1.07

31.9
±5.79

Statistical significance of differences
between untreated AP group and control group: P<0.001•••,
P<0.01••, P<0.05•;
between treated AP groups and untreated AP group: P<0.01**,
P<0.05*

Slight decrease of edema scoring in AP after addition of both
doses of ET-3, but not ET-2 to PDTC can be observed, however
it remains worse than in untreated AP. The addition of ET-2
and ET-3 does not improve generally the unfavorable effects of
lower PDTC dose on the acinar cells necrosis and vacuolization
scores in untreated AP. On the contrary, some amelioration of
inflammatory infiltration scoring can be seen after addition of
ET-2 and ET-3 to lower dose of PDTC in AP, especially after
lower dose of ET-3 (Tab. 3).

Discussion
Our study shows, that pyrrolidine dithiocarbamate (PDTC)
at a dose of 10 mg/kg, known to inhibit almost completely the
NF- B activation, does not attenuate significantly the trypsinogen activation in cerulein-induced AP in rats, but does it markedly at a dose of 40 mg/kg. This higher dose increases the lipase
activity in the pancreas but decreases plasma -amylase activity
in AP – the effects not observed after lower dose of PDTC.
Beside of enzymatic changes, both doses of PDTC slightly
and to a similar extent aggravated the edema, acinar necrosis
and vacuolization scores in AP, whereas the inflammatory cell
infiltration seemed to be alleviated. The addition of ET-1 at two
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Table 3. The incidence of histological changes of the pancreas, scored at 0-3 scale* in early (4h) cerulein-induced acute pancreatitis (AP)
untreated and treated with NF- B activation inhibitor pyrrolidine dithiocarbamate (PDTC) and different endothelins (ET-1, ET-2, ET-3)
vs control group (C) in rats
No

I
Control
(C)
(n=7)

II
AP untreated
(n=9)

Edema
score

0
1
2
3

44
6
0
0

0
12
25
13

0
7
10
33

0
5
20
25

0
5
30
15

1
4
29
16

0
6
15
29

0
0
20
30

0
7
21
22

0
7
20
23

Inflammatory infiltration
score

0
1
2
3

47
3
0
0

3
22
19
6

6
27
15
2

10
25
12
3

4
27
15
4

13
24
13
0

11
25
10
4

0
41
6
3

10
33
7
0

6
32
9
3

0
1
2
3

50
0
0
0

25
21
4
0

11
37
2
0

15
24
11
0

15
32
3
0

15
31
4
0

20
29
1
0

16
31
3
0

18
29
3
0

14
31
5
0

0
1
2
3

48
2
0
0

0
21
14
15

0
0
18
32

0
0
5
45

0
9
16
25

2
23
9
16

2
8
16
24

0
12
2
36

0
4
9
37

0
3
11
36

Group

Necrosis
score

Vacuolization
score

III
IV
V
VI
VII
VIII
IX
X
AP+PDTC AP+PDTC AP+PDTC AP+PDTC AP+PDTC AP+PDTC AP+PDTC AP+PDTC
10 mg/kg
40 mg/kg 10 mg/kg + 10 mg/kg + 10 mg/kg + 10 mg/kg + 10 mg/kg + 10 mg/kg +
(n=7)
(n=6)
ET-1, 2x0.5 ET-1, 2x1.0 ET-2, 2x0.5 ET-2, 2x1.0 ET-3, 2x0.5 ET-3, 2x1.0
nmol/kg
nmol/kg
nmol/kg
nmol/kg
nmol/kg
nmol/kg
(n=6)
(n=6)
(n=6)
(n=6)
(n=6)
(n=6)

*according to Kyogoku et al. [30] from 50 fields per group are reported

doses, 0.5 or 1.0 nmol/kg b.w. i.p. at 1 h interval to the treatment
with lower dose of PDTC attenuated trypsinogen activation to
that seen after higher dose of PDTC. Lower dose of ET-1 added
to PDTC attenuated significantly the lipase activity in the pancreas without any evident effect on plasma -amylase activity in
AP. Lower dose of ET-1 added to lower dose of PDTC does not
affect appreciably histological changes seen after PDTC alone.
Higher dose of ET-1 added to lower dose of PDTC does not
affect appreciably the necrosis scoring in comparison to PDTC
alone, but some amelioration of edema, inflammatory infiltration and vacuolization can be seen.
The addition of ET-2 to PDTC treatment in AP does not
exert evident favorable effects on the changes seen after PDTC
alone, with the exception of decreasing influence on pancreatic
lipase activity and a positive shift of necrosis score after lower
dose of ET-2. The addition of ET-3 to PDTC treatment in
AP resulted in the attenuation of trypsinogen activation, but
to lesser degree than after ET-1 and in slight amelioration of
necrosis and inflammatory scoring after lower dose of ET-3.
Generally, the inhibition of NF- B activation by PDTC in rats,
despite the extent of trypsinogen activation, leads to slight
aggravation of edema, pancreatic acinar cells necrosis and vacuolization but not the inflammatory infiltration in the early (4h)
course of cerulein-induced AP in our present study.
Early changes occurring within the first 30 min after the
supramaximal cerulein stimulation, leading to AP, include the
colocalization of lysosomal hydrolases with digestive zymogens
in cytoplasmic vacuoles, intraacinar cell activation of trypsinogen and activation of NF- B [31,32]. In next hours of cerulein-induced AP, the accumulation of neutrophils [33] and oxidative

stress [34] gain an increasing role in acinar cells injury. The activation of NF- B depends on the phosphorylation and proteolytic
degradation of its inhibitors I B and I B . Beside early direct
effect of cerulein hyperstimulation, another factor contributing
to NF- B activation could be the inflammatory cell infiltration,
which becomes pronounced after 2-3 hours of cerulein AP. It
is of interest, that known antioxidant, N-acetylcysteine inhibits
both NF- B and trypsinogen activation [3], suggesting an important role of the oxidative stress for both these mechanisms of the
pancreatitis progression.
More extensive studies on isolated pancreatic acini have
shown that either stimulation or inhibition of acinar cell
NF- B activation did not affect trypsinogen activation. On the
other hand, the trypsin activity is not necessary for the NF- B
activation by supramaximal stimulation with cholecystokinin.
However, the inhibition of NF- -B activation by preincubation
with inhibitors of the trypsin activity suggests indirect role of this
transcriptional factor in the development of cerulein-induced
AP. Known antioxidant, pyrrolidine dithiocarbamate (PDTC)
at the concentration of 10 mmol/L strongly inhibits both NF- B
and trypsinogen activation in isolated pancreatic acini [15,17]
Taking into account the key role of NF- B in the expression
of proinflammatory cytokines and their reciprocal effect on the
NF- B activation [6,11,17], it is obvious, that selective inhibition
of NF- B DNA-binding activity [11] or specific inhibition of its
translocation into the nucleus by a nuclear import inhibitory
peptide [12] could ameliorate the severity of cholecystokinin-induced AP. A controversy exists on the effect of less specific
inhibitors of NF- B activation, like PDTC. We have chosen
this agent basing on its positive effects in taurocholate acute
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pancreatitis (TCA) in rats at a dose of 10 and 100 mg/kg,
abolishing the NF- B activation in the peritoneal and alveolar
macrophages. Lower dose of PDTC injected i.p. 1 hour or just
before induction of TCA pancreatitis significantly improved
the survival rate. Nevertheless, no significant differences were
found in the increase of serum -amylase or in the histological
changes of the pancreas [7].
In cerulein-induced AP in rats, PDTC administered i.p.
at a dose of 10 mg/kg, one hour before cerulein injection
inhibited NF- B activation in acinar cells. Unexpectedly, the
serum -amylase and LDH (lactic dehydrogenase) activities
were significantly higher at 4h of AP, than after cerulein alone.
Moreover, histological changes were aggravated after 24 hours.
The authors suggest, that despite the proinflammatory effect of
NF- B/Rel activation, this factor can regulate a self-defending
genetic program to prevent a higher degree of the damage to the
pancreatic acinar cells. Therefore the final results of the PDTC
dependent inhibition of NF- B activation could be detrimental
in rats [9]. On the contrary, in cerulein-induced AP in mice,
pretreatment with PDTC at a dose of 30 mg/kg i.p., significantly
ameliorated histological changes in the pancreas 6h after the
induction of AP [14]. It means, that the effect of PDTC in cerulein-induced AP could be a species dependent.
Our present study have shown that PDTC slightly aggravated the scores of acinar cell injury already in early (4h)
cerulein-induced AP in rats both at a dose of 10 and 40 mg/kg
b.w., despite the strong attenuation of trypsinogen activation by
higher dose of PDTC. Therefore, despite the beneficial effect
of PDTC in taurocholate pancreatitis in rats [7] and it doubtless
positive effect against NF- B activation and mob-1 chemokine
expression in isolated pancreatic acini [35], the application of
this compound in the mild cerulein-induced AP to depress the
NF- B activation requires further evaluation.
In our previous study, we have found an attenuating effect
of endothelins on trypsinogen activation in cerulein-induced
AP in rats with concomitant improvement of inflammatory
infiltration score after higher dose of ET-1 and to lesser extent
after higher dose of ET-2 and ET-3. However, it did not prevent
other morphological aspects of pancreatic acinar cell injury as
slight elevation of necrosis and vacuolization scores after lower
dose of ET-2 and ET-3 [27]. In this study, we have used the same
doses of endothelins and additionally PDTC at a dose of 10 mg/
kg. It appears that only cumulative effect of PDTC and lower
dose of ET-1 towards attenuation of increased trypsinogen
activation was higher than the effect of ET-1 alone (P<0.001).
PDTC even depreciated the effect of both doses of ET-2 and
higher dose of ET-3 against the trypsinogen activation. The
accentuated cumulative effect of PDTC and higher dose of ET-1
to alleviate the inflammatory infiltration and pancreatic acinar
cell vacuolization deserves further attention.
There are still controversies on the role of endothelins in AP.
Liu et al. [24] observed, that ET-1 administered as a bolus after
induction of cerulein AP caused a dose-dependent increase of
pancreatic acinar cell damage. On the other hand, Kogire et al.
[25] found, that the application of ET-1, infused simultaneously
with supramaximal dose of cerulein, resulted in less advanced
inflammatory cell infiltration and a decrease in the pancreatic
edema index. A secondary stimulation of prostacyclin produc-

tion by ET-1 has been suggested for this positive effect. In fact,
in our previous study, we have found a protective effect of the
prostacyclin analog in taurocholate AP in rats [36]. Our present
study supports some protective effects of endothelins, which can
be not sufficient to abrogate some unfavorable effects of PDTC
administration, excluding some positive effects of higher ET-1
dose.
Lipase is known factor in the damage to isolated pancreatic
acinar cells to a degree similar to the action of chymotrypsin
[37]. The increase of its activity in pancreatic tissue of the rats
with cerulein-induced AP treated with higher dose of PDTC
over its value in untreated AP, in our study, could participate
in the exacerbation of histological changes. On the contrary, its
decrease after combined treatment with PDTC and lower dose
of ET-1 could be observed, together with marked attenuation of
trypsinogen activation. However, these positive trends had no
appreciable beneficial influence on histological scores of the
pancreatic injury.
In conclusion, the combined treatment of cerulein-induced
acute pancreatitis in rats with PDTC and ETs resulted in the
attenuation of trypsinogen activation, especially evident in the
case of ET-1. The index of trypsinogen activation after ET-1 and
lower dose of PDTC was especially diminished and close to the
effect of higher dose of PDTC alone. A slight alleviation of the
inflammatory cell infiltration in the pancreas was also noted in
groups treated with PDTC alone and in combination with ETs.
However, some unfavorable shift of the histological scores of
edema and pancreatic acinar cell injury could be observed.
Therefore, the application of PDTC to inhibit the NF- B activation in cerulein-induced acute pancreatitis just in rats appears
to be questionable, because of other unfavorable effects. Nevertheless, concomitant application of ET-1 could partly counteract
these effects.
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Abstract
In the present paper, fundamental issues related to the
mechanisms of human red blood cells’ physiological water
exchange with the plasma (for the stationary conditions)
have been discussed. It has been demonstrated, on the basis
of mechanistic transport equations for membrane transport
that red blood cells are capable of exchanging considerable amounts of water with the plasma. Water absorption
is osmosis-driven, and its removal occurs according to the
hydromechanics principle, i.e. is driven by the turgor pressure of red blood cells. This newly-acquired knowledge of
these issues may appear highly useful for clinical diagnosis
of blood diseases and blood circulation failures.

Key words:

human red blood cells, cell membrane, water
exchange, cytoplasm, plasma, transport equations.

Introduction
Human red blood cells, like any other living cells of the
human body, must continue to exchange water, as well as other
solutes, with their surroundings. To be precise, the erythrocytes must absorb water as well as other necessary dissolved
substances from the plasma (i.e. their surroundings), and
simultaneously remove both water and redundant metabolites.
This physiological exchange of water and dissolved substances
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occurs across the erythrocyte cell membrane, with its active
participation. It must be stressed here that the mechanisms of
this exchange appear to be highly complex [1-7]. This complexity
is markedly heightened by the processes related to erythrocyte
participation in the removal of carbon dioxide from the entire
body, and the supply of oxygen to all the body’s living cells.
These very problems appear to be very sophisticated, difficult to
investigate and little known.
In the present article, which initiates a certain research cycle
concerning these issues, we shall necessarily limit our considerations to the issues of red blood cells’ exchange of water only with
the plasma. We shall be here interested in the so-called stationary water exchange, i.e. the exchange which occurs with the red
blood cells maintaining constant volumes (V=const.). This
restriction of the research problem results from the fact that the
non-stationary exchange (V const.) may be explained on the
basis of the equations of the Kedem-Katchalsky (KK) thermodynamic formalism [8,9]. However, with the help of these equations, it is not possible to interpret the stationary water exchange
[10]. This is caused by the fact that in the KK formalism one
does not go into the microscopic structure of porous membranes, whereas real membranes do have specific structures.
In fact, the membranes are porous. They have certain pores
(channels) which are permeable to water and other solutes.
Moreover, porous membranes may be divided into homogeneous and heterogeneous [11-15]. A membrane is homogeneous
in terms of transport properties if its pores do not vary in their
linear dimensions (cross-section radiuses). A membrane, in
turn, whose pores do vary in their linear dimensions, is to be
treated as heterogeneous. At this point, it must be explained
that cell membranes, erythrocyte cell membranes included, are
increasingly perceived as heterogeneous porous structures [1627]. Under the circumstances, for the purposes of investigation
into the stationary physiological water exchange by human red
blood cells, the equations of the mechanistic substance transport formalism [11-15] shall be applied. These equations apply
unrestrictedly to any porous membranes, both homogenous and
heterogeneous ones.
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These mechanistic transport equations have the following
forms:
JvM(1)=Lp P – Lp

1)

jsM=

2)

or

Figure 1. Model of an erythrocyte cell and its surroundings (M
– replacement cell membrane; CSi, CS0 – concentrations; Pi, P0
– mechanical pressures; rW and rS – molecule radiuses of water
and the solute; rnmax – maximum pore radius; V – cell volume;
Jva = Jvwa, Jvb; Jvwb, Jvsb = JvsM – flows)

+(1– )csLp P

d

JvsM= dVs

+(1– )csVsLp P

where JvM is the volume flow; JvsM and jsM are solute flows; Lp,
and d are coefficients (of filtration, reflection and diffusion
permeability of the solute); P and
– pressure differences
(mechanical and osmotic); cs 0.5(C1+C2) – mean concentration
of the concentrations C1 and C2; V is the solute molar volume.
The flow JvM is given by the formula:

(a)
na
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r1=rw
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(Surroundings)

M
Jva=Jvwa
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(b)
nb

Pi>

rs
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Jvb=Jvwb+Jvsb

P0

Jvsb=JvsM
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A
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r N

(3)
while (4)
(5)

r

JvM=Jva+Jvb
Jva=Lpa P – Lpa

,

Jvb=Lpb P,

where Jva=Jvwa is the volume flow of water which permeates across the semi-permeable pores of the membrane, whose
filtration coefficient amounts to Lpa. The flow Jvb, in turn, is the
volume (hydromechanical) flow of the solution pumped across
the permeable pores of the membrane (permeable to water
and a given solute). The parameter Lpb here is the filtration
coefficient of these permeable pores. Within the mechanistic
transport formalism, the following relations are satisfied:
(6)

Lp= Lpa + Lpb,

(7)

Lpa= Lp,

(8)

Lpb=(1– ) Lp

and (9)

=(1– )csLp

d

By applying the equations for mechanistic transport formalism, we shall demonstrate in the present paper that human
red blood cells can, under stationary conditions, exchange
considerable amounts of water with the plasma. This adds a new
dimension to the investigations into stationary water exchange
by living cells. This aspect of the research appears to be very significant from the medical viewpoint, especially in the diagnosis
of blood disease as well as blood circulation failure.

Cell membrane as heterogeneous porous
structure
The cell membrane performs several functions which are
fundamental to the cell’s life. One of these pertains to controlled water permeability. The fundamental character of this
function results from the fact that each living cell – in order to

live – must (as has been stated in the Introduction) continue
to exchange water with its surroundings. This exchange occurs
across the cell membrane, and with its active participation. In
this context, attention must be drawn to the fact that in the light
of the progressing biophysical and biomechanical research, the
cell membrane is increasingly perceived as a porous structure.
Namely, it has certain channels (pores) which are permeable to
water. By these pores, we mean the channels created by transport proteins (aquaporins) [5-7,18-21], the pores created by
some antibiotics [5,6,27], as well as the pores which occur in the
lipid bilayer (Korohoda [22]). The porous structure of the cell
membrane is also provided by ion channels across which (when
open) ions may permeate. Suffice it to say at this point that these
channels have hydrophilic inner walls and are filled with water
[5-7,20,23,25,26]. In view of this, they should be permeable to
water (when open), as well as to certain fine-molecule solutes.
From the above-quoted works, it follows that the pores of
the cell membrane which are permeable to water vary in their
linear dimensions. Consequently, this membrane may be treated
as a heterogeneous porous structure. That pertains also to the
cell membrane of human erythrocytes.

Research system.
Equation describing water absorption
In order to consider the issue of stationary water exchange
by human red blood cells, let us consider a model research
system as presented schematically in Fig. 1. In this system, the
investigated erythrocyte is found in the plasma which constitutes its surroundings. In order to facilitate the solutions, let us
assume that the entire cell membrane of the erythrocyte (which
has the number N of pores with varying linear dimensions) is
represented by the replacement membrane M, which is located
to the right of the cell. In this membrane, all the pores (N) have
been, for the sake of the model, arranged in such a way that the
smallest of them (r1 rw) are found at the top, while the largest
ones rNmax– at the bottom. Let us also assume that the inside of
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the erythrocyte is actively penetrated by the volume flow JvsA of
a certain given solute (s). Let the radius rs of this solute’s molecules be contained in the value interval r1<rs<rNmax.
In the situation at issue, the membrane M may, in accordance with the idea of the mechanistic membrane transport
formalism [11-15], be ascribed with the filtration coefficient
Lp, the reflection coefficient
(contained in the interval
0< <1) as well as the diffusion permeability coefficient d for
the substance (s). It can also be divided into part (a) which contains na semi-permeable pores impermeable to the substance
(s), and part (b) which contains nb=N – na of pores permeable
to the molecules of the said substance. We can also ascribe to
these parts the filtration coefficient Lpa and Lpb, as well as the
reflection coefficient a=1 and b=0 respectively [11-15]. In
connection with the existence of the flow JvsA, it is legitimate to
assume that the concentration Csi of the substance (s) inside the
cell is greater than the concentration Cs0 of this substance in the
surroundings (Csi>Cs0). Consequently, on the membrane M, the
concentration difference Cs=Csi– Cs0 will appear, and so will
the osmotic pressure difference
= RT (Csi– Cs0). Driven by
the pressure difference
, water shall permeate into the cell,
causing an increase in the mechanical pressure Pi inside the cell.
Under stationary conditions, Pi shall be constant and greater
than the pressure P0, which occurs in the cell’s surroundings
(Pi>P0). Suffice it to say that under stationary conditions, on the
membrane, a constant osmotic pressure difference shall appear
( =const.), together with the constant mechanical pressure
difference ( P=Pi– P0=const.).
The volume flow Jvwa of water (w), which permeates across
part (a) of the membrane, is given by the formula:
Jva=Jvwa=Lpa P–Lpa

Table 1. Figures and calculation results for cell membranes of
human erythrocytes

No

Solute Lp x 1012
(s)
[m3/N·s]

I

II

III

IV

1

Ethylene
glycol

0.92

2

Urea

1.27

0.55

Vs x 103
[m3/mol]

Source

V

VI

Jvwa x 108 Jvwb x 108
[m/s]
[m/s]
VII

VIII

Katchalsky
0.63 0.0566 and Curran
[9]

-5.29

5.29

Sha’afi and
0.042 Gary-Bobo
[24]

-7.77

7.77

Other data: Csi=150 [mol/m3]; Cso=50 [mol/m3]; cs=100 [mol/m3];
R=8.3 [N·m/mol·K]; T=300 [K]

Hence, having made allowances for the expression (7), we
have:
(13)

Jvb=(1– )Lp P.

In the mechanistic formalism for membrane transport, the
flow Jvb is given by the formula:
(14)

Jvb=Jvwb+Jvsb,

where Jvwb is the volume flow of water (w), and Jvsb – the
volume flow of the solute (s). Therefore, due to introducing the
notation Jvsb=JvsM, the formula (14), having taken into account
the expression (13), assumes the following form:

.
(15)

Considering the formula (7) as well as the formula below,
quoted from the work [16], i.e.:
(10)

since JvsM=jsMVs.
Hence, having made allowances for Eqs. (2), (10) and (15),
we finally find the sought expression for the flow Jvwb of the
water removed by the cell. Its form is as follows:

we obtain
(16)

.

(11)

This is the sought formula for the flow Jvwa of water absorbed
from the surroundings by the erythrocyte.

Equation describing water removal
In order to consider the problem of water removal by the
investigated model erythrocyte (which functions under stationary conditions, i.e. at constant volume), let us consider the volume flow Jvb which permeates across Part (b) of the membrane
M (Fig. 1). The reflection coefficient of this part of the membrane amounts to b=0, and the volume flow which permeates
across it is given by the formula:
(12)

Jvb=Lpb P.

Results of quantitative research into
water exchange by red blood cells
For the purposes of the present paper, the most reliable
experimental figures pertaining to transport properties of the
human erythrocytes have been selected from literature. The
results of this papers have been presented in Tab. 1, and they
comprise the numerical values of filtration coefficients Lp and
reflection coefficients
of these cells’ membranes for two
solutes (ethylene glycol and urea). These figures have been
quoted after Katchalsky and Curran [9], as well as Sha’afi and
Gary-Bobo [24]. They concern cell membranes of statistical
human erythrocytes and may be considered encyclopaedic data.
By applying these data, as well as the formulas (11) and (16), the
numerical values of the flows Jvwa of the absorbed water and the
flows Jvwb of the removed water for the investigated membranes
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have been calculated. These values have been entered into columns VII and VIII of Tab. 1 respectively.
The obtained values for these flows are relatively large. This
testifies to the fact that – in order to perform their life functions
– red blood cells must, and can, continue to absorb and remove
relatively large amounts of water. Water absorption occurs
according to the osmosis principle, and removal is driven by the
turgor pressure of the erythrocytes.

Conclusions
If the red blood cells of the human body are to be able to
perform their life functions, they must (just like any other living
cells of the body) continue to absorb water from their surroundings, and simultaneously remove it into these very surroundings.
Within the present paper, we have shown – by applying the
mechanistic equations for membrane transport of substances
– that human red blood cells are capable of exchanging considerable amounts of water with the plasma under stationary
conditions (at its constant volume). Water absorption occurs
according to the osmosis principle. Its removal, in turn (realized
simultaneously with its absorption), is driven by turgor pressure
of the erythrocytes. This interpretation of mechanisms of this
exchange is a complete novelty. The following work opens some
new research possibilities.
The Authors of the present paper believe that the herein
discussed research results may be of interest and significance
not only in the medical and cognitive fields, but also in terms
of their clinical aspect. The comprehension of the biophysical
mechanisms of physiological absorption and removal of water
(as well as a variety of solutes) by red blood cells may prove
extremely useful for the diagnosis of blood diseases and circulation disorders. A more detailed consideration of these subjects
will be presented in the next paper concerning regulation of
physiological water exchange between human red blood cells
and plasma.
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Abstract

Key words:

Purpose: The purpose of present study was to investigate
the effect of metabolic substrate pyruvate and -adrenergic
agonist isoproterenol and combination of these agents on
the force- and relaxation-frequency relationship in human
heart failure.
Material and methods: The experiments were performed
on isolated human ventricle strips from patients undergoing
cardiac corrective open heart surgery, using conventional
method of registration of electromechanical activity. The
stimulation frequency of myocardial strips was 0.2, 0.5, 1.0,
1.5, 2.0, 2.5 and 3.0 Hz.
Results: In control, i.e. at perfusion of myocardial strips
by Tyrode solution and stimulation frequency 1 Hz, the contraction force (F) was 0.94±0.18 mN, half time of relaxation
(tr) – 178.8±9.3 ms (n=12). Pyruvate (10 mmol/L) increased
F to 176.0±13.4%, tr – 104.6±3.1% (n=8, p<0.05) vs control. By the action of isoproterenol (10-5 mol/L) F increased
to 122.1±10.2%, tr decreased to 58.9±3.1% (n=4, p<0.05)
vs control. The relationship of F and tr from stimulation
frequency in the absence of pyruvate and isoproterenol was
negative. Pyruvate and isoproterenol didn’t alter the shape
of force-frequency relationships but F was augmented at all
stimulation frequencies. The positive inotropic effect of isoproterenol was potentiated by pyruvate.
Conclusions: Pyruvate and isoproterenol alone can
improve cardiac contractility in wide-range of stimulation
frequency. The combination of these inotropic agents results
in even more effective increase of contractile performance
and therefore may be of therapeutic value in heart failure.
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Introduction
The main feature of failing human myocardium is a decline
of contraction force caused by disorders of cellular systems
regulating intracellular Ca2+ concentration, such as sarcolemmal L-type Ca2+ channel, Ca2+-ATPase, Na+-Ca2+ exchanger,
sarcoplasmic reticulum (SR) Ca2+-ATPase (SERCA2) and
phospholamban [1]. An informative indicator and convenient
methodical tool for evaluating the defects of behavior of these
systems and severity of contractile dysfunction, cardiac reserve
capacity and effectiveness of therapeutic agents is the forcefrequency relationship (FFR). Normal human heart exhibits
a positive FFR, i.e. increasing of pacing frequency augments
the contraction force of myocardium, while negative FFR is the
characteristic of failing myocardium [1,2]. It has been reported
that -adrenergic stimulation of failing human myocardium
increases the contractility and partly reverses the negative
FFR [2]. However, the increased energy demand (ATP) that is
observable during -adrenergic stimulation limits the efficiency
of this inotropic intervention in failing myocardium. It has been
recently shown that pyruvate, a natural aliphatic monocarboxylate and central metabolic intermediate in mammalian cells,
increases phosphorylation potential, improves contractility
and potentiates -adrenergic inotropism in failing human heart
[3,4]. However, the influence of pyruvate and combination of
pyruvate with -adrenergic agonists on the force-frequency relationship in human heart failure is not determined. The purpose
of present study was to investigate the effect of pyruvate and
isoproterenol and combination of these agents on the force- and
relaxation-frequency relationship in failing human heart.
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Figure 1. Influence of stimulation frequency on the contraction force (A) and relaxation time (B) in failing human myocardium: without
pyruvate and isoproterenol – curve 1, (n=12); in the presence of pyruvate (10 mmol/L) – curve 2, (n=8), or isoproterenol (10-5 mol/L)
– curve 3 (n=4), or pyruvate and isoproterenol – curve 4 (n=8) in Tyrode solution. Changes in contraction force and relaxation time are
given in % change from the basal value at 1 Hz
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Material and methods
The experiments were performed on strips of human ventricle myocardium from patients undergoing mitral or aortic
valve correction surgery in Department of Cardiosurgery of
Kaunas University Hospital. Isolated myocardium strips were
placed in an experimental chamber and superfused with oxygenated (100% O2) Tyrode solution (in mmol/L): NaCl 137,
KCl 5.4, CaCl2 1.8, MgCl2 0.9, glucose 5, Hepes 10, pH 7.4 at
36±0.5 °C. The stimulation frequencies was 0.2, 0.5, 1, 1.5, 2, 2.5
and 3 Hz, the duration of pulses – 2-5 ms, amplitude – twice the
diastolic threshold. Isometric contraction was recorded using
a linear force-displacement transducer (Harvard Apparatus,
U.S.A.). The action of pyruvate (10 mmol/L) and isoproterenol
(10-5 mol/ L) on the contraction force (F) and half time of
relaxation (tr) was investigated. Changes of parameters were
expressed in percentage in respect to control (Tyrode solution,
1 Hz). All values were presented as means ±SEM. The significance of data was assessed using Student’s t-test and the results
were considered significant at p<0.05.

Results
An average of contraction force of ventricular strips from
human failing heart was 0.94±0.18 mN, half time of relaxation
– 178.9±9.3 ms (n=12). After addition of pyruvate (10 mmo/L)
F increased to 176.0±13.4%, tr – 104.6±3.1% (n=8, p<0.05) vs
control. Isoproterenol (10-5 mol/L) increased F to 122.1±10.2%
and diminished tr to 58.9±3.1% (n=4, p<0.05) vs control.
The combination of pyruvate and isoproterenol resulted in an
increase of contraction force to 236.9±2.5% (n=8, p<0.05),
which was higher than the addition of the individual effects of
these agents. The half time of relaxation under the action of
these agents decreased to 67.7±2.4% (n=4, p<0.05) vs control.

0.5

1

1.5

2

2.5

3

1

Frequency (Hz)

Fig. 1 shows the influence of stimulation rate on the contraction force (A) and half time of relaxation (B) of ventricular strips
without (curve 1) and with pyruvate (10 mmol/L) (curve 2) or
isoproterenol (10-5 mol/L) (curve 3), or combination of these
both agents (curve 4) in Tyrode solution. In the absence of
pyruvate or isoproterenol the contraction force and relaxation
time slightly increased at low stimulation frequency (0.2-0.5 Hz)
and continuously declined at higher stimulation rate (curve 1 in
Fig. 1A and B, respectively). Pyruvate as well as isoproterenol
didn’t alter the shape of FFR, however, contraction force was
higher at all stimulation frequencies, as compared to untreated
muscles (Fig. 1A, curves 2 and 3, respectively). The combination
of these inotropic agents resulted in a more significant increase
of contraction force at investigated range of stimulation rate
as compared to their individual effects (Fig. 1A, curve 4). The
decrease of relaxation time at high stimulation rate was lesser
under the action of pyruvate and higher under the action of isoproterenol as compared to untreated muscles (Fig. 1B, curve 2
and 3 respecively). The less significant acceleration of relaxation
was observed by combination of pyruvate and isoproterenol as
compared to isoproterenol action alone (Fig. 1B, curve 4).

Discussion
The present study demonstrates that an increase of stimulation frequency reduced the contraction force and relaxation
time in failing human myocardium. The main cause of negative force-frequency relationship may be the alterations in the
intracellular Ca2+-handling caused by reduced activity of the
SERCA2 in failing myocardium [2]. The metabolic substrate
pyruvate and -adrenoceptor agonist isoproterenol didn’t alter
the shape of FFR, however, they improved contractile function
in wide-range of stimulation frequency in failing human myocardium. The main mechanisms by which pyruvate increases

The force-frequency relationship in human heart failure: effect of pyruvate and isoproterenol

contractility include the stimulation of SERCA2 activity and an
increase of SR Ca2+- uptake due to an increase in phosphorylation potential and free energy available from ATP hydrolysis
[4,5]. The positive effect of -adrenoceptor agonist isoproterenol can be explained by an increase in intracellular cAMP level,
phosphorylation of L-type Ca2+ channel and phospholamban
what removed the inhibition of SERCA2, increased Ca2+ load
in SR and contractility in failing myocardium [1,2]. Our results
show that the combination of these inotropic agents resulted in
a more effective increase of contractile performance in widerange of stimulation frequency. This effect may be interpreted
as a potentiation of -adrenergic inotropism by metabolic
substrate pyruvate due to improved cardiac energetic state in
failing human myocardium. We conclude that combination of
pyruvate and -adrenergic agents may be of therapeutic value
in heart failure.
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Abstract

Key words:

Purpose: The purpose of the present study was to determine whether extracellular osmotic pressure modulates
-adrenergic stimulation of the contraction force and
2
L-type Ca2+ current in human atrial myocytes.
Material and methods: Experiments were performed on
human atrial trabeculae and myocytes isolated from the
right atrium. The concentration dependent effect of salbutamol (SAL), a 2-adrenoreceptor agonist, on peak tension
(P) and L-type calcium current (ICaL) under isoosmolar (345
mOsm) and hyperosmolar (405 or 525 mOsm was achieved
by adding of mannitol) conditions was studied.
Results: Salbutamol (10 nmol/L - 10 mol/L) added to the
control solution increased P by 180.6±45.8 % over control
with a half-stimulation constant EC50 = 27±6 nmol/L. Under
isoosmolar conditions SAL (0.1÷103 nmol/L) increased ICaL
by 182.3±19.8% over control with an EC50 2.9±0.9 nmol/L.
In hyperosmolar solutions the same concentrations of
SAL increased P and ICaL by 57.2±12.6% and 217.2±70.5%
over control with EC50=640±260 nmol/L and 12±5 nmol/L
respectively.
Conclusions: These results indicated that hyperosmolarity reduced the effect of 2-adrenergic stimulation, i.e.
the dose-response curve of salbutamol on L-type calcium
current was shifted to the higher concentration range and
maximal increase in contraction force was diminished in
human atrial cells.

human atrium, salbutamol, contraction force,
L-type calcium current, hyperosmosis.

Introduction
The -adrenergic receptor system plays a major role in heart
failure. -adrenoreceptors ( -ARs) exist in the heart of various
animal species, including man, and relative amount of each
receptor subtypes may differ significantly depending on the
cardiac tissue, the animal species, the pathophysiological state
(many investigators demonstrated substantial loss of 1-ARs but
not 2-ARs in failing human hearts) and the age. The activation
of cardiac 1- and 2-ARs mediates inotropic, chronotropic and
lusitropic effects in the heart [1]. In some pathological states
such as ischemia swelling of myocardial cells is observed but
during reperfusion, apoptosis or blockade of sodium pump by
ouabain shrinkage of myocardial cells develops [2]. Alterations
of cell volume cause the deformation of cell membranes and the
underlying cytoskeletal network as well as changes of electrical activity and contractility in the heart [2,3,4]. However, it is
few known about dependence of -adrenergic stimulation of
contraction and L-type calcium current in myocardial cells on
extracellular osmolarity.
The purpose of the present study was to determine changes
of 2-adrenergic stimulation induced by hyperosmosis on contraction force and L-type calcium current in human atrium.

Material and methods
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The experimental pieces of human atrium were obtained
from the patient’s hearts undergoing coronary bypass surgery
in Department of Cardiosurgery of Kaunas University Hospital.
The procedure was approved by the Ethical Committee of the
University Hospital and conforms to the principles outlined in
the Declaration of Helsinki. The standard Tyrode solution was
(in mmol/L): NaCl 137, KCl 5.4, CaCl2 1.8, MgCl2 0.9, glucose

Changes of

-adrenergic stimulation induced by hyperosmosis in human atrium

2

Figure 1. Effect of salbutamol on the contraction force (A) and L-type calcium current (B) in human atrial preparations. A. 1 – doseresponse curve in the isoosmolar solution (n=8); 2 – dose-response curve in the hyperosmolar solution (n=4). B. 1 – dose-response curve
in isoosmolar solution (n=3); 2 – dose-response curve in hyperosmolar solution (n=5). The data are presented as a percentage of the
maximal response to the salbutamol effect
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5, Hepes 10; pH 7.4, pO2 (at 36-37oC) was 77-80 kPa, osmolarity
345 mOsm/L. Hyperosmosis (525 or 405 mOsm/L) was induced
by adding 180 or 60 mmol/L of mannitol to the standard Tyrode
solution.
The standard electromechanical activity and L-type calcium
current registration methods were used [5,6]. The effect of salbutamol on contraction force (P) and L-type calcium current (ICaL)
were measured at iso- and hyperosmolar conditions. The doseresponse curve was fitted using the Michaelis-Menten equation.
Values are means ±SE Student’s t-tests for data group
was used for statistical analysis. Differences were considered
significant if p<0.05.

Results
Under isoosmolar conditions salbutamol (10 nmol/L-10 mol/L), a selective agonist of 2-adrenoceptors caused
a potent positive inotropic effect on human atrial trabeculae. The maximal increase of contraction force (Pmax) was
180.6±45.8% (Fig. 1A, curve 1). The concentration of salbutamol required for half-maximal stimulation of contraction force
(EC50) was 270±60 nmol/L (p<0.05) (n=10). Under hyperosmolar conditions (525 mOsm/L) a basal contraction force was
decreased to 33.98±5.5% (p<0.001) versus isoosmolar conditions. In hyperosmolar solutions the dose-dependent effect of
salbutamol on contraction force was: EC50=640±260 nmol/L,
Pmax=57.2±12.6% (n=7) (p<0.05). Thus, under these conditions the efficacy of ARs stimulation was 3.14-fold lower
increase in contraction force, whereas the dose-response curve
was nonsignificantly shifted to the higher concentration range
(Fig. 1A, curve 2).
A cumulative dose-response curve for the effect of salbutamol on ICaL (0,1-103 nmol/L) in isoosmolar conditions is
presented in Fig. 1B (curve 1). Salbutamol increased ICaL with an
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EC50 value of 2.9±0.9 nmol/L and Emax=182.3±19.8% (n=3).
In hypertonic solutions dose-response curve of salbutamol
on ICaL is presented in Fig. 1B, (curve 2). EC50 and Emax were
12±5 nmol/L (p<0.05) and 217.2±70.5%, respectively (p<0.1)
(n=5), i.e. hyperosmolarity increased Emax not significantly, but
there was significant shift of dose-response curve to the higher
concentration range of salbutamol.

Discussion
-adrenergic stimulation of contraction force (P) and
L-type calcium current (ICaL) in myocardial cells is due to the
stimulation of adenylate cyclase and a consequent increase in
intracellular content of cAMP. cAMP activates protein kinase
A resulting in phosphorylation of several proteins involved in
the handling of calcium [1]. The same pathway fulfils action of
salbutamol as 2-adrenoceptor agonist.
During hypertonic cell shrinkage water is removed from
cells and accumulation of intracellular ions, such as [Na+]i,
[Ca2+]i, [H+]i occurres [4,7,8]. In hyperosmolar solution it
was shown the inhibition of the delayed rectifier K+ current,
increase of the outward-directed Na+-Ca2+ exchange current,
reduction ICaL [4,9] and shift of pHi to the alkaline, as well as to
acidic direction [7,8]. The development of P in cardiac muscle
is initiated by the binding of Ca2+ to troponin C. This initiation
is tightly coherent with [H+]i, i.e. protons competitively inhibit
the extent of Ca2+ binding. Negative inotropic effect of hyperosmolarity in our experiments believable was associated with
intracellular acidosis [7], and with inhibition of ICaL produced
by markedly enhanced of [Ca2+]i [9]. In shrunken myocytes, as
well as in control, salbutamol caused augmentation of ICaL. Less
effect of salbutamol on P in hyperosmolar solutions is due to the
shift of the dose-response ICaL curve to the higher concentration
range of the drug.
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In conclusion, our experiments showed that hyperosmosis
reduced the effect of -adrenergic stimulation, i.e. substantially
decreased the salbutamol stimulated contraction force and
shifted the dose-response curve of salbutamol on L-type calcium current to the higher concentrations range.
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Abstract

Key words:

Purpose: Our aim was to study the blood oxygen-carrying function during the oxidative stress with a modification
of the L-arginine-NO pathway.
Material and methods: Oxidative stress was induced by
intravenous administration of Escherichia coli lipopolysaccharide (LPS) to rabbits. To modify the L-arginine-NO pathway, animals were administered with NG-nitro-L-arginine
methyl ester intravenously 60 min after the LPS. Mixed
venous blood was sampled for evaluation of blood oxygen
transport before and at 120 and 240 min after the LPS
administration; tissue samples (heart, lung, liver, kidney
and muscle) were also prepared. The following parameters
were measured hemoglobin-oxygen affinity, concentrations
of conjugated dienes, Schiff bases, -tocopherol and activity
of catalase.
Results: During the NO synthase inhibition the oxidative stress was characterized by a shift of hemoglobin oxygen
dissociation curve rightwards, more prominent activation of
lipid peroxidation and decreased tissue levels of antioxidant
defense factors.
Conclusions: The inhibition of NO generation induces
a shift of prooxidant-antioxidant balance – obviously, not
only due its potentially high levels and reactivity with the
various target molecules (with a development of oxidative
stress), but also because of the lower contribution of other
factors including the hemoglobin-oxygen affinity change
into the body antioxidant potential.
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Introduction
Under the tissue steady-state conditions, the excessive
oxidant generation is counterbalanced by enzymatic and nonenzymatic antioxidants inside and outside the cells; thus the
some optimal level of prooxidant-antioxidant balance is created
[1]. If this balance is changed due to the excessive free radical
production and/or antioxidant system damage, the so-called
oxidative stress appears. Under this condition the excessive free
radical generation and non-specific tissue impairment occur
without a control by antioxidant mechanisms [2]. Experimental
evidence suggests that reactive oxygen species may be important
mediators of cellular injury during endotoxemia (induced by
LPS), either as a result of macromolecular damage or by interfering with extracellular and intracellular regulatory processes
[3].
Nitric oxide (NO) is thought to play a key role in the
pathogenesis of sepsis. Bacterial endotoxin induces the release
of many mediators, including NO, responsible for a late-phase
hypotension, vasoplegy, acidosis, hypoxia and multiorgan failure
[4,5]. NO is an important participant of this complex system of
prooxidant-antioxidant balance. NO is a free radical capable
both to ameliorate the oxidative injury (as a chain-terminating
radical scavenger) and to be the source of reactive nitrogen
species [6]. NO has the complex relationships with the free
oxygen radicals – both interaction (NO can react with O2*– to
generate a potent oxidant peroxynitrite) and competition (with
a development of oxidative or nitrosative stress in the biological
compartment) [7]. In a recent time the interactions between NO
and hemoglobin (Hb) were extensively investigated. Three main
NO-derivatives of Hb are known: methemoglobin, nitrosylhemoglobin (HbFe2+NO), and S-nitrosohemoglobin (SNO-Hb)
[8-10]. In a molecule of HbFe2+NO the NO moiety is a ligand
to ferrous heme, and SNO-Hb is a result of NO interaction with
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cysteine (93) of -globin chain [11,12]. The presence of different
hemoglobin-NO adducts can differently influence on the whole
blood hemoglobin-oxygen affinity (HOA). Methemoglobin
and SNO-Hb raise the HOA and HbFe2+NO decreases it.
Such modulation of the blood oxygen-binding properties may
be important for gas exchange and tissue oxygenation [13,14].
Our aim was to study the blood oxygen-carrying function during
the oxidative stress with a modification of the L-arginine-NO
pathway.

Material and methods
Animals
The adult male Chinchilla rabbits (n=21; body weight
2.5-3.1 kg) were kept for 2 weeks in a constant-climate environment with respect to temperature, humidity and daylight cycle.
Animals were fed on a laboratory diet with water and food ad
libitum until use and fasted overnight with free access to water
before the operation. Operation procedures were performed
between 8.00 and 12.00 to avoid the chronobiological variations.
All the experimental procedures described in this paper are in
accordance with the Guiding Principles for the Care and Use of
Animals accepted by the Ethical Committee of Grodno Medical
University.

lengths of 292 and 325 nm, respectively [16] with a spectrofluorimeter “F-4010” (Hitachi), using -tocopherol (Sigma) as
a reference. Catalase activity in the biological materials was
estimated by the decrease of hydrogen peroxide capable to form
a stable stained complex with molybdenum salts, with a spectrophotometer “C -46” at 410 nm [16].

Blood oxygen-carrying function
pO2 were measured with micro gas analyzer ABL-330
(Radiometer) at 37°C with the following correction to actual
temperature value. HOA was evaluated by p50 (blood pO2 at its
50% oxygen saturation) determined by the “mixing” method at
37°C, pH 7.4 and pCO2 40 mm Hg (p50stand) [17]. p50 at actual
pH, pCO2 and temperature (p50act) was calculated from p50stand
with Severinghaus’ formulas [18] using the temperature coefficient of 0.024. Oxygen dissociation curves of Hb (ODCs) were
calculated with Hill’s equation using n=2.8. The amounts of Hb
and methemoglobin were determined spectrophotometrically.

Measurement of plasma NO3 –/NO2 –

Plasma samples (50 l) were deproteinized by incubation
with 140 l of deionized H2O and 10 l of 30% ZnSO4 at room
temperature for 15 min. Samples were then centrifuged at
2 000 g for 10 min. Nitrate was converted to nitrite using cadmium beads, and nitrite was measured spectrophotometrically
[19].

Procedure
Animals were anesthetized with pentobarbital sodium (50
mg/kg). Sham-operated rabbits (1st group) received 1.0 mL
saline intravenously (n=5) served as a control for mixed venous
blood and tissue sampling. In rabbits of the 2nd group (n=9)
the oxidative stress was induced by intravenous administration
of 500 g/kg Escherichia coli lipopolysaccharide (LPS) from
Sigma Chemical. Animals of the 3rd group (n=7) intravenously
received NO synthase inhibitor NG-nitro-L-arginine methyl
ester (L-NAME) from Sigma Chemical, 7.5 mg/kg, 60 min after
the LPS. The catheters for mixed venous blood sampling were
inserted into the right atrium through the external jugular vein.
Blood was collected in heparinized syringes. Such sampling for
estimation of the blood oxygen transport was performed before
and at 120 and 240 min after the LPS administration. Tissue
sampling (heart, lung, liver, kidney and muscle) was performed
after 240 min of oxidative stress; tissues were washed with a cold
phosphate-buffered saline to remove the blood traces, and then
the samples were immediately frozen in liquid nitrogen and
stored until analysis.

Lipid peroxidation products
Conjugated diene content was determined by the fluorescence intensity of UV absorption at 232-234 nm, characteristic
for the conjugated diene structures [15]. Schiff base level was
evaluated by the fluorescence intensity of chloroform extract at
excitation and emission wavelengths of 344 and 440 nm, respectively [15] with a spectrofluorimeter “F-4010” (Hitachi).

Antioxidant system
-tocopherol content was measured by the fluorescence
intensity of heptane extract at excitation and emission wave-

Statistical analysis
The data were statistically evaluated by Student’s t-test with
a significance level of p<0.05. The results are presented as mean
± standard error of mean (SE). The analyses and graphs were
performed using computer software packages.

Results
LPS administration resulted into the prominent activation of
lipid peroxidation processes, with a creation of oxidative stress.
Tissue lipid peroxidation activity increased after LPS administration – Fig. 1 (conjugated dienes in heart, lung, liver, kidney
and muscle: by 38.8, 39.2, 48.9, 16.4 and 20.0%, respectively;
Schiff bases: by 11.7, 60.1, 309.2, 69.5 and 60.7%, respectively;
all p<0.05). The largest rises in conjugated diene and Schiff
base content under oxidative stress (LPS + L-NAME) comparing with only LPS injection were noted in lungs (16.2 and 14.7%,
respectively; both p<0.05) and liver (54.3 and 20.6%, respectively; both p<0.05). This indicates a higher activity of the free
radical lipid oxidation during NO synthase inhibition.
The lowering of the antioxidant defense factors was observed
in tissues. Catalase activity and -tocopherol content in the lung
of rabbits with oxidative stress (LPS) were significantly lower
than in control – by 24.6 and 18.3%, respectively (all p<0.05);
in liver the catalase activity decreased only by 6.9% (p<0.05).
Under NO synthase inhibition such fall of antioxidant defense
factors comparing with LPS group was even more significant in
all tissues tested (Fig. 2).
The content of NO utilization products (NO3–/NO2–) after
LPS administration was larger than at baseline level; and
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Figure 1. Indices of lipid peroxidation in rabbit tissues under the
oxidative stress induced by LPS combined with administration of
NG-nitro-L-arginine methyl ester (L-NAME): conjugated dienes
(A), Schiff bases (B). The values are means ±SE. * – significant
difference from the control group (p<0.05); # – significant difference from the group of rabbits received LPS (p<0.05)
A)

Figure 2. The changes in catalase activity (A) and -tocopherol
content (B) in rabbit tissues under the oxidative stress induced
by LPS combined with administration of NG-nitro-L-arginine
methyl ester (L-NAME). The values are means ±SE. * – significant difference from the control group (p<0.05); # – significant
difference from the group of rabbits received LPS (p<0.05)
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administration of L-NAME after LPS increased it at 120 min
(less than after LPS only) and at 240 min (Tab. 1).
The blood oxygen-binding properties considerably changed
after the endotoxin administration (Tab. 1). Oxidative stress
was accompanied by a development of hypoxia, even more
marked during the NO synthase inhibition. The value of p50stand
decreased at 120 and 240 min by 9.7 (p>0.05) and 10.6%
(p<0.05), respectively. Meanwhile, p50act rose at 240 min after
LPS by 9.3% (p<0.05) because of the changes in pH, pCO2 and
body temperature. After the injection of L-NAME the values
of p50act increased by 31.3 and 29.5% (both p<0.001) after 120
and 240 min of oxidative stress, respectively, reflecting the more
prominent shift of actual ODCs rightwards (Fig. 3).

Discussion
One can see that oxidative stress combined with NO
synthase inhibition was characterized by the actual ODC shift
rightwards, more marked lipid peroxidation activation and lowering of antioxidant defense factors in blood and tissues. Hb is
an allosterically regulated protein and therefore has many binding sites capable to form the reversible non-covalent bonds with
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Kidney
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a primary ligands that can result in quaternary conformational
changes and their modulation by the secondary effectors [13].
In our investigations the ODC position is dictated by effects of
pH, pCO2 and other factors; but one should take in account also
NO and its interactions with Hb. NO is considered as the ligand
determining the Hb oxygen-binding properties [14].
Intraerythrocyte interaction between NO and Hb is important for regulation of the both molecules in vivo. The red cell
properties do not limit such interaction under the physiologic
conditions [20]. In arterial blood the reaction between NO and
oxyhemoglobin produces nitrate and methemoglobin, and in
venous blood HbFe2+NO is generated; under high pO2 it can be
oxidated to met-Hb and NO3– [21,22]. The NO-binding site at
-globin chain was also found; such binding results in SNO-Hb
[11]. The value of p50 for extracellular SNO-Hb is less than
10 mm Hg [23], and p50 for HbFe2+NO is 39.6±1.5 mm Hg [24].
In our experiments the lowest ODC shift leftwards was observed
in animals received L-arginine and exposed to hypothermia [1].
NO can affect tissue oxygenation through its influence on
HOA and blood flow regulation. Simultaneously the mechanisms of O2 transport (including the blood oxygen-binding properties) can modify the activity of the L-arginine-NO pathway.
NO can modify HOA through the intraerythrocytic regulatory
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Table 1. The changes NO3 –/NO2 – and indices of blood oxygencarrying function in rabbits during the oxidative stress induced
by LPS combined with administration of NG-nitro-L-arginine
methyl ester (L-NAME)

Index

Baseline

100

After
120 min

Figure 3. Actual oxyhemoglobin dissociation curves for mixed
venous blood in rabbits during the oxidative stress induced
by LPS combined with administration of NG-nitro-L-arginine
methyl ester

90

240 min

80

oxidative stress (LPS)
n

60

9

9

9

NO3–/NO2– , M

6.11±0.36

11.41±0.52*

14.27±0.44*#

p50act, mm Hg

35.5±0.77

37.1±1.48

38.8±1.13*

40

p50stand, mm Hg

31.0±1.14

28.0±0.53*

27.7±0.91*

30

Hb, g/dL

9.72±0.20

9.33±0.20

9.30±0.21

20

pO2, mm Hg

33.78±2.23

30.94±2.50

28.12±1.34*

methemoglobin, %

0.28±0.09

0.88±0.11*

0.72±0.07*

pH, units

7.322±0.015

7.191±0.035*

7.137±0.037*

pCO2, mm Hg

47.56±3.12

38.21±2.47*

43.39±1.33

HCO3-, mM

24.11±1.08

14.20±1.03*

14.28±0.94*

TCO2, mM

25.43±1.09

15.37±1.04*

15.51±0.89*

ABE, mM

-1.97±1.37

-12.83±1.43*

-13.71±1.47*

SBC, mM

22.46±1.11

13.81±1.01*

13.14±1.22*

sO2, %

250

50

10
0

0

20

Baseline

40

60
80
pO2, mmHg
after 120 min

100

120

after 240 min

oxidative stress (LPS+L-NAME)
n

8

8

7

NO3–/NO2– , M

6.11±0.26

8.95±0.52*

13.83±0.67*#

p50act, mm Hg

33.9±0.95

44.5±2.14*

43.9±1.32*

p50stand, mm Hg

31.4±0.74

31.3±0.90

29.8±0.74

Hb, g/dL

10.25±0.25

10.05±0.20

9.99±0.27

pO2, mm Hg

31.60±2.01

26.15±2.21

20.89±3.04*

methemoglobin, %

0.28±0.08

0.56±0.07*

1.07±0.10*#

pH, units

7.353±0.020

7.103±0.040*

7.029±0.023*

pCO2, mm Hg

48.65±3.87

47.21±3.36

61.54±2.80*#

HCO3-, mM

26.63±1.80

14.27±1.95*

14.75±1.73*

TCO2, mM

28.11±1.85

15.53±1.93*

16.37±1.59*

ABE, mM

0.98±1.73

-14.98±2.69*

-16.46±1.90*

SBC, mM

24.13±1.65

12.88±2.11*

9.06±1.69*

Note: Data are expressed as mean ±SE.
Significant difference (p<0.05) from the baseline level (*) and after
the 120 min of received LPS (#)

mechanisms, oxygen-dependent nature of NO production, generation of different NO-Hb derivatives [14]. The concentrations
of NO and its derivatives in the microcirculatory part of vascular
bed must be much higher than in larger vessels (100-fold and
more). NO fraction directly interacting with Hb must also be
higher. At the microcirculatory level this may be very important
for the change of oxyhemoglobin binding and ultimately for the
tissue oxygenation. NO can react with O2*– to generate a potent
oxidant peroxynitrite that can modify the Hb properties [6,7].
Hb may also defend against peroxynitrite, thereby functioning
as an intracellular antioxidant. This may also be important for
the modification of Hb function and its involvement in formation of O2 flux to tissues and in maintenance of the body prooxidant-antioxidant balance [1].
Oxidative stress may be considered as the defect of aerobic
metabolism – the stochastic process of a free radical production
and non-specific tissue damage without the regulation by anti-

oxidant defense mechanisms [2]. Interactions between NO and
free oxygen radicals creates the definite balance (O2*– scavenger
system competes with NO for the ONOO– generation) resulting in the oxidative stress development in a biological object
[7]. The HOA change can regulate the oxygen flux to tissues
according to requirements, thus preventing its excessive use for
the free radical oxidation; therefore, HOA may be considered
as one of the factors participating in maintenance of body
prooxidant-antioxidant balance. During the oxidative stress the
HOA changes mediated by NO-dependent mechanisms (in first
turn, endothelial) can affect the oxygen flux to tissues and body
prooxidant-antioxidant balance as a whole. Inhibition of NO
synthesis induces a shift of this balance – obviously, not only
because of potentially high NO levels and reactions with the
diverse target molecules, but also due to the lower contribution
of other factors including HOA in the antioxidant defense of
body. These data support the notion that HOA may alter tissue
oxygen supply and may be involved in the pathogenesis of oxidative stress induced by administration of LPS.
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Diurnal rhythm of blood pressure, heart rate
and adrenergic activity in patients with
normotension treated with continuous ambulatory
peritoneal dialysis and haemodialysis
Baranowicz-Gąszczyk I*, Jóźwiak L, Bednarek-Skublewska A, Ksiąek A
Department of Nephrology, Skubiszewski Medical School of Lublin, Poland

Abstract
Purpose: People with normotension and with essential
hypertension are subjected to the diurnal rhythm of blood
pressure (BP) with higher values during the day than during
the night. Among dialysed patients nocturnal reduction of
BP is blunted. The aim of the study was to evaluate diurnal
BP rhythm and adrenergic activity measured as values of
catecholamines.
Material and methods: Study was performed among
dialysed patients with normotension: 13 haemodialysed
patients (HD), 8 patients treated by continuous ambulatory
peritoneal dialysis (CAPD) and 10 controls (C). Ambulatory
BP monitoring (ABPM) was done by using Micro SJ7400
AMP device. Catecholamines concentrations were measured
by HPLC-ED method before and after cold pressure test.
Results: There was no significant difference between
manual measurements of BP done by dialysis nurses and
mean values of 24-hours ABPM in CAPD group and C
group and 48-hours ABPM among HD patients. Diurnal
BP was blunted in 80% of HD patients during the day of
haemodialysis, 70% during the day without haemodialysis
and in CAPD group in 50%. Heart rate (HR) variability was
comparable in HD and CAPD groups and significant lower
than in C group. Baseline noradrenaline (NA) as well as
NA (ng/ml) post cold pressure test levels were significantly
higher among HD patients (463±21, 546±31) and CAPD
patients (452±76, 527±92) as compared with C (206±53*,
315±61*). (x±SD), *p<0.001
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Introduction
Blood pressure (BP) among healthy people with normotension and with essential hypertension is commonly subjected to
diurnal rhythm with higher values during the day and lower
values during the night. Patients with secondary hypertension
have the circadian rhythm of BP altered [1,2]. Among dialysed
patients nocturnal BP reduction is significantly blunted [3-7].
Abnormal circadian rhythm of BP may be related to a high incidence of cardiovascular disease morbidity and mortality among
patients with chronic kidney disease [3,4,8]. The pathogenetic
mechanisms of the blunted nocturnal decrease of BP among
those patients are still unclear.
Patients with chronic renal failure (CRF) showed increased
neural sympathetic activity and elevated levels of catecholamines
and it may influence on cardiovascular prognosis, [9-13]. It is not
known whether these abnormalities are related to and if they are
associated with chronic renal disease [3,14].
The aim of the study was to evaluate the correlation
between diurnal rhythm of blood pressure and diurnal heart
rate variability, and adrenergic activity measured by levels of
catecholamines, among normotensive patients treated with
continuous ambulatory peritoneal dialysis and haemodialysis.
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Material and methods
Patients
13 patients undergoing chronic haemodialysis (HD), 8
patients treated with continuous ambulatory peritoneal dialysis
(CAPD) and 10 healthy persons (C) were selected to our study.
The main selection criterion was normotension without antihypertensive drugs. Patients with a history or physical examination
indicative of diabetes mellitus, coronary heart disease, congestive
heart failure, cardiac arrhythmias, amyloidosis, infection or other
systemic or malignant disease were excluded from the study.
The HD group consisted of 7 men and 6 women, aged
between 23-59 years (average 42.2±3.4 years), time of haemodialyses from 7 to 204 months (average 56.1±18.1 months). The
etiology of the renal failure included: chronic glomerulonephritis (7 patients), obstructive uropathy (3 patients), interstitial
nephritis (2 patients), kidney tuberculosis (1 patient). In the
CAPD group there were 3 men and 5 women, aged between
24-59 years (average 38.7±5.4 years), time of dialysotherapy from
4-82 months (average 38.3±17.0 months). The etiology of the
renal failure included: glomerulonephritis (4 patients), obstructive uropathy (2 patients), interstitial nephritis (2 patients).
All patients received normal diet with free protein and salt
intake and supplementation of calcium carbonate, vitamines,
iron and recombinant epoetin in individual doses. The patients
were anuric (diuresis <100 ml/day). Routine haemodialysis and
peritoneal dialysis procedures were followed for each patient
according to their individual orders. All procedures of haemodialysis were performed in the morning hours between 7.00 a.m.
and 12.00 a.m. using low-flux, semi synthetic membranes with
bicarbonate as the dialysate fluid.
The C group consisted of 5 men and 5 women, aged 16-59 years
(average 34.6±4.7 years). They received normal diet and were not
treated with medications. Each patient was informed about
the nature and purpose of the study and signed written consent.

Ambulatory blood pressure
and heart rate measurements (AMBP)
Blood pressure (BP) and heart rate (HR) monitoring was
done by Micro-SI 7400 AMP apparatus. In HD patients BP and
HR were monitored for 48 hours: during the day of haemodialysis and on the following day without haemodialysis. Among
CAPD patients and C group BP and HR were monitored for
24 hours. AMBP measured and recorded systolic (SBP),
diastolic (DBP) and HR every 20 minutes during day-time
(6.00 a.m. – 23.00 p.m.) and every 60 minutes during night-time
(23.00 p.m. – 6.00 a.m.). Diurnal BP rhythm was considered to
be lost when night BP was less than 10% of day BP. Diurnal HR
profile was blunted, when the difference between day HR and
night HR was not significant.

Manual blood pressure and heart rate measurements
The routine BP and HR measurements were performed by
dialysis nurses before haemodialysis session (before HD), after
haemodialysis session (after HD) and during the day without
haemodialysis (day without HD) among HD patients and only
once in CAPD and C groups. BP measurements were done
using mercury sphingomanometer PRLTH 2.

Cold pressure test (CP)
After an adequate period of rest the hand of the subjects
was plunged in icy water (O±C) up to the wrist for 1 minute. BP
was measured traditionally before and after CP.

Catecholamines /CA/ (ng/l)
Noradrenaline, adrenaline and dopamine concentrations
were determined by HPLC with electrochemical detection
method. Blood samples for measurements of CA were obtained,
before CP test and after CP test, from venous limb of forearm or
arm arteriovenous fistula in HD patients and from forearm vein
in CAPD and C groups. Blood collected for CA measurements
was immediately transformed into ice-cold tubes with EDTA.
Plasma was separated and stored at -70°C until the assay.
In HD patients all the experimental procedure were carried
out three times: 1 hour before HD, 1 hour after HD and during
the day without HD, in CAPD and healthy persons it was carried out only once.

Statistical analysis
The results are given as mean values ±SD. The statistical evaluation was done using Student’s t-test for paired and
unpaired data, regression analysis.

Results
We compared results of single manual measurements of BP
done by dialysis nurses and average results of 24 hours ABPM in
HD, CAPD, C groups. Mean values of ABPM showed a significant correlation with manual values among dialysed patients and
healthy people. Among HD patients mean values of SBP in manual
measurements were 131±7 mmHg before HD, 124±12 mmHg
after HD, 127±10 mmHg during the day without HD and average results of SBP in ABPM were 126±6 mmHg during the
day with HD and 122±9 mmHg during the day without HD. In
this group mean values of DBP in manual measurements were
85±7 mmHg before HD, 77±10 mmHg after HD, 81±7 mmHg
during the day without HD and average results of DBP in ABPM
were 79±6 mmHg during the day with HD and 77±6 mmHg
during the day without HD. There were no significant differences
between manual measurements and ABPM measurements in
HD groups. There was significant difference (p<0.05) between
results of BP manual measurements before and after HD. The
mean values of SBP and DBP were higher before HD procedures
than after HD procedures. In CAPD group mean values of
SBP in manual measurements was 130±20 mmHg and average
result of SBP in ABPM was 124±26 mmHg. In this group mean
values of DBP in manual measurements were 82±10 mmHg and
average result of DBP in ABPM was 79±12 mmHg. There were
no significant differences between manual measurements and
ABPM measurements in CAPD group. In C group mean values
of SBP in manual measurements was 125±11 mmHg and average
result of SBP in ABPM was 121±11 mmHg. In this group mean
values of DBP in manual measurements was 77±12 mmHg and
average result of DBP in ABPM was 72±9 mmHg. There were
no significant differences between manual measurements and
ABPM measurements in C group (Tab. 1).
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Table 1. Single manual measurements and 24-hours ABPM in dialysed patients and control (x±SD)
HD group

BP
mmHg
SBP
DBP

Before HD
Manual measurements

131±7

Automatic measurements
Manual measurements
Automatic measurements

After HD

Day without HD

CAPD
group

Control
group

124±12*

127±10

130±20

125±11

122±9

124±26

121±11

8±7

82±10

77±12

77±6

79±12

72±9

126±6
85±7

77±10*
79±6

*p<0.05 compared to values before HD
Table 2. Diurnal rhythm of BP and HR in dialysed patients and control (x±SD)

SBP
(mmHg)

DBP
(mmHg)

HD group
Day with HD

Day without HD

CAPD
Group

Control

Day-time

129±12

123±14

127±24

125±11

Night-time

Diurnal rhythm

122±12

118±20

121±30

110±11

Difference
Day/night (%)

6±11

4±12

7±12

12±2^^

Day-time

80±9

78±9

82±12

75±5

Night-time

76±12

74±6

78±5

62± 9

4±6

6±5

5±9

18±6^^

80±20

80±18

82±12

79±5

74±24

69±6*

74±12

61±4**

6±18

11±9^

8±8

18±5^^

Difference
Day/night (%)
Day-time

HR
Night-time
(beats/min)
Difference
Day/night

^ p<0.05 compared to day with HD; * p<0.05 compared to day-time; **p<0.001 compared to day-time; ^^p<0.01 compared to dialysed
patients

We evaluated diurnal rhythm of BP and HR in dialysed
patients and control. Diurnal rhythm of BP and HR were
blunted in dialysed patients especially in HD patients. In C
group all people had normal diurnal rhythm of SBP and DBP
and average differences day/night were 14±2% and 13±6%
respectively. Among HD group diurnal rhythm of SBP and
DBP were blunted in 80% during the day with HD and during
the day without HD in 75% and 67% respectively. Average
differences of SBP day/night were 6±11% and of DBP 4±10%
during the day with HD. Average differences of SBP day/night
were 7±12% and of DBP 6±5% during the day without HD.
In CAPD group diurnal rhythm of BP (so SBP and DPB) was
blunted in 67% Average differences of SBP day/night were
7±12% and of DBP 6±9%.
Heart rate variability was the highest in C group. The significant difference day/night was 18±5 beats/min (p<0.01). In HD
group diurnal HR was blunted during the day with HD, difference day/night was 6±18 beats/min. In the same group there was
significant difference day/night 11±9 beats/min (p<0.05) during
the day without HD. In CAPD group diurnal HR was blunted,
difference day/night was 8±8 beats/min (Tab. 2).
Noradrenaline (NA) plasma concentration in dialysed
patients was higher than in control, both in HD patients before
HD, after HD, during the day without HD and CAPD patients
(p<0.001). Increase in NA concentration during cold pressor

test was smaller in dialysed patients compared with C group.
Mean values of NA were similar in HD and CAPD groups. In
HD group mean value of NA before CP were 465±38 ng/ml
before HD, 463±36 ng/ml after HD, 473±35 ng/ml during the
day without HD and 546±54 ng/ml, 557±48 ng/ml, 549±47 ng/
ml after CP, respectively (p<0.001). In CAPD group mean
value of NA before CP was 452±76 ng/ml and after CP was
527±92 ng/ml (p<0.01). In C group mean value of NA before
CP was 206±53 ng/ml and after CP was 315±61 ng/ml (p<0.01)
(Tab. 3).
The values of plasma adrenaline and plasma dopamine were
similar in each group (Tab. 3).
There was no correlation between diurnal rhythm of SBP,
DBP, HR and the serum levels of NA at the rest and stimulated
after the CP test in each study groups.

Discussion
The problem of sympathetic and parasympathetic activity
in chronic kidney disease is known in literature for 50 years. In
1968 Hennesey and all reported about autonomic neuropathy
in chronic renal failure [15]. Since many authors informed that
sympathetic hyperactivity may be associated with mortality and
cardiovascular events in patients with CRF. Increased sympa-
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Table 3. Mean values of noradrenaline, dopamine, adrenaline concentration in the blood at the rest and after cold pressure test (CP) of
dialysed patients and control group (x±SD)
HD group

Catecholamines

Noradrenaline (ng/ml)

Dopamine (ng/ml)

Adrenaline (ng/ml)

CAPD group

Control group

473±35^

452±76^

206±53^

549±47*^

527±92*^

315±61*

85±22

8822

93±8

90±17

86±23

90±22

95±5

93±18

92±12

89±10

89±9

93±5

84±14

94±6

92±11

90±9

96±5

87±15

Before HD

After HD

Day without HD

Before CP test

465±38^

463±36^

After CP test

546±54*^

557±48*^

Before CP test

84±24

After CP test

86±24

Before CP test
After CP test

* p<0.001 compared to „Before CP test”; ^p<0.001 compared to Control group

thetic activity may play a role in raise of the blood pressure and
organ damage, heart and vessels, especially [9,12,13,16].
Accepted biochemical marker of sympathetic activity is catecholamines concentration in the blood. Investigators consider
that plasma noradrenaline concentration is the best index of
adrenergic function [12,13].
In our study we noticed that, the rest levels of NA and levels of
NA after stimulation by cold pressure test were higher in dialysed
patients with normotension, in CAPD group and HD group as
compared with controls. Most authors reported about increased
NA level among patients with CRF and dialysed patients treated
by HD and CAPD, both with normotension and with hypertension [17-19]. Another authors reported that NA levels remain in
normal range [20]. Vlachojanis and all [21] found that highest NA
concentration occurred in long-time treated CAPD patients. In
our analysis NA plasma levels were unchanged during standard
HD procedures similarly to other reports [22,23]. Only some
authors informed about decrease NA plasma concentration after
HD procedure [16,19]. Long-term nocturnal haemodialyses could
reduce plasma NA concentration [24]. In our study dopamine and
adrenaline plasma levels remained in normal range among dialysed patients as in another studies [25]. Some authors reported
about elevated plasma dopamine concentration in CRF patients
compared with control [17,19].
Many studies were performed in order to evaluate the effect
of sympathetic activity on BP regulation in dialysed patients.
Manual classic measurements of BP were basis in the early studies. Since several years ambulatory blood pressure monitoring
is available in medical study and practice. ABPM is a known
method which is applied to diagnosis and control of treatment
arterial hypertension. ABPM allowed to diagnose “white coach”
hypertension. ABPM is used by nephrologists in Dialysis Centre, too [26,27]. It is very important to estimate true values of BP
in HD patients. Dialysis nurses exam BP in HD patients several
times: before HD, during HD procedure and after HD but
there is no control during the day without HD. BP is examined
in CAPD patient by dialysis nurse only during control visit in
Dialysis Unit once a month. We performed ABPM for 48 hours
in HD patients inclusive the day with HD therein HD procedure and the day without HD. In CAPD group and in controls
ABPM was performed for 24 hours. We compared mean value
of ABPM with single manual measurements done by dialysis

nurses. The differences were not significant. According to
our results, we suggest that manual measurements performed
by dialysis nurses are sufficient to estimate blood pressure in
normotensive CAPD and HD patients. Some authors inform
that office measurements of BP performed carefully by nurses is
sufficient to control BP [28,29].
We estimated diurnal BP rhythm in dialysis patients with
normotension. We found altered diurnal rhythm of BP among
80% patients during the day with HD and among 70% patients
during the day without HD. In CAPD group 50% of patients
were non-dipper. Most of authors examined diurnal BP rhythm
in dialysed patients both HD and CAPD and found blunted or
even reverted rhythm in hypertensive patients [5,6,30]. Only few
authors estimated diurnal rhythm of BP in HD patients during
the day with HD and during the day without HD, separately.
Some authors noticed significant difference between first and
second day [31]. Another didn’t find significant difference [32].
Abnormal diurnal rhythm of BP was to be related with organs
damage and poor cardiovascular prognosis in patients with secondary hypertension and in patients with CRF [33].
The physiological mechanisms mediating the variability and
diurnal rhythm of BP are unclear. Some authors suggest that
sympathetic neural function may contribute importantly to the
regulation of BP during the day and the night in patients without
CRF [34-36].
Some authors reported that altered circadian rhythm of BP
is associated with autonomic dysfunction among patients with
CRF [3]. Another authors suggest that autonomic dysfunction
is not a major contributor to non-dipping in CRF. An altered
diurnal rhythm of BP is common after renal transplant but is not
related to degree of autonomic dysfunction [14]. Cattone and all
present that hypertensive patients with CRF are characterized
by higher values of NA, but there are no differences in sympathetic activity between dipper and nondipper subjects [25]. We
received the same results among HD and CAPD patients with
normotension as Cattone and all.
We estimated diurnal heart rate variability in patients treated
by HD and CAPD and compared with controls. We evaluated
diurnal rhythm of HR during the day with HD and during the day
without HD, separately. There were not significant differences
between average values of HR in day-time and night-time in
CAPD group and among HD patients during the day with HD.
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There was normal diurnal rhythm of HR in HD patients during
the day without HD but the difference day-time and night-time
was smaller then in control group. We noticed that average values
of HR from day-time were no differed in each studies group, but
there were no decrease HR during night-time in CAPD group
and HD group during the day with HD. Our results were according to the literature [7]. We suppose there is a pseudonormal
rhythm of HR during the day without HD, because in the night
before next haemodialysis plasma potassium level in HD patients
may go high and so decrease HR.
Autonomic dysfunction in most CRF patients, hypertensive
or normotensive, treated by HD or CAPD independently, is
the fact and abnormal diurnal rhythm of BP and HR in most of
them seems to be truth, but there was not strongly correlation.
We didn’t find directly relationship between sympathetic
hyperactivity and altered diurnal rhythm of BP and HR among
HD and CAPD patients with normotension. A small quantity of
patients participated in our study. Many dialysed patients have
arterial hypertension or hypotension, concomitant diseases and
these patients were excluded from the study.
Another studies are need to evaluate what factors play
a main role influencing diurnal BP rhythm among dialysed
patients.
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Cholecystokinin octapeptide (CCK-8) concentration
in plasma is not affected in functional abdominal
pain in children
Uścinowicz M*, Kaczmarski M
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Abstract

concerned with alteration of plasma CCK-8 levels before
and after meal.

Purpose: Cholecystokinin regulates gut motility and
visceral sensation. The aim of the study was to determine
the diagnostic value of plasma cholecystokinin octapeptide
(CCK-8) concentration in children with functional abdominal pain (FAP).
Material and methods: Fifty-two children (33 girls and
19 boys) aged 6-17 years with chronic abdominal pain were
included in this study. On the basis of clinical data, results
of endoscopy and Criteria for Functional Disorders the
patients were divided into three groups: group 1 – functional dyspepsia (FD), group 2 – irritable bowel syndrome
(IBS), group 3 – non-specific FAP. The control group consisted of children without abdominal pain in anamnesis.
CCK-8 concentrations in plasma were measured with radio
immunoassay technique, after plasma extraction. In study
protocol we analysed CCK-8 levels in fasting state and 15,
30, 60 minutes after a standard test meal.
Results: In the fasting state plasma levels of CCK-8 were
similar in each group and in controls. In the IBS patients
CCK-8 levels were not increased after meal. In groups 1,
3 and controls postprandial levels were higher when compared to fasting state (p<0.05). Area under curve of CCK-8
plasma concentration was the lowest in group 2, but not
significant compared to controls and other groups. No correlation was found between main symptoms of FD and IBS
and CCK-8 concentration in plasma.
Conclusions: We conclude that gut dysmotility and
symptoms of functional abdominal pain in children are not
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– inflammatory bowel diseases.

Introduction
The pathophysiology of functional abdominal pain (FAP) in
children is complex. It has been revealed that motility disorders
and altered visceral sensation are associated with FAP. Motor
activity and visceral sensation are thought to be under control
by neural mechanisms and regulatory peptides. Cholecystokinin
(CCK) is one of the peptides that acts as a hormone when is
released from endocrine cells in mucosa of the upper small
intestine. CCK as a neurotransmitter is found in nerve fibers in
myenteric and submucosal ganglia, and in smooth muscle [1].
Biological role of CCK is related not only to the stimulation
of exocrine pancreatic secretion and gall bladder contraction,
but also to motility of the alimentary tract. It has been shown
previously that CCK inhibited both gastric acid secretion and
gastric emptying [2]. This hormone has been known to relax the
lower oesophageal sphincter and to stimulate colon motility by
gastro-colonic reflex [3]. In experimental study, CCK exhibited
potent gastroprotective activity. That protective effect of CCK- 8
was accompanied by elevated plasma leptin levels and was
involved in the activation of CCK-A receptor localized on vagal
sensory fibers [4]. The feeling of satiety was also caused by CCK
release and increased CCK activity and its satiating effect were
described [5]. CCK might play a key role in gut function control.
We hypothesized that disorders of regulatory mechanisms asso-
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Table 1. Clinical features of study groups with FAP
Study
group

1

Diagnosis

FD

Number
of patients

18

Mean age
(mean±SD)

11.7±2.8

Sex
(female/male)

Main symptoms
(% of group)

12/6

upper abdominal pain (100%)
headache (78%)
nausea (67%)
vomiting (33%)

2

IBS

8

14.1±2.5

7/1

abdominal pain (100%)
distension (50%)
diarrhea (37.5%)
constipation (62.5%)
nausea (25%)

3

nFAP

26

12.2±2.6

14/12

abdominal pain (100%)
headache (77%)
nausea (61.5%)

4

controls

16

11.1±3.5

11/5

-

FD – functional dyspepsia; IBS – irritable bowel syndrome; nFAP – nonspecific functional abdominal pain

ciated with gut hormone dysfunction might play a role in FAP.
CCK circulates in plasma in different molecular forms (CCK-8,
CCK-22, CCK-33, CCK-39, CCK-58 etc). CCK octapeptide is
used as a standard in CCK assay.
The aim of the study was to determine the diagnostic value
of plasma CCK-8 concentration in children with FAP. It was
analysed whether fasting or postprandial CCK-8 levels in plasma
could be changed in functional disturbances of the gut.

Material and methods
Fifty-two children (33 girls and 19 boys) aged 6-17.1 years
with chronic abdominal pain lasting over 3 months were
included in this study. Preliminary laboratory tests and procedures necessary in differential diagnosis were carried out in
all the children. We included patients fulfilled Second Rome
Criteria for Functional Disorders [6]. Upper endoscopies with
rapid urease test were performed in children with dyspepsia and
upper abdominal pain; gastritis was excluded in study group. In
children with suspected irritable bowel syndrome (IBS) rectoscopy and laboratory tests were done in order to differentiate
inflammatory bowel diseases (IBD). On the basis of clinical
data, endoscopy and Criteria for Functional Disorders the study
group was divided into three groups presented in Tab. 1. The
control group consisted of 16 children without abdominal pain
in anamnesis or alteration in the laboratory tests. These children were suspected of the respiratory tract allergy. In controls,
gastro-oesophageal reflux and inflammation of alimentary tract
mucosa were excluded. The study protocol was approved by the
Local Bioethics Committee, Medical University of Białystok.
Informed consent was obtained from the parents of children
who participated in the study.
Cholecystokinin octapeptide (desulfated, CCK-8) concentrations in plasma were measured with a specific radioimmunoassay technique (RIA), using a commercially available rabbit
antiserum and kit Peninsula Laboratories, Belmont, CA. Blood
samples were taken at 9 a.m. from cubital vein after overnight

fasting. Samples were collected in a container with ice, then
immediately centrifuged at 4°C (3 500 cpmin) and stored at
-20°C. The concentration of the hormone was measured after
plasma extraction on reverse phase columns. In study protocol
we analysed CCK-8 levels in fasting state (0 minute) and 15, 30,
60 minutes after a standard test meal (296 kcal), containing
of 11.1 g of proteins, 14.2 g of fat and 40 g of carbohydrates
(a roll, butter, ham and tea). The incremental integrated area
in the form of Area Under Curve ( AUC) of CCK-8 plasma
concentration was calculated. Statistical analysis of the data was
performed using the Mann-Whitney U-test and Student t-test.
Correlations were evaluated using Spearman test and Pearson
coefficient. Statistical significance was set at p<0.05.

Results
In the fasting state plasma levels of CCK-8 were similar
in each group (15.9±12.3 pg/ml in group 1, 14.4±14.9 pg/ml
in group 2, 16.5±23.2 pg/ml in group 3, 18.6±19.7 pg/ml in
controls). Postprandial peaks were noted at 15 and 60 minutes
in groups 1 and 3, at 30 minutes in controls. In the IBS patients
(group 2) CCK-8 levels were not significantly increased after
meal compared with fasting state. The overall curves of CCK-8
levels are illustrated in Fig. 1. We found great ranges among
minimum-maximum values of CCK-8 in plasma in study groups.
After the standard meal the hormone concentrations were
increased in groups 1, 3 and controls. In these study groups postprandial responses of CCK-8 were statistically significant when
compared to fasting state at time 0 (15.5±17.2 vs 26.8±51.3
pg/ml, p<0.05) (Fig. 2).
The incremental integrated area as area under curve
( AUC) of CCK-8 plasma concentration was the lowest in
the group 2, but the difference was not statistically significant
compared to controls and other groups (Fig. 3). We analysed
whether altered plasma concentrations of CCK-8 might be
concerned with symptoms of FAP. In IBS patients the analysis
of correlation between main symptoms (dominant diarrhoea
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or dominant constipation) and
AUC of CCK-8 concentrations proved no statistical relationship. Similarly, symptoms of
dyspepsia (nausea, vomiting, upper abdominal pain) were not
significantly related to CCK-8 release in Spearman test.

Discussion
It was suggested that hormonal aberrations might occur in
various types of functional disorders of the gut. In our study,
fasting plasma levels of CCK-8 were similar in all groups of
children with functional abdominal pain and controls. Alfven
and Uvnas-Moberg found significantly higher plasma CCK
concentrations in children with recurrent abdominal pain,
but no relationships were found between hormone levels
and the occurrence of abdominal pain and other symptoms
in children investigated twice [7]. The diagnostic criteria of
recurrent abdominal pain have been changed and recently

named functional abdominal pain (FAP) according to Second
Rome Criteria [6]. Pathophysiological mechanisms of FAP
were conducted in different subgroups, often in IBS-patients.
Sjolund found higher fasting and peak postprandial CCK levels
in IBS than in controls [8]. In our study, postprandial release
was slightly impaired in IBS-patients compared with others, but
not significantly. In the study of Niderau, administration of CCK
stimulated motor activity in the colon [1]. However, the use of
a blocker of CCK-A receptor, loxiglumide, had no effect on the
meal-induced motility in the colon. These diverse results might
reflect heterogeneity of IBS-group with predominant diarrhea
or constipation. In another functional disorder of colon, encopresis, no significant difference was found in the measurement
of CCK-patterns over time between encopretic children and
control patients [9]. In the study of Peracchi et al., patients with
slow-transit constipation had abnormal postprandial pattern of
CCK with delayed postprandial peaks of plasma CCK (99 min
in slow-transit constipation and 46 min in controls) [10]. It was
previously shown that the phase of intestinal MMC at meal
intake could modulate the postprandial endocrine response;
plasma CCK increased earlier after intake during late phase II
than after phase I [11].
The influence of CCK on motility has been evaluated in various types of gastrointestinal disorders. Elevated CCK plasma
levels in patients after cholecystectomy explained the incidence
of gastro-oesophageal reflux concerned with lower oesophageal
sphincter relaxation [12]. In our dyspeptic patients no significant
changes of fasting and postprandial CCK-8 levels were noticed
compared with controls and we found no correlation between
CCK-8 levels and occurrence of dyspeptic symptoms. Fried and
Feinle showed that nutrient fat and distension of the stomach
could modulate upper gastrointestinal sensations by postprandial release of CCK and develop dyspeptic symptoms such as
nausea, bloating, pain and fullness [13]. CCK acts as mediator
of gastric perception. In our study, standard meal containing
14.2 g of fat was used, which caused a postprandial increase in
plasma CCK-8 levels in FD, but without influence on severity of
dyspeptic symptoms. The action of CCK-8 could be one of the
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causes of abdominal pain in the study performed by Chey et al.
in patients with IBS [14]. It was explained by dose-dependent
muscle contraction via the colon enteric nervous system mediated by CCK-8. From the other point of view CCK-antagonists
might have therapeutic potential for the reflux disease, bowel
motility disorders and gastroparesis [15]. These arguments
explained our study protocol analysing CCK-8 plasma measurements in children with gut motility disorders.

Conclusions
The results of the study indicated no alteration of plasma
CCK-8 levels in functional disorders of alimentary tract in children. Predominant symptoms in FAP were not concerned with
CCK-8 release impairment. Measurement of CCK-8 plasma
levels seems to have poor diagnostic value in FAP.
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Atopy patch test in the diagnosis of food allergy
in children with atopic eczema dermatitis syndrome
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III Department of Paediatrics, Medical University of Białystok, Poland

Abstract
Puropose: Food allergy has been demonstrated to play
an important role in the pathogenesis of atopic eczema
dermatitis syndrome (AEDS), affecting often atopic infants
and young children. The most commonly offending foods
are cow’s milk, hen’s egg, wheat and soy; implicating immediate (IgE-mediated) and late-phase (T-cells) immunological
reactions in the pathogenesis of skin lesions. The diagnostic
work-up of suspected immediate food reactions includes
skin prick tests (SPT) and the measurement of food-specific
antibodies (sIgE). The methodology of atopy patch test
(APT) has been reported as a diagnostic tool with high predictive capacity for late-phase clinical reactions in children
with atopic dermatitis. Although APT has been introduced
into the diagnostic procedure for food allergy, its diagnostic
accuracy remains still controversial; especially in older children. The aim of study was to evaluate the diagnostic accuracy of the atopy patch test in the detection of food allergy in
correlation with SPT, sIgE and positive oral food challenge
to milk, in children suffering from AEDS and to assess the
sensitivity and specificity of this method in dependence on
the age of investigated children.
Material and methods: 34 children (25 boys, 9 girls) aged
5 months-16 years with suspicion of milk-related AEDS
were investigated. These patients were subdivided into 2 age
groups: group A – 20 children (<3 years), group B – 14 children (>3 years). The diagnostic procedures as skin-prick
tests and atopy patch test were performed. The specific IgE
to cow’s milk allergens were also measured. The open and
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blind diagnostic oral food challenge were performed to verify the results of tests. Sensitivity, specificity, positive (PPV)
and negative (NPV) predictive value of APT were calculated
in both age groups.
Results: A positive challenge response to milk was found
in 65.0% of investigated children in group A and in 35.7% in
group B. No statistical differences in the prevalence of immediate (p<0.1905) and delayed-type (p<0.409) reactions has
been found between age groups. Positive APT to milk were
noticed in 55.0% of patients in group A and in 35.7% of children from group B, that has been in correlation with positive
delayed-type reactions in oral food challenge in 72.7% and
80.0% in corresponding age groups. Polysensitization to other
food allergens confirmed by SPT and/or sIgE was detected in
35.0% of patients younger than 3 years of age and in 50.0% of
older children. The prevalence of positive APT to other foods
(soy, rice, maize, cereals) was significantly higher (p<0.0073)
in the polysensitized children from group A. Sensitivity of
SPT/sIgE in children with immediate-type reactions to milk
was 100%, specificity 94%. Sensitivity of APT to cow’s milk
in children with late-phase reactions was 80% in both age
groups; specificity 70%/89% with comparable PPV in both
groups (73%/80%). Parallel skin testing with combined patch
test and evaluation of sIgE enhanced the value of sensitivity
to 92% in the group A and specificity to 89% in the group B.
For PPV corresponding figures were 85%/80%.
Conclusions: APT was found to be more sensitive and
specific method than SPT/sIgE in diagnosing delayed food
allergy in children with AEDS. No age correlation between
positive results of APT and oral food challenge and higher
specificity of APT in older children confirm its accuracy
in diagnosing delayed cow’s milk allergy in all age groups
of children. Combined skin prick and patch testing significantly enhances identification of food allergy in children
with AEDS. The outcome of the APT with food does not
seem to be influenced by age of children, but because of its
variability of sensitivity and specificity, a diagnosis of food
allergy should be confirmed by oral food challenge.
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Abbreviations: AEDS – atopic eczema dermatitis syndrome; APT – atopy patch test; CI – confidence interval;
DBPCFC – double blind placebo controlled food challenge;
IgE – immunoglobulin E; LR – likelihood ratio; NPV – negative
predictive value; PPV – positive predictive value; sIgE – specific
IgE; SPT – skin-prick tests.

Introduction
Atopic eczema dermatitis syndrome (AEDS) is a form of
multifactorial skin disease that generally begins in early infancy
and is characterized by extreme pruritus, chronically relapsing
course and distinctive morphology and distribution [1]. Frequently there is an association with increased IgE production
(I, immediate type of allergic reaction by Gell-Coombs) as well
as a local infiltration of T-cells and antigen-presenting cells (IV,
cellular type of immunologic reaction) [2]. AEDS is also associated with some of environmental and genetic factors. In older
children and adults, exacerbations of eczematous skin lesions
have been described after contact with aeroallergens (e.g. house
dust mite, pollen or animal dander) [3,4]. Atopic dermatitis is
frequently associated with food allergy, but the role of foods
in pathogenesis of skin lesions is not well known. A number
of early reports suggested that food proteins could provoke
eczematous skin rashes, what has been proved by observations
performed in the group of cow’s milk feeding infants in comparison to breast feeding children [2]. The number of children
with AEDS and clinically relevant food allergy is reported to
be around 40%. The most commonly offending foods in infants
and young children are cow’s milk, hen’s egg, wheat and soy; in
older children the most important role play cereals, citrus fruits,
colorants and preservatives [5,6].
In patients with food hypersensitivity and skin lesions, the
very small quantity needed for degranulation of IgE-sensitized
mast cells probably reaches the tissues via the bloodstream, after
entry into body through the mucous membrane of the mouth,
stomach or proximal intestine. Antigen which induces local
immune-complex reactions or T-cell mediated immunity probably reaches the gut lamina propria through the overlying surface epithelium [2]. After the antigen-specific hypersensitivity
response starts, the cytokines and inflammatory mediators may
develop a variety of allergic (IgE-mediated and T-cells-mediated) reactions. The eczematous skin lesions of atopic eczema
are infiltrated by activated T-cells.
The diagnostic work-up of suspected IgE-mediated food
allergy includes skin prick tests (SPT) and the measurement of
food-specific IgE antibodies (sIgE) by means of serologic assays.
The results of SPT were found to be indicative for early reactions to food challenges. No relationship has been established
between reactivity in SPT and delayed-onset clinical reactions.
To date, double-blind, placebo-controlled, food challenge
(DBPCFC) remains the gold standard for diagnosing clinically
relevant food allergy.

Recent clinical and immunologic features indicate that there
are atopic patients with no discernible IgE-mediated reactivity,
where no detectable IgE antibodies were indistinguishable [7].
During last years, it has been found that about half of children
with food allergy have no food-specific IgE as measured by skin
tests or sIgE. Some patients with late reactions to foods may
when challenged develop immediate reactions [8].
In recent years, the atopy patch test (APT) has been established as a tool in the diagnostic work-up of food allergy in
infants and children with AEDS and late phase clinical reactions
[9,10]. Although patch testing for foodstuffs has been described
by some authors as a method with high sensitivity and specificity
to identify delayed hypersensitivity in small children, the others
have concluded that the patch test does not be useful in the
diagnosis of food allergy; especially in older children [11,12].
Most of data concern the ability of APT in diagnosing allergic
sensitization in infants in the first 2 years of life [9,10].
The aim of study was to evaluate the diagnostic accuracy
of APT in the detection of food allergy in correlation with SPT,
sIgE and positive oral food challenge to milk, in children suffering from AEDS and to assess the sensitivity and specificity of
this method in dependence on the age of investigated children.
The diagnostic value of APT in diagnosing sensitization to other
plant-derived and animal food allergens was also established.

Material and methods
Patients
The prospective, nonrandomized study were carried out
on the group of 34 children (25 boys, 9 girls) aged 5 months-16
years, referred to the III Department of Paediatrics in Bialystok
in the period from January 2003 to December 2004, for evaluation of atopic eczema dermatitis syndrome (AEDS) suspected
of food hypersensitivity. These patients were subdivided into
2 age groups: group A – 20 children (<3 years), group B – 14
children (>3 years). Children with suspicion of milk-related skin
symptoms were enrolled to the study according to the inclusion
and exclusion criteria.
Inclusion criteria to both groups were: atopic dermatitis as
defined by the criteria of Sampson for infants [13], modified
from Hanifin and Rajka for children older than 1 years [14],
history indicated the time correlation between milk and/or food
ingestion and exacerbation of clinical skin symptoms. Exclusion criteria were: active AEDS with skin lesions on the back
and forearms, actual and earlier treatment with antihistaminic
and antiallergic drugs (in dependence of wash-out period for
different types of antihistaminics), treatment with topical corticosteroids applied on the back and forearms (at least 48 hours
before testing).
Severity of eczema was scored according to the SCORAD
score, with assessment of topography items (affected skin area),
intensity criteria (extent of erythema, edema, crusts, excoriations, lichenification and xerosis) and subjective parameters
(extent of itch and loss of sleep) [15,16]. Population characteristics are presented in the Tab. 1.
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Table 1. Population characteristics
Group A
(n=20)

Group B
(n=14)

5-36
17.1±10.18
(12.33-21.87)

62-192
104.21±43.37
(79.17-129.26)

ns

Boys n (%)

16 (80.0%)

9 (64.3%)

ns

Family history of food allergy n (%)

7 (35.0%)

4 (28.6%)

ns

Family history of atopy n (%)

9 (45.0%)

7 (50.0%)

ns

Breast feeding time
Min-max (months):
Mean:
(CI 95%)

0-7
3.9±2.17
(2.88-4.92)

0-7
4.0±2.32
(2.66-5.34)

ns

Onset of clinical symptoms
Min-max (months):
Mean:
(CI 95%)

1-12
2.85±2.58
(1.64-4.06)

1-24
7.07±6.27
(3.45-10.69)

<0.0069

Gastrointestinal symptoms n (%)

10 (50.0%)

7 (50.0%)

ns

Respiratory tract symptoms n (%)

9 (45.0%)

7 (50.0%)

ns

5-85
36.68±27.31
(23.52-49.85)

15-57
25.71±17.05
(15.87-35.56)

ns

15 (75.0%)

5 (35.7%)

ns

Age (months):
Mean:
(CI 95%)

SCORAD index
Min-max:
Mean:
(CI 95%)
Milk-free diet n (%)

Skin prick test
The skin prick tests with cow’s milk allergens were performed in all investigated children, by the same person on the
volar side of the forearm in accordance with the instructions of
the European Academy of Allergy and Clinical Immunology
[17]. Milk powder containing 3% of fat was diluted in water
(1 g/10 mL) to normal feed concentration. Whisked egg white
and yolk was put directly on the skin in the form of a small drop.
The SPT with other food allergens (soy, wheat, banana, orange,
sesame, arachides, fish, beef, hen) were performed with the
same procedure as cow’s milk powder, to detect co-sensitization. In all patients, food allergens were tested in native form by
means of a modified skin prick technique (prick by prick tests).
To perform tests with aeroallergens (mites, tree, grass and weed
pollen, dog and cat epithelia, wool, cotton) commercial extracts
from Allergopharma Company were used. A 1 mm, single-peak
lancet with shoulder was used, and negative (NaCl 0.9%) and
positive (9% Codeine) was used as control. Reactions were read
after 15 minutes by the author. The mean weal diameter was
calculated and a reaction of at least 3 mm was considered as
positive without reaction of negative control.

Atopy patch test
Atopy patch tests were applied on uninvolved skin of the
child’s back, according to the method described by Isolauri
and Turjanmaa [18]. A “porridge” was made fresh every day
with 0.2 ml isotonic saline and cow’s milk powder (300 mg),
egg white (40 mg), cereals – wheat, barley, oat, rye (200 mg),
gliadin (200 mg), soy (200 mg), maize (200 mg), rice (200 mg).
Approximately 20 mg of each porridge was put without filter
paper into aluminium test cups on adhesive tape. We used 8 mm
diameter aluminium cups for children younger than 3 years and
12 mm aluminium cups for children older than 3 years (Finn

p

Chamber, Epitest Ltd., Finland). Microcrystalline cellulose was
used as negative control. Application sites were checked after 20
minutes for immediate reactions. The occlusion time of patch test
was 48 hours. The results were read for the first time 15 min after
removal of the cups. If irritative redness was found in the test
area, the results were read after 30 min. The second evaluation
was done 72 hours after attaching the patch tests. Reactions were
classified according to standards and considered as: 0 – negative
– no reaction, either visible or palpable; + – redness – negative
or doubtful reaction; ++ – redness and palpable infiltration with
papules – positive reaction; +++ – redness, palpable infiltration
with many papules and eczema – strong positive reaction. If the
reaction was very intensive as: redness, edema, palpable infiltration and vesicles, the result was marked as ++++. Reactions 0
and + (redness without infiltration) were regarded negative, as
redness alone can be the results of local irritation. All tests were
prepared and applied by the same nurse and all reactions were
classified by the author. The test material used was not standardized as such materials are not available.

Determination of total IgE and specific IgE antibodies
Serum samples (2 ml) were analyzed for concentration of
total IgE and specific IgE antibodies to food allergens as: cow’s
milk, egg white, soy, wheat, maize, rice (Pharmacia Upjohn)
with a fluoroimmunoenzymatic essay (UniCAP) according to
the manufacture’s instruction. The detection limit of the CAP
system is 0.35 kU/L IgE; measurable specific IgE was defined as
a positive test result if >0.7 kU/L.

Oral food challenge
Standardized oral challenge was performed according to
Moneter-Vautrin guidelines [19], with the increasing amounts
of the milk at 30 min intervals until intake appropriate for their
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age was reached. A challenge was done in all children after
4 week on an elimination milk-free diet. Cow milk challenge
was performed as the open challenge being a reliable method
in infants and young children (<1 year) and as a blinded test in
older children. The foodstuff was blinded in apple pulp or rice if
no sensitization to these allergens was detected. Oral food challenges were preceded by labial food challenge. The same doses
of milk formula were given in open and blinded challenges. The
food challenge was performed in the period of no active AEDS
(inclusion criteria was SCORAD index<20) and wash-out
period of topical corticosteroids.
Immediate reactions were defined as reactions within
2 hours after the last dose of milk was administered. The challenge was started in the hospital when rising doses of the infant
formula were given and continued after 24 hours of observation
in the patient’s home, where the parents recorded the symptoms
of the child being with telephone contact with the author. The
challenge was discontinued when a clinical reaction was noticed.
If one of the following symptoms such as skin eruptions,
pruritus, edema, utricaria, exacerbation of atopic skin lesions,
vomiting, diarrhoea, irritability, rhinitis, wheezing, anaphylactic
shock, was noticed, the challenge was regarded as positive. The
evaluation of symptoms and decision to stop a challenge was
made by the investigator. All children were examined once
a week to verify reported symptoms and seen 1 month after the
beginning of challenge to confirm the diagnosis.

Statistical analysis
Statistical analysis was performed by using SPSS for Windows software (version 8.0; PL). Two-by-two tables were used to
calculate sensitivity, specifity, positive (PPV) and negative predictive value (NPV), likelihood ratio (LR) individually for SPT,
sIgE for immediate-onset reactions in the group A (in the group
B no positive immediate reactions) and for APT in patients
with delayed-onset reactions in the group A and B. The analysis
was performed for combined SPT, sIgE, APT for immediate
and delayed reactions, in both group of children. The MannWhitney nonparametric test was used to compare the results of
IgE serum concentration in children with/or without cow’s milk
allergy. The ²-test was used for group comparison. Data are
presented as mean with ranges or 95% confidence interval (CI).
Statistical significance was defined by a level of 0.05.

Results
Cow’s milk oral food challenge
A positive challenge response to milk was found in 13/20
(65.0%) of investigated children in group A and in 5/14 (35.7%)
in group B (Tab. 2). Of the positive reactions, 3/34 (8.8%)
involved immediate-type reactions; in the other children,
delayed-onset reactions appeared. All positive immediate-type
reactions were noticed in the group A of children in the form
of urticaria, pruritus and/or exacerbation of atopic dermatitis.
Gastrointestinal symptoms (vomiting, diarrhea) occurred in one
of patients. No anaphylactic shock was noticed.
In patients with delayed-onset reactions, the symptoms
were confined to the skin (exacerbation of atopic dermatitis

Table 2. Positive results to milk (SPT, sIgE, APT, oral food challenge) in children with AEDS
Group A
(n=20)

Group B
(n=14)

p

SPT n (%)

4 (20.0%)

0 (0.0%)

ns

sIgE n (%)

4 (20.0%)

0 (0.0%)

ns

APT n (%)

11 (55.0%)

5 (35.7%)

ns

13 (65.0%)
3/20 (15.0%)
10/20 (50.0%)

5 (35.7%)
0/14 (0.0%)
5/14 (35.7%)

ns
ns

Oral food challenge n (%)
immediate-onset reactions
delayed-onset reactions

with pruritus) in 11/15 (73.3%) of children; to the respiratory
tract (rhinitis, cough) in 3/15 (20.0%) of patients; to the gastrointestinal tract (vomiting, loss of appetite, irritability) in 4/15
(26.7%) of investigated children. All of mentioned symptoms
were observed within 48 hours after the last dose of milk was
administered.
No statistical differences in the prevalence of immediate
(p<0.1905) and delayed-type (p<0.409) reactions has been
found between age groups.

Relationship between clinical response and skin test
reactivity (SPT and APT) in children with AEDS and
cow’s milk allergy
Positive APT to milk were noticed in 11/20 (55.0%) of
patients in group A and in 5/14 (35.7%) of children from group
B, that has been in correlation with positive delayed-type reactions in oral food challenge in 8/11 (72.7%) and 4/5 (80.0%) of
children in corresponding age groups. There was no correlation between positive APT and oral food challenge in 4/34 of
children from both age groups. The percentage of false-positive
results was 25% for both groups and was comparable (27.3%
– group A, 20.0% – group B).
The prevalence of positive SPT and sIgE to milk was higher
in the group A, but it was not statistically significant (for SPT
and sIgE p<0.1045). The results correlated with elevated IgE
serum concentration for separate patients. No statistical difference has been found between IgE concentration in both age
group (p<0.6242). Mostly (75.0%), positive SPT to milk were
associated with sIgE to milk.
3/4 (75%) of patients with positive SPT and/or sIgE developed immediate-onset reaction to milk in oral food challenge.
The percentage of false-positive results was 25%. Coincidence
of IgE-mediated allergy to milk with delayed- type of immunological reactions (IV type) was noticed only in the group A
(Tab. 2).
No milk hypersensitivity was confirmed by parallel testing
(SPT, sIgE, APT, oral food challenge) in 5/20 (25%) of children
form group A and in 9/14 (64.3%) of children from group B.
These results were in correlation with the percentage of children on the milk-free diet before being enrolled to the study
(Tab. 1).
8 of children demonstrated positive SPT or APT to other
foodstuffs; in 2 of them sensitization to aeroallergens was
confirmed.
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Table 3. Polysensitization to other food and inhalant allergens in
children with AEDS

Table 5. The comparison of diagnostic value for combined skin
prick and patch testing in correlation to oral food challenge tests
(immediate- and delayed-onset reactions)

Group A
(n=20)

Group B
(n=14)

p

Food allergy n (%)
Type I (SPT, sIgE)
Type IV (APT)

16 (80.0%)
7 (35.0%)
9 (45.0%)

9 (64.3%)
7 (50.0%)
2 (14.3%)

ns
ns
0.0073

Sensitivity (%)

Inhalant allergy (SPT, sIgE) n (%)

3 (15.0%)

6 (42.9%)

0.0789

Table 4. Sensitivity, specificity, PPV, NPV, LR for SPT/sIgE in
children with immediate-type reactions to milk and for APT in
children with delayed-type reactions to milk
Group A
(n=20)

Group B
(n=14)

SPT+sIgE+APT

SPT+sIgE+APT

92

80

Specificity (%)

71

89

PPV (%)

85

80

NPV (%)

17

11

LR+

3.23

7.2

LR -

0.11

0.23

Group B
(n=14)

SPT/sIgE

APT

APT

Sensitivity (%)

100

80

80

Specificity (%)

94

70

89

PPV (%)

75

73

80

NPV (%)

Group A
(n=20)

0

22

11

LR+

17.0

2.67

7.2

LR -

0.0

0.29

0.23

Food and inhalant allergy in SPT and APT
The clinical reaction to cow milk challenge was more frequently noticed in the multisensitized patients (69.2% in the
group A and 80.0% in the group B).
Polysensitization to other food allergens confirmed by SPT
and/or sIgE (immediate-type reaction) was detected in 7/20
(35.0%) of patients younger than 3 years of age and in 7/14
(50.0%) of older children (group B), but the difference was
not statistically significant (Tab. 3). SPT were positive to hen’s
egg white, soy, citrus fruits. The prevalence of positive APT to
other foods (soy, rice, maize, cereals) was significantly higher
(p<0.0073) in the polysensitized children from group A; mostly
to soy, cereals, maize, rice. This difference was significant only
to cereals (p<0.0096) (Tab. 4). Although no statistical difference was stated between the prevalence of symptoms from respiratory and gastrointestinal tract in both age groups (Tab. 1),
inhalant allergy was noticed more often in the group of older
children, 42.9% vs 15.0% (p<0.0789) (Tab. 3).

Sensitivity and specifity of SPT/sIgE, APT in
correlation to oral food challenge
Sensitivity of SPT/sIgE in children with immediate-type
reactions to milk (group A) was 100%, specificity 94%. No
positive immediate-onset reactions in the group B were noticed.
Sensitivity of APT in children with late-phase reactions to cow’s
milk was 80% in both age groups; specificity 70% vs 89% with
comparable PPV in both groups (73% vs 80%) (Tab. 4). Parallel
skin testing with combined patch test and evaluation of sIgE
enhanced the value of sensitivity to 92% in the group A and specificity to 89% in the group B. For PPV corresponding figures
were 85%/80% (Tab. 5).

Disscusion
Current data indicate an obvious relation between food
allergy and atopic eczema in infants. It has been demonstrated
by double-blind placebo controlled food challenges (DBPCFC)
that food can exacerbate skin rashes in infants and young
children [2,5,6]. Most food allergies involve an IgE-mediated
hypersensitivity reaction with positive skin prick test responses,
however, no relationship has been established between reactivity in skin prick tests and delayed-onset clinical reactions
[18,20]. Patients with atopic eczema who manifest delayed clinical reaction to food challenge have been show to have higher
interleukin 2, interferon gamma and TNF-alfa, what confirm
the role of lymphocytes T in pathogenesis of AEDS [2,20]. It has
been shown that in certain patients with delayed-type reaction
eczematous skin lesions can be induced by epicutaneous application of aeroallergens. This procedure was named the atopy
patch test (APT).
Identification of offending allergens, food or inhalant, is
very important in the management. Accurate and objective
demonstration of a casual relationship between the dietary
allergen and exacerbation of atopic dermatitis allows for the
compliance of the family to the treatment, is the condition of
growth in early life and is essential for avoidance of unnecessary
elimination diets. Confirmation of the diagnosis and adequate
management plays the role in the secondary prevention of multiple food allergies and bronchial asthma.
Other authors suggest that children in whom atopic dermatitis does not improve despite routine treatment with emollients
and topical corticosteroids should be tested for allergy to foods,
in particular cow’s milk [2,5,6,18].
Population of children with AEDS and food hypersensitivity
is diversified by age and offending foods. Milk, egg allergy is the
most frequent cause of food-induced eczematous symptoms,
affecting infants and young children with food hypersensitivity
and AEDS. School children are more often polysensitized to
soy, arachides, cereals, maize, what has been confirmed in our
study. Although approximately 85.0% of patients with AEDS
have elevated serum IgE levels, and about 85% of these have
evidence of specific IgE antibodies to food and inhalant allergens, not always positive reactions are noticed in DBPCFC [2].
The elevated IgE serum concentration has been confirmed in
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Figure 1. Serum IgE concentration in investigated group of
children

Figure 2. Sensitization to food allergens in APT in children with
AEDS
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Mean
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p

3-1089
10 (50.0%)
167.5±282.93
(35.08-299.92)

4-575
7 (50.0%)
91.57±142.36
(9.37-173.77)

ns

50.0% of investigated children and no difference between age
groups has been noticed (Fig. 1). Only three of them presented
positive immediate-onset reaction to milk in food challenge. Our
results indicated, that as positive SPT/sIgE as immediate-onset
reactions in food challenge were observed only in the group of
younger children (<3 years). The prevalence of delayed-onset
reactions were higher in older children, what was in correlation
with positive results of APT. Cow’s milk allergy was confirmed
in 65.0% of children from group A and in 35.7% from group B,
that has been in correlation with positive delayed-type reactions
in oral food challenge in 72.7% and 80.0% in corresponding age
groups. These results confirm diagnostic accuracy of APT for
the diagnosis of food allergy with the elimination-challenge procedure as the most reliable method. Our and previous studies
have also shown that immediate-type clinical reactions are more
often associated with urticaria and skin prick test positivity and
delayed reactions with atopic eczema and patch test positivity
[21].
Because more of the current data concern diagnostic accuracy of APT in children less than 2 years [8-10,21], we wanted to
assess in our study the relevance of patch testing in the detection
of food allergy in older children.
According to recently studies and published data, we
expected that the results would show significantly lower sensitivity, specificity and PPV. However, although there was a tendency
toward these results, it did not reach statistical significance.
Correlation of APT with clinical symptoms and in 80.0% with
oral food challenge in the group of older children, indicate the
diagnostic value of APT in all age groups. Calculation of PPV
and sensitivity of APT showed comparable values in both age
groups; specificity was higher in older children. Our observation
is in accordance with previous studies by Perackis et al. per-

Foodstuff
Egg white
Soy
Cereals (barley, wheat, rye, oats)
Maize
Rice

Group B

Group A
(n=20)
n (%)

Group B
(n=14)
n (%)

p

2 (10.0%)
5 (25.0%)
10 (50.0%)
4 (20.0%)
3 (15.0%)

0 (0.0%)
1 (7.1%)
1 (7.1%)
0 (0.0%)
1 (7.1%)

ns
ns
p<0.0096
ns
ns

formed in the group of 498 children in age from 3 to 148 months,
indicating that the value of sensitivity, specificity, PPV and NPV
concerning cow’s milk, hen’s egg and wheat does not seem to be
influenced by age in infancy and childhood [22].
Our results of sensitivity (100.0%) and specificity (94%)
for SPT/sIgE showed a high predictive capacity of these tests
for children with immediate-type reactions in food challenge.
In the recent study Niggemann and Roehr concluded that the
combination of positive APT results and measurement of levels
of specific IgE makes DBPCFC superfluous for suspected food
allergy [9,23,24]. This and other studies have shown the correlation of SPT/sIgE with immediate-onset reactions and APT with
delayed-onset reactions, what confirm the role of these methods
in diagnosing of different type of food allergy [10,21,24]. The
percentage of false-positive and false-negative results was comparable for SPT, sIgE and APT.
Although the history indicating the time correlation
between milk ingestion and exacerbation of clinical skin symptoms, no milk hypersensitivity was confirmed by parallel testing
(SPT, sIgE, APT, oral food challenge) in 5/20 (25%) of children
form group A and in 9/14 (64.3%) of children from group B. It
allows to state that the milk is the main, offending food allergen
in infants, but not in older children.
In our study population, some patients were sensitized
to soy and cereals and showed symptoms exacerbation after
ingesting of foods containing these allergens. Polysensitization
was significantly more frequent in children older than 3 years.
The results of APT suggest the role of delayed-type reactions
in wheat allergy and that sensitization to cereals appears to
be more common than generally believed among infants with
atopic eczema [25] (Fig. 2). Cereal allergy in infants may be the
first sign of further pollen allergy and cross-reactivity in older
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children. Positive results of APT to cereals should be verified
by oral food challenge, but the inclusion criteria to this study
was suspicion of cow’s milk allergy, so we decided to perform
the elimination-challenge procedure to cereals as the next step
of diagnosing.
In this investigation, the prevalence of inhalant allergy was
statistically higher in children older than 3 years, what confirm
the role of aeroallergens in the pathogenesis of AEDS. It is also
the risk factor for allergic rhinitis and bronchial asthma. Natural
history of AEDS shows that about 80% of children with atopic
dermatitis and food allergy will “lose” their clinical reactivity to
milk over 1 to 3 years, developing multiple food allergies with
allergic rhinitis and/or bronchial asthma [26]. It suggests that the
successful management of AEDS and food allergy requires food
allergens avoidance and the diagnostic procedures with other
foodstuffs.
There are not a lot of study concerning the diagnostic
value of combined skin prick and patch testing in correlation
to oral food challenge. The findings of Isolauri, Turjanmaa and
Majamaa et al. indicate that skin prick and patch testing significantly increases the chances of early detection of food allergy in
infants [10,18,23,24]. But there are also the study concluding
that the APT was of little value in diagnosing food allergy in
small children. In the study of Vanto et al. who investigated 301
children with suspected cow’s milk allergy, the PPV was 40% for
APT in correlation to immediate-type reactions [12]. The explanation for the divergence and such a low predictive capacity of
APT is that the investigations were carried out on the group of
unselected children with skin, respiratory and digestive symptoms and that the figures concerned immediate-onset reactions
but not delayed-onset reactions.
In our study, in combined skin and patch testing with evaluation of sIgE, the sensitivity was higher in children less than
3 years (92%), but specificity in children older than 3 years
(89%). These results and high PPV confirm that APT might be
performed in the diagnostic work-up of food allergy in children
with atopic dermatitis up to 3 years of age with unimpaired
accuracy.
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Abstract
Purpose: The scientific experiments with new immunological methods (immunoblotting, RAST inhibition) and
isolation of recombinant allergens suggest structural similarities in the allergenic components responsible for crossreactions. Immunochemical and molecular biology studies
indicate that epitopes of major allergen (Bet v 1, Mal d 1)
contain more IgE binding epitopes than minor allergens
(Bet v 2, Mal d 2), what explained clinical importance of
major birch and apple allergens, but it is individual. The
important role in cross-reactivity play also proteins with
low molecular weight; a potentially dangerous allergen is
lipid transfer protein (LTP) inducing severe systemic reactions in allergic subjects. The recent studies indicate that
the IgE cross-reactivity patterns and the clinical relevance is
still not clear and that only some of patients with confirmed
IgE cross allergy to Bet v 1 and Mal d 1 demonstrated clinical symptoms after ingesting of apple. The aim of study was
to establish the pattern of cross-reactivity between major
(Bet v 1) and minor (Bet v 2) birch pollen allergens and
apple proteins in children allergic to birch using recombinant allergens and immunoblotting method.
Material and methods: The prospective study were carried out on the group of 13 children aged 4-16 years, referred
to the IIIrd Department of Paediatrics in Białystok and outpatient clinic with clinical symptoms of food and inhalant
allergy. Inclusion criteria to the study were: allergy to birch
pollen recombinant allergens and apple, confirmed by presence of specific IgE in the sera of patients. The allergens
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from peel and pulp of apple and birch were separated and
loaded onto the polyacrylamide electrophoretic gel and than
transferred to membranes by western blotting. Antigen-IgE
complex was detected using goat anti-human IgE antibodies
labelled with alkaline phosphatase.
Results: Only few sera presented strong reactions in
immunoblotting to birch pollen proteins with a molecular
weight of 17-18 kDa, corresponding to the main birch allergen Bet v 1. Most of sera having positive reaction vs Bet v 1
showed cross-reactivity with Mal d 1. All sera recognized
specifically the main allergen of apple peal Mal d 3 with
molecular weight <10 kDa (Lipid Transfer Protein).
Conclusions: Immunoblotting method allows to verification of cross-reactivity recognized by presence of specific
IgE. The nature of proteins responsible for sensitization can
influence the spectrum of offending foods and the clinical
features of allergic reactions.

Key words:

cross-reactivity, birch-apple syndrome,
immunoblotting, recombinant allergens, lipid
transfer protein.

Abbreviations: IgE – immunoglobulin E; LTP – lipid
transfer protein; RAST inhibition – radioallergosorbent test
inhibition; SDS-PAGE – sodium dodecyl sulfate polyacrylamide
gel electrophoresis.

Introduction
Patients allergic to birch pollen often also react with fruit
and vegetables, such as apple and cross-reactivity of allergenspecific antibodies is a well-known phenomenon in food allergy
[1,2]. Allergies to plant foods are based on cross-reactive IgE
and adverse food reactions are mainly due to a specific family
of related proteins. All these proteins seem to possess structural
similarities. Proteins that share common epitopes with Bet v 1,
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the major birch pollen allergen, occur in other kinds of tree pollen, apples, stone fruit, celery, carrots and nuts [2]. The major
cause of cross-reactivity between birch and apple is biochemical and immunological similarity between the major allergens,
Bet v 1 and Mal d 1 [1]. Isolation and sequencing of the major
allergen Mal d 1 from apple have shown a high degree of sequential homology with Bet v 1 and it has been demonstrated that
Mal d 1 and Bet v 1 cross-react at T-cell level [3]. Bet v 1 belongs
to class 10 of pathogenesis-related proteins. Other major allergen from apple (Mal d 2) has been identified as thaumatin-like
proteins. In contrast to Bet v 1, two minor allergenic structures
which sensitize about 10-20% of all pollen-allergic patients, are
named profilins and cross-reactive carbohydrate determinants
[2]. Cross-reactivity between birch pollen and apple has been
demonstrated using allergen extracts in RAST inhibition, as well
as immunoblotting [1]. A common observation of cross-reactivities has shown that a relatively high number of these seem to be
without clinical significance [4]. More recently, a lipid transfer
protein has been reported to be an important allergen in apple
(Mal d 3). Lipid transfer protein (LTP), the major allergen in
Rosaceae fruit in areas where the prevalence of birch pollen
allergy is low, is a potentially dangerous allergen. Because of its
extreme resistance to pepsin digestion, LTP probably reaches
the intestinal tract in an almost unmodified form inducing
severe systemic reactions in allergic subjects. In fact, lipid
transfer proteins from apple showed a homology higher than
90%, which clearly explains immunochemical cross-reactivity in
patients not allergic to birch pollen [5].
Food proteins and profilins of the Bet v 1 family are relatively sensitive to heat and can be easily cleaved by proteases.
Serological assays and skin prick tests allow no distinction
between symptomatic and asymptomatic patients. Positive
serological assays should not be taken as indicators for a strict
avoidance of foods which are tolerated [2].
Despite the increasing knowledge of cross-reactive structures and the role of recombinant allergens, it is still not clear
the IgE cross-reactivity patterns and the clinical relevance [2,4].
According to the published data, sensitization to Bet v 1 or profilin is not always associated with IgE against specific foods. The
correlation has been found between Bet v 1 and apple, peach,
hazelnut in patients allergic to birch, but the actual question is, if
patients allergic to apple demonstrate reactivity to Bet v 1 [2,6].
The aim of our study was to determine the pattern of crossreactivity between birch pollen and apple in children allergic to
birch using recombinant allergens and immunoblotting method.
The correlation between immunochemical cross-reactivity to
apple and birch was also established.

Material and methods
Patients
The prospective study were carried out on the group of 13
children aged 4-16 years, referred to the IIIrd Department of
Paediatrics in Białystok and outpatient clinic with clinical symptoms of food and inhalant allergy. Inclusion criteria to the study
were: allergy to birch pollen recombinant allergens (Bet v 1
and Bet v 2) and apple, confirmed by estimation of specific

Table 1. Total and specific IgE in the investigated patients
(N=13)
Specific IgE to birch
allergens
(class)

Specific
IgE
to apple
Bet v 2 (class)

Age
(yrs)

IgE
(IU/ml)

Birch

Bet v 1

1. M.W.

14

65

3

3

0

2

2. K.K.

4

>5000

3

3

3

2

3. J.M.

12

3293

4

4

3

2

4. M.R.

8

>5000

2

0

0

3

5. J.Z.

2

2077

5

5

0

3

6. P.L.

12

356

2

0

0

2

7. J.B.

13

965

3

3

0

2

8. M.W.

13

110

4

4

0

1

9. J.S.

14

211

3

3

2

2

10. L.M.

9

1081

3

3

0

4

11. M.K.

4

141

6

6

0

4

12. K.K.

13

792

4

4

0

3

13. E.P.

16

>1000

3

2

0

2

No

Initials

IgE in the sera of patients. Exclusion criteria were: chronic
diseases of respiratory and digestive tract with different than
allergic background, parasites infections, autoimmunological
disorders.

Determination of total IgE and specific IgE antibodies
Serum samples (2 ml) were analyzed for concentration
of total IgE and specific IgE antibodies to birch recombinant
(Bet v 1 and Bet v 2) and apple allergens (Pharmacia Upjohn)
with a fluoroimmunoenzymatic essay (UniCAP) according to
the manufacture’s instruction. The detection limit of the CAP
system is 0.35 kU/L IgE; measurable specific IgE was defined
as a positive test result if >0.7 kU/L. The results of total and
specific IgE to birch and apple are presented in Tab. 1.

Immunoblotting
Immunoblotting has been performed in the cooperation
with the Department of Pharmacology in the University of
Milan in Italy with the procedures described bellow.

Apple
The apples were purchased from a greengrocer of Milan;
they belonged to three varieties: Golden Delicious, Stark Delicious and Smith. Peel and pulp were separated, freeze-dried and
suspended in Sample buffer:water (1:1, v:v) at the final concentration of 150 mg/mL. After a night at room temperature, samples were centrifuged at 10 000 rpm and 4°C for 20 minutes. The
supernatant was collected and loaded onto the electrophoretic
gel. Sample buffer contained 0.25M TRIS-HCl pH 6.8, 7.5%
glycerol, 2% SDS, 5% -mercaptoethanol.

Birch
A birch solution for prick test (STALLERGENES SA) was
diluted 1:1 (v:v) with Sample buffer and loaded onto a gel.
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Figure 1. SDS-PAGE of apple peel and pulp and birch pollen
kDa
194.7
116.4
95.1

Figure 2. Reactivity vs birch pollen proteins 17-18 kDa in one of
patient allergic to birch (membrane incubated with serum 11)
kDa
194.7
116.4
95.1

51.2

51.2

36.6

D

28.9

C

36.6
28.9

19.9

A

19.9

B
6.5

STPP STPL GDPP GDPL SMPP SMPL MK

BP

St – Malus domestica var. stark delicious; PP – pulp; Gd – Malus
domestica var. Golden Delicious; PL – peel; Sm – Malus domestica
var. Smith; MK – molecular weight marker solution; BP – birch
pollen
Molecular weight:
A: 18.4 kDa; B: 17.7 kDa; C: 31 kDa; D: 35.4 kDa

Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE)
Apple and birch proteins were separated on a gradient
polyacrylamide gel with the following characteristics:
1 – Gradient running gel: 12-22% acrylamide; 0.11-0.20%
bis-acrylamide; 0.36 M TRIS-HCl buffer pH 8.8; 35% glycerol;
0.1% SDS; 0.02% ammonium persulfate; and 0.15% N,N,N’,N’tetramethylenediamine (TEMED).
2 – Stacking gel: 3.5% acrylamide; 0.09% bis-acrylamide;
0.125 M TRIS-HCl buffer pH 6.8; 0.1% SDS; 0.02% ammonium
persulfate; and 0.15% (TEMED).
3 – Running buffer: 25 mM TRIS, 0.19M glycine and 0.1%
SDS (w/v), pH 8.8.
After the electrophoretic run (90 V at room temperature,
for approximately 6 h) gels were dyed with Coomassie Brilliant
Blue G-250. All materials and instruments were purchased from
Bio-Rad (Richmond CA, USA).
Molecular Weight Marker Solution (prestained broad
range, Bio-Rad) contained myosin (rabbit muscle; 194.7 kDa),
-galactosidase (Escherichia coli; 116.4 kDa), bovine serum
albumin (95.1 kDa), ovalbumin (chicken egg; 51.2 kDa),
carbonic anhydrase (bovine erythrocytes; 36.6 kDa), soybean
trypsin inhibitor (soybean; 28.9 kDa), lysozyme (chicken egg
white; 19.9 kDa) and aprotinine (bovine pancreas; 6.5 kDa).

Immunoblotting
After SDS-PAGE, proteins were transferred to polyvinylidene difluoride (PVDF) membrane (PVDF; Immobilon P, Millipore, Bedford, MA, USA) by western blotting in a Trans-blot
Electrophoretic Transfer Cell (Bio-Rad). The transfer buffer
was 25 mM Tris, 193 mM glycine and 20% methanol. The membranes were blocked with 1% gelatin and washed three times
with 0.25% gelatin solution (in 150 mM NaCl, 5 mM EDTA,
50 mM Tris, 0.05% Triton-X) to prevent non-specific adsorption of the immunological reagents. The membrane was then
immersed in 10 mL of 0.25% gelatin solution containing 0.5 ml
of serum from allergic children. Antigen-IgE complex was
detected using goat anti-human IgE antibodies (Sigma Aldrich,

6.5

17.7 kDa
STPP STPL GDPP GDPL SMPP SMPL MK BP

St – Malus domestica var. stark delicious; PP – pulp; Gd – Malus
domestica var. Golden Delicious; PL – peel; Sm – Malus domestica
var. Smith; MK – molecular weight marker solution; BP – birch
pollen

Milan, Italy) labelled with alkaline phosphatase; the secondary
antibody commercial stock was diluted 1/1000 (v:v) in 0.25%
gelatin solution. After incubation for 4 h at room temperature
with shaking, membranes were washed twice with 0.25% (2 min
each) and once with Tris buffer solution (20 mM Tris and 0.5 M
NaCl) for 5 min.
Finally, after incubation in bromochloroindolyl phosphatenitroblue tetrazolium (BCIP-NBT) solution, an intense blackpurple precipitate developed at the site of enzyme binding.
The developing solution contained 15% BCIP and 30% NBT
in alkaline phosphatase buffer (100 mM Tris, 100 mM NaCl,
5 mM MgCl2, pH 9.5).

Results
The electrophoretic pattern of apple pulp and peel belonging to the three selected varieties (Malus domestica var. golden
delicious, stark delicious and smith) are shown in SDS-PAGE
(Fig. 1). In parallel, the profile of pollen birch proteins is shown.
The protein profile of apple samples is not well defined; in fact,
several proteins are distributed in the range of molecular weights
6.5-95.1 kDa. Same proteins are well defined and among them
the most abundant component (both in pulp and peel samples)
presents a molecular weight of approximately 17-18 kDa.
The profile of birch pollen presents three major proteins,
having molecular weights of approximately 18, 31, 35.5 kDa.
Circulating IgEs from the 13 sera included in this study were
tested for reactivity against apple peel and pulp, and birch pollen allergens. The use of prestained Molecular Weight standard
solution (broad range) allowed the identification of the proteins
recognized by circulating IgEs (positive reaction in immunoblotting).
The main results can be summarized as follows:

1. Reactivity to birch pollen
Only sera of 4 patients presented strong reaction to birch
pollen proteins (Fig. 2). The protein recognized by these sera

Immunoblotting in the diagnosis of cross-reactivity in children allergic to birch

Figure 3. Reactivity vs the allergens having molecular weight
17-18 kDa and two bands of approximately 30 kDa (membrane
incubated with serum 5)

Figure 4. Reactivity vs major component of apple peel (Mal d 3
– Lipid Transfer Protein) (membrane incubated with serum 1)
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STPP STPL GDPP GDPL SMPP SMPL MK BP
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STPP STPL GDPP GDPL SMPP SMPL MK

BP

St – Malus domestica var. stark delicious; PP – pulp; Gd – Malus
domestica var. Golden Delicious; PL – peel; Sm – Malus domestica
var. Smith; MK – molecular weight marker solution; BP – birch
pollen

St – Malus domestica var. stark delicious; PP – pulp; Gd – Malus
domestica var. Golden Delicious; PL – peel; Sm – Malus domestica
var. Smith; MK – molecular weight marker solution; BP – birch
pollen

presented a molecular weight of approximately 17-18 kDa, corresponding to the main birch allergen Bet v 1. IgEs from the
child 5 recognized in the birch pollen sample: a protein having
molecular weight of 17-18 kDa (Bet v 1), and two bands of
approximately 30 kDa (Bet v 6) (Fig. 3). Since allergy to birch
pollen was the inclusion criterium for this study we must conclude that birch allergens contain conformational epitopes that
loose their reactivity after denaturating processes (treatment
with SDS and -mercaptoethanol). Probably, only the sera from
the most reactive subjects are capable to recognize denatured
birch allergens.

Figure 5. Strong reactivity vs Mal d 1 in the sample containing
the apple var. Smith (incubation with serum 12)

2. Reactivity to apple peel proteins
All subjects presented reactivity against the major component of peel. Considering its molecular weight (<10 kDa), this
protein can be identified as the known allergen Lipid Transfer
Protein (Mal d 3) (Fig. 4). The reactivity against pulp proteins is
characterized by a complex pattern of responses:
Serum 1: no reactivity
Serum 2: no significant reactivity
Serum 3: no significant reactivity
Serum 4: some reactivity to the peel allergen Mal d 1 (MW
17-18 kDa)
Serum 5: reactivity versus two allergens having molecular
weights of app. 30 kDa
Serum 6: weak reactivity versus the allergen having molecular weight of 17-18 kDa (Mal d 1). The reaction is
stronger versus apple Golden
Serum 7: reactivity versus the allergen having molecular
weight of 17-18 kDa (Mal d 1). The reaction is stronger
versus apple Golden
Serum 8: no reactivity
Serum 9: reactivity versus the allergen having molecular
weight of 17-18 kDa (mainly in apple Golden) corresponding to the major birch pollen allergen (Bet v 1)
Serum 10: no significant reactivity
Serum 11: low reactivity versus the allergen Mal d 1
Serum 12: strong reaction versus Mad d 1 in the sample
containing the apple var Smith (Fig. 5)
Serum 13: no significant reactivity.

kDa
194.7
116.4
95.1
51.2
36.6
28.9

19.9
6.5

STPP STPL GDPP GDPL SMPP SMPL MK

BP

St – Malus domestica var. stark delicious; PP – pulp; Gd – Malus
domestica var. Golden Delicious; PL – peel; Sm – Malus domestica
var. Smith; MK – molecular weight marker solution; BP – birch
pollen

Discussion
Cross-reactivity between birch pollen and apple has been
confirmed by analysis of recombinant proteins and using RAST
inhibition and immunoblotting. The major cause of birch-apple
syndrome is biochemical and immunological similarity between
major allergens, Bet v 1 and Mal d 1 [1]. The epitopes of major
allergens (Bet v 1, Mal d 1) show the highest IgE-affinity, but
the different patterns of IgE-binding were also observed in
individuals. Approximately 70% of patients who are allergic
to birch pollen may experience symptoms after consumption of
apple and fruit from family Rosaceae. Most of patients suffer
from local symptoms at the site of the primary allergen contact
(oral allergy syndrome) [2]. Some of them are also sensitized to
minor birch pollen allergen; profilin Bet v 2, but recent studies
suggested that profilin sensitization has little or not clinical
relevance [2,7,8]. A possible reason for this fact is monosensitization to profilin or sensitization to other cross-reacting
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structures in pollen and vegetables foods or to primary food
allergens, such as LTP [2]. The recent studies indicated also that
only 75% of patients with confirmed IgE cross-allergy Bet v 1
– Mal d 1, demonstrate clinical symptoms after ingesting of
apple. This homology between allergens is clinically irrelevant
because of cross-reactive carbohydrate determinants [9]. In our
group of children, we observed positive oral food challenge to
apple in seven of them; 4 sera showed reactivity to Mal d 1 and
all to Mal d 3.
The next problem is that the presence of specific IgE to
birch and apple in the sera of patients can not be considered
as the predicting factor of clinical symptoms. As was previously described, sensitization to Bet v 1 is specific for birch and
apple allergies, whereas sensitization to Bet v 2 is common in
polysensitized patients. In the investigations carried out by Rossi
et al., more than half of patients with a history of oral allergy
syndrome after eating apple reacted to Bet v 1 [10]. In our
study only few among 13 children allergic to birch presented in
immunoblotting specific IgE capable to recognize birch pollen
allergens; probably due to the denaturating processes used in
this technique. The protein of birch recognized by the sera of 4
patients has a molecular weight corresponding to the main birch
allergen Bet v 1 (17-18 kDa). As we have shown in the Tab. 1, all
patients were allergic to birch according to the results of specific
IgE. These results indicated that there is no correlation between
these methods and that the presence of specific antibodies
has not the clinical relevance. The great importance has also
technical conditions of method. We supposed the influence of
denaturating processes on the epitopes structure and the data
obtained by other authors, concerning food allergens, confirmed
these conclusions. The investigations carried out by Vieths and
al. indicated that the proteins in the prick test solution appeared
to be strongly degraded and that extraction procedures should
be adapted to the specific source material [11].
Our results demonstrated that most of sera having positive
reaction vs Bet v 1 showed cross-reactivity with Mal d 1, but
some of patients showed reactivity to Mal d 1, even though
the reactivity to birch was weak or absent. Detailed analysis
of molecular surface areas performed by Holm et al. identifies
potential epitopes for cross-reactive antibodies. A minimum of
two epitopes would be necessary for cross-linking of receptor
bound IgE in histamine release and skin test. The occurrence of
limited epitope coincidence between Bet v 1 and Mal d 1 is in
agreement with the observation that not all birch pollen allergic
patients react with apple and that conformation of epitopes
recognized by the IgE of the individual patients determines the
degree of cross-reactivity [1].
Very interesting seem to be the results of reactivity to the
apple protein with molecular weight <10 kDa, Mal d 3 (Lipid
Transfer Protein). Our results showed that all sera, even these
without reactivity in immunoblotting to birch, recognize specifically the main allergen of apple peel. LTP is the major allergen
in Rosaceae fruit in areas where the prevalence of birch pollen
allergy is low and is responsible for severe allergic reactions
[5]. This protein show extreme heat stability and the results of
investigations performed by Asero et al. suggest that LTP-hypersensitive patients with a history of severe reactions induced by
apple should be advised to avoid unpeeled apple even after it

undergone thermal processing [5]. Clinical observation of the
investigated group of children indicated that only some of children demonstrated symptoms after ingestion of apple, but we
didn’t notice severe clinical reactions among them. The results
of our investigations and the prevalence of sensitization to LTP
is the indication for considering the spectrum of offending foods
and dietetic restrictions, because of the risk of potentially lifethreatening reactions relevant to heat stable and pepsin resistant proteins [12].
The recently studies indicated that the expression of Mal d 1
varies between different apple strains. Golden Delicious and
Granny Smith apples have a high expression of Mal d 1 compared to Jamba and Gloster. It is with correlation of clinical
symptoms occurred more often after ingestion of green apples
than red ones. Hansen and al. described the seasonal variation
in food allergy to apple. Although specific IgE against Golden
delicious increased during season, neither skin test nor immunoblotting could confirm an increase in reactivity. The results
of immunoblotting performed with the sera of our patients,
showed stronger reactions vs apple Golden.
The analysis of the immunoblotting results in correlation to
clinical observations of investigated children generally agreed
that the diagnosis of food allergy must rely on the outcome of
oral food challenge [13]. Because clinical aspect of cross reactivity was not the subject of this paper, we didn’t compare the
diagnostic accuracy of immunoblotting with clinical symptoms.
But according to our experiences, we can suggest that immunoblotting is useful to verification of cross-reactivity recognized by
the presence of specific IgE.
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Hypersensitivity to hydrolyzed cow’s milk protein
formula in infants and young children with
atopic eczema / dermatitis syndrome
with cow’s milk protein allergy
Kaczmarski M, Wasilewska J*, Lasota M
III Department of Pediatrics, Medical University of Białystok, Białystok, Poland

Abstract
Purpose: Atopic eczema/dermatitis syndrome (AEDS) is
often the first manifestation of atopic disease in children.
Food hypersensitivity should be considered in approximately 40% of these patients. AEDS children with cow’s
milk allergy are commonly prescribed a hydrolyzed formulas or amino acid-based formulas for an alternative protein
source. The aim of this study was to investigate hypersensitivity to extensive hydrolyzed casein and whey proteins in
AEDS children with cow’s milk protein allergy (CMA).
Material and methods: The study included 67 hospitalized children with AEDS (m/f – 43/24), aged 1-28 months
(mean 11.34±8.52) and CMA confirmed by oral food challenge. All patients were treated with extensively hydrolyzed
formulas: 48/67 children with casein hydrolysates and 19/67
children with whey hydrolysates.
Results: In most of studied children we recognized
severe AEDS (SCORAD Index: mean 55.41±17.4; 95% CI
51.17-59.66) with elevated total IgE (mean 432.98±1030.46;
95% CI 181.63-684.33). In 22/67 children (32.8%) we established diagnosis of hypersensitivities to hydrolyzed formula
(HHF): in 17/22 to casein hydrolysates, in 4/22 to whey
hydrolysates and in 1/22 to amino-acid based formula. Children with HHF did not differ in the severity of AEDS evaluated by SCORAD (57.18±16.59 vs 54.56±17.90), the serum
level of total IgE (603.9±1253 vs 349.4±906.1) and the time
of breast-feeding (4.4±4.0 months vs 6.8±7.28). They differ
in the number of plasma eosinophils and positive correlation between number of eosinophils and serum level of total
IgE (p<0.05, r=0.46 vs r=0.07).
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Conclusions: Children with moderate or severe atopic
eczema/dermatitis syndrome can demonstrate hypersensitivity to hydrolyzed formula recommended for therapeutic
indications.

Key words:

atopic eczema/ dermatitis syndrome, extensively hydrolyzed formula, cow’s milk protein,
amino acid-based formula.

Abbreviations: AAF – amino acid-based formula; AEDS
– atopic eczema / dermatitis syndrome; CI – confidence interval;
CM – cow’s milk; CMA – cow’s milk allergy; DBPCFC – double-blind, placebo-controlled, food challenge; eHC – extensive
hydrolysates of casein; eHW – extensive hydrolysates of whey.

Introduction
Atopic eczema / dermatitis syndrome (AEDS) is a common
ailment in children, affecting 10% to 12% of infants [1]. It is
often regarded as the first manifestation of atopic disease in
children. Patients with AEDS have in general an elevated total
and food-specific level of IgE antibodies and food hypersensitivity should be considered in approximately 40% of these children
[1,2]. Sensitivity to foods is seen in the first few years of life,
while older children and adults with AEDS are more predisposed to developing respiratory allergy. The most commonly
offending foods are cow’s milk (CM), hen’s egg, wheat and soy
[3]. Cow’s milk allergy affects 2% to 3% of infants in unselected
cohorts [4]. Approximately one-third of the children with AEDS
have been diagnosed with cow’s milk allergy or cow’s milk
intolerance, as determined by means of an elimination diet and
challenges, and approximately 40% to 50% of children <1 year
of age with cow’s milk allergy or cow’s milk intolerance have
AEDS [5]. Hill et al. found AEDS in 57% of the children with
IgE-mediated cow’s milk allergy [6].

Hypersensitivity to hydrolyzed cow’s milk protein formula in infants and young children with atopic eczema / dermatitis syndrome…

Table 1. Characteristics of AEDS children with or without
hypersensitivity to hydrolyzed formulas
Children with
Children
hypersensitivity
without
to hydrolysates hypersensitivity
formulas
to hydrolysates
(n=22)
formulas (n=45)
Sex (f/m)

p value

8/14

16/29

Age, mo (mean ±SD)
(median)
(95% CI)

11.95±8.3
(9.5)
(8.3-15.6)

11.04±8.8
(7.0)
(8.4-13.7)

<0.69=ns

SCORAD (mean ±SD)
(median)
(95% CI)

57.18±16.6
(58.5)
(49.8-64.5)

54.56±17.9
(52.0)
(49.2-59.9)

<0.57=ns

IgE IU/ml (mean ±SD)
(median)
(95% CI)

603.9±1253.5
(75.5)
(48.14-1159.7)

349.4±906.1
(34)
(77.2-621.7)

<0.35=ns

Number of peripheral
eosinophils (mean ±SD)
(median) (95% CI)

10.3±8.2
(8.0)
(6.7-13.9)

5.7±4.0
(4.0)
(4.5-6.9)

<0.02

Time of breast-feeding
in months (mean ±SD)
(median) (95% CI))

4.4±4.0
(4.0)
(2.9-5.9)

6.8±7.28
(4.5)
(4.6-9.0)

<0.29=ns

(UniCAP Pharmacia & Upjohn Diagnostics, Uppsala, Sweden)
as detailed by the manufacturer’s details and the cut-off point
for positivity was set at 0.7 kU/l. Open challenge was chosen,
since it has been shown to be reliable method in young children.
Children taking antihistamine were advised to avoid it for 72
hours before provocation. The challenge was started in the hospital and then continued in the patient’s home where the parents recorded the symptoms. The challenge period was 2 weeks.
During the first day successive and increasing doses (0.1, 1.0,
3.0, 10.0, 30.0 and 50 or 100 ml – according to age of life) lowlactose CM (Bebilon Nutricia) were administered. Challenge
was performed with the access to full emergency equipment
with antianaphylactic drugs. After CMA diagnosis, all patients
were treated with cow’s milk protein hydrolyzed formula: 48/67
(71.6%) children with extensive hydrolysates of casein (eHC)
(Nutramigen; Mead Johnson) and 19/67 (28.4%) children with
extensive hydrolysates of whey (eHW) (Bebilon pepti 1 or 2;
Nutricia). Introduction of hydrolyzed formula and monitoring
of its clinical tolerance was started during hospitalization and
continued in the out-patient department. Intolerance symptoms
were indication to changing formula (eHC or eHW or AAF).

Statistical analyses
An avoidance diet plays an important role in the treatment
of AEDS particularly in small children. Formulas containing
hydrolyzed cow’s milk proteins are used to treat these infants.
Partially or extensively hydrolyzed formulas or amino acidbased formulas can be used depending on the severity of the
clinical course of AEDS. The incidence of adverse reactions
or allergy to these formulas in infants has been a new clinical
problem in recent years.
The aim of this study was to investigate hypersensitivity to
extensive hydrolysates of casein and to extensive hydrolysates of
whey protein in children up to 3 years of age with AEDS.

Material and methods
The study included 67 hospitalized children with AEDS (43
boys, 24 girls), aged 1-28 months (mean 11.34±8.52; 95% CI
9.24-13.44). The inclusion criteria were: 1. diagnosis of AEDS,
2. age up to 3 years, 3. case history of CMA. The exclusion criteria: 1. concomitance of other organ diseases, 2. lack of parents
consent to the study.
We used the diagnostic criteria of atopic dermatitis by Hanifin and Rajka [7] and SCORAD Index adapted by European
Task Force on Atopic Dermatitis [8]. Scoring of AEDS included:
assessment of topography items (affected skin area), intensity
criteria (extent of erythema, edema, crusts, excoriations, lichenification and xerosis), and subjective parameters (extent of itch
and loss of sleep). The maximum score was 92 points.
Cow’s milk allergy (CMA) was recognized: 1) on the basis
of case and family history, 2) by prick skin tests with native
food allergens, 3) laboratory data: total IgE, food-specific IgE
(cow’s milk proteins: casein and whey protein: -lactoalbumin
and -lactoglobulin) and 4) oral open CM challenge. The total
IgE concentration and serum-specific IgE antibodies to CM
allergens were measured with a fluoroimmunoenzymatic assay

SCORAD, IgE, plasma eosinophils and the time of breast
feeding data are expressed as mean (95% CI) and median
values. The Mann-Whitney nonparametric test was used to
compare the results of patients with those of controls. Results
were considered statistically significant at p<0.05.

Ethics
Informed consent was obtained from the parents. The study
was approved by the Ethics Committee of Medical University
of Białystok.

Results
Tab. 1 shows the characteristics of the patients examined.
In most of studied patients we recognized severe AEDS:
SCORAD Index: range 18-92, mean 55.41±17.4 (95% CI 51.17-59.66) (Fig. 1) with elevated total IgE: range 2-5000IU, mean
432.98±1030.46 (95% CI 181.63-684.33). In 22 of 67 AEDS children (32.8%) we established diagnosis of hypersensitivities to
hydrolyzed formulas (HHF): in 17/22 to extensive hydrolysates
of casein (17 of 48 treated with eHC), in 4/22 to extensive hydrolysates of whey protein (4 of 19 treated with eHW) (Fig. 2). One
of 22 children had reaction to amino acid-based formula. Children with hypersensitivity to hydrolyzed formulas did not differ
in the intensity of AEDS evaluated by SCORAD (57.18±16.59
vs. 54.56±17.90) (Tab. 1). In HHF group the serum level of total
IgE was higher than in children without HHF, but the difference
was not significant (Fig. 3). In these both studied groups, we did
not find the significant correlation between the serum IgE and
SCORAD (Fig. 4, Fig. 5). Exclusively in children with HHF we
noted a significant higher number of eosinophilic granulocytes
in peripheral blood (p<0.02) (Tab. 1) and high positive correlation between number of eosinophils and serum level of total IgE
(p<0.05, r=0.46 vs. r=0.07) (Fig. 6, 7).
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Figure 1. SCORAD index in studied AEDS children

Figure 2. Hypersensitivity to hydrolysates in AEDS children
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Figure 3. Total serum IgE in AEDS children with or without
hypersensitivity to hydrolyzed formula

Figure 4. IgE vs SCORAD in children with hypersensitivity to
hydrolyzates (r=0.27)
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treated with eHW, 4 children did not tolerate as well eHC as
eHW and were successfully treated with AAF (Tab. 2).
In studied group of 67 children mean time of breast feeding
was 5.84±6.01 months (95% CI 4.13-7.55). The shortest time of
breast feeding we noted in 4 infants with hypersensitivity to both
hydrolysates (3.6±2.7) but the difference between patients with
and without HHF was insignificant (Tab. 1, Fig. 8).
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Clinical symptoms of hypersensitivity (dermatological, gastrointestinal and from nervous system) were observed in 17 of 48
(35.4%) AEDS patients treated with eHC and in 4 of 19 (21.1%)

Food allergy plays a role in at least 20% of the cases of AEDS
in children younger than 4 years and in about 30% of AEDS
children CMA is recognized [5]. All of AEDS children included
to our study presented clinical symptoms of CMA confirmed
by open oral cow’s milk challenge. The complete elimination
of cow’s milk protein from the child diet for a variable period
time is vital to the management of cow’s milk allergy and extensively hydrolyzed formulas are the first-line therapy for routine
use [9,10]. In this study most of patients (71.6%) were treated
with eHC in the beginning. Protein hydrolysates are used to the
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Figure 7. Plasma eosinophils vs serum IgE in AEDS children
without HHF (r=0.07)
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Table 2. Characteristics of AEDS children with cow’s milk allergy and hypersensitivity to hydrolyzed formula
Clinical symptoms of hypersensitivity

Patient

Age
(mo)

Sex
(F/M)

No tolerated
extensively
hydrolyzed
protein

Dermatological
Exacerabtion
of AEDS

Gastrointestinal

GER

Colic

Nervous

Total IgE
(UI/ml)

Diarrhea Irritability

IgE
caseine
(class)

IgE whey
(class)

-La

-Lg

1

16

M

Casein

+

-

-

+

+

26.0

3

0

1

*2

3

M

Casein

-

+

+

+

-

4.0

3

3

1

3

6

M

Casein

+

-

+

-

+

195.0

3

0

2

4

6

F

Casein

+

-

-

-

-

66.0

2

0

2

5

9

F

Casein

+

-

-

-

-

74.0

4

2

1

6

6

M

Casein

+

+

-

-

+

257.0

2

1

0

7

24

M

Casein

+

-

-

-

-

5000.0

2

1

0

8

14

F

Casein

+

-

-

-

+

2633.0

4

0

1

9

28

F

Casein

+

+

-

+

-

12.0

3

0

3

10

7

M

Casein

-

+

-

-

+

2.0

3

2

0

11

11

F

Casein

+

+

-

-

-

342.0

ND

ND

ND

*12

18

M

Casein

+

-

-

-

-

177.0

4

3

2

13

6

M

Casein

+

+

+

+

-

1354.0

2

2

1

14

20

F

Casein

-

-

-

-

+

33.0

ND

ND

ND

*15

6

M

Casein

+

+

-

+

+

141.0

4

2

3

16

10

F

Casein

+

-

-

+

-

149.0

2

2

0

17

28

M

Casein

+

-

-

+

-

2634.0

2

1

2

18

11

M

AAF

+

+

-

-

-

12.0

3

4

2

*19

6

M

Whey

+

-

+

-

+

39.0

2

3

0

20

24

F

Whey

+

+

-

-

-

77.0

1

3

3

21

2

M

Whey

+

+

+

+

+

9.0

ND

ND

ND

22

2

M

Whey

-

+

+

-

+

50.0

ND

ND

ND

AAF – amino acid-based formula; ND – not done; -La – alfa-lactoalbumin; -Lg – beta lactoglobulin; * – children with hypersensitivity to both
hydrolysates

treatment of cow’s milk protein allergy and are well tolerated by
90% allergic children [9,11-13]. In recent times there have been
increasing reports of intolerance to hydrolysates in infants and
young children [14-16]. Allergy to extensive hydrolyzed formula
may be part of more severe syndrome, multiple food allergy
(MFA) in highly allergic children. According to Sampson et al.,

8-10% of CMA children have hypersensitivity to casein [17]. In
our study hypersensitivity to casein or whey proteins or both was
find in 32.8% of AEDS children. In retrospective study by Latcham et. al, 43 of 121 (36%) children with multiple food allergy
had intolerance to standard cow’s milk hydrolysate formulas
and did well with an amino acid formula (Neocate) [18]. In the
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Figure 8. Mean time of breast feeding in AEDS children with or
without hypersensitivity to hydrolysates (HHF) (n=67)

without HHF

This study was supported by Medical University of Białystok
project 3-43-647.
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presence of allergy to other foods, tolerance of eHF and of CM
occurs later and a restricted diet based on AABF is required for
a longer duration [14].
The skin is one of the target organs involved in food hypersensitivity reactions. The most recent studies have shown that
the IgE response after allergen-induced mast cell activation is
characterized by skin infiltration of monocytes and lymphocytes
[19]. Although eosinophils are not predominent in histologic
sections of AEDS lesions, as seen in allergen-induced asthma,
immunohistochemical staining of AEDS skin has revealed
prominent deposition of eosinophil major basic protein and
eosinophil-derived neurotoxin in active eczematous lesions
[20]. Major basic protein is a cytolytic protein secreted almost
exclusively by eosinophils capable of damaging skin epithelial
cells and promoting mast cell degranulation and its deposition
is not find in uninvolved skin sites. We have studied plasma
eosinophils and higher number of these cells indicates an active
allergic component in AEDS children with HHF.
The potential antigenicity and allergenicity of hydrolysates
is caused by residual immunologically active protein and its
immunoreactive epitopes. Residual allergenic activity has been
described in partially and in extensively hydrolyzed formulas
and indicates that technological separation of casein from whey
proteins is unsatisfactory and it may cause anaphylactic reactions in sensitized children [21].
Accepting that none of hydrolysate-based products is completely safe, the American Academy of Pediatrics (AAP), the
European Society of Paediatric Gastroenterology and Nutrition
(ESPGAN) and the European Society of Paediatric Allergy and
Clinical Immunology (ESPACI) recommend that introduction
of these formulas in CMA children should be carried out under
a doctor’s supervision and tested in double DBPCFC [22]. As
indicates our study children with AEDS accompanied by CMA
are highly predisposed to hypersensitivity reactions to hydrolysate-based formulas, but randomized study is necessary to
verify these results.
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Abstract
Purpose: The paper presents links between iodine
provision and selected acute phase proteins’ (APP) serum
concentrations as well as their glycosylations profiles (investigated with the use of affinity immunoelectrophoresis with
Concanavalin A as ligand) in children.
Material and method: 116 children (58 girls and 58 boys)
were enrolled. Iodine level was measured in the morning
(7:30-8:30) urine portion, using Cr-As method. According
to iodine level children were divided into two groups. The
first one consisted of 56 children with decreased iodine level
(lower than 100 micrograms/L), second – 60 children with
iodine level higher than 100 micrograms/L. In serum the
concentration of ferritin, beta2-microglobulin (beta2-MG),
thyroxin (T4), triiodothyronin (T3), thyrotrophic hormone
(TSH) were measured by radioimmunoassay (BELORIS,
Belarus). Concentrations of APP: C-reactive protein (CRP),
alpha1-acid glycoprotein (AGP), alpha1-antichymotrypsin
(ACT), alpha1-antitrypsin (AT), haptoglobin (Hp), alpha2macroglobulin (A2-M), ceruloplasmin (Cp) and transferrin
(Tf) were measured in sera samples by rocket immunoelectrophoresis acc. to Laurell with antibodies and standard
from DakoCytomation, Denmark. Microheterogeneity of
AGP, ACT and Tf was estimated using affinity immunoelectrophoresis with ConA as a ligand, acc. to Bøg-Hansen.
Results: It was established, that CRP level was lower
than upper limit of normal range. Levels of other investigated proteins were reliably dependent on the level of iodine.
Especially for AGP lower level was observed for children of
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the group with low iodine level. In children with low iodine
level along with the decrease of serum AGP concentration
altered glycosylations profile was observed, namely decrease
in the content of variant non-reactive to ConA (W0) and
increase in content of weakly reactive (W1) and reactive
(W2) variants content, which resulted in increase of the
reactivity coefficient (AGP-RC). Similar tendency in alterations of distinctly glycosylated variants in relation to iodine
level could be shown for ACT. Serum concentration of any
investigated protein was not dependent on the concentration of the hormones of pituitary-thyroid system.
Conclusions: It seems that the influence of the iodine
level is direct, not via thyroid hormones. It could be suggested that in euthyroid children with low iodine excretion
with urine a hidden iodine deficiency is already registered
by the regulatory mechanisms and a kind of acute phase
reaction is started, may be in order to increase iodine uptake
and storage.

Key words:

iodine provision, thyroid hormones, acute
phase proteins.

Introduction
A problem of environmental too low iodine level exists in
140 countries all over the world. According to the reports of
WHO about 1.5 milliard people live under iodine deficiency
conditions [1]. It is known that iodine deficiency may result in
several pathological changes, not only in traditionally reported
goiter, and ongoing not necessarily along with thyroid enlargement. Iodine plays the most important biological role as a part
of thyroidal hormones that take part in regulation of all metabolic processes, physical and mental development, reproductive
functions and immunity [2]. But thyroid is not the only organ
that makes use of iodine. Also the cells of the immune system
use this microelement. As example the bactericidal activity
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of iodides and peroxiiodides produced by phagocytes may be
mentioned [3]. However, no reports were found on relationship
between iodine provision and acute phase proteins (APP) level
or their microheterogeneity.
APP belong to the most ancient part of the unspecific
immunity and contribute markedly to the keeping of homeostasis. As much as 30 various proteins are for the moment
regarded as APP. Being multifunctional regulators and effectors
APP stay in multiple relations to practically all types of cells
and molecules. Among APP following functional groups may
be described: transport proteins (transferrin, ceruloplasmin
and haptoglobin), clotting factors (fibrinogen), antiproteases
( 1-antitrypsin, 1-antichymotrypsin, 2-macroglobulin), complement components (C3, C4) and several proteins of hardly
known function, like C-reactive protein (CRP), serum amyloid
A (SAA), 1-acid glycoprotein (AGP) and others. Majority of
those proteins are produced in hepatocytes, some of them to
lesser extent also in lymphocytes, macrophages and endothelial
cells, and their synthesis is mediated by interleukin-1 (IL-1),
IL- 6 and glucocorticosteroids in response to trauma, tissue
injury, physical or psychic stress, but also autoimmune, allergic
and neoplastic disorders.
Almost all APP (except albumin, CRP and SAA) are glycoproteins. It means that in specific glycosylation sites they bear
side oligosaccharide chains, forming bi-, tri- or tetraantennary
glycans. The molecules of the same glycoprotein may differ in
the structure of side oligosaccharides and this feature is referred
to as major microheterogeneity. Molecules with similar sugar
chains form so-called variants of the glycoprotein. In physiological conditions the proportion of variants remains stable. There
are several reports on microheterogeneity alterations in various
pathological conditions, all reporting posttranslational changes
in the side sugar structure due to activity of cytokines, such as
IL-6, TGF , TNF [4-6].
For the most widely investigated glycoprotein – AGP, the following alterations were described: in acute inflammatory conditions (trauma, acute bacterial infection and exhausting physical
stress) there is an increase in biantennary sugar structures along
with increase in protein concentration. Chronic inflammation
results in increase or decrease of total AGP concentration along
with marked increase in tri- and tetraantennary glycans [7,8].
Similar changes were also reported for some other APP.
The aim of the study was to investigate possible links
between iodine provision and selected acute phase proteins’
serum concentrations as well as their glycosylations profiles
(investigated with the use of affinity immunoelectrophoresis
with Concanavalin A as ligand) in children.

Material and methods
The study was performed with children whose places of
residence are situated on areas affected by the Chernobyl disaster and who were spending their summer vacations in a spa.
The whole treatment and investigation performed during this
stay were a subject of Ethic Committee Consent and parents
of all children expressed in written their approval for the routine laboratory investigation as screening tests for the general

health status (also vitamin provision, hormones levels etc.). For
the purpose of this study 116 children (58 girls and 58 boys),
of them 57 aged from 7 to 12 years and 59 – 12-15 years were
enrolled. In all investigated children neither any symptoms of
iodine deficiency diseases, acute inflammation nor signs of deterioration of any chronic diseases were found, thus all children
were found clinically healthy at the moment of enrollment.
Clinical investigation showed also that all children were euthyroid and any substitution of iodine was used prior to investigation.
Iodine level was measured in the morning (7:30–8:30) urine
portion, using Cr-As method [9]. According to iodine level
children were divided into two groups. The first one consisted
of 56 children with decreased iodine level (lower than 100
micrograms/L), second – 60 children with iodine level higher
than 100 micrograms/L. In both groups similar proportion of
boys and girls was noticed (girls to boys 26:30 in the 1st and 32:
28 in the 2nd group).
Parallel to urine sample and at the same time a sample
of peripheral blood was drawn for the routine laboratory
investigations. The rests of sera samples were used. In serum
the concentration of thyroxin (T4), triiodothyronin (T3),
thyrotrophic hormone (TSH) were measured by radioimmunoassay (BELORIS, Belarus). Concentrations of APP: CRP,
AGP, alpha1-antichymotrypsin (ACT), alpha1-antitrypsin
(AT), haptoglobin (Hp), alpha2-macroglobulin (A2-M),
ceruloplasmin (Cp) and transferrin (Tf) were measured in sera
samples by rocket immunoelectrophoresis acc. to Laurell [10]
with antibodies and standard from DAKOPATTS, Denmark.
Microheterogeneity of AGP, ACT and Tf was estimated using
affinity immunoelectrophoresis with ConA as a ligand, acc.
to Bøg-Hansen [11] with modification of Mackiewicz [12].
For AGP and ACT the so-called reactivity coefficients were
calculated acc. to formula: for AGP-RC variants reactive with
ConA (W1+W2+W3)/variant non-reactive (W0). For ACT- RC
– variants reactive to ConA (A2+A3+A4+A5)/weakly reactive
variant A1. Statistical analysis of data was performed using
Statistica 6.0 Software. For the differences between the groups
the Student t-test was performed. Prior to any other tests the
distribution of variables was measured by K-S and Lillefors’
tests. To evaluate the influence of a given factor to the alterations of other parameters one way Anova with Fisher’s test was
performed. Pearson’s r was used to expressed significant
correlations between the parameters. For all test the level of
significance was established for p<0.05.

Results and discussion
The investigation of thyroid hormones showed normal
values for all children. No differences were found if children
were divided according to age, sex or iodine urine excretion.
For the group with low iodine level slightly higher level of
TSH was observed than in the group with normal iodine level,
but the difference was not significant (3.7±0.7 versus 3.1±0.3
microunits/mL, respectively).
It was established, that CRP level was lower than upper limit
and no differences were found between the groups. This could
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Table 1. Serum concentration of APP and percentage of their
variants (mean ± SD) in relation to iodine excretion in urine,
in children with low iodine level and with normal iodine level.
Statistical significance of the difference between the groups is
given in the last column and “NS” means p>0.1

Parameters

1st group
– low iodine

2nd group
– normal iodine

Table 2. ANOVA analysis of the influence of selected factors
(age, sex and iodine in urine) on investigated APP. Shown is only
those parameters for which the influence of iodine level was
proved. “NS” means p>0.1

Parameters
p

Sex

Age

F

p

AGP

2.77

NS

W1 (%)

1.33

AGP-RC

0.96

F

Iodine in urine
p

F

3.40

0.07

14.99

p

NS

3.40

0.07

4.17

0.04

NS

0.56

NS

4.78

0.03

0.0002

Mean ± SD

Mean ± SD

603.79 ± 211.25

829.71 ± 397.26

0.0004

W0 (%)

41.05 ± 7.84

44.10 ± 5.29

0.02

ACT

2.12

NS

3.82

0.06

12.80

0.0005

W1 (%)

45.97 ± 6.06

43.59 ± 5.23

0.03

A3 (%)

0.44

NS

0.01

NS

44.35

0.000001

W2 (%)

11.28 ± 3.22

9.68 ± 3.37

0.01

A4 (%)

0.13

NS

0.01

NS

8.66

0.004

W3 (%)

1.72 ± 2.04

1.93 ± 1.81

NS

A5 (%)

0.92

NS

0.06

NS

16.43

0.0001

AGP-RC

1.46 ±0.41

1.28 ± 0.26

0.009

Tf

0.51

NS

0.13

NS

3.85

279.32 ± 108.50

362.67 ± 142.98

0.001

Cp

2.62

NS

8.28

0.005

19.07

A1 (%)

19.34 ± 4.09

21.53 ± 4.48

0.03

Hp

3.98

0.05

0.58

NS

6.62

A2 (%)

29.02 ± 2.94

30.44 ± 5.59

NS

AT

0.84

NS

0.04

NS

12.56

A3 (%)

32.27 ± 4.79

21.59 ± 7.01

0.000001

A4 (%)

16.38 ± 5.36

23.54 ± 11.44

0.001

A5 (%)

2.75 ± 2.41

5.13 ± 2.63

0.00008

AGP (mg/L)

ACT (mg/l)

ACT-RC

4.41 ± 1.34

3.93 ± 1.10

0.08

TF (mg/l)

2325.68 ± 478.54

2627.87 ± 935.70

0.06

T1 (%)

5.65 ± 3.80

6.29 ± 3.26

NS

T2 (%)

16.88 ± 5.27

17.99 ± 7.39

NS

T3 (%)

65.66 ± 8.53

63.91 ± 9.53

NS

T4 (%)

12.78 ± 4.54

14.07 ± 7.68

NS

A2-M (g/l)

4.84 ± 1.36

5.20 ± 1.62

NS

Cp (mg/l)

412.64 ± 112.39

525.41 ± 162.99

0.0001

Hp (mg/l)

0.58 ± 0.43

0.79 ± 0.48

0.05

AT (g/l)

1.72 ± 0.38

2.09 ± 0.59

0.0007

be regarded as exclusion of any inflammatory processes in all
investigated children.
Levels of other investigated proteins were reliably dependent on the level of iodine. Especially for AGP lower level was
observed for children of the first group (low iodine level),
(Tab. 1).
In children with low iodine level along with the decrease
of serum AGP concentration altered glycosylation profile was
observed, namely decrease in the content of W0 variant (nonreactive with ConA) and increase in W1 and W2 content, which
resulted in increase of AGP-RC. Similar tendency in alterations
of distinctly glycosylated variants in relation to iodine level
could be shown for ACT. In children with iodine deficiency total
serum ACT concentration was decreased, along with decrease in
percentage of A1 variant and significant increase in A3 variant.
Percentages of A4 and A5 variants decreased in comparison
to group 2. All these alterations together resulted in increase
of ACT-RC value. Thus, similarly as for AGP, decreased total
ACT concentration was accompanied by higher reactivity with
ConA, i.e. relative domination of biantennary glycans. For both
proteins the decrease of ConA non-reactive variants (W0 of
AGP and A1 of ACT) was the common feature. This tendency
of decreasing ConA non-reactive variants seemed to be the most
probable candidate for a link between iodine and APP.
Mean serum transferrin concentration was slightly (not
significantly) lower for children with iodine deficiency than in

0.06
0.00003
0.01
0.0006

group 2. The percentages of its variants did not differ significantly, T1, T2 and T4 being slightly lower and T3 slightly higher
than for group 2. Also serum A2-M concentration did not differ
between the groups. On the contrary, serum concentrations of
Cp, Hp and AT seemed tightly related to iodine level, with normal concentrations in group 2 and decreased below the normal
values in group 1.
It is known that during development in children several
processes take place that influence basic biochemical parameters. Especially during sex maturation these changes are caused
not only by age, but mainly by sex. To determine the influence
of all factors mentioned (age, sex and iodine deficiency) on the
investigated parameters, the multi-factorial analysis of dispersion (ANOVA) was conducted. The influence of each factor
was calculated according to Fisher’s test (F). The results of this
analysis showed that the influence of iodine deficiency on AGP,
ACT, Tf, Cp, and Hp and AT was independent from age and sex
(Tab. 2), but when the influence of sex and age was excluded, the
link between iodine deficiency and the concentration of variants
W0, W2 of AGP and A1 of ACT lost its statistical significance.
The level of iodine in the organism is tightly bound to the
production of thyrotrophic hormone and the function of thyroid
gland. This could explain the results obtained in the correlation
analysis, showing that majority of the investigated proteins’
serum concentrations correlated significantly (and with the
same sign) with both urinary excretion of iodine and the concentrations of pituitary-thyroid hormones (Tab. 3).
As conclusion one question appeared: which of the investigated factors – iodine level or hormones influenced the concentration and glycosylation of the investigated APP. And again
the dispersion analysis was performed for each pair of factors:
TSH and iodine, T3 and iodine, T4 and iodine. It was shown that
the level of iodine with high significance and directly influenced
the serum concentration of AGP, the percentage of its ConA
strongly reactive variants and the AGP-RC value, as well as the
serum concentration of ACT and the percentage of its variants
A3, A4 and A5 (also strongly reactive with ConA), and concentration of Cp, Hp and AT (Tab. 4). Serum concentration of any
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Table 3. The correlation (Pearson’s r) between TSH, T3, and T4 in the peripheral blood, iodine in urine and serum APP concentrations.
Shown are only those parameters for which the correlation was proved to be statistically significant. “NS” means p>0.1
Iodine in urine

Parameters
AGP

T3

T4

TSH

r

p

r

p

r

p

r

p

0.32

0.001

0.31

0.001

0.28

0.002

-0.06

NS

W1 (%)

-0.12

NS

-0.18

0.05

-0.04

NS

0.09

NS

W2 (%)

-0.19

0.05

-0.03

NS

0.06

NS

-0.16

0.08

ACT

0.36

0.001

0.30

0.001

0.32

0.001

0.04

NS

A1 (%)

0.12

NS

0.23

0.02

0.22

0.03

-0.08

NS

A3 (%)

-0.47

0.0001

-0.59

0.0001

-0.42

0.0001

-0.11

NS

A4 (%)

0.20

0.05

0.11

NS

0.20

0.05

0.05

NS

A5 (%)

0.43

0.0001

0.48

0.0001

0.33

0.001

0.17

0.09

ACT-RC

NS

-0.11

NS

-0.25

0.01

-0.20

0.05

0.07

Tf

0.30

0.003

0.16

0.08

0.05

NS

0.15

NS

T2 (%)

0.12

NS

0.14

NS

0.04

NS

-0.19

0.05

T4 (%)

0.14

NS

0.18

0.06

-0.03

NS

0.24

0.01

A2-M

0.24

0.01

0.06

NS

-0.13

NS

-0.06

NS

Cp

0.35

0.001

0.37

0.001

0.14

NS

-0.06

NS

AT

0.34

0.001

0.33

0.001

0.001

NS

0.20

0.05

Table 4. Investigation of the link between thyroid hormones and APP. The F value and significance (p) of the influence of TSH, T3, T4 and
iodine on the investigated parameters. Shown are only those parameters for which the influence was proved. “NS” means p>0.1

Parameter

TSH

Iodine

T3

Iodine

T4

Iodine

F

p

F

p

F

p

F

p

F

p

F

p

AGP

0.39

NS

9.07

0.001

1.32

NS

9.63

0.001

1.31

NS

5.42

0.005

W1 (%)

0.76

NS

3.84

0.02

0.74

NS

2.41

0.09

1.51

NS

1.80

NS

W2 (%)

0.37

NS

2.58

0.08

0.13

NS

2.59

0.08

2.52

0.08

4.41

0.01

W3 (%)

1.95

NS

3.33

0.04

0.47

NS

4.65

0.01

0.02

NS

2.92

0.05

AGP-RC

1.38

NS

3.29

0.04

0.31

NS

3.01

0.05

1.26

NS

6.22

0.003

ACT

0.42

NS

10.5

0.001

0.61

NS

11.1

0.001

1.44

NS

6.87

0.001

A3 (%)

0.67

NS

28.9

0.001

5.12

0.01

17.3

0.001

3.32

0.04

13.5

0.001

A4 (%)

2.30

NS

5.48

0.005

0.21

NS

4.76

0.01

0.01

NS

2.36

NS

A5 (%)

1.49

NS

10.5

0.001

2.60

0.08

4.60

0.01

0.08

NS

5.01

0.01

T2 (%)

3.29

0.04

0.26

NS

1.69

NS

0.28

NS

1.65

NS

0.56

NS

Cp

0.31

NS

10.4

0.001

1.00

NS

9.27

0.001

0.06

NS

15.3

0.001

Hp

1.83

NS

5.42

0.005

0.04

NS

4.71

0.01

0.42

NS

1.36

NS

AT

2.40

NS

5.82

0.004

0.21

NS

6.82

0.001

0.21

NS

6.74

0.001

investigated protein was not dependent on the concentration of
the hormones of pituitary-thyroid system. However, the percentage of variant A3 of ACT was dependent on triiodothyronin
and the percentage of T2 variant of Tf was dependent on TSH.
Thus, low iodine in urine was associated with decreased
AGP, ACT, along with altered glycosylation of those glycoproteins, with decreased Cp, Hp and AT. The investigated proteins
were not reliably bound to the hormones of pituitary-thyroid
system but to the level of iodine in the organism, which could
be shown by the high correlation values. Also the glycosylation
profiles of the investigated proteins correlated with iodine
provision, not with the hormones. This was mainly true for the
AGP and ACT variants strongly reactive with ConA, thus possessing mainly biantennary glycans. All the described links were
not dependent on age or sex of the enrolled children and were
stable for the whole investigated group. The iodine provision
seemed not to influence the serum concentration of Tf and the
percentage of its variants, the serum concentration of A2-M nor

the AGP or ACT variants non-reactive with ConA (with mainly
triantennary glycans).
The explanation of these associations observed between
iodine and investigated APP is difficult. It could be suggested
that in euthyroid children with low iodine excretion with urine
a hidden iodine deficiency is already registered by the regulatory mechanisms and a disturbance of liver protein synthesis
appears, first for the most important acute phase reactants.
It may be postulated that these alterations appear in order to
increase iodine uptake and storage or they play a regulatory
role. It cannot be stated that such a small iodine deficit is already
causing protein deficiency as general health status of the investigated children was satisfying. Besides the observed alterations
of the glycosylations profiles were rather similar to what was
previously described as acute inflammatory changes rather than
a sign of deficit (according to our previous observations liver cirrhosis caused dramatic decrease of ConA reactivity along with
decreased APP concentrations; unpublished data). According

Acute phase proteins serum concentrations in children are related to urinary iodine excretion

to our own experience any inflammatory process would cause
elevation in at least AGP level (if not other glycoproteins, even
in absence of elevated CRP), along with elevated AGP-RC in
acute inflammation or decreased in chronic inflammatory processes. Finally, decreased levels were also found in pregnancy
and in allergy, mainly in allergy to food, but in this cases reactivity to ConA was also diminished. Thus, this is the first report on
decreased AGP level with increased AGP-RC. Though we are
not able to show the exact mechanism of iodine influence on the
synthesis and glycosylation of acute phase proteins, the proven
links seem interesting and we would like to describe them as
preliminary study.
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Abstract
In this paper, algorithms for extracting and diagnosis of
nerve cells with herpetic infections are proposed. Degree of
herpetic lesions is divided into four classes. Morphological
characteristic of herpetic lesions for cell is accomplished by
analyze cells structure. Because virus of herpes change shape
of nucleus. Therefore automated analysis of herpetic lesion
carry out by morphology segmentation and cells structure
identification. The algorithms have been successfully used
in practical systems and showed good results.
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Introduction
The herpes simplex virus has been studied actively comparatively not long ago, although it is a well-known disease since
antiquity. It is connected with the fact, that prevalent majority
of the world population which is older 15 years being infected is
enduring quite safely to the most widespread and harmless local
forms of herpetic infections such as herpes nasalis and labialis
[1-3]. Only in the past decade the role of VHS was established
in the formation of the secondary immunodeficiency at the
patients. The deterioration of ecological situation, the increase
of oncological diseases, the expansion of human immunodeficiency virus (HIV) and extension of infections caused by AIDSvirus are result in the growth of the human herpetic lesions.
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Physicians of all over the world note the significant increase of
complicated forms of herpetic infection.
Number of publications about various aspects of herpetic
infections, concerned only the local VHS presentations (f.e.
stomatitis, oftalmoherpes, herpes of genitals, skin diseases,
etc.), has sharply increased during last ten years. However,
the most terrible form of this pathology is disseminated herpes
infection (DHI). If one of these forms is a disseminated infection of newborns which has described in the literature many
years ago, the questions about an opportunity and mechanisms
of DHI development at children under 1 year and adults are
discussed. It is explained by the absence of sufficient number of
clearly diagnosis cases of disease and sufficient qualified medical supervision and investigation [2,3].
Diagnosis of this disease is very complicated task since the
main methods of immunofluorescence and polymerase chain
reaction used in practice bring to positive results in the acute
period of disease or exacerbation of chronic current of DHI
only. At the same time, it frequently give false results, because
of about 90% population of our planet has this infectious agent.
Therefore the basic diagnostic method is morphological, i.e. the
image analysis of the cells. It makes possible to reveal the presence of inflammatory process and etiological factor as original
herpes inclusions.
Beside that the problem of diagnostics of herpes viruses is
very important in the biopsy material from the brain. It is very
important in a choice of the treatment methods and definition
of diseases prognosis. The establishment of the diagnosis of the
herpetic infection allows to escape of fatal diagnostics mistakes.
Analysis of biopsy brain material is based on extracting and
diagnosis of nerve cells with herpetic infections.
Modern tools like digital microscopy and developed mathematical methods allow an automatization of cell image analysis.
There are known cell image analyzers [4] although most of them
are developed and used mainly for image segmentation but not
for diagnosis of disease.
The analysis of cell images can be considered as image
segmentation problem where cells or their kernels should be
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Figure 1. Image of good neuron

Figure 2. Nerve cells with the first of affection

Figure 3. Nerve cells with the second type of affection

Nerve cells images with herpetic infections

extracted. Being extracted, object characteristics should be
computed, analysed and used by doctors.
There were already made many attempts to solve this
problem. Review of cell image segmentation methods can be
found in papers [5-7]. However, due to the very complex nature
of brain images, it is not possible to select or develop automatic
segmentation and recognition methods that could be applied for
any type of such images. This is why most of the papers consider
separate features of cell images and methods of their segmentation. The results also depend on a cell image quality. If the
difference between cell or kernel and background is small, most
of the methods do not work properly.
In this paper, algorithms for extracting and diagnosis of
nerve cells with herpetic infections are proposed. The algorithms have been successfully used in practical systems and
showed good results.

The neurons in human brain affected tissues are classified
as healthy ones (Fig. 1), and cells of the first type (Fig. 2) and
second type of affection (Fig. 3). One of the main features of
a cell is its diaphragm, which outlines its boundary. The task is
to extract nerve cells with herpetic infections.
Since an image background is inhomogeneous, and the
image includes separately positioned objects of the same type,
and, besides, the grayscale value for the pixels of the background
varies uniformly and does not have abrupt jumps, good results
are obtained by the morphological segmentation. The designed
algorithm is based on the grayscale thinning of the morphological gradient, accompanied by tailing at each iteration which
allows one to obtain closed contours bounding the regions
corresponding to the objects. Taking into account the fact that
the areas of the pyramidal neurons vary from 8 to 2 000 2, the
objects which do not fall into this interval are eliminated. Thereafter, a hierarchical image of the cells for the cleared nuclei is
constructed.

Morphological segmentation of cell images
Fig. 4 shows a gray scale image of neuron of head brain with
indistinct boundaries and noisy background. Our task is to find
a cell boundary, which would best correspond to its diaphragm.
According to our approach, at a first stage, the morphological gradient is computed that is the difference of the outputs of
erosion and dilation in one iteration (Fig. 4). Obviously, an optimal border should pass on the sharpest overfall of brightness
in a diaphragm, which corresponds to highest grayscale values
on the image obtained with the help of morphological gradient.
The obtained borders usually have more than one pixel thickness. Therefore, thinning of border lines is applied.
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Figure 4. Result of morphological gradient extraction of nerve
cells

Figure 5. Extraction of neuron: a) contour extraction after thinning operation, b) object filling, c) a binary image of a neuron
obtained in the result of area measurements
a)

b)

However, quite many false branches are obtained after thinning that should be deleted. To avoid this problem, we use two
possibilities. The first one is to reduce noise at the preprocessing
stage. Morphological operations can be used for this aim. For
example, closing operation allows smoothing object contours
that give better processing result. The second possibility is that
we check and delete false branches after thinning. The result
contains only closed contours, where the exterior contour corresponds to the border of a cell (Fig. 5a). To delete interior contours in binary image, contour filling is performed. As a result of
all these operations, the binary cell image is obtained (Fig. 5b).
To delete objects not being cells, the computation of their
area parameters is performed. The objects that do not satisfy
apriori given geometric or optical parameters are deleted from
the image (Fig. 5c).

c)

Cell structure identification
Morphological characteristic of herpetic lesions for cell is
accomplished by analyze cells structure. Because virus of herpes
change shape of nucleus.
The algorithm of cells structure identification consists
of two branches (Fig. 6). The first is intended for cells with
a unpainted nucleus, another for the painted nucleus. In
them according to hierarchical features binary images of cells,
nucleus, nucleolus and inclusions are created. For reception of
topological characteristics the cell is convenient for presenting
as hierarchy of binary images. Where radically the column lays
the binary image of a cell, at the following level there is an image
of a nucleus, in branches the column lay nucleolus and various
cellular inclusions.
Reception of each image is accompanied by logic operations
of association and crossing of images, filling of holes in objects
and the control on the area and diameter with the purpose of
removal of noise. During identification cytoplasm of a nucleus,
the certain bats mark nucleolus and cellular inclusions. In
computer facilities for the characteristic of pixel the byte that
is realized eight by byte more often is used. About eight levels
of hierarchy, therefore, are optimum to allocate. Thus, all
identified images are kept in the multiphase image. It makes
presentation of result and ease of the automatic analysis of vari-

ous cellular components and their analysis. Advantage of this
method consists that under one multiphase image is possible to
draw conclusions on all of a level of classification. Namely to
receive the full information about structure of nerve cells.

Extracting of nerve cell types
All nerve cells are divided into four classes. First class consists of the healthy cells (Fig. 7). They have a triangular body.
Therefore, a value of the factor of the shape is used, which vary
in the range from 0.001 to 0.7, in order to classify these cells. The
nuclei of these cells are well dyed and are darker than the cytoplasm, therefore they are not distinguished on the hierarchical
image. Hence, the second parameter which specify these cells
is Euler number (E8). In our case, it is equal to 0 for healthy
neurons.
Second class consists of the cells with inclusions of the first
kind (Fig. 8). Their shapes vary from triangular to the circular.
Therefore, the factor of the shape for these cells vary from 0.001
to 1 and cannot serve as a basic classification parameter. The
nucleus affected by the virus is not dyed and is lighter. Therefore, it is not distinguished by a separate color on the hierarchi-
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Figure 6. Block diagram of algorithm of construction of the
hierarchical image of cells structrure from binary, where I – the
binary image, G – the color image, C – the binary image of a cell,
N – binary nucleus, V – the binary image nucleolus or inclusions,
B – a morphological structural element. SCRAP (X) – function
of removal of objects on the sizes of the area and diameter on
image X. FILL (X) – function of filling of apertures in objects
on image X. DIST (G) – adaptive threshold segmentation of
image G

Figure 7. Binary images of good neuron

G

Figure 8. Binary hierarchical image of nerve cells with the first
type (second class) of affection

I=DIST(G)
C=I B
C=FILL(C)
C=SCRAP(C)

true

N=C and I

unpainted
nucleus

false

=G and C

N=not N

N=DIST(G)

N=N and C

N=FILL(N)

N=SCRAP(N)

N=SCRAP(N)

N=FILL(N)

G=N and G

N=N B

V=DIST(G)

V=N and I

V=FILL(V)

V=SCRAP(V)

V=SCRAP(V)

Figure 9. Binary hierarchical image of nerve cells with the
second type (third class) of affection

M=(C and 1) or (N and 2) or (V and 4)

cal image. In this case, the Euler number is equal to 1. Basic
peculiarity of this class is characterized by the nucleus-cell ratio
which is less than 0.8.
The third class consists of the cells with inclusions of the
second type (Fig. 9). The shape of these cells is nearly circular,
and there is practically no cytoplasm in the cell. Therefore, the
following parameters are used for this class: the shape factor
varies from 0.8 to 1, the Euler number is equal to 1, the nucleuscell ratio varies from 0.8 to 1.
The fourth class includes all other objects which are eliminated immediately after their identification.

The result is an image containing healthy neurons and cells
of the first and second kind. They have geometric and optical parameters which can be useful not only for the scientific
research, but also in the problems of the practical diagnosis of
a disease.

Conclusions
Algorithms for extracting and diagnosis of nerve cells with
herpetic infections have been proposed in the paper.
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These algorithms allow to extract nerve cells and make its
classification by type of herpetic lesions. The algorithms have
been successfully used in practical systems and showed good
results.
Their usage allows to improve quality of diagnostic of herpetic lesions and exclude mistakes of human factor and decrease
expended time for process of verification diagnosis.
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Abstract

Introduction

Purpose: The alterations of lymphocyte subpopulations
assessment after surgery in choroidal melanoma patients
compared to cataract patients.
Material and methods: 12 patients with malignant
melanoma of the choroid, 10 patients subjected to surgery
due to cataract. Methods – flow cytometric measurement
of absolute lymphocyte count, the number of all T cells
(CD3+), T helper lymphocytes (CD3+CD4+), T cytotoxic
lymphocytes (CD3+CD8+), B lymphocytes (CD19+), NK
cells (CD3-CD16+) and T cells (CD3+) cells with
TCR,
on the day of surgery and two days after it.
Results: Comparable numbers of cells were observed
in both groups prior to surgery, but the behavior of some
populations differed: CD3+, CD3+CD4+ cells increased
in melanoma patients whereas they decreased in reference
group, the number of T lymphocytes with
TCR was significantly higher in melanoma patients before surgery and it
did not differ after it.
Conclusions: Though there were no significant differences in lymphocyte subpopulations between melanoma
patients and the reference group, it seems that the presence
of tumour influences the reactivity of the immune system to
the trauma (surgery).

Key words:

choroidal melanoma; flow cytometry; lymphocyte subpopulations; T lymphocytes with
TCR.
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The study was designed to assess the reaction of the organism of melanoma patients to the surgery, in comparison to
reaction of relatively healthy controls, undergoing surgery due
to cataract. The study was also intended to investigate the numbers of lymphocytes in those patients and to compare them with
values described by other investigators.
The results presented in the literature show static values
of lymphocyte subpopulations in peripheral blood of uveal
melanoma patients. Earlier reports suggested an increase in
T helper, T supressor and B lymphocytes [1], but when the
data were analyzed in comparison to healthy, age and sex
matched controls no differences were found [2]. It is known,
however, that both the total number and the proportions of
lymphocytes may long stay within normal values independently
of the ongoing pathological process. Besides as the lymphocytes
in peripheral blood constitute as little as 1% of all present in
the organism, the measurements of their absolute numbers or
percentages hardly inform about the reaction to local processes.
Therefore we decided to investigate the influence of surgery on
the above mentioned parameters.
A homogenous group of patients with similar localization
of the tumour (exclusively choroidal tumours) was chosen to
diminish the known factors influencing the parameters under
study. It was previously described that for example involvement
of the ciliary body may contribute to the inflammatory response,
normally not noticed when only lymphocytes were investigeted
[2]. The patients enrolled into the study group presented the
same grade as assessed in TNM scale [3]; due to the advanced
clinical status they were classified to enucleation. The control
group was adjusted in age.

Material and methods
Twelve patients, five women and seven men, aged from 29
to 80 years, mean age 55.8. Tumour localization was assessed to
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Table 1. The medians with quartils of all investigated parameters for the choroidal melanoma patients (n=14) and cataract
patients (n=10). Results are expressed as absolute number of
cells
Melanoma patients
n=12

Cataract patients
n=10

median

quartils

median

quartils

Total lymphocyte count

1465
1726

1212-2121
1153-2026

1574
1480

1096-2022
1254-1861

CD3+ T cells

1021
1386

852-1194
840-1539

1150
1122

707-1383
832-1397

CD3+CD4+

631
889

453-903
439-1134

728
617

522-830
494-924

CD3+CD8+

311
384

252-447
280-541

357
406

278-568
268-618

CD19+ B cells

161
138

105-205
120-262

209
207

103-239
155-321

CD3-CD16+ NK cells

208
235

101-323
154-264

207
156

159-228
125-213

CD4/CD8 ratio

1.8
1.6

1.4-2.4
1.4-2.0

1.7
1.6

1.2-2.0
1.0-2.4

T cells with

7.6
2.9

3.1-8.9
2.1-3.3

2.8
2.8

0.9-4.7
1.8-5.2

Cells
Before surgery
After surgery

TCR – %

Figure 1. The correlation between the height of tumor and
the total number of lymphocytes in the choroidal melanoma
patients

Correlation between tumour height and number of lymphocytes
Pearson’s r=0.72575
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Results
be exclusively choroid. In routine clinical examination the size
of tumour (height and basis diameter) was assessed. Tumour
infiltration towards sclera was found in two patients. All choroidal melanoma patients were subjected to surgery (enucleation).
Histopathological investigation allowed to classify all patients as
T3 grade acc. to TNM classification. In all patients a sample of
peripheral blood was taken on the day of surgery and two days
after.
As reference, a group of ten persons, five women and five
men, aged from 44 to 80 years, mean age 65, undergoing surgery
due to cataract was subjected to similar investigation. In all
patients enrolled into the control groups any malignant conditions, inflammatory disorders or immunosuppresive treatment
were excluded.
In all blood samples lymphocyte subpopulations were investigated using flow cytometry with a panel of monoclonal antibodies. Following subpopulations were analyzed and expressed
in absolute count: the number of all lymphocytes, T lymphocytes
(CD3+), T helper lymphocytes (CD3+CD4+), T cytotoxic
lymphocytes (CD3+CD8+), B lymphocytes (CD19+), and
NK cells (CD3-CD16+), as well as CD4/CD8 ratio. Additionally, the percentage of T lymphocytes (CD3+) with
TCR
was assessed. All these investigations were performed on flow
cytometer (Cytoron) from ORTHO Diagnostic Systems and the
analysis was performed using ImmunoCount 2 Software.
The data obtained were analyzed using STATISTICA
Software, and the results were expressed as medians because
of non-normal distribution. Non-parametric tests were used to
assess the significance of differences. The alterations within the
groups were tested with Wilcoxon test, whereas the comparison
between the groups was estimated using Wald and Wolfowitz
test.

Number of lymphocytes was comparable in both groups.
A small increase was observed after surgery in the melanoma
group and a small decrease in the reference group. The number
of CD3+ lymphocytes was lower in melanoma patients and it
increased after surgery, whereas no change was observed in
reference group. The number of CD4+ cells was similar in
both groups before surgery but an increase after surgery was
observed in melanoma patients and a decrease in the reference
group. In contrast, the number of CD8+ cells increased slightly
in both groups. The number of B lymphocytes (CD19+) was
lower in melanoma patients and showed a slight decrease in
both groups. After surgery an increase in the number of NK cells
was shown in melanoma patients and a decrease in the reference
group, but the number of cells was similar and the differences
were not significant. The percentage of
TCR T lymphocytes
was within normal values (up to 10% in healthy individuals), but
significantly higher in melanoma patients than in control group
before surgery (p=0.0352). After surgery it decreased in both
groups and the difference was no longer significant. All results
(expressed as medians and 25-75% quartils) are given in the
Tab. 1.
In the choroidal melanoma patients the correlation between
all cell numbers and the size of tumour basis as well as the height
of tumour were investigated. The statistically significant correlations are shown as Fig. 1, 2 and 3, respectively.

Discussion
The aim of the study was to follow the changes in major
lymphocyte subpopulations in patients undergoing enucleation
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Figure 2. The correlation between the height of tumour and the
number of CD3-CD16+ NK cells in the choroidal melanoma
patients
Correlation between the number of NK cells and the height of tumor
Pearson’s r=0.86576
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Figure 3. The correlation between the size of tumour basis and
the percentage of T cells with TCR in the choroidal melanoma
patients
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due to the presence of tumour. As the growth of melanoma itself
may influence the immune status of the patient, similar investigations were performed in a group of patients also undergoing
surgery but with no malignant background. This was intended to
compare both the values before surgery to see whether the presence of tumour may influence lymphocyte subpopulations, and
the alterations occurring in both groups as a result of surgery.
Even if the size of tumour (both basis and height) was reliably
bound to the number of lymphocytes, number of NK cells and
the percentage of TCR T lymphocytes, the melanoma group
did not differ from cataract patients, presumably due to large
range of results. Nevertheless, the alterations of several investigated parameters were distinct in both investigated groups.
It may be concluded that these differences may be due to the
influence of tumour on the immune system.
There were reports on the production of cytokines [4-7]
in melanoma cells which could be responsible for the differences observed. Our preliminary data showed also changes in
acute phase proteins concentrations and glycosylations profiles,
both processes mediated by cytokines, probably mainly by
interleukin-6 [8]. All these data taken together suggest that the
presence of tumour alters the regulatory mechanisms in the cellular immunity.
In earlier reports some data concerning the influence of the
tumour localisation on the inflammatory response were presented. It is possible that differences in numbers obtained for
particular patients may reflect this influence, especially in case
of NK cells. However there was no clear tendency in patients
under study which would allow any hipothesis.
The number of T cells with TCR decreased after enucleation in melanoma patients. Such a decrease of cells with TCR
was not noticed for the reference group. This could suggest the
involvement of this population in the reaction with tumour.
Changes in
TCR expression may be relevant as the cause or

consequence of several diseases. The accumulation of cytotoxic
TCR + cells at the sites of inflammation may suggest their
involvement in the local injury process, as it was reported e.g in
Behçet disease [10].The presence of of TCR T cells was shown
within uveal melanoma in immunohistochemical staining.There
were few reports on infliltration of uveal tumours [9]. No characteristic pattern of / chains of the TCR was detected but the
mortality was associated with advanced stage, patient age and
extent of necrosis, whereas survival was increased with evidence
of V 1 and V 1 TCR positive T cells [11]. The data indicate
that while tumour infiltrating lymphocytes have a capacity to
locate selectively within the tumour they nonetheless comprise
a population expressing a diversity of TCR V genes, showing
no clonal expansion. All this is in agreement with the data presented in this paper.
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Abstract
Purpose: The production of IgE increases in parasitic invasions, triggering local or systemic inflammatory
response with the involvement of blood platelets. The aim
of the study was to assess the number and morphological
parameters of blood platelets as well as their phagocytic
and bactericidal activity in patients with Trichinella spiralis
infection. It is interesting to investigate the blood platelet
response following Trichinella spiralis in order to elucidate
possible effects on non-specific immunity.
Material and methods: Twenty-six patients with
Trichinella spiralis (before and after antiparasitic therapy)
and forty healthy subjects were examined. The platelet
count and morphological parameters were determined
using a hematologic analyzer Technicon H-1 System. The
platelet phagocytic activity was determined by measuring
the percentage of phagocytizing cells and the phagocytic
index. The bactericidal activity was assessed measuring the
percentage of the bacteria killed by platelets and plasma.
The strain Staphylococcus aureus ATCC 6538P was used for
this purpose.
Results: In patients infected with T. spiralis morphological parameters do not change, except for the percentage of
large platelets. In the course of trichinellosis the phagocytic
index of platelets is statistically significantly decreased and
platelet bactericidal activity is impaired, while the bactericidal activity of the plasma is statistically significantly
increased, compared to healthy subjects.
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Conclusions: The present study has revealed that due
to T. spiralis infection, the percentage of large, young blood
platelets is decreased. The parasitic infection causes impairment of non-specific immunity through decreased bactericidal activity of blood platelets.

Key words:

blood platelets, phagocytic activity, bactericidal
activity, trichinellosis.

Introduction
Increased IgE production is the characteristic feature
of parasitic invasions. This defect is due to disorders in the
regulation of antibody production by T helper cells. Through the
release of mediators from mast cells IgE promotes local inflammatory reaction and participates in antibody-dependent cellular
cytotoxicity (ADCC) [1]. Parasitic invasions are the source of
foreign antigens and exotoxins that trigger local or systemic
inflammatory reactions. Blood platelets initiate and maintain
inflammatory processes through the secretion of PDGF, platelet
activating factor (PAF), platelet factor 4, -thromboglobulin and
IL-1 [2-4]. In the course of some parasitic infections, platelet
activation is followed by the release of -granular contents and
granular membranes are fused with the platelet membrane [4].
Cytotoxic properties of blood platelets are induced by such
cytokines as IFN- , TNF and IL-6. The mechanism of adhesion
between platelets and parasites has not been fully elucidated
although it is known to depend on platelet surface receptors.
With GPIIb-IIIa glycoprotein deficiency, platelets show markedly lower cytotoxic activity against parasites [5].
The aim of the present study was to evaluate platelet count
and morphological parameters, and to assess the phagocytic and
bactericidal activity of blood platelets in patients with T. spiralis
infection. It is interesting to investigate the blood platelet
response following T. spiralis infection in order to elucidate possible effects on non-specific immunity.
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Material and methods
The study group included 26 patients (12 women and
14 men, aged 19-65 years) hospitalized in the Department
of Infectious Diseases, Medical University of Białystok. The
patients (without overweight and hypertension) infected with
Trichinella spiralis were examined twice (T1 – before treatment,
T2 – after antiparasitic therapy). Trichinosis was diagnosed
based on the clinical data and immunoserological tests (antibody titre was determined).
Control group (C) consisted of 40 healthy subjects (22
women and 18 men, aged 18-40 years, without overweight and
hypertension). The concentration of C-reactive protein was
0-5 mg/l (in each healthy subjects).
As anticoagulants, dipotassium versenate (K2EDTA –
1.5 mg/ml blood) was used to determine platelet count and morphological parameters, while heparin (50 IU/ml blood) to estimate the phagocytic and bactericidal activity. ACD (a mixture
of citric acid and glucose) was added to prevent thromboxan
synthesis by platelets, aggregation and secretion, and to reduce
plasma pH to 6.5. To determine platelet count (PLT) and
morphological parameters (MPV, PDW, LPLT) hematologic
analyzer Technicon H-1 System was employed. The phagocytic
activity was measured by determining the percentage of phagocytizing platelets and the phagocytic index. The bactericidal
activity was assessed by determining the percentage of the
bacteria killed by platelets and by plasma [6,7]. Staphylococcus
aureus ATCC 6538P strain was used to assess the phagocytic and
bactericidal activity of blood platelets. Following the Guidelines
for Good Clinical Practice all the patients gave consent to the
examination.
Student’s t test for matched pairs was used for statistical
analysis. Values are means ±SD. The means between examined
groups were compared using the unpaired Student’s t test. All
tests of significance were two-tailed, with P<0.05, considered to
indicate significance.

Results
No statistically significant differences were found in the
platelet count between patients with T. spiralis infection, both
before treatment (T1) and after antiparasitic therapy (T2),
and healthy subjects. A statistically significant difference was
noted in the mean platelet volume (MPV) between group T2
and C (Tab. 1). The lowest MPV was observed in patients after
antiparasitic therapy (T2), perhaps due to platelet activation [8],
which seems to be confirmed by the slightly increase index of
anizocytosis (PDW) noted in this group. However, no statistically significant differences in PDW were found between study
groups (T1 and T2) and control group (C). PDW and MPV are
means of estimating the thrombocytopoietic activation. The
slightly increase of PDW was observed in trichinellosis after
antiparasitic therapy (T2), which may point to a slight increase
in blood platelet production by megakaryocytes. PDW characterises the intensity of blood platelet production by “megathrombocytes”. A statistically significant reduction was noted in
the percentage of large young platelets (LPLT), both in group

Table 1. Statistical analysis of morfological parameters of blood
platelets and their number in patients infected with T. spiralis
before (T1), and after treatment (T2), and in the control group
(C)

Parameters

PLT

MPV

PDW

LPLT

N-26 T1
X±SD

218.8±59.7

8.28±0.9

51.9±5.1

2.9±2.7

N-26 T2
X±SD

243.6±66.7

7.87±0.9

53.4±4.7

2.3±2.1

N-40 C
X±SD

P

229.2±52.5

T1:T2
0.4<p<0.5
T1:C
0.6<p<0.7
T2:C
0.7<p<0.8

8.66±1.0

T1:T2
0.3<p<0.4
T1:C
0.2<p<0.3
T2:C
p<0.05

48.2±3.7

T1:T2
0.6<p<0.7
T1:C
0.7<p<0.8
T2:C
0.7<p<0.8

4.8±1.9

T1:T2
0.1<p<0.2
T1:C
p<0.05
T2:C
p<0.05

T1 and T2, compared to healthy subjects. This may be the effect
T. spiralis exerts on the host – blood platelets become activated
and undergo exhaustion, and in this way the number of large,
metabolically more active platelets gets reduced [9]. Therefore,
the lowest percentage of LPLT was observed in the group of
patients after antiparasitic therapy (T2).
The highest percentage of phagocytizing platelets (3.13) was
noted in T. spiralis patients before antiparasitic therapy (Tab. 2).
It seems that the presence of the parasite has a stimulatory effect
on platelets, increasing their phagocytic activity but decreasing
their bactericidal activity. The phagocytic indices in groups T1
and T2 are almost identical, but significantly decreased in comparison to the values noted in healthy subjects (Tab. 2). Plasma
bactericidal activity in patients with T. spiralis infection was significantly higher compared to the values revealed in healthy subjects (Tab. 2). Not only was this activity elevated in group T1 (vs
control group), but it also slightly increased after antiparasitic
therapy (T2). On the contrary, the bactericidal activity of blood
platelets decreased statistically significantly both before and
after antiparasitic therapy, compared to control group (Tab. 2).
The percentage of the bacteria killed by platelets in T. spiralis
patients was three times as low compared to healthy subjects.
Application of the antiparasitic treatment only slightly increased
the bactericidal activity of blood platelets (Tab. 2). Perhaps, the
impaired bactericidal activity of blood platelets is compensated
by the increased bactericidal activity of the plasma.
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Table 2. Statistical analysis of phagocytic and bactericidal activity of blood platelets in patients infected with T. spiralis before
(T1), after antiparasitic treatment (T2), and in the control group
(C)

Parameters
Percentage of
phagocytic
platelets
(%)

Phagocytic
index

Bacteria
killed by
plasma
(%)

Bacteria
killed by
blood
platelets
(%)

N-26 T1
X±SD

3.13 ± 1.5

1.44 ± 0.3

28.47 ± 26.6

6.40 ± 6.3

N-26 T2
X±SD

2.27 ± 0.9

1.42 ± 0.4

35.5 ± 30.7

8.03 ± 7.2

N-40 C
X±SD

P

2.26 ± 0.6

T1:T2
0.05<p<0.1
T1:C
p<0.05
T2:C
0.8<p<0.9

1.83 ± 0.4

T1:T2
0.7<p<0.8
T1:C
p<0.05
T2:C
p<0.05

19.8 ± 10.8

T1:T2
0.1<p<0.2
T1:C
p<0.05
T2:C
p<0.05

20.5 ± 12.9

T1:T2
0.3<p<0.4
T1:C
p<0.05
T2:C
p<0.05

Discussion
In patients infected with parasites, e.g. T. spiralis, Th1 lymphocytes through the released cytokines (IL-2, IFN- , IL-12)
induce differentiation and proliferation of cytotoxic cells and
activate macrophages enhancing their ability to kill parasites
[10]. It is suggested that certain manifestations in the pathology
of trichinosis are due to cytokine-induced production of nitrogen oxide. Nitrogen oxide kills parasites and its concentration
correlates with evident inflammatory reactions observed in the
intestines and muscles in T. spiralis infection [11,12].
The antibody-dependent antiparasitic immunity involves
some mechanisms which cause blockade of the receptors
present on the parasite surface. On the one hand, these
mechanisms lead to parasite damage through the complement
system, but on the other hand increase the production of IgE
antibodies [13]. However, the main antiparasitic mechanism is
based on antibody-dependent cellular cytotoxicity which is also
demonstrated by blood platelets [4,14]. Blood platelets as the
effector cells are involved in parasitic diseases. They release
various inflammatory mediators, are capable of phagocytosis
and get in interactions with the cells of the immune system. In
the course of parasitosis, platelets have a cytotoxic effect, but
then increased concentrations of IgE, lymphokines (TNF, IFN) and IL-6 are required [15-22].
The clinical course of trichinosis may vary and largely
depends on the host response [23,24]. The present study has
revealed that T. spiralis infection causes a slight decrease in

platelet count and volume (MPV), and a statistically significant
reduction in the percentage of large platelets, the so-called
“megathrombocytes”. These patients did not develop coagulation disorders that could result in platelet count decrease and
therefore in trichinosis platelets seem to be destroyed mainly on
“the periphery”. The literature data suggest that platelet count
reduction is characteristic of infectious diseases, viral infections
and many parasitic infections [3,25-27].
As platelet activation leads to the release of -granular
contents and to thrombocytopoiesis stimulation, it is reflected in
morphological parameters [8]. The decrease in platelet volume
and in the percentage of large platelets seems to confirm the
presence of the platelet-activating factor. The decrease MPV,
observed in trichinellosis after antiparasitic therapy (T2), may
be connected with their activation and release of platelet factor 4, -thromboglobulin, platelet derived growth factor, fibrinogen, fibronectin, thrombospondin [2,4,8].
In patients with T. spiralis infection, platelet bactericidal
properties were evidently impaired, constituting only 30% of
the value obtained in healthy subjects. This impairment may be
associated with the blocking of bactericidal mechanisms, with
changes in arachidonic acid metabolism and with the action of
T cells on blood platelets through PCIF lymphokines. Platelets
participate in bactericidal mechanisms via peroxidase present
in lysosomes and membranes of dense canaliculi and thanks to
cationic proteins. Degradation of phagocytized bacteria involves
proteolitic enzymes located in the lysosomal fraction: cathepsins
and acid phosphatase [3,26,27]. The changes in the bactericidal
activity of blood platelets may be related to bactericidal mechanism failure, which is indicated by the increased percentage of
phagocytizing platelets and the decreased phagocytic indices.
Most likely the impaired bactericidal activity of blood platelets
and reduction in the percentage of LPLT are compensated by
the increased bactericidal activity of the plasma.
The assessment of morphological parameters and phagocytic and bactericidal activity of blood platelets can be used to
evaluate their functional condition and thus to determine platelet involvement in the mechanisms of non-specific immunity in
the course of trichinosis.

Conclusions
1. The present study revealed a decrease in the percentage
of large, young blood platelets in T. spiralis infection.
2. In patients with T. spiralis infection non-specific immunity is impaired due to reduced bactericidal activity of blood
platelets.

References

11. Venturiello SM, Malmassari SL, Constantino SN, Nunez GG.
Cytotoxicity-blocking antibodies in human chronic trichinellosis. Parasitol Res, 2000; 86: 762-7.
12. Blockmans D, Deckmyn H, Vermylen J. Platelet activation.
Blood Reviews, 1995; 9: 143-56.
13. Klinger MHF. Platelets and inflammation. Anat Embryol, 1997;
196: 1-11.
14. Polack B, Peyron F, Auriault C. Platelet cytotoxicity against
parasites. Nouv Rev Fr Haematol, 1991; 33: 317-22.

295

296

Matowicka-Karna J, et al.

15. Ameisen JC, Joseph M, Caen JP, Kusnierz JP, Capron M,
Boizard B, Wautier JL, Levy-Toledano S, Vorng H, Capron A. A role for
glycoprotein IIb-IIIa complex in the binding of IgE to human platelets
and platelet IgE-dependent cytotoxic functions. Br J Haematol, 1986; 64:
21-32.
16. Mantur M, Wołosowicz N, Prokopowicz J, Kemona H. System
for testing the phagocytic capacity of human blood platelets. Folia Haematol Frankf, 1986; 113: 691-5.
17. Mantur M, Wołosowicz N, Kemona H, Prokopowicz J.
Aktywność bakteriobójcza płytek krwi, oznaczenia i wartości prawidłowe.
Acta Med Pol, 1987; 28: 45-9.
18. Softeland E, Fromstad T, Thorsen T, Holmsen H. Porcine platelets in vitro and in vivo studies: Relevance to human thrombosis research.
Eur J Haematol, 1992; 49: 161-73.
19. Matowicka-Karna J, Panasiuk A, Kemona H. Estimation of
platelet function state in the course of Trichinella spiralis infection. Rocz
Akad Med Bialymst, 1998; 43: 110-6.
10. Helmby H, Grencis RK. IFN-gamma-independent effects of
IL-12 during intestinal nematode infection. J Immunol, 2003; 171: 36916.
11. Boczoń K, Wandurska-Nowak E, Rarus M, Szulc M. Wolnorodnikowe mechanizmy azotowe obrony ywiciela jako pole działania
wybranych leków przeciwrobaczych we włośnicy doświadczalnej. Wiad
Parazytol, 2001; 47: 6-10.
12. Wandurska-Nowak E, Wiśniewska J. Release of nitric oxide during experimental trichinellosis in mice. Parasitol Res, 2002; 88: 708-11.
13. Negrovo-Correa D. Importance of immunoglobulin E (IgE) in
the protective mechanism against gastrointestinal nematode infection:
look at the intestinal mucosae. Rev Inst Med Trop Sao Paulo, 2001; 43:
291-9.
14. Souza-Atta MLB, Araujo M, D’Oliveira Junior A, Ribeiro-de
Jesus A, Almeida RP, Atta AM, Carvalho EM. Detection of specific IgE
antibodies in parasite diseases. Braz J Med Biol Res, 1999; 32: 1101-5.
15. Bout D, Joseph M, Pontet M, Vorng H, Desl D, Capron A. Rat
resistance to schistosomiasis: platelet-mediated cytotoxicity induced by
C-reactive protein. Science, 1986; 231: 153-6.
16. Brattig NW, Lepping B, Timmann C, Buttner DW, Marfo Y,

Hamelmann C, Horstmann RD. Onchocerca volvulus-exposed persons
fail to produce interferon-gamma in response to O. volvulus antigen but
mount proliferative responses with interleukin-5 and IL-13 production
that decrease with increasing microfilarial density. J Infect Dis, 2002; 185:
1148-54.
17. Damonneville M, Wietzerbin J, Pancre V, Joseph M, Delanoye
A, Capron A, Auriault C. Recombinant tumor necrosis factors mediate
platelet cytotoxicity to Schistosoma mansoni larvae. J Immunol, 1988;
140: 3962-5.
18. Joseph M, Auriault C, Capron A, Vorng H, Viens P. A new function for platelets: IgE-dependent killing of schistosomes. Nature, 1983;
303: 810-2.
19. Joseph M, Capron A, Ameisen JC, Capron M, Vorng H, Pancre
V, Kusnierz JP, Auriault C. The receptor for IgE on blood platelets. Eur
J Immunol, 1986; 16: 306-12.
20. Pancre V, Auriault C, Joseph M, Cesbron JY, Kusnierz JP,
Capron A. A suppressive lymphokine of platelet cytotoxic functions.
J Immunol, 1986; 137: 585-91.
21. Pancre V, Joseph M, Mazingue C, Wietzerbin J, Capron A,
Auriault C. Induction of platelet cytotoxic functions by lymphokines: role
of interferon gamma. J Immunol, 1987; 138: 4490-5.
22. Pancre V, Monte D, Delanoye A, Capron A, Auriault C. Interleukin-6 is the main mediator of the interaction between monocytes and
platelets in the killing of Schistosoma mansoni. Eur Cytokine Network,
1990; 1: 15-9.
23. Dupouy-Camet J, Kociecka W, Bruschi F, Bolas-Fernandez F,
Pozio E. Opinion on the diagnosis and treatment of human trichinellosis.
Expert Opin Pharmacother, 2002; 3: 1117-30.
24. Kocięcka W. Trichinellosis: human disease, diagnosis and treatment. Vet Parasitol, 2000; 93: 365-83.
25. Gerardin P, Rogier C, Ka AS, Jouvencel P, Brousse V, Imbert
P. Prognostic value of thrombocytopenia in African children with falciparum malaria. Amer J Tropical Med Hyg, 2002; 66: 686-91.
26. Yeaman MR. The role of platelets in antimicrobial host defense.
Clin Infectious Diseases, 1997; 25: 951-70.
27. Yeaman MR, Bayer AS. Antimicrobial peptides from platelets.
Drug Resist Updat, 1999; 2: 116-26.

Development
and50,
psychokinetic
therapy
of children
suffering
from West Syndrome – an overview
Roczniki Akademii Medycznej w Białymstoku
· Vol.
2005 · Annales
Academiae
Medicae
Bialostocensis

Development and psychokinetic therapy of children
suffering from West Syndrome – an overview
Gajewska E1*, Mojs E2, Sobieska M1, Samborski W1
1

Department of Physiotherapy, Rheumatology and Rehabilitation, Karol Marcinkowski University of Medical Sciences, Poznań, Poland
2
Organization and Management Unit, Karol Marcinkowski University of Medical Sciences, Poznań, Poland

Abstract
Paper presents reasons leading to the West Syndrome,
disturbances occurring in the child’s development and possible rehabilitation programmes. Psychological rehabilitation of a child with West Syndrome is multilateral, but its
main aim is to improve the quality of life, social adaptation
and optimizing of the cognitive functioning. Taking into
consideration the psychokinetic retardation occurring in
the West Syndrome because of prenatal, perinatal or postnatal disturbances apart from pharmacotherapy an intensive
psychokinetic stimulation based on plasticity of the brain
should be stressed out. Only the complex, intensive and long
lasting rehabilitation of a child may secure to it the best possible development.
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Introduction
The presented paper is a result of cooperation between psychologist and physiotherapist, therefore it presents more therapeutic than diagnostic approach and has a form of a review.
The West Syndrome (WS) is one of the catastrophic epileptic
syndromes in infancy characterised by triad of infantile spasms,
psychomotor deterioration and hypsarhythmic EEG pattern
[1,2]. WS is commonly associated with poor long-term prognosis
outcome, especially in symptomatic cases, with development of
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other seizure types, impaired motor, cognitive and psychosocial
functioning. The aim of our study was to present the therapeutic
methods most commonly used in diagnosing and rehabilitation of
a child with WS. Early physiotherapy is necessary in all children
with WS, but according to the clinical status and possibilities of
both therapist and parents various methods may be used.

Definition of the West Syndrome
West Syndrome is one of the most severe early childhood
epilepsy, in which three major components appear: spasms,
the EEG pattern of hypsarhythmia and mental deterioration
or retardation. Spasms consist of short bend and straighten up
or of mixed bend – straighten up movement of trunk, neck or
extremities, they may be accompanied by a short shout. Spasms
have tendency to appear in clusters of 20 to 40, sometimes up
to 100; they are usually symmetric in typical WS. Interictal and
ictal EEG [3] consist of generalized high-voltage slow waves and
spikes. The treatment of WS is difficult, because the most conventional antiepileptic drugs are ineffective [1]. According to
the classification of the International League Against Epilepsy
of 1989, WS is classified as general epilepsies with cryptogenic
or symptomatic aetiology [4].
According to Smith and Wallace [1] such seizures begin in
90% during the first year of life, usually between 3rd and 9th
month, and the morbidity accounts for 1 for 1 900 to 1 for 3 900
children. WS may also present a hidden form in which prognosis
both concerning results of the future treatment and first of all
proper psychomotor development is much better than in symptomatic forms. Concerning the outcome in WS, the classification
in symptomatic and non-symptomatic WS were proposed [5].
Cerebral malformations and neurocutaneous syndrome mainly
tuberous sclerosis are the most common causes of WS [6,7].
Early age of occurrence of bend seizures is usually combined
with structural disturbances (e.g. cortical displasia), chromosomal or metabolic anomalies (e.g. leukodystrophy) or perinatal
aetiology, e.g. anoxia, [2,8,9]. WS may be a consequence of
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perinatal hypoxic encephalopathy in about 15% of symptomatic
cases [10]. Rarely metabolic encephalopaties are causes of WS,
high proportion of these patients have Menkes disease [11] or
NARP mutation [12]. Prenatal infections, especially cytomegaloviral infection can cause WS [13]. Matsuo et al. were able
to show that in children who were born with low weight (which
often means preterm labour) the frequency of West Syndrome is
higher than in children with appropriate birth weight [14].
Prognosis in West Syndrome is rather poor, mainly because
of diverse aetiology and possible early appearance of seizures of
different morphology [15,16]. Prognosis concerning seizures is
not optimistic as in about 60% of children epilepsy never cease
and in some the Lennox-Gastaut Syndrome with tonic attacks
may develop. Psychomotor retardation and other cognitive
deficits occur in 80-85% of children in whom West Syndrome
was noticed early, before 2nd year of life [1,8]. In 25% of those
children additionally a cerebral palsy is diagnosed [8,9].
Despite low mortality, about 10% of all affected children
[8,15] the course and effects of the disease make the realization
of the developmental tasks and adaptation to the social environment really difficult. Attacks occur in early childhood when
the central nervous system is very susceptible to unfavourable
external factors [17].
WS symptoms may appear after several months of apparently proper development of the child and then the deficits
will be insignificant, noticeable only in specialized diagnostic
procedures, psychological or neurodevelopmental.
In therapy of the West Syndrome pharmacotherapy is used
most often. Dosing should be adjusted to the patient to affect
least possibly its mood and life course. Due to low efficacy of
medication also other forms of treatment are used: surgery,
ketogenic diet, vagal nerve stimulation [15,18,19].

Evaluation of patients with WS before
complex, intensive and long-lasting
rehabilitation
Analysis of the reasons of the bend seizures is important
mainly for recognition of mechanisms of their occurrence and may
have prognostic value, allowing for settings aims of the neuropsychological therapy and kinetic development with higher probability. Mental handicap and other cognitive deficits are caused by the
same reason that has lead to epilepsy, but are also a consequence
of the disease itself – progressive damage of neurons. Significant
diversification of the aetiology of the West Syndrome and of its
clinical image – number of seizures, their form, psychokinetic
deficits – forms a basis to distinguish a group of patients with better prognosis, so-called gentle bend syndrome [8]. In this group
seizures are not so intensive, they occur in later years of life, psychokinetic development is normal or only slightly impaired.
EEG also shows just minor disturbances or is even described
as normal. In this patients’ group prognosis is rather good, usually the ceasing of symptoms is combined with normalization of
the bioelectric activity of the brain and normal psychokinetic
development, and thanks to intensive stimulation and neuropsychological therapy even acceleration of selected functions, e.g.
speech may occur.

Aim of the treatment process in WS
The aim of the therapy in this particular and in other groups
of patients with epilepsy is not just minimising of seizures, but also
optimizing of emotional and social functioning of the child.
The treatment process is long-lasting and proceeds in
constantly changing psychophysical conditions, also in altering
cognitive conditions and interests. Thus psychological proceedings in the West Syndrome should contain systematic and
several times repeated diagnostic procedures of the cognitive,
emotional and social fitness.
This diagnosis of the cognitive, emotional and social fitness is particularly important in cases of low efficacy of pharmacotherapy, when new anti-epileptic drugs are introduced,
mainly because of their side effects, occurring both during
monotherapy and in combined treatment due to drug-drug
interactions [20,21].

Psychological diagnosis
Psychological diagnosis, particularly neuropsychological
gives opportunity of individualized therapeutic programmes and
setting aims [22]. Aims of the diagnostic of the cognitive functions are based on monitoring of the course of the disease. Also
localizing diagnostics of the brain damages and hemisphere
domination is very important. In the psychological investigation
special attention should be paid to intelligence level, as according to it further education and its aims are set.

Short-term rehabilitation planning
Short term rehabilitation planning is also one of the aims
of the diagnostic [23-25]. Psychological rehabilitation of a child
with West Syndrome is multilateral, but its main aim is to
improve the quality of life, social adaptation and optimizing of
the cognitive functioning. It may be deducted from the clinical
practice that parents in the beginning often set too far going
aims, often too ambitious and demand to determine advantages
and possible probability of their realization. It is not possible
because of the diverse clinical course of epilepsy in the West
Syndrome, multitude of mechanisms and factors remaining in
close dependency and affecting the development.
Psychological diagnosis allows mainly short-term and
direct aims. These are set individually and adjusted both to
developmental possibilities (developmental plasticity), social
possibilities and to the structural limits. Thus the neuropsychological therapy is a form of dynamic interaction of the above
mentioned factors.

Learning processes
Learning processes are the main mechanism the neuropsychological therapy in its behavioural aspect is based on. Also
some developmental processes, in which cognitive training
is a recapitulation of developmental phases of the cognitive
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functions, are taken into consideration. A pedagogical approach
with mainly behavioural methods, a neuropsychological
approach, basing on reorganisation of the functional system,
neurolinguistical trying to amplify potential ability to language
communication psychosocial aimed on social adaptation and
a complex approach, taking into consideration all the above
elements [26]. Such an integrated therapeutic process has
a long-term character and demands a close cooperation of
neurologists, rehabilitants and psychologists.

Physiotherapy
A main task of kinetic rehabilitation is a removal or possibly
maximal diminishment of the movement disturbances, as well as
gaining control of the kinetic functions in the further development of a child within its largest biologic and social possibilities.
Special attention should be paid to locomotive activities, like
crawling, or finally walking, manipulative activities and everyday functions. That is why early beginning of rehabilitation of
a child with West Syndrome is so important, along with gaining
contact with the child itself and its family. A decision about
the beginning of physiotherapeutic rehabilitation and about
its shape depends on detailed neurological assessment of the
child and its behaviour. The whole therapeutic programme must
be prepared and modified in cooperation with neurologist and
psychologist, because only after complex activity the best results
may be expected. Detailed and reliable developmental diagnostics is needed to start physiotherapy, as the individual training
programme should be based on the actual assessment.

Munich Functional Developmental
Diagnostics
For the evaluation of the development as a marker of complex
neurological functions of a child, some methods of assessment of
the spontaneous behaviour are used, among others a Munich
Functional Developmental Diagnostics, based of the description
of the age of: crawling, sitting, walking, grasping, perception,
speech development and social contacts development. This
Diagnostics is a result of long-term cooperation between paediatricians and psychologists from Children’s Centre in Munich. It
encompasses experiences based on examination of healthy babies
and children. Also data from results of examination of thousands
babies with developmental handicap were collected. Basic
statement of this method is that every deviation from accepted
time ranges or behavioural forms is regarded as a symptom of
psychokinetic development disturbance [27].

Philadelphia Profile of the Development
Another diagnostic method is Philadelphia Profile of the
Development, prepared by The Institute for the Achievement
of Human Potential (IAHP) as a tool serving to set a diagnosis,
to work out a programme and to assess the effects of the
therapy. It is a table allowing assessing the development of

a child concerning perception (seeing, hearing and sense of
touch) and executive functions (kinetic, speech and manual
fitness) in seven stages of determined age ranges. These ranges
correspond to functional levels in the hierarchic structure of
the central nervous system [28]. According to this diagnostic
a detailed rehabilitation programme is constructed, in which
therapy forms a complex stimulation. It relates not only to
kinetic, but also to fitness of eyesight, hearing, sense of touch
speech and manual. Programme workout for a child with West
Syndrome must be done individually. According to Favata et al.
the prognosis is generally poor, but thanks to complex diagnostics even slightest deviations may be recognized and that allows
the therapists to start rehabilitation in the most crucial phases of
the child’s development [29].

Importance of individual treatment
programme
According to own observation these children present kinetic
retardation, often show hypotonia and low spontaneous activity, what causes later problems with head control, intentional
grasp, and further with turning, independent sitting down and
sitting. They also have difficulties with (crossed crawling and
creeping), which is the most important element in the development of the child as it affects not only the development of both
hemispheres, but also grasping, sense of touch and eyesight. The
therapeutic choice is so rich nowadays that physicians and therapists often make a mistake of showering parents with various
training methods, suggesting large number of means that should
theoretically help in regaining fitness. It is definitely wrong way.
Thus an individual treatment programme should be constructed
for each child, with precise description of short-term aims. Such
programme constructing often takes a lot of time. Together with
parents the therapist has to analyze which therapy should be
used as basic, and which one as additional.

The term programme
It should be noticed that better results are often achieved by
smaller amount of exercises but conducted systematically and
consequently. The term programme means frequency, intensity
and time of a stimulus used to create an opportunity for a child
to learn and repeat a skill. As every child is different, every
programme is different, too, adjusted to particular, individual
needs. The highest priority should be given to the skills a child
must possess. Then the time needed for every recommended
technique should be set.

Doman’s method
Doman’s method suggests setting a sequence of exercises
conducted during each day. Such setting should help parents to
conduct exercises systematically and to plan the whole day for
their child. Rehabilitation serves to adjust such exercises that
by intensity, repetition and action of a stimulus in particular
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time should contribute to the child’s development. As Glenn
Doman states this influence (encompassing intensity, time and
frequency) that should compensate at least in part the neurological deviations should be much stronger than the influence
of the normal environment on a healthy child. That is why
programmes set according to Doman’s method may take up to
dozen or so hours per day.

Vojta’s method
Another rehabilitation programme may be built up according to Vojta’s method [30]. It is a rehabilitation less time
consuming that may be applied right after the birth if only any
deviations are noticed. Vaclaw Vojta, neurologist of Czech origin
introduced a method of early rehabilitation in the years 1959-69
already during the stay on Paediatric Intensive Medicine Ward.
This method is widely used in rehabilitation of children with various neurological syndromes, in cases of peripheral nerve system
damages, in genetic syndromes, asymmetric position or tension.
The rules of kinetic complexes described by Vojta apply not only
to kinetics, but also on the whole body, its sensual and psychic
sphere. Rehabilitation of a child according to Vojta’s method
starts with an analysis of position and determining of the proper
zones of movement initiation that are then stimulated with
stimulus of appropriate strength. A child experiences formerly
unknown activities, cooperation of whole groups of muscles. It
may feel its body much better and builds up a schema of its own
body. Thanks to Vojta’s methods a reflective turn and crawling
may be triggered of. This method is based on the statement
that initializing of one kinetic activity and elimination of all
pathologic features allows removal of deviations in the kinetic
development [8,31]. Building up a programme based on this
method one should remember the most basic rules of rehabilitation: definition of the starting position, applying of the adequate
stimuli on the precisely determined zones of movement liberation, definition and description of the kinetic response, recurrent character and individual dosage.

Bobath method
Bobath method is another rehabilitation programme, introduced by Karel and Bertha Bobath. This method is very useful
in rehabilitation of children with WS and very popular also in
children with other developmental abnormalities. The method
is based on plasticity of brain and aim to stimulate the development of the child.
The main rationale of this method is based on the statement that the central nervous system regulates the movements,
not the muscles, thus one may achieve best results teaching
the movements that were initiated by the child itself. Special
attention should also be paid to the development of the sensory
system that influences the mobility, taking into consideration all
kinds of stimuli like proprioceptive or visual. The development
of healthy children is regarded as model pattern to assess abnormalities observed in children with disturbances.

Only a therapist with proper education should build up
a programme using Vojta’s or Doman-Delacato’s method, dosing time of exercises and individually set the kind of stimulation.

Conclusions
Proper postural function of the central nervous system
is a condition of normal psychomotoric development. This
function encompasses automatic, invariable maintenance of
the chosen body position. Such a control of body position is
inborn and genetically encoded in every human being like also
a normal psychic development [30]. Taking into consideration
the psychokinetic retardation occurring in the West Syndrome
because of prenatal, perinatal or postnatal disturbances (bacterial or viral infections) apart from pharmacotherapy an intensive
psychokinetic stimulation based on plasticity of the brain should
be stressed out. Only the complex, intensive and long-lasting
rehabilitation of a child may secure to it the best possible development. Basing on the experience of many centres the basic
form of work of a psychologist and a therapist is to educate parents to make them well prepared therapists of their own child.
They – in home conditions – bear the whole task of complex
rehabilitation, formerly built up and learnt, both in the sphere
of movement and in psychic development. Only thanks to close
cooperation of all specialists and parents children suffering from
West Syndrome have a chance for better psychokinetic development, and thus – for independency.
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Abstract

Key words:

Purpose: To examine whether duration of the breastfeeding is associated with the symptoms of attention deficit
hyperactivity disorder in children.
Material and methods: A total of 100 children aged 4-11
years were divided into two groups: 60 children with ADHD
symptoms (based on ICD-10) and 40 subjects of normal control
grup. The structured interview and the retrospective questionnaire (including the items: number of pregnancy, pregnancy
course, gestational age, status of newborn, birth weight, duration of breastfeeding: <3 months; 3-6 months; 6-12 months;
>12 months) were used during the study of the both examined
groups to indicate the risk factors of development.
Results: No significant differences in the percentages of
duration of pregnancy, pregnancy complications, delivery
complications, condition of the newborn, and birth weight
were found between the two groups. The mean of the duration of breastfeeding for group with ADHD was 0.45 year: 5
months and 9 days (median 0.25 year: 3 months). The mean
of the duration of breastfeeding of control group was 0.55
year: 6 months and 18 days (median 0.46 year: 5 months)
and was significantly greater than that of group with ADHD
(p<0.04). The 36 (60%) children with ADHD were breast
fed less than 3 months. For comparison 13 (32.5%) controls
were breast fed less than 3 months. Significant differences
were found among the two children groups (p<0.05).
Conclusions: The short duration of breastfeeding as
environmental factor may be considered a risk factor of
ADHD symptoms. However, the further studies are nedeed.
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Introduction
Attention deficit hyperactivity disorder (ADHD) is the
most commonly diagnosed neurobehavioral disorder in childhood. Children with ADHD also had problems with sustained
attention, impulse control and their motor hyperactivity. Different symptoms may appear in different settings, depending on
the demands the situation may pose for the child’s self-control.
Children with ADHD show difficulties with social contacts. Its
onset is in early childhood: by definition before the age of 6,
nearly always before the age 5 and frequently before the age of
2 years [1-3]. Clinical studies indicate that the inattentive and
restless behavior is a developmental risk. Of children referred
to clinics for ADHD, 30-60 percent will continue to have
symptoms of the disorder into their adolescence and adulthood.
Patients diagnosed with ADHD are at higher risk for learning,
behavioral and emotional problems [3,4]. Scientific data suggested that ADHD is due to neuroanatomical or neurochemical
abnormalities that result in the inconsistent meta-regulations of
brain chemicals [1,3]. The exact aetiological pathways of ADHD
are unknown. This is disorder with an aetiology in a combination of genetic and environmental factors. Molecular genetic
studies have found associations with variations in genes for the
dopamine receptors: DRD4, DRD5, and the dopamine transporter: DAT1[5-9]. The central dopamine receptors participate
in the control of locomotor, cognitive and emotional funcions
in the brain. Studies using structural and functional brain imaging and transcranial magnetic stimulation have shown various
abnormalities in prefrontal, temporal, parietal cortical regions
and striatum [1,3]. Nonetheless, researches have not discovered
a unique brain pattern with ADHD.
There is also association with a variety of environmental factors, including prenatal and perinatal obstetric complications,
low birth weight, prenatal exposure to alcohol or nicotine, viral
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infections, and brain diseases and injuries [10-12]. Idiosyncratic
reactions to food and exposure to toxic levels of lead are also
considered to have aetiological importance[1]. There may be
multiple developmental pathways from aetiological factors to
behavioral symptoms.
ADHD impairs specific aspects of cognition, including the
ability to sustain attention in early childhood [2,13]. On the other
hand several studies have shown a positive correlation between
breastfeeding and cognitive development. Breastfeeding is the
optimal mode of feeding for the infant. Human milk composition knowledge has been basis for recommended dietary allowances for infants, contains just the right amount of long-chain
polyunsaturated fatty acids (LC-PUFA), such as docosahexaenoic acid (DHA, C22:6n3) and arachidonic acid (AA, C20:
4n6), lactose, different oligosaccharides, water, and amino acids
for human brain development [14-17]. Docosahexaenoic acid
(DHA) is a major component of neuronal membranes. In rats,
low brain levels of DHA during development produce alterations in the mesocortical and mesolimbic dopamine systems
[18]. It is also well known that sensory stimulation is like a nutrient which is essential for the normal growth, development and
functioning of the brain and that sensory deprivation during the
formative periods of brain development induces developmental
brain abnormalities of both structure and function including
the neurochemical activity. Clinical literature provide support
for the hypothesis that breast feeding benefits mental development. On the hand, biochemical components of human milk
affect particular elements of the neural circuitry that contribute
to information processing. On the other hand, in addition to
the emotional ties that arise between mother and infant from
suckling, it is plausible that breastfeeding helps the development
of interpersonal communication between infant and caretaker
[14,17,19-22].
The aim of the study was to investigate whether is a link
between duration of breastfeeding and ADHD symptoms in
children.

Material and methods
The specific method of laboratory, psychological or biological research enough to make an accurate diagnosis of the
ADHD is unknown. Observation of the subject’s behavior and
the disease is still the basic procedure for determining the presence of this mental disorder. The DSM-IV or ICD-10 criteria
are the fundamental elements of diagnosis of ADHD [23,24].
The ICD-10 and DSM-IV diagnostic criteria for ADHD
require symptoms or impairment in two or more settings. Thus,
information on children’s behaviors at school or kindergarten is
usually required.
Sifting examination was conducted in 6 randomly chosen
kindergartens and elementary schools of Białystok. The object
of the research was a group of 1180 children aged 4-11 years
(591 boys and 589 girls). The initial selection of children was
conducted using the ICD-10 criteria (Tab. 1). The study was
preceded by meetings with parents and teachers that detailed
directions to the investigation to inquire into the qustionnaire
were imparted. The consent was obtained from parents or legal

Table 1. The Behavioral Scale of ICD-10 criteria
Hyperactivity
1.

Often fidges with hands or feet

2.

Often leaves seat in classroom or in other situation
in which remaining seated is required

3.

Often runs about or climbs

4.

Often has difficulty engaging in leisure activities
quietly

5.

Is often “on the go” or often acts as if “driven by a
motor”

1.

Is often forgetful in daily activities

2.

Often fails to give close attention to details or
makes careless mistake in schoolwork or other
activities

3.

Often has difficulty sustaining attention to tasks or
play activities

4.

Often does not seem to listen when spoken to
directly

5.

Often has difficulty organizing tasks and activities

6.

Often loses things necessary for tasks or activities

7.

Often does not follow through on instructions and
fails to finish schoolwork (not due to oppositional
behavior or failure to undersand instructions)

8.

Is often easily distracted by external stimuli

9.

Often avoids or is reluctant to engage in tasks that
require sustained mental effort

1.

Often talks excessively

2.

Often blurts out answers before questions have
been completed

3.

Often has difficulty one’s waiting turn

4.

Often interrupts or intrudes on others

yes

no

Innatention

Impulsivity

guardians. It contains statements regarding the observed behavior of a child in 3 categories: motor restlessness, impulsiveness,
and concentration problems. Children were divided into two
groups.

Subjects
Group I with ADHD (N=60) selected a group of 60 children (51=85% boys and 9=15% girls), aged mean age 7 years
and 3 months, who had been referred to them by parents and
teachers of difficulties learning in an ordinary classroom setting.
All children were of 10-18 points according to ICD-10 classification (at least 3 symptoms of hyperactivity, at least 1 symptom of
impulsivity and at least 6 symptoms of concentration problems).
Stated disorders disturbed the functioning of children, out of
proportion to their development. All the children of this group
were subjected to psychiatric examination. Any neurological disease, mental handicap, head injury, anxiety, or general developmental disorder (according to ICD-10) were exclusion criteria.
Group II, normal control children (N=40): 34=85% boys
and 6=15% girls, mean age 7 years and 8 months were selected
as normal controls, who in the parent’s and teacher’s opinion,
had no significant learning difficulty, no know hearing loss and
no significant behavioral nor emotional problems.
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Figure 1. The assesment of the duration of breastfeeding in
examined groups

Table 2. The perinatal state of study groups
Examined group

with ADHD

control group

N= 60

N=40

N

%

N

%

I

24

40.00

15

37.50

ns

II

21

35.00

14

35.00

ns

III

10

16.67

5

12.50

ns

5

8.33

6

15.00

ns

12

20.00

3

7.50

ns

<37

7

11.67

3

7.50

ns

37-40

52

86.67

37

92.50

ns

>40

1

1.67

-

-

7

11.67

2

5.00

Number of pregnancies

IV
Pregnancy complications
Gestational age (wk)

Delivery complications

2.6 –

p

ns

Duration of breast feeding (year)
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2.2 –
1.8 –
1.4 –
1.0 –
0.6 –
0.2 –
-0.2 –

Breastfeeding
Group: ADHD

Breastfeeding
Group: Control

Status of newborn

Max

75%

(Apgar test point)

Min

25%

10-7

53

88.33

38

95.00

ns

6-4

6

10.00

2

5.00

ns

3-1

1

1.67

-

-

<2 500

6

10.00

1

2.50

ns

2 500-3 500

34

56.67

25

62.50

ns

>3 500

20

33.33

14

35.00

ns

Birth weight (g)

p – ns – not significant difference between the children with ADHD
and the control group

Procedure
The structured interview and the retrospective questionnaire (including the items: number of pregnancy, pregnancy
course, gestational age, status of newborn, birth weight, kind
of nutrition, duration of breastfeeding: <3 months; 3-6 months;
6-12 months; >12 months) were used during the study of the
both examined groups to indicate the risk factors of development.
Data of the quantity variables as birth weight and duration
of breastfeeding were expressed as mean, median and standard
deviation (SD). The U Mann-Whitney test was used to examine
the differences between children with ADHD and control
group. Results were expressed using the percentages for discrete
variables (number of pregnancy, pregnancy complications, getational age, status of newborn, delivery complications). Groups
were compared the Chi-square test or Fisher precision test for
discrete variables. P value was considere statistically significant
at the level <0.05. The data was analysed using Statistica 5.0
Stat-Soft program.

Results
The retrospective study of perinatal and postnatal period of
a child from both examined groups was evaluated. Six (10%)
children with ADHD had low birth weight: <2 500g. Pregnancy
complications were refered to 12 (20%) children with ADHD,
and to 3 (7.5%) controls, but no significant differences were
observed in the number and duration of pregnancy, pregnancy

Mediana

Group with ADHD: median – 0.2500; mean – 0.4462 SD – 0.50355;
Control group: median – 0.4583; mean – 0.5498; SD – 0.50067
p<0.04 Significant difference between the children with ADHD and
the control group

complications, delivery complications, condition of the newborn
(Apgar test), and birth weight between the two groups (Tab. 2).
The mean of the duration of breastfeeding for group with
ADHD was 0.45 year: 5 months and 9 days (median 0.25 year:
3 months). The mean of the duration of breastfeeding of control
group was 0.55 year: 6 months and 18 days (median 0.46 year:
5 months) and was significantly greater than that of group with
ADHD (Fig. 1). The 36 (60%) children with ADHD were breast
fed less than 3 months. For comparison 13 (32.5%) controls
were breast fed less than 3 months. There was significant difference between two groups (Tab. 3).

Discussion
The results of the children with ADHD in the present
study differed from those of the control children in duration
of breastfeeding and number of pregnancy complications and
in birth weight, but duration of breastfeeding was evident in
significant diference. The children of control group have been
breast fed longer than children with ADHD. WHO and Work
Group on Breastfeeding of American Academy of Pediatrics
conclude exclusive breastfeeding is ideal nutrition and sufficient
to support growth and development for approximately the first
6 months after birth. It is recommended that breastfeeding continue for at least 12 months [17,21,22].
Children who were breast fed for less than three months
had a higer risk, compared to children who were breast fed
at least six months, of a lower mental developmental index
[19,21]. Human milk contain many biological factors that may
be beneficial for mental development, including biologically
active peptides and the long chain polyunsaturated fatty acids
[25-29]. Dietary fats may affect the brain composition and func-
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Table 3. Duration of breastfeeding (BF) of examined group with ADHD and control group
<3

Duration of BF
(months)

3–6

6 – 12

>12

Total

n

%

n

%

n

%

n

%

n

%

With ADHD

36

60.00

9

15.00

7

11.67

8

13.33

60

100

Control group

13

32.50

15

37.50

8

20.00

4

10.00

40

100

p value

0.05*

ns

ns

ns

* p – significant difference between the children with ADHD and the control group; ns – not significant difference

tion in early life. Breast fed infants receive docosahexaenoic
acid (DHA) and arachidonic acid (ARA) in their diet, which
are highly concentrated in the central nervous system and they
are important components of it’s [26,29]. Upon weaning, infants
lose this dietary source of long-chain polyunsaturates because
many commercial formulas do not contain these important fatty
acids [29]. The amount of these fatty acids in the central nervous
system increases dramatically during the last intrauterine trimester and the first of life. DHA and ARA are transferre across
the placenta, are present in human milk, and are accumulated
in the brain and retina during fetal and infant development
[25,29]. The high of DHA and ARA concentrations in brain
gray matter suggest that these fatty acids have important roles
in neural functions. Lipids are essential for brain development
and function thoughout the life course. Over the first 6 months
of life, DHA accumulates at about 10 mg/d in the whole body
of breast fed infants with 48% of that amount appearing in the
brain [29]. The latter effects may be explained by changes in the
membrane bilayer that alter membrane – associated receptors
and signal transduction systems, ion channel activity, or direct
effects on gene expression [25]. May by possbility that deficiency
of docosahexaenoic acid and arachidonic acid in diet of children
have been breast fed short may be played any role in ADHD
pathogenesis. Maher et al. [9] indicate that the dopamine system play a major role in the development of attention deficit
hyperactivity disorder. Farooqu and Horrocks suggest that
deficiencies of DHA and plasmalogenes in ADHD may be
responsible for abnormal signal transduction associated with
learning disability and cognitive deficit. These abnormalities in
the signal – transduction process can be partially corrected by
supplementation with a diet enriched with DHA [31]. Several
studies have identified abnormalities in membrane fatty acids in
some subjects with ADHD, and some success has been reported
using dietary treatment with supplementation DHA of children
with ADHD [30,32].
The brain develops intensively in the first two years. Infant
interacts with environment every time and its brain makes
a new connection. At the first months of age there is intensive
activity in the cortical and subcortical regions that control
sensory-motor functions. The sensory stimulation is like the biochemical components of human milk which is essential for the
normal growth, development and functioning of the brain [33].
Breastfeeding has lots of skin to skin contact and interaction
between child and with his mother. Breastfeeding itself with its
the emotional senses of body touch, and the closeness between
mother and baby is usually a more interesting, more interactive
experience than bottle-feeding this is nature’s way of insuring

that babies get the stimulation they need for optimal brain
development. The closeness of breastfeeding is an important
bridge between baby’s intrauterine life and his new experience
of being out in the world. Studies have shown that babies who
receive lots of closeness with their breastfeeding mothers and
lots of stimulating eye contact and conversation are getting
important brain stimulation that gadgets and and toys cannot
produce [22,33,34]. The contact between mothers and their
infants who are formula-fed is short. These sensory deprivation
process that involve the emotional senses of body touch, movement and smell have been well described in failed affectional
bonding in the mother-infant/child relationship [35].

Conclusions
The results of this study suggest that the short duration of
breastfeeding beside others may be considered a risk factor of
ADHD development. However, the further studies are needed
to understanding of this problem better.
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Abstract
Purpose: In the general population there is association
between Chlamydia trachomatis (Ch. trachomatis) infection
and reactive arthritis (RA). RA is a systemic illness characterized by inflammatory synovitis. Arthritis tends to be oligoarticular and involves mainly the lower limbs. The aim of
this study is to assess the age and sex specific prevalence of
Ch. trachomatis infection in dialysis population and to find
possible relationship between manifestation of infection and
renal osteodystrophy.
Material and methods: The study was conducted in 53
patients: 22 women (W) and 31 men (M), with a mean age of
58.1 ± 15 years, treated with HD for 28.5 ± 28.2 months. The
Ch. trachomatis infection was assessed by the detection IgG
antibodies for Ch. trachomatis. Also some other biochemical
parameters of osteodystrophy, inflammation and malnutrition were measured.
Results: The presence of a high titre of anti-Ch. trachomatis antibodies was found in 22 patients – 41% [G IgG
(+)]. Mean level of anti-Ch. trachomatis antibodies was significantly higher in G IgG (+) than in seronegative patients
[G IgG (-)]: 19.0 ± 8.6 vs 4.0 ± 2.1 U/ml, p<0.001. There was
no difference in mean age of seropositive and seronegative patients for Ch. trachomatis (62.4 ± 13.1 vs 56.2 ± 15.9
years). We did not observe in both groups of patients any
differences in mean level of C-reactive protein (CRP):
12106.2 ± 10791.0 vs 14015.3 ± 11194.3 ng/ml. The mean ferritin level was significantly higher in G IgG (+): 624.3 ± 375.7
vs 418.3 ± 341.4 ng/ml, p<0.05. Significant negative correla-
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tions were found in G IgG (+) between IgG antibodies and
transferrin saturation (r=-0.645719, p<0.001) and between
CRP and calcium (r=-0.4526, p <0.05). IgG antibodies were
detected frequently in W (60%) than in M (29%). Mean level
of IgG was significantly higher in seropositive W than in
seropositive M (23.3 ± 7.8 vs 12.1 ± 4.2 U/ml, p<0.0001). The
seropositive W were older (67.9 ± 11.8 vs. 53.8 ± 11.0 years,
p<0.02) and seropositive W were shorter treated with HD
(18.1 ± 16.6 vs 43.7 ± 30.6 months, p<0.02). The mean serum
calcium conc. and phosphorus were significantly lower in
seropositive W (2.1 ± 0.1 vs 2.3 ± 0.2 mmol/l, p<0.05 and
respectively 1.3 ± 0.3 vs 1.8 ± 0.2 mmol/l, p<0.005). Likewise
the mean transferrin saturation (TS) was significantly lower
in that group (25.7 ± 7.3 vs 38.0 ± 11.3%, p<0.01). There
were no differences between seropositive men and women
in mean serum concentrations of CRP, iPTH, albumin and
hemoglobin. We found in seropositive W significant negative correlation between IgG antibodies and age (r=-0.633,
p<0.02).
Conclusions: The patients treated with HD were quite
frequently shown significantly elevated level of IgG antibodies for Ch. trachomatis. It could have be connected with past
infection. The antibodies were more commonly detected in
women, particularly in younger patients. No relationship
between osteodystrophy and Ch. trachomatis infection was
found.

Key words:

hemodialysis, Chlamydia trachomatis infection,
renal osteodystrophy.

Introduction
Chlamydia trachomatis (Ch. trachomatis) infection is sexually
transmitted disease with chronic and often asymptomatic course
[1,2]. The infection causes major complications, especially in the
eye and urinogenital tract [3,4]. In the general population there
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is a relationship between Ch. trachomatis infection and reactive
arthritis (RA) [5]. RA is a systemic illness characterized by
inflammatory synovitis. Arthritis tends to be oligoarticular and
involve mainly the lower limbs [5,6]. It is known, that patients
treated hemodialysis (HD) are more susceptible to all kinds
of infections [7]. The bone disorders in dialysis population are
first of all caused by renal osteodystrophy, spectrum of skeletal
disorders that range from high turnover to low turnover lesions
[8]. One must take into consideration that musculosceletal
system complaints in patients treated HD may be caused by
Ch. trachomatis infection as well. In the accessible literature we
didn’t find data about prevalence the Ch. trachomatis infection
in patients treated HD and association between Ch. trachomatis
infection and process of renal osteodystrophy. The aim of this
study was to assess the age and sex specific prevalence of Ch.
trachomatis infection in dialysis population. Likewise we sought
possible relationship between Ch. trachomatis infection and
renal osteodystrophy.

Table 1. Biochemical parameters in serum of seronegative and
seropositive haemodialysis patients for Chlamydia trachomatis
G-IgG(+)
n=22

G-IgG(-)
n=31

Statistical
significance

IgG (U/ml)

19.0 ± 8.6

4.0 ± 2.1*

p<0.001

hemoglobin (mmol/l)

6.6 ± 0.8

6.8 ± 0.9

NS

albumin (g/l)

34.0 ± 3.0

34.0 ± 4.0

NS

Parameter

CRP (ng/ml)
TS (%)

12106.2 ± 10791.0 14015.3±11194.3

NS

25.7 ± 7.3*

32.1 ± 18.7

p<0.05

ferritin ( g/l)

624.3 ± 375.7

418.3 ± 341.4*

p<0.05

Ca (mmol/l)

2.2 ± 0.2

2.2 ± 0.2

NS

P (mmol/l)

1.5 ± 0.4

1.6 ± 0.6

NS

iPTH ( g/l)

463.4 ± 424.3

378.6 ± 231.2

NS

1.1 ± 0.2

1.0 ± 0.3

NS

nPCR (g/kg/day)

G IgG (+) seropositive patients for Ch. trachomatis;
G IgG (-) seronegative patients for Ch. trachomatis;
Ca – calcium; nPCR – normalized protein catabolic rate;
P – phosphorus; CRP – C-reactive protein;
TS – transferrin saturation; *– statistical significance

Material and methods
The study was conducted in 53 patients: 22 women (W) and
31 men (M), with a mean age of 58.1 ± 15 years, treated with
HD for 28.5 ± 28.2 months. The cause of end stage renal failure
was: glomerulonephritis in 16 cases, diabetic nephropathy in 12
cases, interstitial nephritis in 9 cases, hypertensive nephropathy
in 5 cases, connective tissue diseases in 4 cases, polycystic renal
diseases in 4 cases and 3 underterminated cases. All patients
were dialyzed with bicarbonate based dialysate, average time’s
session was 4 ± 0.3 minutes, low-flux polisulfone and hemophan
membranes were reused. The Ch. trachomatis infection was
assessed by the detection IgG antibodies against Ch. tachomatis. Some other biochemical parameters of osteodystrophy,
inflammation and malnutrition were also measured: intact parathormon (iPTH), calcium (Ca), phosphorus (P), hemoglobin
(Hb), albumin, normalized protein catabolic rate (nPCR),
ferritin, C-reactive protein (CRP) and transferrin saturation
(TS). Likewise Kt/V and mean arterial pressure (MAP) were
determined. The specific IgG antibodies to Ch. trachomatis
were detected by ELISA method with Genzyme Virotech kit.
The specific IgG antibodies above 9 U/ml were considered to be
positive for Ch. trachomatis. CRP were measured by high-sensitive ELISA method with Eucardio kit. iPTH was measured by
immunochemiluminescence method with Nichols Inst kits. The
normal value of iPTH in patients treated with HD was assumed
to be 3-4 fold higher than normal for the healthy controls
(10-65 pg/ ml). nPCR and Kt/V were calculated by the Daugirdas formula according to DOQI GUIDELINES [9]. Other
parameters were measured by standard automated techniques.

Statistical analysis
The results were expressed as the arithmetic mean ± standard
deviation (SD). The data were analyzed statistically. To compare
groups U-test of Mann-Whitney was used because of diagonal
distribution of the parameters tested. Nonparametric r-Spear-

man test was used to define correlations. The test -square was
used to examine correlation between non measured features.
Values of p<0.05 were considered to be statistically significant.

Results
The mean concentrations (conc) of measured parameters
in patients were shown in Tab. 1. We observed that 22 patient
(41%) were seropositive for Ch. trachomatis infection [G-IgG
(+)]. The mean level of IgG antibodies for Ch. trachomatis was
significantly higher in G-IgG (+): 19.0 ± 8.6 vs 4.0 ± 2.1 U/ml,
p<0.001. There was no difference in mean age in seropositive
patients and seronegative patients [G-IgG(-)]: 62.4 ± 13.1 vs.
56.2 ± 15.9 years. Likewise we did not find any differences in
mean time of HD treatment and Kt/V in both groups of patients
(27.8 ± 25.6 vs 29.8 ± 27.1 months and 1.3 ± 0.2 vs 1.2 ± 0.2
respectively). The serum CRP above correct level (4000 ng/ml)
was in 41 patients (77%). There was no any significant differences in mean serum level of CRP in seropositive and seronegative patients (12106.2 ± 10791.0 vs 14015.3 ± 11194.3). The
mean serum ferritin level was significantly higher in G-IgG (+):
624.3 ± 375.7 vs 418.3 ± 341.4 ng/ml, p<0.05. We did not find
any significant differences in both groups of patients in mean
arterial pressure (MAP): 91.2 ± 15.8 vs 97.2 ± 10.4 mmHg and
mean serum levels of other measured parameters. We found in
G IgG (+) significant negative correlations between level of IgG
antibodies and TS (r=-0.6457, p<0,001) and between CRP and
Ca (r=-0.4526, p<0.05).
Antibodies for Ch. trachomatis were detected generally in
group of W. The mean serum levels of measured parameters
in seropositive W and seropositive M for Ch. trachomatis were
shown in Tab. 2. We found that 60% of W and 29% of M were
seropositive for Ch. trachomatis. Mean level of IgG antibodies was significantly higher in seropositive W: 23.3 ± 7.8 vs
12.4 ± 4.2 U/ml, p<0.0001. The seropositive W were older then
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Table 2. Biochemical parameters in serum seropositive women
and seropositive men for Chlamydia trachomatis

Parameter

G IgG (+)
women n=13

G IgG (+)
men n=9

Statistical
significance

IgG antibody for
Ch.trachomatis (U/ml)

23.3 ± 7.8

12.1 ± 4.2*

p<0.0001

6.5 ± 0.6

6.9 ± 0.9

NS

30.3 ± .3.0

35.0 ± 0.3

NS

hemoglobin (mmol/l)
albumin (g/l)
CRP(ng/ml)
TS (%)
ferritin ( g/l)
calcium (mmol/l)
phosphorus (mmo/l)
iPTH ( g/l)
nPCR (g/kg/day)

12490.3 ± 12024.4 11482.0 ± 9171.0

NS

25.7 ± 7.3*

38.0 ± 11.3

p<0.01

604.6 ± 312.7

660.8 ± 499.0

NS

2.1 ± 0.1

2.3 ± 0.2*

p<0.05

1.3 ± 0.3 *

1.8 ± 0.2

p<0.005

426.2 ± 412.1

367.0 ± 349.3

NS

1.0 ± 0.2

1.1 ± 0.2

NS

G IgG (+) – seropositive patients for Ch. trachomatis;
G IgG (-) – seronegative patients for Ch. trachomatis;
nPCR – normalized protein catabolic rate;
CRP – C-reactive protein; iPTH – intact parathormone;
TS – transferrin saturation; * – statistical significance

seropositive M (67.9 ± 11.8 vs 53.8 ± 11.0 years, p<0.02) and they
were shorter treated with HD (18.1 ± 16.6 vs 43.7 ± 30.6 months,
p<0.02). The mean serum levels of Ca and P were significantly
lower in seropositive W (2.1 ± 0.1 vs 2.3 ± 0.2 mmol/l, p<0.05
and respectively 1.3 ± 0.3 vs 1.8 ± 0.2 mmol/l, p<0.05). Likewise
the mean TS was significantly lower in seropositive W (25.7 ± 7.3
vs 38.0 ± 11.3%, p<0.01). There were no differences in mean
MAP in seropositive men and seropositive women (92.1 ± 15.1
vs 89.6 ± 17.8 mmHg). We did not observe in both groups of
patients any significant differences in mean serum levels of
other measured parameters (Tab. 2). We found in seropositive
W significant negative correlation between IgG antibodies for
Ch. trachomatis and age (r=-0.633, p<0.02).

Discussion
Ch. trachomatis is a powerful immunogen, which stimulates
the host’s immunological processes [10]. The primary infection
leads to a local inflammatory reaction due to penetration and
reproduction of the bacteria in the epithelial cells. The IgA
and IgG antibodies neutralize the primary infection. The serological tests are useful to identify the specific IgG antibodies in
diagnosis of Ch. trachomatis infection [11,12]. The antibodies
can not be used as a sign of current infection, they often persist
for years after the infection has resolved. But in most cases the
host’s reaction to the primary infection is transient and does not
causes tissue damage [10]. Locally produced antibodies limit the
spread of Chlamydia infection, but do not eliminate the bacteria
completely. The chronic infection leads to progressive damage
of epithelial cells and can lead to serious and costly sequels.
There is a high prevalence of inflammation in the hemodialysis population [7]. The source of inflammation in dialysis
patients is multifactorial. The immunodeficiency state recognized in hemodialysis patients can promote the development of
Ch. trachomatis infection. We observed that in our hemodialysis

patients 41% were infected with Ch. trachomatis. Prevalence of
Ch. trachomatis infection among young adults in Poland is high,
the Ig G antibodies against this pathogen were detected in 26%
young adults (13). In general population there is high prevalence of Ch. trachomatis in younger women [1,2,13,14]. Likewise
we observed that Ch. trachomatis antibodies were detected in
women, but the seropositive women were older and shorter
treated with HD then the seropositive men. We observed that
the immunological reaction presence of this pathogen was significantly more expressed in younger subjects. We have found in
seropositive women lower serum concentrations of calcium and
phosphorus and transferrin saturation than in seropositive men.
There was no link between time of HD treatment and titre of
anti-Ch. trachomatis antibodies.
Ch. trachomatis infection is frequently asymptomatic, the
sequels are common and could be a serious health problem:
urinogenital tract complains, acute or chronic renal interstitial
inflammation, infertility, increased risk of ectopic pregnancy
and ocular damage [15,16]. The Chlamydia infection may be
a problem in patients after renal transplantation, so one must
examine the presence of Ch. trachomatis infection in patients
prepared to transplantation.
The local inflammatory reaction is most intense on days
2-4 after Ch. trachomatis infection onset [10]. The infected
epithelial cells secrete numerous proinflammatory chemokines
and cytokines including TNF-alfa, interleukin IL-1, IL-6, which
in turn activate the liver to secrete CRP and other acute-phase
protein like ferritin. It is now known that CRP may act as
a clearance factor for endotoxin and opsonized bacterial products. Serum CRP levels in dialysis population are 5 to 10 times
higher than in healthy controls [17]. But elevated CRP values
are frequently found in the absence of apparent infection or
inflammation. Bacterial contamination during the extracorporal
circulation and bioincompatiblity explain only a very small part
of high prevalence of inflammation as defined by raised CRP in
those patients.
We observed that CRP concentration in our studied patients
was markedly increased and exceeded the upper limit of the
normal range. But we didn’t observe any differences in mean
level of CRP in all seropositive and seronegative patients for
Ch. trachomatis. We didn’t find association between CRP and
antibodies for Ch. trachomatis.
The inflammation is strongly linked to atherosclerosis in
dialysis population [18]. The cardiovascular risk in the dialysis
population is extremely high. Cardiovascular diseases and
infections remain the main mortality causes in hemodialysis
patients. There are relationships between some infection factors
and presence of coronary heart disease [18,19]. Increased levels
of CRP and evidence of chronic Chlamydia pneumoniae (Ch.
pneumoniae) infection have been identified as risk factors for
cardiovascular diseases in the general population and in dialysis
population [20,21]. The patients Ch. pneumoniae antibodies
are associated with the severity of atherosclerosis, but this
relationship was not observed for Ch. trachomatis. The levels of
IgG, IgM, IgA antibodies for Ch. pneumoniae, Ch. trachomatis
and Ch. psittaci were measured in blood serum patients with
myocardial infarction compared with control. Patients with
coronary heart disease had higher frequency of seropositivity
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to Ch. pneumoniae and similar levels of seropositivity to Ch.
trachomatis and Ch. psittaci [22]. We didn’t observe any differences in MAP in seronegative and seropositive patients for
Ch. trachomatis. The malnutrition and inadequate dialysis dose
contribute to reduced immune responsiveness in HD patients
[7]. We didn’t find any association between Kt/V and any well
recognized nutritional parameters (albumin, nPCR) or levels
of IgG antibodies. We didn’t observe in our groups of patients
any influence of Ch. trachomatis on nutritional status. We have
found in seropositive patients a negative link between antiCh. trachomatis antibodies and ferritin. The Ch. trachomatis
infection causes major complications, especially in the eye and
urinogenital tract [3,4]. We didn’t observe any ocular damage in
seropositive patients.
In the general population there is a relationship between
Ch. trachomatis infection and musculoskeletal system disorders,
especially with reactive arthritis. In reactive and postinfectious
arthritis the joints are generally sterile, although the presence of
bacterial antigens has been reported. In vessel walls of synovial
membranes IgG and IgA deposits are found [23]. Taking this
fact into consideration we tested hypothesis that seropositivity for Ch. trachomatis is associated with the osteodystrophy
process. We haven’t find any typical clinical symptoms of rheumatological disorders in our population studied. In that group
of patients we recognized process of osteodystrophy with high
bone turnover. Seropositivity to Ch. trachomatis did not significantly increase the risk associated with hyperparathyroidism. In
seropositive women we found lower mean serum concentrations
of calcium and phosphorus and transferrin saturation than in
seropositive men.

Conclusions
The patients treated with HD have high frequency of significantly elevated level of IgG antibodies for Ch. trachomatis.
It could have be connected with infection in the past. The antibodies were more commonly detected in women, particularly
younger one. No relationship between osteodystrophy and Ch.
trachomatis infection was found.
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Abstract

Key words:

Purpose: Calcium-phosphate disorders are a frequent
finding in HD patients, and, in some cases, may cause an
abnormal coronary calcification. Some of the HD patients
have increased serum cTnI level without evidence of acute
coronary syndrome. The aim of this study was to determine
if there is a correlance between increased cTnI levels and
presence of stenotic changes in coronary arteries in asymptomatic HD patients.
Material and methods: In 13 of 119 HD patients (M:F
10: 3) a coronary angiography was performed. The mean age
of the patients was 53 years (33-76) and the mean HD duration was 55 months (3-156). cTnI was analyzed by AxSYM
system and, subsequently, by VIDAS system.
Results: A constant or intermittent elevation of cTnI was
detected in 5 of 13 patients. In 10 of 13 pts a critical stenosis
of at least 1 coronary artery was found. A critical stenosis
was found in 4 of 5 cTnI (+) patients and in 6 of 8 cTnI (-)
patients. An excess calcification of coronaries was observed
in 7 patients, including 1 cTnI positive patient with no evidence of coronary stenosis.
Conclusions: 1. The elevation of cTnI in asymptomatic
HD patients is observed when there is: (I) excess calcification accompanied by a critical stenosis of at least 1 coronary
artery, (II) a critical stenosis of 2 or more coronaries with
no evidence of calcification. 2. We suggest that excess cardiovascular calcification in HD patients may be one of the
major factors responsible for the troponin release.
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Introduction
Cardiovascular diseases are a main cause of mortality
among end-stage renal disease (ESRD) patients. There are
methods and markers to be found that could possibly predict
the risk of life threatening cardiovascular events, especially in
HD patients. In the latest data, troponin I (cTnI) was found to
be one of the most specific markers of cardiac injury [1,2]. Troponin I is a marker with high specifity to cardiomyocyte injury
and plays a major role in acute myocardial infarction (AMI)
diagnosis [2]. Some of the HD patients have increased serum
cTnI levels without evidence of acute coronary syndrome (ACS)
[3,4]. The reason for this phenomenon is unknown. Factors
that may possibly predict the elevation of serum cTnI are left
ventricular hypertrophy (LVH) [5,6], coronary artery disease
(CAD) [5,7], HD duration and calcium-phosphate disorders
[3,8]. In HD patients with a long history of therapy, asymptomatic cardiomyocyte injury caused by heart calcification may
occur [9]. In some cases, an abnormal calcification of coronary
arteries was observed in this group of patients. The aim of
the study was to determine if there is a correlance between
increased cTnI levels and stenotic changes in coronary arteries
in asymptomatic HD patients.

Material and methods
We examined a total of 119 patients (M:F 69:50, age range
40.5 (20-78) years) haemodialyzed in the dialysis unit in Toruń.
In patients with no history of angina during the previous one
month, serum concentration of cTnI was determined before
dialysis. During the 28 month follow-up period, five determinations of cTnI were performed at 6 month intervals. In 13
of 119 patients (M:F 10:3) a coronary angiography (CA) was
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Table 1. Comparison of coronary artery stenosis (CAS) and
coronary artery calcification (CAC) in analyzed group of HD
patients
cTnI (+) positive cTnI (-) negative
pts
pts
n=5
n=8
Sex (m:f 10/3)

4/1

2/6

Age, median (years)

60.0

49.8

HD duration, median (months)

70.8

45.1

1
3
1
-

3
3
2

Coronary artery lesions:
CAS only
CAS and CAC
CAC only
no lesions

performed. The indications for CA were ischaemic heart disease
(IHD) history or a positive exercise ECG test in asymptomatic
potential renal recipients. The mean age of the patients was 53
years (33-67) and the mean HD duration was 55 months (3-156).
The following kidney diseases as a cause of renal failure were
noted: diabetes – 2, glomerulonephritis – 7, tubulointerstitial
nephropathy – 2 and others in 2 patients. The results of the CA
were compared with serum cTnI concentrations. The Troponin
I level was analyzed by MEIA technology with AxSYM system
(Abbott Diagnostic, IL, USA) and, subsequently, by ELFA technology with VIDAS system (Bio-Merieux). Concentrations of
cTnI >0.3 g/L for the AxSYM method and >0.1 g/L for the
VIDAS method were concluded to be positive.

Results
A constant or intermittent elevation of serum cTnI concentration was detected in 5 out of 13 patients (38%). In 10 of 13
patients (77%) a critical stenosis of at least 1 coronary artery
was found. After comparing the results, a critical stenosis was
found in 4 out of 5 cTnI (+) positive patients and in 6 out of 8
cTnI (-) negative patients. An excess calcification of coronary
arteries was observed in 7 patients, including 1 cTnI (+) positive
patient with no evidence of coronary stenosis. In 2 cTnI (-) negative patients no coronary lesions were found (Tab. 1).

Discussion
Studies carried out in medical centers around the world
indicate a prognostic value of the cTnI increase in HD patients.
According to some authors, the increased cTnI level predicts
ACS and one year cardiac death [6-8,10]. Our findings indicated
that 77% of the HD patients with an ischaemic heart disease
history or with a positive exercise ECG test had a significant
lesions in coronary arteries. An increase of serum cTnI levels
was found in 38% of the patients. This suggests that not in all of
the patients with lesions narrowing coronary arteries, a constant
or intermittent increase of cTnI occurs. There are also other
factors that may damage the cardiomyocytes, independently of
the coronary artery lesions. It seems that cardiomyocyte injury

in HD patients occurs when a long-lasting effect of a number of
kidney disease related factors as the course and HD complications take place. It should be noted that a serum increase of
cTnI appeared in our patients almost in all cases when CA
revealed coronary artery calcification. Arterial calcification is
a frequent finding in ESRD patients. Calcification develops at
two sites of the arterial wall; arterial intima calcification (AIC)
represents an advanced stage of atherosclerosis and is associated with the development of plaques and occlusive lesions
[11]; arterial media calcification (AMC) is commonly associated
with aging, presence and duration of diabetes and is common
in ESRD [11,12]. In ESRD patients, AMC may occur without
AIC, and this phenomenon is a consequence of calcium-phosphate disorders. Also, arterial calcification may cause arterial
stiffness; however, the mechanism of disturbances varies from
obstructive coronary artery disease. It has been shown that arterial wall stiffness, as assessed by an aortic pulse wave velocity
is correlated independently with vascular calcification [9]. The
elevation in serum phosphate, calcium-phosphate product and
increased calcium load are found to be a risk factors for vascular
calcification [13,14]. The progress of arterial calcification occurs
especially when mineral metabolism is not well controlled and
the intake of calcium-based phosphate binders as well as sevelamer is inadequate [15].

Conclusions
The elevation of cTnI level in asymptomatic HD patients is
observed when there is: (I) an excess calcification accompanied
by a critical stenosis of at least 1 coronary artery, (II) a critical
stenosis of 2 or more coronaries with no evidence of calcification. We suggest that excess cardiovascular calcification in HD
patients may be one of the major factors responsible for the
troponin release.
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Abstract

Key words:

Purpose: Increasing number of patients, who need intermittent hemodialysis (IHD), is a great challenge for every
society. The aim of study is to look if small increase in IHD
adequacy is able to improve standard medical parameters.
Material and methods: In 40 patients, Kt/V was monitored on-line during the middle IHD session in the week,
4 times in each of 6 consecutive months. In the first month
of observation Kt/V was lower (1.09±0.02) than in the further months, in which Kt/V was increasing to 1.17±0.01.
Blood count was estimated every month. At the beginning
of study period, after 3 months and at the end of studies, dry
body mass, body mass index (BMI), the blood pH and serum
concentration of calcium, phosphate, intact parathormone
(iPTH), total protein, albumin, cholesterol, iron, ferritin,
urea and creatinine were determined.
Results: The increase in Kt/V was accompanied by rising values of hemoglobin (Hb), hematocrit (Hct), mean
corpuscular volume, iron, blood pH before and after IHD
session as well as by decreasing values of PTH. Statistically unchanged parameters included dry body mass, BMI,
serum concentration of total protein, phosphate, cholesterol
and ferritin as well as white blood cells and platelet count.
There were correlations between Kt/V and serum concentrations of phosphate, PTH, ferritin, Hb and Hct, indicating
that higher IHD doses were provided to patients in more
advanced uremic state.
Conclusions: Even small increase in IHD adequacy leads
to beneficial changes in management of uremic patients.
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Introduction
Increasing number of uremic patients, who need dialysis
treatment, is a great challenge for every society but especially
for poor and developing countries. In Poland, number of dialyzed patients increased from 497 in 1981 to 11 440 in 2003,
that is over 20-times [1]. Estimated number of patients on renal
replacement therapy is 27 500 in 2010 [2]. Thus, a question how
to counterbalance medical expectancies and costs is of special
importance.
The aim of our study is to look if small (not very expensive)
increase in intermittent hemodialysis (IHD) adequacy, expressed
by Kt/V, is able to improve standard medical parameters.

Material and methods
Studies were carried out during six months in 40 uremic
patients (23 women, 17 men) in the age of 58.9±14.7 years.
All patients were stable in the month proceeding the study
beginning. Causes of end-stage renal disease included: diabetic
nephropathy (12 patients), chronic glomerulonephritis (7
patients), chronic tubulointerstitial nephritis without renal stones
(4 patients) or with renal stones (3 patients), polycystic kidney
disease (2 patients), amyloidosis, renal cirrhosis, lupus nephritis, myeloma multiplex, chronic lymphatic leukemia (one case
each). In 7 patients etiology of end-stage renal disease remained
unknown. Arterial hypertension occurred in 25 patients, cardiovascular disease – in 20 patients, diabetes mellitus type I – in
2 patients, diabetes mellitus type II – in 10 patients.
Patients were treated with dialyses for 21 (1-185) months.
One patient before starting IHD program was treated with continuous ambulatory peritoneal dialysis for 14 months. Those,
who were dialyzed longer than one month but shorter than
6 months (n=6) were also included into the study, because they
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Figure 1. Values of on-line Kt/V during the first three month of study
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had started their IHD program in planned manner with mature
arterio-venous fistulas and did not show any problems related to
dialysis initiation.
Patients (n=36) were taken erythropoietin beta intravenously in the individual doses ranging from 1 000 to 8 000 units
per week (3 375±2 371 units per week including four patients not
receiving erythropoietin). Iron was supplemented intravenously
in 27 patients in the doses of 100 mg per week (67.5±47.4 mg
per week including 13 patients not receiving iron). Alfa-calcidol
was applied orally to 12 patients in the individual doses of 0.25
to 100 g per day. Calcium carbonate was administered in 38
patients in the doses of 1.0 to 9.0 g per day. Doses of intravenous drugs were stable. Prescriptions of oral drugs were also
unchanged, but probably influenced by patients’ compliance.
In all patients, Fresenius dialysis machines type 4008 S and
polysulfone-based membranes were used. Dialyzers were not
reused. Composition of dialysis solution was not changed during
the study.
On-line monitoring of Kt/V was repeatedly performed
during the middle IHD session in the each week in six consecutive months. Measurements of Kt/V based on the conductivity
method. Total body water, which is assumed the equal the urea
distribution volume, was calculated using the formula of Watson
et al. [3] for women and men, respectively.
In the first month of study, IHD schedule was not changed
as compared to that used in the few previous months in respect
of blood and dialysate flows, duration of IHD session and selection of a dialyzer. Values of on-line Kt/V were stable in weekly
evaluations. In the next weeks, efforts were made to obtain
significantly higher Kt/V by an increase in blood flow and/or
dialysate flow. The increase in blood flow was preferable but not
always sufficiently possible due to poor blood access or patients’
intolerance. In such cases, an increase in dialysate flow (from

500 ml/min to 800 ml/min) accompanied trials to enhance blood
flow.
In the second month of study, on-line Kt/V in the third and
fourth week was significantly higher than mean on-line Kt/V for
the first month of study, but mean values for both months were
still not different.
In the third month of study, values of weekly Kt/V estimations and mean monthly Kt/V were stable and significantly
higher than mean value for the first month (Fig. 1). Thus,
our aim to obtain slightly, but significantly higher Kt/V was
achieved. During the next three months of study the more
effective IHD schedule was maintained, but further efforts to
improve adequacy of IHD were not undertaken.
Hemodialyses were performed three times a week. The
average duration of IHD session was not significantly different in consecutive months, ranging from 4.19±0.32 hours to
4.24±0.32 hours. The majority of the patients (n=34) were dialyzed through arteriovenous fistulae (85%). Permanent vascular
catheters were used in 6 patients (15%). Effective blood flow
increased from 216±26 ml/min to 234±15 ml/min. The dialysate
flow increased from 545±108 to 665±151 ml/min.
Results of white blood cell (WBC) count, hemoglobin – Hb,
hematocrit – Hct, mean corpuscular volume – MCV and platelet
(PLT) count were analyzed every month. At the beginning of
study, after 3 months and at the end of studies, dry body mass,
body mass index (BMI), the blood pH and serum concentration
of ionized calcium, phosphate, intact parathormone (iPTH),
total protein, albumin, cholesterol, iron, ferritin, urea and
creatinine were determined. Standard laboratory methods were
applied for blood analysis. BMI was calculated by the formula
of post-dialysis weight in kilograms per height in square meters.
Results are expressed as mean and one standard deviation or median and range of values. Distribution of values was
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Figure 2. Values of mean on-line Kt/V during six months of
study

Table 1. Changes in effective blood flow and dialysate flow during three months of studies
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as compared to result obtained in the first month of study
as compared to result obtained in the second month of study

checked using Kołmogorow–Smirnov test. Statistical analysis
included ANOVA test for repeated evaluations and ANOVA
Friedman test with post hoc Scheffe test. Results of examined
parameters were correlated to Kt/V values, using Spearman
or Pearson correlation coefficients as appropriate. Two values
of on-line Kt/V were used for correlations: simultaneously
obtained Kt/V (simultaneous Kt/V) and mean Kt/V shown in
the month proceeding blood analysis. A p value below 0.05 was
considered as statistically significant.

Results
Values of Kt/V, obtained during six months of studies, are
presented on Fig. 2. Mean on-line Kt/V was increasing from
1.09±0.16 in the first month to 1.16±0.13 in the third month
(Tab. 1) and this higher value was maintained in the next three
months of study. As assumed, there were no further significant
changes in the mean on-line Kt/V after the second month of study.
The increase in Kt/V over six months period was accompanied by rising values of Hb, Hct, MCV, serum iron concentration,
blood pH before and after IHD session as well as by decreasing
values of serum iPTH. Statistically unchanged parameters
included dry body mass, BMI, serum concentration of total
protein, albumin, ionized calcium, phosphate, cholesterol, urea,
creatinine and ferritin as well as WBC and PLT (Tab. 2).
There were correlations between Kt/V and serum concentration of examined parameters. For one parameter only the
highest significant correlation coefficient shown with respective
Kt/V during the entire study is presented. Positive correlations
were found for phosphate (r=0.324, p=0.041 for simultaneous
on-line Kt/V; r=0.370, p=0.019 for mean on-line Kt/V), iPTH
(r=0.312, p=0.049 for simultaneous Kt/V; r=0.314, p=0.048 for
mean Kt/V) and ferritin (r=0.417, p=0.007 for simultaneous
Kt/V), whereas negative correlations – for Hb (r=-0.369,
p=0.019 for simultaneous Kt/V; r=-0.376, p=0.017 for mean
Kt/V) and Hct (r=-0.365, p=0.021 for simultaneous Kt/V;
r=-0.374, p=0.017 for mean Kt/V).

range

500-800 0,87-1,45

Simultaneous on-line Kt/V showed correlation with the
difference between post- and pre-dialysis serum creatinine level
(r=0.354, p=0.025).
A positive correlation was shown between duration of
treatment with IHD and on-line Kt/V (r=0.572, p=0.000 for
simultaneous Kt/V; r=0.606, p=0.000 for mean Kt/V) and ultra-
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Table 2. Changes in examined parameters in the course of treatment with intermittent hemodialysis (IHD) with increasing
values of on-line Kt/V
The beginning
of study

The end of
study

p value

hemoglobin (g/l)

99.1±16.6

105.1±12.5

0.002

hematocrit (%)

31.6±5.2

33.8±3.6

0.004

mean corpuscular volume (fl)

95.9±7.7

100.7±5.7

0.000

iron ( g/dl)*

58.2±29.6

73.2±27.8

0.002

pH before IHD session

7.26±0.04

7.41±0.04

0.000

pH after IHD session

7.34±0.05

7.48±0.05

0.000

918 (38-3500)

420 (15-4341)

0.036

total protein (g/l)*

69.1±5.7

70.9±4.8

NS

albumin (g/l)

40.0±3.3

40.9±3.2

NS

ionized calcium (mmol/l)*

1.13±0.13

1.13±0.10

NS

phosphates (mmol/l)*

1.85±0.48

1.74±0.65

NS

cholesterol (mmol/l)*

5.26±1.27

4.95±1.60

NS

urea (mmol/l)*

19.1±4.0

17.9±3.7

NS

creatinine ( mol/l)*

752±179

742±178

NS

ferritin (ng/dl)*

740±558

632±346

NS

white blood cells (K/ml)

8.60±3.89

6.52±1.50

NS

251±91

195±60

NS

dry body mass (kg)

70.4±15.6

70.9±16.1

NS

body mass index (kg/m2)

28.2±6.7

28.2±6.8

NS

Parameter

intact parathormone (pg/ml)*

platelet count (K/ml)

* serum concentration
NS – non significant

filtration volume per dialysis session (r=0.370, p=0.018). Duration of dialysis session was positively related to patients’ height
(r=0.428, p=0.006) and dry body mass (r=0.547, p=0.0001).
Inverse correlations were found for adequacy parameters
and patient’s characteristics: height (r=-0.510, p=0.000 for
simultaneous Kt/V; r=-0.436, p=0.005 for mean Kt/V) and dry
body mass (r=-0.362, p=0.021 for simultaneous Kt/V; r=-0.399,
p=0.011 for mean Kt/V).

Discussion
The technique of Kt/V estimation, based on the use of
a conductivity method, is at present possible in the newer
dialysis machines. It enables frequent precise Kt/V monitoring,
adjusted to patient’s needs. In our study we could observe beneficial blood changes, occurring with the Kt/V increase.
Already, in 1983, Harter [4] have found that reducing
dialysis dose as reflected by increasing the blood concentration of urea nitrogen averaged with respect to time (TACurea)
significantly reduced Hct and Hb and increased the transfusion
requirements. In 1996 Ifudu et al. [5] showed positive effect of
higher URR (72%) on Hct compared to their standard URR
(61%). Like in our study, patients were treated with a fixed
dose of erythropoietin. Ifudu et al. [5] analyzed two different
groups of patients with similar Hct at the start of observation,
whereas in our study the dialysis dose was increasing in the same
patients. Results from the United States Renal Data System,
published in 1997, confirmed a correlation between dialysis dose

and Hct level in IHD patients treated with erythropoietin [6].
In 2001, it was shown that adequate IHD diminished requirement for recombinant erythropoietin, even in cases in which
celulose dialysis membranes were used [7]. In mentioned study,
Hct did not correlate with Kt/V, whereas erythropoietin dose
and Kt/V were inversely correlated [7]. In 2003, Salahudeen
et al. [8] presented data showing Hct in patients with second
generation spKt/V ranging from <1.23 to >1.68. There were no
significant differences in Hct between groups, however, patients
with highest Kt/V had significantly lower serum concentration
of creatinine and pre-albumin, what may indicate undernutrition, although serum albumin level was also similar in all spKt/V
groups [8]. In our study, an increase in Kt/V was not accompanied with decreased nutritional parameters like dry body mass,
BMI, or serum concentration of total protein, albumin, urea,
creatinine and cholesterol. Serum ionized calcium concentration
was also insensitive to changes in Kt/V. In studies of Harter [4]
plasma calcium, cholesterol and triglyceride levels did not show
significant changes with higher TACurea, but less adequate IHD
correlated with increased risk from cardiovascular morbidity.
When patients with known causes of resistence to erythropoietin treatment (iron depletion, aluminium overload, severe
hyperparathyroidism, acute or chronic infections) are excluded
from the study, the beneficial effect of higher IHD adequacy
on Hct may be related to removal of dialysable low-molecular-weight inhibitors of erythropoiesis, like spermine and/or
polyamine [9,10]. In our study, this effect is also possible, but
additionally the influences of serum iPTH decrease, serum iron
concentration increase and less pronounced metabolic acidosis
have to be considered as contributing factors. Beneficial effects
of more effective IHD on plasma PTH and correction of
metabolic acidosis were also seen by Harter [4], when results
obtained with high TACurea (100 mg/dl) were compared to
respective values shown with TACurea of 50 mg/dl.
Significant increase in MCV may be related to higher serum
iron level as well as to probably greater removal of folic acid with
higher IHD adequacy, but with fixed vitamin supplementation.
Correlations between Kt/V and below mentioned parameters indicate that higher IHD adequacy was applied to uremic
patients in poorer clinical status. These patients showed higher
serum concentrations of phosphate, iPTH, and ferritin as
a marker of inflammation, and lower Hb concentration and
Hct. Greater IHD adequacy in underdialyzed patients could
evidently contribute in clinical improvement.
In our study, higher doses of dialysis and greater ultrafiltration volumes per session were provided to patients treated
longer with IHD than those being on IHD on shorter period
of time. Such clinical intervention may be related to decrease
in residual renal function and to increase in inflammatory catabolic state over time.
In IHD patients, dry body mass and BMI were progressively
lower with values of the second generation spKt/V increasing
from <1.23 to >1.68 [8]. In other study, overweight patients
received less dialysis as measured by spKt/V, and conversely,
those with lower BMI received higher spKt/V [11]. In our study,
Kt/V was inversely correlated with dry body mass and height,
what is in agreement with cited data. Such negative correlation
occurred despite longer dialysis sessions provided to patients
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with greater dry body mass and height. As expected, Kt/V was
greater in patients who received longer dialysis sessions.
Increases in dialysate flow and/or in dialysis duration lead
to higher costs of IHD session, but optimizing erythropoietin
responsiveness and iron utilisation an adequate dialysis treatment can contribute to a reduction of the costs of maintenance
dialytic therapy.
In summary, our results indicate that even small increase
in IHD adequacy may be accompanied by beneficial changes in
management of uremic patients (better response on erythropoietin, diminished laboratory features of secondary hyperparathyroidism, better iron utilisation). Correlation between Kt/V and
examined parameters indicate that higher IHD doses were provided to patients in more advanced uremic state. It may partially
explain advantages observed with incremental IHD adequacy.
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Abstract
Purpose: The quality could be assessed from two perspectives: internal and external. From the internal perspective the quality means being consistent with particular
conditions and standards. The external perspective is based
on relative assessment of the product made by a client who
is also aware of other competitors’ offer. Despite the professional assessment which is focused on providing health
services according to medical and managerial correctness,
patient’s assessment is also relevant. Measuring patient’s
satisfaction is additional method of health services quality
assessment.
The aim of the study was to estimate patients’ opinion
on quality of ambulatory obstetric and gynaecological services.
Material and methods: The study was conducted in 11
obstetric and gynaecological out-patient clinics of Lublin in
September and October 2003. The study tool was an author’s
questionnaire. Patients were asked to assess such areas as
registration before visit, their relationship with nurses and
gynaecologists and other aspects of services provision like
intimacy assurance and respecting Patient’s Rights. The collected data was statistically analysed.
Results: 635 patients took part in the study. The biggest groups in the studied population were women at the
age of 20-30 years, married, living in cities and secondary
educated. It was found that around half of the population is
satisfied and 2.2% of them are unsatisfied with the fact that
they have chosen particular out-patient clinic. More than
70% of women had positive opinion of following aspects
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influancing general opinion about service quality: politness
of reception desk staff, opening hours, the length of time
before a patient is seen by the specialist, intimacy assurance and respect for Patient’s Rights in the practice. 80%
of patients were satisfied with the relationship with nurses
and 3.3% were unsatisfied with it. Eight patients out of ten
were satisfied with gynaecological care, less than 2% were
unsatisfied. The studied women had also high opinion of the
course of visit. More than 90% of studied patients trust their
gynaecologists.
Conclusions: More satisfied with the services provided
by the obstetric and gynaecological out-patient clinics were
women living in cities than in villages and those visiting
nonpublic than public practices.

Key words:

quality assessment, obstetric and gynaecological services, patient’s satisfaction.

Introduction
The quality could be assessed from two perspectives:
internal and external. From the internal perspective the quality
means being consistent with particular conditions and standards.
The external perspective is based on relative assessment of the
product made by a client who is also aware of other competitors’
offer. Despite the professional assessment which is focused on
providing health services according to medical and managerial
correctness, patient’s assessment is also relevant. Measuring
patient’s satisfaction is additional method of health services
quality assessment.
Present interest in quality of health care is connected with
standardization of offered services, patient’s right to choose,
increased patients’ expectations and increasing requirements of
auditing organisations regarding health care services.
The aim of the study was to estimate patients’ opinion on
quality of ambulatory obstetric and gynaecological services.
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Figure 1. Patients’ satisfaction with the choice of out-patient
obstetric and gynaecological clinic
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Figure 2. The relations with nurses and midwives in patients’
opinion
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Figure 3. Patients’ satisfaction with gynaecological care of outpatient clinics

Table 1.
Respect
Possibility Awaiting Politness of
Opening
Intimacy
for
of phone time for reception
hours
assurance Patient’s
registration a visit
desk staff
Rights
Yes

92%

87.7%

80.9%

87.7%

95.8%

87.6%

No

8%

12.3%

19.1%

12.3%

4.2%

12.4%

Material and methods
The study was conducted in randomized obstetric and gynaecological out-patient clinics of Lublin in September and October 2003. Public (5) and non-public (6) clinics that had contract
for 2003 with Lublin Department of National Health Fund were
included in the study. The study tool was an author’s questionnaire. Patients were asked to assess such areas as registration
before visit, their relationship with nurses and gynaecologists
and other aspects of services provision like intimacy assurance
and respecting Patient’s Rights. The collected data was statistically analysed using computer programme Statistica 6.0. Chisquare test was used to find significant correlation between two
values. P value<0.05 was set up as being statistically significant.

Results
635 patients took part in the study. The biggest groups in
the studied population were women at the age of 20-30 years,
married, living in cities and secondary educated. Before detailed
analysis of satisfaction with various aspects of organisation functioning patients could estimate their general satisfaction with
the choice of particular obstetric and gynaecologic clinic they
made. Around half of the population (49%) is satisfied, some of
them even very satisfied and 2.2% are unsatisfied with the fact
that they have chosen particular out-patient clinic (Fig. 1).
More than 70% of women had positive opinion of following
aspects influencing general opinion about service quality: politness of reception desk staff, opening hours, the length of time
before a patient is seen by the specialist, intimacy assurance and
respect for Patient’s Rights in the practice (Tab. 1).
In patients’ opinion the most inconvenient aspect is too long
waiting time before a patient is seen by a specialist.

Rather satisfied 18%
Unsatisfied 1%
Very unsatisfied 1%
Satisfied 52%

Very satisfied 28%

In most patients’ opinion the relationship with nurses of outpatient clinics (e.g. in treatment room) is good (44.4%) or very
good (35.9%) with. For 16,4% studied women the relationship is
satisfactory and 3.3% patients are unsatisfied with it (Fig. 2).
All divorced and widows had no remarks on nurses and midwives’ work. Single patients were more critical than the others
regarding nurses (p<0.05).
University and elementary educated women are the most
satisfied with nurses’ work. Less satisfied were secondary and
technical educated women (p<0.05).
More patients living in voivodship city and any other city
than those from villages considered that relationship with nurses
of clinics were only satisfactory (p<0.05).
Most patients of non-public clinics evaluated the relationship with nurses and midwives as very good (41.83%) whereas
patients of public clinics evaluated it as good (47.85%).
Eight patients out of ten were satisfied with gynaecological
care (28% – very satisfied), every fifth woman is rather satisfied
less than 2% are unsatisfied (Fig. 3).
The studied women had also high opinion of the course
of visit. Almost all patients considered that a doctor carefully
listened to them during a visit (93.5%). Nearly 92% of women
are always informed about planned treatment and 94% patients
said that a doctor gives information on how to take prescribed
medications. Patients had a little worse opinion on examination
during the visit. Every third said that a doctor not always examined her by during the visit. More than 90% of studied patients
trust their gynaecologists.
The most satisfied with the services provided by the obstetric and gynaecological out-patient clinics were women living in
voivodship city, less satisfied were those living in any other cities
and women coming from villages were the least satisfied. Also
those who have good financial conditions were more satisfied
with the quality of gynaecological care.

Patients’ quality assessment of ambulatory obstetric and gynaecological services

The type of out-patient clinics had an influence on patients’
satisfaction with obstetric and gynaecological services. Patients
visiting non-public are generally more satisfied with services
than patients of public clinics. It can be seen both in higher
satisfaction with the choice of particular clinic and general
satisfaction with gynaecological care.

Discussion
Most patients of obstetric and gynaecological clinics (88%)
said that the staff of reception desk was nice and polite. These
opinions are better than those observed in the study carried out
by CBOS in which half of the population has no critical remarks
on health care administrative workers attitude towards patients.
40% of patients said that they were treated politely and nicely.
However, 9% of women are unsatisfied with the way they were
treated by administrative staff of health care organisations [1].
The relations with nurses and midwives of clinics were
evaluated as good and very good by most patients. The results
are similar to those obtained in the study of CBOS in which
60% of population said that they were always treated properly
by doctors and nurses, 36% considered that the way they were
treated was usually proper. Few patients have critical opinion
about medical staff attitude towards them (3%). [1] It should
emphasized that according to U.S. studies nearly 80% of
patients’ satisfaction depends on nurses [2].
Patients expect professionalism and kindness from a doctor
which is emphasized by different authors [3,4]. The ability of
accurate communication with a patient has greater meaning
than duration of visit and their recurrence. Patients satisfaction
– measure of quality of care is closely connected with doctors’
communicative skills [5].
The course of visit was evaluated quite high by patients.
The results are similar to those obtained in CBOS study in
which 90% of studied group said that they were always or usually clearly informed by physicians, nurses or other health care
workers [6].
According to Hupert [7] 94% of patients considered that
a doctor of out-patient clinic is friendly and disinterested and

examines patients thoroughly and those aspects were evaluated
higher than in the author’s study [7].
The patients’ opinion about trust in their doctors were very
positive. These results are far better than those obtained in 2001
by CBOS where 16% of people declared very high trust in their
doctors, 64% quite high, 13% quite low, 1% very low and 5%
could not describe their trust in a doctor [8].

Conclusions
Patients are generally satisfied with the services of outpatient clinics.
High and very high opinion about functioning of out-patient
clinics is connected with:
1. high and very high opinion of registration desk work
organisation,
2. high and very high opinion about relation with nurses
and midwives,
3. high satisfaction with gynaecological care,
4. high opinion about gynaecologist’s qualifications and
trust in physician.
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Abstract

Introduction

Purpose: Reactive oxygen species (ROS), continuously
generated in tissues, are involved in signal transduction under physiological conditions. The amount of ROS
increases in response to surgical trauma. Isoprostanes are
novel sensitive and specific markers of lipid peroxidation
in vivo. Plasma concentration of isoprostanes increases
in patients with various diseases associated with oxidative
stress. In the present study we investigated the effect of
abdominal hysterectomy on serum isoprostanes concentration.
Material and methods: The study was performed in 20
women (aged 45-63, average 50.3) who had undergone total
abdominal hysterectomy with salpingooophorectomy, operated for benign diseases in the 1st Department of Gynaecology of Lublin Medical University. Isoprostanes were assayed
by enzyme immunoassay (EIA) using 8-isoprostane EIA kit
(Cayman Chemical, Ann Arbor, MI, USA).
Results: Serum concentration of isoprostanes before the
surgery had value 38.9±10.7 pg/ml and it decreased at 8, 24
and 96 h after the operation.
Conclusions: Measurement of serum isoprostanes in
small group of patients after hysterectomy did not brought
the clear answer if the assessment of isoprostanes levels is
a valuable method for evaluation of oxidative stress after
a surgery.

Key words:

abdominal hysterectomy, isoprostanes, reactive
oxygen species.

* CORRESPONDING AUTHOR:
Department of Pathophysiology
Medical University
ul. Jaczewskiego 8, 20-093 Lublin, Poland
Tel/Fax: +48 81 742 58 35 (Jerzy Bełtowski)
Received 22.11.2005

Accepted

12.04.2005

Reactive oxygen species (ROS), continuously generated in
tissues, are involved in signal transduction under physiological conditions. Increased amount of ROS leads to damage of
biologically relevant macromolecules including lipids, proteins
and nucleic acids [1]. The amount of ROS increases in response
to surgical trauma [2]. The level of lipid peroxidation products
is often used as a marker of oxidative stress [1,3]. However,
in most studies addressing the effect of surgery on oxidant
antioxidant balance the nonspecific markers of lipid peroxidation such as thiobarbituric acid reactive substances (TBARS)
or malonyldialdehyde (MDA) are measured. Thus we have
recently demonstrated that the concentration of malonyldialdehyde + 4-hydroxyalkenals (MDA+4-HDA) as well as lipid
hydroperoxides in serum have been increased after abdominal
hysterectomy [4]. Isoprostanes are novel sensitive and specific
markers of lipid peroxidation in vivo. These compounds are
formed during ROS-mediated nonenzymatic peroxidation of
arachidonic acid and other polyunsaturated fatty acids [5-9].
Plasma concentration of isoprostanes increases in patients with
various diseases associated with oxidative stress [5,6,8].
Nevertheless, to our knowledge the level of isoprostanes
after gynecological surgery has not been studied so far. In
the present study we investigated the effect of abdominal
hysterectomy on serum isoprostanes concentration to perform
the evaluation of oxidative stress level in different methods of
gynaecological operations in future.

Material and methods
The study was performed in 20 women (aged 45-63, average
50.3) who had undergone total abdominal hysterectomy with
salpingooophorectomy, operated for benign diseases in the
1st Department of Gynaecology of Lublin Medical University.
Average BMI of patients was 29.2. Peripheral blood samples
were collected from patients before surgery as well as at 8, 24

Serum isoprostanes levels in patients after abdominal hysterectomy

Figure 1. Serum isoprostanes levels
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100%

52.4%

64%

79.9%

200
180
160
140
120
*

100

**

80

***

60
40
20
0

before

8 h after

72 h after

96 h after

Time of blood samples collecting
* p<0.05; ** p<0.01; *** p<0.001 versus before the operation

and 96 hours after the operation. Blood samples were allowed
to clot for 1 hour at a room temperature and centrifuged at
2 000 x g for 10 minutes to separate serum. Serum samples were
frozen and stored at -70°C until analysis.
Isoprostanes were assayed by enzyme immunoassay (EIA)
using 8-isoprostane EIA kit (Cayman Chemical, Ann Arbor,
MI, USA). Serum samples were mixed with ethanol and
centrifuged to remove particulate matter. Ethanol was evaporated from the supernatant under a stream of nitrogen. Then,
supernatant was acidified with acetate buffer to pH 4.0 and
isoprostanes were extracted using C-18 SPE cartridges (Waters
Corporation, Milford, MA). Cartridges were activated by rinsing with 5 ml methanol and 5 ml H2O, and then the sample was
passed through the cartridge. The cartridge was rinsed with 5 ml
of water, dried, and rinsed with 5 ml of HPLC grade hexane.
8-isoprostanes were eluted with 5 ml ethyl acetate containing
1 % methanol. The solvent was evaporated to dryness; the
sample was dissolved in 450 l of EIA buffer and used for
the analysis. All samples were assayed in duplicate; before
purification one set of samples was spiked with 8-isoprostane
standard contained in the kit to correct for individual recovery.
The recovery averaged 76%. The limit of the sensitivity of the
assay was 5 pg/ml and the intraassay coefficient of variation was
8%. The nonparametric Wilcoxon’s test was used to compare
the data at different time points. The relationships between
variables were evaluated by Spearman’s rank correlation test.
p<0.05 was considered significant. The Bioethical Committee at
the Medical University in Lublin approved the investigation and
all patients gave their informed consent to participate in it.

Results
Serum concentration of isoprostanes before the surgery
had value 38.9±10.7 pg/ml and it decreased by 47.6% at 8

Table 1. The characteristics of morphotic elements and biochemical parameters of patients’ blood

Morphotic blood elements
Haemoglobin (g/dl)
Haematocrit (%)
Leukocyte count (K/ l)
Erythrocyte count (M/ l)
Thrombocyte count (K/ l)

Before operation

13.4

24 h after the operation

12.2

Before operation

39.97

24 h after the operation

36.44

Before operation

7.049

24 h after the operation

10.41

Before operation

4.707

24 h after the operation

4.28

Before operation

301.7

24 h after the operation

278

Biochemical parameters of blood before operation
Protein level (g/dl)

7.295

Total cholesterol level (mg/dl)

213.2

HDL level (mg/dl)

55.6

LDL level (mg/dl)

133.5

Triglicerides (mg/dl)

128.8

hours after the operation. Subsequently, isoprostane concentration progressively increased, however, it was still significantly
reduced in comparison to preoperative values at 24 h (-36.0%)
and at 96 h (-21.1%) after the operation (Fig. 1).
The changes of blood parameters of patients before and
after the operation are shown in Tab. 1. The granulocyte count
increased by 47.7% after the surgery. The erythrocyte count
decreased by 8.1%, thrombocyte count by 7.9% and haematocrit
by 8.8% 24 hours after the operation. Patients were hospitalised
for 5-8 days (average 6.6) after the operation.
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Discussion
The generation of ROS increases after surgery as a result
of tissue ischemia associated with anesthesia-induced hypotension as well as due to acute phase response which stimulates
oxidative burst of phagocytes [3]. The increase of granulocyte
count, observed after surgery, may suggest the induction of
acute phase response, observed in our present and former
investigations. Consistently with this, we have recently observed
increase in plasma concentration of ‘classical’ lipid peroxidation products such as MDA+4-HDA and lipid hydroperoxides
after abdominal hysterectomy [4]. Serum concentration of
isoprostanes increases in patients with diseases associated with
oxidative stress such as diabetes mellitus, hypercholesterolemia,
hyperhomocysteinemia and connective tissue diseases [5-8].
Unexpectedly, in the present study we observed decrease in
serum isoprostanes between 8 and 96 hours after surgery. The
reason why MDA+4-HDA and isoprostanes change in the
opposite directions is unclear at present. When we pass over the
scattering of isoprostanes concentrations before the experiment
we have to look for different explanation of this phenomenon.
MDA and 4-HDA are low molecular weight compounds which
can freely diffuse from tissues to plasma. It may be speculated
that oxidative stress after surgery occurs mainly in injured tissues
and most MDA originates in extravascular compartment. Thus,
tissue oxidative stress will be only partially reflected by plasma
lipid peroxidation markers. In contrast, isoprostanes are fatty
acid derivatives and most of them is associated with triglycerides
and phospholipids. Therefore, isoprostanes will very slowly
exchange between tissue and plasma pools. Serum isoprostanes
originate mainly during peroxidation of plasma lipoproteins and
therefore may not adequately reflect the local oxidative stress,
especially in the short run. Secondly, plasma lipoprotein level
decreases after surgery as a result of hemodilution and acute
phase response [10,11], which could lead to decrease in isoprostanes due to reduced availability of substrates for peroxidation.
Finally, we have previously demonstrated that the activity of
paraoxonase-1 (PON1) – an antioxidant enzyme contained
in high-density lipoproteins – decreases following the surgery
[12]. PON1 hydrolyses oxidised phospholipids and releases free
isoprostanes [13,14]. Because in the method used by us mainly
free non-estrified isoprostanes are detected, it is possible that
reduced PON1 activity could contribute to fall in isoprostanes
following the operation. Interestingly, two studies reported
increase in plasma isoprostanes following coronary artery bypass
grafting (CABG), however, the increase was short-lasting and
observed only until less than 1 hour from the beginning of the
operation [15,16]. Although we did not analysed blood samples
obtained so early, one should take into account that it will be
expected CABG causes much more marked oxidative stress.

Conclusion
In our initial studies we have observed decrease of serum
isoprostanes levels after abdominal hysterectomy. These data
suggest that measurement of serum isoprostanes in small group
of patients after hysterectomy did not brought the clear answer

if the assessment of isoprostanes levels is a valuable method for
measurement of oxidative stress after operations.
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Abstract
Purpose: The paper presents preliminary results of
investigation of binding of 1-antichymotrypsin to the surface of peripheral blood lymphocytes.
Material and methods: Pooled serum samples from
healthy individuals served as source of 1-antichymotrypsin
for isolation using chromatography. Binding of 1-antichymotrypsin to the surface of peripheral blood lymphocytes
was measured by flow cytometry.
Results: Even on native cells 1-antichymotrypsin may
be detected. After incubation with isolated preparation the
percentage of positive lymphocytes increased.
Conclusions: The presence of 1-antichymotrypsin on the
surface of lymphocytes may imply its regulatory role during
acute phase response and early immune response.

Key words:

-antichymotrypsin, lymphocytes, flow cyto1
metry.

Introduction
-antichymotrypsin (ACT) belongs to human serum
1
-globulins. It is a glycoprotein, MW of about 68,000 Da, with
22.7% of carbohydrate content. It is encoded on chromosome
14, region q31-q32.3, the same area as antitrypsin gene. Both
proteins are highly homologous, suggesting shared evolution
history [1]. Biologic function of ACT is not entirely clear: it
1
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is a protease inhibitor, mainly of chymotrypsin, katepsin G
and several others (to a lesser extent), however, much lower
serum concentrations imply that its function as an antiprotease
is rather a minor one [2]. Its role as an acute phase reactant
appears much more important. In contrast to antitrypsin and
alpha2-macroglobulin the concentration of ACT increases
within 6 hours during acute phase response, similarly to CRP
and SAA, making ACT one of the first line of acute phase reactants. It may also be involved in local regulation of homeostasis
(or balance between proteases-antiproteases), among others in
lungs, the predominant site of synthesis, and in brain, where it is
synthesized by astrocytes [3].
In healthy individuals the serum concentration of ACT
is 0.35-0.45 g/L. It increases in acute and chronic infections
(mainly bacterial), in trauma, particularly in cases with massive
necrosis or if polytrauma is accompanied by cranio-cerebral
trauma [4]. There were also several reports that ACT is able
to bind chromatin, similarly to CRP. It could thus participate in
removal of cellular debris, preventing autoantibodies formation
[5]. No homozygous deficiency of ACT was ever described, in
contrast, only heterozygous deficiency clinically presented as
decreased serum concentration [6,7].
There is a discrepancy in descriptions of glycans on ACT
molecules: three or four glycosylations sites, bi- or triantennary
glycans, consisting of NacGlc, Gal and Sia. If the glycosyaltion
profile was investigated using crossed affinity immunoelectrophoresis with Concanavalin A as ligand, following variants are
observed: first migrating, clearly separated, weakly reactive
with ConA variant A1, variants A2, A3 and A4 hardly separated,
but showing increasing reactivity with ConA. In particularly
acute conditions and often in children a fifth variant (A5),
almost non-migrating due to very strong reaction with ConA
appears. Acute inflammatory conditions cause dramatic
increase in ACT concentration and a shift towards biantennary
glycans (higher reactivity with ConA). Particularly expressed
changes were observed for cranio-cerebral trauma and burns
with massive necrosis [8-10]. It seems that concentration of
ACT reflects not the size, but the severity of damage of the
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central nervous system [11]. The prolonged (longer that one
week) presence of the altered glycosylation profile is highly
unfavourable prognostic factor, especially in patients with
cranio-cerebral trauma [4].
All these data suggest that antichymotrypsin may exert an
unknown biological role influencing lymphocytes during early
stages of acute phase response. Some data were also obtained
from observation of ACT behaviour in children suffering from
food allergy. Decreased ACT concentration was observed in
symptomatic children, whereas normalization of serum concentration accompanied tolerance [12]. To check this it seemed
necessary to show that antichymotrypsin is able to bind with the
surface of lymphocytes.

Material and methods
Isolation of antichymotrypsin was performed using affinity
chromatography: first simple ion exchange chromatography
to remove albumin and majority of gammaglobulins, then on
a column with coupled polyclonal anti-ACT antibody. Both
columns were washed with 0.1 M phosphate buffer. ACT was
isolated from serum pool from healthy persons, showing normal
concentration and glycosylations profile of ACT. In this way
a crude preparation was obtained, but the concentration of
ACT was significantly higher in comparison to some trace proteins. The preparation was finally dialyzed against PBS (+4°C,
overnight). The concentration of ACT was measured using
rocket immunoelectrophoresis acc. to Laurell [13]. Determination of glycosylation profile of the preparation obtained was
done using crossed affinity immunoelectrophoresis with ConA
[14].
The very preliminary data was obtained from indirect staining. As primary antibody, DakoCytomation anti-ACT (Code
number A0022) was used, as secondary antibody: anti-rabbit
IgG, conjugated with FITC (DakoCytomation, Dennmark).
As polyclonal antibody and indirect staining caused too many
problems, and no conjugated anti-ACT antibody was available,
it was decided to perform coupling of anti-ACT antibody with
FITC, using Fluorotag Conjugation kit (FITC-1) from SIGMA,
USA. First experiments were performed to detect ACT on the
surface of peripheral blood cells, both native (without any procedure) and incubated first with ACT preparation. Peripheral
blood samples from routine laboratory (drawn with addition of
EDTA) were used for binding experiments.
Next set of experiments was performed to show the binding
of ACT to CD3+ T lymphocytes and CD19+ B lymphocytes
(in both cases antibodies from DakoCytomation, anti CD3,
RPE-C 5, and anti-CD19, RPE-C 5, were used). DakoCytomation antibodies were used according to prescription:
5 microliters per 100 microliters of whole blood, and also 5
microliters of anti-ACT-FITC antibody was used. As previously, samples of native cells were stained in parallel with cells
incubated with ACT preparation (mean concentration 100 mg/l,
mixed 1:1 with whole blood, 1 hour in RT, then 3x washing with
PBS).

Results
The obtained anti-ACT/FITC conjugate had the concentration of 0.5 g/L and the molar protein/FITC ratio of about 0.8.
First experiments using this antibody confirmed the presence
of ACT to various extents on the surface of native leukocytes.
Preincubation of whole blood with ACT preparation caused
increase in the percentage of ACT positive cells, to various
extents. Cells were gated as lymphocytes, monocytes and granulocytes acc. to routine forward scattering (FW-SC) versus right
scattering (RT-SC), and only the percentage of positive cells
(FITC – green fluorescence) was analyzed in each gate. Following controls were used:
– incubation of blood cells with another rabbit antibody;
– incubation of blood cells with normal rabbit serum;
– incubation of blood cells with normal goat serum;
– incubation of blood cells with secondary anti-rabbit
IgGFITC antibody only;
– incubation of blood cells with primary unconjugated
a-ACT antibody only.
In none of those controls the positive staining was present.
The results of the above measurement showed that even for
limited number of experiments (n=7) the statistically significant difference was observed in t-test for dependent variables
(p=0.000 083 for lymphocytes, 0.000 112 for monocytes and
0.02375 for granulocytes). Thus, ACT can be detected on the
surface of peripheral blood cells and preincubation of blood
cells with ACT preparation increased the percentage of ACT
positive cells.
Next set of experiments (n=9) was performed to show the
binding of ACT to CD3+T lymphocytes and CD19+B lymphocytes. The summary of results is presented on Fig. 1 –
double staining with anti-ACT (FITC) and anti-CD3 (PE), on
the Fig. 2 – double staining with anti-ACT (FITC) and antiCD19 (PE).

Discussion
It was detected that ACT is present not only on the surface
of monocytes that produce it, on the surface of granulocytes that
may engulf it in phagocytosis, but also on the surface of lymphocytes. This feature was not described before. Additionally it
was shown that preincubation of lymphocytes with crude ACT
preparation increased the percentage of lymphocytes bearing
ACT on their surface and also that the intensity of staining with
anti-ACT antibody increased after incubation. The main binding was observed on CD3- and CD19-lymphocytes, presumably
NK cells.
Preincubation mimics naturally occurring increase of ACT
at concentration in peripheral blood due to trauma or burn. In
early acute phase response several mechanisms related to cellular activity are inhibited and mainly the unspecific immunity
is involved in first stages of the reaction, also during unspecific
inflammation occurring in Alzheimer’s disease [15]. Thus it is
possible that ACT may exert a regulatory role during these
early events, possibly acting as anti-apoptotic agent [16]. Higher
incidence of ACT on the surface of NK than T lymphocytes may

Binding of

Figure 1. Double staining (mean results for 9 experiments) with
anti-ACT (FITC) and anti-CD3 (PE) – percentage of positive
lymphocytes, native versus incubated with ACT preparation
(point=mean, frame=SD, range=1.96 SD)
ACTFITC
9–
8–

Figure 2. Double staining (mean results for 9 experiments) with
anti-ACT (FITC) and anti-CD19 (PE) – percentage of positive
lymphocytes, native versus incubated with ACT preparation
(point=mean, frame=SD, range=1.96 SD)
ACTFITC
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indicate its link with innate immunity. Weaker reaction with
B lymphocytes might also point to the regulatory role of ACT
in the specific response. It has to be investigated further what
is the link between ACT presence on the surface and activity of
particular lymphocytes subpopulations and whether there is any
relationship between ACT glycosylations profile and its influence on lymphocytes. Further investigation will be performed to
establish the binding particularly with NK cells.
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Absract
Purpose: Descriptive epidemiology characterises frequency of appearance of given event (here decease) in
dependence of many factors concerning a person, region
or time of existence of given salubrious phenomena. The
source of information was the official death registry that
provides complete records of all deaths that took place in
Pomeranian province. This description of sanitary situation
of people from particular area enables doing comparison
between regions, facilitates researching etiological factors,
planning work of medical workers and programming preventive rules. Cardiovascular diseases during last fifty years
are the main reason of death of people from developed countries witch is also Poland.
Material and methods: The aim of this work is to find out
differences in health condition between citizens of Pomeranian province and other people in Poland and countries of
European Union.
Results: In Pomeranian province in 2002 the highest
mortality from cardiovascular diseases was observed for
Sztum county (587.5/100 000) and was 72.5% of all deaths in
this region. Similarly, there was high mortality these reasons
in Tczew county (442.1/100 000), Malbork county (406.9/
100 000) and also in Tricity (424.8/100 000). The lowest mortality from cardiovascular diseases was observed in Gdańsk
county (257.2/100 000) and was only 40% of all deaths in this
region. Relatively low mortality was in Czluchow county
(288.9/100 000). Frequency of death from cardiovascular
diseases in Pomeranian province has become lower from
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year 2000 (361.0/100 000) to year 2002 (347.9/100 000). It
was lower than in other parts of Poland (449.8/100 000 in
year 2000) but higher than in countries of European Union
(257.8/100 000 in year 2000).
Conclusions: Mortality from cardiovascular diseases has
decreased during last few years. Also there are distinctions
in this phenomena among regions of Pomeranian province,
other parts of Poland and countries of European Union.
From these reasons health care should be differentiated to
address the differences in spatial patterns of risk observed.

Key words:

epidemiology, mortality, cardiovascular
diseases.

Introduction
Cardiovascular diseases are the most widespread reason
of the decease and one of the most frequent reasons of disability in Poland. In 2001 died 363.2 thousand people and 173.8
thousand of them died because of cardiovascular diseases. That
was 46.8% of all deaths. The mortality rate was 431.5, and in
2002 – 412.4 per 100 000 persons [1,2]. The mortality caused by
cardiovascular diseases had risen in Poland since seventies to
eighties. In the same time in countries of the former European
Union the number of deaths because of cardiovascular diseases
had decreased. In Poland from the beginning of nineties this
tendency firstly had stopped and than, in 1992 had inverted
[1]. It is thought that this occurrence was caused by no-medical conditions of state of health connected with changes in the
diet quality. Complying with this diet was possible because of
economical transformations in Poland [3,4]. However, in Poland
mortality rate connected with cardiovascular diseases is one of
the highest in all Europe and big differences in comparison with
European Union countries had not decreased. Cardiovascular
diseases are in Poland the main reason of the precocious mortality (which means less than 64 years old) and determine 37% of
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Table 1. Mortality in years 1999-2002 in Pomeranian province, Poland, Europe per 100 000 persons
Circulatory system disease

Ischaemic heart disease
Change
1999/2000
[%]

1999

2000

2001

2002

Change
1999/2000
[%]

- 8.8

b.d.

141.8

146.6

151.3

+ 6.6

- 12.1

147.9

141.0

133.5

125.5

- 15.1

103.2

97.4

94.2

b.d.

- 0.9

1999

2000

2001

2002

Pomeranian province

381.5

361.0

371.1

347.9

Poland

469.0

444.0

431.5

412.4

Europe

266.7

257.8

244.7

238.5

- 10.6

Table 2. The general mortality rate connected with circulatory
system diseases in counties of Pomeranian province
Number of deaths

County

Lp.

Relation
(2) to
for
for
(1)
total
total
100 000
100 000 in %
number
number
people
people
(1) General
mortality

(2) Circ. syst.
diseases

1 Bytów

563

749.9

227

302.2

40.3

2 Chojnice

677

750.7

334

370.1

49.3

3 Człuchów

423

740.8

165

288.9

39.0

4 Gdańsk

523

649.5

207

257.2

39.6

5 Kartuzy

687

660.2

314

301.7

45.7

6 Kościerzyna

493

750.7

252

383.6

51.1

7 Kwidzyn

623

779.8

281

351.7

45.1

8 Lębork

476

749.4

208

327.5

43.7

9 Malbork

562

890.4

257

406.9

45.7

10 Nowy Dwór Gdański

321

900.2

138

387.1

43.0

11 Puck

509

710.1

237

330.9

46.6

12 Słupsk

744

810.4

299

325.8

40.2

13 Starogard Gdański

991

820.7

446

369.3

45.0

14 Sztum

339

807.0

247

587.5

72.8

15 Tczew

996

889.5

495

442.1

49.7

1 377

789.8

511

293.0

37.1

10 780

812.0

4 926

371.1

45.7

364 592

941.1

128 426

331.5

45.9

16 Wejherowo
Pomeranian province
Poland

province included five years period (since 1998 to 2002). Data
from other counties of the Pomeranian province were possible
to get only for three years period (since year 2000 to 2002). No
standardised data, which was next taken to elaborate, had been
received from Pomeranian Centre of the Health Protection. To
analyse this data there was made in the Academy of Medicine in
Gdańsk (in the Department of the Hygiene and Epidemiology)
special computer program enabling quick choice of desirable
parameters and moreover, the exact workout of chosen epidemiological coefficients and factors. It was necessary to use the
publication of GUS (Principal Office of Statistic) relating to
number of citizens in particular counties, during following years.
In selection of data authors were using current symbols from
International Statistical Classification of Diseases and Health
Related Problem, Revision 10 – ICD 10.
Analysis was realised for deaths appointed with symbols:
– I 00 to I 99 – all deaths caused by cardiovascular diseases
– I 10 to I 15 – deaths because of ischaemic heart diseases
– I 21 to I 23 – deaths caused by infarct of heart muscle,
repeated infarct of heart muscle and complications
appearing during infarct of heart muscle.
The data about deceases in European Union and Poland
come from the WHO database.

Results
all deaths for men and 17% for women [1]. The main reasons of
decease in that group just like for all Polish people are cardiovascular diseases. World Health Organisation Regional Office
shows that the level of precocious mortality caused by cardiovascular diseases was two and the half times higher in Poland
than in EU countries.
Moreover, these big differences relating to the precocious
mortality are observed only in reference to external reasons of
men’s mortality. It is anticipated that if in Poland present rate of
reduction of the precocious mortality caused by cardiovascular
diseases is going to be kept, it will achieve EU country’s rate in
2018 (from 2001 in 17 years) [5].

Material and methods
The matter of this analysis was data concerning deaths
from Pomeranian province. Data concerning deaths in particular counties, which had previously belonged to the Gdańsk

Since 1999 to 2002 the mortality rate connected with cardiovascular diseases in the Pomeranian province had decreased
about 8.8% (from 381.5 to 347.9/100 000 persons). However, the
frequency of deaths connected with the ischaemic heart disease
since 2000 to 2002 had increased about 6.6% (from 141.8 to
151.3/100 000 persons).
In Poland as well as in European Union countries (Tab. 1)
in that period (since 1999 to 2001) the mortality rate connected
with circulatory system diseases had decreased (in Poland
about 12.1% and in Europe about 10.6%). Also the mortality
rate connected with the ischaemic heart disease had decreased
(since 1999 to 2001) in Poland about 15.1% and in Europe about
0.9%.
In Tab. 2 the general mortality was compared with the mortality rate connected with cardiovascular diseases, in different
counties of the Pomeranian province, in 2001. The highest mortality caused by cardiovascular diseases was observed in Sztum
county (587.5/100 000 persons) and was 72.8% of all deaths. It
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Table 3. Tendency in mortality connected with cardiovascular
diseases in counties of Pomeranian province

Table 4. Relation between men’s and women’s mortality rate
connected with cardiovascular diseases
Circulatory system diseases

Change of mortality rate
County

Lp.

Circulatory
system diseases totality

Ischaemic heart disease
Totality

Infarct of
heart muscle

Totality

Ischaemic heart disease
Totality

Infarct of heart muscle

Pomeranian province

100 / 111

100 / 94

100 / 61

Town

100 / 114

100 / 99

100 / 66

trend

[%]

trend

[%]

trend

[%]

1 Bytów

-

15.9

+

28.2

-

62.6

Village

100 / 104

100 / 83

100 / 51

2 Chojnice

-

13.1

+

46.8

+

12.2

Tricity

100 / 115

100 / 101

100 / 71

3 Człuchów

-

13.0

+

7.1

-

5.1

4 Gdańsk

+

7.8

-

1.3

-

6.3

5 Kartuzy

+

5.2

+

23.2

-

5.4

6 Kościerzyna

+

9.9

+

6.1

-

5.1

7 Kwidzyn

-

3.2

+

11.2

+

4.1

8 Lębork

+

1.1

+

61.8

9 Malbork

-

34.7

-

21.3

-

26.3

+

28.8

+

49.6

+

25.4

11 Puck

-

10.2

-

11.3

-

1.2

12 Słupsk

-

5.3

+

17.2

+

18.8

10

Nowy Dwór
Gdański

0

13 Starogard Gdański

-

8.9

-

1.3

-

19.1

14 Sztum

+

10.1

+

9.4

+

10.2

15 Tczew

+

6.1

+

15.8

+

16.3

16 Wejherowo

+

4.3

+

14.2

+

14.2

Pomeranian
province

-

3.6

+

6.6

-

14.1

Poland

-

7.1

-

10.9

-

15.1

Europe

-

7.5

-

8.7

b.d.

was also high in Tczew county (442.1/100 000) and was 49.7% of
the general mortality. A significant percentage of deaths caused
by diseases of circulatory system in reference to the general
mortality was observed in Kościerzyna county (51.1%) as well
as in Chojnice county (49.3%). In Pomeranian province the
coefficient of deaths caused by diseases of circulatory system
was 45.7% of the general mortality when in whole Poland it was
45.9%.
Since 2000 to 2002 in 8 counties (from 16, which is 50.0%)
frequency of decease because of cardiovascular diseases had
decreased, while in 8 other counties had increased (Tab. 3). The
highest decrease was observed in Malbork county (34.7%), and
the highest increase in Nowy Dwór Gdański county (28.8%). In
Pomeranian province the mortality rate connected with mentioned causes had decreased about 3.6 % and in EU countries
about 7.5%. In the same period in most counties of the Pomeranian province mortality rate connected with ischaemic heart
disease had increased. The highest increase was observed in
Lębork county (61.8%), Nowy Dwór Gdański county (49.6%)
and Chojnice county (46.8%). Also in whole Poland mortality
rate from that reason had increased about 6.6% while in EU
countries had decreased about 10.9%. In Malbork county mortality rate connected with ischaemic heart disease had decreased
about 21.3%. Significant decrease of mortality rate connected
with infarct of heart muscle was observed in Bytów county
(62.2%), Malbork county (26.3%) and Starogard Gdański
county (19.1%). However the highest increase was observed

in Nowy Dwór Gdański county (25.4%) and Słupsk county
(18.8%). In Poland the mortality rate connected with the infarct
of heart muscle had decreased since 2000 to 2002 about 14.1%
and in EU countries of about 15.1%.
In Pomeranian province in 2002 there was 100 men for 105
women. Among deceased because of cardiovascular diseases
proportion between men and women was 100/111, because of
ischaemic heart disease – 100/94 and infarct of heart muscle
100/61.
Among deceased inhabitants of cities in Pomeranian province that proportions were 100/114, 100/99, 100/66, in villages
– 100/104, 100/83, 100/51, whereas in Tricity: 100/115, 100/101,
100/71 (Tab. 4).
Differences in age structure of people died because of
cardiovascular diseases were not observed in towns as well as in
villages (Fig. 1). However, there were some differences between
mortality rate of men and women. Among men from younger
age groups, proportion of decease is several times higher than
for women. Only in groups of 70 and over 70 years old women
outnumbered men (Fig. 2).

Discussion
Cardiovascular diseases from few dozens years are the most
frequent reason of decease in Poland as well as in most countries. In 1970 the standardised mortality rate connected with
cardiovascular diseases for men in age from 0 to 64 years old in
Poland was similar to that in EU countries, while for women in
the same age the mortality rate was lower in Poland than in EU
countries. From that period to beginning of nineties the mortality rate had been increasing in Poland while in EU countries it
had been decreasing. In Poland this unfavourable tendency in
1992 had inverted.
Results of our research confirm that the mortality rate connected with cardiovascular diseases in Pomeranian province, in
Poland and in EU countries had been decreasing since 1999 to
2002. In Poland as well as in EU countries at the beginning of
21th century frequency of death because of ischaemic heart
disease had decreased, however, in Pomeranian province since
2000 to 2002 it had increased about 6.6%. It requires further
observation as well as urgent inclusion of preventive aids.
In particular counties of Pomeranian province there are
differences in mortality rate connected with circulatory system
diseases, as well as in the tendency of rate change since 2000 to
2002. Particularly disturbing is positive tendency of the mortal-
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Figure 1. Age structure and number of the people died because of circulatory system diseases in Pomeranian province in 2002 according
to place of living
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Figure 2. Age structure and number of the people died because of circulatory system diseases in Pomeranian province in 2002 according
to sex
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ity rate connected with cardiovascular diseases (including also
mortality relative to ischaemic heart disease and infarct of heart
muscle) in Nowy Dwór Gdański county, Sztum county and
Wejherowo county.
Aetiology of circulatory system diseases is dependent to
a large degree to environmental and social-economical factors

60-69

70-79

<80 years

women

as well as to pro-sanitary behaviours, while mortality depends to
Health Care’s quality.
Geographical variation of mortality from cardiovascular
diseases could be attributable to regional differences in public
health system policy. The differences in performance of health
care services occurred mainly due to liberation in market of
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health care services in transition period. The changes in health
care services that would affect the cardiovascular mortality
could be those related to emergency medicine, diagnostics
procedures and prevention.
In Pomeranian province about 6.8% of employees in 2002
had been working in health damaging conditions. Pomeranian
province in comparison with others polish provinces has 5th
position in emission of dust pollution and 6th in emission of gas
pollution. Number of medical advises was 5.5 per person during
2002 [6,7].
Among inhabitants of Pomeranian province in 2002 there
were 100 men for 105 women. Comparison of men and women’s mortality rate connected with circulatory system diseases
(100/111) shows that it is higher for women. However, it is on
the contrary for men if there are analysing mortality rate connected with ischaemic heart disease (100/94) and infarct of heart
muscle (100/61).

It is necessary to find the reason of very high mortality rate
connected with cardiovascular diseases in Sztum county (72.8%
of all deaths, when normally it does not reach 50.0%).
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Department of Maxillofacial Surgery, Medical University of Białystok, Poland

Abstract

Key words:

Purpose: Secretory salivary mucins constitute a heterogenous group of glycoproteins, synthesized and secreted by
submandibular, sublingual gland and small glands of oral
mucosa. The most significant functions of mucins in case of
oral cavity carcinoma are: participation in oral pellicle formation, lubrication and creation of heterotypic complexing.
The aim of this study was to assess mucins concentration, and finally to establish the correlation between concentration of mucins in saliva and clinical advancement
according to TNM.
Material and methods: The research was conducted on
mixed resting and stimulated saliva of patients with oral
squamous cell carcinoma. Mucin’s concentration was measured one day before, and thirty days after surgical procedure. The volume of saliva was volumetrically determined,
quantitative evaluation of mucins was accomplished by PAS
method.
Results: In comparison with K group, a significant
decrease of mucins was found in resting and stimulated
saliva of patients with carcinoma in all degrees of clinical advancement. Mean value of mucin in resting and
stimulated saliva after surgical treatment were lowered. The
degree of carcinoma clinical advancement correlated negatively with mucin concentration.
Conclusions: The decrease of mucin contained in saliva
may be important in further evolution or progression of carcinoma. The results also suggest that saliva may be a significant diagnostic material in carcinoma research.
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Introduction
The oral mucosa is constantly exposed to the effect of
damaging factors (physical, chemical, biological). In normal
conditions, the effects of these factors are counteracted by many
interconnected protective mechanisms of the oral cavity. They
include: anatomical integrity of the mucosa, the presence of
saliva, its constant flow, as well as protective and regenerative
substances it contains.
The correct flow of saliva enables the formation of a protective layer covering the oral mucosa, limiting the penetration
of potentially carcinogenic compounds into the epithelium.
Mucins are among the agents participating in the formation of
the architectural skeleton of the protective preepithelial layer in
the oral mucosa, as well as maintaining correct concentrations
of protective substances.
Mucins contained in human saliva represent a heterogenous
group of glycoproteins synthesized and released by the submandibular and sublingual glands, and small glands of the oral
mucosa [1,2]. Currently, two main groups of salivary mucins are
identified: a) high-molecular MG1 mucins of molecular mass
above 1 000 kDa, b) low-molecular MG2 mucins of molecular
mass 200-300 kDa [3].
High viscosity of mucin, significantly affecting its separation
from the other organic components of saliva, indirectly shows
the ability of mucin molecules to form complex connections with
other types of molecules. These connections are referred to as
heterotypic complexes in which mucin molecules may selectively
bond with the other organic substances in saliva such as: IgA,
lysozyme and lipids [4]. This type of intermolecular interactions involves ionic and hydrogen chemical bonds, as well as
hydrophobic interactions. Due to the formation of heterotypic
complexes, salivary mucins may play the role of carrier of
substances they are bound to. The shown ability of MG1 and
MG2 to form heterotypic complexes may have an effect on the
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Table 1. Clinical stage

Table 3. Mucin concentration (mg/ml) in resting saliva of
patients before surgical treatment. (S1–S4) and K group

Clinical stage

Number of patients

Percentage

S1

6

12.50 %

S2

8

16.70 %

S3

12

S4

22

K

S1

S2

S3

S4

mean value

0.88

0.79

0.68

0.52

0.43

25.0%

SE

0.11

0.18

0.17

0.10

0.15

45.83%

n

25

6

8

12

22

coefficient
value (p)

Table 2. Carcinoma location
Location

Number of patients

Percentage

tongue

10

20.83 %

tongue + oral cavity floor

15

31.25 %

oral cavity floor

9

18.75 %

soft palate

5

10.42 %

buccal oral mucosa

6

12.50 %

inferior gingiva

3

6.25 %

increase in concentrations of protective substances in the layer
of mucus covering the surface of the organs and tissues of the
oral cavity [5].
Saliva and the protective agents it contains have been evaluated in patients with oral cancer in a few clinical trials involving
small groups of subjects. The role of protective factors in saliva,
including mucins, in the biology of the development of planoepithelial carcinoma of the oral cavity has not been determined so
far.
Taking into account the above data, a study of resting and
stimulated mixed saliva in patients with squamous cell carcinoma
of the oral mucosa before and after surgery was undertaken.
The purpose of the study was to determine mucin concentrations, and to establish correlation between its concentrations
and clinical stage of tumour according to TNM classification.

Material and methods
The study material consisted of resting and stimulated
mixed saliva from 48 patients with histopathologically verified
planoepithelial carcinoma of the oral cavity. The age in the
study population was 39 to 80 years (mean age 60 years). There
were 39 men and 9 women among the patients.
To evaluate clinical stage of tumour, the four-degree scale
according to TNM classification (fifth version) [6] was used:
I stage ( S1)
– T1, N0, M0
II stage (S2)
– T2, N0, M0
III stage (S3) – T1, N1, M0 ; T2, N1, M0 ; T3, N0, M0 ;
T3, N1, M0
IV stage (S4) – T4, N0, M0 ; T4, N1, M0 ; Each T, N, M1
The patients most often had tumours in clinical stage IV
(45.83%), and less often in stage I (12.5 %) (Tab. 1).
The most frequent location of tumour was the tongue with
the oral fundus (31.25%), then the tongue (20.83%), and then
the oral cavity floor (18.75%) (Tab. 2).
The exclusion criteria were diseases in which saliva produc-

p > 0.05 p > 0.05 <0.001 vs K

<0.001 vs K

tion is impaired (diabetes, Sjögren syndrome), or the use of
pharmaceuticals affecting saliva production. All participating
patients and all subjects in the control group were smokers
(20-30 cigarettes a day on the average, for a period of about
20 years). The results were compared to the control group consisting of 25 healthy people (mean age 58 years).
In both patients and healthy subjects, saliva was taken using
the spitting method, in 10-minute fractions (the first fractions
were taken without secretory stimulation of the salivary glands,
and the other fractions were taken upon saliva secretion stimulation by parafilm chewing). Until the time of assays, the material was stored at -80°C [7]. Saliva was taken from the patients
1 day before and 30 days after tumour excision surgery.
Data distribution was analysed with Shapiro-Wilk test. The
subsequent hypotheses were tested using t-Student test, and
the results were presented as arithmetic mean ±SE (standard
error). The results for which the coefficient value was p<0.05
were considered statistically significant. To evaluate the mutual
relationships between mean mucin concentrations and the clinical stage of tumour, Pearson linear correlation test was used.
The correlation was considered complete for the coefficient
values of r 0.9 [8].
A quantitative evaluation of mucin in saliva was performed
based on the PAS method (periodic acid/Schiff reagent)
described by Mantle et al. [9].
The subjects expressed written consent for saliva sampling,
declaring informed participation in the clinical study. The above
study was approved by the Bioethics Committee at the Medical
University of Białystok (35/2000).

Results
In healthy people (K), mean mucin concentrations in resting saliva were at the level of 0.88 mg/ml. Compared to the K
group, presurgery mean concentrations of mucin were reduced
in the patients participating in the study (S1–S4). The lowest
mucin concentrations were found in saliva of patients in clinical
stage S4, and the highest – in stage S1. Compared to the control
group, this reduction was only statistically significant in patients
in disease stages S3, S4 (p<0.001) (Tab. 3).
In all patients, mean mucin concentrations in resting saliva
became further reduced after surgical treatment. The observed
differences in mucin concentrations in resting saliva of patients
before and after tumour excision were only statistically significant in patients in stages S3, S4 (p<0.05) (Fig. 1).
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Figure 1. Mucin concentration in resting saliva of patients
before and after surgical treatment

Figure 2. Mucin concentration in resting and stimulating saliva
of patients before surgical treatment and K group
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Figure 3. Mucin concentration in stimulated saliva before and
after surgical treatment
0.8
0.7

Upon secretion stimulation in subjects from the K group,
a reduction in saliva mucin concentrations was seen compared
to concentrations achieved with resting secretion (0.71 mg/ml).
The reduction was not significant (p>0.05). Also, in all patients
(S1–S4), before surgery, a reduction in mucin concentrations in
stimulated saliva was seen compared to the resting saliva concentrations. This glycoprotein reduction was statistically significant in patients in disease stages S3 and S4 (p<0.05) (Fig. 2).
In all patients (S1–S4), mean mucin concentrations in both
stimulated and resting saliva were further reduced after surgical
treatment.
The observed differences in mucin concentrations in stimulated saliva before and after tumour excision were statistically significant in patients in disease stages S2, S3, S4 (p<0.05) (Fig. 3).
Searching for mutual relationships between mean mucin
concentration in resting and stimulated saliva in patients before
and after surgery, and the clinical stage of tumour, a slight trend
towards negative correlation was found r=(-0.5).

Discussion
On the surface of mucosal epithelial cells, there are highmolecular glycoproteins referred to as mucins. Due to the
variety of their functions and structure, they are divided into
membrane mucins, forming part of the cellular membrane, and
secretory mucins which are the primary component of mucus
[10-12]. The significance of secretory mucins present in saliva in
non-immune protective mechanisms has been well documented
for the teeth [12,13]. However, little is known about the role
of these glycoproteins in maintaining the integrity of the oral
mucosa.
In the present study, an evaluation of mucins in resting and
stimulated mixed saliva was performed in 48 patients with oral
cancer in various clinical stages of tumour. The results were
compared to a control group.
Before surgery, all patients had lower mucin concentrations in resting and stimulated saliva compared to the group of
healthy subjects. The concentration values of this glycoprotein

0.6
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0.5
mg/ml
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were reduced with the increase in clinical stage of tumour. It
was also confirmed by the observed trend towards negative correlation. The results of the authors’ own studies have shown that
in patients with oral cancer, the ability of the salivary glands to
secrete mucin is limited.
In the literature, there are no studies evaluating secretory
mucin concentrations in saliva of patients with oral cancer.
The evaluation of minute secretion of saliva before surgery
shows normal function of the salivary glands in the study subjects in qualitative aspect of produced and secreted saliva [14].
However, it does not rule out the possibility of impaired quality
of saliva components produced. Eliasson et al. showed a reduction in mucins and other salivary components in smokers.
Assessing the morphology of the palatine glands (mixed, prevalence of mucous cells), they showed a dilation of external ducts
with excessive mucus retention, as well as atrophy of the acinic
cells. They also observed the presence of mucus and inflammatory cell clusters in the interstitium. These authors link the
reported changes with the vasoconstrictor effect of the products
of tobacco smoking and the subsequent reduction in blood flow
through the glands, and the change in qualitative composition of
saliva produced, including a reduction in mucins [15].
The subjects in our study were long-term heavy smokers.
Taking into account this fact and the results of the cited studies,
it may be assumed that mucin reduction in patients with oral
cancer may be caused by similar morphological changes in sub-
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lingual and submandibular glands which are the main source of
secretory mucins in saliva. However, in the group of the patients
participating in the study, it is difficult to distinguish the results
of using nicotine from the possible effect of tumour mass compressing the submandibular and/or sublingual glands. It should
be emphasised that most tumours located in the fundus of the
oral cavity and in the ventral surface of the tongue are in disease
stages S3–S4. It is possible that mechanical effect of tumour by
compression may also be a cause of local reduction in blood flow
in the glands, and as a consequence, a reduction in secretory
mucin concentrations.
It may therefore be assumed that as a result of reduction in
mucin concentrations in saliva of patients, the mucosa may be
more susceptible to the effect of damaging factors which, with
long-term exposure, may lead to initiation, promotion and/or
progression of the carcinogenesis process.
The question is whether the reduction in mucin concentrations in saliva of patients is primary or secondary to the
neoplastic process? The studies carried out in the last ten years
by various authors [2,4,16-18] emphasise that mucins which are
the main component of the preepithelial protective layer of
the mucosa not only represent a mechanical barrier but also
a dynamic structure modelling the oral cavity environment.
Specific rheological properties of salivary mucins contribute
to the formation of a thin layer covering all structures in the
oral cavity. A strong affinity of mucins to the gastrointestinal,
respiratory and genital epithelium has been accepted since long
ago as the prerequisite for film formation on the oral surfaces.
The stability of these interactions was described as various
hydrophobic and ionic bonds between mucins and the surface
of the mucosa [19-21].
Moreover, Słomiany et al. [17] showed that mucins in the
area of the gastric mucosa bind to a specific membrane receptor.
Similar receptors were also identified and described in the epithelial cells of the buccal mucosa. It was shown that the mucinreceptor bond requires presentation of oligosaccharide chains
of mucins by breaking some -glycosidic bonds inside the chains.
It evidences the dynamic character of these interactions.
The studies of Murty et al. showed that the breakage of
mucin-receptor bonds by bacterial glycosidases may lead to
a loss of pre-epithelial barrier of the oral epithelium. When
unprotected against the effects of exogenous factors (including
carcinogens), the mucosa becomes susceptible to ulceration and
further progression of lesions towards cancer [17,22]. It is an
important observation in the aspect of carcinogenesis of the oral
mucosa, because the factors determining the promotion and progression of cancer process may include chronic inflammation, as
well as poor oral hygiene [23,24]. The presence of bacteria in the
saliva, accompanying the described changes, may be associated
with a loss or impairment of the mucin coating, and increased
penetration of possible carcinogens into the epithelium.
Based on the morphological criterion, three compartments
of protective action have been identified in the oral mucosa:
preepithelial, epithelial, and postepithelial compartments.
Due to the fact that damaging factors act from the lumen
of the gastrointestinal tract, the key importance is attached to
the preepithelial barrier. The correct functioning of this barrier mostly relies on mucin and non-mucin proteins [25]. The

protective effect of mucin depends on its ability to form an
architectural skeleton inside the barrier, responsible for the
inhibition of diffusion of damaging factors. As the barrier is
highly hydrophobic and contains many phospholipids, it may
bind other protective factors such as: epithelial growth factor
(EGF), prostaglandins (PGE2) [2,4,18,26]. The thickness of the
barrier is 0.05 to 0.1 mm, and direct dependence between its
thickness and the protective properties was shown.
The ability to form heterotypic complexes with non-mucin
proteins including sIgA and lysozyme [20], as well as EGF and
PGE2 [16] also highly determines the functions of mucins in the
oral cavity. A reduction in mucin concentrations in saliva of our
patients may, therefore, be the cause of reduction in concentrations of many protective factors in the mucinous layer, and as
a consequence, in the epithelium of the mucosa. The reduced
protective potential of the epithelium in patients with S3–S4
stage may therefore exacerbate the existing lesions in the tumour
but also in other parts of the mucosa, and in the upper gastrointestinal tract. Recent studies have also shown that mucins, apart
from forming the described mechanical protective layer and the
formation of heterotypic complexes, may also modulate/regulate
intramembranous mechanisms such as regulation of intracellular
calcium levels, related to the function of various growth factor
receptors [27]. The results of studies performed in the latest years
suggest that disorders of so-called calcium transmitter system [22]
underlie the “chemical oncogenesis” occurring in the oral cavity.
Calcium ions belong to the group of so-called secondary cell
transmitters and represent an important element regulating many
functions of the cell. The secondary transmitter system multiplies
the signal in the cell [28].
The study of Knaus et al. showed that the function of calcium channels depends on polyanionic molecules, e.g. heparin
and GM1-ganglioside. Peppelenbosch et al. [29], Słomiany et al.
[17] found that the process of phosphorylation of these channels
is a response to the effect of growth factors. Later studies of
Słomiany et al. of calcium channels in the buccal mucosa showed
that mucins (both low- and high-molecular) may also modulate
their activity in the soft tissues of the oral cavity. Subsequently,
it was found that the acidic fractions of mucins have an inhibitory effect against calcium channels. It was shown that this effect
was related to the presentation of sialic acid and ester sulphone
groups in the oligosaccharide chains of mucins [17,30].
Słomiany et al. [17] presented the inhibitory effect of mucins
against calcium channels using the example of EGF. EGF, by
binding to a membrane receptor connected with a calcium
channel, causes its phosphorylation, activation of tyrosine
kinase, leading to calcium channel opening and an increase in
calcium ion concentrations in the intracellular environment. In
these conditions, EGF bound to salivary mucins does not bind
to membrane receptors; as a result, a reduction in calcium ion
concentrations in the intracellular environment occurs.
The possibility of calcium channel activity modulation by
mucins is, therefore, another property contributing to the multifunctionality of salivary mucins in the aspect of oral mucosa
protection.
At present, many authors agree that disorders of transmission of signal received by EGFR have a significant effect on the
basic function of the cell controlled by this receptor, i.e. differ-
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entiation, maturation, proliferation, adhesion, migration and
apoptosis inhibition [31,32]. Sometimes the disorders of the
pathways of signal transmission from EGFR to the cell nucleus
are also manifested as promotion of cancer transformation and
tumour proliferation, an increase in invasiveness of its cells and
cell survival, as well as in the form of neoangiogenesis.
Taking into consideration these data from my studies, a reduction in mucin concentrations in patients with oral cancer may
directly affect the functioning of various membrane receptors of
growth factors with tyrosine kinase activity, thus promoting the
carcinogenesis process in the entire area of carcinogenesis.
In our studies, mucin concentrations in patients after surgery were also lower than in the group of healthy subjects. These
differences were significant for patients with disease stages 3
and 4. However, an analysis of mucin concentrations in resting
and stimulated saliva in the group of patients before and after
surgery showed a significant reduction of this glycoprotein after
tumour excision.
In physiological conditions, salivary mucins are synthesized
by the salivary cells of the sublingual glands (60% of mucous
cells) and submandibular gland (5% of mucous cells), as well as
small salivary glands located in the palatine, buccal and labial
mucosa. On the contrary, the parotid glands represent the type
of serous glands and the mucous cells are rarely seen in their
structure [33]. It has been shown in both an animal model and
in humans that these glands do not participate in the production
of salivary mucins.
Taking into account the above data, further reduction in
mucins in both fractions of the saliva after surgery, seen in
the group of patients, may be related with the removal of submandibular and sublingual glands during surgery.
The reduction in mucin concentrations in the saliva in
patients with cancer due to impairment of the preepithelial barrier may have an effect of the progression of tumour growth, and
further reduction in their levels after surgery may be responsible
for the occurrence of local relapse. As resting saliva represents
the oral environment for a significant part of the day (14 to
16 h) [34], mucin concentrations in this fraction of saliva seems
particularly important.
To recapitulate, it should be concluded that a reduction in
secretory mucins in both fractions of saliva in patients with oral
cancer, and a trend towards negative correlation with the clinical stage of disease, may indicate functional impairment of the
preepithelial barrier of the mucosa in these patients. However,
the issue requires further investigation.
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Abstract

Introduction

Purpose: To assess the influence of low dose rofecoxib
on inflammatory mediators and prostacyclin synthesis in
patients with acute coronary syndromes (ACS) in a shortterm follow up.
Material and methods: Twenty nine patients with ACS
without ST elevation were randomized to simvastatin
alone or together with low dose rofecoxib. Serum levels of
interleukin 6 (IL-6), 6-keto-PGF-1 – stable product of prostacyclin (PGI2) and hs-C-reactive protein (hs-CRP) were
assessed on enrollment and after 30-day follow up.
Results: Combination of rofecoxib with statin significantly decreased levels of hs-CRP after one month therapy
(5.21 mg/l ± 4.12 vs 2.11 mg/l ± 2.1; p=0.0092). This effect
was not evident in a group on statin alone (3.95 mg/l ± 3.33
vs 2.48 mg/l ± 2.39; p=0.31). 6-keto-PGF-1 increased not
significantly in both groups. IL-6 concentration has not
changed during follow up.
Conclusions: Low dose of selective COX-2 inhibitor
exerts significant anti-inflammatory effect and does not
diminish PGI2 synthesis in study group of patients with
ACS.
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Cytokines involved in atherosclerosis together with
hypoxia and tissue damage are the main factors to activate
cyclooxygenase-2 (COX-2) [1]. COX-2 contributes to vascular
prostacyclin (PGI2) synthesis, which prevents local thrombosis.
Selective COX-2 inhibitors – coxibs, like rofecoxib, in opposite
to nonspecific inhibitors (NSAIDs), reduce inflammation
without significant gastrointestinal side effects [2]. HMG-CoA
reductase inhibitors – statins have a strong lipid lowering effect
and increase HDL levels. They also reduce C-reactive protein
(CRP) levels [3]. Simvastatin in approved doses increases HDL-induced PGI2 release through COX-2 dependent mechanisms
in vascular smooth muscle and endothelial cells [4]. This indicates their not only lipid-lowering and anti-inflammatory effect,
but also endothelial protection.
Recent observations demonstrate that selective COX-2 inhibition via suppression of PGI2 biosynthesis shift the haemostatic
balance toward a prothrombotic state [5,6]. At the end of September 2004, Merck Sharp & Dohme has withdrawn rofecoxib
(Vioxx) from the market worldwide allegedly in response to the
results of the APPROVe (Adenomatous Polyp Prevention On
Vioxx) Trial [7]. In this placebo-controlled trial for colon cancer
progression, its use in a dose of 25 mg/day after 18 months of
therapy was associated with significant increased incidence of
thromboembolic events. Whether this effect is dose-dependent
remains an open question. At the time of Vioxx withdrawal
some reports have shown that various doses of rofecoxib could
have different effects on endothelial function, inflammatory
cytokines and finally on cardiovascular events [8-10]. Besides
it was postulated that rofecoxib added to statin may increase
beneficial anti-inflammatory effect in patients after PCI [11].
We wanted to assess the anti-inflammatory effect of a low
dose rofecoxib (12.5 mg/day) together with statin in a group of
patients with ACS and the influence of the drugs combination
on PGI2 synthesis, in short-term follow up.
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Table 1. Baseline clinical and biochemical characteristics of
ACS patients
Simvastatin
n=14

Simvastatin
+ rofecoxib
n=15

Table 2. Pharmacological and invasive treatment in both groups
of ACS patients
Simvastatin
Simvastatin
+ rofecoxib
group
group
n=14
n=15

p

Sex
Male/ Female

9 (64.4)/ 5 (35.6) 5 (33.4)/ 10 (66.5) 0.1953

Age, years
Mean

59

64

Range

(50-74)

(49-78)

0.248

IHD*

6 (42)

7 (46)

0.867

Smoking

7 (50)

4 (26)

0.3622

Hypertension

10 (71)

12 (80)

0.9165

Diabetes

3 (21)

4 (26)

0.9165

Dyslipidemia

5 (35)

2 (13)

0.3304

3.4 (2-6)

3.3 (2-5)

0.965

total

184±36.6

185±23.2

0.905

LDL

115±35.7

112±28.9

0.769

HDL

38±7.2

40±11.3

0.595

148±68.6

137±55.4

0.649

4.2 (0.0-45.0)

2.74 (0.01-10.9)

0.555

At admission:
TIMI Risk Score (points)

Before admission:
aspirin

History

p

-blocker
ACE-I

6 (40)

7 (50)

1.0

4 (26)

4 (28)

0.763

4 (26)

5 (35)

0.908

At 30 day follow up:
13 (86)

13 (92)

0.949

ACE-I

-blocker

13 (86)

10 (71)

0.579

PCI (admission to 30 day follow up)

11 (73)

8 (57)

0.599

PCI in TIMI>4 points

6 (40)

4 (28)

0.79

Values are n (%) unless otherwise indicated

Cholesterol (mg/dl)

Triglicerides (mg/dl)
Troponin I (ng/ml) (range)

* previous: MI, angiographically proven IHD, PCI and/or CABG
Values are n (%) unless otherwise indicated

Material and methods
We have undertaken a study to investigate whether low dose
of rofecoxib together with added de novo simvastatin has greater
influence on inflammatory markers in patients with acute coronary syndromes (ACS) and what is the effect of both drugs on
PGI2 synthesis. During this study we assessed the safety profile
of the drugs.
The study had ethical committee agreement and written
informed consent was obtained from each patient before
enrollment. Study protocol was accomplished before rofecoxib
withdrawal from the market worldwide.
Twenty-nine consecutive patients fulfilling the entry criteria (mean age 61.7±11.2 years) admitted to our Department
because of ACS without ST segment elevation were included
to the study. TIMI Risk Score was assessed in every patient
at admission. Inclusion criteria were chest pain within previous month (IIB Braunwald class) or within the last 48 hours
(IIIB Braunwald class) associated with ST segment depression
( 0.5 mm), T wave inversion or no ischemic changes in ECG.
Exclusion criteria were persistent ST segment elevation, use of
any cholesterol-lowering agent in the preceding month, acute
myocardial infarction or revascularization procedures within
the preceding month, any inflammatory disease or treatment
with anti-inflammatory drugs, use of anticoagulant therapy,
malignancy or contraindication to the study drugs.
The patients were randomized to simvastatin (20 mg daily)
alone or together with rofecoxib (12.5 mg daily). All patients
received acetylsalicylic acid (ASA; max 150 mg daily). Other
medication was given according to acknowledged indications.

Invasive treatment was preferred when TIMI Risk Score was
over 4 points.
Medical history, lipid profile and serum levels of IL-6
(ELISA kits, Quantikine R&D Systems), hs-CRP (nephelometry, Dade Behring) and serum 6-keto-PGF-1 – a stable product
of PGI2 (ELISA kits, R&D Systems) were assessed in both
groups on enrollment and after 30-day follow up. We also controlled the renal, liver and skeletal muscle function (creatinine,
transaminases, creatine kinase) in both groups during study.
Fasting blood samples were drawn, centrifuged (3 000 rpm,
5 minutes). The serum was divided into aliquots and kept frozen
at -20°C until analysis. According to the method, indomethacin
(10 g/ml) was added to samples in which 6-keto-PGF-1 was
measured.
Data are expressed as mean ± standard deviation (SD).
Categorical variables are presented as actual number of patients
with relative frequencies given in brackets. These variables were
assessed with Chi-square test. Mann-Whitney U test was used
for comparison of non-categorical variables between groups
and Wilcoxon matched pair test was used for comparison of two
measurements within one group. A p value of less then 0.05 was
considered as statistically significant.

Results
Fourteen patients were enrolled to simvastatin group and
fifteen received both simvastatin and rofecoxib. There were neither clinical nor biochemical baseline differences of the patients
in both groups (Tab. 1). Mean TIMI Risk Score for the whole
group was 3.4 points-intermediate risk group.
During whole study all patients received ASA – max 150 mg
daily. There were no significant treatment differences in both
groups with regard to pharmacological and invasive treatment
(Tab. 2).
There were no differences in IL-6 levels on admission
and its change during follow-up in both groups (Wilcoxon and
Mann-Whitney tests) (Tab. 3).

Low dose rofecoxib, inflammation and prostacyclin synthesis in acute coronary syndromes

Table 3. IL-6 and 6-keto-PGF-1 values in both groups
Interleukin 6
on enrollment
(pg/ml)

Interleukin 6
after follow up
(pg/ml)

p

6-ketoPGF-1
on enrollment
(pg/ml)

6-ketoPGF-1
after follow up
(pg/ml)

p

Simvastatin

8.33
(1.3-9.6)

7.6
(3.8-9.2)

0.972

279.1
(209.1-342.1)

329.4
(93.8-1040)

0.345

Simvastatin+
rofecoxib

10.8
(1.2-14.9)

9.5
(7.5-10.4)

0.975

356.2
(207.4-768.3)

603.9
(294.7-1604)

0.109

Data are given as median value and interquartile range. Wilcoxon matched pair test was used for statistical analysis

Figure 1. The effect of combination of low dose rofecoxib with
simvastatin or simvastatin alone on serum concentration of
CRP in ACS patients. Data are presented as mean ± standard
deviation
**

10 –
9–
8–
7–

mg/l

6–
5–
4–
3–
2–
1–
0–
Simvastatin + rofecoxib
hs-CRP on admission

Simvastatin
hs-CRP after 1 month
** p<0.01

Admission levels of 6-keto-PGF-1 did not differ between
groups. Although not significant, the levels similarly increased
during therapy (Tab. 3).
There were no differences in hs-CRP concentrations at
admission in both groups (3.95 mg/l ± 3.33 vs 5.21 mg/l ± 4.12;
p=0.369). This result was confirmed in Mann-Whitney test.
Rofecoxib with statin significantly decreased levels of hs-CRP
during one month follow up. Such trend was not statistically
significant in patients who took statin alone. (Fig. 1)
There were neither differences in side effects, nor in biochemical markers of renal, liver and sceletal muscle function
between groups (data not shown).

Discussion
This is one of few studies to demonstrate that a selective
COX-2 inhibitor together with standard therapy with added de
novo statin reduces markers of inflammation.
High levels of inflammatory mediators, like IL-6 and CRP
are found in patients with ACS [12]. It has been shown that high
CRP levels are associated with endothelial dysfunction [13].
Treatment with statins reduces levels of inflammatory mediators

indicating their anti-inflammatory effect [3]. Besides this, they
are capable of modulating cell signaling and vascular function
[4,14]. Recently it has been reported that simvastatin induces
PGI2 release through COX-2-dependent mechanisms in vascular smooth muscle cells (VSMC) and endothelial cells. This
indicates another effect of statins – improvement of endothelial
function [4].
We wanted to check what would be the effect of low
dose (12.5 mg daily) rofecoxib together with de novo added
simvastatin not only on inflammatory cytokines, but also on
PGI2 synthesis. We showed that simvastatin alone does not
significantly lower inflammatory biomarker profiles (hs-CRP,
IL-6) during one month treatment. Although not significantly
simvastatin still increases PGI2 synthesis, which is consistent
with its endothelial protection.
Coxibs, selective blockers of COX-2 isoform, have two main
effects: lowering cellular-derived eicosanoides, which indicate
their anti-inflammatory effect and decrease PGI2 synthesisthus could impair endothelial function and disorder a thrombotic balance [5,15]. There are some data regarding the use of
coxibs in patients with atherosclerosis. Their effect depends not
only on the type of coxib used, but also, especially according to
rofecoxib, seems to be dose-dependent. The dose of 25 mg daily
used in APPROVe Trial was the one who lead Merck to withdraw rofecoxib from the market. According to APPROVe Trial
rofecoxib in a dose of 25 mg daily, after 18 months of therapy
doubled the risk of a myocardial infarction compared with placebo [7]. Ray et al. [8] in a meta-analysis (almost 400 thousand
patients) showed that users of high dose rofecoxib, >25 mg
daily (lowest approved daily dose is 12.5 mg), were 1.7 times
more likely to have cardiac events (acute myocardial infarction
and/or cardiac death) than non-users; among new users this rate
increased to 1.93. There was no evidence of raised events risk
rate among users of rofecoxib at doses of 25 mg daily or less or
among users of other NSAIDs (including celecoxib). In another
study rofecoxib in a dose of 25 mg/day had no favorable and
adverse effects not only on endothelial function, but also on
vascular inflammation (measured as hs-CRP, soluble intercellular adhesion molecule-1 and soluble IL-6 receptor levels) in
patients with angiographically proven coronary artery disease
(CAD) [10]. Solomon et al. showed that rofecoxib in doses >25
mg was associated with higher risk of acute myocardial infarction than dosages 25 mg [9].
The aim of our study was to test the low dose of rofecoxib in
ACS patients. The completion of a statin-free study group was
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difficult and was stopped in the moment of rofecoxib withdrawal
from the market worldwide. Our data suggest that a low dose
rofecoxib added to simvastatin does not decrease PGI2 levels
during therapy. Perhaps the explanation is not only a dose of
rofecoxib added to simvastatin, but also the finding that COX-2
blockade still allows COX-1 to produce PGI2 [16]. Still because
of rofecoxib withdrawal we could not continue our study. Our
small study pilot group did not allow us to evaluate clinical
effects of the drugs. However we showed that the combination
of the drugs has an important influence on hs-CRP levels and
does not change IL-6 levels. Although Monakier et al. [17]
showed that rofecoxib in a dose of 25 mg per day lowers both
CRP and IL-6 levels, after three months of therapy the effect
persisted only for CRP, but not for IL-6. This reveals the new
point of activity of selective COX-2 inhibitors and their possible
greater role in inhibiting liver CRP synthesis than in inflammatory cells-derived cytokines. Similar effect was observed in
patients receiving statins, which lowered CRP levels and did
not changed IL-6 [18]. On the other hand in REVERSAL Trial
intensive lipid-lowering treatment with atorvastatin reduced
progression of atherosclerosis, which was compliant with the
greater reduction in C-reactive protein, independently of
atherogenic lipoproteins [19].

Conclusions
Our study supports the hypothesis that low dose of selective
COX-2 inhibitor added to standard therapy with statin in ACS
patients has a significant anti-inflammatory effect and does not
diminish prostacyclin synthesis.
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pyruvate 241
p16 73
p53 73

Q
quality assessment 319
questionnaire 212

R
rabbit 224
rats 230
reactive oxygen species 322
recombinant allergens 268
reduced glomerular filtration rate 50
rehabilitation methods 297
renal osteodystrophy 307
risk factor 302
R122H 73

S
S-adenosylmethionine (SAMe) 7
salbutamol 244
saliva 334
secondary screening 73
secretory mucins 334
sepsis 216
sFas 204
sFasL 204
simvastatin 339

skin-prick tests 262
soluble Intercellular Adhesion Molecule 1 151
soluble TNF-related apoptosis-inducing ligand 204
somatostatin 62
specific IgE 262
Staphylococcus aureus 216
surgical treatment 45

T
T lymphocytes with TCR 289
targeted therapy 97
teleconsultations 201
telemedicine 201
thiazolidinedione derivatives 142
thoracic surgery 193
thrombin activatable fibrinolysis inhibitor
(TAFI) 166
thrombolytic therapy 161
thyroid hormones 279
TNF- 142
transport equations 237
trichinellosis 293
truncal vagotomy 224
trypsinogen 230
tumor cytogenetics 91
tumor growth in vitro 91
type 2 diabetes 148

U
urea 188

W
water exchange 237
West Syndrome 297
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