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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. Bleed-
ing 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, fol-
lowed by eventual clot lysis and tissue repairing. Abnormal bleed-
ing 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 produc-
tion 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 plate-
let 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 poly-
cystic 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, 

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, throm-
bospondin, fibrinogen, thromboxane A2, growth factors) and 
procoagulant activity – the enhancement of thrombin genera-
tion.

It is likely that multiple factors are responsible for the plate-
let dysfunction in uremia. Three of the factors that may contri-
bute 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-
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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 plate-
lets 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 hyperaggrega-
bility [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 ago-
nists 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 pre-
venting 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 circu-
lating reticulated platelets compared to PD patients or controls, 
indicating accelerated platelet turnover. Increased platelet acti-
vation 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 pro-
longation 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 plate-
let 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 controver-
sial 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 mole-
cules 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 proteo-
glycans, 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 dys-
function 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 volun-
teers. 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 volun-
teers. 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 pro-
thrombin [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 pheno-
type 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 pres-
ence 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 cali-
bers [36,37]. Moreover, an increase of CD146 expression is 
detectable on HUVEC treated with inflammatory cytokines 
[37], suggesting that endothelial activation modulates its expres-
sion. 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 elimina-
tion. 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, ischemia-
reperfusion injury, sepsis or glomerulonephritis [40]. Factor VII 
participates in the initiation of TF pathway-induced coagula-
tion, 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 interac-
tions 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 inhibi-
tors, antithrombin (formerly called antithrombin III) and tissue 
factor pathway inhibitor-TFPI; and, a clotting-initiated inhibi-
tory 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 coagula-
tion factors and natural anticoagulants have been observed 
in uremics. In comparison with hemodialyzed patients there 
are still a  limited data concerning hemostasis in CAPD sub-
jects. 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: hyperfibrinogen-
emia, 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 fac-
tor 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 dif-
ficult 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 activ-
ity [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 hemodialy-
sis 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  fac-
tor Xa [40]. This high level of TFPI might thus counterbalance 
the increased activity of factor VII in uremia and may be consid-
ered 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 acti-
vator (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-dim-
ers. The plasminogen/plasminogen-activator system is complex, 
paralleling the coagulation cascade [54]. Plasmin activity is regu-
lated 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]. There-
fore, 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 sug-
gest 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 activ-
ity 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 sensi-
tive markers of plasmin generation in dialyzed subjects. Opatrny 
et al. [62] reported a fibrinolysis defect manifesting after stand-
ard 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 concentra-
tions 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 abnor-
malities 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 plate-
let-vessel wall interactions and altered rheological properties 
of the blood flow [4,68,69]. The most important determinants 
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of the pathogenesis of the prothrombotic state in uremia are: 
increased levels of clotting factors and decreased levels of clot-
ting 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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