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ABSTRACT

We present 21 studies of cases of lung cancer in patients with situs inversus totalis (SIT) published worldwide. The first case
was described in 1952. Thirteen patients were from Japan, 4 from Eastern Europe, including 2 Polish cases from the authors’
center (Department of Thoracic Surgery, Pomeranian Medical University in Szczecin, Poland), 2 from Western Asia, 1 from
the U.S. and 1 from Australia. Male patients (20/21) as well as left-sided lung cancer cases (14/21) and squamous cell carcinoma
cases (8/21) dominated in the entire group. Thirteen patients underwent surgical treatment. There were 10 left-sided and 3
right-sided surgical interventions with uneventful intra- and postoperative course. Explorative thoracotomy was performed
in one case only on the right side. Upper lobectomy was performed in 5 cases, pneumonectomy in 3 cases, lower bilobectomy
and middle lobectomy in one case and lower lobectomy in two cases. Surgery was performed through thoracotomy in 10
cases, VATS-assisted approach in two cases and sternotomy in one case. Descriptions of the surgical anatomy confirmed
mirror image of the anatomy in all cases and were consistent with the preoperative CT images. Preoperative diagnosis was
discussed including the role of 3-D reconstruction of CT for improving perioperative safety in this group of patients. In
conclusion, lung cancer/SIT cases despite inversed but regular anatomy can be operated on radically as cases with normal
anatomy with preservation of intraoperative security level.
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INTRODUCTION

and double aortic arch, complete and incomplete vascular
rings, asplenia and polysplenia syndrome (right and left

Inborn anomalies of organ placement (Situs inversus - SI)
can be divided into situs inversus totalis - SIT and incomplete
situs inversus. In the second case, single organ or group of
organs is displaced (incomplete situs inversus - ISI, situs
ambiguous - SA, heterotaxis - HT) [1-4]. Patient with SIT
presents inversed but proper anatomy. However, in 20-25% of
SIT cases it coexists with Kartagener Syndrome (immotility
of bronchial cilia, bronchiectases, chronic sinusitis, male
infertility) [1,3,5-8]. Cardiac, as well as vascular, kidney and
intestine defects are more common in SIT patients than in the
rest of population [1,3,9-13]. These defects are often revealed
in patients with dextrocardia and situs solitus (SS - normal
organ position) [3,9]. Dextrocardia, right-sided aortic arch

isomerism) belong to the ISI/SA/HT syndromes [1-3,14,15].
Aristotle was the first to describe SA syndrome (384-322
BC). SIT was first described by Fabrizzi in 1600. The famous
patient representing SIT was French Queen Maria of Medici
(1573-1642) [1,2,16].

REVIEW

Epidemiology and pathogenesis

SIT is a rare autosomal recessive disease [5,6,11,17]. It is
probably associated with X chromosome defect and its possible
familial occurrence with varying expression [1,4,6,17-20]. The
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occurrence rate varies. Kodama et al. [21] assess it as 1:4000
to 1:12000 of births but Inoue et al. [7] as 1:30000 to 1:60000
of births. Majority of authors describe it as 1:8000 to 1:20000
of births [1,4,8,10,11,21-23]. Cilia motility disorder provokes
improper extra embryonic fluid flow and false heart tube
rotation during embryogenesis, which probably results with
SIT [1,6,8,9,17]. The new definition of this process describes
cilia rotation motility disorder, that makes nodal flow
disturbance in ventral node at the time of gastrulation [24,25].
This genetically driven process can be possibly triggered by
some external factors [1,10,13,26]. This issue seems even
more complicated, as cilliary dyskinesia syndrome without
situs inversus, as well as, SIT cases without cilliary dyskinesia
were described. Moreover, there are many cases of ISI with
different expression of situs inversus seen even in twins
[1,6,17,18,20,27,28]. It is suspected, that there is a correlation
between SIT and carcinoma or multiple neoplasms [12,24].
Proper function and structure of cilia is based on intracellular
protein pump KIF3, dysfunction of which is observed in
cilliary dyskinesia. KIF3 dysfunction blocks N-cadherin/
beta-catenin system, which is important in cellular adhesion
and proliferation control. Adhesion and proliferation play a
key role in the development and progression of neoplasms.
A hypothesis has been set that KIF3 dysfunction might be
common for SIT and neoplasms [24,25,29-35]. There are
many papers describing neoplasms concomitant with SIT
[4,13,26,36,37], however, the correlation of SIT and neoplasm
is not yet widely accepted and demands further clinical and
epidemiologic investigations [13].

Clinical features and diagnostics

The diagnosis of dextrocardia is often confirmed in childhood
or adulthood after medical examination and chest X-ray. The
CT scan and ultrasonography help to set the exact diagnosis.
Sometimes SIT is diagnosed in the elderly patients, who
did not have these examinations before [1,9]. The majority
of patients described in this paper was admitted to hospitals
with diagnosed SIT and were of advanced age. The leading
disease symptoms were cough, hemoptysis, loss of weight
and chest pain. One patient suffered from the Superior Vena
Cava Syndrome (SVCS), and two others were admitted
on the basis of radiographic findings without any clinical
symptoms. The range of used diagnostic tools, reflects
the progress of radiology and oncology within the last 60
years. Patients evaluated in 1960 were diagnosed by: chest
X-ray, bacteriology, sputum cytology, bronchofiberoscopy,
supraclavicular lymph node surgical biopsy (Daniels
procedure) and tuberculin test. The more recent patients
of the group were diagnosed by contrast enhanced chest
CT, transbronchial needle aspiration biopsy (TBNA), FDG
- Positron Emission Tomography/CT and serum level of
Carcinoembrionic Antigen (CEA) and CYFRA-21 neoplasm
biomarkers. Generally bronchofiberoscopy and contrast
enhanced chest CT are considered to be sufficient to assess the

anatomy and operative conditions, but echocardiography and
abdominal ultrasonography were supplemental examinations
describing potential anomalies and defects [7,8,12,38].
Subotich et al. [9] applied aortography and pulmonary
artery contrast examination additionally. The recent SIT
studies advocate the use of three-dimensional CT or
Magnetic Resonance Imaging (MRI) reconstruction [13,39-
41]. However, the most important diagnostic milestone, is
the primary proper interpretation of the chest X-ray in SIT
patients [1,3,22].

Publications

Twenty-one cases of lung cancer with SIT, including 2
Polish cases from the authors’ center (Department of
Thoracic Surgery, Pomeranian Medical University in
Szczecin, Poland), were found in the available literature [3,7-
9,12,21,22,38,40,42-49]. The first reports were found in 1952
[22] and 1963 [43]. Thirteen cases came from Japan, 4 from
Eastern Europe, 2 from Western Asia, and 1 from Australia
and USA each. There was one case of SVCS with left main
bronchus infiltration [44]. The first case of the lung cancer
operation in SIT patient was published in 1990 [21]. There are
13 descriptions of lung cancer operations in SIT patients in
total [3,7-9,21,24,38,40,46,48,49,62].

Material

We analyzed a cohort of 21 patients with lung cancer and SIT.
There were 20 males and 1 female. The mean age of patients
was 68.0+7.7 years. Six of them (6/21-28.5%) presented
Kartagener Syndrome. There were 14 left and 7 right lung
cancer cases. Majority of them (8/21-38%) was diagnosed
as squamous cell carcinoma. Thirteen patients underwent
surgery, 3 on the right side and 10 on the left side. One upper
lobectomy, 1 lower lobectomy and 1 explorative thoracotomy
were performed on the right side. The following surgeries
were performed on the left side: 3 pneumonectomies, 4 upper
lobectomies, 1 lower bilobectomy, 1 lower lobectomy and 1
middle lobectomy. One patient underwent additional right
laparoscopic adrenalectomy. Eight patients were treated
without surgery. Five patients had undergone adjuvant
therapy, 4 symptomatic therapy, and one patient’s therapy
was unknown. Data regarding the patients’ smoking habits
were not available. The patients’ characteristic is shown in
Tab. 1.

Surgery of SIT patients with lung cancer

The proper preoperative assessment warrants the operation
safety. In the abdominal emergency operations the knowledge
of anatomical anomaly is crucial to prevent operative
complications and proper choice of the surgical approach
i.e. appendectomy and cholecystectomy [22]. The treatment
of all lung cancer/SIT patients was elective and the proper
preoperative diagnostics was applied [3,7-9,21,24,38,40,48].
The left sided operations were radical and one right side
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Table 1. Characteristics of patients.

nr author edited sex age side treatment situs histology

1 Baruah 1952 M 52 right symptomatic Kartagener S. SCLC

2 Thompson 1963 M 58 right symptomatic SIT undefinite

3 Stastny 1967 M 60 left symptomatic SIT SCLC

4 Kawanishi* 1980 M 57 left pneumonectomy Kartagener S. NSCLC(s)

5 Kodama 1990 M 68 left middle lobectomy SIT NSCLC(s)

6 Hachiya 1993 M 71 right symptomatic Kartagener S. NSCLC(s)

7 Higashi* 1994 M 77 left chemotherapy Kartagener S. SCLC

8 Modi 2004 M 68 left unreported SIT NSCLC

9 Subotich 2006 M 71 left upper lobectomy SIT NSCLC(a)

10 Bougaki 2007 M 74 left upper lobectomy SIT undefinite

11 Koichi 2008 M 72 right upper lobectomy SIT NSCLC(s)

12 Murakawa 2009 M 74 left upper lobectomy SIT NSCLC(s)

13 Rahimi-Rad 2009 M 59 left conservative SIT SCLC

14 Bielewicz 2009 M 74 left lower bilobectomy SIT NSCLC(s)

15 Horie 2010 M 71 right chemoradiation Kartagener S. NSCLC(s)

16 Haruki 2010 M 79 right explorative thoracotomy + SIT NSCLC(a)
chemotherapy

17 Hino 2010 M 58 left upper lobectomy SIT NSCLC(a)

18 Inoue 2011 M 65 left pneumonectomy Kartagener S. NSCLC(s)

19 Shimizu 2011 F 76 left lower lobectomy + chemotherapy SIT NSCLC(as)

20 Wojcik 2012 M 69 left pneumonectomy + adrenalectomy SIT NSCLC(1)
+ chemotherapy

21 Yoshida 2012 M 74 right lower lobectomy SIT NSCLC(a)

SCLC — small cell lung cancer; NSCLC — non-small cell lung cancer; NSCLC(s) — squamous cell carcinoma; NSCLC(a) — adenocarcinoma; NSCLC(I) —

large cell carcinoma; NSCLC(as) — adenosquamous cell carcinoma
* The cases No 4 and 7 are cited by Inoue et al. [7]

explorative thoracotomy was performed. In all cases, the
lungs and the mediastinum had the anatomical features of
the opposite side in the description of the operative field. It
referred also to the typical variation of the interlobar fissures,
bronchial tree and pulmonary vessels. Ten thoracotomies
and two video assisted (VATS) approaches were performed
[3,8,9,21,24,38,40,48,49]. In one case, median sternotomy
was applied to warrant the safety of the left pulmonary vessels
preparation. Due to technical conditions, left pneumonectomy
was performed and no other vessel anomalies were described
[7]. During the only right sided explorative thoracotomy no
other surprising vascular anomalies were found [24]. All
authors confirmed consistency of the contrast enhanced
chest CT with the anatomical conditions found during the
operation. No major intraoperative complications were
registered due to extraordinary thorough preparation of the
vessels and the recurrent nerves [3,7-9,41]. The mirrored
anatomy was also seen in the Kartagener Syndrome patients,
who were operated on due to bronchiectasis. However,
those patients differ according to gender disproportion,
presence of bilateral operated patients and pneumonectomy
avoidance [6,19,50-58]. The other intraoperative conditions,
found relatively often, were: adhesions due to inflammation,

irregularity and broadening of the bronchial arteries, atresia
of selected segmental arteries, disease recurrences and
reoperations [6,7,19,54,56,59]. The VATS has been already
used for the ISI/SIT patients [40,49,60]. Documentation of the
lung tumor case with SIT was presented by Diego Gonzales-
Rivas [61]. Left-sided minimal invasive middle lobectomy
was performed using single small incision. Mirror image of
lung anatomy without additional anatomical anomalies and
intraoperative troubles was presented.

Own experience

In our study group, two patients were symptomatic and had
dextrocardia revealed many years earlier. The diagnostics was
based on bronchofiberoscopy, abdominal and supraclavicular
region ultrasonography, chest, abdominal and head contrast
enhanced CT and echocardiography. First patient was a
74-year-old male suffering from SIT and squamous cell
left lung carcinoma diagnosed by bronchofiberoscopic
sample. The left lower lobe bronchus was infiltrated and
the bronchofiberoscopy showed the right lung anatomy. The
preoperative assessments confirmed SIT with no additional
anomalies. At the left thoracotomy the right sided anatomy
of the lung was observed as expected from the preoperative
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findings (Fig. I). The lower bilobectomy with radical
lymphadenectomy was performed and the final staging was
stated as pT2NOMO [3]. Second patient was a 69-year-old
male suffering from the left sided non-small cell lung cancer

revealed through sputum cytology. The bronchofiberoscopy
revealed mirror bronchial anatomy with no intraluminal
mass. The preoperative evaluation confirmed SIT and the
left lung tumor infiltrating the hilum. Subsequent tumor

Figure 1. a) Middle lobe in the left hemithorax; b) The azygos vein position in the left hemithorax.

N
| S

i

Figure 3. a) and b) (3-D)/CT-angiography of the pulmonary artery; c¢) Contrast enhanced CT coronal-projection.
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(3.8 cm of diameter) of the right suprarenal gland was
additionally found. Its malignant, metastatic origin was
confirmed by Fine Needle Aspiration Biopsy (FNAB)
(Fig. 2). The left thoracotomy showed mirror anatomy of
the lung and mediastinum. Pneumonectomy with radical
lymphadenectomy was performed. One month later the
patient underwent right laparoscopic adrenalectomy and
again the intraperitoneal anatomy was also inversed. The final
pathological finding stated large cell carcinoma pT2aNOMI.
The patient was qualified to adjuvant chemotherapy [62].
Both Polish patients from the authors' center (Department
of Thoracic Surgery, Pomeranian Medical University in
Szczecin, Poland), were heavy smokers (50 years of smoking,
20 cigarettes daily = 50 packyears). The first patient is still
alive in good health and his follow-up reached 65 months.
Follow-up of the second patient didn’t exceed 12 months.

DISCUSSION

The occurrence of SIT is not consistent in the available
literature and ranges from 1:4000 to 1:60000 births [7-
9,13,21,24]. In our institution we did not register any
concomitance of lung cancer and SIT in 1951-2004, but from
2007 to 2011 two such cases were identified. The SIT occurs
more often in Japan and Eastern Europe probably due to
demographic reasons [3,7-9,21,24,38,40,42,45,46,48,49,63].
There is a little experience of 21 lung cancer/SIT patients
treatment, though the symptoms and the clinical course of
the disease is similar to the other lung cancer cases. The most
difficult to diagnose and treat are the lung cancer/Kartagener
Syndrome patients, as the disease can have the form of
recurrent bronchitis and hemoptysis [7]. Surgery qualification
for lung cancer/Kartagener Syndrome patients is also
difficult because remaining, not resected, bronchiectatic lung
tissue can cause a number of postoperative complications.
Majority of the study group was male (20/21-95%) though in
the previous SIT publications the occurrence of the disease
was equally distributed across the gender. The second feature
of the study group is the dominance of cases with left-sided
lung cancer (14/21-67%) and left-sided surgery (10/13-77%)
[3,6-9,21,38,40,46,48,49,62]. Squamous cell carcinoma was
the most frequent type of cancer in the study group (8/21-
38%), similarly to normal population. Kartagener Syndrome
rate in the entire group was higher (6/21-28,5%) than
literature rate for such cases (20% - 25%) (7ab. 1) [1,3,5-8].
The available operation descriptions revealed conformity of
the operative view with the preoperative contrast enhanced
CT and bronchofiberoscopy. These data suggest for SIT
cases inversed but regular lung anatomy correlated to the
preoperative assessment. The inversed, but regular lung and
vessel anatomy enabled use of VATS technique [40,49,60,64-
67]. Presentation of Diego Gonzalez-Rivas [61] confirms
these arguments. The additional preoperative evaluation of

the aortic arch and pulmonary artery is proposed by some
authors due to the increased risk of the vessel defects in ISI/
SIT syndrome and introduction of VATS technique [8,9]. The
3-D reconstruction of the CT and MRI images is helpful and
can be recommended for the future. (Fig. 3) [8,13,39,40,41,67-
77]. In some cases of inconclusive CT image, clinical state
and blood flow assessment by the additional angiographic
evaluation may be necessary [56,78]. Evaluation of ISI
by means of EBUS, EUS and mediastinoscopy makes the
surgery safe and should be used in the assessment of SIT
[79]. The inversed anatomy of the bronchial tree results in
the use of the properly sided double-lumen intubation tube
(DLT). The optimal option is the left sided DLT introduced
into the right main bronchus, though some authors used the
single-lumen tube (SLT) [38,46,48,80]. Our second case
is one of the first lung cancer/SIT patients, who underwent
laparoscopic adrenalectomy due to lung cancer metastasis.
According to progress and former publications it leads to the
suggestion, that the SIT patients may be safely operated by
VATS and laparoscopy procedures or can even be the donors
or recipients in organ transplantation [16,23,71-83].

CONCLUSIONS

We conclude, that lung cancer/SIT cases despite inversed but
regular anatomy can be operated on radically as cases with
normal anatomy with preservation of intraoperative security
level.

ACKNOWLEDGMENTS

We would like to thank Dr Hidefumi Takei MD, PhD from
the Department of Surgery, Kyorin University in Tokyo,
Japan, for valuable help with preparation of Japanese data.
Authors declare no conflict of interest nor financial support
regarding the presented manuscript.

REFERENCES

1. Douard R, Feldman A, Bargy F, Loric S, Delmas
V. Anomalies of lateralization in man: a case of total situs
inversus. Surg Radiol Anat. 2000;22(5-6):293-7.

2. SkalskiJ, Pyptacz D, Kovalenko I. Wrodzona wada
serca w situs inversus w dawnym polskim pi§miennictwie
medycznym. Folia Cardiol. 2003;10(5):587-94. Polish.

3. Bielewicz M, Wojty§ M, Witkowska D,
Alchimowicz J, Wéjcik J, Grodzki T. Niedrobnokomoérkowy
rak pluca u chorego z zespotem catkowitego odwrdcenia
trzewi [Non-small cell lung cancer in patient with visceral
total inversion]. Pneumonol Alergol Pol. 2009;77(2):200-4.
Polish.



Lung cancer in situs inversus totalis

4. Trautner M, Szyszko T, Gnanasegaran G, Nunan T.
Interesting image. Situs inversus totalis in newly diagnosed
lymphoma: additional value of hybrid imaging. Clin Nucl
Med. 2010 Jan;35(1):26-8.

5. Kartagener M. Zur Pathogenese der Bronchiektasen.
I. Mitteilung: Bronchiektasen bei Situs inversus viscerum.
Beitr Klin Tuberk. 1933;83(4):498-501.

6. Casanova MS, Tuji FM, Yoo HJ, Haiter-Neto
F. Kartagener syndrome. Dentomaxillofac Radiol. 2006
Sep;35(5):386-9.

7. Inoue Y, Suga A, Sekido Y, Yamada S, Iwazaki
M. A case of surgically resected lung cancer in a patient
with Kartagener’s syndrome. Tokai J Exp Clin Med. 2011
Jul;36(2):21-4.

8. Shimizu J, Arano Y, Adachi I, Morishita M, Fuwa
B, Saitoh M, Minato H. Adenosquamous carcinoma of the
lung in a patient with complete situs inversus. Ann Thorac
Cardiovasc Surg. 2011;17(2):178-81.

9. Subotich D, Mandarich D, Katchar V, Bulajich B,
Drndarski B. Lung resection for primary bronchial carcinoma
in a patient with complete situs inversus. Clin Anat. 2006
May;19(4):358-62.

10. Kulesza RJ, Kalmey JK, Dudas B, Buck WR.
Vascular anomalies in a case of situs inversus. Folia Morphol.
2007 Feb;66(1):69-73.

11.  Treiger BF, Khazan R, Goldman SM, Marshall FF.
Renal cell carcinoma with situs inversus totalis. Urology.
1993 May;41(5):455-7.

12.  Modi D, Fulham MJ, Mohamed A. Incidental situs
inversus visualized with FDG PET/CT. Clin Nucl Med. 2004
Dec;29(12):846-7.

13.  Murakami S, Terakado M, Misumi M, Tsuji Y,
Okubo K, Hirayama R, Inoue K, Arai E. Situs inversus totalis
with malignant lymphoma of the stomach: report of a case.
Surg Today. 2003;33(7):533-6.

14.  Takei H, Suzuki K, Asamura H, Kondo H, Tsuchiya
R. Successful pulmonary resection of lung cancer in a patient
with partial anomalous pulmonary venous connection: report
of a case. Surg Today. 2002;32(10):899-901.

15. Tanaka R, Nakazato Y, Fukura H, Horikoshi H,
Sawada T, Goya T. Partial anomalous pulmonary venous
connection in right lung cancer. Report of a case. Surg Today.
2008 Feb;38(2):147-9.

16. Borgaonkar VD, Deshpande SS, Kulkarni VV.
Laparoscopic cholecystectomy and appendicectomy in situs
inversus totalis: a case report and review of literature. J
Minim Acc Surg. 2011 Oct;7(4):242-5.

17. Rott HD. Kartagener’s syndrome and the syndrome
of immotile cilia. Hum Genet. 1979 Feb;46(3):249-61.

18.  Miller RD, Divertie MB. Kartagener’s syndrome.
Chest. 1972 Aug;62(2):130-5.

19. Taiana JA, Zorraquin VA, Ramacciotti ER.
Kartagener’s syndrome. Report of a case treated by
pulmonary resection. Int Surg. 1967 Jun;47(6):565-9.

20. Krawczynski MR, Dmenska H, Witt M. Apparent
X-linked primary ciliary dyskinesia associated with retinitis
pigmentosa and a hearing loss. J Appl Genet. 2004;45(1):107-
10.

21.  Kodama K, Doi O, Tatsuta M. Situs inversus totalis
and lung cancer. Chest. 1990 May;97(5):1274-5.

22.  Thompson JR.
complicating situs inversus totalis: report of a case. Dis
Chest. 1963 Sep;44:317-9.

23. Kobus C, Targarona EM, Bendahan GE, Alonso
V, Balagué C, Vela S, Garriga J, Trias M. Laparoscopic

Bronchogenic ~ carcinoma

surgery in situs inversus: a literature review and a report
of laparoscopic sigmoidectomy for diverticulitis in situs
inversus. Langenbecks Arch Surg. 2004 Oct;389(5):396-9.

24. Haruki T, Maeta Y, Nakamura S, Sawata T, Shimizu
T, Kishi K, Miyasaka S, Maeta H, Morimoto K, Taniguchi I.
Advanced cancer with situs inversus totalis associated with
KIF3 complex deficiency: report of two cases. Surg Today.
2010;40(2):162-6.

25. Hirokawa N, Tanaka Y, Okada Y, Takeda S. Nodal
flow and the generation of left-right asymmetry. Cell. 2006
Apr;125(1):33-45.

26. Goi T, Kawasaki M, Yamazaki T, Koneri K,
Katayama K, Hirose K, Yamaguchi A. Ascending colon cancer
with hepatic metastasis and cholecystolithiasis in a patient
with situs inversus totalis without any expression of UVRAG
mRNA: report of a case. Surg Today. 2003;33(9):702-6.

27.  Pifferi M, Caramella D, Cangiotti AM, Ragazzo V,
Macchia P, Boner AL. Nasal nitric oxide in atypical primary
ciliary dyskinesia. Chest. 2007 Mar;131(3):870-3.

28.  Afzelius BA, Stenram U. Prevalence and genetics
of immotile-cilia syndrome and left-handedness. Int J Dev
Biol. 2006;50(6):571-3.

29.  Wijnhoven BP, Dinjens WN, Pignatelli M.
E-cadherin-catenin cell-cell adhesion complex and human
cancer. Br J Surg. 2000 Aug;87(8):992-1005.

30. Tseng RC, Lee SH, Hsu HS, Chen BH, Tsai WC,
Tzao C, Wang YC. SLIT2 attenuation during lung cancer
progression deregulates beta-catenin and E-cadherin
and associates with poor prognosis. Cancer Res. 2010
Jan;70(2):543-51.

31.  Clavel CE, Nollet F, Berx G, Tejpar S, Nawrocki-
Raby B, Kaplan HH, van Roy FM, Birembaut PL. Expression
of the E-cadherin-catenin complex in lung neuroendocrine
tumours. J Pathol. 2001 May;194(1):20-6.

32. Salon C, Lantuejoul S, Eymin B, Gazzeri S,
Brambilla C, Brambilla E. The E-cadherin-beta-catenin
complex and its implication in lung cancer progression and
prognosis. Future Oncol. 2005 Oct;1(5):649-60.

33.  Bremnes RM, Veve R, Hirsch FR, Franklin WA.
The E-cadherin cell-cell adhesion complex and lung cancer
invasion, metastasis and prognosis. Lung Cancer. 2002
May;36(2):115-24.

34. Hirokawa

N. Determination of left-right



Wojcik J et al.

asymmetry: role of cilia and KIF3 motor proteins. News
Physiol Sci. 2000 Feb;15:56.

35. Tengl,Rai T, Tanaka Y, Takei Y, Nakata T, Hirasawa
M, Kulkarni AB, Hirokawa N. The KIF3 motor transports
N-cadherin and organizes the developing neuroepithelium.
Nat Cell Biol. 2005 May;7(5):474-82.

36. Kim YI, Tadal, Kuwabara A, Kobayashi M. Double
cancer of the liver and stomach with situs inversus totalis-a
case report. Jpn J Surg. 1989 Nov;19(6):756-59.

37. Mimae T, Nozaki I, Kurita A, Takashima S.
Esophagectomy via left thoracotomy for esophageal cancer
with situs inversus totalis: report of a case. Surg Today.
2008;38(11):1044-7.

38. Murakawa T, Nakajima J, Fukami T, Kusakabe M,
Shibahara J, Goto, Yoshida Y, Sugiura M, Inoue Y, Fukuyama
M, Takamoto S. Lung cancer operation in situs inversus
totalis patient. Kyobu Geka. 2009 Oct;62(11):1010-3.

39. Hara M, Matsuzaki Y, Shimizu T, Tomita M, Ayabe
T, Onitsuka T. Right lung cancer with right aortic arch and
posterior aortic left innominate vein. J Jpn Assoc Chest Surg.
2006;20(2):166-70.

40. Hino Y, Yamashita Y, Mukaida H, Takiyama W.
Video-assisted thoracic surgery lobectomy for lung cancer
in a patient with complete situs inversus. J Jpn Assoc Chest
Surg. 2010;24(2):247-50.

41. Shida D, AsatoY, Amemiya R, Suzuki A, Yoshimi
F. Right aortic arch with left lung cancer: focusing on
left recurrent laryngeal nerve. Ann Thorac Surg. 2002
Mar;73(3):985-6.

42. Horie M, Arai H, Noguchi S, Suzuki M, Sakamoto
Y, Oka T. Kartagener syndrome with lung cancer and
mediastinal tumor. Nihon Kokyuki Gakkai Zasshi. 2010
May;48(5):375-8.

43. Baruah BD, Chari M. Kartagener’s syndrome
with bronchogenic carcinoma. J Indian Med Assoc. 1952
May;21(10):438-9.

44. Rahimi-Rad MH, Eishi A. Superior vena cava
syndrome in a man with situs inversus totalis and left main
bronchus cancer. Pneumonologia. 2009 Jan;58(1):52-4.

45.  Stastny B. Bronchogenic carcinoma in a patient with
a total inversion of viscera. Cesk Radiol. 1967 Jan;21(1):58-9.

46. Bougaki M, Orii R, Yamada Y. Right bronchial
intubation using a left-sided double-lumen tube in a patient
with situs inversus. Masui. 2007 Dec;56(12):1411-3.

47. Hachiya T, Koizumi T, Hayasaka M, Honda T,
Kubo K, Sekiguchi M, Mochizuki I. A case of Kartagener’s
syndrome with J Jpn Soc Bronchol.
1993;15(2):179-84.

48. KoichiF, Hiroyuki S, Hisashi H, Masatoshi M. Lung
resection for pulmonary carcinoma in a patient with complete
situs inversus. J Jpn Assoc Chest Surg. 2008;22(5):850-3.

49.  Yoshida M, Hino H, Machida H, Hatakeyama N,
Okano Y, Iwahara Y, Shinohara T, Oogushi F. Video-assisted
thoracic surgery lobectomy for lung cancer in a patient with

lung cancer.

complete situs inversus. Gen Thorac Cardiovasc Surg. 2013
Mar;61(3):155-9.

50. Andreasik Z, Rogalski E, Wysoczanski M,
Moszczynski L. Case of Kartagener’s syndrome treated
surgically. Pol Tyg Lek. 1969 Dec;24(49):1899-900.

51.  Kariev TM, Atabekov RR. Surgical treatment of
bronchiectasis in patients with Kartagener’s syndrome. Probl
Tuberk. 1983 Oct;10:51-2.

52. TaianaJA, Villegas AH, Schieppati E. Kartagener’s
syndrome: Report of a case treated by pulmonary resection. J
Thorac Surg. 1955 Jul;30(1):34-43.

53. Bondarenko VG, Budyka DA, Shelegeda AS.
Resection of the lung in Kartagener’s syndrome. Grudn Khir.
1974 Sep-Oct;0(5):108-9.

54. Chang KH, Niguidula FN, Ramos A. Kartagener’s
triad. Review of surgically treated cases and report of case
treated by bilateral multiple segmental resection. J Thorac
Cardiovasc Surg. 1962 Jan;43:127-34.

55. Michel L, Lantin F, Vandeperre J. Surgical
treatment of bronchiectasis in Kartagener’s syndrome. Br J
Surg. 1976 Jun;63(6):494-6.

56. Schwarzenberg H, Elfeldt RJ, Schliiter E, Link
J, Heller M. Severe hemoptysis requiring lobectomy in an
11-year-old patient with Kartagener’s syndrome. Ann Thorac
Surg. 1997 Sep;64(3):852-4.

57. Pak EA. Bilateral
in Kartagener’s
Dec;13(6):95-6.

58. Babashev BS, Kurdaev TA, Rybak PA. Resection of
the lung in Kartagener’s syndrome. Grudn Khir. 1971 Nov-
Dec;13(6):96-9.

59.  Thijssens K, Van Schil P, Van den Brande F,
Stappaerts I, Eyskens E. Left middle lobe resection for

resection of the
Grudn Khir. 1971

lungs

syndrome. Nov-

bronchiectasis in Kartagener’s syndrome. Acta Chir Belg.
1999 Oct;99(5):260-2.

60. Nakamura H, Miwa K, Adachi Y, Fujioka S, Haruki
T, Taniguchi Y. Video-assisted thoracic surgery for left lung
cancer in a patient with a right aortic arch. Gen Thorac
Cardiovasc Surg. 2008 May;56(5):239-41.

61. Gonzalez-Rivas D. [Video],
uniportal VATS left middle lobectomy (lobectomia por una
incision) [Internet]. 2012 Aug 29 [cited 2013 Jan 5]; [7 min.,
24 sec]. Available from: http://www.youtube.com/watch?v=_
aRAqs1PLh4.

62. Wojcik J, Kubisa B, Pierdg J, Bielewicz M, Wojcik
N, Kaseja K, Grodzki T. Lung cancer in situs inversus totalis
(SIT) - a case report. Kardiochirurgia i Torakochirurgia
Polska. 2012; 9(2):219-21. Polish

63. Katsuhara K, Kawamoto S, Wakabayashi, Belski
JL. Situs inversus totalis and Kartagener’s syndrome in a
Japanese population. Chest. 1972 Jan;61(1):56-61.

64. Takei H, Goya T, Tsukada H. Video-assisted
thoracic surgery (VATS) for lung cancer. Gan To Kagaku
Ryoho. 2005 Sep;32(9):1235-9.

Situs  inversus



Lung cancer in situs inversus totalis

65.  D’AmicoT. Thoracoscopic lobectomy: Evolving and
improving. ] Thorac Cardiovasc Surg. 2006 Sep;132(3):464-5.

66. Petersen RH, Hansen HJ. Learning thoracoscopic
lobectomy. Eur J Cardiothorac Surg. 2010 Mar;37(3):516-20.

67. Gonzalez D, de la Torre M, Paradela M, Fernandez
R, Delgado M, Garcia J, Fieira E, Mendez L. Video-assisted
thoracic surgery lobectomy: 3-year initial experience with
200 cases. Eur J Cardiothorac Surg. 2011 Jul;40(1):e21-8.

68. Kawaguchi Y, Noriyuki T, Kuroda Y, Kuranishi F,
Nakahara M, Fukuda, Ishizaki Y, Hotta R, Akimoto E, Mori
H. Right lung cancer with right aortic arch. Kyobu Geka.
2008 Feb;61(2):113-7.

69. Choh T, Suzuki S, Isomatsu Y, Masuda M. Total
arch replacement for incomplete double aortic arch associated
with patent ductus arteriosus in an adult. Interact Cardiovasc
Thorac Surg. 2009 Feb;8(2):269-71.

70. Deutsch MA, Martetschlaeger F, Muenzel,
D’Haese JG, Krane M, Bauernschmitt R, Lange R, Bumm
R. Combined spontaneous contralateral pneumothorax
and postpneumonectomy mediastinal shift-associated
dextrocardia. J Thorac Cardiovasc Surg. 2011 Feb;59(1):60-2.

71.  Yamada S, Inoue Y, Suga A, Iwazaki M. Planned
pulmonary resection for metastatic pulmonary tumor with
video-assisted thoracoscopic surgery using multidetector
angiography. Gen Thorac Cardiovasc Surg. 2011 Jan;59(1):25-
9.

72. Fukuhara K, Akashi A, Nakane S, Tomita E.
Preoperative assessment of the pulmonary artery by three-
dimensional computed tomography before video-assisted
thoracic surgery lobectomy. Eur J Cardiothorac Surg. 2008
Oct;34(4):875-7.

73. Watanabe S, Arai K, Watanabe T, Koda W,
Urayama H. Use of three-dimensional computed tomographic
angiography of pulmonary vessels for lung resections. Ann
Thorac Surg. 2003 Feb;75(2):388-92.

74.  Matsumoto T, Kanzaki M, Amiki M, Shimizu T,
Maeda H, Sakamoto K, Ookubo Y, Onuki T. Comparison
of three software programs for three-dimensional graphic
imaging as contrasted with operative findings. Eur J
Cardiothorac Surg. 2012 May;41(5):1098-103.

75.  Shimizu K, Nakano T, Kamiyoshihara M, Takeoshi
I. Segmentectomy guided by three-dimensional computed
tomography angiography and bronchography. Interact
Cardiovasc Thorac Surg. 2012 Aug;15(2):194-6.

76. Ishikawa Y, Iwano S, Usami N, Yokoi K. An
anomalous segmental vein of the left upper lobe of the lung:
preoperative identification by three-dimensional computed
tomography pulmonary angiography. Interact Cardiovasc
Thorac Surg. 2012 Sep;15(3):512-3.

77. Roche KIJ, Rivera R, Argilla M, Fefferman
NR, Pinkey LP, Rusinek H, Genieser NB. Assessment of
vasculature using combined MRI and MR angiography. Am J
Roentgenol. 2004 Apr;182(4):861-6.

78. Markl M, Kilner PJ, Ebbers T. Comprehensive
4D velocity mapping of the heart and great vessels by
cardiovascular magnetic resonance. J Cardiovasc Magn
Reson. 2011 Jan;14(13):7.

79.  Werth SC, McLean E, Lang-Lazdunski L. Extended
right pneumonectomy in an adult with a double aortic arch: a
therapeutic dilemma. Interact Cardiovasc Thorac Surg. 2010
Dec;11(6):862-3.

80. Sahajananda H, Sanjay OP, Thomas J, Daniel B.
Case report. General anaesthesia for lobectomy in an 8-year-
old child with Kartagener’s syndrome. Paediatr Anaesth.
2003 Oct;13(8):714-7.

81. Polak WG, Chudoba PJ, Patrzalek D, Szyber P.
Organ donor with complete situs inversus. Case report and
review of the literature. Ann Transplant. 2006;11(1):43-6.

82. Mentzer SJ, Aranki SF, Reilly JJ, DeCamp MM,
Hartigan P, O’Donnell W, Sugarbaker DJ. Single-lung
transplantation in situs inversus. Ann Thorac Surg. 1994
Oct;58(4):1176-8.

83. Scherler T, Lardinois D, Boehm T, Weder W,
Wildermuth S, Alkadhi H. Lung transplantation in Kartagener
syndrome and situs inversus: potential of multidetector row
computed tomography and three-dimensional postprocessing.
J Thorac Cardiovasc Surg. 2007 Sep;134(3):814-5.



