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Abstract
Situs inversus, an uncommon mirror-image reversal of the major
visceral and thoracic organs, is seldom of medical significance.
However, the recognition of their unique anatomy is extremely
important for those requiring surgical intervention. There are very
few reported cases of renal cell carcinoma (RCC) developing in
people with situs inversus. To our knowledge, this is the first reported case in Canada. A review of the literature only identified nine
published cases worldwide. Here, we review and summarize pertinent information, including patient age and sex, size and location
of tumour, method of surgery, and pathology. Our case, a 65-yearold male, presented with left flank pain and gross hematuria. He
was diagnosed with left renal cancer as well as tumour thrombus
extending into the left renal veins and inferior vena cava (IVC),
clinical T3aN0M0. An abdomen and pelvis computed tomography
(CT) scan showed a left-to-right reversal of his organs, a mirrorimage, and situs inversus was diagnosed. A left radical nephrectomy with left renal vein and IVC tumour thrombectomy through
a left open midline incision was performed.

Introduction
Situs inversus, the complete mirror-image reversal of the
organs, is very rare, with a prevalence of 1/20 000.1 Renal
anomalies, including dysplasia, agenesis, polycystic kidney, hypoplasia, ectopia, and horseshoe kidney, have been
reported in situs inversus. It is also associated with cardiac
and pulmonary anomalies.2-6 Kartagener syndrome (immotility of bronchial cilia, bronchiectasis, chronic sinusitis, male
infertility) coexists in 20‒25% of situs inversus cases.6 There
is no known evidence that situs inversus increases the risk of
malignancy.3 Although Aristotle first described situs inversus
in animals, it was not recognized in humans until 1600 by
Fabricus. Subsequently, in 1897, Vehemeyer was the first
to discover this anomaly by roentgen-ray examination and

since then, cases have been recognized with increasing frequency.7 We present the first case reported in Canada of
renal cell carcinoma (RCC) in a patient with situs inversus.

Case report
A 65-year-old male was initially referred in 2015 with a presentation of left flank pain and gross hematuria. Computed
tomography (CT) scan of the abdomen and pelvis described
a hypervascular enhancing mass (9.1 x 7.2 x 10 cm) within
the left kidney in keeping with a RCC and invasion of the
mass into the left renal veins. Also of importance, they noted
a mirror-image of the organs with left-to-right disposition,
resulting in diagnosis of situs inversus (Fig. 1). A chest X-ray
revealed dextrocardia (Fig. 2). In order to further delineate
the level of the thrombus, we arranged for an urgent renal
magnetic resonance imaging (MRI) scan. The gadoliniumenhanced MRI angiography demonstrated the patient’s
unique anatomy, which included the inferior vena cava (IVC)
being left of the aorta; additionally, the patient had two
renal veins and there were a number of extrarenal arteries
travelling both anterior and posterior to the IVC (Fig. 3). Left
RCC was noted extending into both left renal veins (Fig. 4).
The tumour extended into the more inferior left renal vein
and extended into the IVC, approximately 3 mm beyond
its junction with the cava. The mass also extended into the
more superior of the two left renal veins, where it terminated
approximately 3 mm before it reached the IVC. There was
no evidence of intra-abdominal metastatic disease. Based on
several radiological examinations, we clinically diagnosed
this patient as having T3aN0M0.
Taking into account the patient’s distinctive anatomy, as
well as his renal vein and IVC tumour thrombus, the patient
elected to undergo a left, open, midline radical nephrectomy with a renal vein and IVC tumour thrombectomy. In
addition, the patient’s CT scans noted a significant burden
of cholelithiasis; therefore, we also arranged for an open
cholecystectomy to be completed. In the supine position, a
midline incision was made subxiphoid. Once we entered
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Fig. 1. A computed tomography scan showing the intra-abdominal organs positioned (a) inversely in a mirror-image; and (b) a tumour in the left kidney.

the peritoneum, we found an extremely large renal vein
thrombus into the IVC from the lower pole renal vein. The
more cephalad renal vein was identified and it also had
thombus infiltrating into the IVC. The lateral and posterior
attachments of the left kidney were dissected. Both renal
veins had the thrombus excluded from circulation via side
biting vascular clamping and were oversewn after division
with 4‒0 vascular Prolene baseball suture. The specimen
was removed through the midline incision and followed by
an open cholecystectomy. The patient tolerated the procedure well and was discharged home postoperative day 4.
Pathological examination from the left renal mass revealed
clear-cell RCC of Fuhrman grade 3 and pT3aN0M0. The
patient has done well postoperatively and has not encountered any recurrence of disease.

Discussion
There are very few documented cases in the literature surrounding RCC in patients with situs inversus. A literature
search revealed nine published articles, seven in English, one
in Spanish, and one in Japanese (Table 1). The Japanese and
Spanish articles were translated in English with the help of
Google translator on September 9, 2016. The first reported
case was in 1987.8 The articles’ types included nine case
reports. Eight of the nine cases were male patients. The
majority of patients with situs inversus had left-sided RCC
(56%) and the most common surgical intervention was an
open radical nephrectomy (67%). The geographic distribution was: three from Japan, three from the U.S., one from
Spain, one from India, and one from Zambia.
In RCC patients with situs inversus, several suitable surgical methods have been discussed, including open and
laparoscopic techniques.3,9,10 Regardless of the surgical
intervention, the majority of reports emphasized technical
difficulty because of disorientation due to the reversed position of the anatomy.11-13 Given the involvement of tumour
thrombus invading into the IVC from two renal veins, we
felt an open midline incision enabled an easier approach
and minimized the risk of complications related to adjacent
abdominal organs. Recently, Terakawa et al sought to reduce
these technical difficulties by reporting the first successful
completion of a laparoscopic radical nephrectomy carried
out on a situs inversus patient with RCC using a retroperitoneal approach.11 They felt this approach prevented the
transposed intraperitoneal organs from coming into the surgeon’s field of vision. This approach was unfortunately not
possible in our case of T3 disease; however, the appearance
of transposed organs and surgical field of view does provide
significant complexity.

Fig. 2. Chest X-ray showing dextrocardia.
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Fig. 3. A gadolinium-enhanced renal magnetic resonance image angiography
demonstrating situs inversus and a left renal mass.

Conclusion
While RCC is the sixth and eleventh most common cancer
diagnosed in men and women, respectively,14 concomitant
RCC with situs inversus is incredibly rare. Only nine cases
have been reported. This case and review of the literature
also highlights the importance of careful preoperative evaluation. Furthermore, surgeons must recognize the inverseimage anatomy and modify their approach accordingly.
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Table 1. Publications on patients diagnosed with situs inversus and renal cell carcinoma
No.

Case report

1

Bertini and
Boileau, 19878

2

Treiger et al,
19932
Adler and Lerner,
19983
Jimenez Verdejo
et al, 200015
Jewell and Bowa,
200116
Takagi et al,
200817
Makiyama et al,
201210
Rangarajan et al,
201318
Terakawa et al,
201311
Current study,
2016

3
4
5
6
7
8
9
10

Country
(Language)

Age/
Sex

Location
of RCC

Tumour
size

Open/lap
nephrectomy

Radical/ partial
nephrectomy

USA
(English)
USA
(English)
USA
(English)
Spain
(Spanish)
Zambia
(English)
Japan
(Japanese)
Japan
(English)
India
(English)
Japan
(English)
Canada
(English)

54/F

Rt

-

Open

82/M

Lt

-

58/M

Lt

43/M

Pathology
Fuhrman
grade

Histology

pTNM

Radical

-

-

pT3aN1M0

Open

Radical

-

-

pT(-)N0M0

-

Open

Radical

4

-

pT3bN2M1

Rt

-

Open

Radical

2

-

pT2N0M0

43/M

Lt

-

Open

Radical

-

Clear-cell

pT(-)N(-)M1

50/M

Lt

-

Open

Radical

-

-

-

61/M

Rt

-

Lap

Radical

-

-

pT1aN0M0

65/M

Rt

-

Clear-cell

Lt

Non-surgical,
palliative
Lap

-

81/M

4 x 3.5
cm
-

Radical

-

Clear-cell

(Clinical
T4N1M1)
pT1bN0M0

65/M

Lt

9.1 x 7.2
x 10 cm

Open

Radical

3

Clear-cell

pT3aN0M0

F: female; Lap: laparoscopic; Lt: left; M: male; Rt: right.
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