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Abstract Hepatocellular carcinoma (HCC) is the seventh-
most common malignancy in males and ninth in females
with incidence of one million new cases every year. Situs
inversus totalis (SIT) is a rare congenital condition, in which
there is a mirror-image transposition of both the abdominal
and thoracic viscera. There are very few reported cases of
HCC developing in people with SIT. In this review, we
present a new case of HCC with SIT, and a review of
literatures published between 1983 and 2011 on it. The
literatures in English were searched through PubMed and
Google Scholar, while those in Japanese language were
accessed through J-EAST and translated in English with
the help of Google translator on 22 April 2012. There are
6 English and 6 Japanese literatures showing 12 published
cases, of which 10 cases were from Japan, 1 from Taiwan
and 1 from China. Our case is probably the first case in the
world beyond these regions. The articles containing ade-
quate information, such as patient age and sex, investiga-
tions, diagnosis, type of congenital anomalies and methods
of surgery, were reviewed. On reviewing the literature, we
observed that clinical manifestations, laboratory findings
and etiology correlate well with HCC, while anomalous
hepatic vascularity correlates well with SIT. The reason for
high incidence of HCC with SIT in Japan is not well corre-
lated, but may be explained by higher incidence of SIT. All
varieties of hepatic resection were feasible in cases of SIT.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most com-
mon internal malignancies worldwide, especially in Eastern
Asia, with poor prognosis and first leading cause of cancer-
related deaths in southeast of China [1]. HCC is the seventh-
most common malignancy in males and ninth in females. At
least one million new cases of HCC occur annually and
mortality from the disease remains high despite treatment.
Cirrhosis has the most common association with HCC,
being the underlying disease in 80 %—-90 % of patients in
most of the countries [2].

Situs inversus totalis (SIT) is a rare congenital condition,
occurring with an incidence of 1:5,000 to 1:10,000, in which
there is mirror-image transposition of both the abdominal
and thoracic viscera [3]. The etiology of transposition of
viscera is obscured and the condition does not influence
normal health or life expectancy, but it has important surgi-
cal implications [4].

Case Report

A 49-year-old woman presented with a history of constant
left-upper-quadrant dull aching pain, with no aggravating or
relieving factors, for 1 month duration without other signif-
icant past medical or surgical history. Clinical examination
revealed palpable lump up to 4 cm below left costal margin
without jaundice and ascites. X-ray chest showed dextro-
cardia. Abdominal ultrasonography revealed situs inversus
with left-sided liver showing a heterogeneous mass of about
12x11%7 cm in size in the postero-superior region.

CT scan of abdomen showed stomach and spleen on
the right side whereas liver on the left side (Fig. 1). Liver
showed 12x11%x9 cm sized HCC involving segment VII
and VIII as per Couinaud’s classification without any
metastasis and vascular anomalies (Figs. 1 and 2). There
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Fig. 1 Transverse section view: liver in left side and stomach and
spleen in right side

Fig. 2 Left sagittal view: HCC involving VII and VIII segment of liver

were no extrahepatic lymphnode involvement, cirrhosis
and ascites. The liver function test with coagulation pro-
file was normal. Viral markers for hepatitis B virus (HBV)
and hepatitis C virus (HCV) were negative. The serum «-
fetoprotein (AFP) level was 16 ng/ml. The patient was
planned for right hepatectomy, as she was clinically fit
and CT scan did not show any vascular anomalies, liver
metastasis and extrahepatic spread. The patient was oper-
ated under general anesthesia with inverted Y bilateral
subcostal incision. On exploration of abdomen, liver was
found in the left side while stomach and spleen were
found in the right side. There were no ascites, extra
hepatic lymph nodes and secondaries in the liver. Anato-
my of extrahepatic structures was mirror image of normal.
Intraglissonian dissection and clamping of vascular
pedicles were done. Right hepatectomy was completed
with the help of electrocautery (Fig. 3). The right hepatic
vein was torn while ligation, requiring temporary vena
caval occlusion for repair. The surgery was uneventful
except right hepatic vein tear, with blood loss of about
1,000 ml and operating time of 6 hrs. Microscopically, the
tumor diagnosed as a moderately differentiated HCC, with
histological pattern of solid, nesting and trabecular types
combined without vascular invasion and inactive cirrhosis
with moderate fatty changes. The postoperative course
was uneventful, except the patient had rising titer of
serum bilirubin and serum alkaline phospatase for 10 days
with maximum serum bilirubin (7.1 mg%) and serum
alkaline phospatase (296 IU/l), which were returned to
normal by twentieth day. Follow-up of the patient showed
minimal regeneration of the liver on ultrasonography at
6 months and ascites with small tumor in the left lobe.
The patient died after 9 months of surgery.

Discussion

HCC is thought to be rare compared with other organ
cancers in SIT [5].

Fig. 3 Photograph of liver after right hepatectomy
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Situs Inversus Totalis (SIT)

In all vertebrates including humans have anatomical left-
right asymmetry during embryogenesis. Normal arrange-
ment is situs solitus and the variations results in heterotaxy,
expressed either as randomization (situs ambiguous) or
complete reversal (situs inversus) of normal organ position
[6]. In SIT, a right/left mirror image transposition of the
abdominal and thoracic viscera occurs. In heterotaxy, ab-
dominal viscera may be inverted, whereas the thoracic con-
tents may be normal, or vice versa. In isomerism, the body
appears symmetric with bilateral left or right features. Situs
inversus is rare in human beings and the incidence ranges
between 1:1,000 and 1:10,000, depending on the population
surveyed [7]. In Japan, prevalence of SIT was 1:4,100
population, which is about two times than that reported
among Caucasians [8]. Japan has intermediate incidence of
HCC, but most of the cases of SIT with HCC were reported
from Japan may be because of high incidence of SIT.

In SIT, anomalies of the organs include: the liver may be
bilobed or symmetric, the spleen may be absent or multiple,
the gut may exhibit malrotation with abnormal mesentery
and the lungs may have reversed pulmonary lobulation.
Cardiac defects are common and vascular abnormalities
may involve the inferior vena cava, portal vein and hepatic
artery [7]. Such anomalies were also reported with HCC,
which are shown in Table 1.

Although most cases of situs inversus are sporadic, in-
heritance patterns including X-linked, autosomal recessive
and autosomal dominant were found [9] with homologous
region in humans located on the long arm of chromosome
12 [10]. Yost suggested that left-right axial information is
contained in the extracellular matrix early in development
and is independently transmitted to the cardiac and visceral
primordia [11]. Recently, a theory model of bulk transport of
extracellular morphogens by rotating primary cilia during
gastrulation is appealing because it ‘bootstraps’ morpholog-
ical asymmetry of the embryo from the intrinsic structural
(molecular) chirality of motile cilia [12]. About 50 % of
patients with primary ciliary dyskinesia (Kartagener’s syn-
drome) have situs inversus [13].

There is no evidence that situs inversus increases risk of
malignancy, so association of cancer with this congenital
anomaly is rare [14].

Hepatocellular Carcinoma (HCC)

The incidence of HCC has marked variation worldwide,
South-east Asian countries (Taiwan, Korea, Thailand, Hong
Kong, Singapore, Malaysia, Southern China) and tropical
Africa show the high incidence, in the range of 10-20 per
100,000 population with highest being 150 and 28 per
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100,000 in Taiwan and Singapore. Intermediate rates in
Japan, Middle East and Mediterranean countries, and the
lowest rates of 1-3 per 100,000 population for HCC are
found in western countries, Australia, South America and
India [2].

HCC is 4 to 8 times more common in males. Chronic
hepatitis due to infection with HBV and HCV leads to
cirrhosis, which is major premalignant condition and
increases the risk of HCC about 100-fold higher than
non-infected [15]. Rarely, liver cancer occurs in associa-
tion with conditions that have a genetic, congenital or
metabolic origin. HCC has been rarely documented in
association with familial polyposis coli, ataxia telangiec-
tasia, familial cholestatic cirrhosis, congenital hepatic fi-
brosis, neurofibromatosis, situs inversus and the fetal
alcohol syndrome [2].

The primary marker for HCC is AFP, a single polypep-
tide chain glycoprotein. Serum AFP is elevated in chronic
hepatic diseases and HCC. Even elevated levels have
marked variation in HbsAg + ve and HbsAg —ve patients.
HbsAg + ve patients have more elevated levels of AFP, so
specificity and positive predictive value are low, especially
when AFP is between the range of 25 and 200 ng/ml.
Specificity and positive predictive value of AFP for diagno-
sis of HCC at 200 ng/ml are 80 % and at 3,200 ng/ml are
95 % in HbsAg + ve, whereas in HbsAg —ve patients at
200 ng/ml they are 100 % [16]. AFP may be normal in as
many as 40 % of patients with early HCC. The sensitivity of
tumor detection using AFP is 68.2 %, which increased to
88.6 % when combined with a-L-fucosidase and 95.5 %
when combined with vascular endothelial growth factors
(VEGF). The combination of the three markers yielded
100 % detection sensitivity [17].

The nomenclature of hepatectomy depends upon the
number of hepatic segments resected as per Couinaud’s
classification: extended hepatectomy (five segments), right
hepatectomy or lobectomy (four segments), left hepatecto-
my or lobectomy (three segments), central hepatectomy
(three segments), left lateral segmentectomy and right ante-
rior or posterior segmentectomy (two segments). A segmen-
tal resection was defined as any sublobar resection [18].
Initial publication on SIT with HCC had documented left
lobe liver involvement, which was the right lobe in normal
patients. Mirror location of the right lobe of the liver was
considered to be left, so they were mentioned as left lobec-
tomy [4, 10]. Subsequent articles had not considered the
mirror location of the lobes and had given normal nomen-
clature as right or left.

Liver grafts with SIT were traditionally considered to
be an absolute contraindication for transplant because of
anatomical concerns, but now literature is available where
liver transplantation is done using SIT donor and normal
recipient [19].
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HCC with SIT

There are very few reported cases of HCC developing in
people with SIT. In 1983, Kanematsu described the first case
of HCC with SIT [4]. In this review, we have searched
literature published in form of case reports, case series, letters
to the editor, original articles and literature reviews relating to
HCC with SIT between 1983 and 2012. In addition, reference
lists of the articles obtained were also examined. The literature
in English was searched via PubMed and Google Scholar,
while the literature in Japanese language was accessed via J-
EAST, which were translated in English with the help of
Google translator on 22 April 2012. There were 12 published
cases, 6 were in English and 6 in Japanese and the article types
include 7 case reports, 2 case reports with review of previous
cases and 2 letters to the editor. The geographic distribution
was: 10 from Japan, 1 from Taiwan and 1 from China. Our
case is probably the first case in the world beyond these
regions. We have analyzed the information, such as patient
age and sex, brief clinical presentation, investigations, pathol-
ogy, diagnosis, type of congenital anomalies, methods of
surgery, etc., of all available 12 cases and summarized it along
with our case report for future review (Table 1).

The patients were aged from 37 to 85 years, which
include 9 males and 4 females. The variety of presentations
in these patients include asymptomatic [20, 21], abdominal
pain [10, 22-24], abdominal lump [4, 10, 13, 22], cirrhosis
with ascites [25], hypoglycaemia with convulsion [4] and
azospermia with bronchiectasis [13].

Most of the patients were having normal sr. bilirubin and
other liver function tests at the time of presentation, except one
where very high bilirubin (44.5 nmol/L) [21]. The diagnostic
serum marker for HCC, AFP was higher in 9 cases and normal
in 4 patients including our patient. The viral marker for HBV
was positive in 3 cases [4, 10, 13] and HCV in 4 cases [13, 20,
25], one had both viral markers positive [13].

Conventional or CT angiography was done in all the cases,
7 patients have normal mirror image presentation, but others
have anomalous left hepatic vessels [3, 10], common hepatic
artery [25] and IVC continuous as hemiazygos vein [21].

Nine patients had hepatic artery catheterization for trans-
arterial chemoembolization (TAE) of the tumor to reduce
tumor burden and vascularity before hepatectomy. TAE had
led remarkable reduction in AFP in patients having higher
value before the procedure. Variation of hepatectomy in-
cluded 4 hepatic lobectomy, 2 partial hepatectomy and 3
hepatic segmentectomy.

Conclusion

In patients of HCC with SIT clinical manifestations, labora-
tory findings and etiology correlates well with HCC, while

@ Springer

anomalous hepatic vascularity correlates well with SIT. TAE
was performed in almost all cases, either as sole treatment or
preoperative procedure. The reason for high incidence of
HCC with SIT in Japan is not well correlated, but may be
explained by higher incidence SIT. All varieties of hepatic
resection were feasible to perform in cases of SIT. The
nomenclature of hepatic surgery should not be altered in
case of SIT.
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