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Abstract

Background: Abernethy malformation is a rare congenital anomaly characterised by the partial or complete absence
of the portal vein and the subsequent development of an extrahepatic portosystemic shunt. Caroli's disease is a rare
congenital condition characterised by non-obstructive saccular intrahepatic bile duct dilation. Caroli's disease
combined with congenital hepatic fibrosis and/or renal cystic disease is referred to - Caroli's syndrome. The
combination of Abernethy malformation and Caroli's syndrome has not been reported previously.

Case presentation: \We present the case of a 23-year-old female who was found to have both type Il Abernethy
malformation and Caroli's syndrome. Radiological imaging was performed, including computed tomography with
three-dimensional reconstruction and magnetic resonance imaging with (magnetic resonance cholangiopancreatography
(MRCP), which revealed a side-to-side portocaval shunt, intrahepatic bile duct dilation, congenital hepatic fibrosis, and
renal cysts. In addition, PKHDT (polycystic kidney and hepatic disease 1) gene mutational analysis revealed a paternally

features of Caroli's syndrome.

inherited heterozygous missense mutation (c.1877A > G, p.Lys626Arg). A liver biopsy confirmed the pathological

Conclusions: To our knowledge, this is the first reported case of a patient with both type Il Abernethy malformation
and Caroli's syndrome diagnosed using a comprehensive approach that included imaging, mutational analysis, and
liver biopsy. Additionally, this is the second reported case to date of an Asian patient presenting with liver and renal
disorders with the same paternally inherited PKHDT missense mutation.
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This case has been presented in abstract form at the
26th Annual Conference of APASL, 2017 [1].

Background

Abernethy malformation is an extremely rare congenital
malformation characterised by an extrahepatic portosys-
temic shunt. It was first described by John Abernethy in
1793 [2]. Since then, fewer than 200 cases have been re-
ported, and the majority of affected patients were
<18 years of age and female [3]. Adult patients with this
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malformation experience various symptoms, including
nausea, vomiting, fatigue, epigastric pain, anorexia, jaun-
dice, and dyspnoea. Abernethy malformation can be
classified into two types based on the presence of the
portal vein and its anastomosis with the inferior vena
cava (IVC). Type I is characterised by the congenital ab-
sence of the portal vein and a complete end-to-side por-
tocaval shunt; this type is predominantly found in
females [4, 5]. Type II is characterised by the presence of
a hypoplastic portal vein, which leads to liver perfusion
via a partial portal venous supply and a partial side-to-
side shunt [6]. Type I is further classified into type IA
and type IB, which are defined as malformations in
which the superior mesenteric and splenic veins drain
separately into the inferior caval vein (type IA) or drain
from a common trunk (type IB) [4]. Abernethy malfor-
mation, especially type I, is frequently associated with
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other congenital anomalies, including abnormalities in the
cardiovascular system, liver, brain, skeleton, and urogenital
tract [7-9]. No cases of type II Abernethy malformation
associated with Caroli’s syndrome (a combination of Caro-
li's disease and congenital hepatic fibrosis and/or kidney
cysts) have been previously reported. Caroli’s disease is a
rare congenital disorder characterised by non-obstructive
saccular intrahepatic bile duct dilation, and it has a preva-
lence of 1:1,000,000 in the general population [10, 11]. It
is well-known that congenital hepatic fibrosis and/or poly-
cystic kidney disease are closely related to PKHDI gene
mutations [12, 13].

Here, we present the case of a 23-year-old female with
type II Abernethy malformation and Caroli’s syndrome,
which were identified after a workup that included med-
ical imaging (computed tomography (CT) and magnetic
resonance imaging (MRI)), a liver biopsy and genetic
testing. The association of Caroli’s syndrome with Aber-
nethy malformation has not been previously reported in
the literature.

Case presentation

A 23-year-old woman was admitted to our hospital with
a history of longer than 1 year of fatigue, a dim complex-
ion, and mild anorexia. She had no history of hyperten-
sion, heart disease, blood transfusions or surgery. A
three-generation pedigree did not reveal a history of
hepatitis. She had no jaundice. The results of liver func-
tion tests were as follows: alanine aminotransferase
22 U/L, aspartate aminotransferase 25 U/L, gamma glu-
tamyl transferase 36 U/L, alkaline phosphatase 66 U/L,
albumin 35 U/L, total bilirubin 24.8 pmol/L and direct
bilirubin 10.9 pumol/L. She had a reduced level of cholin-
esterase (4343 U/L). A viral hepatitis panel was negative.
Her serum copper level was also in the normal range.
Autoimmune antibody and immunoglobulin screens
were negative. Radiological imaging was performed. CT
showed a side-to-side portocaval shunt between the
splenic and left renal veins (Fig. 1a and b, arrow). Three-
dimensional (3D) vessel reconstruction revealed a
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normal orientation of the splenic and superior mesen-
teric veins(Fig. 1c, arrow). The main portal vein was
present but slender (Fig. 1d, arrow). The morphology
observed was consistent with type II Abernethy malfor-
mation. MRI was undertaken to further characterise the
disorders in the patient, and cross-sectional MRI images
revealed intrahepatic bile duct dilation in the right lobe
of the liver (Fig. 2a, arrow) and hepatic fibrosis (Fig. 2c,
arrow). CT scans also showed kidney cysts (Fig. 2d,
arrow). These findings are consistent with a diagnosis of
Caroli’s syndrome. Magnetic resonance cholangiopan-
creatography (MRCP) also confirmed ectasia of the
intrahepatic bile duct (Fig. 2b, white arrow) and com-
mon hepatic/bile duct dilation (Fig. 2b, red arrow).

Mutational analysis of the PKHDI gene was performed
to identify any genetic anomalies. Genomic DNA was
extracted from the peripheral blood leukocytes of both
the patient and her parents. Next-generation (NextGen)
sequencing was undertaken. A sequencing library was
constructed using an Ion AmpliSeq™ Library Kit 2.0
from Life Technologies. Sequencing was carried out with
an Ion Torrent PGM™ 200 Sequencing Kit in an Ion
Torrent PGM™ System from Life Technologies, and data
analysis was performed using BWA-0.7.12 software with
the mem comparison strategy following the Genome
Analysis Toolkit best practices developed by the Broad
Institute. A heterozygous missense mutation in exon 20
(c.1877A > G, p.Lys626Arg) of PKHDI was identified in
the patient (Fig. 3a). We further performed a parental
analysis in the targeted mutation site via PCR-based
exon amplification and direct bidirectional sequencing
of both strands of PKHDI using an ABI 3730XL DNA
Analyzer. The same heterozygous missense mutation
was identified in the father, and the wild-type genotype
was identified in the mother (Fig. 3b).

A liver biopsy was performed, and it revealed thick fi-
brous bands containing bile ductular proliferation along
with duct dilation (Fig. 4). The lobular parenchyma was
irregularly shaped and appeared to be separated and sur-
rounded by fibrosis bands, with visible nodules (Fig. 4).

Fig. 1 Axial, coronal and three-dimensional CT images show type Il Abernethy malformation in the patient. (@ and b) A side-to-side shunt between
the splenic vein and the left renal vein is visible in axial and coronal CT images (black arrow). ¢ 3D vessel reconstruction shows a normal main portal
vein formed from the splenic and superior mesenteric veins (arrow). d The portal vein appears slender in the coronal CT image (arrow)
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Fig. 2 The patient’s radiological imaging findings are consistent with Caroli's syndrome. a Cross-sectional MRI images show intrahepatic bile duct
dilatation (arrow). b MRCP shows intrahepatic bile duct dilation (white arrow) along with both common hepatic duct (upper red arrow) and common
bile duct (lower red arrow) dilations. ¢ Cross-sectional MRI images show hepatic fibrosis (arrow). d The CT image shows kidney cysts (arrow)

Based on the radiological imaging, genetic testing and
liver biopsy, a diagnosis of type II Abernethy malforma-
tion associated with Caroli’s syndrome was made.

Discussion

Abernethy malformation is a rare congenital vascular
malformation involving the diversion of portal blood
away from the liver. Patients with Abernethy malforma-
tion exhibit variable clinical presentations, ranging from
having no symptoms to having nonspecific symptoms
such as acute hepatic decompensation or cirrhosis [8].
The early recognition of Abernethy malformation is im-
portant as the limited portal blood supply increases the
risk of hepatic neoplasms, such as hepatocellular carcin-
oma and hepatoblastoma, which are more frequently as-
sociated with type I Abernethy malformation [14, 15]. It
is important to not only detect portal vein malforma-
tions but also identify other associated anomalies. A

diagnosis of Abernethy malformation can now be made
via noninvasive imaging technologies, including ultra-
sound, CT, and MRI. The 3D reconstruction of blood ves-
sels is very useful for demonstrating extrahepatic
portocaval shunts in patients who are suspected of having
Abernethy malformation [16]. Kong et al. provided an in-
formative case in which a 28-year-old woman was diag-
nosed with type II Abernethy malformation and multiple
aneurysms via imaging [17]. Abernethy malformation re-
quires high-quality imaging methods to identify details in
the systemic and portal circulation and confirm a diagno-
sis. However, imaging technologies such as CT and MRI
are absent from many health centres. We subjected the
patient in this case report to meticulous imaging diagnos-
tics in our hospital. In this patient, 3D-CT reconstruction
showed a normal confluence of the splenic vein and su-
perior mesenteric vein with a side-to-side portosystemic
shunt, which is the characteristic morphology of a type II

A.

left), while the mother carried the wild-type genotype (arrow, right)

Fig. 3 Genetic characterisation of Caroli's syndrome was performed via PKHDT mutational analysis. a Results from next-generation sequencing of
the patient's genome. A heterozygous mutation (A > G, frequency: 61.45%) was detected in exon 20 (c.1877) of the PKHD1 gene. b Parental
mutation analysis in PKHDT exon 20. The same heterozygous missense mutation (c.1877A > G, p.Lys626Arg) was detected in the father (arrow,
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Fig. 4 Liver biopsy confirmed the features of Caroli's syndrome in the patient. Liver biopsy showed thick, bridging fibrosis with bile ductular
proliferation and dilation (the black dots indicate the portal area; the red arrow shows dilated bile ducts), and fibrous bands traversed the hepatic
parenchyma, forming nodules (non-regenerative; indicated by the white dots). Left, lower magnification; right, higher magnification

Abernethy malformation. In addition, cross-sectional MRI
images revealed intrahepatic bile duct dilation and hepatic
fibrosis in the patient, which are classic features of Caroli’s
syndrome. Furthermore, MRCP showed clear intrahepatic
bile duct dilation and enlarged common hepatic/bile
ducts. The main portal vein was slender, but its branches
were not clearly visible in our images.

Genetic evaluation and liver biopsy are the gold stan-
dards for diagnosing Caroli’s syndrome, which is closely
associated with congenital hepatic fibrosis, and up to
60% of reported cases have renal involvement [13, 18]. A
close link between Caroli’s syndrome and PKHDI gene
mutations has been reported in the literature [19, 20].
PKHDI encodes fibrocystin/polycystin proteins that are
mainly expressed in the renal and biliary epithelia, and
are predicated to have a role in the maintenance of 3D
tubular architecture [21]. PKHDI is one of the longest
human genes, extending over 469 kb, with the longest
transcript encompassing 67 exons [22]. Given that muta-
tions are spread throughout the PKHDI gene and not
clustered in a single region, screening for PKHDI muta-
tions is challenging, making it necessary to use NextGen
sequencing [23]. This makes it possible to evaluate sev-
eral genes of interest (HNF1B, PKDI and PKD2) in a
single test. In our case, we applied NextGen sequencing
to detect PKHDI mutations and used Sanger sequencing
of PCR fragments in a parental PKHDI targeted-region
mutational analysis. We detected one missense mutation
(c.1877A > G, p.Lys626Arg) in the patient and her
father. This missense mutation has been recorded in the
public ARPKD (autosomal recessive polycystic kidney
disease)/PKHDI database. Although this mutation is de-
fined as a polymorphism (p-value: 1.0), its pathogenicity
is currently classified as undetermined in the database
due to an insufficient number of reported related cases.
Jang et al. reported the only other case, which involved a
fetus at 22 weeks of gestation with enlarged kidneys
identified via ultrasonographic examination, in which
the same heterozygous missense mutation (Lys626Arg)
has been verified via PKHDI mutation analysis in a

patient and their father [24]. We provide a second case
in a patient from Asia with liver and renal disease who
carried the same paternally inherited missense PKHDI
mutation.

Liver biopsy is useful not only to reveal fibrosis associ-
ated Caroli’s syndrome but also to give a clear view of
portal vein branches [25]. In this case, liver biopsy con-
firmed fibrosis that was associated with bile duct dilation
and ductular proliferation, which are characteristics of
Caroli’s syndrome. The intrahepatic section of the portal
vein was not clearly visible.

The underlying pathogenic mechanism of the combin-
ation of the two types of malformations in the present
case remains unclear. Patients with type II Abernethy
malformation have a hypoplastic portal vein and hyper-
trophic hepatic arteries. The increase in arterial blood
flow compensates for the loss of portal blood flow but
leads to blood vessel remodelling [26]. It has been sug-
gested that blood vessel remodelling may provide an en-
vironment for the development of neoplastic tumours in
patients [26, 27]. In the patient in the present case,
hypertrophy of the hepatic arteries was observed.
PKHDI mutations mainly lead to ductal plate malforma-
tion of the liver and renal collecting duct dilation [21].
Whether the PKHDI mutation identified in the present
case is directly related to Abernethy malformation needs
further investigation. If it does, it is likely that blood ves-
sel remodelling occurring alongside PKHDI mutation
contributes to the combination of the two types of mal-
formation observed in this case.

The treatment of Abernethy malformation depends on
the type of shunt present and the associated conditions.
For patients with type I Abernethy malformation, liver
transplantation is the only effective solution for those
who develop severe hepatic encephalopathy or malignant
tumours [28]. For patients with type II Abernethy mal-
formation, shunt occlusion may be performed in cases
with serious symptoms, such as hepatic encephalopathy
[29]. For the patient in the present case, our recommen-
dations were routine clinical assessments, with regular
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liver function testing and intrahepatic portal vein blood
flow evaluations. The patient was informed about the fu-
ture possibility of shunt occlusion.

Conclusions

In summary, we report a case of type II Abernethy mal-
formation associated with Caroli’s syndrome. Similar
cases have not been reported previously. This case high-
lights the value of radiological imaging, pathological
examination, and genetic evaluation in the diagnosis of
rare diseases.
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