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Caroli syndrome, which is characterized by saccular and fusiform dilatation of the biliary
ducts, is usually observed in association with autosomal recessive polycystic kidney disease
(ARPKD). Although the diagnosis of ARPKD is generally easy to make in postnatal ultra-
sound, the diagnosis of Caroli syndrome may be challenging in prenatal ultrasound. Herein,
we present a case of a 29-week fetus with ARPKD associated with Caroli syndrome in whom
fetal magnetic resonance imaging was essential to identify the “central dot sign” within the
dilated biliary ducts to confirm the prenatal diagnosis of Caroli syndrome and to increase
our level of confidence in this diagnosis.

© 2018 The Authors. Published by Elsevier Inc. on behalf of University of Washington.

This is an open access article under the CC BY-NC-ND license.
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Autosomal recessive polycystic kidney disease (ARPKD; OMIM
entry 263200) is a rare ciliopathy with an incidence of 1:20000
live births. ARPKD is primarily caused by mutations in the
Polycystic Kidney and Hepatic Disease 1 gene on chromosome

* Corresponding author.
E-mail address: monica_epelman@hotmail.com (M. Epelman).
https://doi.org/10.1016/j.radcr.2018.11.006

6 that encodes for the protein fibrocystin/polyductin (FPC)
[1-3]. The protein FPC is expressed in the primary cilia of re-
nal cells, mainly in the collecting ducts and thick ascending
loops of Henle and in bile duct epithelia [3]. Defective FPC ul-
timately results in abnormal cystic dilation of renal collect-
ing ducts and ductal plate malformations of the biliary tree,
eventually leading to significant renal and hepatic morbidity
and mortality. Up to 30% of patients die in the perinatal pe-
riod, usually as a result of respiratory insufficiency from pul-
monary hypoplasia [1,3-6]. Those children who survive go on
to develop progressive renal failure and portal hypertension
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due to progressive liver fibrosis [3]. However, the phenotypic
and clinical manifestations of ARPKD exhibit great variabil-
ity. All patients with ARPKD invariably have a ductal plate
malformation [3] and develop clinical manifestations of con-
genital hepatic fibrosis over time; in contrast, nonobstructive
dilation of the biliary tree, Caroli syndrome, is seen in a subset
of patients only [1]. Caroli syndrome is inherited in an auto-
somal recessive fashion and refers to the combination of di-
lated bile ducts and congenital hepatic fibrosis usually seen in
association with ARPKD, although it may also be observed in
association with other entities. Caroli syndrome should not be
confused with Caroli disease. Caroli disease is rarer, is inher-
ited in an autosomal dominant fashion or occurs sporadically,
and refers to the isolated dilation of the biliary tree, which may
be segmental [7,8]. The “central dot sign” seen in association
with Caroli disease and Caroli syndrome represents the cen-
tral fibrovascular bundle, containing a portal vein radicle and
an accompanying hepatic artery branch, within the lumen of
a dilated bile duct seen in cross-section [8-10]. A review of the
literature showed less than a handful of cases with the pre-
natal diagnosis of ARPKD in association with Caroli syndrome
[11-13]. In addition, only a single case report by Castro et al
[13] showed fetal magnetic resonance imaging (MRI) findings.
However, the presence of the “central dot sign” [8,14], a find-
ing characteristic of Caroli syndrome seen on postnatal cross-
sectional imaging, was not illustrated and not discussed or
elaborated in the prenatal case reported by Castro et al [13].
Here, we present the fourth case of ARPKD associated with
Caroli syndrome diagnosed prenatally. Our case was unique
in that the infant survived and is doing well after undergoing
renal and liver transplantation, in addition to the florid pre-
sentation of biliary ductal dilation demonstrated on fetal MRI
images. To the best of our knowledge, there are no reports on
the visualization of the “central dot sign” on fetal MRI to char-
acterize Caroli syndrome.

Case report

A healthy 28-year-old female (gravida 6, para 3) at 27 weeks
of gestation was referred for assessment after routine ultra-
sound showed enlarged kidneys and hepatomegaly in a male
fetus. A detailed fetal ultrasound was carried out at 29 weeks
of gestation and showed oligohydramnios. The kidneys were
enlarged and echogenic (Fig. 1). The liver was also enlarged
and revealed multiple cystic structures (Fig. 2). Ultrafast mul-
tiplanar fetal MRI better demonstrated the tubular nature of
the cystic structures, and some of these structures showed
the “central dot sign”; representing a portal vein branch pro-
truding into the lumen of a dilated bile duct when imaged
in cross-section [8,14]. The “central dot sign” is highly associ-
ated with Caroli syndrome and aids in differentiating it from
other causes of biliary ductal dilation (Fig. 3). In addition, fe-
tal MRI showed low-lung volumes with relatively hypointense
lungs and enlarged kidneys with increased signal on fluid-
sensitive sequences. The prenatal imaging findings were con-
sistent with ARPKD in association with Caroli syndrome [15].
The patient developed anhydramnios at 34 weeks of gestation,
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Fig. 1 - Fetal US at 29 weeks of gestation. Coronal US image
shows bilateral renal enlargement. Both kidneys (arrows)
show increased parenchymal echogenicity and loss of
corticomedullary differentiation. US = ultrasound.

-

SEN0BE LIVER

Fig. 2 - Fetal US image shows an enlarged liver (arrows)
with multiple tubular, cystic structures. US = ultrasound.

necessitating a cesarean delivery. Postnatally, renal and liver
function remained initially stable. The kidneys were quite en-
larged (Fig. 4), leading to labored breathing due to abdominal
competition. In addition, due to recurrent metabolic abnor-
malities and worsening hypertension, the patient underwent
left nephrectomy at 3 months of age. At 16 months of age, he
underwent renal and liver transplantation. The patient is do-
ing well 1 year after the transplant. Postnatal genetic testing
revealed a missense alteration in the Polycystic Kidney and
Hepatic Disease 1 gene ¢.8407T>C (p.Cys2803Arg).
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Fig. 3 - Sagittal T2-weighted fetal MR image demonstrates
oligohydramnios; an enlarged, hyperintense right kidney; a
small, hypointense right lung; and an enlarged liver with
multiple dilated bile ducts (arrowheads) showing the
“central dot sign”, which reflects the central fibrovascular
bundle containing a portal vein radicle and an
accompanying hepatic artery branch protruding into the
lumen of dilated bile ducts. MR = magnetic resonance.

Discussion

ARPKD is an inherited disease characterized by nonobstruc-
tive dilation of the renal collecting ducts and ductal plate mal-
formation of the biliary tree resulting in congenital hepatic fi-
brosis. A subset of patients develop Caroli syndrome, which is
characterized by nonobstructive, saccular, and fusiform dila-
tion of the biliary ducts. The presence of biliary ductal dilation
predisposes these patients to recurrent ascending cholangitis
and sepsis [1]. In addition, these patients have an increased
risk for developing benign and malignant hepatic neoplasms,
especially cholangiocarcinoma [2]. Calculi and bile stagnation
within the dilated bile ducts explain recurrent cholangitis,
stone formation, and liver abscesses in Caroli syndrome and
Caroli disease patients [3]. In addition, complications related
to portal hypertension, such as bleeding esophageal varices,
are also seen [3,8].

Visualization of the “central dot sign” in cross-sectional
imaging studies is considered highly specific for the diagno-

Fig. 4 - Postnatal coronal reformatted unenhanced CT
image of the abdomen at 2.5 months of age shows an
enlarged liver (arrows) with multiple dilated bile ducts. The
cystic, saccular biliary dilatations communicate with the
major biliary tree. The kidneys (K) are enlarged and
diffusely low in attenuation due to increased water content
within the dilated tubules. CT = computed tomography.

sis of Caroli syndrome or Caroli disease, with the central dot
reflecting the fibrovascular bundle within an abnormally di-
lated bile duct (Fig. 3) [8,9,14]. However, in the previously re-
ported prenatal cases [11-13], there was no mention of the vi-
sualization of the “central dot sign”. Furthermore, in the case
reported by Castro et al [13], the authors did not comment on
their ability to identify the “central dot sign” on fetal MR. We
were also unable to see the sign in the images provided in the
case report. In addition, in 1 [12] of 3 previously reported cases,
the authors were unable to diagnose ARPKD associated with
Caroli syndrome in US prospectively.

Conclusion

In conclusion, we describe the fourth confirmed case in the
literature of ARPKD in association with Caroli syndrome that
was diagnosed prenatally. The MR images proved essential in
the prenatal diagnosis of associated Caroli syndrome and sig-
nificantly enhanced our level of confidence in the diagnosis by
showing distinct “central dot signs” within dilated intrahep-
atic biliary ducts. The diagnosis was confirmed postnatally.
The patient survived after renal and liver transplantation and
is doing well. We suggest that larger scale studies are needed
to assess the role of fetal MRI in patients with ARPKD at risk
for concomitant Caroli syndrome.
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Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.radcr.2018.11.006.
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