
Zhou et al. Diagnostic Pathology           (2024) 19:36  
https://doi.org/10.1186/s13000-024-01462-9

CASE REPORT

Histopathology and molecular pathology 
confirmed a diagnosis of atypical Caroli’s 
syndrome: a case report
Tianmin Zhou1†, Keyu Liu2†, Hao Wei3, Qingmei Zhong1, Daya Luo4, Wenjuan Yang5, Ping Zhang1 and 
Yingqun Xiao1* 

Abstract 

Caroli’s syndrome is a congenital disease characterized by dilation of intrahepatic bile ducts and congenital hepatic 
fibrosis. It is a rare condition in clinical work. Typically, the diagnosis of this disease is confirmed through medical 
imaging. Here, we report a case of atypical Caroli’s syndrome in a patient who presented with recurrent upper gas-
trointestinal tract bleeding. The patient underwent imaging examinations, liver biopsy and whole exome sequenc-
ing. The results of the imaging examination were non-specific. However, with the aid of pathological examination, 
the patient was diagnosed with Caroli’s syndrome. In conclusion, for cases where the imaging presentation of Caroli’s 
syndrome is inconclusive, an accurate diagnosis should rely on pathology. By discussing this specific case, our aim 
is to enhance readers’ understanding of this disease, provide valuable information that can aid in the early detection 
and appropriate management of Caroli’s syndrome, ultimately improving patient outcomes.
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Introduction
Caroli’s disease (CD) is a rare congenital disease 
characterized by segmental saccular dilation of 
intrahepatic bile ducts without obstruction. It was 
first reported by Caroli et  al. in 1958 [1]. The incidence 
of CD is approximately 1 in 1,000,000 live births [2]. 

It is widely recognized that CD is associated with 
mutations in the polycystic kidney and hepatic diseases 
1 (PKHD1) gene [3, 4]. According to the diagnostic 
criteria for Caroli’s disease, it is classified into two 
subtypes: Caroli’s disease type I, characterized by cystic 
segmental dilation of the bile ducts, and Caroli’s disease 
type II or Caroli’s syndrome (CS), which is associated 
with saccular alterations of the hepatic ducts, liver 
fibrosis, and even cirrhosis with manifestations of 
portal hypertension [5], as observed in our patient. CS 
is typically diagnosed during adolescence or before the 
age of 30, often coinciding with the time when patients 
seek medical attention due to apparent symptoms [6, 7]. 
The diagnosis of typical CS is not challenging, as it can 
be identified through clinical symptoms and imaging 
techniques such as abdominal ultrasound, computed 
tomography (CT), and magnetic resonance imaging 
(MRI). Most cases of typical CS are associated with 
autosomal recessive polycystic kidney disease (ARPKD), 

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Diagnostic Pathology

†Tianmin Zhou and Keyu Liu contributed equally to this work.

*Correspondence:
Yingqun Xiao
xiaoyq2008@126.com
1 Department of Pathology, Infectious Diseases Hospital of Nanchang 
University, Nanchang 330001, Jiangxi, China
2 Queen Mary School, Nanchang University, Nanchang 330006, China
3 The First Clinical Department, Nanchang University, Nanchang 330006, 
China
4 Department of Biochemistry and Molecular Biology, School of Basic 
Medical Sciences, Nanchang University, Nanchang 330006, China
5 Infectious Diseases Hospital of Nanchang University, Nanchang 330001, 
Jiangxi, China

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13000-024-01462-9&domain=pdf


Page 2 of 10Zhou et al. Diagnostic Pathology           (2024) 19:36 

which often presents with varying degrees of renal cysts. 
In addition, patients with unexplained hepatic fibrosis 
and portal hypertension may exhibit non-obstructive 
segmental or diffuse cystic dilation of the intrahepatic 
bile ducts. The most characteristic imaging finding is the 
“central dot sign” [8], although the presence of fibrosis 
in CS can sometimes obscure this sign on radiological 
examinations. However, the diagnosis of atypical CS 
can be challenging due to the absence of characteristic 
clinical manifestations and imaging features. In this case 
report, we describe the case of a young male patient with 
atypical CS who does not have ARPKD, polycystic liver, 
or the characteristic “central dot sign”. The patient’s only 
presenting symptom is unexplained liver cirrhosis.

Case presentation
General conditions and clinical manifestations
The 17-year-old male patient has been experiencing 
recurrent fatigue for 8  years and melena for the past 
5 days. He has received treatment at a local hospital on 
multiple occasions, where a Color Doppler Ultrasound 
indicated liver cirrhosis and splenomegaly. He was 
subsequently diagnosed with liver cirrhosis following 
hepatitis and was treated with hemostatic drugs and fluid 
supplementation. However, the treatment at the local 
hospital failed to alleviate the symptoms of anemia. As a 
result, the patient sought new diagnosis and treatment at 
our hospital.

Upon examination, the patient’s general condition 
was stable. The pale face observed was consistent with 
anemia, while no obvious signs of jaundice or Kayser-
Fleischer rings were identified in either eye. Additionally, 
there were no signs of liver palm or spider angioma. 
Palpation did not reveal any superficial lymph node 

enlargement, abdominal mass, liver enlargement, 
pressing pain, or positive Blumberg sign. A firm and 
obtuse spleen was palpated 6 cm below the anterior rib 
margin using two-handed palpation. Abdominal shifting 
dullness was negative.

The patient denied a history of HBV infection, alcohol 
consumption, smoking, or exposure to schistosomiasis 
epidemic areas. Both parents are healthy, although the 
patient’s younger sister and paternal grandmother have a 
history of liver cirrhosis.

Laboratory examination
The blood and biological tests of this patient revealed 
elevated levels of total bilirubin (TBiL) and serum 
amyloid A (SAA), as well as depressed levels of 
prealbumin and high-density lipoprotein (HDL). The 
results of hepatic enzymes were within the normal 
range. These findings suggest the presence of cholestasis, 
inflammatory reaction, and liver dysfunction.

Imaging examination
Abdominal B-mode ultrasound showed the oblique 
diameter of the right lobe of liver is 11.4  cm (normal 
10–14  cm); the third-order biliary branches measuring 
0.59 mm (normal < 0.4 mm). Glisson’s capsule was coarse. 
Echoes of hepatic area were uneven, and hepatic veins 
were not clear. The diameter of portal vein and common 
bile duct caliber were 13  mm (normally < 13  mm) and 
4 mm (normally 6–8 mm) respectively [9]. No obvious of 
polycystic liver was observed (Fig. 1).

Abdominal computer tomography (CT) measured the 
maximum liver diameters and showed the cranio-cau-
dal (CC) was 15.0  cm (normal < 15  cm), anterior–pos-
terior (AP) of right and left lob were 13.4  cm (normal 

Fig. 1 USG Abdomen reveals two examinations conducted at different time prior to the current observation (A and B). Right portal vein (red 
arrowhead); Right hepatic vein (yellow arrowhead); the third-order biliary branches (green arrowhead); Right anterior lobe of the liver (SVIII)
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8–10 cm) and 9.3 cm (normal 6–9 cm) [10]. Importantly, 
no abnormal highdensity shadow or intrahepatic cyst was 
observed. The volume of spleen was obviously enlarged, 
extending into the pelvis and across the midline. The kid-
neys exhibited a normal morphology without evidence of 
polycystic kidney disease (Fig. 2).

Under gastric endoscopy, it clearly showed that there 
were several circuitous bulges protruding into the cav-
ity of esophagus and gastric fundus. The results showed 
severe esophagogastric varices. The diameter of fundus 
varices was about 6 mm. Red-color sign in fundus varices 
was positive (Fig. 3).

Pathological examination
Histological examination of liver biopsies stained with 
Hematoxylin–eosin (HE) revealed distinct features of the 
liver tissue. The portal tracts showed significant expan-
sion of severe fibrosis, with the formation of bridging 
fibrosis. Infiltration of inflammatory cells and the pres-
ence of pseudolobules were observed (Fig.  4A). Impor-
tantly, these “pseudolobules” differed from those typically 
associated with liver cirrhosis. The arrangement of hepat-
ocyte plates appeared normal, without any indications 
of hepatocyte edema, degeneration, or cholestasis. This 

finding is consistent with the pathological features of 
congenital hepatic fibrosis reported by Ru-JiaT et  al. 
[11]. Additionally, a large number of bile ducts within the 
portal tracts showed malformation and dilation, accom-
panied by hyperplastic cholangiocytes that showed no 
atypia. Notably, the dilated bile ducts showed numerous 
instances of cholestasis, as indicated by the presence of 
brown staining (Fig. 4B).

The use of immunohistochemistry and many special 
stains of tissue specimen can help us learn more about 
the pathological and functional changing, contributing 
to make a proper diagnosis. Anti-CK7 is the antibodies 
used to label cholangiocytes. The immunohistochemistry 
of CK7 clearly showed biliary dilation and cholangiocytes 
hyperplasia (Fig.  5A). In the hepatic lobule, anti-CD34 
normally does not expressed in sinus endothelial cells 
inside of hepatic lobules except for neoangiogenesis 
and changes of blood composition [12, 13]. The posi-
tive results of anti-CD34 (Fig. 5B) showed that the inter-
lobular vein in the portal vein dilated obviously and 
protruded into the hepatic parenchyma, and the inter-
lobular vein occupied almost the whole area of the portal 
vein, suggesting that there may be portal hypertension, 
which is consistent with the clinical manifestation of the 

Fig. 2 The results of CT scan. A Plane CT scan; B Delayed phase of contrast-enhanced CT; C CT scan shows giant spleen and normal kidneys

Fig. 3 Gastric endoscopy of Caroli’s disease shows that (A) 4 variceal veins in esophageal wall; B several variceal veins extending from cardia, RC + 
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patient. We showed a normal structure of bile capillaries 
in hepatic lobules with anti-CEA (Fig. 5C).

The liver biopsy specimens underwent special stains 
including periodic acid-Schiff (PAS) stain, Masson tri-
chrome stain, reticulin connective tissue stain, and 
diastase pre-treated PAS (DPAS) stain. The PAS stain 
allows for the visualization of intracellular glycogen 
storage in hepatocytes, appearing as red color under 
microscopy. This stain is useful in diagnosing heredi-
tary glycogen storage diseases or ischemic injuries [14]. 
In this study, the hepatocytes within the hepatic lobules 
exhibited red staining, indicating normal glycogen stor-
age without intracellular fading or fatty vesicles. The 
Masson trichrome stain highlights collagen fibers in 
blue and provides information on the extent of fibrosis. 
The reticulin connective tissue stain is used to evaluate 
the degree of fibrosis by labeling reticulin (type III col-
lagen fiber) deposition [15]. Both of these connective 

tissue stains revealed perisinusoidal and portal tracts 
fibrosis, bridging fibrosis, resulting in fibrotic septa and 
the formation of “pseudolobules”. The D-PAS stain is 
employed to identify phagocytic inclusions and immu-
noglobulin within macrophages. In this study, neither 
the portal tracts nor the liver parenchyma exhibited 
indications of acute phagocytosis by activated mac-
rophages or immunoglobulin globules, which are asso-
ciated with drug-induced hepatitis and autoimmune 
liver disease (Fig. 6).

Based on the observed interlobular bile duct mal-
formation, dilation, cholestasis, and severe fibrosis in 
the patient’s clinical presentation, the diagnosis of CS 
was inferred in accordance with the 2022 EASL Clini-
cal Practice Guidelines on the management of cystic 
liver diseases [16]. After extensive consultation with 
the patient, whole exome sequencing was performed 
to provide a thorough molecular analysis to confirm 

Fig. 4 A Hematoxylin–eosin (H-E) stain (× 50) shows severe portal tracts fibrotic bands and “pseudolobules” (shows in black dashed circle); B HE 
stain (× 200): Bile ductal malformation, dilation and cholestasis (black arrowhead); The (B) is enlarged in black box of (A)

Fig. 5 A anti-CK7 (× 100): biliary dilation and hyperplasia; B anti-CD34 (× 100): The interlobular vein in the portal area dilated significantly 
and protruded into the hepatic parenchyma, and the interlobular vein almost occupied the whole portal area; C anti-CEA (× 100): normal bile 
canaliculi inside of hepatic lobules
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the diagnosis. This sequencing technique allowed for 
a detailed examination of the patient’s genetic profile, 
enabling the identification of potential disease-causing 
variants associated with CS and increasing the cer-
tainty of the diagnosis.

Whole exome sequencing
Based on the pathological results, peripheral venous 
blood (5  mL) was collected from the patient, his 
affected sister, and his healthy parents for Whole 
Exome Sequencing (WES), which was performed 
by Macro & Micro-test. The sequencing results 
revealed two heterozygous variants: a missense 
variant c.2507 T > C (p.Val836Ala) and a novel variant 
c.10156G > C (p.Val3386Leu). Both the patient and the 
sister harbored these two variants, with the former 
being paternal and the latter being maternal (see 
Table 1).

Treatment
The patient underwent various forms of treatment to 
address their symptoms. This included splenic artery 
embolization to restore splenic function and endoscopic 
esophageal varix ligation to stop bleeding in the upper 
gastrointestinal tract. In addition, the patient received 
acid suppression therapy and antibiotic treatment.

Follow‑up
Follow-up was performed by telephone interview for 
2 years since the patient left hospital. No varices bleeding 
happened anymore. Vital signs were stable, and the 
patient has no discomfort.

Discussion
Caroli’s syndrome (CS) is a rare congenital disease 
characterized by non-obstructive segmental saccu-
lar dilation of intrahepatic bile ducts [17]. It is often 
accompanied by congenital hepatic fibrosis (CHF), 
which presents as fibrosis in the portal tracts. In terms 
of pathogenesis, CS belongs to a disorder called ductal 

Fig. 6 A PAS staining (× 100) and (B) Trichrome stain (× 100) shows peri-sinus and peri-portal fibrosis; C Reticular staining (× 100) shows portal 
fibrosis and “pseudolobule” formation; D D-PAS (× 100)
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plate malformation (DPM), a congenital disorder 
caused by abnormal development of the embryonic bil-
iary [18–20]. The diverse range of diseases within the 
DPM spectrum can present with unspecific clinical 
symptoms and signs, making diagnosis challenging for 
doctors [21, 22]. While several intracellular pathways 
may contribute to the pathogenesis of CD rats, the exact 
pathways in humans are still being researched [17]. The 
etiology of CS is complex and unclear. Some cases have 
reported a potential link between CS and PKHD1 gene 
mutation. It has been confirmed that PKHD1 muta-
tion is the primary cause of autosomal recessive poly-
cystic kidney disease (ARPKD) [23]. The PKHD1 gene 
encodes fibrocystin, which is expressed on renal epithe-
lial cells and cholangiocytes [24]. The biological func-
tion of the PKHD1 gene is not fully understood, but it 
is believed to be involved in cystogenesis, tube mor-
phogenesis, cell–cell junction, cilia function, planar cell 
polarity, and cell proliferation [24, 25]. The common 
clinical presentations of CS include upper abdominal 
pain, recurrent cholangitis, intrahepatic calculi, jaun-
dice, undetermined cholestasis, portal hypertension, 
pancreatic damage, and spleen hyperfunction. Based 
on the literature, patients with CS could be easily mis-
diagnosed with many other hepatic diseases, such as 
primary sclerosing cholangitis (PSC), multidrug resist-
ance protein 3 (MDR3) deficiency, recurrent pyogenic 
cholangitis, hepatic cysts, autosomal dominant polycys-
tic liver disease (ADPKD), choledochal cysts, congeni-
tal hepatic fibrosis, biliary papillomatosis, and biliary 
hamartomas [26–28]. To make a diagnosis, doctors typ-
ically begin with imaging examinations when patients 

present with nonspecific clinical symptoms. When the 
patients with visible discomfort seek medical attention, 
imaging examination can usually reveal the presence of 
multiple dilated intrahepatic bile ducts. In most cases, 
imaging examinations can reveal multiple dilated intra-
hepatic bile ducts. The ‘central dot sign’ found on MRI 
and CT scan is highly specific for typical CS [29]. It is a 
high-dense dot in the dark background. Histologically, 
the dot is formed by portal veins and hepatic arteries, 
while the background consists of dilated intrahepatic 
bile ducts. However, this case does not exhibit this spe-
cific sign in the imaging examination results. Therefore, 
pathological examinations and gene sequencing were 
performed to confirm the diagnosis.

In this case report, the patient denied any history of 
HBV infection. The immunohistochemistry results for 
HBV surface antigen and core antigen were negative 
(figures not shown), indicating that acute or chronic 
hepatitis B was not present. Wilson’s disease is a rare 
hereditary disease caused by copper accumulation, 
which can involve the liver and central nervous system. 
Liver symptoms, including jaundice, portal hyperten-
sion, and fibrosis, often occur before the age of 20, while 
neurological symptoms typically occur much later [30, 
31]. No Kayser-Fleischer (K-F) rings were found in the 
eyes, and the patient’s psychiatric condition was nor-
mal. Blood tests showed a normal level of ceruloplasmin 
(Table 2). The likelihood of hereditary Wilson’s disease 
was low, so we did not recommend sequencing the 
ATP7B gene. Blood tests also showed negative serum 
autoantibody. Liver biopsy revealed no lymphoplasma-
cytic infiltration into hepatic lobules, rosette formation 

Table 1 The results of whole exome sequencing

Family members Gene Position Variants RS/HGMD-ID Hom/Het/
Hemi*

ACMG grade

Patient PKHD1
NM_170724
exon24

chr6:51910887 c.2507 T > C
p.V836A

rs199568593 Het Pathogenic/
likely pathogenic

PKHD1
NM_170724
exon60

chr6:51609183 c.10156G > C
p.V3386L

- Het Pathogenic/
likely pathogenic

Sister PKHD1
NM_170724
exon24

chr6:51910887 c.2507 T > C
p.V836A

rs199568593 Het Pathogenic/
likely pathogenic

PKHD1
NM_170724
exon60

chr6:51609183 c.10156G > C
p.V3386L

- Het Pathogenic/
likely pathogenic

Father PKHD1
NM_170724
exon24

chr6:51910887 c.2507 T > C
p.V836A

rs199568593 Het Pathogenic/
likely pathogenic

Mother PKHD1
NM_170724
exon60

chr6:51609183 c.10156G > C
p.V3386L

- Het Pathogenic/
likely pathogenic
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in hepatocytes, or interface hepatitis [32]. These results 
ruled out the possibility of autoimmune hepatitis. Pre-
viously known as primary biliary cirrhosis, primary bil-
iary cholangitis (PBC) is an autoimmune liver disease 
characterized by the destruction of interlobular bile 
ducts, cholestasis, portal tracts inflammation, and fibro-
sis [33]. The histological features of CS can be easily 
distinguished from those of PBC. PBC is histologically 
characterized by chronic non-suppurative destructive 
cholangitis of the small interlobular bile ducts, resulting 

in chronic progressive cholestasis. In this case, micro-
scopic observation showed no obvious bile duct damage 
in the portal tracts; instead, bile duct hyperplasia and 
dilation were observed. This suggests that the diagno-
sis of PBC was excluded. The diagnosis of drug-induced 
liver injury (DILI) should be considered after excluding 
other possibilities. The results of PAS-D staining did not 
show clusters of macrophages, and the patient had no 
history of drug use. Therefore, the results did not meet 
the criteria for a diagnosis of drug-induced hepatitis. 
The results of PAS staining revealed normal glycogen 
storage in hepatocytes, and no abnormal uncolored 
hepatocytes were found, indicating no steatosis. The 
results of anti-CD34 staining in this case suggest the 
presence of portal hypertension, which is consistent 
with the patient’s clinical manifestation. The final diag-
nosis was based on the patient’s family history of liver 
cirrhosis, biliary saccular dilation observed in imaging 
examinations, portal tracts fibrosis observed in liver 
biopsy, and the presence of PKHD1 mutation.

A compound heterozygous mutation of the PKHD1 
gene was identified through whole exome sequenc-
ing. The results indicate that both the patient and 
his affected sister have two heterozygous variants: 
a missense variant c.2507  T > C and a novel variant 
c.10156G > C. We searched for the c.2507  T > C muta-
tion on the GnomAD website, and the results sug-
gest that this mutation is likely to be pathogenic. This  
finding is consistent with several Chinese articles, 
which suggest that it is unique to Chinese individu-
als [34, 35]. However, there is no data available on  
the c.10156G > C mutation on the GnomAD website. 
We analyzed the clinical significance of this variant 
using polyPhen2, SIFT, MutationTaster, FATHMM, and 
PROVEAN. The details of this analysis are provided in 
Table 3. According to the American College of Medical 

Table 2 Biological examination results

Parameters Value Unit Reference Ranges

RBC 2.88*1012/L 4.0–5.5*1012/L

WBC 2.35*109/L 4–10*109/L

Hb 55.00 g/L g/L 120–160

AST 16.6 U/L 0–40

ALT 13.7 U/L 0–40

AST/ALT 1.2

TBiL 27.8 μmol/L 3.42–20.5

DBiL 9 μmol/L 0–6.84

ALB 37.4 g/L 35–55

ALP 70 U/L 0–150

LDH 127 U/L 109–245

CK 32 U/L 0–190

Cu 20.8 U/L 10–24.7

CER 320.7 mg/L 150–600

TBA 9.32 μmol/L 0–12

PA 122 mg/L 250–400

GR 48.6 U/L 33–73

SAA 92 mg/L 0–10

TC 2.05 mmol/L 2.8–5.7

HDL 0.58 mmol/L 1.16–1.55

LDL 1.04 mmol/L 0–3.61

Table 3 Bioinformatics analysis of the mutations

SIFT PREDICTION (cutoff = 0.05)—tolerated or damaging

PolyPhen Prediction Score benign ≤ 0.5; probably damaging (> 0.5)

MutationTaster Prediction polymorphism or disease causing

FATHMM Prediction (weighted) torlerated or damaging

PROVEAN Prediction (cutoff = -2.5)—deleterious or neutral

InterVar is the classification of variants into ’Benign’, ’Likely benign’, ’Uncertain significance’, ’Likely pathogenic’ and ’Pathogenic’ based on ACMG/AMP 2015 guideline

Mutation SIFT PolyPhen2 MutationTaster FATHMM PROVEAN InterVar

Score prediction Score prediction Score prediction Score prediction Score prediction prediction

PKHD1
c.T2507C
p.V836A

0 deleterious 0.861 possibly_damaging 0.667 Polymor phism -2.58 deleterious -2.77 deleterious Pathogenic/
Likely pathogenic

PKHD1
c.G10156C
p.V3386L

0.003 deleterious 0.83 possibly_damaging 0.998 disease_causing -2.37 deleterious -4.86 deleterious Pathogenic/
Likely pathogenic
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Genetics (ACMG) standards and guidelines for variant 
interpretation, the c.10156G > C mutation is consid-
ered a likely pathogenic mutation in the PKHD1 gene 
for this family. Additionally, we investigated the minor 
allele frequency (MAF) of these two mutation sites 
in different populations. The details are presented in 
Table  4. The c.2507  T > C mutation was found to be a 
rare and low-frequency variant, with the MAFs of less 
than 5%. The c.10156G > C mutation has not been pre-
viously reported.

The PKHD1 gene encodes the fibrocystin protein 
(FPC), which is located in the membrane of primary 
cilia. These primary cilia are involved in the formation 
of cysts in the kidney and liver [36]. Multiple reports 
have demonstrated that PKHD1 mutations are respon-
sible for autosomal recessive polycystic kidney disease 
(ARPKD) and Caroli syndrome (CD) [37–39]. To date, 
over 900 PKHD1 mutations have been reported, with 
60% being missense mutations and 40% being protein-
truncated mutations [34] Ishiko et  al. conducted a 
minigene assay and discovered that at least one non-
truncating mutation of PKHD1 is necessary for perina-
tal survival [40]. However, published reports indicate 
that the same PKHD1 mutation can be associated with 
different clinical presentations [20, 41]. These findings 
highlight the complexity of the relationship between 
PKHD1 and CS. In summary, the identification of 
PKHD1 mutations can provide strong evidence for the 
diagnosis of CS. In this particular case, the PKHD1 
mutation only resulted in hepatic presentations with-
out renal disorder. This suggests that the compound 
heterozygous mutation could significantly contribute 
to the etiology of isolated Caroli syndrome. However, 
it is not the sole reason for the patient’s clinical pres-
entation. Additionally, environmental factors may also 
play a role in the pathogenesis of CS, although the 
mechanisms remain unclear [17, 34]. PKHD1 mutation 
is the most well-known cause of CS and can be easily 
confirmed through next-generation sequencing (NGS). 

However, there may be other yet undiscovered patho-
logical factors that contribute to the disease. Given the 
sequence of events, the patient will require long-term 
follow-up to determine whether renal symptoms will 
develop.

In this case report, we successfully diagnosed a case 
of atypical CS, despite its limited mention in the litera-
ture. Supporting our findings, previous studies have also 
reported cases of atypical CS. For example, XiaoYM et al. 
documented a series of patients with CS who exhibited 
atypical symptoms and imaging manifestations [28]. 
Although our patient did not show the typical “central 
sign” in ultrasound and CT, multiple cysts were observed 
in the liver and kidney, which contrasted with our case 
report. Similarly, Acioli, M.L et  al. described a case of 
atypical CS characterized by uncommon clinical mani-
festations, such as the absence of non-specific abdomi-
nal pain, cholestasis, or cholangitis. However, imaging 
examinations still proved effective in diagnosing CS [42]. 
Another study conducted by Tiotia, Rahul et al. reported 
a patient with atypical CS who, similar to our case, did 
not have renal lesions. However, this patient had typical 
intrahepatic manifestations, such as polycystic liver and 
fibrosis [43].

Generally, non-invasive imaging examinations, such as 
ultrasound, CT, and Magnetic Resonance Imaging (MRI), 
are sufficient for diagnosing CS. On the other hand, inva-
sive procedures, including Magnetic resonance cholan-
giopancreatography (MRCP), Endoscopic Retrograde 
Cholangiopancreatography (ERCP), Percutaneous Tran-
shepatic Cholangiography (PTC), and liver biopsy, are 
primarily used for differential diagnosis [27, 44, 45]. These 
procedures are only performed when patients present vis-
ible symptoms and seek medical attention. Consequently, 
individuals with a family history of liver cirrhosis or 
recurrent cholangitis should be made aware of the impor-
tance of PKHD1 gene sequencing by healthcare profes-
sionals, in order to increase the early detection rate during 
check-ups.

Table 4 The minor allele frequency (MAF) in different populations

1000G 1000 Genomes Project

EAS East Asian, SAS South Asian, ExAC Exome Aggregation Consortium

gnomAD Genome Aggregation Database

database dbSNP 1000G_ ALL 1000G_ EAS 1000G_ SAS ExAC_ ALL ExAC_ EAS ExAC_ SAS gnomAD_ 
ESA

gnomAD_ SSA

PKHD1
c.T2507C
p.V836A

rs199568593 0.0002 0.001 - 0.0001 0.0013 0 - 0.0006

PKHD1
c.G10156C
p.V3386L

- - - - - - - - -
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Abbreviations
PKHD1  Polycystic kidney and hepatic diseases 1
CS  Caroli’s syndrome
CD  Caroli’s disease
CHF  Congenital hepatic fibrosis
ARPKD  Adult recessive polycystic kidney disease
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