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Introduction

Biliary atresia splenic malformation syndrome (BASM), 
proposed by Davenport et al. in 1993, refers to biliary 
atresia accompanied by splenic malformation and various 
anatomical anomalies, including situs inversus, vascular 
anomalies, intestinal malrotation, pancreatic anomalies, 
and other cardiac or pulmonary malformations (1-3). 
Biliary atresia has a regional incidence ranging from 0.3 
to 3.7 per 10,000 live births (2,4), with BASM occurring 
in approximately 5–15% of biliary atresia cases (3,5). 
Aside from cirrhosis and hepatic failure, severe cardiac 
malformations and secondary hepatopulmonary syndrome 
largely determine the prognosis (6,7). Most BASM cases 
are not correctly diagnosed until surgery; prenatal or 
neonatal ultrasound diagnosis of this syndrome has been 
rarely reported. In the case reported herein, we observed 
several characteristic images of BASM upon neonatal 
transabdominal ultrasound, and have described detailed 
cautions for prenatal diagnosis of BASM. 

Case presentation

A 13-day-old female neonate, delivered at 37 weeks 
of gestation, was referred to Shengjing Hospital of 
China Medical University due to neonatal jaundice. 

During prenatal ultrasound at the district hospital, a 
gallbladder measuring 1.1 cm × 0.2 cm was visualized, 
along with persistent right umbilical vein (Figure 1A). 
Meanwhile, the inferior vena cava (IVC) crossed over 
the abdominal aorta from left to right at the kidney 
level (Figure 1B). On day 17 after birth, transabdominal 
ultrasound revealed a dysplastic gallbladder measuring  
1.1 cm × 0.2 cm, which did not contract after feeding 
(Figure 2A). The liver exhibited a “mirror-image” of normal 
anatomy (Figure 2B), the pancreas was significantly shorter 
than usual (Figure 2C), and polysplenia, characterized by 
four lobulated spleens, was noted in the left hypochondrium 
(Figure 2D). Based on these findings, BASM was suspected. 
Whole-exome sequencing identified deleterious variants 
in the ABCB4 and MMP21 genes, which have been 
individually implicated in several hepatobiliary diseases (8) 
and heterotaxy along with laterality defects (9,10). 

The infant underwent surgery on the 39th post-natal 
day. During the laparoscopic bile duct exploration, the liver 
was noted to be irregularly textured and dark green. An 
empty gallbladder was situated to the left of the ligamentum 
teres hepatis with a thick and tough wall. Intraoperative 
cholangiography revealed that the small gallbladder could 
be visualized by the contrast agent, but the intrahepatic 
bile duct, the biliary tract system, and the duodenum 
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Figure 1 Ultrasound images of the fetus at 23 weeks of gestation. (A) A small gallbladder (red arrow) located between the stomach (white 
arrow) and the umbilical vein (yellow arrow). (B) The left inferior vena cava (white arrow) and the stomach (red arrow). L, left. R, right. 

BA
R

L

R L

B

D

A

C

Figure 2 Ultrasound images of the neonate at 17 days after birth. (A) The dysplastic gallbladder (white arrow). (B) The enlarged left lobe of 
the liver and the reduced right lobe of the liver. (C) The short pancreas (white arrow), the splenic vein (red arrow) and two spleens (yellow 
arrows). (D) Four spleens (white arrows). L, left. R, right.
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Figure 3 Intraoperative findings in surgery. (A) The ligamentum teres hepatis (umbilical vein in fetuses) (white arrow), the gallbladder (red 
arrow), the portal vein (yellow arrow) and the duodenum (green arrow). (B) Multiple nodular spleens (white arrow).

could not be visualized, and there was no contrast agent 
in the abdominal cavity. Therefore, type III biliary atresia 
was diagnosed. Laparotomy showed that the portal vein 
was compressing the duodenum approximately 0.5 cm 
distal to the pylorus (Figure 3A). Multiple nodular spleens 
were visible in the left upper quadrant of the abdomen  
(Figure 3B). Additionally, the Treitz ligament was not 
visualized, and the Ladd band crossed the duodenum 
and initial segment of the jejunum. Subsequently, 
hepaticojejunostomy, duodenoplasty, and a Ladd operation 
were performed. Despite surgical intervention, the total 
bilirubin level persisted in increasing from 124.7 to  
157.9 μmol/L. Concurrently, conjugated bilirubin increased 
from 101.9 to 132.1 μmol/L, and unconjugated bilirubin 
increased from 22.8 to 25.8 μmol/L. The infant was 
discharged 37 days after surgery to prevent viral infection, 
but succumbed to liver failure and pulmonary infection at  
6 months of age. 

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the Helsinki 
Declaration and its subsequent amendments. Written 
informed consent was provided by the patient’s parents for 
publication of this article and accompanying images. A copy 
of the written consent is available for review by the editorial 
office of this journal. 

Discussion

BASM is a rare but catastrophic congenital anomaly (1,3,5). 
To the best of our knowledge, there have been no reports 

of prenatal ultrasound diagnosis of BASM to date. In this 
case, specific ultrasound signs appeared before delivery, 
potentially providing clues for future prenatal and postnatal 
diagnosis of BASM. 

Currently, the dysplastic gallbladder can be used to 
diagnose neonatal biliary atresia. The main gallbladder 
anomalies include the absence of a gallbladder, a small 
gallbladder, irregular gallbladder wall, and abnormal 
gallbladder contraction (2,4,11-14). In our previous 
study, we proposed criteria for high-risk gallbladders for 
prenatal prediction of biliary atresia (15) for the first time, 
which include three conditions: (I) nonvisualization of the 
gallbladder, (II) gallbladder length ≤1.4 cm, or (III) a width-
to-length ratio of the gallbladder <0.2 when the gallbladder 
length is >1.4 cm throughout pregnancy. In this case, both 
prenatal and postnatal ultrasound findings of the gallbladder 
indicated the possibility of biliary atresia. 

In addition, heterotaxy of the liver was diagnosed 
postnatally, suggesting that the prenatal diagnosis of 
persistent right umbilical vein was inaccurate. During the 
prenatal ultrasound examination, sonographers neglected 
to evaluate the overall appearance and proportion of the 
left and right lobes of the liver, thus overlooking heterotaxy 
of the liver. In a 28-year retrospective study conducted 
by Davenport et al. (3), a liver with a “mirror-image” 
appearance and a left-sided gallbladder has been described 
in BASM. Therefore, when high-risk gallbladders and 
heterotaxy of the liver are concurrently detected, BASM 
should be considered. 

Vascular anomalies are frequent in BASM, particularly 
the interruption of IVC and preduodenal portal vein (2,3,5). 
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To the best of our knowledge, this is the first reported 
case of a left IVC associated with BASM. Therefore, in 
suspected BASM cases, scanning and evaluation of the vena 
cava are crucial. 

Another significant abnormality in BASM patients is 
splenic malformation, which includes polysplenia, asplenia, 
a double spleen, and right-sided spleen (2,3,5,6,16). When 
there is a high suspicion of BASM, the spleen should be 
carefully examined. High-frequency probes are used during 
newborn ultrasound examinations, which can clearly display 
the location, quantity, and morphology of the spleen. The 
fetal spleen, with an echo slightly lower than that of the 
liver, is commonly located on the left or behind the gastric 
bubble in the upper-left region of the abdomen. The 
splenic artery is also crucial for scanning the spleen (17), 
and prenatal diagnosis of polysplenia (18) and asplenia (19) 
have been reported before. Therefore, prenatal detection of 
splenic malformation is a feasible approach for diagnosing 
BASM. 

The fetus was diagnosed with a short pancreas and 
intestinal malrotation postnatally. Pancreatic abnormalities 
include a short pancreas and an annular pancreas (2,3), due 
to an aberrant fusion of the dorsal and ventral buds (20).  
The incidence of a short pancreas in BASM is nearly 4% 
(2,3), with most cases identified during surgery or autopsy 
(2,21). Scanning the fetal pancreas is a challenge for  
sonographers (20). The “whirlpool sign” is a typical 
manifestation of intestinal malrotation combined with 
midgut volvulus. Several other features, including ascites, 
echogenic bowels, and intestinal dilatation, can also assist 
in diagnosis (22). However, in the absence of intestinal 
abnormalities, sonographers rarely proactively scan the 
mesenteric blood vessels. Consequently, for patients 
suspected of BASM, scanning the structure of the pancreas 

and intestines, as well as using mesenteric Doppler, is 
necessary. 

It is necessary to perform detailed fetal echocardiography 
once BASM is suspected. According to previous studies, 
BASM fetuses with cardiac anomalies have a higher 
mortality rate than those without cardiac anomalies 
(3,6). Additionally, the incidence of cardiac anomalies 
in BASM is up to 45% (2). During prenatal ultrasound 
examinations, several diseases such as ventricular septal 
defect, tetralogy of Fallot, and hypoplastic left heart can be  
discovered (3). 

A  c o m p r e h e n s i v e  i m a g i n g  e v a l u a t i o n  o f  t h e 
malformations will undoubtedly benefit surgical decision-
making and planning; however, it requires doctors to have a 
thorough understanding of the syndrome. Table 1 presents 
the ultrasound features of several anomalies in BASM 
(2,4,11-15,18,20,22-27). If an accurate diagnosis can be 
obtained before delivery, it will facilitate earlier decisions 
regarding treatment options. Parents will be fully informed 
of the severity of the fetal disease. It also enables early 
intervention and treatment, which can minimize the impact 
on the fetus. The patients can then receive treatment as 
soon as they are born, rather than after jaundice persisting. 
In addition, an early surgery can reduce the progress of liver 
failure (28). 

Conclusions

Neonatal ultrasound can accurately diagnose BASM and 
provide more comprehensive information for surgical 
planning. When prenatal ultrasound detects an abnormal 
gallbladder along with portal vein abnormalities, BASM 
should be considered as a potential diagnosis. More detailed 
scans should be conducted when BASM is suspected. 
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Table 1 The ultrasound features in biliary atresia splenic malformation syndrome

Malformations Prenatal ultrasound features Postnatal ultrasound features

Biliary atresia Absence of gallbladder, small gallbladder, irregular gallbladder wall, abnormal gallbladder contraction (2,4,11-15)

Other potential features (23,24) Other potential features (11-14)

(I) Dilated right hepatic artery (I) The triangular cord sign

(II) Biliary cysts (II) Hepatic subcapsular flow

(III) Ascites (III) Hilar lymphadenopathy

(IV) Echogenic bowel (IV) Increased liver stiffness in elastography techniques

Splenic malformation

Polysplenia Several splenic arteries (18) Nodular or globular nodules, with an echo similar to the spleen

Asplenia No identifiable spleen

Vascular anomalies

The interruption of IVC Absence of proximal segment of IVC

Dilated azygous vein or hemiazygos vein

Pancreatic abnormalities

Short pancreas Difficult to discover (20) Shorter than usual

Annular pancreas Distention of the stomach and duodenum

The duodenum surrounded by pancreatic tissue (25,26)

Intestinal malrotation Inverse SMA/SMV orientation (27)

Intestinal dilatation

Whirlpool sign when combined with midgut volvulus (22)

IVC, inferior vena cava; SMA/SMV, superior mesenteric artery/superior mesenteric vein. 
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