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Abstract: Objection: To explore the clinical features and prognosis of non-visualization of the fetal
gallbladder (NVFGB). Methods: Sixty-five cases diagnosed with NVEGB in the Peking University
First Hospital were collected retrospectively from January 2019 to December 2020. Results: Forty-
nine cases were successfully followed up. Among them, the gallbladder of 21 fetuses (42.9%) was
present in the later pregnancy. In the rest 28 cases (57.1%), the gallbladders were absent during
the whole pregnancy. Eleven of twenty-eight fetuses (39.3%) with NVFGB were complicated with
other structural anomalies. In the remaining 17 cases of isolated NVEGB (60.7%) during the whole
pregnancy, there was one case of congenital biliary atresia, three cases of a small gallbladder, one case
of gallstone and one case of the gallbladder with several septa inside. A total of nine cases (18.4%)
underwent prenatal diagnosis, four of which revealed abnormal copy number variant (CNV) results.
Conclusion: Nearly half of NVFGB could be noted during the later pregnancy. The persistent NVFGB
during the pregnancy has a higher risk to complicate gallbladder abnormality, other structural
anomalies and abnormal CNV results. Other structures, especially the heart, gastrointestinal and
urinary system, should be carefully examined when NVFGB is suspected.
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1. Introduction

The gallbladder origins from the hepatic diverticulum on the ventral side of the
primitive midgut in the fourth week of embryonic development and begins cavitation
into a cystic structure in the twelfth week [1]. Therefore, theoretically, the morphological
structure of the gallbladder can be viewed by prenatal ultrasound from the first trimester of
pregnancy. In 1987, Hata et al. described ultrasonic characteristics of the fetal gallbladder
for the first time. They found that the gallbladder detection rates at 20-23 gestational
weeks and at 24-27 gestational weeks were 37.5% and 64.7%, respectively [2]. Some studies
reported a high detection rate of 99.9% at 14-16 weeks [3,4] by transvaginal ultrasonography,
while 95% at 24-32 weeks of pregnancy by transabdominal ultrasonography [5].

Non-visualization of the fetal gallbladder (NVFGB) refers to the inability to observe
the fetal gallbladder in two or more consecutive ultrasound examinations within one week
during pregnancy. The prevalence of NVFGB was 0.1-0.15% [3,4]. In most cases, the fetal
gallbladder is noted during the following prenatal ultrasound or postnatal ultrasound
examinations. However, Dreux et al. revealed that NVFGB was associated with gall-
bladder dysplasia, biliary atresia, cystic fibrosis, chromosome anomalies and intestinal
obstruction [6].

The purpose of this study was to summarize and discuss the clinical characteristics,
treatment and prognosis of NVFGB in the Chinese population.
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2. Data and methods
2.1. Study Subjects

In this study, clinical data of 65 fetuses who were initially diagnosed with NVFGB
at the Department of Obstetrics and Gynaecology, Peking University First Hospital, from
January 2019 to December 2020 were collected retrospectively. Among them, 16 patients
failed to follow up, including 1 case of late inevitable abortion and 15 cases of refusal to
follow up.

2.2. Instruments and Study Methods
2.2.1. Instruments and Ethic Statement

All scans were performed by certified radiologists with at least five years of experience
in fetal ultrasound. We received all the written consent forms from these patients. The study
was conducted according to the guidelines of the Declaration of Helsinki and approved by
the Institutional Review Board of Peking University First Hospital (protocol code 2013[572]).

2.2.2. Methods to Examine Foetal Gallbladder

During the ultrasound, the view of the gallbladder could be seen at the abdomi-
nal circumference plane. It was generally on the right side umbilical vein [7]. In two-
dimensional (2D) imaging, the gallbladder was a hypoechoic area with a hyperechoic
cystic wall (Figure 1). The shape varies, including teardrop, rectangle, spindle, annulus,
etc. [8]. Colour Doppler ultrasound was used to distinguish the gallbladder from the
intra-abdominal segment of the umbilical vein. NVFGB was diagnosed if no gallbladder
was observed in 2 or more ultrasound examinations within one week.
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Figure 1. Image of the fetal gallbladder (white arrow) noted using 2D ultrasound with and without
color.
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2.2.3. Routine Ultrasonic Examinations

The mid-trimester fetal anomaly scan was performed between 20 and 23*¢ gestational
weeks during our clinical practice. If NVFGB was suspected, the other fetal anomalies
were further examined in detail according to the ultrasonic examination guidelines by the
International Society of Ultrasound in Obstetrics and Gynaecology (ISUOG) [9]. Our center
provides prenatal consultation and prenatal diagnosis for pregnant women complicated
with fetal structural anomalies. The patient and her family decided on whether to conduct
an invasive prenatal diagnosis.

2.2.4. Data Collection

The relevant clinical data were collected for all patients, including age, gravidity and
parity history, method of fertilization, gestational age at the initial finding of NVFGB,
other fetal structural anomalies, pregnancy outcomes, gestational age at birth, birth weight
and follow-up after birth, etc. Telephone follow-up was conducted after birth. The last
follow-up occurred on 25 January 2021.

2.2.5. Statistical Analysis

A descriptive analysis was conducted using the clinical data of NVFGB cases. The
mean (+standard deviation) was calculated for the counting variable, and the number of
cases (percentage) was reported for the categorical variable.

3. Results
3.1. General Data
The average age of the 49 pregnant women included in this study was 30.78 years,

and the mean gestational age at which NVFGB was initially observed was 26.22 weeks
(Table 1).

Table 1. Demographic data and clinical characteristics of the study population.

Clinical Data

Value

Age
Mode of conception
Natural pregnancy

30.78 (£+4.19)

45 (91.8%)

Assisted reproductive technology 4 (8.2%)
Singleton 47 (95.9%)
Twins * 2 (4.1%)
Gestational age at initial finding of NVFGB 26.22 (£4.72)

Fetal outcomes
Live birth

41 (83.7%)

Intrauterine death (IUD) 1 (2%)

Cholestasis and heart PLSVC 1
Termination of pregnancy (TOP) 7 (14.3%)

Tetralogy of Fallot (TOF) 2
Truncus arteriosus and VSD and SUA 1
Aortic stenosis and Horse shoe kidney 1
VSD and FGR 1
Open spina bifida 1
Persistent NVFGB 1

* In both twin pregnancies, only one of the twins had NVFGB. IUD, intrauterine death; PLSVC, persistent left
superior vena cava; TOP, termination of pregnancy; TOF, Tetralogy of Fallot; VSD, ventricle septum defect; SUA,
single umbilical artery; FGR, foetal growth restriction.

3.2. Pregnancy Outcomes of NVFGB (Table 2)

In 21 cases of temporary NVFGB (21/49, 42.86%), the gallbladder was noted during
the late pregnancy. In the other 28 cases (57.1%), the gallbladders were absent during
the whole pregnancy. Among the 17 cases of isolated NVFGB (17/28, 60.7%), one case
was diagnosed with type III congenital biliary atresia after birth and underwent surgical
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treatment. The other five abnormal cases contained three cases of the small gallbladder, one
case of gallstones and one case of the gallbladder with several septa inside. The gallbladder
function of these infants was normal after birth with no interventions. The gallbladder of
the remaining 10 cases (59%) was noted after birth.

Table 2. Pregnancy outcome of the temporary and persistent NVFGB.

Ttems Temporary NVFGB Persistent NVFGB
(n=21) (n = 28)
Isolated 18 (85.7%) 17 (60.7%)
Non-gallbladder anomalies 3 (14.3%) 11 (39.3%)
TOF, Truncus Arteriosuss,
VSD, Aortic stenosis
VSD . .
Details Hvdronephrosis Horseshoe kidney, ovarian
Y P ¢
Bowel atresia st
Anal atresia
Open spina bifida,
Outcomes
Live birth 21 (100%) 20 (71.4%)
IUD 0 1 (3.6%)
TOP 0 7 (25%)
Gallbladder outcome
Abnormality 0(0) 6 (21.4%)

TOF, Tetralogy of Fallot; VSD, ventricle septum defect; IUD, intrauterine death; TOP, termination of pregnancy.

3.3. Analysis of the Prenatal Diagnosis of NVFGB

In this study, nine patients agreed to undergo amniocentesis, whose indication was
three cases of multiple anomalies, two cases of advanced maternal age (>35 years old) and
three cases of persistent NVFGB, respectively. Consequently, the result of four cases was
abnormal and persistent NVFGB was noted in the three cases, as shown in Table 3.

Table 3. Abnormal genetic results of NVFGB who underwent prenatal diagnosis.

Ultrasonic Feature during

Case Genetic Results Pregnancy Outcome
Pregnancy
Arr [hg19] 18g21.1 Temporary NVFGB . . .
1 (44396913-44701650) x1, complicated with a L‘s‘;e glr g‘e' f‘ésfz IC:ilfr
deletion, VUS ventricular septal defect p p
Arr [hg19] 5p14.3 . Live birth, type
2 (21529026-22296824) X1, ISOlaOtled persistent NVFGB 3 congenital biliary
deletion, VUS urhg preghancy atresia
Arr [GRCh37] 2q22.1q22.2 . Live birth, generally
3 (141798723_42726446) X1, ISOlaCtled persistent NVFGB good condition,
deletion, VUS uring pregnancy paternal origin
Persistent NVFGB
4 47, XX + 9[44]/46, XX [34] complicated with open TOP
spina bifida

4. Discussion

The incidence of NVFGB during pregnancy is low. According to the data from our
center, the incidence of NVFGB was 0.4% (49/12,049), and the percentage of persistent
NVFEGB was 0.2% (28/12,049), which was similar to the previously published result [34].
The reason for the slightly higher incidence was probably because our institute was a
third-tertiary care center responsible for patient referrals with suspected fetal anomalies
from other regions. Most of the relevant articles were case series reports [3,8,10-12]. Blazer
et al. detected 34 foetuses of NVFGB among 29,749 pregnancies (0.1%) [3]. In the study
by Bardin et al., the amniotic fluid levels of gamma-glutamyl-transpeptidase (GGTP) in
32 cases of NVFGB were analyzed [8]. In addition, Ochshorn et al. reported 22 cases of
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isolated NVFGB [10]. Shen et al. collected 21 cases of NVFGB [11], while Sagi-Dain et al.
examined the frequency of abnormal genetic results among 45 cases of isolated NVEGB [12].

It is indicated that most NVFGB during pregnancy is temporary. In Di Pasquo et al.’s
study, 75% of fetal gallbladders were noted during late pregnancy [13]. In our study, 42.86%
(21/49) of fetal gallbladders were present afterward. The percentage was slightly lower
than that in the literature, possibly due to the early termination of pregnancy in some cases.
The temporarily invisible gallbladder in prenatal ultrasound might be associated with the
temporary contraction of the gallbladder [14].

In a multicentre retrospective study, 7.8% of cases were diagnosed with congenital
biliary atresia, of whom 5.9% were not complicated with other structural anomalies [6].
Among the fetuses with isolated NVFGB in this study, only one (4%) was diagnosed with
biliary atresia after birth. The infant underwent the Kasai procedure 40 days after birth;
however, the outcome after the operation was poor. Therefore, liver transplantation was
performed three months after birth. The infant is now in good condition. Congenital
biliary atresia is a severe neonatal disease with an incidence of 0.5-0.8/10,000 live births
in Western countries [15,16] and a relatively high incidence of 1.1-1.5/10,000 live births
in Asian countries [17,18]. According to the location of atresia, biliary atresia can be
divided into type I (5%, atresia located at the level of the common bile duct), type II
(2%, atresia located at the level of the common hepatic duct) and type III (>90%, atresia
located at the level of the hepatic portal vein). The typical ultrasonic feature is an absent
gallbladder or small gallbladder. If the disease is not identified and treated promptly, it
leads to severe complications and even death [19]. The Kasai procedure can significantly
improve the prognosis of newborns. The best timing of the operation is within 60 days
after birth, resulting in a 10-year survival rate as high as 70% [20]. Liver transplantation
can be performed if the surgical outcome is poor. As reported in the literature, the 1-year
survival rate and the 3-year survival rate after liver transplantation are 90% and 88%,
respectively [21].

NVEFEGB is an ultrasound finding of cystic fibrosis (CF) during pregnancy [6,22,23].
However, in this study, CF was not discovered, which may be related to the ethnicity of the
study population. Cystic fibrosis has high incidence rates in Europe, North America and
Australia. It is the most common fatal genetic disease leading to lung diseases, digestive
system obstruction, pancreatic dysplasia, infertility, etc. [24]. It is caused by a mutation in
the cystic fibrosis transmembrane conductance regulator (CFTR) gene [25]. The protein
encoded by CFTR is involved in regulating sodium /chlorine channels in epithelial cells [26].
The main prenatal ultrasound manifestations are fetal digestive system anomalies, such
as hyperechogenic bowel, dilated bowel and NVFGB. Becdelievre A et al. indicated that
NVEGB, together with hyperechogenic and dilated bowel has a high predictive value for
the prenatal diagnosis of cystic fibrosis (likelihood ratio, 31.4) [22]. Bergougnoux et al.
summarized the prenatal ultrasound features of 37 fetuses with cystic fibrosis. Among
them, 5 (13.5%) cases had isolated NVFGB [27].

In our study, only nine fetuses underwent invasive prenatal testing during pregnancy,
and four of nine were found to have abnormal results. The absence of a gallbladder was
related to chromosomal anomalies. The most common chromosomal anomalies include
trisomy 8p [28], partial trisomy 16q [29], trisomy 16 [30], trisomy 22 [31], trisomy 47 [32],
etc. However, in those studies, fetuses were complicated with other ultrasonic structural
anomalies. In studies of the prenatal Diagnosis of isolated NVFGB, Bronstein et al. [4] and
Blazer et al. [3] did not find chromosome anomalies in the isolated NVFGB. Ochshorn et al.
demonstrated only one case of 47, XXX [10]. Lena et al. reported one pathological chromo-
somal microarray analysis (CMA), but its relationship with gallbladder development was
uncertain; the other two abnormal CMA results had no clear clinical significance, which
was consistent with our results (Table 3). The incidence of abnormal CMA results was
not significantly different from that in the normal population [12]. There are few studies
regarding the abnormal development of the foetal gallbladder and abnormal chromosome
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genes. The clinical significance of genetic anomalies in published articles is still unclear. It
is necessary to collect further data for prenatal consultations.

However, the limitation of this study is that, firstly. It is a retrospective study based on
data from a single tertiary center, resulting in small numbers of abnormal cases and bias.
Secondly, the genetic results were obtained from only nine fetuses. Last but not least, the
follow-up should be continued in the future.

In conclusion, nearly half of NVFGB could be noted during later pregnancy. The
persistent NVFGB during the pregnancy has a higher risk to complicate gallbladder abnor-
mality, other structural anomalies and abnormal CNV results. Other structures, especially
the heart, gastrointestinal and urinary system, should be carefully examined when NVFGB
is suspected. Additionally, patients with isolated NVFGB during pregnancy should be
informed that there is still a possibility (3-6%) of a congenital biliary atresia diagnosis after
birth and that the prognosis of patients after the operation is good [13].
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