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ABSTRACT
Objectives:  the aim of the study was to evaluate the detection rate of genetic abnormalities in 
cases of foetal gallbladder (FGB) size abnormalities to determine whether these abnormalities 
justify prenatal diagnosis.
Methods:  two hundred and twenty-seven foetuses with gallbladder (GB) size anomalies who 
underwent prenatal diagnosis between January 2015 and June 2024 were included in the study. 
all these patients underwent chromosomal microarray and/or karyotyping, and 37 cases also 
underwent whole exome sequencing (Wes). two hundred and eight cases were followed up for 
postnatal outcomes. then, we reviewed the literature of FGB anomalies cases with confirmed 
chromosomal results.
Results:  the study included 227 foetuses, comprising 60 cases with isolated GB size anomalies 
and 167 cases with non-isolated GB size anomalies. Non-isolated GB size anomalies were 
associated with findings such as hyperechogenic bowel, ventriculomegaly, foetal growth restriction 
(FGR), cardiac anomalies, renal dysplasia and single umbilical artery. the overall diagnostic yield 
of genetic tests was 10.57% (24/227). aneuploidies were identified in seven foetuses. Pathogenic/
likely pathogenic copy number variations (cNVs) were found in nine foetuses, and α0-thalassemia 
in five foetuses. additionally, three pathogenic single-nucleotide variants (sNVs) were detected 
through Wes. Foetuses with non-isolated GB size anomalies showed a higher rate of detecting 
genetic abnormalities compared to those with isolated GB size anomalies, with a significant 
difference in statistical analysis (13.2% vs. 3.3%, p  =  .033, chi-square test). a total of eight studies, 
involving 407 cases met the criteria for inclusion in the systematic review. Overall, 28 foetuses 
were identified to have chromosomal abnormalities (6.9%, 28/407).
Conclusions:  this study indicates that parents of foetuses with GB size anomalies should be 
informed about the potential for aneuploidy, pathogenic cNVs and sNVs, and genetic testing 
should be recommended in cases of non-isolated foetal GB size anomalies.

Introduction

the gallbladder (GB) develops in the fourth week of 
embryonic growth from the upper bud of the hepatic 
diverticulum on the ventral side of the primitive mid-
gut and starts forming a cystic structure in the twelfth 
week [1]. as a result, the foetal GB can be easily seen 
during the second and third trimesters. studies have 
shown that the ultrasonic detection rate of foetal GB 
at 14–16  weeks and 24–32  weeks of gestation was 
99% and 95%, respectively [2,3]. he et  al. identified a 

linear correlation between the diameter of the foetal 
gallbladder (FGB) and gestational age by measuring 
670 normal FGBs [4]. therefore, in some instances, the 
GB was not visible initially or its diameter is small, it 
can still develop normally as gestational age increases.

Foetal gallbladder size anomalies are uncommon 
in clinical settings, primarily consisting of 
non-visualization of the foetal gallbladder (NVFGB), 
enlarged FGB and small FGB. the most prevalent is 
NVFGB, characterized by the failure to detect the 
foetal GB in two or more consecutive ultrasound 
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examinations within one week of pregnancy. NVFGB 
has an incidence of 0.1–0.15% [5] and is associated 
with GB dysplasia, biliary atresia, cystic fibrosis, chro-
mosome anomalies and intestinal obstruction [5]. it 
is reported that the incidences of transient non- 
visualization, GB agenesis, biliary atresia, cystic fibro-
sis and chromosomal abnormalities of isolated 
NVFGB in western populations were 69.4%, 24.7%, 
3.5%, 2.4% and 1.4%, respectively [6]. in contrast, 
these incidences in cases of non-isolated NVFGB with 
additional sonographic abnormalities were 18.2%, 
23.1% and 20.4%, respectively [6,7]. enlarged FGB is 
defined as a GB length exceeding the 90th percen-
tile, while small FGB is defined as a length below the 
10th percentile [4]. enlarged FGB and small FGB are 
infrequent in clinical practice, and there is limited 
research on their correlation with chromosome 
abnormalities.

Previous studies have primarily focused on the pre-
dictive ability of prenatal ultrasonography in identify-
ing FGB anomalies, leaving a gap in knowledge 
regarding foetuses undergoing prenatal genetic test-
ing. there is ongoing debate about the association 
between foetal GB abnormalities and the need for 
genetic tests. shen et  al. suggested that the correla-
tion between isolated NVFGB and aneuploidy was 
likely coincidental [8]. Di Pasquo et  al. found that the 
rate of chromosomal abnormalities in isolated and 
non-isolated NVFGB was 1.9% and 20.4%, respectively 
[7]. Qian et  al. reported an overall detection rate of 
5.9% for cMa-related Bts anomalies in foetuses [9]. 
therefore, the aim of this study was to evaluate the 
detection rate of genetic abnormalities in cases of FGB 
size abnormalities to determine whether these abnor-
malities justify prenatal diagnosis.

Materials and methods

Cohort study

cases with FGB size anomalies detected by ultrasound 
whose parents chose to undergo invasive prenatal 
diagnosis between January 2015 and June 2024 were 
collected in this study. the study was approved by our 
institutional Review Board and clinical Research ethics 
committee and it conforms to the Declaration of 
helsinki. Written informed consent was obtained from 
the pregnant women.

Definitions used in the study were as follows: (1) 
NVFGB refers to the inability to observe the FGB in two 
or more consecutive ultrasound examinations within 
one week during pregnancy. (2) enlarged FGB was 
defined as a GB length greater than the 90th percentile, 

while small FGB was defined as a length less than the 
10th percentile. (3) cases initially diagnosed as NVFGB 
but found to have a small GB in the third trimester/
magnetic resonance imaging (MRi) were classified as 
having small GBs. the inclusion criteria of the cases in 
this study were that the foetus had any of the above 
GB abnormalities and the pregnant woman had under-
gone invasive prenatal diagnosis, and the exclusion cri-
teria were that the foetus had the above abnormalities 
but had not undergone invasive prenatal diagnosis.

after the prenatal detection of FGB size anomalies 
in the second trimester, a systematic sonographic 
assessment for associated anomalies was conducted. 
Fetuses were considered isolated if no other associ-
ated anomalies, including soft markers or structural 
abnormalities, were observed. When combined with 
other ultrasound anomalies, it was categorized as 
non-isolated FGB size anomalies.

Genetic testing

Quantitative fluorescence polymerase chain reaction 
(QF-PcR) was commonly utilized to identify maternal cell 
contamination and promptly detect abnormal numbers of 
chromosomes 13/18/21 and sex chromosomes. Karyotype 
analysis was conducted to identify aneuploidies.

Detection of common α- and β-thalassemia was 
conducted in cases accompanied by hydrops fetalis, 
with the identification of the common six types of 
α-thalassemia mutations and 17 types of β-thalassemia 
mutations in southern china using a suspension array 
system as previously reported [10]. this kit was devel-
oped by our laboratory based on the barcode mag-
netic bead technology (http://www.apbiocode.com/) of 
applied Biocode (santa Fe springs, ca). the specific 
experimental steps and instruments needed can be 
referred to the literature [10].

Genomic DNa was extracted using a DNa extraction 
kit (Qiaamp DNa Mini Kit, QiaGeN, hilden, Germany). 
cMa was performed using a whole-genome cytoscan 
750K array (thermo Fisher scientific, Waltham, Ma), as 
recommended by the manufacturer. according to stan-
dardized procedures, 250 ng DNa was digested, ligated, 
amplified, purified, fragmented, labelled and probe 
hybridized, which was washed in phosphate buffer 
and detected using a laser scanner. the raw data were 
analysed with the chromosome analysis suite 4.0 
(thermo Fisher scientific, Waltham, Ma) based on the 
genome version GRch37/hg19. the data were analysed 
in accordance with the guidelines of the american 
college of Medical Genetics.

cNV-seq was performed as described in our previ-
ous study with minor modifications [11] in 19 cases. 

http://www.apbiocode.com/
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Briefly, 100–350 ng of genomic DNa was fragmented 
and DNa libraries were constructed by adapter liga-
tion and PcR amplification. the DNa library was 
sequenced on an ion Proton sequencer (thermo Fisher 
scientific, Waltham, Ma), yielding approximately 4–5 
million raw single-ended sequenced reads of approxi-
mately 200 bp length. Using the Burrows–Wheeler 
algorithm, 2.5–3.5 million uniquely mapped reads were 
aligned with the genome version GRch37/hg19 and 
assigned to a 20 kb bin on each chromosome. three 
steps of loess regression, temporal normalization and 
linear model regression were used to eliminate the 
influence of Gc bias among different samples. the 
cyclic binary segmentation (cBs) algorithm was used 
to identify cNVs.

trio-whole exome sequencing (Wes) was carried out 
in 37 cases with non-isolated GB anomalies. Genomic 
DNa was extracted as previously described. sureselectXt 
clinical Research exome kit (agilent technologies, santa 
clara, ca) was used to prepare the library and enrich 
the targets as following the manufacturer’s instructions 
[12]. trio Wes was performed using 2  ×  150 bp in the 
paired-end mode of the Nextseq 500 platform (illumina, 
san Diego, ca) with an average coverage of over 110×, 
with 97.6% of target bases covered at least 10×. 
Genetic results analysis was based on the genomic 
variation database (http://dgv.tcag.ca/dgv/app/home), 
DeciPheR database (https://decipher.sanger.ac.uk/) and 
OMiM database (http://www.ncbi.nlm.nih.gov/omim). 
the identified variants were further confirmed by 
sanger sequencing.

Follow-up

all pregnancies underwent comprehensive follow-up 
through telephone interviews or review of patients’ 
medical records post-amniocentesis to inquire about 
pregnancy outcomes. the main contents of follow-up 
were whether the foetus was born, mode of delivery, 
gestational age at birth, birth weight, and whether the 
foetus was normal.

Systematic review

to better assess the need for prenatal diagnosis in foe-
tuses with GB size anomalies, we conducted a litera-
ture review of previous cases of prenatal genetic 
testing. the meta-analysis was performed according to 
protocol recommended for systematic reviews [13]. 
then, we conducted a search on PubMed for cases of 
foetal GB anomalies with confirmed chromosomal 
results, using combinations of the following keywords: 

‘fetal gallbladder anomalies’, ‘NVFGB’, ‘enlarged GB’, 
‘small GB’ and ‘prenatal diagnosis’. Only full-text arti-
cles meeting the criteria were deemed eligible for 
inclusion, with a focus on articles published in english. 
We reviewed all abstracts and relevant data regarding 
study characteristics and chromosomal results, the ref-
erence lists of all included articles were reviewed for 
any additional reports. Only cohort studies were incor-
porated. Quality assessment of the included studies 
was performed using the Newcastle-Ottawa scale for 
cohort studies [14].

Statistical analysis

statistical analysis was conducted using sPss version 
27.0 for Windows (sPss inc., chicago, il). Quantitative 
variables are presented as mean  ±  standard deviation 
(sD) (e.g. maternal age and gestational age), while 
categorical variables are expressed as frequency and 
percentage (such as prenatal sampling, isolated and 
non-isolated FGB, genetic abnormalities and normal 
results, among others). the chi-square test was uti-
lized to evaluate differences in genetic results con-
cerning various parameters compared to the 
background risk; a p value of <.05 was considered 
statistically significant.

Results

Study characteristics

totally, 227 cases opted for invasive prenatal diagnosis, 
with 60 cases having isolated FGB size anomalies (28 
cases of enlarged FGB, nine cases of small FGB and 23 
NVFGB) and 167 cases having non-isolated FGB size 
anomalies (52 cases of enlarged FGB, 42 cases of small 
FGB and 73 cases of NVFGB) (Figure 1, supplemental 
Data 1). One hundred and twenty-four foetuses 
received an ultrasonic diagnosis in the second trimes-
ter, and 103 received an ultrasonic diagnosis in the 
third trimester. the mean maternal age was 
29.6  ±  5.3  years. the mean gestational age at diagno-
sis was 27.8  ±  3.4  weeks. Overall, 61.6% of prenatal 
sampling was performed following amniocentesis, and 
38.3% from cordocentesis sampling. QF-PcR was per-
formed in 179 cases, karyotype analysis was conducted 
in 129 cases, cMa/cNV-seq was conducted in 213 
cases, common α- and β-thalassemia detection was 
performed in seven cases, and trio Wes was performed 
in 37 cases. among all the cases, 11 cases were testing 
using a single method, 99 cases using two methods, 
109 cases using three methods and seven cases using 
four methods (supplemental Data 1).

http://dgv.tcag.ca/dgv/app/home
https://decipher.sanger.ac.uk/
http://www.ncbi.nlm.nih.gov/omim
https://doi.org/10.1080/07853890.2024.2440638
https://doi.org/10.1080/07853890.2024.2440638
https://doi.org/10.1080/07853890.2024.2440638
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Diagnostic yield of genetic testing

the genetic testing yield for foetuses with GB size 
anomalies was 10.57% (24/227). aneuploidies were 
found in seven foetuses (3.08%, 7/227), including three 
trisomy 18 (t18) (1.3%, 3/227) (supplemental table 1), 
one Klinefelter’s syndrome (0.4%, 1/227), one turner 
syndrome (0.4%, 1/227), one 47, XXX (0.4%, 1/227) and 
one mos.47, XN, +9(7)/46, XN (0.4%, 1/227). Pathogenic/
likely pathogenic copy number variations (cNVs) were 
detected in nine foetuses (3.96%, 9/227) (supplemental 
table 2), variants of unknown significance (VUs) were 
detected in 10 foetuses (4.4%, 10/227) (supplemental 
table 3). additionally, α0-thalassemia (–sea/–sea) was 
identified in five foetuses (2.2%, 5/227) (supplemental 
table 4). three pathogenic single-nucleotide variants 
(sNVs) were identified by Wes (1.3%, 3/227) 
(supplemental table 5). in all, 18 genetic abnormalities 
were detected in the second trimester and six in the 
third trimester.

Nine pathogenic cNVs ranging from 4.5 kb to 6.46 Mb 
were identified, including 1p22.2p22.1 microdeletion, 
1p36.33p36.31 microdeletion, 2q13 microdeletion, 16p12. 
2p11.2 microdeletion, 16p13.3 microdeletion, 17p12 
microdeletion, 17q12 microdeletion and microduplica-
tion. three pathogenic sNVs (psNVs) in non-isolated FGB 
size anomalies were detected through Wes, involving 
KMT2D (NM_003482) c.11851c > t, (p. Gln3951ter); PTEN 
(NM_000314.8) c.635-1G > c, and COL1A2 (NM_000089) 
c.3034G > a, (p. Gly1012ser) (Figure 2).

among 167 foetuses with non-isolated FGB size 
anomalies, there were five cases of aneuploidies, nine 
cases of pathogenic cNVs, five cases of α0-thalassemia 
(–sea/–sea) and three cases of psNVs. the rate of 
genetic abnormalities was 13.2% (22/167). isolated FGB 
size anomalies had two cases of aneuploidies, result-
ing in a genetic abnormality rate of 3.3% (2/60). 
Non-isolated FGB size anomalies showed a higher 

detection rate of genetic abnormalities compared to 
isolated cases, with a significant difference in statistical 
analysis (13.2% vs. 3.3%, p  =  .033, chi-square test).

Outcome

We monitored the pregnancy outcomes of 227 foe-
tuses with GB size abnormalities. Nineteen patients 
were not available for follow-up. Of the remaining 208 
pregnancies, 25 mothers chose to terminate their 
pregnancies. there were 14 cases with genetic abnor-
malities, including three instances of t18, one instance 
of 45, X, five instances of alpha-0-thalassemia (–sea/–
sea), three instances of pathogenic cNVs, two instances 
of psNVs and 11 instances of non-isolated GB size 
abnormalities combined with other significant organ 
malformations and negative genetic tests. all the foe-
tuses with isolated GB size anomalies chose to con-
tinue their pregnancies (supplemental Data 1).

Systematic review

after conducting a search, a total of eight studies, 
excluding our cohort, involving 230 cases of NVFGB, 144 
cases of large FGB and 33 cases of small FGB met the 
criteria for inclusion in the systematic review (table 1). in 
total, 28 foetuses were identified to have chromosomal 
abnormalities (6.9%, 28/407). Out of 150 isolated NVFGB 
cases, three foetuses were found to have chromosomal 
abnormalities (2%, 3/150), and out of 77 non-isolated 
NVFGB cases, 14 were found to have chromosomal 
abnormalities (18.2%, 14/77). No chromosomal abnor-
mality was found in 41 isolated large FGB cases (0%, 
0/44), and in six out of 103 non-isolated large FGB cases 
(5.8%, 6/103). additionally, no chromosomal abnormali-
ties were found in seven isolated small FGB cases (0/7), 
and in five out of 26 non-isolated small FGB cases (5/26).

Figure 1. Prenatal diagnosis for fetuses with prenatally diagnosed with GB size anomalies.

https://doi.org/10.1080/07853890.2024.2440638
https://doi.org/10.1080/07853890.2024.2440638
https://doi.org/10.1080/07853890.2024.2440638
https://doi.org/10.1080/07853890.2024.2440638
https://doi.org/10.1080/07853890.2024.2440638
https://doi.org/10.1080/07853890.2024.2440638
https://doi.org/10.1080/07853890.2024.2440638
https://doi.org/10.1080/07853890.2024.2440638
https://doi.org/10.1080/07853890.2024.2440638
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Discussion

in our study, 227 samples underwent multiple genetic 
methods for prenatal diagnosis in foetuses with GB size 
anomalies. additionally, we thoroughly evaluated preg-
nancy outcomes. the overall detection rate of genetic 
testing for FGB size anomalies in foetuses was 10.57% 
(24/227), including aneuploidy (3.08%, 7/227), P/lP 
cNVs (3.96%, 9/227), α0-thalassemia (–sea/–sea) (2.20%, 
5/227) and P/lP sNVs (1.32%, 3/227). the detection rate 
of genetic anomalies in the total non-isolated group 
was significantly higher than that of the total isolated 
groups in foetuses with GB size anomalies. Follow-up 
results indicated better pregnancy outcomes in isolated 
groups compared to non-isolated groups.

Previous studies have sparked significant debate 
regarding the association between fetal GB abnormal-
ities and the need for genetic testing. although some 
researchers have detected chromosomal abnormalities 
in cases of FGB anomalies and suggested an associa-
tion between FGB anomalies and chromosomal 

abnormalities [7–9], it is still unclear which chromo-
somal abnormalities are significantly correlated. in our 
study, chromosomal abnormalities were found in 16 
foetuses (7.04%, 16/227), which aligns closely with the 
findings of our systematic review (6.9%, 28/407), fur-
ther supporting the potential association between FGB 
anomalies and chromosomal abnormalities.

Our analysis of eight previous studies identified 230 
pregnancies with NVFGB and confirmed karyotype 
results [5–9,15–17], comprising 153 pregnancies with 
isolated NVFGB and 77 pregnancies with non-isolated 
NVFGB. among these, 17 cases (7.39%, 17/230) showed 
chromosomal abnormalities, including t18 (6); trisomy 
21 (t21) (2); trisomy 13 (t13) (1); 7q11.23 microdele-
tion; 47, XX, +9[44]/46, XX [34]; 9p microduplication; 
46, XX add(14)(q32.1); 16p11.2 microduplication; 
22q11.2 microduplication; 47, XXX; 69, XXY. three cases 
with chromosomal abnormalities (47, XXX, 16p11.2 
microduplication and 14q32.1 duplication) were found 
in isolated NVFGB cases. these findings underscore t18 
as the most prevalent chromosomal abnormality in the 

Figure 2. sanger sequencing results for fetuses with psnVs: (A) sanger sequencing result of case 98 identified a psnV in KMT2D 
(c.11851c > T; p. Gln3951Ter). (B) sanger sequencing result of case 173 identified a psnV in PTEN (c.635-1G > c). (c) sanger 
sequencing result of case 204 identified a psnV in COL1A2 (c.3034G > A; p. Gly1012ser).
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Table 1. Main characteristics of studies reporting on fetal GB anomalies with confirmed chromosomal results, included in system-
atic review.

study

fetuses with nVfGB (n)
fetuses with  
large fGB (n)

fetuses with  
small fGB (n)

Main findingsisolated (n) non-isolated (n) isolated (n)
non-isolated 

(n)
isolated 

(n)
non-isolated 

(n)

ochshorn et  al. [15] 17/1 0 – – – – 17 cases of nVfGB were evaluated in 
this study, and one chromosomal 
abnormality was found.

shen et  al. [8] 16/0 5/3 – – – – 21 cases of nVfGB (16 isolated and five 
non-isolated cases) were included, 
three chromosomal abnormalities 
were found in non-isolated cases, 
and no abnormal karyotype was 
found in isolated cases.

Bardin et  al. [16] 27/0 5/1 – – – – Among 32 cases of nVfGB (27 isolated 
cases and five non-isolated cases) in 
this study, a chromosomal 
abnormality was detected in the 
isolated case.

sagi-dain et  al. [17] 45/1 6/2 – – – – of 45 pregnancies with nVfGB, one 
pathogenic cnV was found. of the 
six cases with non-isolated nVfGB, 
two chromosomal abnormalities were 
found.

di Pasquo et  al. [7] 10/0 6/0 – – – – sixteen cases of nVfGB were followed 
in this study (10 isolated cases), and 
no chromosomal anomaly was 
reported.

Qian et  al. [9] 30/0 44/5 41/0 103/6 7/0 26/5 271 pregnant women carrying fetuses 
with BTs abnormalities were included 
in this study, and 16 cases (5.9%, 
16/271) of chromosomal anomalies 
were detected.

Ting et  al. [6] 2/0 8/3 – – – – Among 19 cases of nVfGB in this study, 
amniocentesis/chorionic villi sampling 
were performed in 10 cases (eight 
non-isolated and two isolated cases); 
three chromosomal abnormalities 
were found in non-isolated cases, 
and no chromosomal abnormality 
was found in isolated cases.

Zhang et  al. [5] 6/0 3/1 – – – – in this study, nine nVfGB patients 
agreed to undergo amniocentesis (six 
isolated and three non-isolated 
cases), one chromosomal abnormality 
was found in non-isolated case.

The numbers before the slash indicate the total number, and those after representing the cases of chromosomal abnormalities.

NVFGB population, highlighting the necessity for fur-
ther exploration into the connection between t18 and 
NVFGB. in our research, we identified six cases (6.25%, 
6/96) with chromosomal abnormalities among NVFGB 
cases. Of these, one case with 47, XXY was observed in 
isolated NVFGB cases, while chromosomal abnormali-
ties were found in five non-isolated NVFGB cases. these 
included mos.47, XN, +9(7)/46, XN, 1p22.2p22.1 
microdeletion, 1p36.33p36.31 microdeletion, 16p13.3 
microdeletion and 17p12 microdeletion. these cNVs 
did not overlap with the cNVs identified in the litera-
ture review. among these cNVs in our study, one case 
(DeciPheR patient: 395683) included in the Decipher 
database partially overlapped with the 1p36.33p36.31 
microdeletion interval, and multiple abnormalities, 
such as GB abnormalities, were noted. Gallbladder 
abnormalities were not reported in DGV data for other 

cNVs. therefore, the relationship between these cNVs 
and NVFGB warrants further investigation.

studies focusing on large FGB are limited, with only 
one study mentioning the relationship between FGB 
enlargement and chromosome abnormalities. in the 
study by Qian et  al., 144 cases of large FGB were col-
lected, including 41 isolated cases and 103 non-isolated 
cases [9]. among the non-isolated GB enlargement 
patients, six chromosomal abnormalities were detected 
(9p24.3p22.1 microdeletion, 17q12 microdeletion, 
17p12 microdeletion, 2q36.1q37.3 microduplication, 
7q11.23 microduplication and 22q11.21 microduplica-
tion), while no chromosomal abnormalities were found 
in the isolated group. this suggests that foetuses with 
isolated GB enlargement may not have an increased 
risk of total chromosomal anomalies. in our study, no 
chromosomal anomalies were observed in the isolated 
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FGB enlargement group, whereas seven foetuses in 
the non-isolated FGB enlargement group had chromo-
somal anomalies, including t18 (3), 45, X (1), 
16p12.2p11.2 microdeletion (1), 17q12 microdeletion 
(1) and 2q13 microdeletion (1). No GB abnormalities 
were reported in Decipher database of theses cNVs. 
therefore, these results further support the idea that 
isolated FGB enlargement may not be associated with 
chromosomal abnormalities.

Few studies have focused on the correlation between 
small GB and fetal chromosomal abnormalities. Qian 
et  al. gathered 33 cases of small GB, including seven 
isolated small GB cases and 26 non-isolated small GB 
cases [9]. No chromosomal abnormalities were detected 
in the isolated small GB cases, while five chromosomal 
abnormalities (47, XXX, 1q21.1q21.2 microdeletion, 
14q11.2q12 microduplication, 7q11.23 microdeletion 
and 20q13.2q13.33 microduplication) were identified in 
the non-isolated group. in our research, one patho-
genic cNV (17q12 microduplication) (1/42) was 
observed in the non-isolated small GB group, and one 
case (1/9) with aneuploidy (47, XXX) was found in the 
isolated small GB group. Due to the limited number of 
studies and cases, the link between chromosomal 
abnormalities and fetal small GB remains unknown, 
necessitating more cases for further investigation.

the association between sNVs and FGB size anom-
alies is limited, with most studies focusing on GB atre-
sia and cystic fibrosis. in our study, only one case 
presented with GB atresia and a normal karyotype, 
but no related gene testing was conducted. 
additionally, five cases of severe thalassemia were 
identified in our patients, with no previous literature 
linking these abnormalities. Moreover, the incidence 
of thalassemia is high in our region, suggesting a 
potential accidental relationship. three psNVs in the 
genes KMT2D, PTEN and COL1A2 were discovered in 
cases of non-isolated GB size anomalies through Wes. 
psNV in KMT2D was found in a case with NVFGB, 
aberrant right subclavian artery and renal dysplasia. 
KMT2D is associated with Kabuki syndrome, which is 
characterized by typical facial features (long palpebral 
fissures with eversion of the lateral third of the lower 
eyelid; arched and broad eyebrows; short columella 
with depressed nasal tip; large, prominent or cupped 
ears), minor skeletal anomalies, persistence of fetal 
fingertip pads, mild-to-moderate intellectual disability, 
and postnatal growth deficiency. Other findings may 
include congenital heart defects, genitourinary anom-
alies, cleft lip and/or palate, gastrointestinal anomalies 
including anal atresia, ptosis and strabismus, and 
widely spaced teeth and hypodontia [18]. in this 
study, the foetus’s phenotype is part associated with 

Kabuki syndrome. psNV in PTEN was found in a case 
with large FGB, ventriculomegaly, macrocephaly and 
polyhydramnios. PTEN is associated with cowden syn-
drome (cs), Bannayan–Riley–Ruvalcaba syndrome and 
autism. the variant was reported in cs patients, which 
can result in the use of cryptic splice sites [19]. in this 
study, the foetus’s phenotype is part associated with 
macrocephaly/autism syndrome. psNV in COL1A2 was 
found in a case with small FGB and skeletal dysplasia, 
and the variant is reported in patients with osteogen-
esis imperfecta (Oi). it is well known that COL1A2 is 
associated with Oi [20], and the foetus phenotype is 
consistent with Oi. above all, the association between 
these genes and GB development has not been doc-
umented in OMiM database, PubMed and any other 
database, and these variations are primarily linked to 
additional structural abnormalities. therefore, the con-
nection between these gene variations and GB abnor-
malities is also likely coincidental.

We should consider the actual situation to provide 
appropriate recommendations when facing similar 
cases in clinical practice. For cases with isolated FGB 
size anomalies, chromosome analysis can be sug-
gested; the prognosis of most isolated FGB size anom-
alies with a normal karyotype is good. For non-isolated 
FGB size anomalies, the detection method should be 
determined based on additional structural abnormali-
ties and regional characteristics of the patient. When 
FGB size anomalies are combined with hydrops and 
thalassemia in an area with a high incidence, chromo-
some detection and thalassemia gene detection are 
recommended. When combined with other ultrasonic 
structural abnormalities, Wes or other specific detec-
tion methods can be chosen.

the main limitation of the present study is its retro-
spective design, as the clinical data are from a single 
centre. Follow-up data long-term after childbirth were 
not available.

Conclusions

in summary, the study results show that genetic tests 
can enhance the detection of genetic abnormalities in 
foetuses with GB size anomalies. counsellors should 
inform parents about the potential presence of patho-
genic cNVs and sNVs in foetuses with GB size anoma-
lies. Genetic testing is advisable for suspected antenatal 
GB size anomalies, particularly non-isolated cases.
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