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Objective: This retrospective study aimed to systematically evaluate the genetic disorders, 
cytomegalovirus (CMV) infection, extra ultrasound findings and outcomes of fetuses with 
bilateral ventriculomegaly (BVM).
Methods: Data from pregnancies with fetal BVM were obtained between 2014 and 2020. 
The cases were divided into groups of isolated bilateral ventriculomegaly (IBVM) and non- 
isolated bilateral ventriculomegaly (NIBVM) according to the presence of extra prenatal 
imaging. Subgroups of mild, moderate, and severe were determined according to lateral 
ventricle widths. The NIBVM group was further classified into pregnancies with soft 
markers, non-structural abnormalities, and structural abnormalities.
Results: A total of 353 pregnancies were enrolled, including 153 cases of IBVM and 200 cases of 
NIBVM. Conventional karyotyping was performed on 192 samples, and 15 cases of numerical 
abnormalities and 3 cases of unbalanced structural abnormalities were identified. Chromosomal 
microarray analysis (CMA) was concurrently performed on 108 of them and revealed additional 5 
cases (4.7%) of copy number variants with clinical significance. CMV DNA testing was performed 
on 154 of the 192 cases that underwent invasive prenatal diagnosis, and a positive result was found 
in 2 (1.3%) cases. In the IBVM group, the percentage of favorable prognosis in the mild, moderate 
and severe pregnancies were 94.4%, 79.2%, and 4.8%, respectively, and the termination of 
pregnancy (TOP) rates were 4.6%, 20.8%, and 85.7%, respectively. In both the mild and moderate 
NIBVM, the TOP rates progressively increased and the favorable prognosis survival rates pro
gressively decreased relative to the soft markers, non-structural abnormalities, and structural 
abnormalities, respectively. Approximately 94.1% of severe NIBVM ended in termination.
Conclusion: Genetic disorders and fetal infection are important etiology of BVM. CMA is 
highly recommended for genetic disorders’ evaluation. Pregnancies with severe BVM always 
ended in TOP, while in mild-to-moderate NIBVM, prenatal imaging by ultrasound and/or 
MRI plays important roles in the pregnancy outcomes.
Keywords: bilateral ventriculomegaly, genetic disorders, cytomegalovirus infection, 
prenatal imaging

Introduction
Fetal ventriculomegaly (VM) is an ultrasound diagnosis which refers to enlarge
ment of the cerebral ventricular diameter (≥10 mm).1,2 It is one of the most 
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common abnormalities of central nervous system with 
a prevalence of 0.3–2.0 per 1000 pregnancies.1,3 For clin
ical counseling, fetal VM is commonly categorized into 
mild (≥10 mm, <12 mm), moderate (≥12 mm, <15 mm), or 
severe (≥15 mm).4,5 Mild fetal VM is always considered 
benign and incidental, especially in the setting of isolation, 
with the likelihood of survival and normal neurodevelop
ment being greater than 90%.2,6 Severe VM or VM 
accompanied by structural abnormalities were more fre
quently described to be associated with low live-birth 
rates7,8 and poor outcomes9 in previous literatures.

Fetal VM can manifest as either unilateral VM or bilateral 
VM (BVM). BVM presents in approximately 40–50% of VM 
cases.10,11 Counseling and management of fetal BVM can be 
difficult due to widely variable prognoses that depend on 
many factors. When BVM is observed prenatally, detailed 
assessment of extra prenatal imaging, emanation of genetic 
abnormalities and congenital infection are essential for prog
nosis evaluation and clinical consultant. With regard to pre
natal imaging, most reports focused on structural 
abnormalities.12,13 However, in clinical practice, BVM with 
soft markers and non-structural abnormalities are also fre
quently encountered. Limited data are available on the out
comes regarding such cases. Besides prenatal imaging, testing 
for genetic disorder and congenital infection are of great value 
for prognosis evaluation. In recent years, fetal chromosomal 
anomalies and copy number variants have gained more 
attention.12,14 Amniocentesis and cordocentesis should be gen
erally suggested according to gestational age when BVM is 
detected. Cytomegalovirus (CMV) infection is a major cause 
of neurodevelopmental deficits and non-genetic sensorineural 
hearing loss,15,16 and is a non-specific, but important cause of 
VM.17,18 Once a prenatal diagnosis of BVM is made, the 
specimen such as amniotic fluid or cord blood should be tested 
for CMV DNA using polymerase chain reaction to evaluate 
congenital fetal infection.

In the current study, we provide a comprehensive analysis 
of BVM based on the genetic etiology, CMV infections 
etiology, ultrasound and/or MRI findings and pregnancy out
comes, in order to provide evidence-based information for 
better prenatal counseling and perinatal management.

Patients and Methods
Patients
A total of 421 singleton pregnancies with fetal BVM were 
referred to our center between May 1, 2014 and 
December 31, 2020. The diameters of both lateral 

ventricles were ≥10 mm, which was determined by fetal 
ultrasound and/or Magnetic Resonance Imaging (MRI) 
performed in our or other tertiary A-level hospitals. Sixty- 
eight cases were excluded from the study due to follow-up 
missing, as a result, a total of 353 cases were enrolled. 
According to the width of lateral ventricle, they were 
categorized into mild (≥10 mm, <12 mm), moderate 
(≥12mm, <15 mm) and severe (≥15 mm) groups. 
According to whether there are extra abnormalities in 
addition to VM found by detailed ultrasound and/or MRI 
examination or not, they were classified into non-isolated 
bilateral ventriculomegaly (NIBVM) and isolated bilateral 
ventriculomegaly (IBVM). Among the cases of NIBVM, 
the extra abnormalities were subgrouped as follows: soft 
markers, structural abnormalities and non-structural 
abnormalities. Fetal soft markers mainly including 
increased nuchal translucency, absence or hypoplasia of 
fetal nasal bone, echogenic intracardiac focus and echo
genic bowel, short long bones, mild renal pelvis dilata
tion, single umbilical artery, choroid plexus cyst. 
Structural abnormalities refers to malformation of various 
systems, such as ventricular septal defect, Dandy–Walker 
malformation, neural tube defects, cortical defects horse
shoe kidney, cerebellar vermis dysplasia, intracranial 
hemorrhage, and so on. Non-structural abnormalities 
mainly including fetal growth restriction, oligohydram
nios and polyhydramnios. For some cases, invasive pre
natal diagnosis was not performed due to patients’ 
declination or too late trimester, as a result, conventional 
karyotyping was available from 192 (54.9%) cases, and 
chromosomal array analysis (CMA) was available from 
108 of them. Data on congenital CMV infection was 
available in 154 cases.

Conventional Karyotyping
Conventional karyotyping consisted of cell culture and 
G-banded karyotyping was conducted according to the 
standard protocols in our laboratory. Cultured amniotic 
fluid, or fetal cord blood then arrested in metaphase and 
finally Wright’s stain was used for G-banding at 
a resolution of 320–500 bands.

CMA
Genomic DNA was extracted from uncultured amniotic 
fluid, fetal cord blood using a QIAGEN kit (Qiagen, 
Hilden, Germany) according to the manufacturer’s instruc
tions. Single nucleotide polymorphism array (SNP array) 
was performed using Affymetrix CytoScan 750K array 
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(Affymetrix Inc., Santa Clara, CA, UA).To analyse the 
results, Chromosome Analysis Suite software 
(Affymetrix) and human genome version GRCh37 (hg19) 
were used. All detected CNVs were compared with in- 
house and national public CNV databases as follows: 
Database of Genomic Variants (DGV), Database of 
Chromosome Imbalance and Phenotype in Humans 
Using Ensemble Resources (DECIPHER), International 
Standards for Cytogenomic Arrays Consortium, and 
Online Mendelian Inheritance in Man (OMIM).

Incremental yield of CMA was defined as the yield of 
CMA over conventional karyotyping. The CMA results 
were classified into pathogenic, benign, likely pathogenic, 
likely benign, and variants of unknown significance 
(VOUS), based on the American College of Medical 
Genetics (ACMG) definitions, as well as our inner data
base. Clinically significant aberrations refer to pathogenic 
and likely pathogenic results. Parental CMA was recom
mended to determine the inheritance of CNVs.

Testing for Congenital CMV Infection
DNA was extracted from 100μL amniotic fluid or fetal 
cord blood on the Magna Pure LC Instrument 
(RocheMolecular Biochemicals, Meylan, France) using 
the Total NA serum-plasma kit (Roche Diagnostic). 
CMV DNA was amplified from these extracted DNA 
samples using the ABI Prism 7000 apparatus (Applied 
Biosystems, Courtaboeuf, France). CMV DNA load 
≥1×105 copies/mL was considered as high load and posi
tive result.

Follow-Up Assessments
Ultrasound examinations and/or MRI were suggested 2–4 
weeks after first detection or several weeks before 

delivery, and even after birth. The clinical outcomes 
including termination of pregnancy (TOP), postnatal 
assessments focused on motor, language and intellectual 
development were collected via medical records or tele
phonic communication; the period of follow-up varied 
from 6 months to 6 years after birth. The study was 
approved by the Ethics Committee of Fujian Provincial 
Maternity and Child Hospital. Written informed consent to 
participate in the study was obtained from each patient.

Statistical Analysis
Statistical analysis was performed using the SPSS 
Statistics software v26.0 (IBM SPSS, Armonk, NY, 
USA). Comparisons between groups were conducted 
using the Chi-square test or the Fisher’s exact test, and 
P<0.05 was considered statistically significant.

Results
Descriptive Results
The enrolled cases were comprised of 153 cases of IBVM 
and 200 cases of NIBVM. In total, 61.4% of the IBVM 
pregnancies and 63.5% of the NIBVM pregnancies were 
diagnosed after 24 weeks of gestation. Mild VM was 
observed in 70.6% of IBVM group and 61.0% of 
NIBVM group. Details of the pregnancy characteristics 
are summarized in Table 1.

Etiology Analysis: Chromosomal 
Aberrations and CMV Infection
Among 192 cases that underwent conventional karyotyp
ing, a total of 18 (9.4%) had aberrations with clinical 
significance. The rate of karyotyping aberrations was 
6.2% (5/81) in the IBVM group and 11.9% (13/109) in 

Table 1 The Clinical Characteristics of 353 Pregnancies with Bilateral Ventriculomegaly

IVM NIVM Total

Maternal age (Years), (Range, Median, Mean±SD) 21–41, 29, 29.0±4.4 17–40, 27, 28.2±4.4 17–41, 29, 28.5±4.4

Gestation age at VM initially detected (Range, Median, Mean±SD) 13–38, 26, 27.3±4.0 14–40, 26, 26.4±4.1 13–40, 26, 26.1±4.5
≤24 weeks (n, %) 59, 38.6 73, 36.5 133, 37.7

>24 weeks (n, %) 94, 61.4 127, 63.5 220, 62.3

Ventricular width (mm)

Mild: ≥ 10, <12 (n, %) 108, 70.6 122, 61.0 230, 65.2

Moderate: ≥ 12, <15 (n, %) 24, 15.7 44, 22.0 68, 19.2
Severe: ≥ 15 (n, %) 21, 13.7 34, 17.0 55, 15.6

Total 153 200 353

Abbreviations: BVM, bilateral ventriculomegaly; IBVM, isolated bilateral ventriculomegaly; NIBVM, non-isolated bilateral ventriculomegaly.
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the NIBVM group. Approximately 20.0% (2/10) of severe 
BVM pregnancies had karyotyping aberrations, much 
higher than 5.1% (7/137) in mild and 6.0% (4/67) in 
moderated BVM pregnancies. The most frequently 
encountered aberration was trisomy 21, which was 
detected in 12 cases (6.3%). Among 108 cases for which 
conventional karyotyping and SNP array analyses were 
performed in parallel, clinically significant findings were 
detected in 14 fetuses (13.0%), involving nine clinical 
syndromes. Additional Microdeletion/microduplication 
syndromes were identified by SNP-array analysis in 5 
(4.6%) fetuses involving 1p36 microdeletion syndrome 
(Case 1, Case 17), Sotos syndrome (Case 3), 16p13.11 
microduplication syndrome (Case 2) and 16p13.11 micro
deletion syndrome (Case 4). Detailed results are presented 
in Table 2.

With respect to CMV infection, 2 of the 154 cases 
tested (1.3%) were positive for CMV DNA. One fetus 
exhibited moderate VM and the other fetus showed mild 
VM and fetal growth restriction (FGR). Both CMV- 
positive cases ended in TOP due to progressive dilation 
during follow-up ultrasound examinations.

Ultrasound/MRI Findings and Outcomes 
of Pregnancies with BVM
Among 108 cases of mild IBVM, 102 (94.4%) showed 
favorable prognosis after birth, 5 (4.6%) opted for TOP 
due to chromosomal abnormalities (Table 3), and 1 study 
participant (0.9%) complained of language and attention 
defects at 6-year-old follow-up of the child. In the moder
ate IBVM group, 19 of the 24 cases (79.2%) had normal 
development after birth, 5 cases (20.8%) ended in TOP 
due to progressive VM observed during ultrasound mon
itoring. In severe IBVM, 18 of the 21 participants (85.7%) 
opted for TOP attributed to patients’ worries about abnor
mal neurodevelopment; two surviving cases (9.5%) had 
poor prognoses: one presented with language and mental 
retardation at the 4-year-old follow-up, the other one man
ifested as intellectual developmental disorder as well as 
severe hydrocephalus and dysplasia of the corpus callosum 
revealed by MRI.

In the NIBVM pregnancies, poor prognosis after birth 
was recorded in 14 (7.0%) cases. Among them, two cases 
of developmental delay were finally diagnosed as trisomy 
21, and other fetuses mainly manifested as mental retarda
tion, language development disorder, or poor muscle 
strength. The rate of favorable prognosis in mild and 

moderate BVM together with soft marker were 87.9% 
and 61.5%, respectively. In both the mild and moderate 
NIBVM, the TOP rates progressively increased and the 
favorable prognosis survival rates progressively decreased 
relative to the soft markers, non-structural abnormalities, 
and structural abnormalities, respectively. Approximately 
94.1% of severe NIBVM ended in termination. Summary 
of the pregnancy outcomes is shown in Table 4. Extra 
intracranial abnormalities were observed in 55 (16.6%) 
fetuses, mainly including agenesis of corpus callosum, 
intracranial hemorrhage, and cerebellum dysplasia. Of 
them, 48 (87.3%) cases were ended in TOP; 5 (9.1%) 
cases showed normal neurological development during 
no more than 3-year-old follow-up. Regarding the rest 
two cases, one infant displayed severe neuromotor devel
opmental delay and died at 1 year old, the other one 
manifested language development disorders at the time 
of the last follow-up assessment.

Discussion
In the majority of previous studies, unilateral VM and 
BVM cases were not discussed separately12,19 To the 
best of our knowledge, the current study is one of the 
few large-cohort single-center studies focusing on BVM.

The Society of Obstetricians and Gynecologists of 
Canada (SOGC) recommends amniocentesis be offered 
to patients when fetal VM is detected so that karyotype 
and congenital infection assessments can be performed, 
regardless of whether other ultrasound anomalies are 
observed.20 Similar to some previous studies,9,21 the gesta
tion age when VM was first detected in our series ranged 
from 13 to 40 weeks. However, nearly two-thirds of all 
cases are initially detected after 24 weeks of gestation, 
which impacts the prenatal diagnosis analysis of VM. On 
one hand, a portion of patients are reluctant to undergo 
cordocentesis due to surgical risk, while on the other hand, 
the gestation age of some pregnancies may be too late to 
perform invasive prenatal diagnostic procedures. The 
detection rate of karyotyping abnormalities reported by 
Chang et al22 was 12.1%, similar to 9.4% in our study. 
In previous reports,23,24 the chromosomal abnormality 
rates in severe VM pregnancies was higher than those in 
mild-to-moderate VM. In our research, which also 
revealed in our research, but the rate (20.0%) of karyotyp
ing aberrations was much higher than that reported in 
previous reports.23,24 Consistent with previous 
reports,23,25,26 Down syndrome was the most common 
abnormality with an overall detection rate of 6.3%. 
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Furthermore, an incremental diagnosis yield of 4.6% was 
revealed by CMA in 108 cases for which karyotyping and 
CMA were performed. The 1p36 deletion syndrome has 
been frequently reported in cases of VM. It is associated 
with language defects, behavioral symptoms, intellectual 
disabilities, epilepsy, and motor delays and usually 
a contributing factor in TOP decisions.27–31 The 
16p13.11 microdeletion syndrome and 16p13.11 microdu
plication syndrome related to neurosusceptibility sites 
were detected in two fetuses with mild BVM. They had 
normal development during short-term follow-up and 
long-time follow-up was required for prognosis assess
ment. Case 17 was a fetus with mild BVM accompanied 
with echogenic intracardiac foci and had a microdeletion 
in 5q35.2q35.3. This microdeletion is related to Sotos 
syndrome, which may contribute to multisystem malfor
mations, as well as growth and mental retardation.32,33 The 
above noted pathogenic/likely pathogenic CNVs identified 
in the mild-to-moderate BVM cases of our study would 
have been misdiagnosed if karyotyping alone was per
formed. Therefore, CMA should be strongly recommended 
for prenatal diagnosis of fetal BVM, regardless of the 
degree of VM and the status of extra prenatal imaging.

Screening for CMV infection is frequently recom
mended in cases of fetal VM,34–36 especially for cases in 
which amniocentesis or cordocentesis was performed. 
Pasquini et al and Abdel-Fattah et al suggested that testing 
for suspected congenital fetal infections on the basis of 
ultrasound features can be limited to CMV rather than 
a complete TORCH test.36,37 CMV infections affects ner
vous tissue development resulting in severe hearing 
impairment, delayed neurodevelopment, and/or visual 
impairment.38,39 The data on the incidence of CMV infec
tion in VM varied greatly due to different screening stra
tegies on different specimens. In our study, CMV infection 
was confirmed in two of the 154 cases tested, resulting in 
a positivity rate of 1.3%. One CMV-positive fetus had 

Table 3 Pregnancy Outcomes for Different Severity of Isolated 
Bilateral Ventriculomegaly

Favorable 
Prognosis

Poor 
Prognosis

TOP Total

Mild 102, 94.4% 1, 0.9% 5*, 4.6% 108

Moderate 19, 79.2% 0, 0.0% 5, 20.8% 24

Severe 1, 4.8% 2, 9.5% 18, 85.7% 21

Notes: *Chromosomal abnormalities: Four cases of trisomy 21, one case of 
pathogenic CNV.
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moderate IBVM, while the other positive fetus had mild 
BVM and FGR. Progressive lateral dilation was observed 
in both fetuses during ultrasound follow-up.

In the IBVM group, TOP rate increased and favorable 
prognosis rate decreased in concordance with the degree of 
VM severity. Five mild IBVM cases ended in TOP due to 
chromosomal abnormalities. In addition, 20.8% of the cases 
with moderate IBVM chose TOP due to progressive VM and 
85.7% of those with severe IBVM selected TOP for the 
concerns about abnormal neurological development. 
Although severe VM is associated with an increased risk of 
prenatal and neonatal neurodevelopmental problems and 
death,9 in the study by Letouzey et al, the majority of children 
with apparently severe IBVM show normal neurodevelop
mental outcome and no prenatal risk factors identify cases at 
higher risk for severely abnormal neurologic outcome,40 thus 
some fetuses in the TOP cases might be able to have favor
able prognosis. It is necessary to accumulate more prognostic 
data about severe IBVM for a better clinical consultation.

In the NIBVM group, pregnancy outcome is largely 
affected by the nature of extra prenatal imaging 
(Supplementary Table 1) especially in mild and moderate 
NIBVM pregnancies. Most pregnancies of mild-to- 
moderate BVM accompanied by soft markers result in 
favorable prognosis. When non-structural abnormalities 
were found, the TOP rate increased and the rate of good 
prognosis decreased. The presence of extra-structural 
abnormalities has been reported to increase the morbid
ity/mortality and the likelihood of neurologic delay.41,42 

The pregnancies of VM together with structural abnorm
alities had the highest TOP rate in our study. 
Specifically, agenesis of corpus callosum, intracranial 
hemorrhage, and cerebellum dysplasia were the fre
quently observed intracranial abnormalities. Of them, 
87.3% ended in TOP, and only 9.1% displayed normal 
development. Therefore, when BVM is observed, the 
evaluation of extra prenatal imaging is of great influence 
on the pregnancy outcomes.

There are some limitations to our study. First, only 
cases with follow-up available were enrolled, thus the 
frequency of extra prenatal imaging could not be assessed. 
Second, fetal genetic evaluation and CMV infection 
assessment were not performed for all of the pregnancies. 
Third, the follow-up time was not sufficiently long, which 
may have affected the accuracy of the neurological devel
opment assessments.

In conclusion, genetic disorders and fetal infection are 
important etiology of BVM. CMA is highly recommended 

for genetic disorders’ evaluation. Pregnancies with severe 
BVM always ended in TOP, while in mild-to-moderate 
NIBVM, prenatal imaging by ultrasound and MRI plays 
important roles in the pregnancy outcomes.
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