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ABSTRACT

Objectives: This study aimed to compare the prenatal ultrasound characteristics, pregnancy outcomes, and
neonatal prognosis of early- and late-onset fetal ventriculomegaly (VM).

Methods: A retrospective analysis was conducted on 102 pregnant women diagnosed with fetal VM, categorized
into early-onset (<24 weeks) and late-onset (>24 weeks) groups. Maternal characteristics, ventricular dimensions,
associated anomalies, pregnancy outcomes, and neonatal parameters were compared between the groups.
Results: Early-onset VM was significantly associated with progressive ventricular enlargement, bilateral in-
volvement, and a higher prevalence of additional anomalies detected via ultrasonography (70.4% vs. 29.2%,
P<0.001) and Magnetic resonance imaging (MRI) (35.4% vs. 16.7%, P=0.030). Prenatal ultrasound findings
differed significantly between the groups; early-onset VM cases more frequently exhibited bilateral (72.2%
vs. 39.6%, P=0.002) and asymmetric (46.3% vs. 31.2%, P=0.037) ventricular enlargement, while late-onset
VM was more commonly isolated (70.8% vs. 29.6%, P<0.001) and unilateral (60.4% vs. 27.8%). Live birth
rates were lower (55.6% vs. 85.4%, P=0.001), pregnancy termination rates were higher (44.4% vs. 14.6%,
P=0.001) and chromosomal abnormalities were higher (16.7% vs. 8.3%, P=0.246) in early-onset cases. Addi-
tionally, Apgar scores at 1 and 5 minutes were significantly lower in the early-onset group (P=0.028 and
P=0.042, respectively).

Conclusions: Early-onset VM is more frequently associated with ventricular progression and structural anom-
alies, leading to poorer pregnancy and neonatal outcomes. These findings highlight the importance of close
prenatal monitoring, including detailed ultrasound, fetal MRI, and genetic evaluation, to guide clinical man-
agement and parental counseling. Future studies with long-term neurodevelopmental follow-up are needed to
further refine risk stratification and optimize patient care.

Keywords: Fetal cerebral ventriculomegaly, prenatal ultrasound, fetal MRI, pregnancy outcome, congenital
anomalies, isolated ventriculomegaly

the central nervous system anomalies charac- most common neurological pathologies detected pre-

Tetal cerebral ventriculomegaly (VM) is one of during prenatal ultrasonography and is among the
terized by enlargement of the lateral ventricles natally [1]. The incidence in the general population is
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approximately 1.5-2/1000 pregnancies and is classi-
fied as mild, moderate, and severe [2]. A lateral cere-
bral ventricular atrium diameter of 10 mm or more is
accepted as the diagnostic criterion. VM may occur as
an isolated finding or may be associated with genetic
anomalies, intrauterine infections, congenital central
nervous system malformations or vascular events [3].
The prognosis of VM identified in the prenatal period
varies depending on the degree of ventricular enlarge-
ment, time of onset, and associated anomalies [2].
Fetal VM cases are divided into two categories as
early-onset and late-onset in the prenatal period. Early-
onset VM refers to cases detected before 24 weeks of
gestation, while late-onset VM refers to cases detected
after 24 weeks [2]. In the literature, it is reported that
there are significant differences between early and late
onset VM cases in terms of clinical course, prenatal fol-
low-up, and postnatal outcomes. Early-onset cases have
a higher incidence of genetic abnormalities and associ-
ated structural anomalies, and more unfavorable out-
comes in terms of neurodevelopmental prognosis. In
contrast, late-onset VM cases are reported to have a
milder course and may spontaneously regress in some
cases [4]. However, it is also known that severe neurode-
velopmental effects may occur in the postnatal period in
cases with progressive ventricular enlargement [1].
The long-term prognosis of fetal VM in the post-
natal period depends on the degree of ventricular en-
largement, associated neurologic abnormalities and
whether the ventricular enlargement is progressive [5].
Most cases of mild VM have a favorable neurodevel-
opmental prognosis, whereas severe VM is associated
with a higher risk of neurodevelopmental problems
such as cerebral palsy, motor and cognitive retarda-
tion. Therefore, cases of fetal VM should be carefully
followed up both prenatally and postnatally [6]. Al-
though early- and late-onset fetal VM differ in clinical
course and prognosis, comparative data remain lim-
ited. Existing studies often have small sample sizes,
inconsistent definitions, and lack detailed evaluation
of ventricular dynamics. This study addresses these
gaps by systematically comparing early- and late-onset
VM in a single well-defined cohort, integrating ultra-
sound, Magnetic resonance imaging (MRI), and
neonatal outcomes to inform prenatal counseling and
management. This study aims to compare the prenatal
sonographic spectrum and neonatal outcomes of early
and late onset fetal cerebral VM cases. Identifying dif-

ferences between early and late onset cases will con-
tribute to improving prenatal counseling processes and
optimizing clinical management strategies.

METHODS

This retrospective cohort study included pregnant
women admitted to the Perinatology Clinic of Ankara
Etlik City Hospital between December 2022 and De-
cember 2024 and diagnosed with fetal VM. Diagnosis
and follow-up information were obtained retrospec-
tively from the hospital information management sys-
tem and prenatal and neonatal outcomes were
evaluated. The diagnosis of fetal VM was based on
prenatal ultrasonography with a lateral ventricular
atrial diameter >10 mm. All ultrasound examinations
had been performed as part of routine prenatal care
using a Voluson E10 system (GE Healthcare, Chicago,
IL, USA) equipped with a 2-5 MHz convex trans-
ducer. Measurements were obtained transabdominally
at the level of the lateral ventricular atrium in a stan-
dard coronal plane. The inclusion criteria for the study
were singleton pregnancies diagnosed with VM based
on an atrial width of 10 mm or greater, and with at
least one follow-up ultrasound examination available
in the records. Pregnancies were excluded if they were
multiple gestations, lacked follow-up data, or were
complicated by major maternal systemic diseases such
as pregestational diabetes or chronic hypertension. The
diagnosed cases were classified as early or late onset
VM according to gestational week. Prenatal findings,
neonatal outcomes and perinatal morbidity and mor-
tality rates were compared between the groups.

A total of 102 pregnant women were included in
the study. Patients were divided into two groups ac-
cording to the gestational week at which fetal VM was
diagnosed. The early onset group (n=54) consisted of
patients diagnosed before 24 weeks of gestation, and
the late onset group (n=48) consisted of patients diag-
nosed after 24 weeks of gestation.

Within the scope of detailed ultrasound evaluation,
whether VM was symmetric or asymmetric, whether
it showed unilateral or bilateral enlargement, and dy-
namic changes in ventricular width were recorded.
Asymmetry was defined as a >2 mm difference in
width between the lateral ventricles. Unilateral VM
was defined as >10 mm diameter of only one lateral
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ventricle, whereas bilateral VM was defined as >10
mm diameter of both lateral ventricles.

It was also monitored whether the VM was tran-
sient or permanent (progressive). Transient VM was
defined as a decrease in ventricular width to <10 mm
during follow-up. In contrast, persistence of ventricu-
lar width >10 mm on multiple ultrasound assessments
during follow-up was classified as persistent VM. A
change of <2 mm in ventricular diameter compared
with the initial measurement indicates stability, an in-
crease of >2 mm indicates progression, and a decrease
in ventricular diameter to <10 mm is considered spon-
taneous regression. Isolated VM (IVM) was defined
as a special category and diagnosed in the absence of
associated structural anomalies, chromosomal abnor-
malities or intrauterine infections. Cases with associ-
ated anomalies are classified as non-isolated VM
(non-IVM).

In the prenatal period, the isolated VM, presence
of additional structural anomalies, bilateral or unilat-
eral enlargement, ventricular enlargement dynamics
(progression, regression, or stability) and TORCH test
results were analyzed. In the neonatal period, preg-
nancy outcomes, birth week, birth weight, Apgar
scores, need for neonatal intensive care, perinatal mor-
bidity and mortality rates were evaluated. Composite
adverse perinatal outcomes (CAPOs) include the pres-
ence of at least one of the following adverse outcomes:
transient tachypnea of the newborn, respiratory dis-
tress syndrome, need for continuous positive airway
pressure, need for mechanical ventilation, need for
phototherapy, neonatal hypoglycemia, intraventricular
hemorrhage, necrotizing enterocolitis, neonatal sepsis,
5th minute APGAR score <7, neonatal intensive care
unit (NICU) admission, placental abruption, and
preterm birth.

This study was conducted in compliance with the
Declaration of Helsinki and was approved by the
Ankara Etlik City Hospital Scientific Research Eval-
uation and Ethics Committee (decision number:
AESH-BADEK-2025-0259). In this study, due to its
retrospective nature, informed consent was waived
with the approval of the Ethics Committee. All data
were anonymized, and participant confidentiality was
strictly maintained.

Statistical Analysis
Statistical analysis was performed using IBM Cor-

poration SPSS version 22.0 (IBM Corporation, Ar-
monk, NY, USA). The Kolmogorov-Smirnov test was
used to analyze conformity to normal distribution. De-
scriptive statistics of continuous variables are shown
as "mean + standard deviation" for those with a normal
distribution. and as “median (interquartile range)” for
those that do not. Continuous variables that were and
were not normally distributed were compared using
the Mann-Whitney U test. Normally distributed data
were compared using the independent sample t-test.
Statistical significance for the tests was defined as a
P-value of less than 0.05.

RESULTS

A total of 102 pregnant women were included in the
study, and the cases were divided into two groups as
early onset (<24 weeks) and late onset (>24 weeks)
according to the gestational week at which fetal VM
was detected. There was no significant difference be-
tween the groups in terms of maternal age and body
mass index (BMI), but the number of gravida was
higher in the early-onset group (P=0.036). TORCH
test results were similar, but the rate of additional
anomaly detection by MRI was significantly higher in
the early-onset group (35.4% vs. 16.7 %, P=0.030).
The diagnosis was made at a median of 21 weeks in
the early-onset group and 28 weeks in the late-onset
group, and this difference was statistically significant
(P<0.001). There was no significant difference be-
tween the groups in terms of ventricular width
(P=0.443). Cytogenetic testing was performed in
53.7% of the early-onset group and 29.2% of the late-
onset group, with a statistically significant difference
between the groups (P=0.021). Regarding chromoso-
mal abnormalities, 16.7% of cases in the early-onset
group tested positive, compared to 8.3% in the late-
onset group. However, this difference was not statis-
tically significant (P=0.246) (Table 1).

The perinatal ultrasound characteristics of VM dif-
fered significantly between the early-onset and late-
onset groups. The incidence of isolated VM was
significantly higher in the late-onset group compared
to the early-onset group (70.8% vs. 29.6%, P<0.001).
Conversely, non-isolated VM was more prevalent in
the early-onset group (70.4% vs. 29.2%). Laterality
also demonstrated a significant difference between the

The European Research Journal



Eur Res J. 2025

Early and late-onset fetal cerebral ventriculomegaly

Table 1. Characteristics of the study population

Early-onset group Late-onset group P value
(n=54) (n=48)
Maternal age (year) 0.178*
<35 6 (11.1%) 10 (20.8%)
>35 48 (88.9%) 38 (79.2%)
BMI (kg/m? 31.4+17.2 29.846.3 0.528°
Gravida 2(3) 2(2) 0.036°
Parity 1(2) 1(D) 0.058°
Nulliparous 17 (31.5%) 24 (50%) 0.057°
In vitro fertilization 0 (0%) 0 (0%) NA
Gestational age at initial diagnosis 21 (3) 28 (5) <0.001°¢
(weeks)
Ventricular size (mm) 13.6+6.1 12.9+4.1 0.443°
Additional abnormalities on MRI 17 (35.4%) 9 (16.7%) 0.030"
Cytogenetic testing 0.021°
Absent 25 (46.3%) 34 (70.8%)
Present 29 (53.7%) 14 (29.2%)
Chromosomal abnormalities 0.246°
Negative 45 (83.3%) 44 (91.7)
Positive 9 (16.7%) 4(8.3)
TORCH 0.552°
Negative 52 (96.3%) 45 (93.8%)
Positive 2 (3.7%) 3 (6.3%)

Data are shown as meantstandard deviation or median (interquartile range) or n (%) where appropriate. BMI=Body mass
index, TORCH=Toxoplasma gondii, other, rubella virus, cytomegalovirus and herpes simplex virus, MRI=Magnetic resonance

imaging, NA=Not applicable.

P<0.05 indicates a significant difference and statistically significant P-values are in bold
3Pearson chi-square, ®Student t-test, “Mann Whitney-U test, “Fisher’s exact test

groups, with unilateral VM being more frequent in the
late-onset group (60.4% vs. 27.8%), while bilateral
VM was more common in the early-onset group
(72.2% vs. 39.6%, P=0.002). Similarly, asymmetric
VM was more prevalent in the late-onset group
(68.8% vs. 46.3%), whereas the early-onset group had
a higher proportion of symmetric VM (53.7% vs.
31.2%, P=0.037). Regarding intrauterine changes, in-
trauterine regression was more commonly observed in
the late-onset group (29.2% vs. 16.7%), while in-
trauterine progression was higher in the early-onset
group (46.3% vs. 60.4%). Additionally, intrauterine
stabilization was significantly more frequent in the
early-onset group (37% vs. 10.4%, P=0.007). No sig-

nificant differences were found between the groups in
terms of transience (P=0.092), severity of VM
(P=0.547), or amniotic fluid status (P=1.000). These
findings suggest that early-onset VM is more frequently
associated with non-isolated, bilateral, and symmetric
forms, whereas late-onset VM is more likely to be iso-
lated, unilateral, and asymmetric (Table 2).

Within the scope of the study, a total of 31 preg-
nant women accepted pregnancy termination. In terms
of pregnancy outcomes, the termination rate was sig-
nificantly higher in the early-onset group (44.4% vs.
14.6%, P=0.001), while the live birth rate was signif-
icantly higher in the late-onset group (85.4% vs.
55.6%). Although there was no significant difference
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Table 2. Perinatal ultrasound characteristics of VM in the early-onset and late-onset groups

Early-onset group Late-onset group P value
(n=54) (n=48)

Isolated or not <0.001°
Isolated 16 (29.6%) 34 (70.8%)
Non-isolated 38 (70.4%) 14 (29.2%)

Laterality 0.002°
Unilateral 15 (27.8%) 29 (60.4%)
Bilateral 39 (72.2%) 19 (39.6%)

Symmetry 0.037°
Symmetric 29 (53.7%) 15 (31.2%)
Asymmetric 25 (46.3%) 33 (68.8%)
Transience 0.092*
Transient 13 (24.1%) 19 (39.6%)
Non-transient 41 (75.9%) 29 (60.4%)

Intrauterine changes 0.007*
Intrauterine regression 9 (16.7%) 14 (29.2%)
Intrauterine progression 25 (46.3%) 29 (60.4%)
Intrauterine stabilization 20 (37%) 5(10.4%)

Severity of VM 0.547°
Mild 28 (51.9%) 30 (62.5%)
Moderate 8 (14.8%) 6 (12.5%)
Severe 18 (33.3%) 12 (25%)

Amnion fluid 1?
Normal 48 (88.9%) 44 (91.7%)
Oligohydramnios 1 (1.9%) 0 (0%)
Polyhydramnios 5(9.3%) 4 (8.3%)

Data are shown as n (%). VM=Ventriculomegaly

P<0.05 indicates a significant difference and statistically significant P-values are in bold.

?Pearson chi-square

between the groups in terms of gestational week, pre-
maturity rate, birth weight and cesarean section rates
(P>0.05). Apgar scores at the 1st and 5th minute were
significantly higher in the late-onset group (P=0.028
and P=0.042) (Table 3).

When additional anomalies detected by prenatal
ultrasonography were compared, the proportion of
cases without additional anomalies was significantly
higher in the late-onset group (70.8% vs. 29.6%,
P<0.001). Central nervous system (CNS) anomalies
were more common in the early-onset group (44.4%
vs. 18.8%), but there was no significant difference be-

tween the groups in terms of non-CNS anomalies
(7.4% vs. 6.3%, P>0.05). However, multisystem
anomalies were more common in the early-onset
group (18.5% vs. 4.2%), suggesting that early-onset
cases may be associated with more complex fetal
anomalies (Table 4).

DISCUSSION

In this study, the effects of fetal VM on prenatal ultra-
sonographic findings, neonatal outcomes and perinatal
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Table 3. Pregnancy outcomes

Early-onset group Late-onset group P value
(n=54) (n=48)
Pregnancy outcomes 0.001*
Live birth 30 (55.6%) 41 (85.4%)
Termination of pregnancy 24 (44.4%) 7 (14.6%)

Live birth analysis n= 30 n=41
Gestational age at delivery (week) 38 (2) 38 (2) 0.421°
Prematurity (<37 weeks) 5 (16.7%) 5 (12.2%) 0.512°
Birth weight (gram) 2720+966 3014+£555 0.111°
Cesarean section 20 (66.7%) 27 (65.9%) 0.943?
Apgar score at 1* minute 8(3) 9(1) 0.028"
Apgar score at 5™ minute 9(2) 10 (1) 0.042"
CAPO 9 (30%) 10 (24.4%) 0.538*
NICU admission 8 (26.7%) 9 (22%) 0.531%
Transient tachypnea of the newborn 4 (13.3%) 1(2.4%) 0.151¢
Neonatal sepsis 0 (0%) 0 (0%) NA
Respiratory distress syndrome 5(16.7%) 4 (9.8%) 0.471¢
Continuous positive airway pressure 4 (13.3%) 3 (7.3%) 0.4359
Mechanical ventilation 2 (6.7%) 2 (4.9%) 14
Phototherapy for neonates 4 (13.3%) 1(2.4%) 0.1519
Necrotizing enterocolitis 0 (0%) 1 (2.4%) 14
Intraventricular hemorrhage 0 (0%) 0 (0%) NA
Seizure history 1 (3.3%) 0 (0%) 0.412¢

Data are shown as meantstandard deviation or median (interquartile range) or n (%) where appropriate. CAPO=Composite
adverse perinatal outcome, NICU=Neonatal intensive care unit, NA=Not applicable.

P<0.05 indicates a significant difference and statistically significant P-values are in bold
aPearson chi-square, *Student t-test, ‘Mann Whitney-U test, “Fisher’s exact test

prognosis were compared between early and late onset
groups. In this study, we found that early-onset fetal
VM was more frequently associated with additional
anomalies, bilateral, symmetric involvement, and pro-
gressive ventricular enlargement, whereas late-onset
VM was more commonly isolated, unilateral, asym-
metric and had a higher likelihood of spontaneous re-
gression. The higher rate of chromosomal
abnormalities and MRI-detected additional anomalies
in the early-onset group supports the hypothesis that
early-onset VM is often part of a broader pathological
process rather than an isolated finding. Furthermore,
pregnancy termination was significantly more com-
mon in the early-onset group, while live birth rates

were higher in late-onset cases, suggesting a better
perinatal prognosis for late-onset VM. Additionally,
Apgar scores at both the 1st and 5th minutes were sig-
nificantly higher in the late-onset group, reinforcing
the association between early-onset VM and poorer
neonatal outcomes. These findings highlight the im-
portance of distinguishing between early- and late-
onset VM in clinical practice to better predict prenatal
progression and neonatal prognosis.

Previous studies suggest that early- and late-onset
VM have distinct etiological and clinical courses.
Early-onset fetal VM has been associated with a
higher prevalence of structural and chromosomal
anomalies, contributing to a less favorable perinatal
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Table 4. Associated abnormalities found on prenatal ultrasound

Early-onset group Late-onset group P value
(n=54) (n=48)
Absent 16 (29.6%) 34 (70.8%) <0.001*
CNS 24 (44.4%) 9 (18.8%)
Agenesis of the corpus callosum (n=5) Agenesis of the corpus
Dysgenesis of the corpus callosum (n=2) callosum (n=4)
Open spina bfida (n=11) Open spina bfida (n=4)
Z-shaped brain stem (n=1) Intraventricular hemorrhage
Dandy Walker malformation (n=1) (n=1)

Vein of Galen aneurysmal (n=1)
Dural sinus thrombosis (n=1)
Interhemispheric cyst (n=1)
Hypoplastic cerebellum (n=1)

Non-CNS 4 (7.4%) 3 (6.3%)
Right aortic arch (n=1) HL-FL shortening (n=1)
Single umbilical artery (n=1) Diaphragmatic hernia (n=1)
Diaphragmatic hernia (n=1) Bilateral pyelectasis (n=1)
ARSA (n=1)
Multiple 10 (18.5%) 2 (4.2%)
systems
Bilateral renal agenesis and diastematomyelia (n=1) Diaphragmatic hernia,

Midline syndactyly and cranial irregularities (n=1)  Tetralogy of Fallot, right atrial

Megacystis, thombencephalosynapsis and single ~ 2R€urysm, (?left lip/palate (n=1)
umbilical artery (n=1) Dysmorphic corpus callosum,

Bilateral pelviectasis+cleft lip and palate (n=1) cleft l.ip,l I}llyperFel?rbism,‘
Unilateral pyelectasis+ inlet VSD+ right aortic arch congen 1ta P atic tiorosis,
(n=1) generah.zed ascites, ‘autc.)somal
) . recessive polycystic kidney
Cleft lip, absent stomach, hypoplastic cerebellum,

. . . disease, severe micromelia,
pericardial effusion, low-set ears (n=1) fetal dextrocardia. inlet VSD

Lymphatic drainage disorder, Rocker bottom, hypoplastic aorta (n=1)
syndactyly (n=1)

Corpus callosum dysgenesis, VSD, Mitral atresia,
persistent left superior vena cava, aortic hypoplasia
(n=1)

Bilateral pes equinovarus, small bladder, pericardial
effusion (n=1)

Absent CSP, cystic hygroma, skin edema,
microphthalmia, pleural effusion, two arteries
observed, absent stomach, clenched hands, bilateral
pes equinovarus (n=1)

Data are expressed as n (%). ARSA=Aberrant right subclavian artery, CNS=Central nervous system, CSP=Cavum septi
pellucidi, FL=femur length, HL=humerus length, VSD=ventricular septal defect
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prognosis [4]. Consistent with this, our study found
that additional anomalies were significantly more
prevalent in early-onset cases compared to late-onset
cases (70.4% vs. 29.2%, P<0.001). In a large-scale
study, Bhatia et al. reported that aneuploidy, agenesis
of the corpus callosum, spina bifida, and Dandy-
Walker malformation were among the most common
anomalies in early-onset VM, whereas late-onset cases
were more often isolated and associated with aqueduc-
tal stenosis, cerebral hemorrhage, and porencephaly
[2]. In another study examining the etiology of fetal
VM in detail, Pappas et al. [7] reported that early-
onset cases were generally associated with neurode-
velopmental malformations and chromosomal
anomalies, whereas late-onset VM was mostly isolated
and had a better prognosis. Our findings align with
these results, reinforcing that early-onset VM is fre-
quently part of a broader pathological process,
whereas late-onset VM is more likely to be an isolated,
potentially regressive condition.

Wang et al. [4] conducted a study comparing the
ultrasonographic characteristics of early- and late-
onset VM cases and reported significant differences
between the two groups. According to their findings,
isolated, unilateral, asymmetric involvement is more
common in late-onset VM, whereas bilateral, symmet-
ric involvement and additional structural anomalies
are more common in early-onset cases. Our study is
largely consistent with these results. The rate of bilat-
eral and symmetric involvement was significantly
higher in early-onset cases (P=0.037), whereas late-
onset VM cases were more often unilateral and asym-
metric. Furthermore, Wang et al. [4] showed that the
rate of intrauterine progression was significantly
higher (P=0.03) in early-onset mild VM cases. It has
also been reported in the literature that early-onset VM
is more likely to progress and may have a more unfa-
vorable neurodevelopmental prognosis [8]. Similarly,
in our study, it was found that ventricular enlargement
tended to progress in early-onset VM, and this in-
creased poor pregnancy outcomes.

In our study, the rates of additional anomalies in
the early-onset VM group were significantly higher by
both ultrasonography (70.4% vs. 29.2%, P<0.001) and
MRI (35.4% vs. 16.7%, P=0.030). As reported in the
literature, MRI is a superior method compared to ul-
trasonography in detecting corpus callosum anom-
alies, posterior fossa defects, and migration disorders

[9, 10]. The most common CNS anomalies in early-
onset cases were agenesis of the corpus callosum,
open spina bifida, and brainstem anomalies, suggest-
ing that early-onset VM may be part of a broader spec-
trum of neurodevelopmental disorders rather than an
isolated finding. Similarly, multisystem anomalies af-
fecting the renal, cardiac, and skeletal systems were
more frequent in early-onset cases, with severe struc-
tural abnormalities such as bilateral renal agenesis, di-
astematomyelia, and megacystis, further supporting
the poor fetal prognosis in this group. Consistent with
our findings, Wang et al. [4] also reported that CNS
and multisystem anomalies were significantly more
prevalent in the early-onset VM group compared to
late-onset cases. These similarities between studies
further emphasize the importance of comprehensive
prenatal evaluation, including MRI and genetic test-
ing, in early-onset VM cases to better predict progno-
sis and optimize perinatal management.

In addition, in a large-scale study by Carta et al.
[11], it was emphasized that neurodevelopmental
prognosis was generally favorable in isolated cases of
VM, but cases with large ventricular diameter (>15
mm) or progression carried a higher risk. Another im-
portant study by Ali et al. [12] examined the long-term
neurodevelopmental outcomes of fetal VM cases. In
this study, it was reported that the majority of isolated
and mild VM cases had normal neurodevelopmental
outcomes, but progressive VM was associated with se-
vere motor and cognitive sequelae. Similarly, our
study demonstrated that early-onset VM cases exhib-
ited a greater tendency for ventricular enlargement and
progression over time. This progressive nature of
early-onset VM was associated with poorer pregnancy
outcomes, including significantly lower live birth rates
(55.6% vs. 85.4%, P=0.001) and a higher frequency
of pregnancy termination compared to late-onset
cases. Furthermore, neonatal outcomes were also
worse in the early-onset group, as reflected by signif-
icantly lower Apgar scores at both the 1st and 5th min-
utes. These findings highlight the importance of
monitoring ventricular dynamics in early-onset VM,
as progressive ventricular dilation may influence clin-
ical decision-making and pregnancy management.
These data suggest that, especially late-onset and iso-
lated cases, offer a better prognosis, and follow-up
protocols should be individualized accordingly.

VM is associated with most common chromoso-
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mal abnormalities, particularly trisomy 21, trisomy 18,
and sex chromosome anomalies [13]. The frequency
of chromosomal anomaly in cases of fetal VM varies
depending on factors including the degree of ventric-
ular enlargement, the presence of additional structural
anomalies, and the onset time of VM. In the literature,
while the rate of chromosomal anomaly varies be-
tween 3-5% in isolated cases of VM, this rate increases
up to 17-20% in cases accompanied by additional
anomalies [14]. Bhatia et al. [2] reported that chromo-
somal abnormalities were more common in the early-
onset VM group and the aneuploidy rate in this group
was 13.4%. Wang et al. [4] also supported these find-
ings and reported that early-onset VM was generally
associated with genetic syndromes, whereas late-onset
VM cases had mostly normal chromosomal structure.
In our study, the rate of chromosomal anomaly was
found to be higher in the early-onset VM group
(16.7% vs. 8.3%), but the difference was not statisti-
cally significant (P=0.246). In terms of prenatal ge-
netic evaluation, cytogenetic testing and other genetic
tests are recommended, especially in cases of VM ac-
companied by additional anomalies or showing pro-
gression. In our study, the rate of cytogenetic testing
was found to be significantly higher in the early-onset
VM group (53.7% vs. 29.2%, P=0.021), suggesting
that this group should be evaluated more in terms of
genetic analysis.

The decision to terminate pregnancies with fetal
VM varies depending on the degree of ventricular en-
largement, progression, presence of additional anom-
alies and chromosomal abnormalities [15]. In the
literature, it has been reported that pregnancy termi-
nation rates are higher in cases of severe VM (>15
mm) and progressive VM, whereas isolated and mild
cases are more frequently continued [16]. In a study
by Chervenak et al. [17], 26% of pregnancies diag-
nosed with VM resulted in elective abortion. In an-
other study by Vintzileos et al. [18], 20% induced
abortion was reported in similar cases. It has been em-
phasized that termination rates are higher, especially
in cases of VM associated with early onset and multi-
system anomalies. In our study, the termination rate
was significantly higher in the early-onset VM group
(44.4% vs. 14.6%, P=0.001). This finding suggests
that early-onset VM is usually associated with more
severe fetal pathologies and families may be more
prone to termination decision in this situation. Simi-

larly, Wang et al. [4] reported that pregnancy termina-
tion rates were higher in the early-onset VM group,
whereas late-onset and isolated cases were more fre-
quently continued. These findings emphasize that the
decision for termination should be based not only on
ventricular size but also on the presence of additional
anomalies, progression in ventricular diameter, and
genetic outcomes. It is especially important to evaluate
VM cases with early onset and associated with multi-
system anomalies more carefully and to inform fami-
lies in detail during prenatal counseling.

The less favorable prognosis observed in early-
onset VM may be explained by its occurrence during
critical stages of fetal neurodevelopment, when neu-
ronal proliferation, migration, and cortical organiza-
tion are highly active. Disruption of these processes in
the first half of gestation is often linked to underlying
genetic or complex structural anomalies, which may af-
fect multiple organ systems [11]. In contrast, late-onset
VM generally develops after key neurodevelopmental
milestones, frequently due to mechanical obstruction of
cerebrospinal fluid pathways or mild intraventricular
hemorrhage, and is therefore more likely to be isolated,
non-progressive, and associated with a favorable prog-
nosis [2]. These mechanistic differences have direct im-
plications for prenatal counseling and management. In
early-onset VM, the higher likelihood of associated
anomalies and ventricular progression justifies a more
intensive monitoring strategy, including comprehensive
neurosonography, fetal MRI, and genetic evaluation.
Conversely, late-onset isolated cases, particularly those
showing stability or regression, can be managed with
less intensive surveillance, and counseling can empha-
size their generally favorable outlook. By tailoring fol-
low-up and counseling strategies to the timing of onset,
ventricular dynamics, and associated findings, clini-
cians can provide more accurate prognostic information
and optimize perinatal outcomes.

Strengths and Limitations

Building on these observations, our study provides
a comprehensive evaluation of early- and late-onset
fetal VM, comparing their prenatal ultrasound charac-
teristics, pregnancy outcomes, and neonatal prognosis.
One of the key strengths of our study is its detailed as-
sessment of ventricular dynamics, emphasizing the
progressive nature of early-onset VM, which has been
less frequently highlighted in previous research. The
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use of both prenatal ultrasonography and fetal MRI al-
lowed for a more precise evaluation of associated
anomalies, enhancing the reliability of our findings.
Furthermore, by comparing pregnancy outcomes be-
tween the two groups, our study contributes valuable
clinical insights into the management of VM, particu-
larly in cases with progressive ventricular enlarge-
ment.

However, some limitations should be acknowl-
edged. First, this study was conducted in a single cen-
ter, which may limit the generalizability of the
findings to broader populations. Additionally, while
we analyzed the association between VM and chro-
mosomal abnormalities, not all cases underwent inva-
sive genetic testing, which may have affected the
identification of underlying genetic conditions. An-
other limitation is that our study primarily focuses on
prenatal findings and short-term neonatal outcomes;
therefore, long-term neurodevelopmental follow-up is
needed to further assess the prognostic implications of
early- versus late-onset VM. Despite these limitations,
our study provides clinically significant findings that
reinforce the importance of differentiating early- and
late-onset VM in prenatal counseling and pregnancy
management. Future studies with larger, multi-center
cohorts and long-term follow-up data would further
clarify the impact of ventricular progression on neu-
rodevelopmental outcomes and refine clinical man-
agement strategies.

CONCLUSION

This study highlights the clinical differences between
early- and late-onset fetal VM. Early-onset VM was
more frequently associated with progressive ventric-
ular enlargement, bilateral involvement, and additional
anomalies, whereas late-onset VM was more com-
monly isolated with a higher likelihood of sponta-
neous resolution. Pregnancy outcomes were also
poorer in early-onset cases, emphasizing the need for
closer prenatal monitoring, including detailed ultra-
sound, fetal MRI, and genetic evaluation. Future stud-
ies with long-term follow-up are needed to further
refine clinical management strategies.
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