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Summary

Aim: To determine the distribution of cerebral lateral ventricular atrium width (LVAW) as established according to gestational weeks,
and calculate the criterion value of LVAW that differentiates normal fetuses from abnormal fetuses. Materials and Methods: A total of
832 patients meeting the study’s criteria were included in the control group. An additional 43 fetuses with LVAW > ten mm formed the
case group. Results: The criterion value of LVAW was 9.7 mm. It did not change significantly throughout gestation. In the case group,
23 fetuses were terminated for fetal abnormalities, two fetuses died in utero, and 18 infants were born alive. Most of the abnormal de-
velopment coincided with LVAW values greater than 12 mm. Conclusion: The authors suggest 9.7 mm as the criterion value, based on
receiver operating characteristic (ROC) curve analysis. When the LVAW is between 9.8 and 12 mm without other fetal abnormalities,

it may be regarded as a variation of the normal.
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Introduction

Ventriculomegaly is one of the most common sonograph-
ically detected fetal abnormalities. The diagnosis of ven-
triculomegaly leads to a more intensive management that
includes ultrasound examinations, screening for infections,
eventual magnetic resonance imaging (MRI), potentially
dangerous procedures (amniocentesis), and patient anxiety.
It is not surprising that many different approaches to the di-
agnosis of fetal ventriculomegaly have been suggested;
however, the most sensitive value for cerebral lateral ven-
tricular atrium width (LVAW) to detect ventriculomegaly
remains undetermined. This difficulty in critical assessment
of the LVAW introduces borderline ventriculomegaly, which
is a poorly defined but frequent condition that poses a prob-
lem for patient counseling. This condition is defined by
LVAW values that range between ten and 15 mm [1]. Re-
cently, borderline ventriculomegaly has been divided into
mild (10-12 mm) and moderate (12.1-14.9 mm) cases, and
it is suggested to be a benign finding [2]. However, chro-
mosomal abnormalities and neurological squeal have been
reported in infants with borderline ventriculomegaly, raising
the question of whether the ten-mm criterion value is ap-
propriate or not [3]. There is also a question of whether or
not this criterion, defined by old ultrasound equipment, is
suitable for the measurements in tenths of millimeters that
are possible with the new ultrasound equipment.

The aim of this study was to determine the distribution of
LVAW values as established according to gestational
weeks, and to calculate the criterion value of LVAW that
differentiates normal fetuses from abnormal fetuses.
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Materials and Methods

Measurements of fetal LVAWSs of consecutive pregnant women
at 16-24 weeks’ gestation over a period of four years were collected
as part of a routine antenatal ultrasound examination. The informed
consent of each patient was obtained and the prospective cross-sec-
tional study was approved by the local ethics committee. Patients
were divided into two groups. Fetuses with LVAW < ten mm and
pregnancies with known normal outcomes were placed in the con-
trol group. The inclusion criteria were a singleton pregnancy and a
fetus whose estimated fetal weight was between the 10™ and 90
percentiles. In patients with regular menstrual periods lasting 28-32
days, the gestational age was determined by the last menstrual pe-
riod (LMP). Otherwise, the earliest sonographic examination or
measurements of crown-rump length (CRL) in the first trimester
or biparietal diameter (BPD) in the second trimester were used to
determine gestational age. Patients with fetal chromosomal or
structural anomalies, multiple gestations, fetal death, preterm labor,
premature membrane ruptures, and intrauterine growth restriction,
oligohydramnios, and polyhydramnios, birth weights below the 10®
percentile or above the 90* percentile, or maternal disease, and pa-
tients who missed their routine visits were excluded from the con-
trol group. Based on these exclusion criteria, 36 patients were
excluded from the study. A total of 832 patients fulfilling the crite-
ria were included in the control group. Aside from the control
group, 43 fetuses with known karyotype analyses and with LVAW
> ten mm formed the case group. These patients were ultrasono-
graphically evaluated, as well, and a detailed inspection for other
structural anomalies was also performed. Additional investigations
such as karyotype and maternal serum toxoplasmosis, rubella, cy-
tomegalovirus, and herpes simplex virus (TORCH) tests were per-
formed in all cases with ventriculomegaly.

Each patient was examined during the study by an experienced
ultrasonographer using an abdominal 2-5 MHz curvilinear trans-
ducer. Measurements of fetal biometry were taken in the standard
planes and fetal anatomy was scanned routinely. According to the
guidelines of the International Society of Ultrasound in Obstetrics
and Gynecology (ISUOG), LVAW was measured on a transven-
tricular axial plane at the level of the glomus of the choroid plexus.
The electronic calipers were positioned perpendicular to the long
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Figure 1. — The width of cerebral lateral ventricular atrium
measured slightly above the level of the thalamus.

axis of the ventricle along the inner aspect of the echogenic line of
the medial and lateral walls of the atrium [4] (Figure 1). Because of
the typical near-field artifacts, measurements obtained in the far
field were recorded in the control group. If it was not possible to ob-
tain a correct axial view of the fetal head, the ventricles were meas-
ured on the coronal plane for a detailed evaluation of the fetal brain.
If any ventricle width was greater than ten mm, the patient was in-
cluded in the case group. Four of the 43 patients in the case group
were detected during the routine ultrasonography scan, and the re-
maining were referred to the present unit. All measurements were
calibrated at 0.1 mm. Each measurement was repeated twice for
each fetus, and the mean size was calculated. Patients found to have
ventriculomegaly were followed further, with examinations every
four weeks until delivery. These families received prenatal coun-
seling. Three cases of agenesis of the corpus callosum were con-
firmed via MRI. At delivery, all neonates were examined by a
pediatrician. In the case group, the findings of neonatal cranial ul-
trasound and neurodevelopment assessment at 12 months of age
were recorded.

Statistics

Statistical analysis was performed with the SPSS 13.0 program
and the MedCalc program, version 10.2.0. Descriptive statistical
methods (mean, standard deviation) were used in the evaluation of
the study data. The criterion value of LVAW was calculated with
receiver operating characteristic (ROC) curve analysis and the au-
thors performed linear regression analysis with matching LVAW
values and weeks of gestation. The relations between dependent
and independent variables were assessed with Pearson correlation
analysis. Results were evaluated in a 95% confidence interval (CI
95%) and at a significance level of p < 0.05. To calculate the in-
traobserver variability, the intraclass correlation coefficient (intra-
CC) was used with CI 95%.

Results

The study population consisted of Caucasian patients.
The median age of the pregnant women in the control and
the case group was 30.68 + 4.41 (range: 19-45) and 28.73
+ 6.65 (range: 17-41) years, respectively. The median ges-
tational age in the control and the case group was 20.95 =
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Figure 2. — LVAW according to 16-24 weeks of gestation.

Table 1.— The sensitivity and specificity of midtrimester
ultrasound in ventriculomegaly.

Criterion value 95% Confidence 95% Confidence

of LVAW Sensitivity interval Specificity interval

>9.0 100.0 89.3-100.0 97.7 96.5-98.6
>94 100.0 89.3-100.0 98.7 97.7-99.3
> 9.7* 100.0 89.3-100.0 98.8 97.8-99.4
>10.0 97.0 84.2-99.5 99.4 98.6-99.8
> 10.6 93.9 79.7-99.1 99.6 99.0-99.9
>11.0 90.9 75.6-98.0 99.8 99.1-100.0
>12.0 75.8 57.7-88.9 99.8 99.1-100.0

*Suggested criterion value of LVAW, according to MedCalc program.

2.23 and 20.26 + 2.23 weeks, respectively. The mean
LVAW in the control and the case group was 6.69 + 1.10
and 13.52 £ 2.92 mm, respectively. Two measurements
were performed for each patient. The intraobserver vari-
ability for the LVAW measurement (intra-CC: 0.93) was
considered to be very good.

In the control group, LVAW values did not change sig-
nificantly over the course of gestation (Figure 2). The cri-
terion value of LVAW was found to be 9.7 mm with 100%
sensitivity and 99% specificity using ROC curve analysis
(Figure 3, Table 1).

In the case group, TORCH infections were not detected in
any of the patients. In addition to ventricular dilatation, there
were findings of associated central nervous system (CNS)
abnormalities in 18 cases, while 14 fetuses had additional
non-CNS abnormalities. The LVAW measurements and con-
comitant abnormalities in the case group are summarized in
Figure 4 (Figure 4). In the fetuses with LVAWSs between 9.8
and 12 mm, the authors observed the regression of LVAW
values in three of the eight fetuses. Of the 32 fetuses with
LVAWSs greater than 12 mm, 14 fetuses had LVAWs greater
than 15 mm. Ten of those 14 fetuses already had LVAWSs
greater than 15 mm upon presentation to this department.
In the remaining four cases, there was an interval of up to 12
weeks between the initial detection of ventriculomegaly and
the progression to severe ventriculomegaly.

Of the 43 pregnancies in the case group, 23 were termi-
nated for fetal abnormalities, while two fetuses died in
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Figure 3. — The receiver operating characteristic (ROC) curve
of LVAW.

Table 2. — Lateral ventricular atrium width in fetuses without
abnormalities according to different series.

Authors n Mean SD* 3 SDs > Mean 4 SDs > Mean
Alagappan et al.” 500 6.6 1.4 10.8 12.2
Hilpert et al.® 608 6.5 1.5 11.0 12.5
Almong et al.'® 427 62 12 9.8 11.0
Heiserman et al.'> 652 6.5 1.3 10.4 11.7
Cardoza et al.'* 100 7.6 0.6 9.4 10.0
Patel et al.'s 219 6.1 1.3 10.0 11.3
Farrell et al.'® 739 54 12 9.0 10.2
This study 832 6.7 1.1 10.0 11.1
Average 4077 65 1.2 10.1 11.3

* Standard deviation.

utero and 18 infants were born alive. There were three
neonatal deaths and two postneonatal deaths. Two infants
underwent neurosurgical intervention for progressive post-
natal ventriculomegaly and spina bifida. One of these had
features of cerebral palsy; the other suffered from motor
dysfunction in the lower extremities and autonomic dys-
function. One infant with a prenatal LVAW of 10.3 mm and
MRI-confirmed agenesis of the corpus callosum developed
normally by one year of age. The remaining ten fetuses
were completely normal at birth and at the first year of life.

Discussion

The term “borderline ventriculomegaly” is commonly
used to indicate cases of a LVAW of ten to 15 mm. It is pos-
sibly associated with other abnormalities, which may
worsen the condition and the clinical follow-up later [5, 6].

| 43 Fetuses with Ventriculomegaly

I |

11 Fetuses with LVAW 32 Fetuses with LVAW
between 9.8 and 12 mm greater than 12 mm

1 ACC 2 Hydrocephaly 1 ACC
1 Trisomy 21 5 Hydrocephaly + 1 Hydrocephaly+
Spina Bifida ACC

3 Spina Bifida 1 Duplication 9p
2 Dandy Walker 1 Trisomy 21
2 Amnold Chiary 1 Trisomy 13
10 Multiple Anomaly 1 Stenosis of the
including 2 Hydrocephal queduct of Sylvii
+Spina Bifida)

1TOP 22TOP 3NND 2 post-NND

1 Fetal Demise after cordocenthesis
2 infants with nervous system sequela
2 infants with normal development

1 Fetal Demise
9 Normal Development

Figure 4. — Summary of prenatal findings and postnatal
outcome in 43 fetuses with ventriculomegaly. NND: neonatal
death; post-NND: post neonatal death; ACC: agenesis of corpus
callosum; TOP: termination of pregnancy.

Therefore, counseling parents following a diagnosis of iso-
lated ventriculomegaly is difficult for obstetricians.

In a study by Alagappan ef al., the mean value for LVAW
was 6.6 = 1.4 mm, and they used ten mm, 2.5 standard de-
viations (SDs) above the mean, as the upper limit of normal
LVAW values [7]. Hilbert et al. proposed that 12 mm, a
value approximately four SDs above the mean, would be a
reasonable upper limit for normal values [8]. Senat et al.
suggested that ten mm was approximately four SDs above
the mean and would therefore be an acceptable upper limit,
although this limit has not been universally applied to in-
vestigate ventricular abnormalities [9]. In light of the cur-
rent and previous studies, there is agreement that the upper
criterion value for LVAW should be ten mm [4,10]. This
criterion value represents a range of approximately three
SDs above the pooled mean (CI 99.74%). If measured with
old ultrasound equipment, it would correspond to a range of
9.6-10.5 mm as measured with newer equipment [11]. The
present authors conducted this study to obtain data on the
normal upper limit of LVAWs in fetuses without abnor-
malities and, thus, to reanalyze the upper limit of these
measurements in the literature. The mean value of LVAW
was 6.69 £ 1.10 mm, and a range of 3 SDs above this mean
corresponds to ten mm. The LVAW did not show signifi-
cant change over the course of gestation, as has been pre-
viously observed [12]. The mean LVAWs and SDs of this
study and seven previous studies are presented in Table 2
(Table 2). The calculated average mean of these eight stud-
ies (6.5 mm) + three SDs corresponds to 10.1 mm. the au-
thors thus suggest 9.7 mm as the criterion value of LVAW
with 100% sensitivity and 99% specificity using ROC



70 G. Goynumer, M. Yayla, R. Arisoy, O. Turkmen

curve analysis, since it is approximately three SDs above
the mean (CI 95%). This criterion value is in correlation
with the current literature. However, it should also be val-
idated by the clinical outcomes of borderline dilatation.

The lateral walls of the atrium are typically perpendicu-
lar to the ultrasound beam in the axial plane and these can
be identified in virtually 100% of fetuses [17]. However,
the identification of these walls may be troublesome in the
second trimester due to large and echogenic choroid
plexuses. In addition, they fill the entire lateral ventricle pos-
terior to the foramen of Monro, tending to mask the ipsilat-
eral ventricle walls. This artifact disappears when coronal,
sagittal, and parasagittal images are obtained, as in this study,
to visualize the area near the ventricle and to evaluate the
fetal brain thoroughly. In this study, the LVAW was meas-
ured at the level of the glomus of the choroid plexus. Heis-
erman et al. showed that placement of the anterior and
posterior calipers on the long axis of the ventricles is not sig-
nificant for the accuracy of measurement, while the assis-
tance of the internal parieto-occipital sulcus is useful in
ventriculomegaly follow-up [13, 18].

Mercier et al. retrospectively examined 26 cases with
borderline ventriculomegaly (10-15 mm) [19]. The LVAW
regressed in ten fetuses and stayed constant in ten fetuses.
Among the remaining cases, one had Down syndrome, one
had porencephaly, and four had growth retardation. Senat et
al. followed 14 fetuses that had unilateral ventriculomegaly
[9]. They found that the LVAW was constant within the
range of 11-13 mm in ten fetuses, and it reached 20-25 mm
in four fetuses. They identified atresia of the foramen of
Monro, Weaver syndrome, congenital toxoplasmosis, and
cerebral atrophy in these fetuses. Three of the pregnancies
were terminated, and postmortem examinations confirmed
the diagnoses. In this study, during the antenatal period, the
authors observed regression of the LVAW in three fetuses
with LVAW values between 9.8 and 12 mm. However,
LVAW increased in four cases with LVAW values greater
than 12 mm. In these cases, the pregnancies were termi-
nated.

Two studies reported abnormal neurological outcomes in
13% of fetuses with LVAW values greater than 12 mm,
while this rate was only four percent in fetuses with LVAW
values between ten and 12 mm [6, 20]. Similarly, the rates
of abnormal neurological outcomes in this study were
12.5% in fetuses with LVAWSs greater than 12 mm and nine
percent in fetuses with LVAWSs between ten and 12 mm. It
has also been reported that the incidence of karyotype ab-
normalities observed in borderline ventriculomegaly is
higher than in patients with severe ventriculomegaly [21].
Signorelli ef al. examined 62 fetuses with LVAWSs between
ten and 12 mm [22]. They diagnosed one fetus with trisomy
21. Gaglioti et al. reported that aneuploidy is observed in
5% (3/57) of borderline ventriculomegaly cases [5]. In this
present study, the authors diagnosed one case of trisomy 21
in the fetuses with LVAWs between 9.8 and 12 mm. The

LVAW value of the other fetus diagnosed with trisomy 21
in this study was between 12.1 and 14.9 mm, while the
LVAWs in the other two cases of karyotype abnormalities
in this study were above 15 mm.

Breeze et al. examined the etiology and prognosis of 20
fetuses with severe ventriculomegaly (> 15 mm) [23]. Ten
of the pregnancies were terminated and diagnoses were
confirmed after delivery. Two infants died in the fourth
month postpartum. Of the remaining eight infants, seven
had abnormal neurodevelopment. In the present study, 14
fetuses with LVAWs greater than 15 mm were identified,
and 12 of the pregnancies were terminated. One fetus died
after cordocentesis. Only one of the 14 fetuses was born
alive, but died within two months.

The present study had a few handicaps. First of all, there
were few cases of ventriculomegaly. Following the patients
in the postnatal period for a longer period of time would be
more informative. Fetal MRI has been recently employed
to diagnose subtle cerebral maldevelopment in fetuses with
mild ventriculomegaly [24]. Since the authors’ experience
in this field was limited, they did not use MRI in the eval-
uation of fetal mild ventriculomegaly cases, except to con-
firm diagnosis of agenesis of the corpus callosum. They
could not obtain autopsy findings for the terminated preg-
nancies or postnatal deaths. Another difference between
this study and others is that ROC curves were used here to
analyze the criterion value of LVAW.

In conclusion, the authors suggest 9.7 mm as the crite-
rion value with 100% sensitivity and 99% specificity using
ROC curve analysis, because it is approximately three SDs
above the mean. In order to avoid undue anxiety in parents,
correct measurements should be obtained. When the LVAW
is found to be between 9.8 and 12 mm and no other fetal ab-
normality is detected, this finding might be considered as a
variation of the normal.
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