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ABSTRACT

BACKGROUND AND PURPOSE: Accurate measurement of the lateral ventricles is of paramount importance in prenatal diagnosis.
Possible conflicting classifications caused by their measurement in different sectional planes by sonography and MR imaging are frequently
raised. The objective of our study was to evaluate the agreement between ultrasonography and MR imaging in the measurement of the
lateral ventricle diameter in the customary sectional planes for each technique.

MATERIALS AND METHODS: Measurement of both lateral ventricles was performed prospectively in 162 fetuses from 21 to 40 weeks of
gestational age referred for evaluation due to increased risk for cerebral pathology. The mean gestational age for evaluation was 32 weeks.
The measurements were performed in the customary plane for each technique: axial plane for sonography and coronal plane for MR
imaging.

RESULTS: The 2 techniques yielded results in substantial agreement by using intraclass correlation and � coefficient score tests. When we
assessed the clinical cutoff of 10 mm, the � score was 0.94 for the narrower ventricle and 0.84 for the wider ventricle, expressing almost
perfect agreement. The Bland-Altman plot did not show any trend regarding the actual width of the ventricle, gestational week, or interval
between tests. Findings were independent for fetal position, sex, and indication for examination.

CONCLUSIONS: Our study indicates excellent agreement between fetal brain ultrasonography and MR imaging as to the diagnosis of
fetal ventriculomegaly in the customarily used sectional planes of each technique.

Ventricular dilation is one of the most common, prenatally

diagnosed cerebral abnormalities.1,2 “Ventriculomegaly” is

defined as an atrial diameter exceeding 10 mm.3,4 The prognosis

of ventricular dilation depends on the degree of dilation and the

presence of associated cerebral or extracerebral abnormalities.5

Thus, accurate measurement of the lateral ventricles is of para-

mount importance in prenatal diagnosis. Recently, guidelines for

the assessment of the diameter of the lateral ventricles by using the

axial transventricular plane as part of routine fetal sonographic

evaluation have been suggested.6,7

MR imaging of the fetal CNS is a complementary tool and is

performed following detection of abnormalities identified by

sonography. The common belief is that fetal CNS MR imaging is

more accurate than sonography, particularly when evaluation for

associated anomalies is required, when the mother is obese, or

when more precise measurement of the ventricular diameter is

required.8

Measurement of lateral ventricle diameter by using MR imag-

ing is performed on a coronal plane.9 Measurement of lateral

ventricle diameter by using ultrasound is performed on an axial

plane.6 This variation may raise possible conflicting classifications

due to different sectional planes or use of different tools. The aim

of our study was to evaluate the agreement between ultrasonog-

raphy and MR imaging in the measurement of the lateral ventricle

diameter in the customary sectional planes for each technique in

prenatal diagnosis.

MATERIALS AND METHODS
This prospective study was performed in a single tertiary center

from January 2011 to December 2012. During this period, 162

singleton fetuses were examined between the ages of 21 and 40

weeks of gestation for increased risk of cerebral pathology. The

study was approved by the local institutional ethics committee.

Informed consent was obtained from all patients.

The mean and median gestational age when performing MR
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imaging was 32.4 � 2.8 and 32 weeks, respectively (range, 21– 40

weeks). The SD and median time lag between ultrasonographic

and MR imaging examinations was 6 � 14 days.

The distribution of the number of fetuses as a function of

gestational age is represented in Fig 1. Patients were referred to

our department for neurosonographic evaluation and cerebral

MR imaging following the detection of ventricular dilation or

ventricular asymmetry (n � 54, 33.3%) on sonographic examina-

tion or suspected cerebral abnormality. Distribution of the num-

ber of fetuses as a function of the indication for neurosonographic

evaluation is presented in Table 1. There was no difference in the

mean gestational age in regard to the indication.

Fetal presentation was recorded in 147 cases: cephalic in 113

(77%), breech in 32 (21.7%), and transverse in 2 cases (1.3%). Fetal

sex was recorded in 128 cases: 79 males (62%) and 49 females (38%).

Sonographic examinations were performed by using the Volu-

son E-8 (GE Medical Systems, Zipf, Austria) sonography plat-

forms, equipped with a transabdominal, multifrequency (4- to

8-MHz) probe. In our institution, we perform fetal brain MR

imaging by using a 1.5T system (GE Healthcare Technologies,

Milwaukee, Wisconsin). Single-shot fast spin-echo T2-weighted

sequences in 3 orthogonal planes were performed by using the

following parameters: section thickness, 3– 4 mm; no gap; flexible

coil (8-channel cardiac coil); matrix, 320/224; TE, 90 ms; and TR,

1298 ms. The FOV was determined by the size of the fetal head: 24

cm for the smaller fetuses and �30 cm for the larger fetuses. T1

fast-spoiled gradient-echo sequences were performed only in the

axial plane with a larger FOV (400 mm), with section thickness, 4

mm; gap, 0.5 mm; TR, 160 ms; and TE, 2.3 ms.

For each fetus, both lateral ventricles were measured by ultra-

sonography and MR imaging by using the same customarily used

sectional plane for each technique.

Sonographic measurements were performed in the axial plane

as recommended by the International Society of Ultrasound in

Obstetrics and Gynecology guidelines for sonographic examina-

tion of the fetal central nervous system.6 Calipers were positioned

inside the echoes generated by the ventricular walls (Fig 2A). For

MR imaging, measurements were obtained on the coronal plane

at the level of the ventricles (with good visibility of the choroid

plexuses) (Fig 2B).9

Sonography is a dynamic, real-time examination, necessitat-

ing the presence of the patient; therefore, a single observer per-

formed all measurements. On the other hand, MR imaging results

can be accessed as needed. The reproducibility of measurements

of the lateral ventricles in MR imaging was assessed as well. Two

radiologists (radiologist 1 and radiologist 2) evaluated the entire

study sample. Each radiologist was unaware of the results ob-

tained by the other.

Ventricle (a) was defined as narrower and ventricle (b), as

wider. We matched the ventricles relatively according to the mea-

surements obtained by MR imaging.

Statistical Analysis
The width of the measured ventricles in the different planes was

compared and statistically analyzed by

using the Statistical Package for the So-

cial Sciences software, Version 18.0

(IBM, Armonk, New York).

Quantitative variables are described

as median (range), and qualitative vari-

ables, as frequency (percentage).

Reproducibility of the sonography

and MR imaging measurements of both

ventricles was assessed by using Bland-

Altman analysis and the intraclass corre-

lation coefficient. “Ventriculomegaly”

was defined as an atrial diameter exceed-

ing 10 mm (�4 SDs). The measure of

agreement between ultrasonography

and MR imaging to define ventriculo-

megaly was calculated by using the � co-

efficient. Agreement was considered

slight when � � 0.2; fair when 0.2 � � �

0.4; moderate when 0.4 � � � 0.6; ex-FIG 1. Distribution of number of fetuses providing data as a function of gestational age (n � 162).

Table 1: Distribution of numbers of fetuses providing data as a function of the indication for neurosonography
Indication No. Mean Gestational Week Min Max Median

CMV seroconversion 35 33.63 30 40 33
Ventricular asymmetry 54 31.78 21 37 32
Abnormal head circumference 15 34.27 29 38 35
Abnormal posterior fossa 10 31.60 26 35 32
Cystic lesions 8 33.75 31 37 33
Family history of CNS illness 6 32.33 31 34 32
Midline abnormalities 6 31.67 23 37 32
Obstetric complications and extra-CNS anatomic findings 28 31.00 23 36 32

Note:—Min indicates minimum; Max, maximum; CMV, cytomegalovirus.
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cellent when 0.6 � � � 0.8; and almost-perfect when � �0.8.

RESULTS
The reproducibility of ventricular measurements between sono-

graphic examination and MR imaging was fairly good, as demon-

strated by estimates of the mean differences, 95% limit of agree-

ment, and the intraclass correlation coefficient (Table 2).

There was no particular trend in the Bland-Altman plot for

either the narrower (a) or the wider (b) ventricle (Fig 3). When we

assessed the clinical cutoff of 10 mm, the � score was 0.94 for axial

and coronal planes of the narrower ventricle and 0.84 for the

wider ventricle—almost perfect agreement for both evaluating

radiologists.

Indeed, when we compared sonographic with MR imaging

measurements, 37 cases (radiologist 1) and 35 cases (radiologist

2) of disagreement were observed in the determination of ven-

triculomegaly (ie, when 1 value was above 10 mm and the other,

below 10 mm). In 18 cases, the discrepancy between the 2 mea-

surements was �1.9 mm. In 15 cases, obesity or previous multiple

cesarean deliveries were responsible for poor visibility of the ven-

tricular walls by sonographic examination. In 2 cases, no expla-

nation was found for the disagreement between measurements

(Table 3). No specific trend was found

when estimating the agreement between

measurements in the 2 modalities in re-

lation to gestational age.

When estimating the agreement be-

tween sonography and MR imaging

measurements as a function of the time

interval between tests, the Bland-Alt-

man plot did not indicate any particular

trend (Fig 4). Three cases demonstrated

great differences between the 2 modalities.

In the first, the ventricles were measured as

very narrow on MR imaging, most likely

below the measurement resolution by

sonography (5 mm). In the second case,

the ventricles were very wide (�20 mm) in

both modalities. Both cases represent the

extremes of the norm, and measurement

differences did not have an impact on clin-

ical decisions. The third case represents a

rare case of disagreement between sonog-

raphy and MR imaging. The time lag be-

tween these examinations was a few days;

therefore, progressive ventricular dilation

could not explain the differences.

The reproducibility of measure-

ments of the lateral ventricles on MR

FIG 2. A, Sonographic measurement of the fetal lateral ventricles in the axial transventricular
plane. B, Measurement of the fetal lateral ventricles in a T2-weighted MR image (coronal plane) at
the level of the ventricles; ventricular diameter is measured at the midheight of the ventricle.

FIG 3. Plots of the difference between sonographic and MR imaging ventricular measurements against their mean (A, narrower ventricle; B,
wider ventricle).

Table 2: Reproducibility of measurements of the lateral ventricles for ultrasound and MRI
Differences in Measurement of

Ventricles, Ultrasound-MRI (mm) Definition of
Ventriculomegaly

� CoefficientMean
95% Limits of
Agreement ICC (95% CI)

MRI radiologist 1
Ventricle (a) 0.33 � 1.58 (�2.76–1.58) 0.91 (0.88–0.94) 93.8
Ventricle (b) �0.26 � 1.58 (�3.35–1.58) 0.94 (0.91–0.95) 83.4

MRI radiologist 2
Ventricle (a) �0.88 � 1.52 (�3.86–1.52) 0.9 (0.78–0.95) 93.8
Ventricle (b) �1.09 � 1.5 (�4.05–1.5) 0.92 (0.75–0.96) 84.2

Note:—ICC indicates intraclass correlation coefficient.
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imaging was fairly good. The limits of agreement were considered

acceptable for clinical purposes, and the intraclass correlation co-

efficient showed almost perfect agreement (Table 4).

Our findings were independent for fetal sex, presentation, ges-

tational age, and the indication for conducting the neurosonog-

raphy. The Bland-Altman plot did not indicate any trend regard-

ing the actual width of the ventricle or the time interval between

tests.

DISCUSSION
A great deal of attention has been given to the importance of

measuring the fetal lateral ventricular diameter as a pivotal find-

ing for prenatal diagnosis of CNS pathologies.1,10,11 Ventriculo-

megaly is one of the most common sonographically detectable

fetal cerebral abnormalities.12

More than 20 years ago, it was established that the normal fetal

ventricular diameter remains relatively constant throughout ges-

tation.10,13 Since these reports, 10 mm is considered the upper

limit of the normal range for lateral ventricle diameter measured

in the axial plane. The 10-mm cutoff was derived from serial stud-

ies that established this cutoff as �3 or �4 SDs, depending on the

series.3,14,15

The prognosis of ventricular dilation depends on the degree of

the dilation and the presence of associated cerebral or extracere-

bral abnormalities.16,17 Thus, accurate measurement of the lateral

ventricles is of paramount importance in prenatal diagnosis. Mea-

suring the ventricle diameter reliably is particularly problematic

when the ventricular measurement is close to the standard

10-mm threshold. Measurement of the proximal lateral ventricle

is frequently difficult due to near-field artifacts.7

It is now accepted that fetal brain MR imaging plays an impor-

tant role in the prenatal detection of associated cerebral anoma-

lies.8 The common understanding is that MR imaging is more

accurate than sonographic imaging, particularly in cases of ma-

ternal obesity, in identifying or excluding associated anomalies, or

in cases in which a more precise measurement of the ventricular

diameter is required.18

Questions of possible conflicting classifications caused by

measurement of the fetal lateral ventricles in different sectional

planes by sonography and MR imaging are frequently raised. Usu-

ally in sonographic examinations, the fetal ventricle diameter is

measured on an axial plane at the level of the thalami as a line

perpendicular to the atrium at the level of the posterior margin of

the choroid plexus.6 Measurement of the lateral ventricle diame-

ter by using MR imaging is performed on a coronal plane.9

Good agreement between fetal sonography and MR imaging

in the measurement of the lateral ventricle diameter was previ-

ously reported when comparing the same coronal planes.19 How-

ever, the coronal plane is not frequently used as a customary prac-

tice in the sonographic examination of the fetal CNS; neither is it

mentioned as part of the “fetal neurosonogram” in the Interna-

tional Society of Ultrasound in Obstetrics and Gynecology guide-

lines.6 Others have compared measurements in the axial plane for

both imaging modalities, reporting that MR imaging mean ven-

tricular measurements were slightly smaller than sonographic

measurements.20 However, the axial plane is not commonly used

for assessment of the fetal lateral ventricles when using MR

imaging.

The aim of our study was to evaluate the agreement between

ultrasonography and MR imaging in the measurement of the di-

ameter of the lateral ventricles in the routinely used sectional

planes for each technique. Our results indicate that when the fetal

lateral ventricles are measured on an axial plane by using ultra-

sonography and on the coronal plane by using MR imaging, the 2

modalities are in close agreement. Two radiologists assessed the

reproducibility of MR imaging measurements of the fetal lateral

ventricles in our study. Previous reports have reported moderate-

to-substantial agreement among MR imaging radiologists in the

measurements of the lateral ventricles.9 Our study shows high

Table 3: Comparison between ultrasonography and MRI data in
the evaluation of ventricular diameter below and above the
clinical cutoff of 10 mm

Ultrasonography Axial Plane

Ventricle (a) Ventricle (b)

<10 mm ≥10 mm <10 mm ≥10 mm
MRI coronal plane,

radiologist 1
�10 mm 138 5* 103 14*

�10 mm 5* 14 13* 32
MRI coronal plane,

radiologist 2
�10 mm 134 1** 108 20**

�10 mm 9** 18 5** 25
* Cases of disagreement for the diagnosis of ventriculomegaly (ventricular width � 10
mm) between ultrasound and MRI for radiologist 1, total of 37 cases.
** Cases of disagreement for the diagnosis of ventriculomegaly between ultrasound
and MRI for radiologist 2, total of 35 cases.

FIG 4. Plots of the difference between sonography and MR imaging
ventricular measurements against the time interval between sonog-
raphy and MR imaging. Cases of great differences between the 2
modalities: 1) very narrow ventricles on MR imaging, most likely below
the measurement resolution by sonography (5 mm); 2) very wide ven-
tricles (�20 mm) in both modalities; and 3) a rare case of disagree-
ment between sonography and MR imaging.

Table 4: Interobserver agreement: MRI

Mean
95% Limits of
Agreement ICC 95% CI

Ventricle (a) �1.20 � 1.11 �3.39–0.97 0.91 0.41–0.97
Ventricle (b) �0.82 � 1.03 �2.84–1.19 0.96 0.84–0.98

Note:—ICC indicates intraclass correlation coefficient.
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agreement between our 2 radiologists in the measurement of both

ventricles. Our results showed no influence as to fetal presenta-

tion, sex, gestational age, indication for neurosonography, or time

lag between tests.

As reported by others,19 when the ventricles are very narrow,

sonographic evaluation tends to overestimate the ventricular di-

ameter. Our results show that when the fetal ventricular diameter

is within normal limits or mildly dilated, ultrasonography and

MR imaging are in close agreement. However, in cases of severe

ventricular dilation, we found greater discrepancies between

sonography and MR imaging. These differences usually do not

have significance in clinical decision-making.

MR imaging has a better contrast resolution and is less depen-

dent on maternal body habitus. These features most probably

account for most cases with strong disagreement between sonog-

raphy and MR imaging. This also raises the question as to whether

poor visibility of the fetal lateral ventricular walls when conduct-

ing prenatal sonography is an indication for prenatal fetal brain

MR imaging.

CONCLUSIONS
Accurate measurement of the lateral ventricles is of paramount

importance in prenatal diagnosis, particularly when the ventric-

ular measurement is close to the standard 10-mm threshold of

fetal ventriculomegaly. It is now accepted that fetal brain MR

imaging plays an important role in the prenatal diagnosis of ven-

triculomegaly. Possible conflicting classifications caused by mea-

surement of the fetal lateral ventricles in different sectional planes

by sonography and MR imaging are frequently found. Our study

reveals that in the customarily used sectional planes for sonogra-

phy and MR imaging, measurements of the fetal lateral ventricles

are in close agreement.
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