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Abstract—Ventriculomegaly at term age is an important predictor of neurologic outcome in preterm infants.
Previous studies have found only poor correlations between two-dimensional (2D) cranial ultrasound (US)
measurements of lateral ventricles and volume measurements using three-dimensional (3D) magnetic resonance
imaging (MRI). Paired cranial MRI and US scans in a population based cohort of 28 extremely preterm infants
were obtained at term equivalent age. A 3D MRI volume and five different 2D ultrasound measurements were
assessed for each lateral ventricle. Correlations and interobserver variability were calculated. Reliability of US
measurements and correlations between MRI volumes and US measurements of the frontal horns and ventricular
midbody were consistently good. The highest correlation was achieved by combining the coronal frontal horn
measurements to a frontal horn product (r2 � right 0.94, left 0.95). Our study underlines the value of cranial
ultrasound measurements in neonatal care and follow-up. (E-mail: s.horsch@gmx.de) © 2009 World Feder-
ation for Ultrasound in Medicine & Biology.
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INTRODUCTION

The presence of cerebral ventriculomegaly at term equiv-
alent age is an important and independent predictor of
adverse cognitive and motor development in preterm
infants (Ment et al. 1999). It can be easily detected by
cranial two-dimensional (2D) ultrasound at the cotside.
To quantify ventricular size, a variety of ultrasound
measurements have been suggested by different authors
(Davies et al. 2000; Govaert and de Vries 1997; Levene
1981; London et al. 1980; Ment et al. 1999). In our
experience, the width of the frontal horns in the coronal
plane and the width of the ventricular midbody in the
sagittal plane are the most commonly used parameters in
daily routine on neonatal intensive care units. However,
there is no consensus as to which is the best parameter to
use. Furthermore, interobserver variability has been a
matter of concern, as well as correlation of 2D measure-
ments with actual ventricular volume (Anderson et al.

2004). In the present study, we hypothesized that the
frontal horn area correlates well to the total lateral ven-
tricle volume. However, area measurements are not eas-
ily performed with all ultrasound devices. Therefore, we
decided to measure an estimate of the frontal horn area
(called frontal horn product) by multiplying two perpen-
dicular linear measurements of the frontal horns, the
short and the long axis of the frontal horn.

Ventricular volume can be accurately measured by
three-dimensional (3D) magnetic resonance imaging
(MRI), which is an established and valid method to
assess brain tissue and fluid volumes (Harris et al. 1991;
Kohn et al. 1991). One previous study has compared the
two methods and found only limited correlation between
2D ultrasound measurements of ventricular size and ce-
rebrospinal fluid (CSF) volume assessed by 3D MRI
(Anderson et al. 2004). However, in this study, CSF
volume was not subdivided into extra- and intraventric-
ular CSF volume.

Therefore, the aim of the present study was to
correlate five common linear 2D ultrasound measure-
ments of lateral ventricular size (in the coronal plane:
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short and long axis of the frontal horn, in the parasagittal
plane: the height of the frontal horn, the width of the
ventricular midbody and the thalamo-occipital horn dis-
tance) and the frontal horn product to the lateral ventric-
ular volume assessed by 3D MRI and thereby to deter-
mine the best ultrasound parameter to use in clinical
practice to quantify ventricular size.

PATIENTS AND METHODS

Patients and perinatal data
From August 2004 to August 2005, all infants born

with a gestational age below 27 weeks in the Stockholm
region were included. An ultrasound and an MRI scan of
the brain were performed at term equivalent age as part
of clinical routine. For acquisition of MRI images that
exceeded the clinical routine protocol, approval was
given by the local ethical board. Informed consent was
obtained from all parents of infants included in the study.
Perinatal data and clinical courses were prospectively
collected. Infants with chromosomal disorders, congen-
ital abnormalities, congenital infections, and proven met-
abolic or malignant disorders were excluded from further
analysis.

Cranial ultrasound
Cranial ultrasound was performed the same day as

the MRI scan. Infants were scanned by an examiner
experienced in neonatal cranial ultrasound (S.H.) using
the ACUSON Sequoia ultrasound system (Siemens Med-
ical Solutions, Germany) equipped with a multifre-
quency sector transducer (5 to 8 MHz). Ultrasound was
performed in coronal and sagittal/parasagittal planes
through the anterior fontanelle obtaining sequential sec-
tions according to Levene (1985). The images were
stored digitally and the following five ventricular mea-
surements obtained for the right and left lateral ventricle:

(1) in the coronal plane at the level of the third
ventricle: width of the frontal horn in the long (measure-
ment 1) and short axis (measurement 2) (Fig. 1); and (2)
in the parasagittal plane: width of the frontal horn (mea-
surement 3), width at the midbody (measurement 4) and
the thalamo-occipital horn distance (measurement 5)
(Fig. 1).

Furthermore, to get an estimate of the frontal horn
area the short and long axis measurements of the frontal
horn were multiplied resulting in the frontal horn product
(frontal horn product � short axis measurement � long
axis measurement).

To study the interobserver variability, and thereby
the reliability of the ventricular measurement, the digi-
tally stored images were reanalysed by a second inde-
pendent observer (M.B.) for all patients.

MR imaging
All MR scans were performed at the Astrid

Lindgren Children’s Hospital at Karolinska University
Hospital in Stockholm, Sweden, using a 1.5 Tesla mag-
netic resonance system (Philips Intera). A coronal T1
weighted 3D gradient echo sequence (TR 40 ms, TE 4.6
ms, Flip angle 30 degrees, NSA 2, scanning matrix 256
� 206, slice thickness 2 mm (1 mm spacing), FOV 180
mm, SENSE r � 1.5) was added to the standard protocol
to allow exact volumetric measurements. According to
our standard clinical protocol for neonatal MRI, infants
were fed and given chloral hydrate (30 mg/kg p.o. or
rectally) 15 to 30 min before the examination. Six infants
did not receive chloral hydrate either because they were
already deeply asleep before the examination (n � 4) or
parents did not give consent to the application of sedative
medication (n � 2).

MR image postprocessing
To segment the lateral ventricles, image-processing

software was developed and implemented in Matlab 7.0
(Mathworks, MI, USA). The software uses a semiauto-
matic gradient vector flow active contour model (Kass et
al. 1987; Xu et al. 1998) that is attracted to the ventricle
edges. Dedicated software provided by Xu et al. (1998)
was used to calculate the gradient vector flow field. Apart
from reducing inter- and intraobserver variability com-

Fig. 1. Ultrasound measurements.
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