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Abstract
Background Congenital cytomegalovirus (CMV) infection
can lead to severe neurological sequelae, but a defined
brain magnetic resonance (MR) pattern and MR predictors
of clinical outcome are still lacking.
Materials and methods Clinical and MR findings of 14
children with symptomatic congenital CMV infection were
retrospectively reviewed.
Results Microcephaly, cerebral palsy and epilepsy were
found in eight, six and seven patients, respectively (all
concomitant in 6); 12 children developed sensory-neural
hearing loss (SNHL). At first MRI (mean age 21 months,
range 5–54 months), white matter (WM) involvement was
not assessable in two children due to incomplete myelina-
tion. WM abnormalities were common (11/12 patients);
deep WM was predominantly involved in 5/11; the largest
WM lesion was in the parietal lobe in 6/11. Anterior
temporal lobe abnormalities were found in 13/14. Six
children underwent MRI examination after 2 years of life;

in this subgroup, WM abnormalities were extensive and
confluent (4/6), bilateral and multifocal (1/6) or absent (1/6).
Four children showed a progression of myelination. Ven-
triculomegaly (9/14), migration disorders (6/14 polymicro-
gyria and 1/14 pachygyria-lissencephaly) and hippocampal
dysplasia (6/14) correlated with severe neurological sequelae
(p<0.05, Fisher exact test), while the presence of WM
abnormalities (11/12), periventricular cysts (6/14) and
cerebellar hypoplasia (4/14) did not predict the outcome.
Conclusions The spectrum of brain MR abnormalities in
symptomatic congenital CMV infection is extremely wide.
WM involvement is variable, difficult to evaluate at a very
young age and unrelated to clinical outcome, while cortical
malformations, ventriculomegaly and hippocampal dyspla-
sia seem to be strong predictors of poor outcome except for
SNHL.
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Introduction

Cytomegalovirus (CMV) is the most common cause of
congenital viral infection in the Western world affecting
0.5–2.4% of newborns [1–3]; however, only 10–15% have
signs of congenital infection. Neurological signs include
cognitive and motor impairments, sensorineural hearing
loss (SNHL) and chorioretinitis [1, 4–9]. In more than two-
thirds of these children, neuroimaging abnormalities are
present and comprise cerebral (especially periventricular)
calcifications, ventriculomegaly, periventricular white
matter lesions, migration abnormalities, cortical atro-
phy, periventricular cysts or cerebellar hypoplasia [10].
A normal brain CT is predictive of good clinical
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outcome, while microcephaly is the most specific
predictor for severe neurological sequelae [11]. Brain
MRI is more sensitive than brain CT in detecting white
matter (WM) abnormalities, cortical malformations
(agyria, lissencephaly, pachygyria, polymicrogyria),
periventricular cysts and hippocampal dysplasia
[12, 13]; however, the prognostic role of these findings
is not yet defined.

Specific patterns of WM involvement have been previ-
ously identified on a small cohort of congenital CMV
patients [14] and used as MR criteria for the identification
of this infection among patients affected by leukoencephal-
opathy of unknown origin. In particular, in this study all
patients with proven congenital CMV infection presented
multifocal lesions predominantly involving deep parietal
white matter, with or without gyral abnormalities; when
gyral abnormalities were present, leukoencephalopathy
could also be diffuse.

The aim of our study was to analyze brain MR
abnormalities in congenital CMV infection taking into
account the proposed MR criteria.

Materials and methods

Medical records of all newborns admitted to our
Department of Pediatrics from January 1994 to Decem-
ber 2007 with symptomatic congenital CMV infection
were considered after the approval by our University
Department review board. The diagnosis of congenital
infection was based on CMV isolation from urine during the
first 3 weeks of life. A patient was defined as symptomatic if at
least one of the following abnormalities was present at birth:
intrauterine growth retardation, microcephaly (head circum-
ference more than 2 standard deviation below the age-norm),
hepatomegaly, splenomegaly, petechiae, jaundice, thrombo-
cytopenia (platelet count < 75×103/uL), laboratory evidence
of hepatitis (alanine aminotransferase level > 100U/L),
chorioretinitis or neonatal deafness [1, 15]. MRI examina-
tions were performed using 1.0 T and 1.5 T scanners and
were reviewed by a single neuroradiologist with 10 years’
experience who was blind to clinical and other brain
imaging findings (CT and ultrasound). Sagittal and axial
spin-echo (SE) T1-weighted and axial and/or coronal
Fast SE T2-weighted images were available in all
patients; in some cases, T2* or inversion recovery T1-
weighted sequences were performed for a more precise
evaluation of parenchymal calcification or myelin abnor-
malities. FLAIR was routinely performed after the age of
2, when the myelination process is thought to be almost
complete. White matter abnormalities (WMAs) were
assessed on T2-weighted images. In order to graduate
WMAs, we used the parameters proposed by van der Knaap

for children with WM disorders [14], since most of the WM
scores present in the literature are based on adults.
Ventriculomegaly (frontal and occipital horn ratio greater
than 0.4), periventricular cysts (parenchymal round lesions
close to ventricle lining with cerebrospinal fluid-like signal),
hippocampal dysplasia (incomplete rotation of the hippo-
campal formation), cortical malformations, cerebellar hypo-
plasia (marked reduction in size with reduced number of
folia) and brain malformations were evaluated in all the
available sequences. Cerebellar hypoplasia and cortical
malformations were considered signs of an early vertical
infection [12].

For the evaluation of the outcome, every child was
examined by a pediatric neurologist who performed a
clinical evaluation, verifying also the acquisition of neuro-
developmental milestones. In accordance with common
clinical practice, the presence of cerebral palsy, epilepsy or
mental retardation was considered a marker of poor
outcome. Correlation between MR findings and clinical
outcome was assessed by means of the Fisher exact test.

Results

In the study period, there were clinical files on 17 children
with congenital CMV infection; we considered 14 of them
since the remaining three did not undergo brain MRI
assessment because their parents refused consent. Micro-
cephaly, cerebral palsy and epilepsy were found in eight,
six and seven patients respectively; in six children all these
findings were concomitant. Twelve children developed
SNHL, four in the absence of other neurologic sequelae.
The mean follow-up was 59 months (range 10–168).

At the time of the first MRI, the patient age ranged
between 5 and 54 months. MRI findings and outcome of
patients are illustrated in Table 1. We could not evaluate
WM abnormalities in two children because they were too
young at the time of the MR examination (5 months). In
these children, T1 sequences used for evaluating myelina-
tion at this age did not show any signal abnormality;
noteworthy, spin-echo T2 sequences were not available,
while fast spin-echo and FLAIR images are not considered
reliable for this purpose [16]. WM abnormalities were
observed in 11 of 12 children (Table 2, Fig. 1). According
to van der Knaap’s WM abnormalities criteria, the
distribution of lesions was bilateral and multifocal in 2/11
children; among seven children with concomitant cortical
dysplasia, WM involvement was diffuse in three patients,
extensive and confluent in two while in the last two patients
it was undetermined because of age. The zone predomi-
nantly involved was the deep white matter in 5/11 while the
location of the largest lesion was parietal in 6/11. Six
children underwent MRI examination after 2 years of age;
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in this subgroup, WM abnormalities were extensive and
confluent (4/6), bilateral and multifocal (1/6) or absent (1/
6). Four children had more than one MRI examination and
all showed a progression of the myelinating process
(Fig. 2). Periventricular cysts were detected in 6/14 patients
and were generally multiple; two children (patients 8 and
10) presented a single isolated temporal periventricular
cyst.

Besides WM abnormalities, frequent MR findings were
ventriculomegaly (9/14), migration disorders (6/14 poly-
microgyria and 1/14 pachygyria-lissencephaly), hippocam-
pal dysplasia (6/14) and cerebellar hypoplasia (4/14)
(Figs. 3, 4 and 5). In six children, the hippocampus was
thinner and vertically oriented as if its development and
rotation had been arrested in the early phases. White matter
and cortical abnormalities of the anterior part of the

Findings CMV patients

White matter abnormalities 11/12

Distribution of lesions Unilateral 0

Bilateral and multifocal 2

Extensive and confluent 6

Diffuse 3

Periventricular involvement 10

Involvement of deep white matter 11

Arcuate fibre involvement 10

Zone predominantly involved Periventricular WM 1

Deep white matter 5

Arcuate fibres 3

No zone 2

Frontal lobe involvement 11

Parietal lobe involvement 10

Occipital lobe involvement 10

Temporal lobe involvement 11

Location of largest lesions Frontal 2

Parietal 6

Occipital 1

Temporal 2

Myelination Normal 2

Mildly delay 5

Considerably delay 4

Gyral abnormalities

Present 7

Suggestive of polymicrogyria 6

Additional findings

Abnormalities of anterior part of temporal lobea 13

Table 2 Brain abnormalities in
our cytomegalovirus (CMV)
congenital infection patients
(classified according to van der
Knaap et al. [14])

a Temporal lobe abnormalities
include white matter abnormali-
ties (WMAs), periventricular
cysts and hippocampal dysplasia

Fig. 1 Brain MRI in a
15-month-old male with cerebral
palsy and epilepsy (patient 2).
Coronal T2-weighted images
show diffuse deep and
juxtacortical frontal and
temporal white matter signal
abnormalities and several
intraparenchymal cysts (white
arrowheads)

Pediatr Radiol (2011) 41:962–970 965



temporal lobe were present in 13/14 children (Figs. 1 and
3). Among children with migration disorders, WMAs were

diffuse in three while two presented extensive and
confluent WMAs.

Fig. 3 Brain MRI in a 4-year-old male with cerebral palsy, epilepsy and
sensorineural hearing loss (SNHL) (patient 1). a Axial T2-weighted
images show diffuse patchy deep and juxtacortical white matter

abnormalities. b Coronal FLAIR images reveal bilateral temporal and
left frontal cystic lesions (white arrows) and slight hippocampal
dysplasia more evident on the right side (white arrowhead)

Fig. 2 Brain MRI scans in
patient 7 at 14 (a) and 24 (b)
months of age. Axial
T2-weighted images at the same
level through the lateral
ventricles show the
progression of myelination
(white arrows). White matter
abnormalities are difficult to
evaluate at a very young age due
to incomplete or delayed
myelination. This child, except
for sensorineural hearing loss
(SNHL), had a normal
neurological examination

966 Pediatr Radiol (2011) 41:962–970



We found a significant correlation between the detection
of migration disorders (p=0.02), ventriculomegaly (p=0.02)
or hippocampal dysplasia (p=0.03) and the presence of
cerebral palsy.

We found no correlation between migration disorders or
hippocampal dysplasia and epilepsy. No correlation was
found between the presence of WM abnormalities and poor
clinical outcome or SNHL. The distribution of WM
abnormalities according to the presence of SNHL shows
that extensive and confluent lesions are frequent in patients
with SNHL, although this pattern of WM involvement may
also be observed in normal hearing patients. Signs of an
early vertical infection (cerebellar hypoplasia and cortical
malformations) were present in seven patients; all four
patients with cerebellar hypoplasia also presented poly-
microgyria or lissencephaly.

Discussion

About 1% of all newborns in developed countries are
associated with congenital CMV infection and 10–15% of
these are symptomatic at birth. Ninety percent of symp-

tomatic children develop a neurological impairment which
ranges greatly from isolated SNHL to severe mental and/or
motor deficits [1, 17]. In this clinical context, early
predictors of outcome are needed to tailor appropriate
management and counselling. Several studies have shown
that microcephaly has a high specificity as a predictor of
neurological impairment [11, 18]. It can be considered an
indirect sign of severe nervous tissue loss resulting from an
early damage to the germinal matrix, which is known to be
selectively vulnerable to CMV infection [12]. Fetal MRI
was recently shown to be a valuable tool for visualizing the
germinal matrix—normally hypointense in T2-weighted
images—and its abnormalities, such as thickening due to
migration disorders, which might be associated with early
and severe brain damage [19, 20]. Moreover, fetal MRI was
shown to have a higher sensitivity than ultrasound in
detecting polar temporal lesions, microencephaly and
cortical anomalies [20]. On the other hand, some authors
have shown that fetal MRI should be considered comple-
mentary to ultrasound in order to confirm or rule out the
presence of CMV-related fetal brain abnormalities [21], and
that prenatal imaging might not be a reliable prognostic
marker [22, 23]. Post-natal neuroradiological features have

Fig. 4 Brain MRI. a Axial
T2-weighted image of a
2-year-old male (patient 9)
discloses severe
ventriculomegaly with poor
operculisation (black arrows)
and a pachigyric-lissencephalic
appearance of the cortex; the
residual juxtacortical frontal
white matter is abnormal (white
arrowheads). b Axial
T1-weighted image of a
5-year-old male (patient 3). Near
the large dysmorphic lateral
ventricles, small parenchymal
calcifications (white arrows) are
recognizable. c Coronal
T2-weighted image of a
15-month-old male (patient 2)
with hippocampal dysplasia
more evident on the right side
(black arrows). Severe, deep
and juxtacortical white matter
signal abnormalities are also
evident. d Sagittal T1-weighted
image of patient 9 reveals
microcephaly and severe
cerebellar/brainstem hypoplasia
(white arrowheads). All these
children were clinically severely
affected and presented cerebral
palsy, sensorineural hearing loss
(SNHL) and epilepsy

Pediatr Radiol (2011) 41:962–970 967



also been investigated; many authors have shown typical
brain CT abnormalities in congenital CMV infection, such
as WM hypodensity, cerebellar hypoplasia, cortical dyspla-
sia, periventricular calcifications, ventriculomegaly and
brain atrophy [10, 24, 25]. In particular, Noyola et al.
described a score based on CT findings (calcifications,
ventriculomegaly and brain atrophy) and showed a high
correlation between their absence and a good clinical
outcome [11]. On the other hand, few papers addressed
the role of brain MRI in early congenital CMV infection
[26, 27]; this technique is known to be very sensitive in
identifying cortical dysplasia, gray matter heterotopias or
brain malformations such as schizencephaly, while its
multiplanar characteristics allow an easier detection of
hippocampal abnormalities and periventricular cysts. Fur-
thermore, MRI can reveal WM abnormalities, except in the

first year of life when lesions and unmyelinated WM might
share a similar hyperintensity. Van der Knaap et al. tried to
identify a typical MRI pattern in a group of eight children
with congenital CMV infection who were symptomatic at
birth; all of them had bilateral and multifocal WM
abnormalities, predominantly involving the deep WM, with
the largest lesions in the parietal lobe. In those children
with gyral abnormalities, WM abnormalities could be either
bilateral-multifocal or diffuse [14]. According to van der
Knaap et al., the presence of these WM abnormalities
should direct the clinicians toward the diagnosis of
congenital CMV infection [28, 29], thus avoiding incon-
clusive and expensive metabolic investigations or the
creation of new entities of leukoencephalopathy [30].
Nevertheless, in our cohort of symptomatic congenital
CMV infection, documented within the first three weeks

Fig. 5 Brain MRI findings in axial T2-weighted images. a
Four-month-old male affected by epilepsy (patient 14). The white
matter burden is difficult to evaluate due to incomplete myelination
while the concomitant perisilvian polymicrogyria is easily recogniz-
able due to the apparent focal thickening of the cortex (white
arrowheads). b Five-month-old female (patient 4) with severe

cognitive impairment: diffuse cortical dysplasia and severe ventricular
enlargement. c Four-month-old male (patient 13) presenting with
faciopharyngoglossomasticatory diplegia (Foix-Chavany-Marie syn-
drome) due to diffuse bilateral polymicrogyria (white arrowheads)
with sparing of the posterior regions

968 Pediatr Radiol (2011) 41:962–970



of life, these MR criteria were entirely fulfilled in only 1/12
children (patient 8). Similarly, Suzuki et al. did not detect
WM abnormalities in 6/16 MRI examinations of congenital
CMV infected children, thus posing some doubts about the
presence of pathognomonic WM patterns [31]. Moreover,
WM evaluation in CMV infection can be hampered by the
difficulty in assessing WM abnormalities burden in early
life, since it might be hindered by a partial myelination,
which continues after birth and ends at around 2 years of
age. Actually, spin-echo T2-weighted images are known to
be more sensitive and specific for WM abnormalities even
before 8 months of age whenever the increase of signal
intensity is marked; yet, more subtle abnormalities are
difficult to separate from incompletely myelinated brain
tissue. Myelination may be slowed in CMV congenitally
infected children and might progress even after 2 years of
age [26, 27]. In our series, no correlation was found
between a specific pattern of WM involvement and the
severity of neurological impairment or the presence of SNHL.
Consequently, WM abnormalities appear to be difficult to
assess in the first years of life and, if present, they are scarcely
predictive of poor neurological outcome. Recently, diffusion
tensor imaging has been proposed for quantitative objective
analysis of the myelination process; however, conclusions
about the underlying structural changes remain challenging
and its usefulness in distinguishing delayed myelination from
CMV-related changes remain to be proven.

On the other hand, gray matter and morphological brain
abnormalities can be reliably detected even in early life by
MRI, and some of these features, namely, cortical malfor-
mations, hippocampal dysplasia and ventriculomegaly,
have been found to correlate with poor neurological
outcome, in particular with cerebral palsy. Recently, Suzuki
et al. found an increased prevalence of migration disorder
and ventricular dilatation in children with epilepsy. This
correlation was not confirmed in the present study;
however, some of our non-epileptic children with migration
disorders were very young (19 months of age in patient 12
and 10 months in patient 13) and a longer follow-up might
change our data since the onset of epilepsy has been
observed to range widely (2–37 months) [31].

In the neonatal period, MR and ultrasound seem to be
the favorite tools for detecting coexisting brain alterations
such as periventricular cysts, cerebellar hypoplasia and
hippocampal dysplasia [13]. Periventricular cysts are
considered suggestive of viral congenital infection since
the selective vulnerability of the germinal matrix might
result in germinolytic lesions [26, 32]; nevertheless, this
feature seems to lack prognostic value, at least in our group
of patients. Cerebellar hypoplasia is considered a sign of
CMV infection [12] occurring in the first trimester of
pregnancy and should therefore correlate with severe brain
damage. Accordingly, all our patients with cerebellar

hypoplasia had a poor neurological outcome, while the
absence of cerebellar hypoplasia does not imply a good
outcome, as observed in our cohort. Hippocampal dysplasia
is a relatively frequent though nonspecific sign of CMV
infection, characterized by a vertical orientation of the
hippocampus. It is usually associated with ventricular
enlargement of the contiguous temporal horn of the lateral
ventricle [12]. This abnormality was found only in
microcephalic patients and most likely represents a further
marker of severe brain involvement. Despite the pivotal
role of hippocampal formation in epileptogenesis, no
significant correlation between hippocampal dysplasia and
epilepsy was present in our cohort; however, epilepsy might
have a later onset, and a longer clinical follow-up would be
desirable before excluding this relationship.

In conclusion, our study clearly indicates that WM
abnormalities in symptomatic congenital CMV infection are
polymorphic, difficult to evaluate at a very young age and
scarcely correlated with clinical outcome. On the contrary,
cortical malformations, ventriculomegaly and hippocampal
dysplasia are detectable even at a young age and have a
strong clinical predictive value.
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