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Abstract The objective is to investigate whether there is a
correlation between the severity of typical brain lesions in
congenital cytomegalovirus (cCCMV) infection and cochlear
implant (CI) outcome. The design of the study is a retro-
spective single-institutional chart review (2005-2015),
performed in a tertiary academic referral center. 23 chil-
dren with typical signs of cCMV infection on cerebral
magnetic resonance imaging (MRI) and bilateral severe-to-
profound sensorineural hearing loss were retrospectively
evaluated. They were graded in three groups according to
the severity of brain involvement. The average implanta-
tion age of the first CI is 1.8 years (range 0.6-5.8). Five
patients were implanted unilaterally, 18 bilaterally. The
average follow-up time after implantation was 3.3 years
(range 0.6-6.9). Hearing performance was assessed using
the Categories of Auditory Performance (CAP), and speech
development was assessed using Speech Intelligibility
Rating (SIR). The outcome in each group showed great
variation. The majority of children achieved moderate-to-
good auditory and speech rehabilitation. The children with
severe MRI changes had comparatively better auditory
than speech scores. There were children with good auditory
performance (CAP >6) both in grades II and III, while
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poor performers (CAP <3) were encountered in each
group. The severity of brain lesions on its own does not
directly correlate with the outcome of cochlear implanta-
tion. Despite good retrospective diagnostic evidence of
cCMV infection through MRI patterns, this has no pre-
dictive role for future hearing and speech rehabilitation.
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Introduction

Cytomegalovirus is a DNA virus that belongs to the family
Herpesviridae and is the cause of the most common
intrauterine virus infection. The affection of the fetus
occurs transplacentally in preconceptionally seronegative
as well as immune women. The earlier infections are
acquired during intrauterine life, and the more severe are
clinical manifestations [1-3]. In the first trimester of
pregnancy, the transmission rate of CMV infection is low
(35%) and rises to 73% in the third trimester [4].

About 90% of congenitally infected children are
asymptomatic after birth. In the remaining, 10% symptoms
are obvious at birth or manifest during childhood. Symp-
toms of the congenital CMV (cCMV) syndrome vary and
comprise sensorineural hearing loss, chorioretinitis, hep-
atosplenomegaly, jaundice, anemia, purpura, thrombocy-
topenia,  microcephaly, mental retardation, and
combinations. While impairment of the reticuloendothelial
system during infection is transient, damage to the central
nervous system is irreversible [5]. Mental retardation and
psychomotor disabilities may ensue depending on the
severity of infection. Sensorineural hearing loss is the most
common complication of cCMV infection and occurs in
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10-15% of infected children [6]. Thus, CMV accounts for
approximately 25% of all cases with neonatal nonheredi-
tary hearing loss [7] and may progress postnatally in spite
of high antibodies titers [6]. The benefit of cochlear
implantation for hearing rehabilitation in patients with
cCMV infection has already been proven in comparison
with reference groups [8, 9].

Magnetic resonance imaging (MRI) plays a pivotal role
in the decision-making process prior to cochlear implan-
tation (CI). High-resolution MRI can rule out cochlear
nerve aplasia, cochlear obliteration, congenital malforma-
tion as well as neurodevelopmental sequelae following
cCMV infection. These range from ventricular dilatation,
white matter gliosis, atrophy, parenchymal and ependymal
cysts, or calcification to cortical malformations, especially
polymicrogyria [1, 3].

It is unclear whether the extent of structural changes
identified on MRI can serve as a prognostic marker con-
cerning CI outcome. This study investigates a suspected
correlation between the extent of lesions identified on MRI
and both auditory performance and speech behavior in the
post-implantation period in cases of cCMV infection.

Materials and methods

The retrospective study was carried out in a tertiary referral
center. All children with sensorineural hearing loss in the
period between 2005 and 2015, who underwent MRI and
computed tomography (CT) prior to CI, were evaluated. 23
children with typical patterns according to van der Knaap
et al. [10] of cCMV infection on cerebral magnetic reso-
nance imaging (MRI) and bilateral severe-to-profound
sensorineural hearing loss were retrospectively verified.
cCMV infection was confirmed (by polymerase chain
reaction test in serum/urine) in 17 of the 23 children; in the
remaining six cases, it was strongly suspected. Hearing loss
was diagnosed by means of an auditory brainstem response
test under general anesthesia. Children with other etiolo-
gies of their sensorineural hearing loss were excluded.
Hearing rehabilitation was done according to a stan-
dardized protocol, using up-to-date programming strategies
and intensive support through pediatric audiologists and
language therapists. Categories of Auditory Performance
(CAP) were used to rate the hearing outcome and Speech
Intelligibility Rating (SIR) to evaluate speech develop-
ment. CAP ranges from zero, for no awareness of envi-
ronmental sounds, to nine, for use of a telephone with an
unknown speaker in an unpredictable context [11]. SIR is
scaled from one, for unintelligible connected speech (pre-
recognisable words in spoken language), to five, for con-
nected speech intelligible to all listeners (child is
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understood easily in everyday contexts) [12]. Both scores
were determined at the same time for each individual.

During the study period, MRI protocols varied, but
scanning included at least an axial T2-weighted flair
sequence, an axial T2-weighted FSE, a sagittal T2-weigh-
ted FSE, an axial T1-weighted SE, and a 3D T2-weighted
CISS sequence of the temporal bone. All exams were
available for evaluation in a Patient Archiving and Com-
munication System (PACS, GE, Milwaukee, USA).

Two neuroradiologists with extensive experience
evaluated all imaging data for pathology of the brain on
cranial MRI and of the temporal bone on CT. CMV
manifestation is characterized either by migration dis-
orders and/or by multifocal white matter lesions. The
largest lesions are mostly found in the parietal area and
predominantly involve deep white matter, sparing the
immediate periventricular and subcortical white matter.
According to the findings of van der Knaap et al. [10],
the presence of abnormalities in the anterior part of the
temporal lobe—including high signal abnormalities in
the temporal white matter, cysts, and focal enlargement
of the anterior part of the inferior horn—increases the
likelihood that cCMV infection has taken place. All the
white matter lesions were listed according to their ana-
tomic localization (in frontal, parietal, occipital, or
temporal). Lesion burden was graded as extensive,
confluent, or only patchy. Findings, such as temporal
involvement, additional ventriculomegaly, migration
disorders, hippocampal atrophy, microcephaly, and
cerebellar alterations, were noted.

To assess whether there is an association between
cerebral MRI lesions in ¢cCMV and the outcome of
cochlear implantation, we defined three grades (groups) of
MRI manifestations:

Grade I (mild): Few white matter abnormalities, defined
as patchy lesions found either in up to three lobes, or, if
found in all four lobes, lacking extensive or confluent
spread. No neuronal migration disorder or microcephaly
was present (Fig. 1a, b).

Grade II (moderate): Extended white matter abnormal-
ities, defined as patchy white matter found in all four
lobes: frontal, parietal, temporal, and occipital, and, in
addition, extended or confluent white matter involve-
ment in at least one lobe (mostly parietal) present; no
additional migration disorders [10] (Fig. lc, d).

Grade III (severe): Migration disorders as polymicro-
gyria and pachygyria or present heterotopias or a marked
microcephaly, regardless of the extent of white matter
involvement (Fig. le, f).

Finally, we compared the CAP and SIR results of the
infants after CI between the aforementioned groups.
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Fig. 1 Representative MRI patterns in each grade. Grade I parietal
small subcortical and periventricular patchy T2-hyperintense areas
(arrow) on axial (a, b) slices at temporal and parietal levels. Grade 11

Results

All infants (n = 23) presented temporal lobe involvement
according to van der Knaap et al. [10]. Eighteen of them
had periventricular cysts, but only one was expressed
ventriculomegally. In our series, cerebellar hypoplasia was
not found. CT of the temporal bone displayed neither inner
ear malformations nor obliteration.

The average implantation age at the time of the first CI
is 1.8 years (range 0.6-5.8); group 1: 1.7 years, group 2:
1.4 years, and group 3: 2.8 years. The average implantation
age at the time of the second CI is 2.2 years (range
0.6-5.8); group 1: 2 years, group 2: 2.1 years, and group 3:
2.6 years. Females outnumbered males 17-6. Five patients
were implanted unilaterally [group 1 (n = 2), group 2
(n=1), and group 3 (n = 2)] and 18 bilaterally. The
average follow-up time after implantation was 3.3 years
(range 0.6-6.9). The grading of MRI lesions placed 5
patients in the mildly involved group, 12 patients in the
moderate group, and 6 patients in the severely affected

group.

multiple gross confluent patches subcortical, periventricular, and
especially parietooccipital (arrows) on axial slices (¢, d). Grade I1II
polymicrogyria (arrows) on sagittal (e) and axial planes (f)

In most of the cases, hearing performance as well as
speech development improved with the duration of follow-
up (the post-implantation period). Despite differences in
the severity of CMV infection, the majority of affected
children achieved CAP scores >4 after a 2-year follow-up,
representing discrimination of speech sounds and common
phrases without lip reading (Fig. 2). Regarding speech
development, most of the children developed intelligible
speech for a concentrated listener (SIR >3) after a 2-year
follow-up (Fig. 3).

The best performers are found in the group with mod-
erate changes (grade II), but relatively poor performers
(CAP <3) are found in every group. In most of the children
with poor performance, other factors, such as bilingualism,
late implantation, or additional handicaps, were present.
Surprisingly, most children with mild MRI changes had
lower auditory performance in comparison with the ones in
grade I, and even to children from grade III, for a similar
follow-up time. Three of the children with severe brain
lesions, such as microcephaly and polymicrogyria, had
lower CAP score than those from groups 1 and 2 with
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Fig. 2 Hearing outcome after CI assessed with CAP (min 0, max 9) arranged according to follow-up time (year)
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Fig. 3 Speech development results after CI assessed with SIR (min 1, max 5) arranged according to follow-up time (year)

similar follow-up times. Children with severe MRI changes
showed comparatively better auditory rehabilitation than
speech rehabilitation, although none of them reached the
full SIR score. The SIR results are mostly congruent with
CAP for grades I and II, but discrepant for grade III.

Discussion
In the present study, we demonstrate that the outcome after
cochlear implantation does not directly correlate solely

with the degree of cerebral manifestations in MRI after
cCMV.
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In our cohort, all children except for patient 21 achieved
satisfactory results overall in speech perception and pro-
duction for the respective follow-up times. Neither does
polymicrogyria prevent children from reaching average
speech and hearing performance, nor do mild MRI findings
guarantee an excellent outcome. According to our results,
the benefit of CI implantation cannot be predicted solely
based on the severity of MRI findings. To the best of our
knowledge, no studies correlating CI outcome after cCMV
infection with MRI lesions exist.

We present a group of 23 children with typical MR
findings of CMV in relation to their CI outcome. Other
studies that include children affected by cCMV infection
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report satisfactory to good hearing results after cochlear
implantation. Yoshida et al. found satisfactory language
perception in four cochlear-implanted children with cCMV
infection [9]. Lee et al. reported good speech perception in
7 out of 11 children with unilateral implantation [8]. The
average age at the time of implantation was 5.6 years. A
comparison with our results is difficult to make, because
their patients presented with progressive and post-lingual
hearing loss, whereas ours had pre-lingual deafness.
Ramirez et al. found no significant difference in linguistic
outcome between children with SNHL due and not due to
CMYV infection. They underline the influence of manifold
factors on outcome, most important multiple handicaps,
and bilingual background [13].

Unilateral or bilateral implantation can also influence
CAP and SIR results. Moreover, group 2 consists of twice
as many children than the other two groups but has half as
many unilateral implantations. However, compared to
bilaterally implanted children in the same group, there
were cases with both better and poorer auditory and speech
performance. Another influential factor is age at the time of
cochlear implantation. It is apparent that the average age at
the time of cochlear implantation in group 3 is higher
compared to the other two groups, not only for the first
implantation, but also for the second one. One possible
explanation is that these children often have other deficits
which are initially in focus. Since Philips et al. [14] showed
that early implantation of deaf children has a major posi-
tive impact on auditory and speech outcome, the later
cochlear implantation in most of the children in group 3 is
another unfavorable influential factor.

Pyman et al. reported that children with motor and
cognitive delay are significantly slower to develop speech
perception after CI compared with children without addi-
tional handicaps [15]. The outcome of the infants included
in the current study is in line with this observation. A
possible explanation for this fact is that psychomotor
impairment may have a negative influence on compliance
during rehabilitation.

Despite the low number of cases, it is obvious that some
children from grade III achieved CAP and SIR results
comparable to those from grade I despite severe MRI
abnormalities. The fact that the most of the children with
best CAP and SIR outcome are in group 2 could be
explained by dividing the cases into subgroups according
to the follow-up (<3.6 and >3.6 years). Almost, half of the
patients in group 2 had a long follow-up time, and thus
more rehabilitation time and cochlear implant experience.
Many of the children in each subgroup with less than 3.6-
year post-implantation time have a better hearing outcome
than speech development. This would be in line with the
results of Ramirez et al. [13], who describe a better audi-
tory perception than speech intelligibility in some children

with CMV compared to a control group. They suspected
central pathologies as a cause of the described discrepancy.
Thus, severe brain lesions, such as those in group 3 as
pathological sign of neurological and psychomotor defi-
ciencies, are essential factors that influence the outcome of
hearing and speech rehabilitation. Ciorba et al. also
described lower language development overall of 16
infants affected by ¢cCMV in comparison with an age-
matched control group of patients with Connexin 26
mutation [16]. As speech intelligibility in children affected
by cCMV varies widely after CI and progress may even be
slower, [13] an intensive and specific rehabilitation is
certainly of importance.

In the US, prenatal CMV infection is the leading cause
of issue here, responsible for 15-20% of congenital deaf-
ness cases [17]. Fowler and Boppana reported hearing loss
in 8.7% of children with asymptomatic infections and in
41% with symptomatic infections [18]. In most countries,
there is no general screening for cCMV infection, neither
in pregnant women nor in newborns. Because we are also
confronted with this problem, we must rely on a retro-
spective diagnosis of cCMV infection by means of a
polymerase chain reaction of preserved umbilical cord
blood [19] or cranial MRI. Considering the fact that safe
diagnosis through isolation of the virus is only possible
during the first weeks of life, the number of cases of cCMV
infection has surely been underestimated without estab-
lished general screenings [20].

MRI findings in our patients are typical and coincide
with current literature reports on white matter changes and
migration pathologies found in CMV-infected children
[2, 3, 10]. In our patients, the whole range of very specific
findings, especially temporal lobe involvement as descri-
bed by van der Knaap et al, was encountered. They
diagnosed cCMV infection retrospectively using dried
blood spots (Guthrie cards) in 87% of the children with
temporal involvement [10]. In our study, 17 of 23 patients
(73.9%) had confirmed CMV infection by polymerase
chain reaction. Because all patients had temporal involve-
ment in combination with sensorineural hearing loss, the
probability of cCMV infection in the six cases with sero-
logically unconfirmed diagnosis should be above 87%.
Henneke et al. found MRI changes identical to those
described for CMV infection in a rare RNASET2-deficient
cystic leukoencephalopathy [21]. In the six cases clinically
suspected but not serologically proven, it is possible that
we included a child with such aetiology.

MRI findings of CMV-associated migration disorders
have not been directly correlated with CI outcome. There
are few data on migration disorders and cochlear implan-
tation presented in case reports. Koren et al. [22] observed
a child with schizencephaly and cortical dysplasia that
benefitted from a cochlear implant. Epilepsy that
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developed years after implantation was not correlated with
electrical stimulation by the implant. None of our patients
with polymicrogyria have presented with seizures, neither
before nor after CI. Smith et al. presented a child with
Perisylvian syndrome implanted at the age of 32 months.
Three months after implant activation, the child vocalized
and responded to sounds; unfortunately, follow-up data
from later on are not given [23]. Among our patients, a
child (patient 23) with bilateral polymicrogyria (frontal and
parietal, left more than right) and heterotopias was
implanted sequentially and bilaterally at age 1.9 and
2.1 years, respectively. Seven-year post-implantation, he
achieved a CAP of 8 and an SIR of 4. These few obser-
vations suggest that polymicrogyria and migration disor-
ders in general do not prevent hearing rehabilitation by
cochlear implantation, although perhaps in less than an
average number of cases. Polymicrogyria has been corre-
lated with clinical findings by Mavili et al. [24]. They
found mental motor retardation in 89% of their 26 patients
and speech problems in 84%. All their six patients with
positive serological tests for CMV had bilateral involve-
ment. In contrast, three of our five patients with polymi-
crogyria have unilateral involvement. Epilepsy was the
major symptom encountered in six out of seven patients
with unilateral polymicrogyria in the study by Mavili et al.,
while none of our patients has yet presented with epilepsy.
However, our three patients with unilateral polymicorgyria
were, on average, 6 years at time of last observation, while
Mavili et al. describe the epilepsy in their patients with
unilateral polymicrogyria as late onset.

Limitations of the current study are the small number of
patients in each group as well as their disproportionate
distribution and the varying follow-up.

Conclusion

Auditory performance and speech intelligibility after CI in
children affected by cCMV infection are determined by
multiple factors and do not solely correlate with the
severity of cerebral MRI lesions. Intensive rehabilitation
support should be guaranteed, because a discrepancy
between hearing and speech outcome is likely. Despite
good retrospective diagnostic evidence of cCMV infection
through characteristic MRI patterns, the severity alone of
these lesions has no predictive role for future rehabilitation
results.
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