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Abstract

Background: Children with congenital cytomegalovirus (CMV) infection face a bigger risk of neurological deficits and de-
velopmental delays associated with sensorineural hearing loss (SNHL). Their rehabilitation with a cochlear implant (CI) may
therefore be inferior to the paediatric population in general. This study describes post-implant outcomes in children with
CMV-related deafness and compares them to children with genetic deafness caused by GJB2 mutation (connexin 26) rehabil-
itated at the Centro Hospitalar e Universitario de Coimbra, Portugal.

Material and method: We conducted a revision of 11 children with profound hearing loss caused by congenital CMV in-
fection rehabilitated with a CI in our institution. The children were divided into 3 groups according to age of implantation
(<2 years, 2-3 years, >3 years) and their performance was compared to a group of children with genetic hearing loss caused
by GJB2 mutation. To compare performance the following tests were applied: SIR, CAP, vocal characteristics evaluation grid
(VCEG), MAIS, and MUSS.

Results: We found no differences between the two groups in terms of hearing thresholds obtained with a CI. In spite of a wid-
er spread of results in the CMV group, there were no significant statistical differences in the SIR and VCEG tests or in the
MAIS and MUSS questionnaires. There was a significant difference in the CAP test (p=0.049) where the GJB2 group had su-
perior results.

Conclusions: The present study has shown that the CMV group had poorer results for the CAP test and a wider spread of re-
sults in the other tests. However, the CMV group attained results comparable to children with profound hearing loss and no

other deficit, and benefited from rehabilitation with a cochlear implant.
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RESULTADOS DE LA INSERCION DE IMPLANTES COCLEARES EN NINOS CON LA
INFECCION CONGENITA CON EL CITOMEGALOVIRUS Y LA MUTACION GJB2

Resumen

Introduccion: Los nifios con la infeccién congénita con el citomegalovirus (CMV) se enfrentan a un mayor riesgo de defec-
tos neuroldgicos y retraso en el desarrollo asociado a la pérdida auditiva neurosensorial (SNHL). Su rehabilitacién con el im-
plante coclear (CI) puede ser mas dificil que en el caso de otros nifos. El presente estudio describe los resultados tras la in-
sercion de implantes cocleares en los nifos con sordera asociada con CMV y comprara estos resultados con los de los nifos,
cuya pérdida auditiva estd condicionada por factores genéticos en la mutacién de GJB2 (conexina 26), rehabilitados en el Cen-
tro Hospitalar e Universitario de Coimbra en Portugal.

Materiales y métodos: El estudio se ha realizado en 11 ninos con pérdida auditiva profunda provocada por la infeccion por el
CMV vy rehabilitados en nuestro centro utilizando los implantes cocleares. Los nifios han sido divididos en 3 grupos de acuer-
do con la edad, en la que se llevo a cabo la implantacion (2 afos, de 2 a 3 afios, >3 afios), y sus resultados fueron comparados
con pérdida auditiva condicionada genéticamente, provocada por la mutacion del gen GJB2. Para el estudio comparativo se
han utilizado las siguientes pruebas: SIR, CAP, VCEG, MAIS i MUSS.

Resultados: No se ha observado ninguna diferencia entre los dos grupos examinados respecto a los umbrales de audicion en

los usuarios de CI. A pesar de una mayor discrepancia de los resultados en el grupo de los nifos con CMV, no se han produ-
cido diferencias estadisticamente relevantes en las pruebas SIR y VCEG o en las encuestas MAIS y MUSS. Se ha observado
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una diferencia considerable en la prueba CAP (prueba de procesamiento auditivo central) (p=0,049), en la que el grupo GJB2
ha obtenido mejores resultados.

Conclusiones: El estudio ha demostrado que el grupo CMV obtuvo peores resultados en la prueba CAP, pero en todas las demds
pruebas los resultados fueron mas dispersos. Sin embargo, el grupo CMV ha obtenido resultados comparables con los de los
ninos con pérdida auditiva profunda y sin otro defecto, y también se ha beneficiado de la rehabilitacion con el implante coclear.

PE3V/IBTATBI YIUTKOBOM MITJIAHTAIIMIM V TETEN C BPOXXJIEHHO
IINTOMETAJIOBUPYCHOV MHO®EKIIVEN 1 MYTAIIUA GJB2

W3noxxenue

Beepnenne: [letu ¢ BpOXKIEHHOI IITOMeranoBupycHoit nadexmyeit (CMV)BBIHY>KIeHbI 00POTbCA C yBeTMYEeHHBIM PH-
CKOM HEBPOJIOTMYECKUX HapYIIEHUI M 3a[ep>KKOJi pasBUTUA, CBA3aHHOI C pelenTuBHON Tyroyxocteio (SNHL). Vx
peabuInTanuA ¢ moMolbio yauTkosoro uMivtanTara (CI) MoxkeT OBITh TPy[HEe, 4eM B CIydae APYTUX JeTeil. ITO uc-
C/lefloBaHMe ONMCBIBAET Pe3y/IbTaThl OC/Ie UMIUIAHTAIMN Y IeTell C ITTyXOTol, cBaAsaHHoil ¢ CMV, 1 cpaBHUBaeT 3Tn
pe3y/IbTaThl C pe3y/lIbTaTaMM JeTeil ¢ TeHeTNYeCKM IIpefoNpeie/IeHHOol rmyxoroit npu myTanyyu GJB2 (koHekcuH 26),
peabummruposanHbix B Centro Hospitalar e Universitario de Coimbra B ITopryramm.

Marepuan u MeTopbI: ViccenoBaHme poBefeHo Ha 11 AeTsAxX ¢ IIy00Koit TYTOyX0CTbI0, BbI3BaHHOI nHpekumeit CMV
U peabIINTUPOBAHHBIX B HalleM LieHTpe ¢ momoinbio CI. [letn 6pU1M pasfie/ieHbl Ha 3 IPYIIIBI COIIACHO BO3PacCTy, B
KOTOPOM OTOBITach UMIITAHTaLusA (<2 roga, 2-3 roga, >3 JeT), a UX pe3yIbTaTbl OB CPAaBHEHBI C TeHETUYECKY TIpe-
JoIpefe/IeHHOl TYyTOyXOCTbIO, BbI3BaHHOI MyTaumeil GJB2. [lna cpaBHeHM: MCIONIb30BaHbI clefyoue TecTol: SIR,
CAP, VCEG, MAIS i MUSS.

Pesynbrarer: He oTMeueHO HMKAKOM PasHMUILBI MEXIY MCCIETOBAaHHBIMIY IPYIIIAMU B 0OTAaCTI IOPOTOB CIBILIIAHUA Y
nonb3oBaterneit CI. Hecmotps Ha 60nmbiumit pasépoc pesynbraros B rpymie CMYV, He ObUIO CTaTUCTIYECKY CYIIeCTBEH-
HbIX pasnmunii B Tectax SIR n VCEG nmn anker MAIS u MUSS. Boina 3amedeHa cymecTBeHHas pasHuna B Tecte CAP
(p=0,049), B xoTopom rpynna GJB2 momy4nia 1ydiine pe3ynIbTaThl.

Wrorn: ViccnemoBanue mokasasno, uro rpynna CMV umena xygime pesynbraThl Tecta CAP, HO Bo Bcex Apyrux TecTtax
pesynbpTaThl 6bUIN Ooree mmpokue. OnHako, rpynmna CMV nomy4nia pe3ynbTaThl, CPaBHUMbIE C Pe3yIbTaTaMu Y Jie-
Tell ¢ ITy6OKOI TYTOYXOCTBIO ¥ OTCYTCTBUEM JPYTMX HapyIIeHMIT, a TaK)Ke OHa 4epIiaja IOo/Nb3y U3 peabuInTaum ¢
JICIIOTb30BaHMEM YIUTKOBOTO MMIUIAHTATa.

WYNIKI IMPLANTACJI SLIMAKOWE] U DZIECI Z WRODZONYM ZAKAZENIEM
CYTOMEGALOWIRUSEM A MUTACJA GJB2

Streszczenie

Wprowadzenie: Dzieci z wzrodzonym zakazeniem cytomegalowirusem (CMV) musza zmierzy¢ si¢ ze zwiekszonym ryzykiem
wad neurologicznych i opdznieniem rozwoju zwigzanym z niedostuchem odbiorczym (SNHL). Ich rehabilitacja za pomo-
ca implantu slimakowego (CI) moze by¢ trudniejsza niz w przypadku innych dzieci. Badanie to opisuje wyniki po implanta-
¢ji u dzieci z gluchota zwiazang z CMV i poréwnuje te wyniki do u dzieci z gluchota uwarukowang genetycznie przy mutacji
GJB2 (koneksyna 26) rehabilitowanych w Centro Hospitalar e Universitario de Coimbra w Portugalii.

Material i metody: Badanie przeprowadzono na 11 dzieciach z glebokim niedostuchem spowodowanym zakazeniem CMV
i rehabilitowanych w naszym osrodku przy pomocy CI. Dzieci byly podzielone na 3 grupy zgodnie z wiekiem, w ktérym od-
byta sie implantacja (<2 lata, 2-3 lat, >3 lat) a ich wyniki byly poréwnane z niedostuchem uwarunkowanym genetycznie spo-
wodowanym mutacja GJB2. Do poréwnania wykorzystano nastepujace testy: SIR, CAP, VCEG, MAIS i MUSS.

Wyniki: Nie odnotowano zadnych réznic pomiedzy badanymi grupami w zakresie progow styszenia u uzytkownikéw CI. Po-
mimo wigkszego rozrzutu wynikéw w grupie CMYV, nie bylo statystycznie istotnych roznic w testach SIR i VCEG lub ankiet
MAIS i MUSS. Zauwazono istotng réznice w tescie CAP (p=0,049), w ktérym grupa GJB2 osiagnela lepsze wyniki.

Whnioski: Badanie pokazalo, ze grupa CMV miata gorsze wyniki testu CAP, ale we wszystkich innych testach wyniki byly roz-
leglejsze. Jednakze, grupa CMV osiagneta wyniki poréwnywalne do wynikéw u dzieci z gtebokim niedostuchem i brakiem in-
nych wad, a takze czerpata korzysci z rehabilitacji za pomocg implantu §limakowego.

© Journal of Hearing Science® - 2015 Vol. 5 - No. 2 37



Original articles ¢ 36—41

Background

Cytomegalovirus (CMV) is estimated to be the leading en-
vironmental cause of congenital hearing loss in developed
countries [1,2]. Its physiopathology is largely unknown [3].
Sensorineural hearing loss (SNHL) is the most common
sequel following congenital CMV infection (10-15% of all
infected children). Two clinical situations can be distin-
guished [1,2,4,5]. 1) Children with a symptomatic CMV in-
fection (10%) presenting mental retardation, motor disabil-
ity, haematological changes, coetaneous changes, cerebral
calcification, seizures, microcephaly, and hydrocephalus.
2) Children with an asymptomatic CMV infection (90%),
which may show a little development delay.

SNHL reportedly occurs in 20-65% of children with symp-
tomatic infection at birth and in 15-25% of children with
asymptomatic infection [1,2,4,5]. In both cases the deaf-
ness may be progressive or late-onset, requiring close au-
diological monitoring [1,5].

Children with symptomatic CMV infection present a high-
er risk of neurologic and cognitive deficits associated with
their SNHL and often have a worse prognosis than those
with asymptomatic CMV infection [6]. Imaging of the
central nervous system performed at birth may predict
the cognitive and motor deficits, but they cannot always
predict a hearing loss or its severity [1].

Suggesting cochlear implantation in children with a con-
genital CMV infection has been questioned by some au-
thors [7] because of highly divergent results in this group
of children. Outcomes are generally inferior to the results
expected for children who have a profound hearing loss
due to other aetiologies. This can perhaps be explained by
the higher incidence of motor and cognitive deficits (as
well as central auditory changes) which interfere with ac-
quiring spoken language. Furthermore, attention deficits
noticed in many such children may interfere with their ed-
ucation and rehabilitation after implantation. On the oth-
er hand, some reports [8,9] have suggested that cochlear
implantation can improve quality of life, even if progress
is slower or less complete than in congenitally deaf chil-
dren not infected with CMV.

This study aims to describe the results of children with
deafness from CMYV infection rehabilitated with a cochle-
ar implant and compares them to those children with ge-
netic hearing loss caused by GJB2 mutation (connexin 26).

Material and methods

In Portugal every newborn is screened at birth for SNHL
using otoacoustic emissions. Women are screened for
CMYV infection/seroconversion during pregnancy; of those
who test positive the newborns are also tested. In our study,
diagnosis of congenital CMV infection was confirmed in
every child by isolation of the virus in urine (PCR or cul-
ture) or by measurement of levels of IgM CMYV in the first
3 weeks of life.

We evaluated 11 children with profound SNHL caused
by confirmed congenital CMV infection and rehabilitat-
ed with CI in our institution. Hearing thresholds were

determined with brainstem evoked potentials performed
under general aesthesia and/or behavioural audiometry.
We collected data on clinical history, diagnosis of deaf-
ness, associated pathologies, image data, age of implan-
tation, implanted ear, and period of usage. The perfor-
mance of these 11 children was compared to the results
of 61 children who had genetic deafness by GJB2 muta-
tion and implanted in our institution, matched according
to the age of implantation.

In order to compare performance, children were divided
into 3 groups according to age of implantation: <2 years,
2-3 years, and >3 years. Hearing thresholds with CI were
determined and the following tests applied: speech intel-
ligibility rating (SIR), categories of auditory performance
(CAP), vocal characteristics evaluation grid (VCEG),
meaningful auditory integration scale (MAIS), and mean-
ingful use of speech scale (MUSS). We used the two-sam-
ple Kolmogorov—-Smirnov test and the Kruskal-Wallis test
to compare results (significant p value <0.05) using the
SPSS 9.0 program.

Results

Clinical descriptions of the 11 children (8 male and 3 fe-
male) with CMV infection is presented in Table 1. The age
of implantation ranged between 1 year 3 months and 12
years; the length of CI use varied between 3 months and 12
years and 2 months. Of the 11 children, 9 showed a symp-
tomatic infection and the most common effect was mo-
tor disability/ataxia. Two children had seizures in the first
months of life. In 7 children, MRI images showed white
matter lesions in T2 (typical of CMV infection). There
were also signs of hydrocephalus, cerebral cysts, and are-
as with retarded myelination.

CT scans did not show any characteristic changes from
CMYV infection, but they were very important for evalu-
ating cochlear permeability and, subsequently, in the clin-
ical decision about which ear to implant.

The genetic mutations of children in the GJB2 group are
described in Table 2. These children did not have any co-
morbidities associated with their deafness.

There were no significant differences in CI hearing
thresholds between the CMV group and the GJB2 group
(Figure 1), although the mean thresholds are consistently
lower for the CMV group.

To compare the CMV and GJB2 groups in more detail, the
children were divided into three groups according to the
age of implantation: <2 years old (4 and 7 children, respec-
tively), 2-3 years (3 and 33children), and >3 years old (4
and 21 children). Because there was such a small number
of subjects in each CMV subgroup, the associated error
bars were large and in general there were no significant
statistical differences between the SIR or VCEG tests or
in the MAIS and MUSS questionnaires (Figures 2 and 3).
There appeared to be a significant difference in the CAP
test (p=0.049) where the GJB2 group had superior results.
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Table 1. Clinical characteristics of 11 children with CMV infection

Sex Birthdate Implanted Age at Cl use Other diseases Ear imaging studies
ear implantation
1 M 18.01.2010 Right 1Y3M 1Ye9M Seizures at the age of CT —normal
4 months MRI = braquychephaly, mild
hydrocephalus, white matter
lesions, subependymal cysts,
normal labyrinth
2 M 05.12.2007 Right 2Ye4M 2Ye9M CT - normal
MRI — macrocranium, mild cortical
athrophy, reduced permeability of
the posterior semicircular channel
3 F 27.08.2010 Right lYe6 M 1M Secondary CT = normal
pseudohypoal- MRI = normal
dosteronism with
severe hyponatremia,
atrial septal defect,
autoimmune
intestinal disease
4 M 18.11.1999 Right 3Ye4 M 9Ye Neonatal asphyxia CT-normal
oM Motor development MRI = normal
delay/Ataxia
Microcephaly
5 M 23.02.2011 Left 1Ye7M 3M Hypotonia CT — normal
MRI = mild cortical atrophy;
hyperintense areas of the white
matter in T2
6 M 28.10.2008 Bilateral RE-1Ye3M OD-3Y Disturbancesin CT - normal
LE-2Ye7M OE-1Y interpersonal MRI = microcyst of the white
e8M relationships; Delayed matter; frontal cyst; lateral
motor development ventriculum enlargement; dilation
of the temporal horns; external
hidrocephaly; thin cochlear and
facial nerves (left)
7 F 16.02.2005 Right 5Ye6 M 2Ye Language delay — CT — decreased permeability of the
5M fluctuating deafness  left cochlear basal turn
MRI - hyperintense areas of the
white matter
8 F 22.02.2001 Left 12Y 11M Suspected epilepsy CT — polymicrogyria
MRI = polymicrogyria; malformation
of the cortical development (fronto-
insular, temporal and parietal),
hyperintense areas of the white
matter
9 M 12.05.2001 Right 5Ye4M 7Ye4M Ataxia CT = normal
MRI - braquicephaly
10 M 12.06.2008 Right 2Ye3M 2Ye4dM CT — normal
MRI = hyperintense areas of the
white matter
11 M 17.12.1997 Left 2YellM 12Ye  Epilepsy CT — mild bilateral internal acoustic
2M Delayed motor meatus enlargement
development (axial MRI = hyperintense areas of the
hypotonia) white matter in T2, accentuation of
the central sulcus, areas of delayed
myelination
Discussion motivated us to evaluate a paediatric population with con-

Studies by Ramirez and al. [10], Ciorba et al. [1], Malik et

al. [2], and Viccaro et al. [11] have shown that CI rehabil-

itation in children with CMYV infection is not as good as
that in the standard paediatric population. These findings

© Journal of Hearing Science® - 2015 Vol. 5 - No. 2

genital CMV infection after they were rehabilitated with
a Cl in our institution.

Children with GJB2 mutation were chosen as a match-
ing group as their SNHL is caused by inner ear changes
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Table 2. Genetic mutations of children in the GJB2 group

Mutation Occurrence (percent)
+/A40A 1 (1.6%)
35delG/E47X 1 (1.6%)
35delG/GJB6 (del1854) 1 (1.6%)
35delG/GJB6 (delD1351830) 1 (1.6%)
35delG/35delG 39 (63.9%)
+/G130A 1 (1.6%)
35delG/R184W 1 (1.6%)
E47X/E4ATX 2 (3.3%)
+/V371 1 (1.6%)
+/N206S 1 (1.6%)
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Figure 2. Results of MAIS and MUSS questionnaires in
the CMV group (grey) and GJB2 group (black). Error bars
show 95% Cl. There are no statistically significant differ-
ences between the groups

without any other associated deficits. We expected this
group to show the best results from CI rehabilitation.

There were no significant statistical differences in almost
all the tests. There was a higher dispersion in the results
obtained in the CMV group which can be explained by
the limited number of subjects in this group. This finding
can be related to changes in the central nervous system of
those in the CMV infection group. However, we did not

Figure 1. CI hearing thresholds in the CMV group (grey)
and GJB2 group (black). The error bars show 95% confi-
dence intervals. Although there are no statistically sig-
nificant differences between the populations, the mean
thresholds are consistently lower for the CMV group
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Figure 3. Results of SIR, CAR and VCEG tests in the CMV
group (grey) and the GJB2 group (black). There are no sta-
tistically significant difference between the groups

see any relation between MRI alterations and performance
with a CI, and so this cannot be considered a prognostic
indicator in these children.

The better results showed by the GJB2 group in the CAP
test (p=0.049) may again be explained by the cognitive def-
icits shown by some children with CMV infection, defi-
cits which interfere with sound perception. Over time, this
difference may not persist because children with CMV
infection may take longer to achieve the same results as
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other children, as described by other authors [8,9]. How-
ever, we again note that there was no statistical difference
in the SIR or VCEG tests, so cognitive deficits apparently
did not interfere with the acquisition of spoken language.

Our results are comparable to those published by Mat-
sui et al. [12] in a comparative study between children
with asymptomatic CMV infection and children with
a GJB2 mutation; they found that the results obtained
from children with CMV infection were practically the
same as those of children with GJB2 mutation. These au-
thors concluded that, although children with develop-
mental changes show a worse performance, a CI cannot
be counterindicated.

Another two studies with results in favour of a cochlear
implant were published by Lee et al. [8] and Yoshida et al.
[9] In the first publication, 13 children with CMV infection
and rehabilitated with a CI were studied, and it was verified
that the results obtained were within that expected for the
general paediatric population. In the second, children with
CMYV infection were compared with those with deafness re-
sulting from other aetiologies. In the first 12 months there
was worse oral production in the group with CMYV; after
that there was a good progression (similar to that of chil-
dren with hearing loss from other aetiologies). These au-
thors concluded that the long term results were satisfactory.

Limitations of the study

The main limitation of the present study is the small sam-
ple size of deaf children with a congenital CMV infection
which did not allow statistical significance to be reached.
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