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Abstract 

Background: Congenital cytomegalovirus (cCMV) is the leading non-genetic cause of pediatric 

sensorineural hearing loss (SNHL), but the contribution of brain magnetic resonance imaging (MRI) 

to its etiological diagnosis remains insufficiently explored. This study aimed to characterize the 

etiological profile of children with severe-to-profound SNHL undergoing cochlear implant evaluation 

and to investigate the clinical and neuroimaging spectrum of cCMV infection. 

Methods: This retrospective study included 126 children with severe-to-profound SNHL evaluated 

at a tertiary cochlear implant center. Clinical, etiological, genetic, and neuroimaging data were 

reviewed. Brain MRI examinations were systematically reassessed by a neuroradiology team, with 

particular emphasis on white-matter abnormalities. 

Results: An etiological diagnosis was established in 76% of cases. Acquired and congenital non-

genetic causes accounted for 56 cases (44%), followed by genetic etiologies in 29 (24%). Congenital 

cytomegalovirus infection was identified in 25 patients (20%), representing the most frequent non-

genetic etiology. Brain white-matter abnormalities, a hallmark of cCMV, were diffuse in 17/25 

patients (68%), temporal in 4 (16%), periventricular in 2 (8%), and focal in 2 (8%). Three descriptive 

clinical-radiological groups were outlined: apparently isolated SNHL (n=7), SNHL with neurological 

involvement (n=14), and classical multisystem cCMV (n=4). Diffuse white-matter abnormalities 

predominated among patients with neurological manifestations but were also observed in children 

with apparently isolated hearing loss. Additional structural abnormalities, including 

ventriculomegaly, intracranial calcifications, parenchymal cysts, and cortical malformations, were 

more common in the classical multisystem group. 

Conclusion: Congenital cytomegalovirus was the leading non-genetic cause of severe-to-profound 

SNHL in this cohort. White-matter abnormalities frequently represented the primary clue to 

diagnosis, including in children with apparently isolated hearing loss. These findings support the 

concept of cCMV as a clinicoradiological spectrum and reinforce preoperative brain MRI, which may 

represent the final opportunity for reliable brain assessment before cochlear implantation. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

1. Background  

Congenital sensorineural hearing loss (SNHL) is one of the most common sensory deficits in 

childhood, affecting approximately 1–3 per 1,000 live births [1]. Severe-to-profound hearing loss has 

a profound impact on language acquisition, cognitive development, and social integration, and 

remains one of the principal indications for cochlear implantation [1,2]. 

The etiological spectrum of pediatric SNHL is highly heterogeneous, encompassing both genetic 

and acquired disorders [3,4]. Although genetic conditions account for a substantial proportion of 

congenital hearing loss, congenital infections remain important potentially identifiable causes, 

particularly in children with early-onset severe disease. Among these, congenital cytomegalovirus 

(cCMV) infection is the most common congenital infection worldwide, affecting approximately 0.2–

2.5% of live births and representing the leading non-genetic cause of pediatric SNHL [5–7]. 

Congenital CMV infection exhibits a broad clinical spectrum, ranging from apparently isolated 

hearing loss to severe multisystemic disease. Transmission may occur following primary maternal 

infection or viral reactivation during pregnancy, and the severity of fetal involvement largely depends 

on the timing of infection [5]. Neurological manifestations include motor impairment, epilepsy, 

cognitive deficits, autism spectrum disorder, attention-deficit/hyperactivity disorder, and delayed-

onset or progressive hearing loss [5,8,9]. 

Brain magnetic resonance imaging (MRI) plays an important role in the evaluation of children with 

congenital CMV infection and may reveal abnormalities reflecting different stages of fetal brain 

injury. Common neuroimaging findings include white-matter abnormalities, ventriculomegaly, 

cortical malformations, temporal lobe lesions, intracranial calcifications, and parenchymal cysts 

[10,11]. Although white-matter abnormalities are among the most frequent MRI findings in cCMV, 

they are heterogeneous in distribution and should be interpreted within the broader 

neuroradiological context. 

Despite growing recognition of these imaging findings, their contribution to the etiological 

investigation of children presenting with severe congenital hearing loss remains insufficiently 

explored. In routine clinical practice, diagnostic evaluation frequently prioritizes genetic testing and 

temporal bone imaging, whereas abnormalities of the brain parenchyma may receive less attention. 

Consequently, congenital CMV infection may remain unrecognized, particularly in children 

presenting with apparently isolated SNHL. This issue is especially relevant before cochlear 

implantation, as postoperative brain MRI may become substantially limited by implant-related 

artifacts, reducing the opportunity to recognize characteristic neuroradiological findings. 



 

 

Therefore, the aim of this study was to characterize the etiological profile of children with severe-to-

profound SNHL undergoing cochlear implant evaluation and to investigate the contribution of brain 

MRI in raising the suspicion of congenital CMV infection during the etiological work-up of these 

patients. We also sought to describe the clinical and neuroradiological spectrum of cCMV in this 

population. 

 

2. Methods 

This retrospective study included children with severe-to-profound sensorineural hearing loss 

(SNHL) who were evaluated as candidates for cochlear implantation at a tertiary referral center 

between 2022 and 2025. All patients underwent a standardized multidisciplinary evaluation 

including pediatric otorhinolaryngology, pediatric neurology, medical genetics, audiology, speech 

therapy and neuroradiology. 

The study was conducted under Research Protocol No. 65111517.0.0000.0068, approved by the 

Research Ethics Committee of Hospital das Clínicas, Faculty of Medicine, University of São Paulo 

(CAPPesq approval No. 2,224,363). Clinical and neuroimaging data were retrospectively reviewed 

in accordance with institutional ethical standards. 

Clinical data were systematically extracted from medical records and included prenatal history 

(maternal infections and pregnancy-related complications), perinatal factors (prematurity, neonatal 

intensive care unit admission, hypoxic events, and neonatal complications), developmental 

milestones, family history of hearing loss, and findings from otorhinolaryngological and neurological 

evaluations. Neurodevelopmental disorders, including autism spectrum disorder (ASD), attention-

deficit/hyperactivity disorder (ADHD), intellectual disability, epilepsy, and cerebral palsy, were also 

recorded. 

As part of the institutional cochlear implant protocol, all patients underwent comprehensive 

audiological evaluation, temporal bone computed tomography (CT) and inner ear magnetic 

resonance imaging (MRI). Brain MRI examinations were reviewed whenever available and were 

specifically requested before cochlear implantation whenever central nervous system involvement 

or an acquired etiology was suspected. When previous neuroimaging was incomplete, additional 

brain MRI sequences were obtained or previously acquired examinations were re-evaluated to 

better characterize cerebral abnormalities. 

The etiological investigation included genetic testing for the most common hereditary causes of 

congenital hearing loss, including GJB2, GJB6, and mitochondrial variant, with syndrome-directed 

molecular investigations performed whenever clinically indicated. Additional genetic investigations 

were undertaken in selected unresolved cases according to clinical availability during the study 

period. 



 

 

Etiologies were classified into four categories: genetic (syndromic and non-syndromic), 

acquired/congenital non-genetic (prenatal, perinatal, and postnatal), cochlear malformations, and 

unknown. 

All available brain MRI examinations were independently reviewed by an experienced 

neuroradiology team blinded to the final etiological diagnosis. White-matter abnormalities were 

classified according to their distribution (diffuse or focal) and predominant anatomical location 

(periventricular, temporal, parietal, or occipital). Additional structural abnormalities, including 

ventriculomegaly, intracranial calcifications, cortical malformations, parenchymal cysts, 

hippocampal abnormalities, and temporal lobe lesions, were systematically recorded. 

Because many children were referred several years after birth, definitive virological confirmation of 

congenital cytomegalovirus (cCMV) infection was frequently unavailable. Consequently, brain MRI 

findings were not considered diagnostic in isolation but rather served as the principal clue prompting 

etiological suspicion. Cases showing a characteristic neuroimaging pattern suggestive of cCMV 

underwent multidisciplinary review by pediatric neurologists and neuroradiologists. Alternative 

causes of white-matter abnormalities, including prematurity-related injury, hypoxic-ischemic brain 

injury, inherited leukoencephalopathies, and other congenital disorders, were systematically 

considered during the diagnostic work-up. Whenever available, laboratory findings, including 

neonatal polymerase chain reaction (PCR) or serological investigations, were incorporated into the 

final diagnostic assessment. Cases considered incompatible with congenital CMV were referred for 

further etiological investigation. 

To frame the clinical description of the cCMV subgroup, patients were organized into three 

descriptive clinical-radiological groups according to neurological involvement: (1) apparently 

isolated SNHL, defined as severe-to-profound hearing loss without clinically detectable neurological 

signs or neurodevelopmental disorders; (2) SNHL with neurological involvement, defined as hearing 

loss accompanied by one or more neurological or neurodevelopmental manifestations; and (3) 

classical multisystem cCMV, defined by the co-occurrence of hearing loss with the hallmark 

systemic and structural features of congenital CMV disease. Neurological status was derived from 

the standardized multidisciplinary evaluation performed for all patients as part of the institutional 

cochlear implant protocol; only the grouping itself was performed retrospectively, after data 

collection. These groups are intended to describe the clinical-radiological spectrum of the cohort 

and should be regarded as hypothesis-generating rather than as a validated classification system. 

Descriptive statistics were used to summarize clinical, etiological, and neuroimaging data. 

Associations between neuroimaging patterns and the clinical-radiological groups were explored 

descriptively. 

 



 

 

3. Results 

3.1 Cohort characteristics 

A total of 126 children with severe-to-profound sensorineural hearing loss (SNHL) were included in 

the study. The mean age at evaluation was 71 months (range, 21–116 months), and males 

accounted for 62% of the cohort. A positive family history of hearing loss was reported in 13% of 

patients. The mean age at hearing loss identification was 8 months (range, 0–72 months), indicating 

early recognition in a substantial proportion of children. The mean age at cochlear implantation was 

36 months (range, 6–143 months). 

3.2 Etiological distribution 

An etiological diagnosis was established in 96 of 126 patients (76%). Non-genetic etiologies were 

the most frequent cause of severe-to-profound SNHL, accounting for 56 patients (44%), followed by 

genetic causes in 29 (24%). Ear malformations were identified in 10 patients (8%), whereas no 

etiology could be established in 31 children (24%). Within the genetic group, non-syndromic forms 

were slightly more frequent than syndromic forms, representing 15 (51.7%) and 14 (48.3%) cases, 

respectively. 

Among acquired causes, prenatal causes predominated (31/56; 55.4%), including congenital 

infections and non-infectious congenital conditions, with congenital cytomegalovirus (cCMV) 

infection representing the single most frequent non-genetic etiology (25 cases). Perinatal causes 

accounted for 15 cases (26.8%), and postnatal causes for 10 cases (17.8%). The etiology was not 

defined in 31 cases (24%). The etiological distribution of the cohort is summarized in Table 1. 

 

Table 1. Distribution of etiological categories in children with severe-to-profound SNHL 

Cause n (%) Details 

Genetic (total) 29 (24%) — 

Non-syndromic 15 (51.7% of genetic cases) GJB2, POU3F4, CARD11 and MT-
RNR1 

Syndromic 14 (48.3% of genetic cases) Waardenburg (4), CHARGE (4), 

Usher (2), Mowat–Wilson (1), 

Goldenhar (1), Baraitser–Winter (1) 

Acquired / congenital non-genetic 

(total) 
56 (44%) — 

Prenatal infectious 29 (51.8% of acquired cases) Congenital CMV (25), syphilis (2), 

toxoplasmosis (1), rubella (1) 



 

 

Other congenital non-infectious 

conditions 
2 (3.6% of acquired cases) Moebius syndrome (2) 

Perinatal 15 (26.8% of acquired cases) Prematurity/ototoxic exposure (7), 

kernicterus (6), hypoxia (2) 

Postnatal 10 (17.8% of acquired cases) Meningitis, trauma 

Cochlear malformations 10 (8%) — 

Unknown (idiopathic) 31 (24%) No cause identified 

 
Abbreviation: CMV, cytomegalovirus. 

 

3.3 Clinical and neuroimaging spectrum of the cCMV subgroup 

Twenty-five patients were diagnosed with congenital cytomegalovirus (cCMV) infection, 

representing the most common non-genetic etiology in this cohort. Brain MRI demonstrated 

abnormalities in all patients and frequently represented the first clue raising the suspicion of 

congenital CMV during the etiological investigation. 

White-matter abnormalities were identified in all patients and demonstrated a heterogeneous 

distribution, including diffuse involvement in 17/25 patients (68%), temporal involvement in 4/25 



 

 

(16%), periventricular involvement in 2/25 (8%), and focal abnormalities in 2/25 (8%) (Figure 1). 

Figure 1. Representative brain MRI findings in children with congenital cytomegalovirus infection. Axial T2-   weighted 

images demonstrate white-matter abnormalities with different patterns: (A–B) focal hyperintensities involving the 

temporal lobes; (C–D) diffuse white-matter abnormalities affecting periventricular and subcortical regions. 

 

To better characterize the clinical spectrum of cCMV, patients were organized into three descriptive 

clinical-radiological groups according to their neurological presentation: 

● Group 1 – Apparently isolated SNHL (n = 7): severe-to-profound sensorineural hearing loss 

associated with white-matter abnormalities but without clinically detectable neurological signs 

or neurodevelopmental disorders. 

● Group 2 – SNHL with neurological involvement (n = 14): severe-to-profound sensorineural 

hearing loss associated with white-matter abnormalities and one or more neurological or 

neurodevelopmental manifestations, including cerebral palsy, epilepsy, intellectual disability, 

attention-deficit/hyperactivity disorder, or autism spectrum disorder. 

● Group 3 – Classical multisystem cCMV (n = 4): severe-to-profound sensorineural hearing 

loss associated with the classical manifestations of congenital CMV infection, including 

microcephaly, chorioretinitis, intracranial calcifications, extensive structural brain 

abnormalities, and severe cerebral palsy. 

 



 

 

The proportion of patients with diffuse white-matter involvement increased monotonically across 

these groups, from 3/7 (43%) in apparently isolated SNHL to 10/14 (71%) in SNHL with neurological 

involvement and 4/4 (100%) in classical multisystem cCMV, whereas focal and periventricular 

patterns clustered at the milder end of the spectrum. 

Although diffuse white-matter involvement tended to be associated with neurological manifestations, 

it was also identified in patients with apparently isolated hearing loss, indicating that the extent of 

white-matter abnormalities alone does not fully explain clinical severity (Table 2). 

 

Table 2. Relationship between the distribution of white-matter abnormalities on brain MRI and the clinical-radiological 

groups in children with cCMV 

Clinical-radiological 

group 
Diffuse Temporal Periventricular Focal Total 

Group 1 – Apparently 

isolated SNHL (n=7) 
3 (42.9%) 1 (14.3%) 2 (28.6%) 1 (14.3%) 7 (100%) 

Group 2 – SNHL with 

neurological 

involvement (n=14) 
10 (71.4%) 3 (21.4%) 0 1 (7.1%) 14 (100%) 

Group 3 – Classical 

multisystem cCMV (n=4) 
4 (100%) 0 0 0 4 (100%) 

Total (n=25) 17 (68%) 4 (16%) 2 (8%) 2 (8%) 25 (100%) 

 
Abbreviation: cCMV, congenital cytomegalovirus. 

 

Additional structural brain abnormalities included ventriculomegaly (16%), intracranial calcifications 

(12%), parenchymal cysts (12%), polymicrogyria (4%), and hippocampal malrotation (4%). These 

abnormalities were predominantly observed in the classical multisystem group, suggesting that 

increasing neurological severity may reflect the cumulative burden of cerebral injury rather than 

white-matter abnormalities alone. 

 

4. Discussion 

This study provides a comprehensive etiological characterization of children with severe-to-profound 

sensorineural hearing loss (SNHL) undergoing cochlear implant evaluation at a tertiary referral 

center, with particular emphasis on the contribution of brain MRI to the recognition of congenital 



 

 

cytomegalovirus (cCMV) infection. An etiological diagnosis was established in 76% of patients, 

reflecting the value of a systematic multidisciplinary investigation integrating audiological, 

neurological, genetic, and neuroimaging assessments. These findings are comparable with previous 

reports from tertiary cochlear implant centers, in which extensive etiological investigation 

substantially increases diagnostic yield [15–18]. 

Genetic disorders accounted for approximately one-quarter of cases, confirming their major 

contribution to congenital SNHL. Nevertheless, non-genetic etiologies predominated in our cohort, 

with prenatal disorders representing the largest subgroup. Among these, congenital CMV infection 

emerged as the most frequent individual non-genetic cause, accounting for 20% of the entire cohort. 

This observation is consistent with previous epidemiological studies identifying cCMV as the leading 

acquired cause of childhood SNHL worldwide [6–8,19]. 

The principal contribution of our study is the demonstration that characteristic brain MRI 

abnormalities may represent the first clue raising the suspicion of congenital CMV infection during 

the etiological investigation of children with otherwise unexplained severe congenital hearing loss. 

Importantly, our intention is not to suggest that isolated white-matter abnormalities are diagnostic of 

cCMV. Rather, the diagnosis resulted from integration of neuroimaging findings with neurological 

evaluation, exclusion of alternative etiologies, and available laboratory information within a 

multidisciplinary setting. 

White-matter abnormalities were identified in all patients with cCMV but exhibited heterogeneous 

imaging patterns, including diffuse, temporal, periventricular, and focal involvement. These 

abnormalities occurred across the entire clinical spectrum, from children with apparently isolated 

hearing loss to those with severe systemic neurological disease. Although diffuse white-matter 

abnormalities predominated among patients with neurological manifestations and were present in 

all patients in the classical multisystem group, they were also observed in several children with 

apparently isolated SNHL. 

Conversely, focal and periventricular abnormalities occurred predominantly in children without 

significant neurological impairment. These findings indicate that the extent of white-matter 

abnormalities alone does not determine neurological severity and reinforce the concept that these 

lesions should be interpreted within the broader neuroradiological context rather than as isolated 

diagnostic markers [19,20]. 

Rather than a diagnostic classification, the three-group framework serves to order the clinical-

radiological spectrum of cCMV. Congenital CMV should not be viewed simply as either symptomatic 

or asymptomatic: our findings suggest a clinicoradiological continuum in which apparently isolated 

congenital hearing loss may represent the mildest expression of fetal brain involvement, whereas 

progressively greater neurological impairment is associated with an increasing burden of structural 



 

 

brain abnormalities. Notably, 43% of patients without any clinical neurological sign already exhibited 

diffuse white-matter involvement, indicating that a normal neurological examination does not 

exclude cerebral involvement in cCMV. 

This interpretation is biologically plausible and consistent with current knowledge of the 

neurotropism of CMV. Experimental and imaging studies have demonstrated that fetal CMV 

infection disrupts neuronal proliferation, migration, and cortical organization, producing a wide range 

of abnormalities that vary according to the timing and severity of infection [21–23]. 

Accordingly, patients with apparently isolated SNHL in our cohort frequently exhibited white-matter 

abnormalities without additional structural lesions, whereas patients in the classical multisystem 

group more commonly demonstrated ventriculomegaly, intracranial calcifications, parenchymal 

cysts, cortical malformations, and other structural abnormalities. Together, these findings support 

the hypothesis that neurological severity reflects the cumulative burden of cerebral injury rather than 

the extent of white-matter abnormalities alone. 

From a clinical perspective, our findings have direct implications for the etiological investigation of 

children undergoing cochlear implant evaluation. In routine practice, diagnostic work-up frequently 

prioritizes genetic testing and temporal bone imaging, whereas detailed evaluation of the brain 

parenchyma may receive less attention. In our experience, several children were referred after 

cochlear implantation without an established etiological diagnosis. In these patients, postoperative 

brain MRI was frequently limited by implant-related artifacts, preventing recognition of characteristic 

neuroimaging patterns that could have raised suspicion of congenital CMV before implantation. 

Our results therefore suggest that, in children with severe-to-profound SNHL of undefined etiology 

after genetic testing, brain MRI should be obtained before cochlear implantation: not because MRI 

alone establishes the diagnosis of cCMV, but because recognition of a characteristic constellation 

of neuroradiological findings may direct appropriate etiological investigation while this diagnostic 

opportunity remains available. In this setting, the preoperative examination may represent the last 

reliable opportunity for parenchymal brain assessment. 

This study has several limitations. Its retrospective design introduces potential selection and 

information biases, and the relatively small number of patients with cCMV precluded more robust 

analyses of specific neuroimaging patterns and neurological outcomes. Furthermore, the proposed 

clinical-radiological grouping is exploratory and should be interpreted as hypothesis-generating. 

Neurological evaluations were performed as part of routine clinical care rather than according to a 

standardized prospective protocol, and MRI examinations were obtained over an extended study 

period using different imaging protocols. However, all available studies were systematically 

reviewed by an experienced neuroradiology team, minimizing variability in image interpretation. 

 



 

 

 

5. Conclusions 

Congenital cytomegalovirus was the leading non-genetic cause of severe-to-profound SNHL in this 

cohort. White-matter abnormalities on brain MRI frequently represented the primary clue to the 

diagnosis, including in children with apparently isolated hearing loss, supporting the concept of 

cCMV as a clinicoradiological spectrum. These findings provide real-world evidence from a large 

tertiary cochlear implant program and reinforce the value of systematic preoperative brain MRI, 

which may represent the final opportunity for reliable brain assessment before cochlear implantation, 

thereby improving etiological diagnosis and facilitating appropriate neurological assessment and 

multidisciplinary follow-up. 
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