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A B S T R A C T   

Congenital cytomegalovirus (cCMV) infection can cause fluctuating hearing loss and vestibulopathy. The path
ogenesis is unknown. This report describes a 13-year old boy with cCMV and severe hearing loss in the right ear 
since age 3, presenting with fluctuating hearing loss in the left ear and vestibular symptoms. 3D fluid attenuated 
inversion recovery (FLAIR) MRI showed endolymphatic hydrops in the acutely affected ear. This is the first 
description of a child with cCMV subjected to this imaging technique, raising the question whether endolym
phatic hydrops could play a role in the development of late-onset symptoms and demonstrating the possibilities 
of this MRI sequence.   

1. Introduction 

Congenital cytomegalovirus infection (cCMV) occurs in 0.5–6% of 
pregnancies and is the most common non-genetic cause of hearing loss 
[1,2]. The most prevalent symptoms of cCMV are hearing loss and 
vestibulopathy, each of which occurs in 14% of cCMV infected children 
[3,4]. Both hearing loss and vestibular impairment can be present at 
birth, but can also develop in the first years of life. Furthermore, the 
course of symptoms can vary from being stable to fluctuating or pro
gressive [4–8]. As the pathogenesis is not well understood and disease 
progression cannot be predicted, there is a heavy burden on patients and 
their parents. 

Interestingly, there is another, more well-known inner ear disease 
that presents with similar fluctuating symptoms. Meniere’s disease also 
causes vestibular symptoms such as vertigo and progressive and fluc
tuating hearing loss, in addition to tinnitus and aural fullness [9]. 
Endolymphatic hydrops is the major histopathological hallmark of this 
condition as has been demonstrated by post-mortem research. Nowa
days it can also be visualized by a magnetic resonance imaging (MRI) 
sequence, named the 3D fluid attenuated inversion recovery (FLAIR), 
obtained 4 hours after intravenous contrast administration [10–13]. The 

gadolinium-based contrast agent accumulates in the perilymphatic 
compartments of the inner ear, but not in the endolymphatic compart
ments. This enables radiologists to describe both compartments in 
relation to each other and to determine the presence of endolymphatic 
hydrops in both the cochlea and vestibular organs [14]. 

Since the clinical presentations of the two conditions resemble each 
other, endolymphatic hydrops may also play a role in cCMV cases pre
senting with fluctuating hearing loss or vestibular problems. This has 
previously been hypothesized based on results from post-mortem studies 
[15,16] and a case series [17]. Furthermore, a study in guinea pigs 
showed the development of endolymphatic hydrops and hearing loss 
upon injection of CMV into the endolymphatic sac of seronegative ani
mals [18]. However, this hypothesis has never been tested in cCMV 
patients, as imaging techniques previously lacked sensitivity. This has 
changed with the current development of the 3D FLAIR MRI. 

Here, we present a child with cCMV showing late-onset fluctuating 
inner ear symptoms. After a relapse, a 3D FLAIR MRI was made to 
investigate the presence of endolymphatic hydrops. 
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1.1. Case report 

The detailed course of hearing loss in the left ear of our patient in 
relation to the prescribed immune-modulating medication is shown in 
Fig. 1. 

A 3-year old boy initially presented with delayed speech, language 

development and asymmetric bilateral hearing loss. He had passed the 
newborn hearing screening. Otoscopy showed otitis media with effusion 
(OME) on the left side and no abnormalities on the right side. Audi
ometry showed mixed hearing loss in the left ear with a low frequency 
SNHL of 25 dB and an additional air-bone-gap (ABG) of 25 dB at all 
frequencies. Hearing threshold in the right ear was 82 dB Fletcher Index. 

Fig. 1. Timeline displaying the course of hearing loss in the left ear in relation to the prescribed immune-modulating medication in a patient with congenital 
cytomegalovirus infection. The course of hearing loss is depicted as the bone conduction threshold through time. Medication was administered orally (o), intra
venously (iv) or subcutaneously (sc). 3D fluid attenuated inversion recovery (FLAIR) magnetic resonance imaging (MRI) was performed at the age of 13. 

Fig. 2. 3D fluid-attenuated inversion recovery 
(FLAIR) magnetic resonance imaging (MRI) in a 13 
year old patient with inner ear symptoms and 
congenital cytomegalovirus infection. Anatomical 
structures are illustrated in the two bottom images. 
Right: Normal appearance of the cochlea. Mild iso
lated vestibular endolymphatic hydrops, as the 
saccule (arrow) is equal in size to the utricle 
(arrowhead). In a healthy individual the size of the 
saccule is smaller than the utricle. Left: Moderate 
cochlear and severe vestibular hydrops, as shown by 
dilatation of the scala media (arrows) and effacement 
of the perilymphatic space in the vestibule (oval) due 
to enlargement and confluence of the saccule and 
utricle.   
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He also had microcephaly, hypermetropia and behavioral problems in 
addition to a delayed motor development for which he had received 
physiotherapy. Genetic testing ruled out mutations in GJB2 and GJB6 
genes. Congenital CMV (cCMV) infection was diagnosed by CMV PCR on 
the neonatal dried blood spot. He received a hearing aid on the better 
hearing left side. During audiometric follow up according to the protocol 
for children with cCMV the low frequencies showed an improved bone 
conduction (BC) threshold of 10 dB with variable ABG in the left ear and 
stable, poor hearing outcome in the right ear at age 4. 

After a few stable years he experienced worsening of hearing loss in 
the left ear at age 8. Audiometry showed SNHL of up to 50 dB at 500 Hz 
(currently with a spontaneously resolved ABG). MRI of the cer
ebellopontine angle showed no abnormalities, specifically no signs of 
inflammation of the vestibulocochlear nerve or congenital inner ear 
malformations. Although screening laboratory testing for autoimmune 
disorders was negative, after sudden further deterioration to a BC 
threshold of 55 dB, prednisolone was administered to treat for possible 
autoimmune inner ear disease (AIED). The treatment showed an initial 
effect after 6 days as the hearing loss recovered to a BC threshold of 18 
dB. Upon dose reduction, the hearing loss increased again to a BC 
threshold of 48 dB. Due to side-effects, prednisolone was replaced by 
methylprednisolone pulse therapy and later methotrexate during which 
the hearing loss continued to fluctuate. Strikingly, upon termination of 
all treatments the low-frequency SNHL improved. 

At age 13, he again indicated decreased hearing in his only-hearing 
left ear. The audiogram showed a SNHL of 50 dB at all frequencies. He 
also experienced recurrent episodes of tinnitus, vertigo and nausea. 
Despite several immunosuppressive treatments for suspected AIED, such 
as prednisolone, methylprednisolone pulse therapy, mycophenolate and 
adalimumab, his hearing remained unstable. 

Vestibular tests were performed during adalimumab treatment. The 
video-head impulse test showed normal high-frequency test results in all 
six semicircular channels, rotational chair test showed bilateral low- 
frequency vestibular hypofunction, caloric testing bilateral low- 
frequency areflexia and cervical vestibular evoked myogenic poten
tials (VEMP) responses were bilaterally absent. 

Another MRI scan was made, this time including the 3D FLAIR 
sequence. It showed a mildly dilated endolymphatic compartment of the 
saccule on the right side. On the left side dilation of the scala media and 
effacement of the perilympatic space in the vestibule due to enlargement 
and confluence of the endolymphatic compartments of the saccule and 
utricle were seen (Fig. 2). Since hearing fluctuations continued to occur 
during all immunosuppressive treatment, eventually all treatment reg
iments were terminated. 

2. Discussion 

This is the first reported case of a child with cCMV who was subjected 
to the 3D FLAIR MRI technique. 

Similarities in the fluctuating pattern of inner ear symptoms in 
Meniere’s disease and cCMV raise the question whether the two condi
tions also share a pathogenic mechanism resulting in or involving 
endolymphatic hydrops. Several post-mortem studies, a case series and 
an animal study suggested endolymphatic hydrops in fluctuating hear
ing loss in cCMV [15–18]. Until recently, however, it was not possible to 
test this hypothesis in humans in vivo. 

The 3D FLAIR MRI technique has been developed to visualize 
endolymphatic hydrops for the diagnosis of Meniere’s disease. Later, 
endolymphatic hydrops was also identified in AIED. In a cohort of 12 
patients with primary immune-mediated inner-ear disease, 11 exhibited 
endolymphatic hydrops [19]. In contrast, only 1 of 5 patients with 
secondary immune-mediated inner ear disease showed endolymphatic 
hydrops. Interestingly, this specific case was a patient with both auto
immune thyroiditis and cCMV, and who showed the highest degree of 
endolymphatic hydrops on MRI of the cohort. The authors already 
speculated that cCMV itself could explain the endolymphatic hydrops in 

this specific case. 
Our case showed cochlear and vestibular hydrops shortly after 

worsening of inner ear symptoms, which again suggests that endolym
phatic hydrops can be found in relation to fluctuating hearing loss in this 
patient group. However, the question remains how endolymphatic 
hydrops develops. In Meniere’s disease, the leading hypothesis is a 
disturbance of ion homeostasis and the regulation of fluid volume in the 
inner ear [20,21]. Similarly, ion imbalance may be present in cCMV. 
Cytomegalic inclusion bodies have been found mostly in the stria vas
cularis and dark cell epithelium in post-mortem studies [15,22,23], 
which are involved in maintaining the ion balance. Furthermore, in a 
mouse model a decrease in expression of a K+ ion channel protein and a 
reduction of the endocochlear potential following a CMV infection have 
been shown [24,25]. In addition to direct viral damage, indirect damage 
caused by an immune response may play a role in hearing loss, which 
may explain the initial response to the prednisone treatment in this 
patient [26]. 

Ideally, sequential 3D FLAIR MRI scans could be performed at 
various times, including in the absence of symptoms, to strengthen the 
relationship between the presence of symptoms and endolymphatic 
hydrops. It should also be noted that mild endolymphatic hydrops is 
present in 31% of healthy adults, compared to 82.3% in Meniere’s dis
ease patients [27]. In our case, the right ear showed only saccular 
endolymphatic hydrops. The severe hearing loss on this side was known 
since the age of 3, hence cochlear involvement was also expected. 
Reasons for this discrepancy remain unknown. However, severe hearing 
loss in patients with isolated saccular hydrops has been described in a 
cohort study of patients with Meniere’s disease [28]. Moreover, it is not 
known how long endolymphatic hydrops persists, thus it is possible that 
it was present at earlier age. Therefore, future studies should consider 
including multiple measuring time points in addition to a healthy con
trol group. However, the impact of this scan for patients, especially 
children, should not be underestimated as it involves administration of 
contrast reagent and a 4 hour waiting time before the scanning process 
can start. As for now, the presence of hydrops does not alter treatment 
options. 

3. Conclusion 

The pathogenesis of late-onset fluctuating hearing loss and vestibular 
symptoms after cCMV infection remains elusive, hampering prognosis 
and treatment. This case shows that the 3D FLAIR MRI sequence can 
provide insight into the pathogenic mechanism of cCMV-induced hear
ing loss. Larger studies could bring us one step closer to uncovering this 
mechanism. 
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