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Introduction
The cochlea shares an anatomic proximity as well as histologic and 

physiologic similarities to the neighbouring vestibular end organs. It has been 
well established that the relationship between auditory and vestibular function 
is complex. The importance of studying the relationship between peripheral 
vestibular function in the setting of deafness is underlined by the fact that 
sensorineural hearing loss (SNHL) is the most common congenital sensory 
impairment occurring in 3 out of every 1000 live births.1 Should even a small 
proportion of children with SNHL exhibit concurrent vestibular involvement, this 
would still account for large numbers of individuals with vestibular dysfunction 
requiring identification, education and therapy. A number of studies have 
examined both vestibular and balance function in large cohorts of children with 
hearing impairment. The challenge of summarizing these results relates to the 
heterogeneity inherent both to the population as well as to the measures utilized 
to assess vestibular and balance function. Likely the most important population 
factors that contribute to this heterogeneity include:

1. etiology 
2. severity 
3. time course

In the literature the categorization of etiology has obviously evolved from 
a generic label such as congenital onset or genetic, to more specific diagnosis 
such as Connexin 26 related deafness, where even the specific mutation can be 
identified. Despite these advancements, a specific etiology is still not identified 
in a significant proportion of children with SNHL. As a result, all studies tend to 
still include a large and heterogeneous subgroup of children in whom the etiology 
of SNHL is unknown. In addition, some children with rare causes of SNHL 
(i.e. syndromic, mitochondrial or metabolic disorders), have not been studied in 
sufficient numbers to draw population conclusions. 

As with etiology, severity of the SNHL is very heterogeneous in many of the 
early studies. More recently and with the advent of cochlear implantation (CI), 
in particular bilateral CI, numerous studies have included a more homogeneous 
cohort of children with severe to profound SNHL. The time course of the hearing 
loss (progressive versus non-progressive) may also play a role and needs to be 
considered. 

With respect to measures of vestibular end organ and balance function, 
large variation also exists throughout the literature. Most studies include either a 
clinical or ancillary measure of horizontal canal function (i.e. head thrust testing, 
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per/post rotatory nystagmus, caloric testing, rotational chair testing) and more 
recent studies may examine the vestibulocollic pathway using cervical vestibular 
evoked myogenic potentials (cVEMP). In some studies end-organ testing may 
be coupled with an assessment of static and dynamic balance and again the tests 
used are quite variable. With these caveats in mind, we will attempt to provide 
an overview of the general relationship of SNHL and vestibular and balance 
dysfunction in children. 

Review of the extensive literature on vestibular function in children with 
hearing indicates that somewhere in the range of 20 to 85% of children with SNHL 
demonstrate some an element of vestibular end organ dysfunction 2-16. Some 
cohorts demonstrated a mix of partial versus complete vestibular dysfunction 
15, while others suggested that a partial vestibular lesion in the presence of total 
deafness is rare. 5 To make matters more confusing, many studies have also shown 
that vestibular dysfunction can occur unilaterally and does not always correlate 
with the sidedness of the auditory loss. 4, 5, 11, 15 Just as the degree of hearing loss 
can span the spectrum of mild to profound, unilateral to bilateral, vestibular 
function similarly has a wide spectrum of findings. 
Hearing Thresholds and Vestibular (dys)Function

Although the relationship between vestibular and auditory function is not 
linear, there does appear to be an association. A number of studies have shown 
that, at least on a group level, the likelihood of a vestibular impairment relates 
to the degree of the SNHL.4, 7, 11, 15, 16 As a group, children with normal vestibular 
function, defined by caloric stimulation, have lower pure-tone averages (PTA) 
than both those with unilateral vestibular hypofunction who in turn have lower 
PTA’s than those with bilateral vestibular hypofunction.4 Likewise, in some 
studies the proportion of individuals with vestibular impairment is significantly 
lower (20 to 36%) in children with hearing threshold of less than 90dB and higher 
(80%) in those with more severe SNHL.11, 16 Although the literature supports the 
significant relationship known to exist between concurrent depression of hearing 
sensitivity and vestibular responsiveness, hearing thresholds are not predictive for 
the individual case. This is underlined by the findings of one study where 6.1% of 
children with relatively good auditory sensitivity demonstrated complete absence 
of vestibular function, while 43.3% of the children with the poorest auditory 
sensitivity had normal vestibular responsiveness.15 The advent of bilateral CI 
prompted an increase in the interest of examining vestibular function in children 
with SNHL. By definition most children who are candidates for CI have severe 
to profound SNHL. Across several studies the prevalence of vestibular end-organ 
function in this group ranges from approximately 50 to 70%. 17-20

Etiology and the combined audiovestibular loss
Variability across Etiology

The variability in vestibular responsiveness across different etiologies of 
SNHL is readily apparent in the available literature. The vestibular phenotype of a 
number of congenital, hereditary and acquired causes of SNHL have been defined. 
These include, among others, Usher’s Syndrome type I, which is associated with 
bilateral vestibular loss, as well as bacterial meningitis where the SNHL is often 
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accompanied by profound vestibular dysfunction.12, 21-24 Well-defined syndromes 
and acquired infectious losses, however, account for only a small percentage of 
all SNHL, with the etiology of deafness being either unknown or due to a non-
syndromic genetic cause in the majority of children.25 Despite very little literature 
on the topic, there is a general feeling that non-syndromic recessive causes of 
deafness, of which the most common are defects in the GJB2 gene, are not 
typically associated with concurrent deficits in vestibular end organ function.26 A 
large cohort (N=153) of children with CI examined vestibular end-organ function 
according to etiology and demonstrated that all children with meningitis and 46% 
with cochleovestibular anomalies had horizontal canal dysfunction while 45% and 
46% respectively displayed saccular dysfunction.27 Table 1 presents an overview 
of vestibular end-organ function by etiology for this cohort. 
Variability within Etiology
1. Meningitis

While tremendous variability exists across etiology, an incredible degree of 
variability is also present within a single etiologic category such meningitis, even 
though the relationship between auditory and vestibular function in this setting 
is thought to be better understood. Meningitis is known to cause progressive 
but variable ossification of the inner ear. Children with SNHL due to meningitis 
demonstrate a disproportionately large degree of vestibular non-responsiveness; 
however the degree of non-responsiveness does range from unilateral weakness 
to bilateral areflexia of the horizontal canals.11 Similarly, cases have been 
documented where nearly half of the children with profound SNHL due to 
meningitis demonstrated normal horizontal canal function as measured by a 
caloric stimulation.14 
2. Cochleovestibular Anomalies

One might expect the relationship between vestibular and auditory 
dysfunction to be relatively straightforward in the setting of inner ear dysplasia. 
In many cases vestibular dysfunction correlates well with the presence of inner 
ear dysplasia on CT imaging, however overall, equal numbers of children with 
normal vestibular function were found in both the radiologically normal group 
as in the radiologically abnormal group.28 Not all children with hearing loss due 
to inner ear dysplasia demonstrate complete vestibular areflexia.14, 28 Pendred 
syndrome is another autosomal recessive cause of vestibular dysfunction. This 
syndrome is a constellation of incomplete partition of the cochlea and enlarged 
vestibular aqueduct (EVA). Vestibular dysfunction maybe present in up to one-
third of cases.29

3. Congenital Cytomegalovirus Infection
Congenital cytomegalovirus (CMV) infection is estimated to affect 0.4% to 

2.3% of live births in the United States, and up to 90% of those are asymptomatic 
at birth. Eight to 15% of asymptomatic patients will present later in life with 
SNHL. Symptomatic CMV infection will lead to SNHL in 30% to 65% of 
patients. Vestibular insult can be expected in patients who are severely affected. 
The dual central nervous system and inner ear insults resulting from congenital 
CMV may be very difficult to rehabilitate. One clinical study of infants with 
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symptomatic CMV infection at birth, demonstrated that progressive and partial or 
complete vestibular dysfunction was more common than hearing loss.30 
Table 1. Vestibular end-organ function by etiology of sensorineural hearing loss. Horizontal Canal function 
measured using both a caloric and rotational stimulus. Saccule function measured using cervical vestibular 
evoked myogenic potentials.

4. Toxicity Induced Vestibular Dysfunction
Drug induced otoxicity can occur secondary to the administration of several 

groups of antibiotic, chemotherapeutic and diuretic agents. Aminoglycosides are 
the most common category of antibiotic agents that to lead to otoxicity however 
severe vestibular end-organ damage can also occur with vancomycin and viomycin. 
While uncommon, some individuals present with increased genetic susceptibility 
to aminoglycoside toxicity as a results of a mitochondrial DNA defect.31 
Likewise, most children with cystic fibrosis routinely receive aminoglycosides 
via a variety of routes. Some series report that vestibulotoxicity in this group 
is roughly 12%, however this is likely an underestimate as this prevalence was 
determined by survey data and only 15% of CF units participating in the study 
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routinely performed audiometric and/or vestibular ototoxicity monitoring.32 
Finally, children receiving chemotherapy are also at risk of ototoxicity. Cisplatin 
in particular is well documented to have ototoxic effects with a prevalence ranging 
from 26 – 90% where the variability can be accounted for by differences in 
treatment and monitoring protocols. 33 Monitoring for ototoxicity in children who 
are of necessity on such therapeutic regimens typically consists of audiometric 
assessment alone. Vestibular evaluation is rarely, if ever considered within the 
monitoring paradigms. This is in contradiction to the fact that many of these 
agents are more likely to cause vestibular than cochlear toxicity. For children with 
ototoxic injuries, disequilibrium is the most common impairment with vertiginous 
symptoms being relatively uncommon.
5. Other Etiologies associated with bilateral vestibular loss

A variety of other etiologies of SNHL can present with associated bilateral 
vestibular dysfunction.11 In the literature, reports of complete bilateral loss of 
vestibular function have been associated with SNHL due to thalidomide fetopathy, 
Kernicterus, Cogan Syndrome, as well as non-syndromic autosomal recessive type 
hearing loss and hearing loss of unknown etiology.11 The prevalence of vestibular 
disorders amongst these other etiologies is highlighted in studies which excluded 
children whose deafness was secondary to meningitis or other severe infantile 
infection.15 Despite this exclusion, Rosenblut and colleagues reported that a large 
proportion (43%) of the remaining cohort demonstrated vestibular dysfunction.15 
An extended discussion of the specific vestibular phenotype associated with each 
of the uncommon etiologies of SNHL could be the topic of an entire chapter itself. 
Vestibular end-organ and balance function

In children with SNHL it is important to consider not only vestibular end-
organ function but also the output of the system i.e., balance function. Many of 
the studies outlined above include such measures and continue to demonstrate 
the immense heterogeneity and variability within and across etiologic subgroups. 
In general as a group, children with SNHL have poorer balance skills than their 
normal hearing peers (Figure 1).10, 18, 34-41

 In a recent cohort of over 200 children with severe to profound SNHL, 
balance function was examined and while there were significant differences 
between different etiologies of hearing loss, the within group variability remained 
high (Figure 2). 
Summary and Conclusions

Variability in the relationship between auditory and vestibular function 
tend on a group level to correlate with differences in etiology and severity of the 
inner ear disorder. Children with severe to profound SNHL are at very high risk 
of vestibular and balance dysfunction, particularly if the underlying etiology is: 

1. an acquired infectious cause (i.e. Meningitis) 
2. syndromic (CHARGE association),
3. related to abnormal cochleovestibular anomalies 
4. toxicity induced
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While on a group level, 
etiology and severity are 
predictive, this does not hold 
true on the individual level. 
Despite the variability, the 
prevalence of vestibular and 
balance dysfunction in children 
with SNHL is high. The take 
home message is that an 
assessment of vestibular end-
organ function and balance 
should be performed in all 
children presenting with SNHL. 
Clinicians will often debate 
the content of the laundry list 
of tests and evaluations (i.e., 
EKG, urinalysis) that should 
be performed in the setting 
of SNHL despite the low 
prevalence of the associated 
syndromes these tests are 

Figure 2. Balance skills in children with severe to profound sensorineural hearing loss according to the 
etiology. Comparison is made with the mean age and gender adjusted score (mean = 15 ± 5 (SD); dotted 
lines, grey box). Balance skills were measured using the balance subset of the Bruininks-Oseretsky Test of 
Motor Proficiency 2.

Figure 1. Comparison of balance skills between children 
with normal hearing (norms) versus children with severe to 
profound sensorineural hearing loss (implant). Difference 
in balance scores between the two groups are statistically 
significant. Balance skills were measured using the balance 
subset of the Bruininks-Oseretsky Test of Motor Proficiency 2. 
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supposed to identify. Vestibular and balance assessment however rarely figures 
amongst that list despite the high prevalence of associated dysfunction and this 
likely speaks to the challenges of evaluating vestibular function in children. 
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