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Introduction

Congenital rubella is responsible
for about 2% of pre- or perilingual
bilateral hearing loss in children.1,2

Pregnant women with rubella
during  the first trimester of preg-
nancy give birth to infants with a
high incidence of deafness (about
30%); deafness is profound in
about 80% of these infants.3,4

During the second trimester, the
chance of embryonic infection
with rubella decreases.5 Hearing
defects are thought to be primarily
due to focal cytopathic damage
to blood vessel walls of the inner
ear; subsequent infection and/or
ischemia may lead to further
damage . Vaccinating women of
childbearing age against rubella
is essential and has reduced the
number of cases of childhood
sensorineural  hearing loss caused
by gestational rubella.3,6 Newborns

and infants with congenital rubel-
la undergo thorough audiological
testing to determine their hearing
threshold, including otoacoustic
emission (OAE) testing and audi-
tory brainstem response (ABR)
testing. Although it has been
shown that congenital rubella
infection can influence vestibular
function in infants,7 routine inner-
ear examination in this age group
does not include vestibular tests. 

Vestibular-evoked myogenic
potentials (VEMPs) are poly -
synaptic responses of otolith-
vestibular nerve origin that occur
in cervical muscles after intense
acoustic stimulation of the ear.
VEMP testing has become an
important diagnostic tool for
 evaluating the integrity of the sac-
culocollic reflex, which originates
in the saccule. Its afferent pathway
is the inferior vestibular nerve,
and its efferent pathway is the

vestibulo spinal tract.8 VEMPs
were first recorded in infants by
Sheykholesami et al.9 VEMP
responses consist of positive and
negative successive waves (pI-
nII), with latency values in adults
of about 13 and 23 msec, respec-
tively.10,11 The latency values are
lower in infants,9,12,13 probably due
to a lack of inhibition in the reflex
pathways. The VEMP amplitude
depends on stimulus intensity and
muscular tension, and is a less
reliable marker than wave latency
values.14 VEMPs can be evoked by
short tone bursts (which are most
effective) or by clicks.8,15 Usually
following monaural acoustic
stimulation , VEMPs are measured
on the sternocleidomastoid mus-
cle ipsilateral to the stimulation
or bilaterally. Caloric stimulation
in infants is a useful test for
assessing the function of the lateral
semicircular canal. According to
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Eviatar et al.,16 3 months is the
optimal age at which to perform
the test. The response to caloric
stimulation depends on the excita -
bility of the receptors  (nystagmus
slow phase) that are present at
birth, on the neurological mecha-
nisms of initiation of the fast
phase of nystagmus, and on the
maturation of inhibitory systems. 

The aim of the current study
was to evaluate different parts of
the inner ear in infants with
 congenital rubella using caloric
stimulation, VEMP recordings,
OAE, and ABR.

Materials and methods

The study included 54 3-month-
old infants: 40 healthy controls
(13 girls and 27 boys for a total of
80 ears) and 14 with congenital
rubella (8 girls and 6 boys;
28 ears). The 14 infants with con-
genital rubella were delivered
from mothers who had not been
vaccinated against rubella; these
infants were referred to the terti-
ary referral center from neonatal
departments for thorough audio-
logical evaluation. Prior to the
examination and evaluation, the
parents of each infant gave
informed consent for their child to
participate in the study. The
research protocol was approved
by the local medical ethics com-
mittee.

Inclusion criteria were as
follows : a positive ELISA test
(using blood) for rubella-specific
immuno globulin (Ig) M anti -
bodies in the mother during the
first trimester of pregnancy; con-
firmed infection in the newborn,
also by detection of rubella-spe-
cific IgM. Infants treated with oto-
toxic drugs (aminoglycosides or
furosemide), with Apgar scores at
birth that were lower than 8, with

hereditary defects, or with exter-
nal- and middle-ear pathology
were excluded from the study.
There were two subgroups of
infants with congenital rubella:
6 infants with clinical symptoms
of intrauterine rubella infection
present at birth and 8 asympto-
matic infants. Clinical symptoms
at birth included low birth weight
(n = 6), hydrocephalus (n = 3),
heart defect (n = 3), microph-
talmia (n = 2), and cataract (n =
2). Congenital or acquired infec-
tion with toxoplasmosis, cyto -
mega lo virus, or herpes virus was
ruled out in all of the infants.
Cerebral ultrasound, otoscopy,
click-evoked OAE testing, ABR
testing, and cold-water caloric
stimulation were performed in
each infant at the beginning of the
examination. Normal OAE results
indicated a normal middle ear
transformer mechanism; this was
confirmed by ABR recording
results using bone-conducted
broad-band clicks that were
compared  with ABR recordings
for the same air-conducted stimu-
lus. Caloric testing was performed
using 20 ml of water (T = 20ºC)
that was introduced into the exter-
nal ear canal for 20 seconds, with
the resulting nystagmus observed
directly. The examination was
recorded using a digital video
camera. The latency, frequency,
and duration of the response were
calculated by analyzing the
recordings after the examination.
In healthy individuals, the normal
nystagmus reaction to caloric
stimulation began after 5-15 sec
of latency and lasted 60-70 sec.
The frequency of the bytes was 2-
3 per sec. A response was con -
sidered significantly weakened
when the latency and/or duration
differed from the normal range by
more than 30%. 

All calculations were per-
formed twice, once by the author
and once by an experienced tech-
nician: the results obtained by
both examiners were similar in all
cases. OAEs were recorded during
physiological sleep after exposure
to 30 dB SPL (sound pressure
level) broad-band clicks, using a
Bio-Logic Scout System (Scout,
Mundelein, IL, USA). Auditory
brainstem response waves were
recorded during normal sleep
using a Centor-C ABR machine
(Racia-Alvar, Paris, France) after
exposure to broad-band 2000-
4000 Hz clicks. All VEMP testing
was performed using the same
machine. VEMP responses were
averaged from 75 responses to an
air-conducted, 500-Hz frequency,
90-dB SPL tone burst stimulation
in one ear (with no masking noise
on the other ear) with a stimula-
tion repetition rate of 5 Hz, a rise-
and-fall time of 1 msec, and a
plateau time of 2 msec. Surface
electromyographic activity was
recorded in supine neonates from
symmetrical sites over the upper
half of each isometrically-con-
tracting sternocleidomastoid mus-
cle. Muscle contraction was
facilitated  by tilting the infant’s
head slightly backwards; holding
it in this position provoked a rela-
tively strong reflex muscle con-
traction, allowing responses to be
recorded. A reference electrode
was placed over the upper ster-
num. Electro myographic activity
was recorded under the following
conditions: no muscle contraction
plus no acoustic stimulation; mus-
cle  contraction plus no acoustic
 stimulation; acoustic stimulation
with no muscle contraction; and
muscle contraction plus acoustic
stimulation. 

The Mann-Whitney U test was
used to determine significant
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 differences between the distribu-
tions of measurements obtained in
healthy versus rubella-infected
infants. Spearman’s correlation
coefficients were calculated to
determine whether there was a
significant relationship between
the interval of ABR-determined
hearing threshold results, VEMP
results, and caloric responses. The
chi-square test was used to com-
pare the frequencies of pathologi-
cal results in the subgroups of
rubella-infected infants who were
symptomatic and asymptomatic at
birth. Spearman’s correlation
coefficients were used to deter-
mine whether there was a signifi-
cant relationship between the
presence of OAE and ABR-deter-
mined hearing threshold values.
p <0.05 was considered statis -
tically significant.

Results

Consistent, unilateral, biphasic
VEMPs, the first positive and the
second negative (pI, nII), were
elicited in healthy infants (80 ears)
and in 10 ears (36%) of the
rubella -infected infants (Figure 1).
No VEMPs were recorded from
12 ears (43%) of the rubella-

infected infants who were sympto-
matic at birth. The responses to
caloric stimulation were normal in
all control ears and in 10 ears
(36%) of rubella-infected asymp-
tomatic infants. In symptomatic
rubella-infected infants, caloric
responses were absent in 12 ears
(43%); in asymptomatic infants,
caloric responses were weakened
in 6 ears (21%). Profound hearing
loss was diagnosed in 6 rubella-
infected infants (12 ears; 43%).
No response to acoustic or caloric
stimulation was recorded in 12
ears (43%) in 6 rubella-infected
infants who were symptomatic at
birth (Table 1). The results
obtained from both ears were
symmetrical. Otolith functions
were disturbed more frequently
than caloric responses. There were
significant differences between
the ABR, OAE, and caloric

response measures obtained in
healthy controls and in the sub-
groups of rubella-infected infants
(Table 2). There were no statisti-
cally significant differences
between VEMP wave I and II
latency values in rubella-infected
infants versus controls (Table 3).
Statistically significant correla-
tions were found between the
presence of normal VEMPs and
normal caloric responses
(p <0.001, r = 0.9), and between
the hearing threshold interval
 values on ABR examination and
VEMPs (p <0.001, r = 0.9). There
was also a statistically significant
correlation between the hearing
threshold interval values and nor-
mal caloric responses (p <0.001,
r = 0.9). OAEs were absent in all
ears with an elevated hearing
threshold (p <0.001, r = 1.0). The
saccule was more vulnerable to

Figure 1
A representative vestibular-evoked myo-
genic potential recorded in a healthy
infant.

Table 1

Test results for the 14 infants with congenital rubella

Legend: VEMP: vestibular evoked myogenic potentials.

Test response
Rubella-infected infants:

Total ears,
n (%)

Ears, n

Asymptomatic Symptomatic

ABR

Normal 10 0 10 (36)

20-80 dB 6 0 6 (21)

>80 dB 0 12 12 (43)

VEMP

Normal 10 0 10 (36)

Absent 6 12 18 (64)

Caloric stimulation

Normal 10 0 10 (36)

Weak 6 0 6 (21)

Absent 0 12 12 (43)

Stimulation of lateral semi-
circular canal and otolith
organ

No response 0 12 12 (43)
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rubella infection compared to the
horizontal canal.

Discussion

This is the first analysis of VEMP
recordings in a group of 3-month-
old infants with congenital rubel-
la. Elicitation of sternocleido -
mastoid muscle contraction is
 necessary in order to obtain a

VEMP measurement. Tilting an
infant’s head slightly backwards
and holding it in this position
evokes relatively strong reflex
muscle contractions; this makes it
possible to record the responses.9,12

The strong correlation of caloric
test results and VEMP recording
results that we observed in the
current study suggests that in
infants with congenital rubella,

both the semicircular canal and
the otolith receptors may be 
damaged. In this group of rubella-
infected infants, there was a rela-
tively high incidence of profound
sensorineural hearing loss and no
reactivity to vestibular receptor
stimulation; this might suggest
that intrauterine rubella infection
causes damage to a large number
of inner-ear receptor cells, par -
ticularly in individuals who are
symptomatic at birth. A high inci-
dence of complete lack of inner-
ear function was found in subjects
with clinical symptoms of intra -
uterine rubella infection present at
birth. This observation confirms
that rubella-induced brain damage
and psychomotor retardation
result from a more serious course
of the infection in susceptible
individuals. The placenta seems to
play a critical role in protecting
the infant from the spreading
infection, but the specific protec-
tive factors involved in this protec-
tion remain unknown.5

Table 2

Comparison of median values of variables representing the results of vestibular and cochlear tests, obtained in healthy controls and
patients with congenital rubella infection. Cut-off values of hearing threshold: <20 dB HL; OAE reproduction rate: >70%

Legend: ABRs: auditory brainstem responses, OAEs: otoacoustic emissions, SD: standard deviation, HL: hearing level, N.S.: no
 significance.

Test response

Group of infants
Statistics: Mann-
Whitney U test 

(Column  numbers)

Controls
median (SD)

80 ears
(1)

Asymptomatic infants
with congenital rubella

median (SD)
16 ears

(2)

Symptomatic infants
with congenital rubella

median (SD)
12 ears

(3)

ABR

Hearing threshold 10 dB HL (2.3) 30 dB HL (31.3) 105 dB HL (5.2)

1:2 – p <0.01;
2:3 – p <0.001;
1:3 – p <0.001

OAE

Reproduction rate 78% (6.7) 67% (16.3) 16% (9.5)

1:2 – p <0.05;
2:3 – p <0.001;
1:3 – p <0.001

Caloric test
Latency of response 8 sec (2.8) 12 sec (6.9) – 1:2 – p <0.01

Duration of response 65 sec (4.2) 58 sec (16.1) – 1:2 – N.S.

Frequency of beats 2/sec 2/sec – 1:2 – N.S.

Table 3

VEMP wave I and II latency values in infants with congenital rubella and
healthy controls

Legend: SD: standard deviation.

Group 
Ears, n

Latency values, msec
median (SD)

Ipsilateral wave
I 

Ipsilateral wave
II

Contralateral
wave I 

Contralateral
wave II 

Healthy
 controls

80 7.9 (1.7) 13.1 (2.5) 8.2 (1.8) 13.3 (2.5)

Patients
10 7.2 (1.4) 13.4 (2.1) 8.2 (1.7) 13.6 (2.0)

Statistics (Mann-Whitney U test)
Healthy controls vs. Patients – No significant difference
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Nishida et al.7 used the caloric
and righting reflex tests to exam-
ine 160 deaf ears of 12-year-old
children with congenital rubella.
Of the 160 ears, 30% showed
vestibular hypofunction and 7.5%
were suspect. Vestibular hypo-
function was conclusive in 21.3%,
suspect in 5.6%, and normal in the
remaining ears. There was no cor-
relation between the incidence of
vestibular hypofunction and the
degree of hearing loss. Of the
30 children with vestibular hypo-
function, 47% showed a normal
righting reflex, suggesting a com-
pensatory mechanism. Of the
50 children with normal caloric
responses, 26% had an abnormal
righting reflex. This discrepancy
was accounted for by an otolith
organ injury or minimal brain dys-
function.7 The results obtained in
infants in the present study con-
firm hypofunction or complete
lack of function of a similar
number  of vestibular organs, but
also correlated with the hearing
threshold intervals. Nishida et al.7

 suggested that otolith organ dys-
function probably occurred more
frequently, and the presented data
confirmed this idea. 

Many infants with congenital
rubella infection have organ
abnormalities present at birth. Due
to serious defects, such as those
involving the eyes, heart, brain,
and cochlea, these infants may not
be evaluated for asymptomatic
vestibular disorders early on. The
results obtained here suggest the
need for routine thorough exami-
nation of organs involved both in
hearing and balance in infants
with congenital rubella. Clinicians
dealing with this group of infants
should be aware not only of the
status of their hearing but also the
status of their vestibular organs
in order to instigate appropriate

treatment at the appropriate time.
Based on these data, no conclu-
sions can be drawn about the indi-
cations for rehabilitation for each
case of vestibular dysfunction due
to congenital rubella.17 Clinical
experience confirms that natural
compensatory mechanisms are
both efficient and sufficient at this
age (infancy). However, infants
with symptoms of congenital
rubella often suffer from other
problems in addition to inner ear
dysfunction. Congenital defects
involving the eyes and brain can
critically interfere with sponta-
neous compensation. Special care
should be taken in this group of
infants: for some of them, rehabil-
itation may be indispensable for
their motor development.

Conclusions

In infants with congenital rubella,
the degree of impairment of the
semicircular canal and otolith
organ is higher in individuals with
profound hearing loss, and
VEMPs are more frequently
absent than caloric responses. We
conclude that the vestibular organ
should be routinely examined in
infants with congenital rubella.
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