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Introduction

Bilirubin toxicity affects auditory neural function in a vari-
ety of ways that most of them are poorly understood. In gen-
eral, the greater the central nervous system bilirubin expo-
sure, the more widespread and severe the effect on auditory 
function will be. Because bilirubin exposure cannot be quan-

tified precisely, the auditory function after exposure is also 
quite variable, ranging from subtle auditory impairment to 
deafness [1]. Based on human autopsy studies cochlear func-
tion is expected to be unaffected with bilirubin toxicity [2]. 
The normal auditory function relies on synchronized neuronal 
activity. It is very likely that bilirubin toxicity would result in 
neuronal disorders that can range from mild dyssynchonous 
firing to more severe dyssynchronous firing that would make 
the auditory system completely nonfunctional [3]. However, 
it is possible to measure the functional integrity of the co-
chlea itself [via otoacoustic emissions (OAE) testing] inde-
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pendent of the functional integrity of the neural pathways 
beyond the cochlea [via auditory brainstem response (ABR)] 
[1].

A finding of normal cochlear function and abnormal or ab-
sent auditory neural function has been referred to as auditory 
neuropathy spectrum disorder (ANSD) or auditory dyssyn-
chrony [4]. One of the earliest reports of ANSD was in chil-
dren with auditory impairment associated with hyperbilirubi-
nemia [1]. Berlin, et al. [5] reported the results of diagnosis 
and treatment of 260 patients with documented ANSD. Of 
the 150 patients with sufficient history to determine risk fac-
tors, the greatest number, 74 patients or 48.8%, had a history 
of hyperbilirubinemia. Furthermore, some researchers have 
suggested that bilirubin-induced hearing loss is temporary 
and may also be reversible by decrement of bilirubin levels in 
blood [6,7]. The current study was aimed at investigating the 
ABR and its’ changes in hyperbilirubinemic infants.

Subjects and Methods

Study participants included 80 infants, 41 infants with hy-
perbilirubinemia without other hearing impairment risk fac-
tors and 39 normal infants without any hearing loss risk fac-
tors. Both groups were matched in terms of age (between 30 
to 45 days old) and sex. They were recruited from Akhavan 
Rehabilitation Center, University of Social Welfare and Re-
habilitation Sciences. The mean age (±standard deviation) 
of infants in hyperbilirubinemic group and normal group was 
39.24 (±2.55) and 35.54 (±3.72) days respectively. The in-
clusion criteria for hyperbilirubinemic group were: full-term 
infants with a normal weight and appearance without any 
disease or other hearing loss risk factors, and natural delivery. 
Birth weight was between 3,200 to 3,700 grams. They were 
breast-fed from birth with no history of prenatal or perinatal 
complications, with Appearance, Pulse, Grimace, Activity, 
and Respiration score between 9 to 10. In addition, all infants 
in hyperbilirubinemic group had serum bilirubin level more 
than 20 milligrams per deciliter (because risk of neuronal 
damage is higher in infants with blood serum bilirubin level 
over 20 mg/dL [8]). They had undergone one exchange blood 
transfusion and then been receiving one phototherapy with 
fluorescent phototherapy device for 4-7 days. Based on 
blood test, in all subjects the level of bilirubin decreased af-
ter treatment.

Data collection
Hearing evaluation for each infant was conducted twice: 

for hyperbilirubinemic infants the first, after hyperbilirubine-
mia treatment and the second, 3 months after the first hearing 

evaluation. for normal infants the first assessment was per-
formed within first month after birth and the second, 3 months 
after the first evaluation. Hearing evaluations included tran-
sient evoked otoacoustic emission (TEOAE) screening by 
Otodynamics ILO v6 (Otodynamics Ltd., Hatfield, United 
Kingdom) device and ABR threshold tracing using the Mad-
sen-Aurical ICS Charter EP 2000 (GN Otometrics A/S, Taas-
trup, Denmark). Both performed in an acoustic room while 
infants were naturally sleep (without sedation). 

At first, parents were informed about test procedures and a 
written consent was obtained. Following this, infants under-
went TEOAE screening in both ears. Acceptable reproducibil-
ity and artifact rejection were set at 90% and 18% respectively. 
TEOAE results were classified into pass or fail automatically 
from the instrument. Subsequently, ABR testing was conduct-
ed using alternating click stimuli (0.1 milliseconds). Desirable 
electrode impedance was less than 5 kilo ohms and acceptable 
inter-electrode impedance was under 2 kilo ohms. ABR test-
ing was started at 70 dBnHL. The intensity was decreased 
with 10 dB step size. ABR threshold was defined as the min-
imum response level at which wave V could be detected 
twice. Average threshold of the ears were categorized into 
three groups including: group 1) ABR threshold ≤30 dBnHL, 
group 2) ABR threshold between 35-65 dBnHL, and group 
3) ABR threshold ≥70 dBnHL). 

Data were analyzed using SPSS v16 software (SPSS Inc., 
Chicago, IL, USA). Kolmogorov-Smirnov test showed that 
data distributions were not normal. Mann-Whitney U and Wil-
coxon tests were performed to compare the results between 
and within groups respectively. 

Results

Table 1 and 2 shows TEOAEs screening and ABR test re-
sults at first and second evaluations.

At second evaluation 7 infants who had ABR threshold val-
ues between 35-65 dBnHL at first assessment, showed ≤30 
dBnHL threshold. Infants with ABR threshold ≥70 dBnHL at 
first evaluation still showed the same ABR threshold at sec-
ond evaluation.

Table 1. Comparison of TEOAE results (pass/fail) between normal 
and hyperbilirubinemic groups from first and second evaluations

Normal Hyperbilirubinemia
Pass 

(number of 
infants) 

Fail 
(number of 

infants)

Pass 
(number of 

infants)

Fail 
(number of 

infants)
First TEOAE 37 2 38 3
Second 38 1 38 3
TEOAE: transient evoked otoacoustic emission
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Between group comparison: Mann-Whitney U test was per-
formed to compare the results between normal and hyperbili-
rubinemic groups at first and second evaluations (Table 3). 
At first and second evaluations, OAE test results did not 
show any significant difference between normal and hyper-
bilirubinemic groups. At the first evaluation, ABR test results 
were significantly different between the two groups and 
ABR threshold was higher in hyperbilirubinemic group than 
normal group (mean ranks of normal group and hyperbiliru-
binemic groups were 35.93 and 45.08 respectively). Howev-
er, based on Mann-Whitney U test, at the second evaluation 
there were not any significant threshold difference between 
two groups (mean ranks in normal group and hyperbilirubin-
emic group were 38.43 and 42.58 respectively) as the mean 
rank of the hyperbilirubinemic group showed improvement 
from the first evaluation.

Within groups comparisons: The results of the Wilcoxon 
test suggested that the TEOAE and ABR results in normal 
group did not show any significant changes from the first to 
the second evaluation (p=1.000). TEOAE results in the hy-
perbilirubinemic group did not show any significant changes 
from the first to the second evaluation (p=1.000) but the ABR 
thresholds improved significantly from the first to the second 
assessment (p=0.025). 

Discussion

In the present study, there was no significant difference in 
TEOAE results between normal and hyperbilirubinemic groups. 
At the first evaluation, infants in experimental group showed 
more ABR abnormalities (13 out of 41 infants) than second 
evaluation (6 out of 41 infants). At second evaluation 7 infants 
who had ABR thresholds between 35-65 dBnHL at first as-
sessment, showed thresholds ≤30 dBnHL and therefore there 
was no significant difference between normal and hyperbili-

rubinemic group at second evaluation. Infants with thresholds 
≥70 dBnHL at first evaluation still remained unchanged. 
These results indicate that hearing loss or auditory abnormali-
ty in infants with hyperbilirubinemia can be temporary and 
would improve over time after proper treatment.

Previous research has shown that hyperbilirubinemia in in-
fants is highly common and can cause abnormal ABR results 
[9]. Hence, ABR evaluation in hyperbilirubinemic infants is 
highly recommended to assess auditory nerve and auditory 
brainstem [10]. Although correlation between auditory disor-
der and bilirubin-induced encephalopathy has been studied 
for a long time, type and site of lesion are not exactly known. 
Studies have shown that in hyperbilirubinemia, different parts 
of auditory system can be involved including cochlea; audito-
ry nerve; spiral ganglion; cochlear nucleus; olivary complex; 
and inferior colliculus [1,8,11,12]. Cochlear examinations 
with electronic microscope have not shown any significant 
abnormality but it does not guarantee normal cochlear func-
tion [12]. Bilirubin can influence synaptic transmissions such 
as construction, release and reuptake of neurotransmitters 
[11]. It seems that auditory thalamus and cortex are remained 
unaffected with hyperbilirubinemia [1]. The current study 
suggests that the bilirubin-induced auditory changes are at the 
level of lower brainstem (i.e., abnormal ABR) and not at co-
chlear level (i.e., normal/pass TEOAEs). 

In the present study, at first evaluation, 10 infants with hy-
perbilirubinemia showed ANSD results (i.e., normal OAE and 
abnormal ABR), but ABR responses in 7 infants showed im-
provement at second evaluation (from ABR threshold between 
35-65 dBnHL to ≤30 dBnHL). It has been suggested that in-
fant hyperbilirubinemia can be physiologic and safe [13]. 
Central impairments after hyperbilirubinemia could be re-
versible [14] and reversible changes after hyperbilirubinemia 
treatments have been reported [15]. In newborn guinea pigs, 
one hour after bilirubin injection, compound action potential 
and ABR thresholds increased gradually and after 8 hours 
reached to a peak. After 72 hours, some consequences disap-
peared [16]. Similarly in the current study ABR impairments 
in 7 (17%) infants were reversible after treatment. It can be ar-
gued that at least in some hyperbilirubinemic cases, auditory 
changes in central auditory system could be transient, and 
transient changes in brainstem is not always accompanied 

Table 3. Statistical results (ABR and TEOAE) with Mann-Whitney 
U test between normal and hyperbilirubinemia groups

TEOAE ABR

1st  evaluation U*=780, p=0.646 U=617, p=0.009

2nd evaluation U=780, p=0.646 U=717, p=0.164

*Mann-Whitney U test. ABR: auditory brainstem response, TEO-
AE: transient evoked otoacoustic emission

Table 2. Comparison of the number (and percent) of infants with three ABR threshold classifications between normal and hyperbilirubi-
nemia groups

ABR Thresholds ≤30 dBnHL ABR thresholds 35-65 dBnHL ABR thresholds ≥70 dBnHL
Normal Hyperbilirubinemia Normal Hyperbilirubinemia Normal Hyperbilirubinemia

1st 37 (94.9%) 28 (68.3%) 2 (5.1%) 11 (26.8%) 0 2 (4.9%)

2nd 37 (94.9%) 35 (85.4%) 2 (5.1%) 4 (9.8%) 0 2 (4.9%)

ABR: auditory brainstem response
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with structural changes and/or hearing loss [17]. Also, it can 
be inferred that ABR is a good index for evaluating bilirubin-
induced neurotoxicity [18]. 

Based on present study, we suggest that infants with hyper-
bilirubinemia that fail the hearing screening at first assess-
ment should be reevaluated after treatment and before any 
hasty hearing intervention happened. Also it is worthwhile in-
cluding both OAE and ABR testing in hearing screening of in-
fants with hyperbilirubinemia. This would help clinicians 
identify infants with potential risk for auditory neuropathy dis-
order.

The study results strengthen the arguments of previous re-
searchers who suggested that ABR testing following hyper-
bilirubinemia treatment should be part of the work-up of in-
fants with elevated serum bilirubin levels [8].
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