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Abstract

Background: Neurologic dysfunctions, specifically hearing impairments due to hyperbilirubinemia are ranked among the main
concerns in medicine.
Objectives: This study evaluates the prevalence of acute auditory neuropathy (AN) disorders in term neonates with mild to moder-
ate hyperbilirubinemia and low bilirubin-induced neurological dysfunction (BIND) score and the roll of early treatment on reduc-
ing their incidence.
Methods: Fifty one term jaundice neonates with normal newborn exam and total serum bilirubin (TSB) ≥ 15 mg/dL after the third
day of birth with normal otoacoustic emission (OAE) test were enrolled. The BIND score assessment for severity of neurologic dys-
function was done. Neonates with low BIND score were divided into two groups based on their TSB levels at the time of admission
(15 - 18 mg/dL: Mild-moderate hyperbilirubinemia and≥ 19 mg/dL: Severe hyperbilirubinemia). ABR was performed within the first
12 hours of their admission and the second ABR was performed before discharge.
Results: The 30.60% of neonates with TSB < 19 mg/dl had abnormal ABR. Latency of V, III waves and interpeak interval latency of I-III,
I-V waves were detected. Mean latency of wave V and I-V interpeak latency after phototherapy were significantly decreased compared
to pre-treatment (P < 0.001).
Conclusions: With the prevalence of auditory neuropathy (AN) at lower TSB concentrations (that have traditionally been consid-
ered safe) it can be concluded that more attention should be given to this group despite the absence of neurologic signs, and it also
shows the sensitivity of early phototherapy to lower bilirubin level.

Keywords: Acute Bilirubin Encephalopathy, ABR, Hyperbilirubinemia, BIND Score, Auditory Neuropathy Disorder

1. Background

Despite rapid advances in neonatal care management,
severe hyperbilirubinemia is still one of the most common
problems during neonatal period that may lead to acute
and chronic bilirubin encephalopathy (1). In developed
countries, kernicterus incidence in term infants counts
for 1 in 30,000 to 1 in 200,000 live births (2). Bilirubin-
induced neurological dysfunction (BIND) hosts a spectrum
of neurological dysfunctions including acute bilirubin en-
cephalopathy (ABE) and isolated auditory dysfunctions
that lead to neurodevelopmental disabilities (3, 4). There is
no accurate total serum bilirubin (TSB) threshold for iden-
tifying BIND and kernicterus (5, 6).

The scoring system of bilirubin-induced neurologic
dysfunction can be considered as a useful clinical tool
for diagnosing term neonates with acute bilirubin en-
cephalopathy who require more aggressive treatment (7,
8).

Previous studies suggested that subtle bilirubin en-
cephalopathy leads to central auditory system damage and
auditory neuropathy (9, 10) with different presentations
from speech disorders to complete deafness, which needs
cochlear implantation (6, 7, 11).

An abnormal or absent auditory brainstem evoked
response (ABR) with a normal otoacoustic emission test
(OAE) is considered as auditory neuropathy (7-12). Tran-
sient or lasting ABR abnormalities occur in 35% of neonates
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with TB levels > 20 mg/dL. Previous studies suggested that
performing ABR is crucial for infants with severe hyper-
bilirubinemia (9).

The abnormality in ABR results consists of wave I and III
latencies, wave V mean latency, inter peak interval of III-V,
I-III, I-V waves, or lack of each wave.

Absent or abnormal wave I is considered as auditory
nerve damage and in waves III and V is damaged in the
brainstem nuclei (13, 14).

Limited information is available about the prevalence
rate of hearing loss due to acute auditory neuropathy at
lower hyperbilirubinemia (10). Score of 1 - 3 in BIND score
is considered as subtle signs of ABE. An abnormal ABR in
this group is suggestive of bilirubin neurotoxicity which
is considered as moderate ABE (7).

2. Objectives

The aim of this study was to evaluate whether mild to
moderate hyperbilirubinemia in term neonates with low
BIND score (score of 1 - 3) is associated with acute audi-
tory neuropathy disorder and also evaluate the roll of early
treatment in reducing incidence of acute auditory neu-
ropathy in this group.

3. Methods

3.1. Study Design

This present study was a cross- sectional study per-
formed at the Vali-e-Asr Hospital of Tehran University of
Medical Sciences (TUMS) from August 2016 to November
2017 on all term newborns (with the gestational ages of
≥ 37 weeks) who were admitted to the neonatal ward due
to hyperbilirubinemia with TBS of ≥ 15 mg/dL after the
third day of birth with normal OAE test. Gestational age
of newborns was determined according to the first day of
the mother’s last menstrual period (by the mother’s state-
ment) and the first antenatal ultra-sonographic estima-
tion.

Exclusion criteria: (1) infants born to mothers with
chorioamnionitis; (2) craniofacial malformations; (3)
preterm infants; (4) neonates with asphyxia; (5) early
onset sepsis with positive blood culture; (6) anomalies
of the nervous system; (7) positive family history of
hearing loss; (8) history of using of ototoxic medicine;
(9) drugs affecting the bonding of bilirubin; (10) direct
hyperbilirubinemia; (11) chromosomal disorders; (12)
hyperbilirubinemia in the first 24 hours of life; (13) infants
whose mothers had a history of diabetes.

This study was approved by the Research and Medical
Ethics Committee of Tehran University of Medical Sciences

in accordance with the Helsinki Declaration and written
consent was obtained from parents before enrollment.

The neonates were divided into two groups based on
their total serum bilirubin (TSB) levels at time of admission
(TSB 15 - 18 mg/dL: Mild-moderate hyperbilirubinemia and
TSB ≥ 19 mg/dL: Severe hyperbilirubinemia). All neonates
were examined by a resident and a fellow of neonatology
at the time of admission and signs of the nervous system
involvement were recorded based on BIND score (7). Score
of 1 - 3 in BIND score was considered as subtle sign of ABE.

Management of hyperbilirubinemia was performed
based on the American Academy of Pediatrics (AAP) guide-
lines (15). Routine tests for evaluation of jaundice in-
cluding complete blood count (CBC), direct Coombs test,
reticulocyte count, glucose-6-phosphate dehydrogenase
(G6PD), peripheral smear, blood group determination and
Rh typing of mother and neonate and thyroid function
tests were performed in all cases. Serum bilirubin was mea-
sured with colorimetric methods (diazotized sulfanilic
acid reaction, Roche Diagnostics GmbH, Mannheim, Ger-
many). CBC was calculated by the automated hematology
analyzer XE-1200 (System, Japan).

ABR was performed within the first 12 hours of admis-
sion and the second ABR was performed after treatment
and before discharge from the hospital. All of the neonates
had been sedated by oral chlorate hydrate, 50 mg per kg of
body weight half an hour before the test. Four electrodes
were applied as follows: Two active ones were placed on
mastoid bones, the reference electrode on vertex, and the
ground electrode on the forehead.

An auditory evoked potential system (Charter ICS, Den-
mark) was used to record ABR. A click type stimulus was
used twice with rarefaction polarity and intensity of 35 -
80 dB nHL, under 21/1 pulse which was set based on 1500
trials and analysis time of 10 - 15 ms. All audiometric tests
were performed by a trained audiologist, blinded to the
study procedures. Measurable and comparable variables
consisted of mean latency of V, III and I waves, interpeak
interval of I-III, III-V, I-V waves and no waves.

The prevalence of abnormal ABR in the range of vari-
ous changes of bilirubin level and ABR changes before and
after treatment were compared.

3.2. Statistical Analysis

Categorical and continuous variables were summa-
rized as number (%) and mean ± SD. Continuous variables
were analyzed using student t-test. Categorical variables
were analyzed using chi-squared and Fisher exact test. Lo-
gistic regression analyses were performed to calculate the
Odds ratio with 95% confidence interval for the association
of serum bilirubin and ABR. Statistical analyses were per-
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formed using Stata 11 (Stata Corporation, College Station,
TX).

4. Results

A total of 85 term neonates with jaundice were admit-
ted to our hospital, of which 51 fulfilled the eligibile crite-
ria. The mean ± SD birth weight and gestational age for
the neonates were 3405±496.58 g and 38.20±0.66 weeks,
respectively. The study group included 23 (45.1%) boys and
28 (54.9%) girls. Exchange transfusion was performed on
10 (19.6%) neonates. Of these 51 neonates, 15 (29.4%) had ab-
normal ABR and 36 (70.6%) had normal ABR. All neonates
had negative direct Coombs, and 48 (94.1%) neonates had
sufficient G6PD. 17 (33.3%) neonates had ABO incompatibil-
ity and four (26.7%) of them had TSB ≥ 19 mg/dL. 5 (9.8%)
neonates had Rh incompatibility and 4 (11.1%) had TSB < 19
mg/dL.

The mean ± SD TSB was 19.22 ± 3.99 mg/dL and 15
(29.4%) neonates had TSB above 19 mg/dL. The mean ± SD
hospital stay in neonates with TSB ≥ 19 mg/dL was 4.60
± 5.46 which was significantly higher than 2.81 ± 0.46
in neonates with TSB < 19 mg/dL (P < 0.001). There was
no significant difference between neonates with TSB ≥ 19
mg/dL and < 19 mg/dL regarding birth weight, exclusive
breast feeding, gestational age, blood group and Rh incom-
patibility, and mean of hemoglobin (Table 1). The preva-
lence of abnormal ABR was 26.7% in neonates with TSB≥ 19
mg/dL, while the prevalence of abnormal ABR was 30.60%
in neonates with TSB < 19 mg/dL (OR: 0.82, CI 95%:0.21 - 3.17,
P = 0.781). Using multiple logistic regression analysis, the
odds ratio for the association between abnormal ABR and
bilirubin level was estimated about 0.46 (CI 95%: 0.03 - 6.74,
P = 0.571).

The prevalence of abnormal ABR in the range of various
changes of bilirubin level is shown in Table 2.

The mean latency of V and III waves and interpeak in-
terval of I-III and I-V waves before and after phototherapy
in neonates with abnormal ABR is shown in Table 3.

Mean latency of wave V and I-V interpeak latency af-
ter phototherapy was significantly decreased compared to
pre-treatment (P < 0.001). There was no significant differ-
ence regarding the mean latency of wave III and I-III in-
terpeak interval latency before and after treatment.

5. Discussion

Neurologic dysfunction especially hearing impair-
ments due to hyperbilirubinemia are still one of the main
concerns in medicine. These children often experience de-
layed development of speech and cognitive skills which

may lead to learning disabilities and behavior problems
(16, 17). Performing ABR during hyperbilirubinemia was
suggested to identify auditory neuropathy by previous
studies (9, 10). In this study, we investigated the prevalence
of auditory neuropathy diagnosed with abnormal ABR in
term neonates who had mild to moderate hyperbilirubine-
mia with low BIND score.

In this study, 29.4% of jaundiced newborns had abnor-
mal ABR. In Akinpelu et al.’s study, 35% of neonates with TBS
> 20 mg/dL had abnormal ABR (9). In Saluja et al.’s study of
13 neonates with severe hyperbilirubinemia requiring ex-
change transfusion, 46% had bilateral ABR abnormalities
(14). In their study, the correlation between peaks of TBS
and abnormalities in ABR was not evaluated. Zamiri Ab-
dollahi et al. reported 26.8% of neonates with TBS > 20
mg/dL requiring exchange transfusion had abnormal ABR
(18). Previous studies focused on the association between
severe hyperbilirubinemia and abnormal ABR. It should be
noted that there is no exact TSB threshold for identifying
auditory dysfunctions. Hearing loss was diagnosed in 10%
- 37.5% of neonates with hyperbilirubinemia with a TBS <
20 mg/dL (19-21). This was also included in our study. In
present study, 26.7% of neonates with TSB ≥ 19 mg/dL had
abnormal ABR, while this was 30.60% in neonates with TSB
< 19 mg/dL.

Although hemolysis is considered as a risk factor for
ABE (15), it had no effect on the prevalence of hearing loss
between these subgroups. In this study, the prevalence of
abnormal ABR in changes of bilirubin were evaluated. Al-
though the prevalence of abnormal ABR is not statistically
significant at any of the cutting points, it is noticeable at
each cut point. At lower cut points, the prevalence of ab-
normal ABR was still high. Despite the high prevalence of
isolated AN in our study; unfortunately, the small number
of neonates in each group precludes a meaningful compar-
ison between these subgroups for determining the exact
TSB threshold for identifying AN in neonates with mild to
moderate hyperbilirubinemia.

In our study, latency of V and III waves and interpeak
interval latency of I-III and I-V waves were detected. This
was also ireported in previous studies (13, 14, 19, 22), at
the same time, prolongation of wave I latency was not de-
tected. These are quite in agreement with Sharma et al.’s
(23) and Salehi et al.’s (24) studies who observed that early
prolongation of the latency of wave III and V and interpeak
latency of wave I-III and I-V happened in moderate hyper-
bilirubinemia and any increase in wave I latency was diag-
nosed later especially during severe hyperbilirubinemia.

In this study, variables of mean latency of V and III
waves and interpeak interval of I-III and I-V waves before
and after phototherapy in neonates with abnormal ABR
were evaluated and mean latency of wave V and I-V in-
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Table 1. Demographic and Clinical Data in Neonates with Bilirubin ≥ 19 and Neonates with Bilirubin < 19

Variable Neonates with Bilirubin ≥ 19 mg/dL (N = 15) Neonates with Bilirubin < 19 mg/dL (N = 36) P Value

Gestational age, wk 38.40 ± 0.82 38.11 ± 0.57 0.232

Birth weight, g 3258.00 ± 399.23 3466.25 ± 524.79 0.175

Hemoglobin 16.62 ± 2.13 15.71 ± 2.11 0.168

NICU admission, d 4.60 ± 0.63 2.81 ± 0.46 < 0.001

Gender, boy/girl 3/12 20/16 0.030

Blood transfusion < 0.001

Yes 10 (66.7) 0 (0)

No 5 (33.3) 36 (100)

Mode of delivery 0.013

NVD 6 (40) 3 (8.3)

C/S 9 (60) 33 (91.7)

Exclusive breastfeeding 0.305

Yes 15 (100) 31 (86.1)

No 0 (0) 5 (13.9)

Abbreviations: C/S, cesarean section; NVD, normal vaginal delivery.

Table 2. The Prevalence of Abnormal ABR in the Range of Various Changes of Bilirubin Level

Variable Abnormal ABR, No. (%) Normal ABR, No. (%) P Value

TSB ≥ 19, mg/dL 4 (26.7) 11 (73.3)
0.781

TSB < 19, mg/dL 11 (30.6) 15 (69.4)

TSB ≥18, mg/dL 5 (23.8) 16 (76.2)
0.463

TSB < 18, mg/dL 10 (33.3) 20 (66.7)

TSB ≥ 17, mg/dL 7 (24.1) 22 (75.9)
0.343

TSB < 17, mg/dL 8 (36.4) 14 (63.6)

TSB ≥ 16, mg/dL 11 (27.5) 29 (72.5)
0.711

TSB < 16, mg/dL 4 (36.4) 7 (63.6)

Abbreviations: TSB, total serum bilirubin.

Table 3. Comparison of Mean ± SD Latency of V, III Waves and Interpeak Interval of I-III, I-V Waves Before and After Phototherapy in Neonates with Abnormal ABR

Latency/Interpeak Wave Before Treatment After Treatment P Value

Prolonged latency of wave III 4.91 ± 0.25 4.88 ± 0.28 0.726

Prolonged latency of wave V 7.66 ± 0.29 7.09 ± 0.19 < 0.001

Prolonged lnterpeak latencies I-III 2.99 ± 0.22 3.10 ± 0.33 0.755

Prolonged lnterpeak latencies I-V 5.54 ± 0.30 5.33 ± 0.21 < 0.001

terpeak latency after phototherapy were significantly de-
creased compared to pre-treatment (P < 0.001).

Previous studies demonstrated that auditory neuropa-
thy due to hyperbilirubinemia could be reversible after
treatment (phototherapy or exchange transfusion) by the
end of the 3rd month of age (24-26).

We were focused on the possibility of hearing damage

at lower level of hyperbilirubinemia and evaluated effects
of early treatment on auditory neuropathy before their dis-
charge from the hospital. It seems that auditory neuropa-
thy may occur at lower TBS concentrations that are widely
used for therapeutic interventions.

Despite high incidence of acute auditory neuropathy
among neonates with mild to moderate hyperbilirubine-
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mia in our study, with early intervention change in ABR
waves could be reversible.

It should be stated that performing the ABR test to
diagnose infants with mild hyperbilirubinemia suscepti-
ble to auditory neuropathy disorder should be necessary
for early identification and also early phototherapy .This
may improve the long term neurodevelopmental outcome
of these infants especially speech and language disorders
during their childhood. This is specifically valuable in
countries such as Iran in which the prevalence of G6PD de-
ficiency is considerably high.

5.1. Limitation

Despite the high prevalence of isolated AN in our
study; unfortunately, the small number of neonates in
each group precludes a meaningful comparison between
these subgroups for determining the exact TSB threshold
in order to identify AN in neonates with mild to moderate
hyperbilirubinemia. As this is a referral center and many
patients are referred from other cities, unfortunately, we
could not repeat ABR test at the third month. It will be
more conclusive to perform this investigation in multicen-
ter studies.

5.2. Conclusions

With the prevalence of auditory neuropathy (AN) at
lower TSB concentrations (that have traditionally been
considered safe) it can be concluded that more attention
should be given to this group despite the absence of neu-
rologic signs, and it also shows the sensitivity of early pho-
totherapy to lower bilirubin level.
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