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Abstract:

Background: Neonatal hyperbilirubinemia maybe complicated by severe neurologic disability
including hearing impairment (HI). There is no agreement on the precise bilirubin level that may
cause auditory affection.

Aim of the work: to study the frequency of HI in neonates with indirect hyperbilirubinemia
threshold for exchange transfusion (ET).

Patients and Methods: This cross-sectional analytical study enrolled full-term neonates whose
bilirubin levels were at the ET threshold managed by intensive phototherapy (IP) or ET.
Automated auditory brainstem response (AABR) was performed within 24 hours of admission
using audiometer among both groups.

Results: This study included 98 full-term neonates. Forty-eight (49 %) were males and 50 (51%)
were females. Their mean gestational age was 37.78+0.74 weeks. Forty-six (46.9%) neonates
underwent ET while 52 (53%) improved on IP with the rapid decline of their bilirubin levels and
did not undergo ET. The mean IP group bilirubin-induced neurologic dysfunction (BIND) score
was 0, and reticulocyte count was 7.12+6.49% compared to 1.89+2.16 and 11.47+9.82% of ET
group (p=0.001) and (p=0.004) respectively. Abnormal AABR was detected in 23 (23.5%)
neonates; 8 had unilateral hearing impairment while 15 had bilateral hearing impairment. IP
was associated with less HI in both ears in 3 (5.7%) compared to 12 (26.1%) who underwent ET
(p=0.005). Neonates with any HI had higher total serum bilirubin (T'SB) levels (p= 0.002) and
BIND scores (p= 0.002). IP was associated with less (one or both ears) HI in 8 (15.3%) neonates
compared to 15 (32.6%) who underwent ET (p=0.045). A T'SB cut-off value of 24.5 mg/dl showed
a sensitivity of 60.9% and a specificity of 81.3% while a BIND score cut-off value of > 2 showed
a sensitivity of 47.8% and a specificity of 86.7% for detecting any hearing impairment. Males had
a higher risk for bilateral hearing impairment (p= 0.040).

Conclusion: Neonates with higher bilirubin levels and BIND scores are at risk for HI. TSB and
BIND score have modest sensitivity and specificity in predicting HI. IP is mandatory in all those
with ET threshold bilirubin until procurement of blood to prevent HI. HI may occur despite
normal BIND scores in the absence of bilirubin encephalopathy. Those who responded to IP for
ET level of TSB had less frequency of HI. Males were more at risk for bilateral HI. Screening for
HI among neonates who sustain hyperbilirubinemia is a necessity.

Level of Evidence of Study: IV (I).

Keywords: Automated auditory brainstem response; AABR; bilirubin-induced neurologic
dysfunction; BIND score; exchange transfusion; neonatal hyperbilirubinemia; intensive
phototherapy

Abbreviations: AABR: Automated auditory brainstem response; ABE: acute bilirubin
encephalopathy; AUC: area under the curve; BIND: bilirubin-induced neurologic dysfunction;
CI: confidence interval; ET: exchange transfusion; Hb: hemoglobin; HI: Hearing impairment; IP:
intensive phototherapy; NICU: Neonatal intensive care unit; ROC: receiver operating
characteristic; SD: standard deviation; TSB: total serum bilirubin

Introduction

Neonatal hyperbilirubinemia is a common clinical condition that occurs during the early
newborn period. It is common in 50%-60% of neonates in their first week of life (2). Severe
hyperbilirubinemia can be harmful to central nervous system development, resulting in
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behavioral and neurological dysfunction. Auditory pathways are vulnerable parts of the nervous
system to the toxic effects of bilirubin (3). Neonatal jaundice is one of the important risk factors
of early acquired sensorineural hearing impairment in developing countries. Bilirubin can pass
the blood-brain barrier and accumulate in the auditory nuclei (4). However, the exact mechanism
of bilirubin-induced auditory affection is unclear (5). Furthermore, there is no agreement on the
precise bilirubin level that may cause auditory affection (6). The management plan for neonatal
jaundice may include conservative phototherapy or blood exchange transfusion (ET). The choice
depends on specific curves related to the total serum bilirubin level, gestational age, and post-
natal age (7). All neonates with bilirubin levels meeting the criteria for exchange transfusion
(ET) should undergo intensive phototherapy (IP) while preparing for ET (8).

The automated auditory brainstem response (AABR) is one of the screening tests used to
detect hearing loss and is a useful tool in the care of infants with hyperbilirubinemia since it can
detect early auditory damage (9). This cross-sectional analytical study enrolled full-term
neonates whose bilirubin levels were at the ET threshold managed by intensive phototherapy
(IP) or ET. AABR was performed within 24 hours of admission using audiometer among both
groups.

D

Subjects and Methods

This cross-sectional analytical study was carried out in the Neonatal intensive care unit
(NICU) of Cairo University Children’s Hospital. The study was approved by Cairo University's
Research Ethics Committee (Approval Number MS-359-2021). The neonates’ guardians provided
informed consent.

Participants

The study included full-term neonates (>37 weeks) with indirect hyperbilirubinemia
necessitating ET according to the American Academy of Pediatrics guidelines (7, 10). Neonates
with major congenital anomalies, craniofacial anomalies, family history of hearing impairment,
maternal history of TORCH infection, rash or fever during pregnancy, those who received ototoxic
drugs as aminoglycosides, or who have any disease other than jaundice were excluded from the
study.

Methods

Maternal and neonatal data were documented including mode of delivery, onset of jaundice,
and neonatal anthropometric measurements. They all underwent assessment of serum total and
direct bilirubin. Those with ET levels were offered intensive phototherapy until blood group
matched blood was procured. If bilirubin declined to non-exchange levels and they had no signs
of bilirubin encephalopathy they continued on IP, and if not they underwent ET once the blood
was available. BIND scores were assessed to detect signs of acute bilirubin encephalopathy (11).
It included an assessment of 3 variables: mental status, muscle tone, and cry pattern. Zero score
was assigned to normal, and up to a maximum of 3 for maximum abnormality of each variable.
Mental status was graded into 1: sleepy, poor feeding, 2: lethargy, irritable, jittery and 3: apnea,
unable to feed, seizures, coma. Muscle tone was graded into 1: hypertonia alternating with
hypotonia, 2: neck stiffness, flexor spasm, beginning of neck and back arching, hypertonia, and 3:
persistent retrocollis and opisthotonos, bicycling, twitching of hands and feet, fisting, severe
hypotonia with limp posture. Cry pattern score was coined to: 1) high-pitched cry; 2) shrill cry
even if intermittent and 3) weak or absent cry/inconsolable cry.

Laboratory data (CBC, serum bilirubin levels, reticulocyte count, and Coombs test) were
documented. The duration of phototherapy and timing of ET were documented. Automated
auditory brainstem response (AABR) was performed after ET in the exchange group or 24 hours
after the initiation of IP in the phototherapy group using Sera TM version 1.2 Interacoustics A/S,
Audiometer (Allé 1, 5500 Middelfart, Denmark). The test was conducted in a quiet environment.
After napping, the neonate’s skin was cleaned before applying a conductive gel and placing the
electrodes on mastoid processes and the front of the face. This was followed by placing a small
and lightweight probe with a smooth surface into the ears of the baby and then pressing the test
button. Monaural stimuli (35 dBnHL CE-CHIRP filtered at 100-3000Hz). The stimulus frequency
was 45.1 chirps per second. To confirm the wave reproduction, 1024 clicks were recorded using a
15 milliseconds analysis time. Results were displayed on the screen in less than 30 seconds with
either “refer” or “pass”. Neonates with hearing impairment were referred to the audiology
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department for follow-up. Audiometry results were compared among those who responded to
intensive phototherapy and those who underwent exchange transfusion.

Statistical Analysis

Data were coded and put into SPSS version 28 (IBM Corp., Armonk, NY, USA). Quantitative
data was summarized using mean, standard deviation (SD), median, minimum, and maximum,
while categorical data was summarized using frequency (count) and relative frequency (%).
Quantitative variables were compared using the non-parametric Mann- Whitney test. To compare
categorical data, the Chi-square x2 test was used. When the anticipated frequency is less than 5,
we applied the exact test instead. A receiver operating characteristic (ROC) curve was created,
and the area under curve analysis was used to determine the optimal cut-off value of serum
bilirubin and BIND score for detecting hearing impairment. P-values < 0.05 were considered
statistically significant.

Results

This study included 98 full-term neonates. Forty-eight (49 %) were males and 50 (51%) were
females. Demographic and laboratory data of the studied neonates are seen in Table 1. Forty-six
neonates underwent ET while 52 improved on IP with the rapid decline of their bilirubin levels
therefore they did not undergo the procedure. (Table 2). Twenty-three (23.5%) neonates had
hearing impairment; 8 had unilateral hearing impairment while 15 had bilateral hearing
impairment.

Table 1. Demographic and laboratory data of the studied neonates.

Mean+ Standard deviation Range
Age at admission (days) 4.56+3.47 (1-25)
Gestational age (weeks) 37.78+0.74 (37-40)
Birth weight (kg) 2.85+0.38 (1.6-3.8)
BIND score on admission 0.89+1.75 (0-8)
Hb (gm/dl) 14.5+2.6 (9.3-20.6)
TSB on admission (mg/dl) 22.4+8.288 (8.7-41.2)
Reticulocyte count (%) 9.16+8.47 (0.1-47)

Hb: hemoglobin, TSB: total serum bilirubin.

Table 2. Clinical Characteristics of the neonates who underwent exchange transfusion and
those who improved on intensive phototherapy

Exchange Transfusion group Intensive Phototherapy
(N=46) (N=52)

Mg%ni Median  Range Meant SD Median Range Vall:)ue
Gestational age (weeks) 37.840.73  38.00 37-39 37.7+0.76  38.00 37-40 0.724
Birth weight (kg) 2.80+0.38 2.74 2.05-3.8  2.89+0.38 2.90 1.6-3.8  0.054
Age of onset of Jaundice (days) 2.5+3.13 2 1-21 2.65+2.6 2 1-8 0.033
Age on admission (days) 4.35+4.04 4.00 1-25 4.75+2.90 4.00 1-17 0.139
BIND score 1.89+1 1.00 0-8 0 0 0 0.001
Total serum bilirubin (mg/dl) 22.4+48.38  21.60 8.70-49.9 21.243.61 20.90 10.4-3 0.613
Reticulocyte count (%) 11.5+9.82 9.50 0.10-47.0 7.12+6.49 5.30 0.10-22  0.004

Number % Number %

Sex Male 19 41 29 56
Female 27 59 23 44 0.153
Coomb’s Positive 6 13 8 15 0.741

test Negative 40 87 44 85

Hearing None 31 67.4 44 85
loss 1 ear 3 6.5 5 9.6 0.005

2 ears 12 26 3 6

Any hearing loss 15 33 8 15
Affected right Ear 15 33 8 15 0.007

Affected left Ear 12 26 3 6 )

BIND: bilirubin-induced neurologic dysfunction.
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Neonates who underwent ET were more at risk for one or bilateral hearing impairment
(p=0.045 and p= 0.005 respectively). (Tables 2 and 3). Males were more at risk for bilateral but
not unilateral hearing impairment (p= 0.04). There was no statistically significant difference
between the two groups regarding serum bilirubin levels (p= 0.613). However, the ET group had
statistically significantly higher BIND scores (p= 0.001), reticulocyte count (p= 0.004) and
statistically significantly younger age at the onset of jaundice (p= 0.033). Neonates with one or
bilateral hearing impairment had higher admission bilirubin levels (p= 0.002 and p=0.012
respectively) and BIND scores (p= 0.002 and p=0.001).

Table 3. Comparison between neonates with and without any hearing impairment

Neonates with hearing Neonates without any hearing
impairment (N=23) impairment (N=75)
Mes%li Median  Range Mes%li Median  Range value
Gestational age (weeks) 37.7+0.81 38.00 37.0-39.0 37.79+0.72  38.00 37.0-40.0 0.799
Birth weight (kg) 2.76+0.44 2.76 1.60-3.8  2.87+0.36 2.90 2.0-3.8  0.230
Age on admission (days) 5.61+4.75 5.00 1.0-25.0 4.24+2.94 4.00 1.0-17.0 0.083
BIND score 2.044+2.44 0.00 0.00-8.0  0.53+1.31 0.00 0.0-5.0 0.002
Total serum bilirubin (mg/dl)  25.9+9.02 26.00 10.4-49.9 20.51+4.59 20.40  8.70-34.0 0.002
Reticulocyte count (%) 8.09+5.82 6.60 0.1-20.5  9.49+9.13 7.80 0.10-47.0 0.873
Count % Count %

Male 13 56.5 35 46.7
Sex 0.408

Female 10 43.5 40 53.3

Positive 1 4.3 13 17.3
Coomb’s test “Neoative 22 95.7 62 2.7 0177
Treatment Phototherapy 8 34.8 44 58.7 .

ET 15 65.2 31 41.3

BIND: bilirubin-induced neurologic dysfunction; ET: exchange transfusion.

Table 4. Comparison between neonates with and without bilateral hearing impairment

Neonates with bilateral hearing Neonates without bilateral

impairment (N=15) hearing impairment (N=83)
Mes%li Median Range Meszgli Median  Range Vall:)ue
Gestational age (weeks) 37.7£ 0.8 38.00 37 -39 37.8+0.73  38.00 37-40 0.597
Age on admission (days) 5.845.7 5.00 1-25 4.34+2.89 4.00 1.0-17.0  0.285
Birth weight (kg) 2.7440.5 2.76 1.60-3.8 2.8+0.35 2.80 2.05-3.8  0.325
BIND score 2.73+£2.6 3.00 0.00-8.00  0.55+1.32 0.00 0.00-5.00 0.001
Total serum bilirubin (mg/dl) 25.8548. 28.50 11.1-37.8  21.04+£5.7  20.70 8.70-49.90 0.012
Reticulocyte count (%) 8.55+5.5 6.60 0.1-20.5 9.27+8.9 7.80 0.10-47.0 0.730
Count % Count %
Sex Male 11 73.3 37 44.6 0.040
Female 4 26.7 46 55.4
Coomb’s test ~ Positive 0 0.0 14 16.9 0.118
Negative 15 100.0 69 83.1
Treatment Phototherapy 3 20.0 49 59.0 0.005
ET 12 80.0 34 41.0

BIND: bilirubin-induced neurologic dysfunction; ET: exchange transfusion.

Using ROC curve analysis for detection of any hearing impairment, a TSB cut-off value of
24.5 mg/dl showed a sensitivity of 60.9% and a specificity of 81.3% area under the curve (AUC):
0.711- p = 0.004- 95% confidence interval (CI): 0.566- 0.857) while a BIND score cut-off value of
> 2 showed a sensitivity of 47.8% and a specificity of 86.7% (AUC: 0.666- p=0.021-95% CI: 0.525-
0.806). Using ROC curve analysis for detection of bilateral hearing impairment, a TSB cut-off
value of 27.9 mg/dl showed a sensitivity of 53.3% and a specificity of 95.2% (AUC: 0.704- p=0.027-

PS] 2024, 4(2); 87- 94. DOI: 10.21608/cupsj.2024.291699.1129 https://cupsj.journals.ekb.eg/



&  Elhouchi et al., Auditory brainstem response in Neonatal Hyperbilirubinemia 91

(C

)
<3y

95% CI: 0.523- 0.884) while a BIND score cut-off value of > 3 showed a sensitivity of 60% and a
specificity of 90.4% (AUC: 0.735- p=0.005- 95% CI: 0.573- 0.896). (Figure 1).

ROC Curve ROC Curve
Source of the Source of the
Curve Curve

——BIND score

—total serum
bilirubin
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bilirubin
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06 06
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1 - Specificity a 1 - Specificity b

Figure 1. ROC curve for detection of hearing impairment using total serum bilirubin and BIND score. a)
ROC curve for detection of any hearing impairment. b) ROC curve for detection of bilateral hearing
impairment.

Discussion

Severe hyperbilirubinemia and its consequences pose a significant high burden in low- and
middle-income countries (12). Bilirubin neurotoxicity results in a spectrum of disorders
depending on the type and severity of the neurological insult that includes motor predominant
type, auditory predominant type, classic type (severe motor and auditory affection), and subtle
kernicterus that have not yet distinguished and need long-term follow-up for proper care and
rehabilitation of affected infants (13).

In our study, the mean age at admission was 4.56+3.47 days (range 1-25 days); of them 23.5%
had hearing impairment. The auditory pathway is especially vulnerable to the harmful effects of
neonatal hyperbilirubinemia. Unconjugated bilirubin can cross the blood-brain barrier, affect
brainstem auditory nuclei and the cochlear nerve, as well as central auditory pathways (14). It
seems that the longer duration of exposure to the elevated TSB contributes to the auditory
impairment.

AABR is indispensable for HI detection for neonates admitted to NICU (15). There is no
agreement on the exact bilirubin level that could induce hearing impairment (6, 16, 17). The
common finding between studies that assess the relationship between TSB and auditory
impairment is that bilirubin level has low sensitivity for predicting hearing impairment (18, 19).
This reported low sensitivity increases the risk of missing cases below the cut-off value. Bilirubin
toxicity to the brain is not related to an absolute level, but to the presence or absence of other
risk factors (20), as low birth weight, preterm birth, sepsis, blood group incompatibilities and
G6PD deficiency (21). Our study confirms that neonates with hearing impairment have a higher
BIND score (22), yet a normal BIND score does not guarantee that the baby has normal hearing
(23).

Male sex was found to be a risk for bilateral hearing impairment in our study. While it seems
unanimous, the underlying etiology remains obscure (5, 24—26). Hence, to date there is no other
lab or score that can obviate the need for hearing assessment among neonates (27). Once
diagnosed, these neonates need intervention an tight follow-up as the HI improvement or
reversibility is not a rule (28, 29). Repeated audiometry is necessary even among those with no
initial detected abnormality, as AABR though proven to be sensitive, yet it can miss some
patients with mild decreased ABR amplitude (29, 30). The right ear affection was more than the
left ear in our study, which is not concordant with others (3I). The cause and implications are
not clear, but a follow up study may shed light on the reversibility and causes.

Bilirubin neurotoxicity is affected by the timing of onset of jaundice. The neurotoxicity
increases with decreasing post-natal age (32), and the risk depends on the rate of decline of
bilirubin levels once it reaches the ET threshold. The rate of bilirubin decline in the first few
hours after admission is more predictive of adverse neurodevelopmental outcomes at 6 months
of age than the type of management or serum bilirubin level (33). The timing of ET is crucial to
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prevent or alleviate an ongoing insult. Matching the blood with the neonate’s and mother’s blood
and sometimes the initial unavailability of a compatible blood group may result in a delay that
could have adversely impacted the outcome of those not improving on IP. However, in our study
timing of ET was not significantly associated with either bilateral hearing impairment or any
hearing impairment. It seems that the condition that necessitated ET is probably the cause of
this association rather than the procedure itself.

IP while awaiting the ET among those with ET bilirubin level proved to be extremely
valuable. Those who received IP had less HI. Neonates with high transcutaneous bilirubin
measurements should be put on IP while awaiting serum laboratory results. A hearing screen
should be done on admission to all neonates with exchange bilirubin levels even if they had no
signs of bilirubin encephalopathy with immediate and strict management for younger neonates
with high BIND scores and reticulocyte count.

Late presentation is known to contribute to the severity of hyperbilirubinemia in Egypt (34).
Hyperbilirubinemia induced disabilities are potentially preventable. More investment in early
detection and management of neonatal hyperbilirubinemia on the National level is recommended
to reduce disabilities burden (35). Parents and community awareness of timely bilirubin level
assessment in neonates is a necessity. It was reported that when parents sought medical advice,
many were not requested to have serum bilirubin measured for timely referrals to healthcare
facilities. Moreover, they used home lights and herbal medications for the treatment of
hyperbilirubinemia (34).

Being a completely preventable disease that could have a long-term effect on the quality of
life of the child and his/her family, all efforts should be made to prevent it. National campaigns
to raise awareness of family and healthcare workers; about this common yet hearing threatening
condition, are essential. We advocate for early screening for hyperbilirubinemia before discharge
from maternity hospitals, a proper patient education and a clear follow-up plan. We recommend
educating healthcare providers about dealing with severe hyperbilirubinemia as an emergency
and being familiar with bilirubin charts to figure out those with exchange levels who need
immediate referral. In addition, rapid screening tools such as transcutaneous bilirubinometer
should be widely available in hospitals.

Our results are limited by the lack of a follow-up AABR. AABR was performed only within
24 hours of admission (after phototherapy or ET) not necessarily at the peak bilirubin level and
the lack of long-term follow-up of the studied neonates as they were out of the scope of this study.

D

Conclusion

Neonates with higher bilirubin levels and BIND scores are at risk for HI. TSB and BIND
score have modest sensitivity and specificity in predicting HI. TP is mandatory in all those with
ET threshold bilirubin until procurement of blood to prevent HI. HI may occur despite normal
BIND scores in the absence of bilirubin encephalopathy. Those who responded to IP for ET level
of TSB had less frequency of HI. Males were more at risk for bilateral HI. Screening for HI among
neonates who sustain hyperbilirubinemia is a necessity.
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