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Abstract

Objective: The main goal of this study is to examine the differences in response with click and chirp stimuli between infants with and 
without blood exchange transfusions and if there is a significant difference, this could be due to nerve damage, and therefore in these infants, it 
may also be indicative of future neural damage.

Method: In this study, 59 infants (59 ears) of both sexes aged from 4 to 9 months were included as cases. Of these, 23 were healthy infants 
(16 boys, 7 girls), 20 were jaundiced (12 boys, 8 girls), and 16 were infants with jaundice and blood exchange transfusions (7 boys, 9 girls). 
Auditory brainstem response test using click 100 µsec and chirp stimuli at 60dB nHL was done. Waves I, III, and V were marked using a cursor. 
The latency of the wave V and I - III, III - V, and I - V latency intervals were recorded.

Results: Findings of the present study showed that the latency times obtained with the chirp stimulus have a shorter latency than the click. 
Another notable finding in this study was the increasing trend of latency of all waves with chirp stimulus that means in all the waves I, III and V 
with the use of chirp stimulus, blood transfusion group has the longest latency, followed by the jaundice group and the normal group, respectively.

Conclusion: This finding is highly indicative of neurotoxicity in the blood transfusion group despite the passage of four months after 
treatment.
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Introduction

One of the most common pathologies in the newborn period 
is hyperbilirubinemia [1,2]. One study found that this rate is 
60% [1,3,4]. The correlation between levels of bilirubin and 
neurological complications is unclear. While some reports suggest 
that the nervous system is more affected by increased bilirubin 
levels, other reports suggest that while a bilirubin level is toxic 
to one infant it may not be necessarily harmful to another. The 
reason for this variability is not well known [1].

Many researchers have reported a link between hyperbiliru-
binemia and damage to the auditory system, while others have 
not seen any abnormalities [1,5-11]. The nuclei of the auditory 
brainstem and the inferior colliculus are affected by hyperbiliru-
binemia. In addition, abnormalities in the neurons of spiral gangli 

 
on, auditory fibers [1], Cochlear nuclei [8], superior olive complex, 
and lateral lemniscus [12], are reported. The fact that the auditory 
nuclei of the brainstem are the first to be affected by hyperbiliru-
binemia shows that these effects on the auditory system can be 
different from their effects on other parts of the nervous system. 
It can also lead to the hypothesis that lower levels of bilirubin are 
more likely to damage the auditory system than other parts of the 
central nervous system because the auditory nuclei of the brain-
stem are the first to be affected by hyperbilirubinemia [1].

 A review of studies shows that Auditory Brainstem Response 
(ABR) results are abnormal in infants with hyperbilirubinemia 
[13-16] which usually manifests itself as an increase in 
latency of the waves [1,6,8,12,15,17,18]. In other studies, this 
abnormality is in the form of an increase in the threshold of wave 
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V [1,8,17,18], increased interpeak latencies [1,12,19-24], loss of 
one or more waves [12,18]and decrease in amplitudes [6,19]. ABR 
abnormalities in infants indicated ototoxicity due to high bilirubin 
[10,11,15]. On the other hand, in some studies, researchers have 
found any abnormalities in the groups of patients [15,16,25]. 
Some researchers have found no link between overall bilirubin 
levels and threshold and latency changes [18]. The percentage 
of abnormal ABRs decreases by at least 50% after treatment 
[1,26]. Only one study found that 100% of people recovered 
after 3 months [27]. In a study of 14.3% of individuals, auditory 
brainstem response remained abnormal at 14.4 ± 2.2 weeks [12].

In 2017, El-Attar et al. reported that Wave V by chirp stimulus 
has a larger amplitude and lesser latencies in children with 
moderate to severe sensorineural hearing loss [28]. Maloff and 
Hood (2014) conducted a study to compare ABRs with both click-
and-chirp stimuli in normal adults and adults with sensorineural 
hearing loss and concluded that ABR with chirp stimulus has a 
larger peak to peak amplitude and possibly is closer to behavioral 
thresholds [29]. Higher synchronization of components results in 
increased response amplitude, thus reducing the time required to 
perform the test, which is important in neonatal testing [29-35]. 
While Kristensen and Elberling in 2012 reported that the latency 
of the wave V with chirp stimulus is greater than the click stimulus 
in low intensities [32,36]. Other studies also suggest that the wave 
V amplitude is larger than click stimulus in the low intensities 
[32,33,36-43]. Other studies confirm the importance of increasing 
synchronization, resulting in faster emergence of response and 
shorter test time in infants [43,44].

Although the value of ABR in the early detection of neuropathy 
in infants with hyperbilirubinemia over the last 20 years has been 
reported in articles, its value in predicting neurological disorders 
is still unclear [22,23,44-46]. Infants with hyperbilirubinemia 
are at risk for neurological complications. In 2001, Yilmaz and 
colleagues conducted a study to assess the value of click ABR 
in predicting the neurological complications of infants with 
hyperbilirubinemia. They concluded that click ABRs did not 
provide reliable information on the neurological consequences of 
hyperbilirubinemia [48].

This study is undertaken to compare the absolute latencies of 
the peaks I, III and V and I-V, I-III and III-V latency intervals of ABRs 
with both click and chirp stimulus in infants with blood exchange 
transfusion (who are likely to develop neurological disorders 
in the future) and infants without blood exchange transfusions. 
Thus, this study wants to examine the differences in response 
between click-and-chirp stimulus in infants with and without 
blood exchange transfusions and if there is no difference, such as 
the neuropathy spectrum, this could be due to nerve damage, and 
therefore in these infants, it may also be indicative of future neural 
damage.

Material and Methods

This study is a case-control and double-blind type because the 
interpretation of the test results is done by two audiologists who 

are not aware of the status of the samples and on the other hand, the 
patients participating in the project are not aware of their groups 
and in which group they are. The study protocols and procedures 
were approved by the ethics committee of the XX university of 
Medical Sciences with the code of ethics REC.1397.671. In this 
study, 59 infants (59 ears) of both sexes aged from 4 to 9 months 
were included as cases. Of these, 23 were healthy infants (16 boys, 
7 girls), 20 were jaundiced (12 boys, 8 girls), and 16 were infants 
with jaundice and blood exchange transfusions (7 boys, 9 girls) 
were admitted to the study from April to March 2019.

The classified random sampling method was used so that by 
using the table of random numbers each of the files was given a 
number and then randomly selected from the files of infants who 
have entry conditions. The inclusion criteria were: 

A.	 to be term infant 

B.	 to pass at least 4 months since the treatment of 
hyperbilirubinemia 

C.	 having ABR with click stimulus 

D.	 lack of middle ear problems and conductive hearing loss 

E.	 lack of problems during pregnancy according to the 
parents claim (such as hypoxia, hypothermia, etc.) 

F.	 lack of problems during birth according to the parents 
claim (such as meningitis, cranial facial abnormalities, etc.) 

G.	 lack of pregnancy infections according to the parents 
claim (such as TORCH (toxoplasmosis, other infections, rubella, 
cytomegalovirus infection and herpes simplex) and Sepsis, etc.) 

H.	 lack of a family history of hearing loss (including 
congenital or genetic hearing loss) 

I.	 lack of congenital or metabolic diseases associated with 
hyperbilirubinemia such as thalassemia, Gilbert’s syndrome, 
galactosemia, defects in the enzyme glucose-6-phosphate 
dehydrogenase, etc. and exclusion criteria was the unwillingness 
of the parents to continue their cooperation. The criteria for 
phototherapy and blood exchange transfusion in infants were 
based on the protocol of one of the hospitals of the university, 
which varies according to the amount of bilirubin, duration of 
infection, weight, etc.

Indication of initiation of phototherapy based on risk areas:

For low-risk infants (more than 38 weeks of gestation without 
hemolysis and other predisposing factors)

i.	 For the first 24 hours of birth: based on the opinion of 
the physician

ii.	 For 24 to 48 hours of birth: Bilirubin 12milligram(mg)/
deciliter(dL) or more

iii.	 For 48 to 72 hours of birth: Bilirubin 14mg/dL or more

iv.	 After 72 hours of birth: 16mg/dL or more
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Blood exchange indicators based on risk areas:

For low-risk infants (more than 38 weeks of gestation without 
hemolysis and other predisposing factors)

a.	 For the first 24 hours of birth: based on the opinion of 
the physician

b.	 For the first 24 to 48 hours of birth: bilirubin 18mg/dL

c.	 For the first 48 to 72 hours of birth: bilirubin 20mg/dL

d.	 After 72 hours of birth: bilirubin 20 to 25mg/dL

The study protocols and procedures were approved by the 
ethics committee of the university and written informed consent 
form of all participants were obtained. After determining the 
samples and obtaining the consent of the newborn parents 
to participate in the research, the background information 
was received and recorded in the test session and before 
starting the test. The case group was selected from infants with 
hyperbilirubinemia who were divided into two groups of infants 
with and without blood exchange transfusions. The Control 
group was randomly selected from normal infants. Parents were 
told to wash the baby’s forehead and mastoid thoroughly before 
visiting. Each baby was examined by a pediatrician before the test 
to determine the dosage of the sleeping drug. First, an otoscopic 
examination was performed to ensure the health of the external 
and middle ear. To rule out a conductive lesion in any infant, 
Immittance acoustic test with the Madsen zodiac 901 model made 
in Denmark was used while the probe tone frequency was 226 Hz. 
Normal static compliance and middle ear pressure were ≥ 0.2 and 
a range of +50 to -100, respectively.

Transient Otoacoustic Emission Test (TEOAE) with a vivo 
sonic device made in Canada were performed. In the TEOAE test, 
a click stimulus with 80 microseconds duration at 80 dB sound 
pressure level (SPL) was used. The results of the TEOAE test were 
divided into “pass” or “fail” based on the following protocol: To 
be on the pass group, the SNR had to be equal to 6 decibels in 
at least three frequency bands of the five frequency bands. ABRs 
were obtained by vivo sonic response recording device (120-5525 
Eglinton Ave. W. Toronto, ON M9C 5K5). The test was performed in 
a quiet room while the infant was asleep naturally or with the drug 
(chloral hydrate) in the supine position. The skin surface where 
the electrode would be applied was first scrubbed with abrasive 
gel. Disposable electrodes were extracted from their sterile 
packaging and pressed firmly into place as soon as the plastic 
protective covering is removed. The electrodes were applied on 
the head in the following order: Non-inverting electrodes on the 
mastoid of the test ear and the none test ear, inverted electrode 
high in the midline of the forehead, and the ground electrode low 
in the midline of the forehead. The impedance of the electrodes 
did not exceed 5 kΩ and inter-electrode impedances were kept 
under 5 kΩ.

SOAP-Kalman Weighted algorithm was used which provides 
easier response detection under non-ideal conditions and 

facilitates non-sedated ABR measurement. The 10Ω ER3A insert 
earphone was placed inside the infant’s ear. The infant’s Electro 
Encephalon Gram (EEG) range was monitored to minimize 
noise (lesser than 20 µv). Sampling was discontinued whenever 
artifacts were large on the monitoring oscilloscope. The order 
of ear tested was counterbalanced across subjects within each 
group. Monaural acoustic stimulus, including 100 microseconds 
click, with rarefaction, condensation, and the alternating polarity 
was presented. Each of the polarities, which had a better 
morphology, was selected and the test continued. An intensity of 
60 dB nHL (i.e., relative to the mean threshold in normal hearing 
subjects) was used. The rate was 11.1 and the filter 30-3000 Hz 
was used, meanwhile, the notch filter was on. The time window 
was 12 milliseconds. For recording each response, 2000 samples 
were averaged. A one-minute break was considered between 
each recording. Duplicate recordings were made to check 
reproducibility.

The presence or absence of Waves I, III, and V were analyzed. 
Waves I, III, and V were marked using a cursor. The latency of the 
wave V and I-III, III-V, and I-V latency intervals were recorded. Then 
the chirp stimulus with the same features (60dBnHL intensity, rate 
11.1 and 30-3000 Hz filter with notch filter on) was used to record 
the response. Finally, the answers recorded were interpreted by 
two skilled audiologists who did not know the condition of the 
patients and their bilirubin levels. A two-way analysis of variance 
was used to compare the mean and standard deviation of each 
ABR variable between different groups of subjects.

Results

As mentioned earlier, tympanometry and TEOAE tests 
were performed to rule out the presence of a conductive lesion. 
According to the results of these tests, presence of conductive 
lesion in infants’ ears was ruled out. The main test in this study 
is the ABR test, which will be described below. The results of 
ABR including absolute latencies of the peaks I, III, V and latency 
intervals (mean ± SD) of different groups are shown in (Tables 
1&2).  The mixed ANOVA was performed on the data to answer 
questions regarding the presence of statistical significance 
between three groups in terms of a within-group comparison (the 
type of stimuli i.e., clicks versus chirps). The following paragraphs 
(1 to 4) explain the results of those questions. The latency of wave 
I (F = 5.16, df = 45 p = 0.01) and wave III (F = 4.27, df = 47 p 
= 0.02) were significantly different in the three groups. The post 
hoc analysis showed that the mean latency of wave I and III in the 
blood exchange transfusion group were significantly higher than 
the normal group. Also, the latency of wave I and III in the blood 
exchange transfusion group were significantly higher than the 
jaundice group, but the difference between the normal group and 
the jaundice group were not significant (Figures 1&2).

The effect of stimulus reached statistical significance. The 
average latency of the wave V with click was 6.49 milliseconds 
and with chirp was 5.83 milliseconds, and the latency of the clicks 
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was significantly longer (Figure 3). The standard error was 0.06 
for clicks and 0.09 for chirps (F = 4.8, df = 52 p = 0.03) I-V latency 
interval with both click and chirp stimuli were significantly 
different in the three groups. The largest difference between the 
two groups was jaundice and blood exchange transfusion, so that 
the I-V latency interval in jaundice was more than blood exchange 

transfusion (Figure 4). Also, I-V latency intervals in jaundice 
group was longer than the normal group. The differences between 
groups and gender and stimuli were not significant. The I-III and 
III-V latency intervals between groups and gender and stimuli 
were not significantly different.

Figure 1: Box plot of wave I latency (bold line across box, median; 25th and 75th centiles; extension, largest and smallest values) in various 
group of neonates. See text for significance of statistical of comparison between different groups.

Figure 2: Box plot of wave III latency (bold line across box, median; 25th and 75th centiles; extension, largest and smallest values) in 
various group of neonates. See text for significance of statistical of comparison between different groups.
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Figure 3: Box plot of wave V latency (bold line across box, median; 25th and 75th centiles; extension, largest and smallest values) in 
various group of neonates. See text for significance of statistical of comparison between different groups.

Figure 4: Box plot of I-V latency interval (bold line across box, median; 25th and 75th centiles; extension, largest and smallest values) in 
various group of neonates. See text for significance of statistical of comparison between different groups.

Discussion

In this study, brainstem function in processing auditory 
stimuli using click and chirp stimulation in infants with jaundice 
and blood exchange transfusion was assessed and compared 
with normal group infants. By examining the latency of waves, I, 
III and V, we achieve interesting results. First, in the intragroup 
comparison, we compared the latency of the obtained waves with 
the click and chirp stimuli. This study showed the superiority 
of the chirp stimulus in this comparison, which means that in 
all the mentioned waves in all three experimental groups, the 
latency times obtained with the chirp stimulus have a shorter 
latency than the click. There is only one exception for wave I in 

the blood transfusion group, where the latency obtained with the 
click stimulus is 0.03 times shorter than the latency with the chirp 
stimulus. Overall, this comparison showed that the use of chirp 
stimuli, even in the jaundice group and the jaundice group with 
blood transfusion, has reduced the latency of the waves.

In addition, in comparing the latency of waves I, III and 
V between groups, we achieved other interesting results that 
indicated the increasing trend of latency of all waves with 
chirp stimulus that means in all the mentioned waves with the 
use of chirp stimulus, blood transfusion group has the longest 
latency, followed by the jaundice group and the normal group, 
respectively. This finding is highly indicative of neurotoxicity in 
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the blood transfusion group despite the passage of four months 
after treatment. In the case of click stimulus, only the increasing 
trend between the three experimental groups for the wave 
V is evident, so that the latency of the wave V is the longest in 
the blood transfusion group, followed by the jaundice group 
and the normal group. In the case of waves, I and III, there is no 
incremental relationship as in wave V. Therefore, in general, it can 
be concluded that the chirp stimulus had a better performance 
compared to the click stimulus.

These results are shown in (Table 1) and (Figures 1-3). This 

finding agreed with studies that reported an increase in the ab-
solute latency of ABR waves in infants with jaundice. Increased 
latency in infants with jaundice and blood transfusions indicates 
neurotoxicity of high bilirubin. The analysis of ABR responses 
showed that the I-III and III-V latency intervals were not signifi-
cantly different between the groups, but the I-V latency interval in 
the jaundice group were significantly longer than those of the nor-
mal group and blood exchange transfusion. This finding is consis-
tent with studies that have reported increased interpeak intervals 
in neonates with jaundice.

Table 1: The Mean and standard deviation of wave I, III, V latency for click and chirp stimuli in the three studied groups.

  Click Stimulus Chirp Stimulus

 Group Gender Number Mean Standard deviation Mean Standard deviation

Wave I 
latency

Normal

Male 7 2.32 0.17 1.88 0.48

Female 16 2.44 0.19 1.93 0.39

total 23 2.4 0.19 1.91 0.41

Jaundice

Male 8 2.27 0.28 2.05 0.45

Female 12 2.4 0.26 1.84 0.48

total 20 2.35 0.27 1.93 0.46

Blood 
exchange 

transfusion

Male 9 2.35 0.11 2.43 0.15

Female 7 2.41 0.17 2.41 0.1

total 16 2.39 0.14 2.42 0.13

Wave III 
latency

Normal

Male 7 4.49 0.25 3.91 0.37

Female 16 4.6 0.31 4.08 0.56

total 23 4.57 0.29 4.01 0.5

Jaundice

Male 8 4.41 0.21 3.94 0.77

Female 12 4.64 0.27 4.08 0.62

total 20 4.55 0.27 4.01 0.68

Blood 
exchange 

transfusion

Male 9 4.55 0.15 4.45 0.15

Female 7 4.52 0.15 4.33 0.19

total 16 4.54 0.15 4.4 0.17

Wave V 
latency

Normal

Male 7 6.3 0.2 5.7 0.47

Female 16 6.42 0.32 5.66 0.54

total 23 6.39 0.29 5.68 0.5

Jaundice

Male 8 6.32 0.3 5.92 0.44

Female 12 6.45 0.25 5.78 0.43

total 20 6.4 0.27 5.84 0.43

Blood 
exchange 

transfusion

Male 9 6.58 0.13 5.98 0.38

Female 7 6.51 0.18 6.1 0.37

total 16 6.55 0.15 6.03 0.37
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Table 2: The Mean and standard deviation of I-III, III-V, I-V latency intervals for click and chirp stimuli in the three studied groups.

  Click Stimulus Chirp Stimulus

 Group Gender Number Mean Standard deviation Mean Standard deviation

Wave I 
latency

Normal

Male 7 2.32 0.17 1.88 0.48

Female 16 2.44 0.19 1.93 0.39

total 23 2.4 0.19 1.91 0.41

Jaundice

Male 8 2.27 0.28 2.05 0.45

Female 12 2.4 0.26 1.84 0.48

total 20 2.35 0.27 1.93 0.46

Blood exchange 
transfusion

Male 9 2.35 0.11 2.43 0.15

Female 7 2.41 0.17 2.41 0.1

total 16 2.39 0.14 2.42 0.13

Wave III 
latency

Normal

Male 7 4.49 0.25 3.91 0.37

Female 16 4.6 0.31 4.08 0.56

total 23 4.57 0.29 4.01 0.5

Jaundice

Male 8 4.41 0.21 3.94 0.77

Female 12 4.64 0.27 4.08 0.62

total 20 4.55 0.27 4.01 0.68

Blood exchange 
transfusion

Male 9 4.55 0.15 4.45 0.15

Female 7 4.52 0.15 4.33 0.19

total 16 4.54 0.15 4.4 0.17

Wave V 
latency

Normal

Male 7 6.3 0.2 5.7 0.47

Female 16 6.42 0.32 5.66 0.54

total 23 6.39 0.29 5.68 0.5

Jaundice

Male 8 6.32 0.3 5.92 0.44

Female 12 6.45 0.25 5.78 0.43

total 20 6.4 0.27 5.84 0.43

Blood exchange 
transfusion

Male 9 6.58 0.13 5.98 0.38

Female 7 6.51 0.18 6.1 0.37

total 16 6.55 0.15 6.03 0.37

Conclusion

Findings of the present study showed the superiority of the 
chirp stimulus, which means that in all the mentioned waves in 
all three experimental groups, the latency times obtained with 
the chirp stimulus have a shorter latency than the click. Another 
notable finding in this study was the increasing trend of latency 
of all waves with chirp stimulus that means in all the waves I, III 
and V with the use of chirp stimulus, blood transfusion group 
has the longest latency, followed by the jaundice group and the 
normal group, respectively. This finding is highly indicative of 
neurotoxicity in the blood transfusion group despite passing four 
months after treatment. Therefore, chirp stimulation seems to 
be more efficient to click to achieve infantile hearing threshold. 
But to check the ABR response at high intensities the morphology 

of the waves was sharper using the click stimulus rather than 
chirp. Based on the above results, it was concluded that there is 
a difference between the ABR responses of infants with blood 
exchange transfusion using chirp stimulation, so the proposed 
hypothesis that it would predict neurological lesions in these 
infants was accepted.
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