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Abstract

Background Infections in neonates are mainly caused by sepsis and are the most important complications of low
birth weight. In the treatment of these infections, it is common to use broad-spectrum antibiotics such as cholestin.
Cholestin can cause changes in the latency of brainstem-evoked response waves. The current cohort study tried to
investigate the probability of changes caused by cholestin in LBW neonates and benefiting from two common tests
to identify the hearing system in neonates after treatment by cholestin and compared them with a control group.

Methods The study was an exposure-based cohort, during which hearing damage caused by receiving cholestin
was evaluated in 104 low birth weight neonates, in two groups (52 exposure and 52 no-exposure to cholestin). OAE
and ABR tests were performed at the age of 3 months to identify complications in two groups and their results were
compared.

Results The absolute latency of waves |, lll, and V in the brainstem evoked response test with an intensity of 80 dB HI
showed a significant difference in the exposure group with the control group. The interpeak latency of the waves as
well as the effect of the drug on the gender of the infants did not show significant differences with the control group.

Conclusion Cholestin did not affect the axonal or synaptic transmission time of the auditory nerve to the brainstem.
It is possible that the simultaneous presence of risk factors, such as the use of cholestin, low birth weight, noises in the
intensive care unit, and other unknown factors, can be effective in the change of the absolute latency of waves.
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Background

Drug ototoxicity is one of the major preventable side
effects of antibiotics [1]. Antibiotic drugs are used in neo-
nates for sepsis, gram-negative infections, and fibrotic
cysts. They can cause 2 to 20% hearing damage and affect
cochlear and vestibular cells. These drugs’ main effect is
on hair cells and protective structure, as well as auditory
nerve cells. Their negative effect can vary depending on
the patient’s age, antibiotic dosage, simultaneous use with
other drugs, and environmental noise [2, 3]. Ototoxicity
can occur at any age and affect the hearing and balance
system to different degrees. The effect of different drugs
on the hearing system has been investigated. Monitor-
ing and impact monitoring protocols are also available,
especially in children [4]. However, due to the incomplete
hearing system, infants and especially premature neo-
nates may be in more danger of drug side effects and oto-
toxicity [5].

Low birth weight (LBW) is defined as a birth weight
below 2500 g, and it is a common problem in pediat-
rics, especially in developing countries [6]. The lower the
weight of neonates at birth, the higher the probability of
their death [7]. The rate of low birth weight deliveries has
decreased with the increase in health measures, but this
group of babies is still considered one of the most impor-
tant groups in pediatrics due to the high risk of mortality
and morbidity in them. They are also more likely to have
alow Apgar score and need to be hospitalized in the neo-
natal intensive unit (NICU) [8, 9]. Neonatal infections,
which mainly cause sepsis and meningitis, are the most
important complications of low birth weight and are esti-
mated to be the cause of 1.6 million deaths per year in
developing countries [10].

Diagnosing and treating neonatal infections is very
important in the reduction of their morbidity and mor-
tality. The treatment usually consists of empirical anti-
biotic therapy [11]. Nosocomial infections caused by
multidrug-resistant gram-negative bacteria have led to
the re-use of the injectable form of cholestin, which was
used in the past decades. Cholestin or polymyxin E is a
cationic lipopeptide antibiotic. Cholestin is administered
intravenously and contains colistimethate sodium (CMS)
as an inactive prodrug. This drug has been available for
more than 60 years, but it was not used for many years
due to concerns about nephrotoxicity and the availabil-
ity of other antibiotics with less toxicity [12]. Currently,
cholestin is used as a last choice for the treatment of
gram-negative infections that are resistant to several anti-
biotics, especially in critically ill patients. It is reported
that cholestin is effective in more than 70% of cases of
infection in LBW neonates [13, 14]. Few studies have
been conducted on the safety and efficacy of the inject-
able form of cholestin in term and pre-term neonates
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[14]. Possible important side effects of cholestin, in order
of incidence, include renal complications, seizures, and
apnea, which can have long-term consequences [12—15].

The interaction of polymyxin with neurons that have
high lipids leads to the occurrence of neurological com-
plications which is dose-dependent neurological tox-
icities reported include confusion, generalized weakness
or non-muscular weakness, peripheral and facial pares-
thesia, relative deafness, visual impairment, dizziness,
confusion, seizures, ataxia, neuromuscular block, and
pseudo-myasthenic syndrome [16]. One of the important
side effects of cholestin is its ototoxicity [17, 18]. LBW
neonates who are under treatment with cholestin may
suffer from other problems caused by premature birth
[18]. Also, there is little evidence regarding the effects of
this drug on the auditory system of LBW neonates [18].

The effects of ototoxic drugs, including cholestin, on
the auditory system, are usually investigated with the
help of auditory brainstem responses (ABR) and otoa-
coustic emission (OAEs) [19]. Cholestin can reduce the
Transient Evoked Otoacoustic Emission (TEOAE) and
Distortion product otoacoustic emissions (DPOAE)
response by affecting the hair and cochlear cells, as well
as increasing the latency and decreasing the amplitude of
auditory brainstem responses (ABR) [19].

The auditory brainstem-evoked response is a non-
invasive electrophysiological method that is being used
to investigate the maturation and firing synchrony of
neurons in the auditory nerve pathways. The three main
waves in this test, and their depth and amplitude show
the growth and synchrony of a set of auditory nerve fib-
ers. Wave I is the result of the function of the distal part
of the auditory nerve, and its recording indicates the
effective activity of auditory nerve afferents leaving the
cochlea and entering the internal auditory canal. Wave
II1 is the result of the function of the neurons of the sec-
ond level of hearing in the cochlear nuclei and is con-
sidered the same source of stimulation. Wave V is the
result of the activity of neurons in the lateral lemniscus
entering the inferior colliculus, which is the result of
the activity of the opposite or contralateral pathway to
stimulation [5, 20]. The absolute latency of each wave
is from the time of sound stimulus to the simultane-
ous response time of a set of auditory nerve fibers. The
distance between these waves is a relative criterion that
examines the general indicator of the transmission time
of the auditory nerve path to the brain stem [21]. Espe-
cially, the latency between the peaks of the waves indi-
cates the axonal transmission time along the nerve and
the synaptic latency between neurons [20].

Some studies showed that cholestin can cause perma-
nent hearing loss, especially in high frequencies [4, 18].
The latency of ABR waves can be affected by factors such
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as age and immaturity of the auditory pathway, use of
ototoxic drugs, and peripheral or central pathological and
non-pathological factors [21]. The changes in the latency
of wave I are more affected by environmental factors and
the changes in the latency of other waves can be a sign
of other damage to the central auditory pathway [20].
While, in the literature, cholestin has been introduced as
an ototoxic drug, and little information is available about
its negative effects on hearing with physiological and
electrophysiological tests [4]. Hearing impairment can
cause many social, emotional, and academic problems
in children. Early diagnosis and treatment of hearing
impairment improve the communication development of
these neonates. The current cohort study tried to inves-
tigate the probability of harm caused by cholestin in
LBW neonates and benefiting from two common tests to
identify hearing damage in neonates after treatment by
cholestin and compared them with a control group. The
current cohort study tried to investigate the probability
of changes caused by cholestin in LBW neonates and
benefiting from two common tests to identify the hear-
ing system in neonates after treatment by cholestin and
compared them with a control group.

Methods

The study was an exposure-based cohort, during which
hearing damage caused by receiving cholestin was evalu-
ated in 104 low birth weight neonates, in two groups (52
exposure and 52 no-exposure to cholestin). The study
sample was chosen by a convenience sampling method
from premature neonates weighing less than 2500 g who
were admitted to the neonatal intensive care unit of Sha-
hid Akbarabadi and Ali Asghar Hospital in Tehran from
2018 to 2019. Inclusion criteria were gestational age of
fewer than 37 weeks, low birth weight (less than 2500 g),
hospitalization in the NICU, parental consent for the
neonate to participate in the study, and the absence of
congenital anomalies and pass in Otoacoustic emission
test (OAE) and ABR hearing screening test. Cholestin
and other antibiotics were prescribed during the disease
and based on the needs of the neonates, and no interven-
tion was performed in the two groups.

The exposure group was neonates who were treated
with cholestin during the disease due to treatment-
resistant clinical sepsis or positive blood culture. The
second group was the non-exposure group that did not
need to receive cholestin. The non-exposure group was
selected from the hospitalized neonates of the same
NICUs with the same inclusion criteria as the exposure
group. The two groups were matched in terms of gender,
birth weight, gestational age, duration of NICU hospi-
talization, medications, mechanical ventilation duration,
delivery method, and family history of hearing damage.

Page 3 of 7

Diagnostic OAE and ABR tests were performed at the age
of 3 months to identify complications in two groups, and
their results were compared. In cases where the hearing
loss of a newborn required further follow-up, the neces-
sary information was given to the families, and they were
referred to specialized centers.

Recording the evoked responses of the baby were
done in sleep mode and a quiet environment. No seda-
tives were used and all infants were evaluated in normal
sleep after feeding. All infants were examined by using
the ICS EP charter 200 system (Otometrics, Co. Den-
mark) for auditory evoked brainstem response (ABR)
with click stimulus. The components examined in the
ABR test included latency of waves I, III, and V, inter-
peak intervals of I-III, III-V, and I-V, as well as the
threshold of wave V. Stimulus intensity was started at
80 dB NHL (normal hearing level) and decreased to
near-threshold levels. We used the inserted phone as a
single phone with 2000 sweeps and the stimulus rate was
27.3CS with a bandpass filter of 100-3000 Hz. The time
window was set at 15 ms with a pre-stimulation time of
-1 ms and 100,000 times amplification, and ABR waves
were recorded through electrodes on the high forehead
(non-inverting) and bilateral mastoid for ground and
inverting [20]. The DPOAE test was performed by using
the Capella2 Madsen system. The presence of OAE was
defined by SNR of > 6. Also, we replicated runs to find
reliable amplitudes [20].

Statistical analysis

The data were analyzed by SPSS version 22. The nor-
mality of the distribution of continuous variables was
checked by skewness and kurtosis. If the skewness was
between -1.5 and 1.5 and the skewness was between 4.5
and 1.5, the distribution of the variable was considered
normal. Continuous variables were reported as mean
(standard deviation) or median (interquartile range) and
nominal variables using frequency (percentage). Depend-
ing on the distribution of continuous variables, the ¢ test
or the non-parametric mean comparison test was used to
compare continuous variables between the two groups.
The chi-square test was used to compare nominal vari-
ables between groups.

Ethical consideration

The study protocol was approved by the Biomedical
Research Ethics Committee of the Iran University of
Medical Sciences (IR.IUMS.FMD.REC.1399.003). The
project was conducted under the ethical principles and
the national norms and standards for conducting Medi-
cal Research in Iran. The aim of the study and the meth-
odology was explained to the parents of neonates and
informed written consent was received from the. All
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cases with hearing disorders were referred to a special-
ist. No fees for diagnostic tests were received from the
research units.

Results

At the end of the study, 52 neonates were examined in
each group, and no cases were lost to follow-up. The
median (interquartile range) of Apgar scores 1 and
5 min were 6 (5-7) and 8 (7-9), respectively, and were
the same in both groups. Based on the comparison of
the two groups in Table 1, there was no significant dif-
ference between the characteristics of the neonates in
the two groups.

Table 1 The characteristics of the neonates in the two groups

(h=104)

Variable Exposure Control p value
Female gender 26 (50%) 22 (42.3%) 0431%
Birth weight (g) 1467.8 553.6  1456.44541.1 1467.845536 0916"
The number of prescribed 36 (69.2%) 40 (76.9%) 0.377%
antibiotics (more than 5)

Hospitalization duration 38 (25-75) 39 (26-76) 0.845*+
(days)

Apgar 1 min 6 (4-7) 6 (5-7) 0.656*+
Apgar 5 min 8 (7-9) 8 (7-9) 0516%+
Intubation duration (days) 2(1-6) 3(1-5) 0.844%+
Type of delivery (cesarean) 38 (73.1%) 37 (71.2%) 0.827%
Gestational age (weeks) 32 (28-33) 32 (29-33) 0.692F+

Dose of cholestin (IU)

15,000 1(1.9%) - -
20,000 42 (80.8%) - -
25,000 6 (11.5%) - -
30,000 3(5.8%) - -

£ Chi-square test
* T test

** nonparametric comparison of means tests

Page 4 of 7

To compare response variables between cholestin
and control groups, generalized estimating equation
(GEE) models were fitted, in which the effect of bin-
aural measurements was controlled. The findings are
reported in the form of the mean (standard deviation)
in Table 2.

The comparison of the interpeak latency of waves and
the absolute latency of waves showed that there were
significant differences between the absolute latency of
all waves. Also, the interpeak latency of waves was not
significantly different.

According to Table 2, the absolute latency of waves I,
III, and V in the ABR test was significantly lower in the
control group than in the cholestin group, but in the case
of interpeak latency (I-1IL, III-V, and I-V), no significant
relationship was found between the two groups.

Discussion

In the present study, we investigated the possible effects
of cholestin on the hearing system of neonates who have
several risk factors for hearing loss. Ototoxic drugs have
different degrees of cochleotopic and vestibulotoxic
effects, which can cause damage in different age groups
[22, 23]. Therefore, it is recommended to have constant
monitoring during their use [22, 23]. The most common
side effects of cholestin are neurotoxicity and nephro-
toxicity, which are mostly manifested as visual problems
and neuromuscular developmental problems, dizziness,
and ataxia (15). The path of the auditory nerve to its
final processing center in the auditory cortex is a compli-
cated path and several factors can affect the direction of
the sound message. The biggest concern is the negative
effects of drugs on the age group of children and babies,
where the delay in identifying hearing problems in them
can be associated with the delay in the development of
speech and language and subsequently the social and
educational development.

Table 2 The comparison of absolute latency of waves between two groups in two ears

Variable Right ear

Control mean (SD) Exposure mean (SD) T test
Signal to noise ratio (TEOAE?) 7.59(0.59) 7.63 (0.63) 0.625
The absolute latency of wave | (ms) 59 (0.06) 1.69 (0.08) 0.001
Absolute latency of wave IIl (ms) 409 (0.16) 4.20(0.23) 0.01
Absolute latency of wave V (ms) 0(0.21) 6.29 (0.24) 0.001
Interpeak latency of waves |-l (ms) 2.50(0.17) 2.49 (0.24) 0.592
Interpeak latency of waves IlI-V (ms) 2.03(0.13) 2.03(0.18) 0.975
Interpeak latency of waves |-V (ms) 455 (0.36) 452 (0.35) 0.594
The threshold of the wave V (ms) 25.82(1.38) 25.77 (1.36) 0.997

@ TEOAE Transient evoked otoacoustic emission
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The present study, in line with previous studies that
investigated the effects of cholestin and ototoxic drugs,
did not find a significant effect on interpeak latency and
nerve conduction or synaptic latency [2, 4]. In a study
conducted by Sarica et al. in 2018, there was only one case
of an increase in latency at the level of 15 dB and equiva-
lent to the threshold, which can be a common increase
in this intensity range. However, it should be analyzed
according to the conditions and the device used [4]. In
the present study, no difference was observed in track-
ing the hearing threshold of newborns between the con-
trol group and the group using cholestin. Decreasing the
intensity of the stimulus, up to the approximate threshold
of hearing, the V wave showed the possibility of reliability
and reproducibility in both investigated groups. In other
words, no significant difference was seen between the two
groups, which indicates that the firing of nerve fibers did
not occur at low intensity and the drug cholestin did not
have a significant effect on the firing time of nerve fibers
[4, 20]. In addition, there was no significant difference
between the control group and the drug-receiving group
in the comparison of the signal-to-noise ratio in the ear
acoustic emissions (OAE) test, where a criterion higher
than 6 dB was considered the norm. Acceptable responses
were observed in both groups, which indicated the health
of cochlear cells (outer hair cells). OAEs and ABR are the
gold standards for diagnosing cochlear hair damage in
ototoxicity. Before any obvious damage in the behavioral
test, the damage of sensory hairs can indicate the occur-
rence of ototoxicity. In the present study, before diagnos-
tic tests, all infants were screened by the OAE method,
and if there was a response, they were included in the
study. Therefore, observing the reliable ranges of ear emis-
sions indicates the health of cochlear sensory hairs [24].
The result of this study can be considered in line with the
results of the study by Hoog et al. in 2003, in which only in
one case the response of acoustic emissions was removed.
It seems that the elimination of ear emissions in such
cases is due to the presence of vernix and the remains of
childbirth during the examination of the newborn, which
can be achieved with the help of high-frequency tympa-
nometry to differentiate these two disorders [2].

The important result of the current study is the increase
in the absolute latency of the three main waves I, III, and
V without increasing the interpeak latencies. The pos-
sible explanation is that since the hearing thresholds of
neonates were examined up to the norm, and in all cases,
wave V was detected in the range of 15 to 20 dB Hl. In
addition, the responses of emissions were within the nor-
mal range. Therefore, the possibility of sensory or coch-
lear loss that can cause the increase in the latency in
frequencies from 1000 to 4000 Hz is low. Also, there is no
possibility of damage or conductive loss that may cause
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an increase in the same latency in the main and interpeak
waves [20]. This increase in latency is not the result of
cholestin, and it does not increase the absolute latency of
waves, but other risk factors that have led to the hospi-
talization of the neonate in the intensive care unit, such as
anemia or infections can lead to an increase in the latency
of wave I [5]. In addition, in neonates, increases in latency
may be due to minor damage in the auditory nerve con-
duction path, the cause of which is completely unclear.
Moreover, 2 to 15% of cases of hearing loss in premature
neonates are from unknown causes [25]. The evidence
indicates that various factors such as the combination
of environmental, genetic, and pharmaceutical factors
during hospitalization in the intensive care unit and the
presence of noise in this environment can affect the devel-
opmental status of the auditory system in neonates [3].

While there have been studies on the effects of high-
dose levels of drugs in the blood serum on the auditory
system, it is still difficult to distinguish their effects from
other confounding factors, especially in infancy. In this
study, as in other studies, it was not possible to sepa-
rate the risk factors and the probability of hearing dam-
age for each neonate [3, 21], and it was only possible to
compare these factors with the control group. Children
who passed the hearing screening test were included in
the study. Unlike previous studies, instead of using the
screening approach [2], the path of the cochlea to the
brainstem was investigated. These two factors strengthen
the result of the study as only neonates with healthy audi-
tory systems entered the study, and they were assessed
with strong and available methods.

Conclusion

Based on the results of the present study, it can be con-
cluded that cholestin does not affect the pathway of nerve
conduction through axons and synapses in auditory neu-
rons. The observed increases in the absolute latency of
waves in this study are better to be investigated further in
more controlled conditions where the risk and influencing
factors are controllable and also with a larger sample size.
We suggest checking the effect of cholestin on low birth
weight and premature neonates. Diagnostic ABR should
be done before the start of cholestin and 72 h after the
start of cholestin and then weekly during the treatment
and after the end of the treatment with regular intervals.

Limitations

The most important limitation of the present study was
that in this study, same as similar studies, it was not pos-
sible to separate the factors affecting the auditory system
from the effect of the drug, due to the numerous factors
affecting it and the special conditions of the neonates.
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