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Effects of Total Insomnia on the Audiovestibular
System: Evoked Potentials*

ABSTRACT

Background: Total insomnia is defined as a 24-hour period of insomnia in which the indi-
vidual is completely sleepless during the night after a normal sleep cycle. The aim of our
study was to evaluate the effect of total insomnia on the audiovestibular system.

Methods: The study included 33 individuals aged between 18 and 25 years. Auditory
brainstem responses (ABR) and cervical-vestibular evoked myogenic potential (c-VEMP)
tests were performed at 2 different times: at a time when daily sleep patterns were not
disturbed and at a time after total insomnia.

Results: ABR I-1ll-V peak amplitudes increased and latencies shortened with total sleep
deprivation. When the latency values of P1 and N1 peaks in the cVEMP test were com-
pared, it was observed that latency values were prolonged and amplitude values were
shortened for both ears.

Conclusion: Our study reveals the necessity of addressing the hearing and balance sys-
tems together in the efferent system.

Keywords: Evoked potentials, auditory brain stem, vestibular evoked myogenic poten-
tials, insomnia, dyssomnias, vestibular system
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Although sleep is a part of daily life, it is defined as a process that provides repair in the func-
tioning of the central nervous system." Sleep, which is repeated at habitual intervals over
a 24-hour period, is a homeostatically controlled behavioral state in which movement and
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sensory sensitivity decrease. Sleep is analyzed in 2 important phases. These are the sleep
phase with rapid eye movement and the slow-deep wave sleep phase without rapid eye
movement.??

Sleep loss is basically examined in 3 different categories: sleep fragmentation, sleep reduc-
tion, and sleep deprivation or total insomnia. Sleep fragmentation is defined as one or more
complete awakenings during the normal sleep cycle, followed by falling asleep again. Sleep
deprivation is defined as the physiologic need for sleep due to the individual going to bed
later than the normal bedtime and/or waking up earlier than the normal waking time for any
reason. Finally, total insomnia is defined as total sleep loss or sleep deprivation when the
individual does not sleep at all during the whole night. Total insomnia is defined as a 24-hour
period of insomnia in which the individual is completely sleepless during the night after a
normal sleep cycle.*

Due to total insomnia, individuals” workforce performance decreases, and the risk of injury
and accidents increases in activities that involve active physical movement. According to
recent studies, insomnia leads to a decrease in verbal fluency, creativity, planning skills, pro-
cessing skills, and driving performance, that is, the performance of executive functions.>®
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Research on the effects of total insomnia on the vestibular system
has been conducted in previous periods.>® Numerous studies have
examined the relationship between vestibular function and sleep.
In these studies, it has been observed that insomnia leads to some
impairment in the integration of vestibular, somatosensory, and
visual information.” Oscillations begin as a result of the decrease in
the integrated stimuli of sleep loss in the vestibular system. Sensory
receptors are then activated to correct the balance and create mus-
cle activity. Body oscillations increase as a result of muscle activity to
regulate balance®

Cervical vestibular evoked myogenic potentials (c-VEMPs) were first
described by Colebatch et al (1994) as a muscle reflex recorded from
the sternocleidomastoid muscle that is related to vestibular func-
tion and not auditory. Cervical vestibular evoked myogenic poten-
tial results show alternating positive and negative peaks and are
labeled P1-N1 or P13-N13. The biphasic positive-negative wave (P13-
N23) is evoked by afferents of predominantly ipsilateral origin and
depends on the integrity of the labyrinth and the vestibular partition
of the eighth nerve.? Cervical vestibular evoked myogenic potential
responses are thought to be part of a vestibulocollic reflex (VCR),
which involves the stimulation of the saccular macula and its exten-
sion via the inferior vestibular nerve to the vestibular nuclei, vestibu-
lospinal tract, and ipsilateral sternocleidomastoid muscle (SCM)."
Vestibular evoked myogenic potentials, an objective assessment
method for the evaluation of the vestibular system, can be used to
diagnose various otologic and neurologic diseases such as Meniere's
disease, superior semicircular canal dehiscence, and cerebrovascular
diseases. Cervical vestibular evoked myogenic potentials responses
are an important tool in evaluating the effects of total insomnia on
the vestibular system because they provide an objective evaluation.
The c-VEMP test can diagnose many pathological vestibular diseases,
and its non-invasive and quick results provide evaluation facility.”

Evoked potentials (EPs) are electrical potentials that occur in a group
of neurons as a result of stimulation of the sensory organ of inter-
est and can be recorded by surface electrodes. Evoked responses
are used to diagnose abnormalities of the nervous system, including
hearing impairment, and to assess neurological function.”? Auditory

MAIN POINTS

« Evoked potentials are one of the most frequently used methods
that provide objective results in audiological evaluation.

« While sleep regulates the circadian rhythm in our daily life, sleep
deprivation is an important situation that can cause many nega-
tive consequences.

« When we examined the effect of total insomnia on the auditory
system, it was observed that it caused a significant increase in
the latency of I, Illl and V waves in the ABR test and a significant
increase only in the amplitude of the V wave.

+ When we examine the effect of total insomnia on the vestibular
system, it is observed that it leads to an increase in the latencies
of P1 and N1 waves and a decrease in their amplitudes in c-VEMP
testing.

« The varying amplitude findings obtained from ABR and cVEMP
responses suggest that there are similarities in the efferent path-
ways of the auditory and vestibular systems and that these two
systems should be examined together as an inseparable whole.
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brainstem response (ABR) is a neurophysiological test used to assess
auditory pathway function in response to auditory stimuli (click,
tone burst, chirp, etc.) that can be recorded with surface electrodes.
Although it is not a direct measure of hearing, it provides an objec-
tive assessment of the auditory pathway. The main purpose of ABR is
to infer the functional integrity of the auditory pathway and its neu-
ral components.’ It is widely used in the evaluation of the cochlea,
cochlear nerve and midbrainstem.' The waves routinely used in ABR
results are expressed as Roman numerals |, I, lll, IV, and V. Wave | is
known to originate from the distal part of the cochlear nerve, and its
appearance is approximately 2 ms following the auditory stimulus.
Wave lll originates from projections of the superior olivary complex.
The source for wave V is thought to be higher levels in the midbrain
from the pons projections. Although there is still some controversy
about the origin of wave V, the popular belief is that it originates from
the inferior colliculus-lateral lemniscus junction.™

In our study, we aimed to investigate the effects of total insomnia
on the hearing and vestibular system, to predict the changes in the
hearing and vestibular system with tests performed before and after
total insomnia and to explain the importance of adequate sleep in
human health in terms of the hearing and balance system.

Materials and Methods

Participants

A total of 33 individuals between the ages of 18-25 years (22.36 £+ 0.9)
were included in the study. It was ensured that the included individu-
als did not have any hearing or balance problems and had healthy
and routine sleep patterns. Individuals were warned about alcohol
and caffeine consumption. They were reminded that they should
not use both within 48 hours before the test and during total insom-
nia. The mean age of the individuals was calculated as 22.36 + 0.9
years. The study was conducted in accordance with the Declaration
of Helsinki and Good Clinical Practice. A voluntary consent form
was obtained from all individuals included in the study. The study
was approved by the Clinical Research Ethics Committee of Trakya
University (no.: 07-23 date: 04.04.2022).

Protocol of the Study

Detailed anamnesis and demographic information were obtained
from all individuals enrolled in the study. A detailed physical exami-
nation was performed by an otolaryngologist. Afterwards, pure tone
audiometry (PTA) test, speech audiometry test, tympanometry test,
ABR test, and cVEMP test were performed. Pure tone audiometry,
speech audiometry test, and immittancemetry test measurements
were performed only once in the first session to demonstrate that
the individuals to be included in the study had normal hearing and
healthy middle ear. The tests were performed before the period of
total insomnia and were used to determine that the study subjects
met the inclusion criteria. Auditory brainstem responses (ABR) and
c-VEMP tests were performed at 2 different times: at a time when daily
sleep patterns were not disturbed and at a time after total insomnia.
ABR and c-VEMP tests were carried out in a soundproof room. The
background noise level in the test cabin was 35 dBA (Sound Level
Meter-SLM Extech 407730 USA). Tests were performed with the sub-
jects lying on the stretcher. In the ABR test, the subject was asked
to remain immobile and silent; in the c-VEMP test, the subject was
asked to contract the sternocleidomastoid muscle according to the
tested ear. The total insomnia process of the individuals included in
the study was completely monitored in our clinic. The individuals
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completed the 24-hour insomnia process under the supervision of
the investigators during the total insomnia process.

Audio-Vestibular Audio-Vestibular Evaluation

Immittancemetry Test: Immittance metric measurements were
performed on a Resonance R36M Middle Ear Analyzer (Resonance,
Gazzaniga, Italy) using TDH-39 (Telephonics, USA) headphones at
226 Hz probe tone at 75 dB SPL. The test was performed during the
time period before total sleep deprivation. The type of tympanogram
with a peak curve “Type A” in the pressure range of +100 daPa and
—50 daPa was considered normal.

Pure Tone Audiometry and Speech Audiometry Test: Audiometric
evaluations were performed according to American National
Standards Institute standards in standard soundproof cabinets
following audiometric evaluation procedures. All pure tone airway
audiometric evaluations were performed on an Interacoustics AC-40
clinical audiometer (Interacoustics, Denmark) with a range of 0.25-8
kHz using Telephonic TDH-39 (Telephonics, USA) headphones, and
bone conduction evaluations were performed with a Radioear B-71
(Radioear, USA) bone conduction vibrator with a range of 0.5-4 kHz.
After pure tone audiometric evaluation, speech discrimination scores
were evaluated as percentages (%) with speech stimuli in all
individuals. Individuals with bilateral tympanogram types “Type A”
and pure tone audiometry results between 0 and 25 dBHL and
speech discrimination scores between 92% and100% were
considered to have normal hearing and were included in the study.

Auditory Brainstem Responses Test: The ABR test was performed
with The Medelec Synergy ABR (Oxford Instruments, Oxford, UK), and
the skin of the volunteers was cleaned with a skin cleansing gel
before the test. Auditory brainstem responses were recorded
monaurally with surface electrodes from 2 mastoids (A1 and A2,
international 10-20 system) referenced to Cz. Electrode impedances
were <5 kOhm. The test was presented using a click stimulus at 80
dBnHL loudness and a stimulus rate of 21.1/second. For each
recording, 2000 sweeps were recorded, and waveform reliability was
verified by a second measurement. The right ear was always tested
first. The test was administered twice, before and after total insomnia.

Cervical Vestibular Evoked Myogenic Potentials Test: The Medelec
Synergy EMG device (Oxford Instruments, Oxford, UK) was used to
record myogenic activities. Before performing the test, the electrode
placement areas were cleaned with a skin cleansing gel. Electrode
placement: 2 active electrodes were placed above 1/3 of the midline
of the SCM muscle, the reference electrode was placed on the
sternum of the SCM muscle, and the ground electrode was placed on
the forehead. After placing the electrodes, impedance was checked
for each electrode. The tested person was seated in a chair in front of
the computer with their body perpendicular to the computer and
their face facing the computer. They were asked to turn their head to
the opposite ear from where the sound stimulus was coming. It was
aimed to prevent asymmetry findings that may occur due to
measurement error by ensuring that the contraction strengths of
both SCM muscles were closer to each other (SCM Contraction Level:
70mV + 20mV). The c-VEMP test was recorded separately from both
ears with 200 sweeps at a rate of 7.1 using a 500 Hz tone burst
stimulus and a 95 dBnHL intensity stimulus with airway insert ER3A
headphones. The test was performed twice, before and after total
insomnia.
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Table 1. Demographic Information of Individuals
Individual (n=33)

Gender Male 7 (21.2%)
Female 26 (78.8%)
Age Male 2242+13
Female 2234+0.8
Right ear PTA (dB) 13+£24
SDS (%) 96 +4
Tympanometry Type A
Left ear PTA (dB) 12+25
SDS (%) 96 + 4
Tympanometry Type A

dB, decibel; PTA, pure tone audiometry; SDS, speech discrimination score.

Statistical Analysis

Data were analyzed using the Statistical Package for Social Sciences
version 22.0 (IBM SPSS Corp.; Armonk, NY, USA) program. A probabil-
ity value with a “P-value” below .05 was considered statistically sig-
nificant. Mean and SD were used for numerical data, and frequency
values were used for categorical variables. The Kolmogorov-Smirnov
test was used to assess conformity to normal distribution. The
Wilcoxon matched pairs test was used for intra-group comparisons
before and after total insomnia.

Results

A total of 33 healthy young adults aged 18-25 years, 26 females
(78.8%) and 7 males (21.2%) were included in the study (Table 1).

Pure Tone/Speech Audiometry and Immittancemetry Examination
Results

Pure tone audiometry tests and tympanometric evaluations were
performed to evaluate the hearing of the individuals before they
participated in the study. As a result, the pure tone averages of all
33 individuals were within normal limits and were 13 £ 2.4 dB in the
right ear and 12 + 2.5 dB in the left ear. Speech discrimination scores
were within the normal range and 96 + 4% bilaterally. The tympa-
nometry findings of all individuals were obtained as bilateral Type A
(Table 1).

Auditory Brainstem Responses Results

The individuals participating in our study underwent an ABR test
before the first session of total insomnia, and I-lll-V. wave laten-
cies and amplitudes were recorded. Afterward, the individuals
were deprived of sleep for 24 hours, and the same procedure was
repeated.

The latency and amplitude values of the auditory brainstem
responses before and after total insomnia are presented in Table 2.

When the mean latency values of waves |, lll, and V obtained before
total insomnia were compared with those obtained after total
insomnia, it was observed that the latencies shortened in all waves
for both ears, and no statistically significant difference was obtained
(P>.05).

When the mean amplitude values of |, Ill, and V waves obtained
before total insomnia were compared with those obtained after total
insomnia, it was observed that the amplitudes increased in all waves
and a statistically significant difference was obtained only in the V
wave (P=.00).
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Table 2. ABR Latency and Amplitude Values Before and After Total Insomnia

Latency (ms)

Amplitude (mV)

Normal Sleep Period After Total Insomnia

Normal Sleep Period  After Total Insomnia

(Mean + SD) (Mean + SD) P (Mean + SD) (Mean + SD) P

Right I 1.74+£0.19 1.73+£0.23 .76 0.1 +0.07 0.14£0.1 .07
Il 3.96 +0.27 3.82+0.34 14 0.21+£0.14 0.25+0.15 14
V. 5.89+0.24 5.81+0.37 .39 0.26+£0.13 0.38+£0.14 .00*

Left I 1.8+0.24 1.69 £0.25 .06 0.13+£0.07 0.13+£0,12 .66
M. 3.83+0.29 3.81+0.27 .98 0.19£0.08 0.24+0.16 .26
V. 5.88+0.26 5.87+0.37 .95 0.26 £ 0.1 0.35+0.11 .00*

Significant differences are highlighted with P < .05.

Cervical Vestibular Evoked Myogenic Potentials Test Results

The ¢-VEMP test was first performed in the normal state, and the
latency and amplitude values of the P1-N1 peaks were recorded.
Then, the test was repeated after total insomnia.

The latency and amplitude values of the c-VEMP responses of the
individuals before and after total insomnia are presented in Table 3.

When the latency values of P1 and N1 peaks before total insomnia
were compared with those after total insomnia, it was observed that
the latency values for both ears were prolonged and the difference
was statistically significant (P=.00). Again, when the amplitude val-
ues of P1 and N1 peaks before and after total insomnia were com-
pared, it was observed that the amplitude values decreased in both
ears and the difference was statistically significant (P=.00).

Discussion

The findings of our study showed that both systems may cause differ-
ences in stimulus input to the central nervous system due to latency
and amplitude changes in terms of evoked potentials in total insom-
nia. In our study, the effects of total insomnia on the hearing and bal-
ance systems were evaluated with auditory and vestibular evoked
potentials through the central nervous system.

Although audiovestibular studies with total insomnia are available
in the literature, there are fewer studies using objective test meth-
0ds.'®"” In a recent study of patients with vestibular vertigo, it was
reported that 30% of the patients had abnormal sleep duration;
short sleep duration increased the risk of falls, especially in elderly
individuals."”

Various mechanisms have been proposed to explain the link between
the vestibular system and sleep. The vestibular system is known to
carry information about the spatial position of the head and is there-
fore thought to play a role in the onset and duration of sleep.®

Table 3. ¢-VEMP Latency and Amplitude Values Before and After Total
Insomnia

Normal Sleep After Total Insomnia

Period (Mean + SD) (Mean + SD) P
Right P1(ms) 16.5+3.58 20.4+£4.39 .00*
N1 (ms) 25.34+4.12 29.45+4.93 .00*
P1-N1 (mV) 111.96 +£57.26 71.93 £ 27.47 .00*
Left  P1(ms) 16.67 +3.07 20.28 £2.99 .00*
N1 (ms) 2476 +3.42 29.72 £ 3.27 .00*
P1-N1 (mV) 101.71 +47.86 73.32+33.95 .00*

*Significant differences are highlighted with P < .05.

Results from animal studies suggest that the vestibular system plays
a role in the regulation of circadian rhythms by working together
with inputs from the visual and somatosensory systems.’®* Based on
these studies, it is clear that sleep is of vital importance for all living
things.

Oztiirk L. et al'® reported that ABR I-lll and V. wave latencies short-
ened after total insomnia and thought that this was due to neuro-
nal fatigue. In another study, the change in P300 responses, which
are late latency responses from auditory evoked potentials, was
investigated after sleep deprivation related to auditory stimuli,
and decreased amplitude responses were found as a result of total
insomnia.® In another study on sleep disturbances, as a result of
ABR evaluation on a pediatric group, it was observed that latencies
were prolonged in all waves.?’ The findings of our study showed
that although there was a shortening in ABR |, Ill, and V. wave laten-
cies and an increase in amplitudes bilaterally before and after total
insomnia, a statistically significant difference was obtained only in V.
wave amplitudes.

The auditory nuclei from which the V. wave amplitude originates is a
controversial topic in the literature. Studies have generally reported
that the V. wave consists of an IV-V wave complex and anatomi-
cally originates from the lateral lemniscus-inferior colliculus.?? In our
study, a statistically significant amplitude increase was obtained only
in wave V between ABR waves |, lll, and V due to total insomnia. We
think that this is due to the cell density in the anatomical origin of
wave V and the effect of wave IV on the responses.

Sleep deprivation has been shown to decrease the activity of the
auditory efferent system, which may lead to hearing impairment
and decreased sensitivity to certain sounds. This effect is thought to
be mediated by changes in the levels of neurotransmitters such as
acetylcholine and dopamine, which are involved in the regulation of
the auditory efferent system.® In addition, sleep deprivation can also
affect the processing of stimuli in the brain, leading to reduced atten-
tion and increased distraction.?* Investigation of the effects of sleep
deprivation on the auditory efferent system has consistently shown
that total insomnia leads to an increase in the power and amplitude
of OAEs and ABRs, indicating a corresponding increase in the activity
of the auditory efferent system.

Xie, S.J. etal® investigated the effects of sleep deprivation on o-VEMP.
As a result of the study, they observed a prolongation in the latencies
of P1 and N1 waves but a decrease in their amplitudes. BY, Lin et al.
also reported that short-term sleep insomnia did not affect latency
and amplitude values in both o-VEMP and c-VEMP responses. BY, Lin
et al*® also suggested that increasing the duration of sleep would
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change the results. There are studies in the literature that insomnia
negatively affects cognitive performance, hormonal regulation, and
muscle tone.?”? Considering that c-VEMP is recorded over SCM and
SCM muscle tone should be taken as at least 50 mV, it is known that
muscle performance is effective in cVEMP recordings.”® Gauthier P.
et al* analyzed c-VEMP in men after total insomnia and reported pro-
longed latencies and decreased amplitudes in P1 and N1 responses.
In our study, we thought that the decrease in P1 and N1 amplitudes
after total insomnia may also be related to decreased muscle per-
formance. In our study, we found a statistically significant prolonga-
tion in latencies and decrease in amplitudes of P1 and N1 waves in
¢c-VEMP responses due to total sleep deprivation.

Especially in the examination of the effects of total insomnia on
the audiovestibular system, the use of the most reliable objective
tests will be very useful for explaining the physiopathologic con-
ditions of the peripheral hearing and vestibular system. We know
that cVEMP is the result of an ipsilateral vestibulocolic reflex, that
is, the efferent system.?' In the vestibular efferent system, past and
present studies have tried to explain that the efferent pathways
of the inferior vestibular nerve originate from the medial olivo-
cochlear bundle and cause efferent cochlear innervation in the
outer hairy cells.?>*®* The findings we obtained in vestibular cVEMP
responses suggest that the efferent pathways of the inferior vestib-
ular nerve project from the medial olivocochlear bundle and that
the hearing and balance system should be considered together in
the efferent system.

Our study has limitations. All of the included individuals consisted of a
young population aged between 18-25 years. Since neural weaknesses
that may occur due to advancing age may disrupt the working struc-
ture of both hearing and balance system, it will enable us to see the
effects of total insomnia more clearly in older individuals. In addition,
the stress levels of the individuals included in the study were not evalu-
ated, and we suggest that this may be the subject of a separate study.

In future studies, research to be conducted with tests used in the
evaluation of the efferent system, such as emission tests, acoustic
reflex evaluations, and VEMP tests in the presence of contralateral
noise, will clarify the association of the auditory and vestibular effer-
ent system.
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