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ABSTRACT Vestibular evoked myogenic potentials (VEMPs) are
commonly used noninvasive electrophysiological test methods in clin-
ics. VEMPs are short-latency muscle reflex responses triggered by stim-
ulation of peripheral otolith organs. The inhibitory myogenic response
measured over the sternocleidomastoid muscle is cervical VEMP
(cVEMP); the excitatory myogenic response measured over the ex-
traocular muscles, the inferior oblique, is the ocular VEMP (0VEMP).
cVEMP is characterized by a biphasic wave in the form of one positive
peak (P1/P13) occurring at an average of 13th milliseconds and one
negative peak (N1/N23) occurring at an average of 23rd milliseconds.
oVEMP is characterized by a biphasic wave in the form of one nega-
tive peak (N1/N10) occurring at an average of 10th milliseconds and
one positive peak (P1/P16) occurring at an average of 16th millisec-
onds. Stimulus type affects the VEMP findings. Click stimulus was
first used in VEMP studies. The stimulus that effectively stimulates
the otolith organs and generates the highest amplitude waves is being
investigated. 500 Hertz (Hz) tone burst stimulus is more effective than
click stimulus in VEMP tests and its clinical use has become
widespread. Compressed high-intensity radar pulse (CHIRP) is an
acoustic stimulus that is effective in auditory electrophysiology.
VEMP in responses to CHIRP stimulus was reported in recent studies.
In this review, the findings of studies examining VEMP responses trig-
gered by CHIRP stimuli are integrated. The aim of this review is to
evaluate whether the CHIRP stimulus is an effective stimulus in VEMP
tests.
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OZET Vestibuler uyarilmis miyojenik potansiyeller [vestibular evo-
ked myogenic potentials (VEMP)], ses, titresim veya elektriksel
stimulasyonla periferik otolit organlarin uyarilmas: sonucu tetiklenen
kisa latansli kas refleks cevaplaridir. VEMP klinikte yaygin olarak kul-
lanilan noninvaziv elektrofizyolojik test yontemidir. Sternokleidomas-
toid kas lizerinden 6l¢iilen inhibitdr miyojenik yanit servikal VEMP
(sVEMP); inferior oblik iizerinden kaydedilen eksitatér miyojenik yanit
okiiler VEMP (0VEMP) olarak adlandirilir. sVEMP 13. milisaniyede
ortaya ¢ikan bir pozitif tepe (P13/ P1), ortalama 23. milisaniyede ortaya
cikan negatif tepe (N23/N1) seklinde bifazik dalga formu ile karakte-
rizedir. oVEMP, 10. milisaniyede ortaya ¢ikan negatif tepe (N10/N1)
ile 16. milisaniyede ortaya ¢ikan pozitif tepe (P16/P1) seklinde bifazik
dalga formu ile karakterizedir. sVEMP bulgularinda P1, N1 latanslari,
P1-NI dalga amplitiidii degerlendirilir. oVEMP bulgularinda N1, P1
latanslar1, N1-P1 dalga amplitiidii degerlendirilir. Kullanilan uyaranin
tiiriic VEMP bulgularim etkiler. ilk VEMP calismalarinda klik uyaran
kullanilmistir. Otolit organlart en etkili sekilde uyaran ve yiiksek am-
plitiidlii dalgalar olusturan uyaran arastirilmaktadir. VEMP testlerinde
500 Hertz (Hz) tone burst (TB) uyaraninin klik uyarana gore daha et-
kili bir uyaran oldugu gosterilmistir. 500 Hz TB uyaraninin klinik kul-
lanimu yayginlasmustir. Sikigtirilmis yiiksek yogunluklu radar titresimi
[compressed high-intensity radar pulse (CHIRP)], isitsel elektrofizyo-
lojide etkili oldugu gosterilen akustik bir uyarandir. CHIRP uyaran, son
yillarda, VEMP testlerinde kullanilmaya baslanmistir. Bu derlemede,
CHIRP uyaranla tetiklenen VEMP yanitlarini inceleyen ¢alismalarin
bulgular1 entegre edilmistir. Bu derlemenin amaci, CHIRP uyaranin
VEMP testlerinde etkili bir uyaran olup olmadigini degerlendirmektir.
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Vestibular
(VEMPs) are muscle reflex responses triggered by
stimulation of the utricle [ocular VEMP (0VEMP)]
and saccule [cervical VEMP (cVEMP)]. cVEMP was
first described by Colebatch et al. in 1994.! cVEMP
responses assessed vestibulocolic reflex arc, saccular

evoked myogenic potentials

function, and inferior vestibular nerve. The afferents
of the vestibulocolic reflex arc extend from the sac-
cule to Scarpa’s ganglion, inferior vestibular nerve,
and the medial and lateral vestibular nuclei. The ef-
ferents of the vestibulocolic reflex arc extend from
the vestibular nuclei to medial and lateral vestibular
nuclei and the accessory nerve. oVEMP was first de-
scribed by Rosengren et al. in 2005.2 oVEMP re-
sponses, assessed utricular function, superior
vestibular nerve, and vestibulo-ocular reflex arc. The
afferents of vestibulo-ocular reflex arc extend from
the utricle to Scarpa’s ganglion, superior vestibular
nerve, and the vestibular nuclei. The efferents of
vestibulo-ocular reflex arc extend from the vestibular
nuclei to the motor neurons of the oculomotor and

trochlear cranial nerves.?

The sensitivity of the vestibular organs to high-
intensity acoustic stimuli has long been known. Tul-
lio initiated research showing the sensitivity of the
vestibular system to auditory stimuli in 1929. Tullio
constitutes the fenestration of bony labyrinth in ex-
perimental animals. The motion of labyrinth fluids,
and eye movements caused by the acoustic stimulus
were observed.* Bekesy observed vestibular re-
sponses triggered by acoustic stimuli, independent of
the cochlea.’ Bickford et al. identified short-latency
myogenic potentials recorded on the inion in response
to a high-intensity click stimulus.® In a subsequent
study, it has been shown that the peripheral source of
the inion potential is the saccule.” In 1992, Colebatch
and Halmagyi recorded short latency myogenic po-
tentials in response to high-intensity click stimulus
with an electrode placed on the contracted stern-
ocleidomastoid muscle (SCM)."® Air-conducted
VEMP is initially triggered by click stimuli. Subse-
quently, tone bursts replaced click stimuli, and they
have become commonly used stimuli. Tone bursts are
frequency-specific tonal stimuli. Since the stimula-
tion duration is longer, tone bursts transmit more en-
ergy to the inner ear. Higher response rates and

higher amplitude values were obtained with a 500
Hertz (Hz) tone burst stimulus. 500 Hz tone burst
stimulus has been frequently used in VEMP testing.’
In the VEMP tests, the compressed high-intensity
radar pulse (CHIRP) stimulus has been used in recent
years. In this review, VEMP studies in which CHIRP
stimuli are evaluated are inspected.

I CHIRP STIMULI

Shore and Nuttal used tone burst stimuli with expo-
nentially increasing frequency in 1985.!° Expanding
this concept, Dau et al. described the CHIRP stimu-
lus in 2000.!! Due to the temporal distribution of the
frequencies, CHIRP stimuli provide simultaneous de-
polarization of the basilar membrane, the maximum
firing of the nerve, and higher amplitude responses.
The frequency of CHIRP stimuli changes over time.
If it increases over time, it is called up-CHIRP; if it
decreases over time, it is called down-CHIRP. Elber-
ling et al. developed a Claus Elberling CHIRP (CE-
CHIRP) stimulus with a click stimulus spectrum, the
frequency of which varies from low to high.'? Then,
as an alternative to tone burst stimuli, frequency-spe-
cific narrowband CE-CHIRP stimulus was proposed
at 500 Hz, 1,000 Hz, 2,000 Hz, and 4,000 Hz. In
2010, CE-CHIRP stimuli of different stimulus dura-
tions and different intensity levels were compared. It
has been stated that short stimulus duration is appro-
priate for high-intensity stimuli and long stimulus du-
ration is appropriate for low- and moderate-intensity
stimuli. A level-specific (LS) CE-CHIRP stimulus
has been developed, depending on the intensity level
(designed differently for each 5 dB in the 0-100 dB
range).'>! In addition, frequency-specific narrow-
band LS CE-CHIRP stimuli are available, 500 Hz,
1,000 Hz, 2,000 Hz, and 4,000 Hz.

CVEMPS RESULTS WITH CHIRP STIMULI IN
HEALTHY INDIVIDUALS

There are ten cVEMP studies in which a CHIRP
stimulus is evaluated in the literature (Table 1). The
first study in which the CHIRP stimulus was evalu-
ated in the cVEMP test was conducted by Wang et
al. in 2014.5 Different types of CHIRP stimuli have
been used in the literature such as 500 Hz CHIRP,
500 Hz CE-CHIRP, 500-4,000 Hz CE-CHIRP, CW-
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VEMP-CHIRP, LS CE-CHIRP, 360-720 Hz CE-
CHIRP, 500 Hz LS CE-CHIRP.

Most of the literature studies were conducted on
healthy participants. The mean age of participants
was 31.54 years in these studies. The response rate
range was 85%-100% with CHIRP stimuli. In re-
sponse to the CHIRP stimulus, the average P1 latency
was 10.83 milliseconds (ms), the average N1 latency
was 18.95 ms, and the average P1-N1 amplitude was
92.20 microvolts (uV) in the cVEMP test. cVEMP
responses are affected by the stability of SCM mus-
cle contraction. False negative responses may occur
in patients unable to maintain SCM muscle contrac-
tion. Amplitude normalization is the scaling of the
wave amplitude according to the SCM contraction.
Thus, the effect of SCM contractile capacity on
VEMP responses is reduced. In addition, amplitude
normalization in cVEMP reduces intersubject vari-
ability. Mat et al., Aydm et al., Aydin and Erbek re-
ported normalized amplitude values in the literature.
The mean of normalized amplitude values was 1.42
uV with CHIRP stimuli.'é-18

CHIRP stimuli were compared with 500 Hz tone
burst and tone pip in the literature. In most studies,
shorter P1 and N1 latency was obtained with the
CHIRP stimulus in the cVEMP test.!>2! Besides,
Walther and Cebulla state that they found longer P1
and N1 latency with CHIRP stimulus.?

Wang et al., Moinudeen et al., Walther and Ce-
bulla state that CHIRP stimuli produce higher ampli-
tude values in the cVEMP test.'5?>2 Besides, Ozgiir
et al. and Murofushi et al. reported lower amplitude
values with CHIRP stimuli.!*?* Ocal et al., Aydin
and Erbek stated that there was no statistically sig-
nificant difference between CHIRP and tone burst
stimuli findings.!®?! There is only one study in the
literature reporting cVEMP threshold values.'®
They reported statistically significant lower cVEMP
threshold values with CHIRP stimulus in healthy par-
ticipants.

Differences in the findings of the studies may be
due to the difference in stimulus and recording pa-
rameters used, the age range of samples, sample
sizes, SCM muscle contraction capacity of partici-
pants, and the tuning effect of the otolithic organs.

OVEMPS RESULTS WITH CHIRP STIMULI'IN
HEALTHY INDIVIDUALS

There are 6 oVEMP studies in which CHIRP stimu-
lus is evaluated in the literature (Table 2). The first
study in which the CHIRP stimulus was evaluated in
the oVEMP test was conducted by Walther and Ce-
bulla in 2016.2 Several types of CHIRP have been
used in these studies such as 250-1,000 Hz CW-
VEMP-CHIRP, 500 Hz CE-CHIRP, 500 Hz LS CE-
CHIRP, 10-10,000 Hz CHIRP. The mean age of
participants was 38.47 years in the literature. The re-
sponse rate range was 90%-100% with CHIRP stim-
uli. The observation of higher response rates with
CHIRP stimulus supports the advantage of CHIRP
stimulus in the VEMP test. In response to the CHIRP
stimulus, the average N1 latency was 6.61 ms, the av-
erage P1 latency was 11.82 ms, and the average N1-
P1 amplitude was 11.33 pV in the oVEMP test.

CHIRP stimuli were compared with a 500 Hz
tone burst. Bas et al., Karacayl et al., Mat et al,
Aydin et al., Aydin and Erbek reported shorter N1
and P1 latencies with CHIRP stimulus.'®'#2425 On the
other hand, Walther and Cebulla indicated that there
was no statistically significant difference in N1 and
P1 latencies.?? In all studies, higher N1-P1 wave am-
plitude values were reported in oVEMP. There is
only one study in the literature reporting oVEMP
threshold values.!® They reported statistically signif-
icant lower oVEMP threshold values with CHIRP
stimulus in healthy participants.

VEMPS RESULTS WITH CHIRP STIMULI IN
PATIENTS

VEMP test is valuable to assess vestibular disorders
such as superior semicircular canal dehiscence syn-
drome, vestibular neuritis, Meniere’s disease/en-
dolymphatic hydrops, and vestibular schwannoma.
Vestibular system pathologies affect VEMP findings.
In vestibular disorders, VEMP response rates are
lower than in healthy individuals. However, it is
questionable whether the lower response rates are due
to pathology, or or it is a false negative response.
Therefore, stimulus studies in the VEMP test should
also be performed on patients. In the literature, there
are very few studies of VEMP in which the CHIRP
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stimulus is evaluated. Murofushi et al. evaluated
cVEMP with CHIRP stimuli in 16 patients (7 with
Meniere’s disease/endolymphatic hydrops, 7 with
vestibular migraine, and with 2 recurrent peripheral
vestibulopathy).?’ Aydin and Erbek assessed cVEMP
and oVEMP with CHIRP stimuli in 50 patients (24
with Meniere’s disease, 14 with benign paroxysmal
positional vertigo, 12 with vestibular neuritis) in ad-
dition to 54 controls.'® The mean age of the patients
in these studies was 48.1 years. LS CE-CHIRP and
Narrowband LS CE-CHIRP stimuli were evaluated
in these studies.

The response rate range was %81.2-%96 with
CHIRP stimuli in cVEMP. In cVEMP response to the
CHIRP stimuli, the average P1 latency was 13.33 ms,
the average N1 latency was 22.24 ms, and the aver-
age normalized wave amplitude was 1.12 pV in pa-
tients.

In oVEMP response to CHIRP stimulus, Aydin
and Erbek reported the average N1 latency was 8.2
ms, the average P1 latency was 13.65 ms, and the av-
erage P1-N1 amplitude was 14.63 puV, and the aver-
age threshold values was 90.18 dB in patients.'®

There is only one study in the literature reporting
VEMP threshold values in patients.'® They reported
statistically significant lower VEMP threshold values
with CHIRP stimulus in both healthy individuals and
patients.

In addition, the delay of higher frequency pre-
sentation in up-CHIRP stimuli was reflected as the
delay of VEMP responses. Prolongation of laten-
cies in Meniere’s disease/endolymphatic hydrops
indicates higher frequency tuning in these patients.
Therefore, prolongation of latencies could support
the diagnosis of Meniere’s disease/endolymphatic
hydrops.?! Administration of VEMP with CHIRP
stimulus should be considered in Meniere’s dis-
ease/endolymphatic hydrops patients.

I CONCLUSION

In conclusion, VEMP responses are influenced by a
combination of factors including tuning effects of the
otolith organs, middle ear transmission, and stimulus
parameters. Recently, CHIRP has been employed in
VEMP testing, albeit with a limited number of stud-
ies primarily conducted on healthy subjects, using
various CHIRP stimuli types. While many studies re-
port enhanced VEMP responses with CHIRP stimu-
lation in terms of higher amplitudes, shorter latencies,
and increased response rates, conflicting findings
exist. This review integrates findings from studies ex-
amining CHIRP stimuli in both cVEMP and oVEMP
tests, suggesting CHIRP as an effective stimulus for
VEMP testing. Future investigations should explore
different types of CHIRP stimuli in both cVEMP and
oVEMP tests, utilizing larger sample sizes and di-
verse patient cohorts.
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