
© 2006 - 2021 Annals of Indian Academy of Neurology | Published by Wolters Kluwer - Medknow 531

Abstract

Introduction

Parkinson’s disease (PD) is an alphasynucleinopathy caused 
by the degeneration of midbrain dopaminergic neurons in 
substantia nigra.[1] It is characterized by the presence of motor 
symptoms of rest tremors, rigidity and bradykinesia. Along 
with these motor symptoms, PD patients manifest non‑motor 
symptoms (NMS). These NMS include autonomic dysfunction, 
neuropsychiatric disturbances, sleep disturbances, fatigue, 
sensory symptoms and gastrointestinal disorders.[2] According 
to the Braak staging of progression of PD, alpha‑synuclein 
deposition starts caudally from the dorsal motor vagal nucleus 
in the medulla, then ascends in the brainstem and finally 
involves the neocortex. Brainstem nuclei are involved in 
stages I to III of Braak staging.[3] Alpha‑synuclein deposition 
also occurs in vestibular nuclei.[4] In PD, a functional 
misconnection between the brainstem and higher structures, 
involving mainly non‑dopaminergic pathways, occur even 
in the earliest phase of the disease. The neurophysiological 
studies of the brainstem in PD indicate a mis‑modulation of 
physiological afferent processing and brainstem control of 
spinal motor neurons.[5] The electrophysiological tool for the 
assessment of brainstem pathways are the brainstem auditory 
evoked potential  (BAEP) and vestibular evoked myogenic 
potential (VEMP). Abnormalities in BAEP responses occur in 
upper brainstem (midbrain) lesions, while abnormalities in the 

VEMP responses are involved in the lower brainstem (pontine 
and upper medullary) lesions. Therefore, they have a localising 
value of brainstem dysfunction at different levels. Prior studies 
have shown impaired VEMP and BAEP responses in PD 
patients compared to controls which were attributed to the 
underlying brainstem dysfunction.[6,7] The present study was 
aimed at determining the presence of vestibular and auditory 
pathway abnormalities in PD as compared to the healthy 
age‑matched controls and whether the presence of these 
abnormalities has a significant correlation with the presence 
of postural instability and few NMS like RBD, depression, 
ESS and cognitive impairment.

Background: Parkinson’s disease (PD) is associated with brainstem dysfunction causing non‑motor symptoms. Vestibular evoked myogenic 
potential (VEMP) and brainstem auditory evoked potential (BAEP) are electrophysiological tests to assess the vestibular and auditory pathways 
in the brainstem. Objectives: To study the abnormalities of cervical VEMP (cVEMP) and BAEP in PD and to correlate the findings with the 
symptoms related to brainstem involvement. Patients and Methods: cVEMP and BAEP were recorded in 25 PD patients and compared 25 age 
matched controls. The PD patients were assessed with the following clinical scales: REM Sleep Disorder Screening Questionnaire (RBD‑SQ), 
Epworth Sleepiness Scale (ESS), mini‑BESTest, Geriatric Depression Scale (GDS‑15) and MMSE (Mini‑mental state examination). The 
P13 and N23 peak latencies and the P13/N23 amplitude of cVEMP, the latencies of waves I, III and V, and the inter‑peak latencies (IPL) of 
waves I‑III, III‑V and I‑V of BAEP were measured. Results: The PD patients showed prolonged latencies and reduced amplitude in cVEMP 
responses. They had abnormal BAEP in the form of prolonged absolute latencies of wave V, followed by wave III and I–V IPL with no significant 
difference in waves I and I–III IPL. The cVEMP abnormality was correlated directly with RBD‑SQ and inversely with mini‑BESTest scores. 
There were no correlations between cVEMP/BAEP abnormality and disease severity, GDS‑15, ESS and MMSE. Conclusion: PD is associated 
with cVEMP and BAEP abnormalities that suggest auditory and vestibular pathway dysfunction in the brainstem and cVEMP correlates with 
the symptoms of brainstem degeneration like RBD and postural instability.
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Materials and Methods

Study design and subjects recruitment
The study was a prospective, cross‑sectional, analytical study. 
A total of 50 subjects (25 IPD patients and 25 age‑matched 
healthy controls) were recruited for the study. Patients with 
PD were recruited from the outpatient/in‑patient care in the 
Department of Neurology of our tertiary care teaching institute. 
The study period was from 2016 to 2018. Idiopathic PD was 
diagnosed as per the United Kingdom Parkinson’s Disease 
Society  (UKPDS) Brain Bank clinical diagnostic criteria.[8] 
The exclusion criteria were those of the UKPDS and those with 
presbycusis, chronic vertigo and history of ear surgery were 
excluded. The participants were evaluated in the ‘ON’ phase 
without dyskinesia to reduce any artefacts due to the OFF‑period 
tremors. The study protocol was approved by the Institutional 
Ethics committee (ID prot Ref number‑ SS‑1/EC/01/2017). All 
subjects gave written informed consent.

Study methods and data collection
The demographic details, clinical characteristics and medication 
history of the patients were recorded in the pre‑designed clinical 
proforma. Motor severity was assessed using the United 
Parkinson’s Disease Rating Scale part III (UPDRS‑III) both 
in the ‘OFF’ and ‘ON’ states.[9] The stage of the disease was 
assessed by the modified Hoehn and Yahr (H&Y) scale in the 
‘OFF’ state.[10] The presence of the rapid eye movement (REM) 
Sleep Behaviour Disorder (RBD) was assessed using the RBD 
Screening Questionnaire (RBDSQ) in the ‘ON’ state.[11] The 
excessive daytime sleepiness was assessed using the Epworth 
Sleepiness Scale  (ESS) in the ‘ON’ state.[12] The Geriatric 
Depression Scale  (GDS‑15) in the ‘ON’ state and the Mini 
Balance Evaluation Systems Test (Mini‑BESTest) in the ‘OFF’ 
state were used to assess depression, balance and postural 
instability.[13,14] The mini‑mental state examination (MMSE) 
was used for cognitive screening. Scores below 24 were used 
to diagnose cognitive impairment in the ‘ON’ state.[15]

Electrophysiological assessment
All subjects underwent pure tone audiometry to assess the 
peripheral auditory system function. Those with normal 
hearing threshold were included. VEMP and BAEP were 
performed in all the subjects in the ‘ON’ state using the Nihon 
Kohden Neuropack Software with preset parameters for each 
test performed.

VEMP assessment
Cervical VEMP (cVEMPs)
An auditory stimulus (loud click: 100 db nHL or louder with a 
duration of 0.1 msec and frequency of 3–5 hz) was delivered 
to an ear and a masking noise was subjected to the opposite 
ear. While turning the neck to the opposite side, an auditory 
response waveform with a latency of 10‑40 msec was recorded 
from an electrode on the sternocleidomastoid muscle (SCM). 
The active electrode was placed at the midpoint of each SCM 
muscle, the reference electrode on the suprasternal notch and 
the ground electrode on the forehead. Measurement setting: 

Sensitivity‑100 µV/div, filter‑2 to 5 KHz/high cut filter: 1.5 to 
2 KHz, Analysis time: 10 msec/div and number of averaging: 
200 to 500. The peak latency of the first wave  (p13) and 
the peak latency of the second wave  (n23), peak to peak 
amplitude  (p13/n23) and interside peak latency difference 
between the first waves are shown in Figure 1.

BAEP
A two‑channel recording was done using the vertex electrode 
as the reference electrode and the left and the right earlobe 
electrode was used as the active electrode. The skin electrode 
contact impedence less than 2 KΩ. The number of averaging 
was 1000–2000. The auditory stimulation (click sound) was 
presented to either side of the ear at an intensity of 80–90 db 
nHL at a rate of 10 Hz. The procedure was repeated twice 
to check the reproducibility. The latencies of wave I, III and 
V and inter‑peak latencies I‑V, I‑III and III‑V  (IPLs) were 
recorded [Figure 1].

Statistical analysis
Statistical analysis was performed using the SPSS version 22. 
The qualitative variables were expressed as frequency 
and percentage and compared using Chi‑square test. The 
quantitative variables were expressed as mean with standard 
deviation and compared using independent sample ‘t’ test. 
The correlations between clinical and VEMP findings 
were performed by calculating the Spearman’s correlation 
coefficient. Statistical significance was set at P value < 0.05.

Results

A total of 50 subjects (IPD group – 25, Control group – 25) 
were included in the study. All subjects underwent cervical 
VEMP and BAEP analyses and the characteristic waveforms 
were analysed. In the IPD group, 19 were males (76%) and 
in the control group 15 were males (60%). The mean age of 
patients with IPD was 68.3 ± 9.0 years and in control subjects 
were 65.0 ± 7.9 years. The history of postural instability was 
present in 13 cases and dementia was present (MMSE < 23) 
in 15 cases of the IPD group. The demographic and clinical 
assessment data of the patient and control groups are presented 
in Table 1.

VEMP assessment and results
All subjects underwent bilateral recording of cVEMP from 
the active sternocleidomastoid (SCM). Absent waveforms and 
prolonged peak latencies (P13 and N23) were considered as 

Figure 1: (a) Normal cVEMP waveforms; (b) Normal BAEP waveforms
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abnormal. Absent waveforms were recorded in three (out of 
25) cases, unilaterally recorded in four (out of 25) cases (two 
cases ‑   left and two cases ‑   right) in the IPD group. All 
waveforms were recordable in the control group; however, 
one case was found to have prolonged peak latency. P13 
peak latencies were found to be significantly prolonged 
in the IPD group  (13  cases) measuring 16.98  ±  2.50 
msecs in comparison to 14.19  ±  0.79 msecs  (p  =  0.03) 
of the controls. N23 peak latency was also significantly 
prolonged in the IPD group (12 cases) (26.82 ± 2.10 msecs 
vs 23.85 ± 0.77 msecs; P = 0.04). The mean P13–N23 amplitude 
was significantly reduced in the IPD group (15.69 ± 6.34 µV 
vs 19.57  ±  2.83; P  =  0.04). RBDSQ score had a positive 
correlation with P13 peak latency (rho = 0.651, P = 0.012) 
and N23 latency  (rho = 0.736, P  = 0.003). Both P13 peak 
latency (rho = ‑0.64, P = 0.014) and N23 peak latency had a 
negative correlation with Mini‑BESTesT score (rho = ‑0.641, 
P  =  0.04). However, there were no significant correlations 
with disease severity  (UPDRS III, H&Y stage), cognitive 
impairment, depression and ESS [Table 2].

BAEP assessment and results
All 50 cases underwent BAEP assessment. The absent peak (I, 
II, III, IV and V) and prolonged latencies of individual waves 
along with inter‑peak latencies  (IPL)  (I‑III, III‑V and I‑V) 
were considered as abnormal. All waveforms were recordable 
in the control group. In IPD group, BAEP was not recordable 

bilaterally in four cases and in two cases not recordable 
unilaterally. The latencies of wave V  (5.64  ±  0.16 ms, 
P  =  0.002) and wave III  (3.98  ±  0.22 ms, P  =  0.024) and 
I–V inter‑peak  (4.31  ± 0.12 ms, P  = 0.002) latencies were 
significantly prolonged compared to control. The latencies 
of wave I, II and IV as well as I‑III and III‑V IPL were not 
significantly prolonged [Table 3]. In the IPD group, 12 cases 
had prolonged wave V latency, nine cases had prolonged wave 
III latency and 11 cases had prolonged I‑V IPL. Among the 
controls, one subject had prolonged wave III and V latency 
and another subject had prolonged latency of wave V and 
prolonged I‑V IPL. There were no significant correlations of 
BAEP findings to disease severity, dementia, RBD‑SQ, ESS, 
GDS and Mini BESTesT scores.

Discussion

The present study was aimed at determining the presence 
of vestibular and auditory pathway abnormalities in PD as 
compared to the healthy age‑matched controls and whether the 
presence of these abnormalities had significant correlation with 
the presence of postural instability and few NMS like RBD, 
depression, ESS and cognitive impairment. Electrophysiological 
studies have shown functional abnormalities at the level of spinal 
cord, brainstem, cerebellum, basal ganglia and motor cortex in 
PD. Both VEMP and BAEP assessments are non‑invasive 
techniques to evaluate the vestibular and auditory pathways 
in neurological disorders including PD. There are few studies 
wherein VEMP and BAER have been used on PD patients.[16] 
The need for the study of vestibular pathway dysfunction in PD 
stems from the fact that alpha‑synuclein deposition has been 
found in vestibular nuclei, dopamine D2 receptors have been 
identified in medial and lateral vestibular nuclei suggesting the 
modulatory role of dopamine on vestibular nuclei and vestibular 
nuclei neurons receive input from the locus coeruleus and dorsal 
raphe nucleus that are degenerated in PD and cause secondary 
involvement of vestibular nucleus.[17]

cVEMP in PD
cVEMP is a manifestation of the vestibulo‑collic reflex (VCR), 
wherein the stimulation of the vestibular organs  (with loud 
sound) evokes a muscle reflex. It is an ipsilateral reflex 
with biphasic positive–negative surface potential with peak 
latencies at about 13 and 23 msecs. The oligosynaptic pathway 
involves the saccule and utricle of the vestibular apparatus, 

Table 1: Clinical scales score

PD (n=25) Controls (n=25)
Gender (M/F) 19/6 15/10
Age (years) 68.3±8.9 65.0±7.9
Duration (years) 5.1±2.3 ‑
H&Y stage score 2.7±0.8 ‑
UPDRS III 47.2±8.0 ‑
MMSE 22.9±3.6 28.2±0.8
RBDSQ 6.1±1.2 ‑
ESS 9.8±3.6 ‑
Mini‑BESTest score 14.5±6.3 ‑
GDS‑15 6.1±2.8 ‑
RBDSQ ‑ Rapid eye movement sleep behaviour disorder screening 
questionnaire; UPDRS ‑ Unified Parkinson’s disease rating scale; 
H&Y ‑ Hoehn and Yahr; MMSE‑ mini‑mental state examination; 
ESS ‑ Epworth sleepiness scale; GDS‑15 ‑ Geriatric depression scale

Table 2: Correlations of cVEMP response with clinical scales

Parameters RBD Mini‑BESTesT UPDRS III H&Y staging GDS ESS MMSE
P 13 latency

Correlation coefficient (r) 0.651 ‑0.640 ‑0.050 0.231 0.512 0.355 0.066
P 0.01* 0.01* 0.86 0.65 0.06 0.21 0.98

N23 latency
Correlation coefficient (r) 0.736 ‑0.641 0.133 0.25 0.521 0.360 ‑0.415
P 0.003* 0.04* 0.65 0.67 0.65 0.12 0.14

*P≤0.05 significant RBDSQ ‑ Rapid eye movement sleep behaviour disorder screening questionnaire; UPDRS ‑ Unified Parkinson’s disease rating scale; 
H&Y ‑ Hoehn & Yahr; MMSE ‑ mini‑mental state examination; ESS ‑ Epworth sleepiness scale; GDS‑15 ‑ Geriatric depression scale; cVEMP ‑ cervical 
vestibular evoked myogenic potentials
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vestibular nucleus in the pontomedullary junction, medial 
vestibulospinal tract, nucleus ambiguus in the medulla and 
the accessory nerve.[18] Prolongation of the latencies at 13 and 
23 msecs or absence of waveform indicate saccular/utricular 
otolith afferent, vestibular nerve/vestibular nucleus or its 
connection dysfunction. Pollak et al. (2009) reported higher 
frequency of absent cVEMP responses (24 out of 54 patients) 
in their PD patients with no difference in the latencies as 
compared to the healthy controls.[19] De Natale ER, et al. (2015) 
showed higher frequency of absent VEMP response in PD 
patients with no latency differences.[7] Shalash AS, et al. (2017) 
showed prolonged P13 and N23 latencies  (15  cases) with 
absent responses (three of 15 cases of PD). They also found 
that bilateral P13–N23 amplitudes were significantly decreased 
in the IPD group.[16] We evaluated 50 subjects  (IPD  –  25, 
Control – 25) with cVEMP and BAEP. The mean peak P13 
and N23 latencies were significantly prolonged in IPD group 
with absent waveforms were recorded in 3 (out of 25) cases, 
unilaterally recorded in 4  (out of 25) cases  (2  cases ‑ left 
2 cases‑ right) and reduced P13–N23 amplitudes. Age can be 
confounding factor in VEMP abnormalities due to a progressive 
decline in the number of peripheral receptors and excitability of 
nuclear vestibular neurons.[20] The mean age of IPD patients and 
healthy controls were similar so as to negate the confounding 
factor of age. Whether the reduction of VEMP responses in PD 
is a part of the widespread neural degeneration is not known 
as it is relatively preserved in olivopontocerebellar ataxia.[21] 
The previous studies have tried to correlate VEMP response 
abnormalities with the stage of the disease according to the 
modified H&Y stage, UPDRS‑III score, postural instability/
balance, sleep and depression. De Natale et al. (2015) showed 
that VEMP abnormalities correlated with RBD and postural 
instability but not with ESS, depression.[7] They found that 
cVEMP latency delay was significantly prevalent in early PD 
while low amplitude and absence were more observed in late 
PD.[22] Pollack et al. (2009) reported a correlation of cVEMP 
with depression.[19] We found significant correlation of RBDSQ 
score and Mini‑BESTesT score with P13 and N23 peak latency 
but no correlation with depression, ESS and disease severity.

BAEP in PD
BAEP recording is an electrophysiological technique used 
to evaluate the auditory pathway. Wave I is produced by 

the auditory nerve, wave II by cochlear nucleus, wave III 
by superior olive in lower pons and wave IV/V by inferior 
colliculus in upper pons/lower midbrain. I‑III IPL represents 
conduction from the eighth nerve to the lower pons, III‑V from 
lower pons to upper pons and I‑V from eighth nerve to upper 
pons. The BAEP abnormalities in PD have been reported with 
varied results. Tsuji et al. (1981) and Prasher et al. (1986) have 
reported normal BAEPs in PD.[23,24] Tachibana et al.  (1989) 
showed increase in V wave peak latency and I–V and III–V 
IPLs in PD.[25] Liu C  (2017) reported increased latencies 
of wave III and wave V and the IPL of III–V and I–V in 
PD.[6] Shalash et al.  (2017) reported abnormal BAEP wave 
morphology, prolonged absolute latencies of wave V and I–V 
interpeak latencies in PD.[16] Ahmed et al. (2017) showed delay 
in the latencies of waves III, IV and V and IPL III‑V in PD.[26] 
In our study, BAEP was not recordable bilaterally in four cases 
and unilaterally in two cases in PD. The latencies of wave 
V, wave III and I–V inter‑peak latencies were significantly 
prolonged compared to control. The limitations were small 
sample size and no correlation with other NMS in PD. There 
was no correlation between BAEP and cVEMP in PD patients.

Conclusion

IPD is associated with cVEMP and BAEP abnormalities 
suggesting involvement of the auditory and vestibular 
pathways in PD. In particular, cVEMP is useful in clinical 
practice as its abnormalities correlate with RBD and postural 
instability. It may serve as a predictive marker for occurrence 
of RBD and postural instability in PD.
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