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Abstract: Patients affected with multiple sclerosis (MS) frequently suffer from vestibular 
disorders due to vestibulospinal involvement. The vestibulospinal reflexes in these subjects 
can be well investigated through vestibular evoked myogenic potentials (VEMPs). Evoked by 
the acoustic stimulation of the saccular macula and mediated by the vestibulocollic reflex 
pathway, they are recorded using surface electromyographic electrodes from the ipsilateral 
sternocleidomastoid muscle tonically contracted. Abnormal findings (e .g., absence of re­
sponse, prolonged latencies) disclose a lesion anywhere in the pathway . We examined VEMPs 
in 19 patients with definite MS (5 men, 14 women; age range, 31-59 years; mean age, 45 
years) and compared them to VEMPs in 10 subjects with onset MS (2 men, 8 women; age 
range, 24-35 years; mean age, 29 years). VEMPs in definite MS subjects were abnormal in 
14, absent (on the left side only) in 1, and normal in the remaining 4. In patients with onset 
MS, VEMPs were abnormal in 6. These results suggest that latencies of vestibulospinal re­
flexes can be remarkably delayed in MS at different stages of disease, whereas vestibulospinal 
involvement is more frequent in definite cases. To date, no study has yet investigated different 
VEMPs involvement at different stages of MS. 
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Frequently, patients with definite multiple sclero­
sis (MS) are known to report symptoms related 
to vestibular disorders in the course of their ill­

ness. Vestibular symptoms (vertigo and dizziness) often 
occur at the onset of the disease. Many times, vestibulo­
spinal reflexes are involved, and vestibular evoked myo­
genic potentials (VEMPs) are specific for documenting 
vestibulocollic involvement in MS patients [1]. 

VEMPs do not require any specific skill on the part 
of patients, and they may be investigated in all patients 
who are able to remain seated. They were described for 
the first time by Bickford et al. [2], who recorded short­
latency potentials from an active electrode placed just 
below the inion in response to acoustic stimulation (the 
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"inion response"). These authors revealed that the evoked 
response was probably generated by reflex changes in 
the electromyogram of posterior neck muscles and that 
it was present in patients with sensorineural deafness, 
leading the researchers to propose that it arose from the 
sound-evoked activation of the vestibular apparatus 
("Tullio phenomenon") [3]. Subsequent publications 
by Cody and Bickford [4] described the inion response 
in subjects suffering from different cochlear and vestib­
ular syndromes and provided further evidence to sug­
gest that it depended on the activation of the saccular 
macula. Those authors concluded that VEMPs record­
ing depended on the activation of a specific reflex func­
tion called the vestibulocollic reflex (VCR), mediated 
by a pathway consisting of the saccular macula, its pri­
mary neurons, vestibulospinal neurons from the lateral 
vestibular nucleus, the medial vestibulospinal tract and, 
finally, the motor neurons of the spinal cord reaching 
neck muscles [5]. 

Recent studies showed that rarefaction clicks are 
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Figure 1. Normal (A) and pathological (B) vestibular evoked 
myogenic potentials. Normal morphology and latencies are 
seen on the left side (A), whereas increased latencies and de­
creased amplitude are seen on the right side (B) . 

preferred for evoking the saccular response and that the 
sternocleidomastoid muscle (SCM) is the most advis­
able recording site [6]. Healthy subjects produce a bi­
phasic response from the SCM characterized by a posi­
tive peak at a latency of some 13 msec (PI) from the 
stimulus followed by a negative wave peaking some 10 
msec later (N2; Fig . 1A) [7]. Abnormal results, ranging 
from prolonged latencies to total absence of the re­
sponse, disclose lesions anywhere in the VCR pathway 
[8,9]. 

In MS patients whose disorders of balance could be 
caused by a progressive demyelination of vestibulospi­
nal system nerve fibers, VEMPs recording represents a 
meaningful method to spot new lesions in the brain­
stem, to assess the extent of the vestibular damage, and 
to monitor the evolution of the disease [10-12]. To 
date, no study has yet investigated different VEMPs in­
volvement at different stages of MS. The aim of our 
study was to compare VEMPs in subjects with onset 
and definite MS. 

SUBJECTS AND METHODS 

We recorded VEMPs from 29 patients enrolled from 
the Multiple Sclerosis Department of the Don Gnocchi 
Foundation, Milan, Italy. Of these, 19 were definite MS 
cases according to MacDonald's classification (5 men, 
14 women; age range, 31-59 years; mean age, 45 years), 
and 10 were patients with onset MS (2 men, 8 women; 
age range, 24-35 years; mean age, 29 years). 

The presence of external or middle-ear diseases that 
could interfere with the results had been ruled out in all 
subjects before the test. We requested that each patient 
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be seated on a comfortable chair and keep the head ro­
tated to the side opposite the stimulated ear to activate 
the SCM. We placed the active surface electromyo­
gram electrode on the SCM of the stimulated side and 
referred it to the ipsilateral clavicle, whereas a ground 
electrode was fixed on the upper sternum. 

The VCR was evoked by rarefaction clicks (dura­
tion, 100 msec; loudness, 95 dB normal hearing level; 
rate, 5 Hz) delivered by a pair of headphones in two se­
ries for a total of 200 sweeps. Contralateral narrowband 
masking (90 dB SPL) was adopted. We performed four 
repetitions on each side and made no adjustment for in­
dividual hearing loss. We presented a continuous noise 
of 70 dB to the contralateral ear and performed record­
ings using a standard clinical evoked potential averager 
(Nicolet CA2000, Clackamas, USA) with time bases of 
50 msec. We also twice averaged the responses to both 
series of sweeps, to produce one grand average for each 
side and for each subject. The parameters evaluated 
were presence or absence of the response; latency of 
the first positive (PI) and negative (N2) peaks; inter­
peak latencies (PI-N2); and amplitudes measured peak 
to peak (PI-N2). 

Because the amplitude of the response is influenced 
by the level of SCM contraction, which varies mark­
edly between subjects, we mostly considered the laten­
cies of the peaks, which are more stable and best suited 
to reflect the integrity of the vestibulospinal system 
pathway. Previously, we calculated the normal ranges 
in a normal population of 25 subjects (13 women, 12 
men; mean age, 35.7 years). Normal values were 15.8 ::!::: 

1.5 msec for the PI peak; 25.4 ::!::: 1.8 msec for the N2 
peak; and 9.8 ::!::: 0.8 msec for the P1-N2 interpeak. 

RESULTS 

In definite MS patients, we found VEMPs to be abnor­
mal in 14, absent (on the left side onl y) in 1, and normal 
in the remaining 4. In the onset cases, we found 
VEMPs to be abnormal in 6, presenting bilateral in­
crease of latencies in 3 and having significant right-left 
asymmetry in the remaining 3 (Fig. 2). The interpeak 
latencies (PI-N2) always appeared within normal limits. 

DISCUSSION 

VEMPS recording undoubtedly represents a simple 
method to investigate vestibulospinal pathways integ­
rity [13-15]. In fact, it provides rapid, useful informa­
tion about vestibular and vestibulospinal reflex function. 
In addition, the test can be very important in MS pa­
tients, because they frequently suffer from equilibrium 
disorders related to vestibulospinal system involve-
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Figure 2. Results of vestibular evoked myogenic potentials 
(VEMPs) recordings comparing alterations in onset multiple 
sclerosis (MS) and definite MS patients . Prolonged latencies 
have been recorded in both groups; asymmetry of right-left re­
sponses is more frequent in definite MS cases. In the same 
way , in general, vestibular evoked myogenic potentials are 
more frequently compromised in definite cases than in onset 
cases . 

ment. The main limitations of the test are lack of pa­
tient cooperation , presence of neck stiffness , inability 
of patients to keep the SCM tonically contracted for a 
few seconds, and the presence of external or middle-ear 
diseases (chronic otitis , otosclerosis). All these factors 
have a major influence on VEMPs amplitude. 

Prolonged latencies have been recorded in both 
groups , whereas asymmetry of right-left responses is 
more frequent in definite MS cases. In the same way, 
in general, VEMPs are more frequently compromised 
in definite MS cases than in onset cases. Prolonged PI 
or N2 latencies , abnormalities of the interpeak latencies, 
and a total absence of the response suggest the pres­
ence of lesions in the vestibulocollic pathway, probably 
arising from a progressive demyelination of the nerve 
fibers . 

Previous studies [1,15-17] have shown good corre­
lation in definite MS patients between VEMPs abnor­
malities and brainstem or cerebellar lesions; VEMPs 
were able to detect brainstem dysfunction in cases with 
normal nuclear magnetic resonance (NMR) . In this 
group of onset MS cases, VEMPs were altered in 6 with 
normal NMR findings , and neuroimaging was altered 
in 2 with normal VEMPs. No study published to date 
has compared different stages of the disease. 

Our study shows that in onset MS, VEMPs are less 
altered (60% vs. 80%) than in definite MS subjects. La­
tencies of vestibulospinal reflexes can be prolonged, 
and sometimes the response can be absent , depending 
on the degree of the nervous transmission dysfunction, 
a degree that seems to be correlated with the stage of 
disease . A delay of VEMPs can be attributed to demy­
elination either of primary afferent axons at the root 
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entry zone or of secondary vestibulospinal tract axons, 
rather than to lesions of vestibular nucleus neurons. 

Conversely, when demyelination of the vestibulo­
spinal nerve fibers proceeds during the course of the 
disease, new lesions are produced. Prolonged peak la­
tencies are also found in the early stages of the disease 
when other diseases mimicking MS must be ruled out 
[17]. VEMPs testing can thus be important also as a 
screening test. 

On the basis of our experience, VEMPs recording 
may be considered a useful test for evaluating the func­
tion of the vestibulospinal pathways, both for detecting 
subclinical brainstem lesions in suspected MS patients 
and for monitoring the evolution of the disease. 

REFERENCES 

1. Alpini 0, Pugnetti L, Caputo D, et ai. Vestibular evoked 
myogenic potentials in multiple sclerosis: Clinical and 
imaging correlations. Mult Seier 10(3):316- 321 , 2004. 

2. Bickford RG, Jacobson JL, Cody DTR. Nature of aver­
aged evoked potentials to sound and other stimuli in man . 
Ann NY Acad Sci 112:204-223 , 1964. 

3. Townsend GL, Cody DTR. The averaged inion response 
evoked by acoustic stimulation : Its relation to the saccule. 
Ann Otol Rhinol Laryngol80: 121- 1 31 , 1971. 

4. Cody DTR, Bickford RG . Averaged evoked myogenic re­
sponses in normal man . Laryngoscope 79:400-416 , 1969. 

5. Kushiro K. Saccular and utricular inputs to sternocleido­
mastoid motoneurons of decerebrate cat. Exp Brain Res 
126:410-416 , 1999. 

6. Colebatch JG, Halmagyi GM, Skuse NF. Myogenic po­
tentials generated by a click-evoked vestibulocollic re­
flex. J Neural Neurosurg Psychiatry 57: 190-197 , 1994. 

7. Ferbert Viart C, Soulier N, Dubreil C, Duclaux R. Ves­
tibular evoked myogenic potentials in humans: A review. 
Acta Otolaryngol (Stockh) 119:6-15 , 1999. 

8. Ozeki H, Matsuzaki M, Murofushi T. Vestibular evoked 
myogenic potentials in patients with bil ateral profound 
hearing loss. ORL J Otorhinolaryngol Relat Spec 61 :80-
83,1999 . 

9. Wilson VJ , Schor RH. The neural substrate of the vestib­
ulocollic reflex. What needs to be learned. Exp Brain Res 
129:483-493 , 1999. 

10. Shimizu K, Murofushi T, Sakurai M, Halmagyi M. Ves­
tibular evoked myogenic potentials in multiple sclerosis. 
J Neural Neurosurg Psychiatry 69(2) :276- 277 , 2000 . 

11. Herrera WG. Vestibular and other balance disorders in 
multiple sclerosis . Differential diagnosis of disequilibri­
um and topodiagnostic localization. Neurol Clin 8(2): 
407-420,1990 . 

12. Papathanasiou ES, Pantzaris M, Zamba-Papanicolaou E, 
et al. Neurogenic vestibular evoked potentials in the diag­
nosis of multiple sclerosis . Electromyogr Clin Neuro­
physiol 44(5):313- 317 , 2004. 

13. Bandini F, Beronio A, Ghiglione E, et ai. The diagnostic 



Vestibular Evoked Myogenic Potentials in MS 

value of vestibular evoked myogenic potentials in multiple 
sclerosis. j Neural 251 (5):617-621,2004. 

14. Sartucci F, Logi F. Vestibular-evoked myogenic potentials: 
A method to assess vestibulo-spinal conduction in multiple 
sclerosis patients. Brain Res Bull 59(1):59-63, 2002. 

15. Versino M, Colnaghi S, Callieco R, et al. Vestibular 
evoked myogenic potentials in multiple sclerosis patients. 
Clin NeurophysioI113(9): 1464-1469, 2002. 

International Tinnitus journal, Vol. 11, No.1, 2005 

16. Murofushi T, Shimizu K, Takegoshi H, Cheng PW. Diag­
nostic value of prolonged latencies in the vestibular 
evoked myogenic potential. Arch Otolaryngol Head Neck 
Surg 127(9):1069-1072,2001. 

17. Alpini D, Caputo D, Pugnetti L, et al. Vertigo and multi­
ple sclerosis: Aspects of differential diagnosis. Neural Sci 
Suppl 2:S84-S87, 200 I. 

51 


