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Background and Purpose Galvanic vestibular stimulation (GVS) is a low-cost and safe ex-
amination for testing the vestibulospinal pathway. Human T-lymphotropic virus 1 (HTLV-1)-as-
sociated myelopathy/tropical spastic paraparesis (HAM/TSP) is a slowly progressive disease that
affects the vestibulospinal tract early in its course. This study compared the electromyographic
(EMG) responses triggered by GVS of asymptomatic HTLV-1-infected subjects and subjects with
HAM/TSP.

Methods Bipolar galvanic stimuli (400 ms and 2 mA) were applied to the mastoid processes
of 39 subjects (7=120 stimulations per subject, with 60 from each lower limb). Both the short la-
tency (SL) and medium latency (ML) components of the EMG response were recorded from the
soleus muscles of 13 healthy, HTLV-1-negative adults (56+5 years, mean+SD), and 26 individ-
uals infected with HTLV-1, of whom 13 were asymptomatic (56+8 years) and 13 had HAM/TSP
(60+6 years).

Results The SL and ML EMG components were 5514 and 112+10 ms, respectively, in the
group of healthy subjects, 6116 and 11210 ms and in the HTLV-1-asymptomatic group, and
6718 and 130%3 ms in the HAM/TSP group (p=0.001). The SL component was delayed in 4/13
(31%) of the examinations in the HTLV-1-asymptomatic group, while the ML component was
normal in all of them. In the HAM/TSP group, the most common alteration was the absence of
waves.

Conclusions A pattern of abnormal vestibular-evoked EMG responses was found in HTLV-
1-neurological disease, ranging from delayed latency among asymptomatic carriers to the ab-
sence of a response in HAM/TSP. GVS may contribute to the early diagnosis and monitoring of
nontraumatic myelopathies. J Clin Neurol 2013;9:252-258
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HAM/TSP, galvanic vestibular stimulation.
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Introduction

Vestibular-evoked myogenic potentials (VEMPs) are generat-
ed by a vestibulospinal reflex that can be triggered by acoustic
or galvanic stimuli.' The acoustic stimulus must be intense
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enough to generate a muscular response (e.g., clicks with am-
plitudes of 100 dB nHL), while galvanic vestibular stimulation
(GVS) can vary in intensity and current duration, yet still gen-
erate similar and more robust responses. '

Galvanic vestibular stimulation is applied transcranially, and
more commonly in a binaural configuration. The stimulus af-
fects the firing rates of the irregular primary vestibular affer-
ents, exciting on the negative (cathode) and inhibiting on the
positive (anode) side of the electrodes.** The changes in the



vestibular input, through brainstem-spinal descending sys-
tems (mainly vestibulospinal tracts), exert a strong influence
on body posture.’ Following GVS, the electromyographic
(EMG) response is considered to have a spinal descending
velocity comparable to that of the corticospinal tract.” The
discharges cause reciprocal changes in the activities of the
trunk and limb muscles of both sides, resulting in a lateral
body sway toward the anode, followed by a counteracting
movement.*” The muscle responses to GVS are interpreted as
a protective reflex to maintain postural control following an
unexpected vestibular stimulus, which produces a corrective
and unified response that passes through the descending spi-
nal pathways.® EMG responses have been recorded from the
paraspinal, triceps brachii, tibialis anterior, and soleus mus-
cles. >

The EMG response recorded over the soleus muscle pro-
duces a biphasic response, with the short-latency (SL) com-
ponent initiating at approximately 60 ms after stimulus onset,
followed by the medium-latency (ML) component, which
initiates at around 100 ms after stimulus onset and in the op-
posite polarity to the SL.>*!' These responses are present
only if the tested muscle is engaged in balance control, and
are absent if the individual is seated,” supporting the hypoth-
esis that there is a task-dependent gating of descending ves-
tibulospinal influences.’

The components of the soleus EMG response, although re-
corded consecutively, do not seem to be related to the same
spinal pathway. When the pulse duration of the galvanic cur-
rent was changed from 25 to 400 ms, a proportional increase
in the ML component was observed, while there were no
concurrent changes in the SL component.? In another con-
trolled experiment, the SL component was not affected when
the somatosensory input was reduced through cooling of the
skin on the sole of the foot, while there was an increase in the
ML component.'? Moreover, providing visual information or
finger support in order to increase proprioception did not
change in the SL component but reduced the ML component.
The same pattern of EMG response was found when the head
was bent forward to diminish the dynamic effect under the
semicircular canals."® Ageing is the critical factor associated
with a reduction in the amplitude of the SL component and
an increase in the amplitude of the ML component; these
changes are caused by the senescent decrease in the irregular-
ly discharging primary afferents related to fast conduction."
These findings suggest that the SL component of the soleus
EMG response is a stable and direct measure of the vestibulo-
spinal reflex,>"* and that different vestibular end organs proj-
ect via separate spinal pathways to reach their target motor
neurons. The assumption is that the SL component of the re-
sponse is driven from the otolith organs to the reticulospinal
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tract, whereas the ML component is driven from the semicir-
cular canals to the vestibulospinal tract."

Galvanic vestibular stimulation is a safe, low-cost, and easi-
ly reproducible examination that has been studied intensively
by physiologists in experiments with both humans and other
animals, which has increased knowledge of the entire vestibu-
lar system. Since this examination tests the neurophysiological
integrity of vestibular-related descending tracts, we believe it
may be useful for the diagnosis of nontraumatic myelopathies
in their initial phase.

The model of spinal disease studied here was human T-cell
lymphotropic virus type 1 (HTLV-1)-associated myelopathy/
tropical spastic paraparesis (HAM/TSP). There is epidemio-
logical evidence for a causal association between HTLV-1 in-
fection and HAM/TSP, and the geographic distribution of the
virus is characterized by clusters of seropositivity, with its
prevalence being highest in Japan, Africa, the Caribbean is-
lands, and South America.'® This slowly progressive myelopa-
thy predominates at the lateral column and at the ventral por-
tion of the posterior column, particularly from the middle to
lower thoracic levels.'” The diagnosis of HAM/TSP is general-
ly late and currently based on clinical criteria and the detec-
tion of HTLV-1 antibodies in the serum or cerebrospinal flu-
id."® Strategies for the early diagnosis of HAM/TSP have been
widely studied because of epidemiological and future thera-
peutic implications. With a view to reducing the time to diag-
nosis, it has been demonstrated that triggering VEMPs by au-
ditory stimulation is a valuable test for investigating cervical
myelopathy in HAM/TSP."”

This study compared soleus EMG responses triggered by
GVS in asymptomatic HTLV-1 carriers and HAM/TSP indi-
viduals, with the objective of testing the hypothesis that GVS
may evoke an abnormal EMG response in apparently asymp-
tomatic HTLV-1 carriers, whose response patterns may differ
with the degree of neurological damage.

Methods

Participants
The Interdisciplinary Research Group on HTLV-1/2 [Global
Institute of Public Health (GIPH)] is currently investigating
the natural history, clinical manifestations, and epidemiologi-
cal aspects of HTLV infection.?*?' This group has been follow-
ing individuals infected with HTLV in the state of Minas
Gerais, Brazil, in an open cohort since 1997, with over 570
HTLV-infected and noninfected (healthy control group) indi-
viduals presently being followed for more than 10 years.”
The seroprevalence of HTLV-1 infection among former blood
donors in Minas Gerais is 0.32%.%

For this sectional study, a total of 39 participants from the
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GIPH cohort submitted to GVS, and their EMG responses
were recorded from the soleus muscle of each lower limb. The
participants had no previous history of either middle-ear or
vestibular disease and were not taking any vestibular suppres-
sant medication at the time of the study. The control group
comprised 13 HTLV-1-negative individuals aged 5615 years
(meantSD). The group infected with HTLV-1 comprised 26
individuals, who were divided into two subgroups: 13 were
clinically asymptomatic and aged 56%8 years, and 13 had a
definite diagnosis of HAM/TSP and were aged 6016 years.
The subjects with HAM/TSP were all able to remain standing
without assistance (standing is essential for recording VEMPs
from the lower limbs).>?

This research was conducted in accordance with Resolution
196/96 of the National Health Council, and was approved by
the Federal University of Minas Gerais Ethics Committee, un-
der review no. ETIC 0437.0.203.000-10. All subjects provided
written informed consent to participate.

Galvanic stimulation and procedures
Galvanic vestibular stimulation comprised direct, monophasic,
and rectangular current pulses with an amplitude and duration
of 2 mA and 400 ms, respectively (model EvP4/ATCPlus,
Contronic, Pelotas, Brazil). The stimuli were delivered at
random intervals of 4-5 s, and responses to a total of 120
stimulations were averaged. The bipolar current was applied
to the mastoid bones using 3-cm-diameter self-adhesive sur-
face electrodes (model CF3200, ValuTrode, Axelgaard, Fall-
brook, CA, USA). Both of the following current stimulation
polarities were used for transmastoid binaural stimulation:
cathode left/anode right (CLAR), and cathode right/anode left
(CRAL). The stimulus polarity was computer-controlled and
randomized across trials. The earth electrode was placed over
the sternum. GVS was divided into four blocks of 30 stimuli
each, with 30 responses recorded from the left lower limb (15
CLAR stimuli and 15 CRAL stimuli) and 30 from the right
lower limb (15 CLAR stimuli and 15 CRAL stimuli). To en-
sure repeatability, the procedure was repeated consecutively in
all participants, totaling 60 stimulations from each lower limb.
During the examination, the subjects remained standing in
bare feet on a flat surface with their eyes closed, feet close to-
gether, and body slightly bent forward so as to contract the so-
leus muscle. Subjects were instructed to rotate their head at ap-
proximately 90° from the sagittal plane, contralateral to the
lower limb from which the EMG signals were to be measured,
because responses are stronger and more consistent in the low-
er limb contralateral to the direction of head rotation.®

EMG recording and analysis
Electromyographic activity was measured using self-adhesive
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electrodes (model MediTrace 300, Kendall, USA). Each pair
of recording electrodes was placed vertically at 2 cm below the
popliteal fossa and separated by approximately 1 cm. The ref-
erence electrode was attached to the back of the thigh approxi-
mately 3 cm above the upper recording electrode (Fig. 1). The
electrodes were moved from one lower limb to the other after
each 30-stimulus block. A sufficient rest period between blocks
was provided to prevent muscle fatigue.

The EMG signals were averaged, rectified, band-pass fil-
tered between 10 Hz and 1 kHz, and digitized at a sampling
frequency of 5 kHz. The data were collected during successive
500-ms periods, starting 100 ms before the galvanic stimulus.
The responses were observed in real time during each exami-
nation (Fig. 2).

The analysis of EMG responses was based on the lower limb
with a contralateral head rotation. Averaged traces for the two
electrode-placement combinations were superimposed after
digital filtering and subtraction of the prestimulus rectified

Fig. 1. Procedure for eliciting the soleus EMG response under
GVS. The active electrodes were placed vertically on the skin sur-
face around the soleus muscle at 2 cm below the popliteal fossa
and separated by approximately 1 cm. The reference electrode was
attached to the back of the thigh approximately 3 cm above the up-
per recording electrode. EMG: electromyographic, GVS: galvanic
vestibular stimulation.



EMG traces. The responses that inverted their polarity in the
face of stimulation under both polarity conditions (i.e., CRAL
and CLAR) were considered to be vestibular in origin.>* The
latencies of the two soleus response components related to the
vestibular-evoked reflex (SL and ML) were examined visual-
ly and measured using the cursor. The SL component was con-
sidered as any response elicited between 40 and 70 ms after
stimulus onset that had an inverted trace and a reversing stim-
ulus polarity; the polarity of the ML component was opposite
that of the SL component, and it occurred about 100 ms after
stimulus onset.>* The first divergence on the traces was marked
as the onset of the SL component. In each sequence the traces
returned to baseline and then diverged again. The second diver-
gence on the traces marked the onset of the ML component.
The end of the response was defined as the point at which the
traces finally returned to the baseline level (Fig. 2). The aver-
ages of the two sets of replicated responses for each participant
were calculated to determine single values for the SL and ML
components.

Data analysis

The dependent variables were the onsets of the SL and ML
components, and wave presence or absence.'* An abnormal re-
sponse was identified when at least one of the following condi-
tions was observed: 1) a delayed latency relative to the values
observed for the control group of healthy subjects (with a de-
viation exceeding mean+2SD) or 2) wave absence based on an
undetectable response (Fig. 3). The analysis was carried out by
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two separate examiners who were blind to the HTLV-1 status-
es of the subjects. Amplitude was not considered in this study
since it is influenced by age and muscular strength and so could
have acted as a confounding factor in the analysis."

Statistical analyses were performed using the Statistical
Package for the Social Sciences for Windows version 18.0
(SPSS Inc., Chicago, IL, USA). ANOVAs with contrasts
were performed using SL and ML components as dependent
variables and HTLV-1 groups as fixed factors. The Bonferroni
correction was used to account for the multiple comparisons
tests. Significance was set at p<0.05. Between-group compari-
sons for categorical variables were conducted using the Pear-
son chi-square test (or the Fisher test, when small samples
were involved).

Results

The 13 HTLV-1-negative healthy subjects were aged 56+5
years, the 13 asymptomatic HTLV-1 carriers were aged 5618
years, and the 13 HAM/TSP subjects were aged 6016 years.
All three study groups comprised three men and ten women.
The EMG response had the same shape for all participants
in the control group, with SL and ML components of 55+4 and
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Fig. 2. Signals captured from the right soleus muscle. The thick line
indicates the response from the anode placed over the right mas-
toid process, and the thin line is the response from the anode on
the left side. The SL arrow indicates the onset of the short-latency
response; the ML arrow indicates the end of the short-latency re-
sponse and the onset of the medium-latency response. ML: me-
dium latency, SL: short latency.

Fig. 3. The EMG responses followed a pattern of alteration that
started with an increase in the latency of the SL component fol-
lowed by an increase in the latency of the ML component. The la-
tencies were longer for the HAM/TSP group than for the HTLV-1-
asymptomatic and control groups. p=significance probability (-
test). HTLV-1: Human T-lymphotropic virus 1, ML: medium latency,
SL: short latency.
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112£10 ms, respectively (Fig. 2). The SL and ML components
were 6116 and 112210 ms, respectively, in the asymptomatic
HTVL-1 group, and 67£8 and 130+3 ms in the HAM/TSP
group (Fig. 3). The latency of the EMG SL component was
prolonged in the subjects with asymptomatic infection, where-
as in the subjects with HAM/TSP the pattern varied from a
prolonged latency of both components to complete absence
of an evoked response (Fig. 4).

The frequency of occurrence of an abnormal lower-limb SL
responses in at least one of the legs was 4/13 (31%) among the
HTLV-1-asymptomatic carriers and 13/13 (100%) among the
HAM/TSP subjects. Conversely, the ML component was nor-
mal in the asymptomatic group and altered in the HAM/TSP
group, in which the most common finding was the absence of
a response. Table 1 lists the types of alteration of the EMG re-
sponse observed in this study.

Comparison of EMG responses between HTLV-1 asymp-
tomatic carriers and HAM/TSP subjects revealed that they var-
ied along a spectrum from normal to anomalous. The altera-
tion was first observed in the SL component, followed by the
ML component, and ultimately in a complete absence of an
evoked response.

Discussion

This study evaluated VEMPs generated by galvanic stimula-
tion in individuals infected with HTLV-1, with or without my-
elopathy, and analyzed the electrophysiological aspects of the
vestibulospinal pathway. The vestibulospinal tract has not been
routinely assessed in clinical practice, although balance disor-
ders are being more common due to many factors, including
overall population ageing. The vestibulospinal tract forms part
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Fig. 4. The upper trace shows the delayed response of the SL component, which was the most common alteration observed in the HTLV-1-as-
ymptomatic group. The lower trace shows the absence of a response, which was the most common alteration observed in the HAM/TSP group.
HAM/TSP: HTLV-1 associated myelopathy/tropical spastic paraparesis, HTLV-1: Human T-lymphotropic virus 1, SL: short latency.

Table 1. Distribution of altered galvanic vestibular response of the groups infected with HTLV-1 (13 asymptomatic and 13 HAM/TSP) accord-

ing to side and the type of alteration (latency delay or absence of wave)

HTLV-1 positive n (%)

Galvanic vestibular response Asymptomatic HAM/TSP
Normal Latency delay No Wave Normal Latency delay No wave
Right leg SL 9 (69) 4(31) 0 (0) 0 (0) 2 (15) 11 (85)
ML 13 (100) 0 (0) 0 (0) 0 (0) 6 (46) 7 (54)
Left leg SL 10 (77) 3(23) 0 (0) 0 (0) 2 (15) 11 (85)
ML 13 (100) 0 (0) 0 (0) 0 (0) 4 (31) 9 (69)
Right and Left leg* SL 9 (69) 4(31) 0 (0) 0 (0) 0 (0) 13 (100)
ML 13 (100) 0 (0) 0 (0) 0 (0) 4(31) 9 (69)

*Abnormal exam in one of the lower limbs defined abnormal status.

HAM/TSP: HTLV-1 associated myelopathy/tropical spastic paraparesis, HTLV-1: Human T-lymphotropic virus 1, ML: medium latency, SL:

short latency.
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of the descending spinal pathways, along with the reticulospi-
nal and corticospinal tracts.>” Hashimoto et al.** studied the in-
tegrity of the corticospinal tract in individuals with HAM/TSP
using evoked motor potentials elicited by transcranial magnet-
ic stimulation. Despite consistent results showing delayed mo-
tor responses, which could improve the diagnosis of HAM/
TSP and help predict the progression and outcome of the dis-
ease, the high cost of this method of stimulation limits its ap-
plications in clinical practice.

EMG responses vary in HTLV-1 infection
according to the extent of neurological
alterations

A model of neurological disease with individuals who were at
different clinical phases (asymptomatic and with HAM/TSP)
was used in the present study to investigate alterations in the
EMG response. These alterations ranged from prolonged la-
tencies to undetectable responses, which may indicate that the
damage to the vestibulospinal tract in this disease is progres-
sive.

The findings of two studies that used GVS to evaluate trau-
matic spinal cord injury were consistent with a response laten-
cy delay in minor trauma and an undetectable response in ma-
jor trauma, and corroborate the present results.'®!> Liechti et
al."” evaluated soleus EMG responses in six individuals with
incomplete spinal cord injury due to trauma and concluded that
the prolonged ML response latency was caused by lesions in
the vestibulospinal pathway.

The independent but correlated responses of the two soleus
EMG response components is supported by the results of ex-
periments that analyzed the factors that change the latency or
the shape of each component separately.>'>'* The first compo-
nent (i.e., SL) represents the mechanisms of fast conduction as-
sociated with the reaction of the balance system evoked by a
pure vestibular perturbation, while the second component (i.e.,
ML) is more elaborate and polysynaptic, and is susceptible to
changes in the external environment.” It seems that HTLV-
1-related neurological damage affects the SL-component path-
way first. Interestingly, the inflammatory process that charac-
terizes this neurological disease starts at the large myelinated
fibers of the corticospinal tract, which are related to the fast
conduction velocities associated with the SL component.”!”?

EMG responses correlated with clinical aspects
of HAM/TSP

A small proportion (4%) of asymptomatic carriers will eventu-
ally develop HAM/TSP, which has prompted immunological
and clinical studies aimed at identifying a prognosis biomark-
er.” Dizziness is a frequent complaint in HAM/TSP when
compared with the clinical features of other nontraumatic my-
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elopathies, and reportedly appears earlier than other common
symptoms such as bladder disorders.”® The morphological al-
terations caused by HAM/TSP suggest explanations for the
cause of dizziness.'"” HAM/TSP is an inflammatory myelop-
athy that is almost restricted to the descending spinal path-
ways.” The damage to the reticulospinal and vestibulospinal
tracts, both of which are associated with balance control, may
explain the high frequency of dizziness in HAM/TSP sub-
jects.”” Subclinical alterations can occur among the asymptom-
atic HTLV-1-infected population.'”!® Therefore, the EMG ab-
normalities detected in subjects who appear to be asymptomatic
may be used as a sign to predict HAM/TSP. Vestibular-evoked
EMG responses that differ according to the progression of neu-
rological disease, from asymptomatic carriers to patients com-
plaining of walking difficulty, and finally to patients with def-
inite HAM/TSP. Felipe et al." tested the cervical spine of
HTLV-1-infected individuals using VEMPs triggered by in-
tense acoustic stimuli, and two parameters were considered
for comparison: latency prolongation and lack of an EMG re-
sponse. Delayed latency was detected in 50% of the apparent-
ly asymptomatic carriers, while lack of an EMG response pre-
dominated in 80% of individuals with HAM/TSP. The present
study used galvanic stimuli instead of acoustic stimuli; the ad-
vantage of the former is that it reaches the lumbar spine, where-
as the latter triggers responses of the vestibulospinal tract only
up to the second cervical spinal nerve. In accordance with the
results of Felipe et al.,”” in the present study, latency prolonga-
tion predominated in asymptomatic carriers, whereas the ab-
sence of an EMG response predominated in HAM/TSP sub-
jects. These findings support the presence of a correlation
between neural conduction and the type of EMG alteration.
Severe and massive neural lesions usually lead to total conduc-
tion failure with no EMG response, known as conduction
block, and delayed evoked responses have traditionally been
attributed to impaired focal conduction.”®

GVS-evoked responses may play a role

in nontraumatic myelopathy

To our knowledge, GVS has not previously been considered
for evaluating nontraumatic myelopathies. The physiopatholo-
gy of HAM/TSP is associated with an inflammatory network,
but unlike other infectious diseases such as schistosomal my-
eloradiculopathy, for which the treatment is curative,” no ef-
fective treatment is available yet for HAM/TSP. Schistosom-
al myeloradiculopathy is endemic in many developing
countries, including some areas of Brazil, and similarly to
HAMY/TSP the damage predominates at the thoracic and lum-
bar spinal cord level.** The prognosis is better upon early
treatment, and relapse is challenging because it can lead to
worse sequelae.”* The results of the present study show that
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GVS can uncover subclinical HTLV-1 disease or relapse, and
its implementation in clinical practice may therefore improve
monitoring of the functional outcome of this disease.

In conclusion, GVS is useful for detecting spinal cord le-
sions, since 100% of the subjects with HAM/TSP in this study
had altered EMG responses to GVS, and these alterations in
EMG response were observed even at an apparently asymp-
tomatic stage of the infection. The accuracy of this diagnostic
tool may be better determined by examining the VEMP patterns
of individuals with asymptomatic HTLV-1 infection, and their
risk of developing HAM/TSP.
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