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THE MOTOR EVOKED POTENTIAL
IN AIDS AND HAM/ TSP

State of the evidence

Fidias E. Leon-Sarmiento’ Mohamed Elfakhani’*, Nash N. Boutros®

Abstract — Objective: We aimed to better understand the involvement of the corticospinal tract, assessed by
non-invasive transcranial stimulation, in order to determine the actual involvement of the motor system in
patients with HAM/TSP and AIDS.  Method: An exhaustive MEDLINE search for the period of 1985 to 2008
for all articles cross-referenced for “HTLV-I, HTLV-II, HTLV-IIl and HIV, HIV1, HIV2, evoked potential, motor
evoked potential, high voltage electrical stimulation, transcranial magnetic stimulation, magnetic stimulation,
corticomotor physiology, motor pathways, acquired immunodeficiency syndrome, AIDS, SIDA, tropical spastic
paraparesis, HTLV-I-associated myelopathy, HAM, TSP, and HAM/TSP” were selected and analysed. Results:
Eighteen papers published in English, Spanish, Portuguese, French and Japanese were identified. Only the central
motor conduction time has been analyzed in seropositive patients to human retroviruses. The investigations
done on HAM/TSP support the involvement of the pyramidal tract mainly at lower levels, following a
centripetal pattern; in AIDS, such an involvement seems to be more prominent at brain levels following a
centrifugal pattern.  Conclusion: The central motor conduction time abnormalities and involvement differences
of the corticospinal tract of patients with AIDS and HAM/TSP dissected here would allow to re-orient early
neurorehabilitation measures in these retroviruses-associated neurodegenerative disorders. Besides this,
more sophisticated and sensitive non-invasive corticospinal stimulation measures that detect early changes
in thalamocortical-basal ganglia circuitry will be needed in both clinically established as well as asymptomatic
patients at times when the fastest corticospinal fibers remain uninvolved.

KEY WORDS: AIDS, HAM/TSP, HIV, HTLV-I, transcranial magnetic stimulation, non-invasive transcranial
stimulation, pyramidal tract.

El potencial evocado motor en SIDA y HAM/PET

Resumen - Objetivo: Investigar el compromiso del tracto piramidal, evaluado por estimulacion trascranial no
invasiva, en pacientes afectados por SIDA y HAM/TSP.  Método: Se realizé una busqueda en la base de datos
MEDLINE, que abarcé el periodo de 1985 a 2008; se incluyeron los términos “HTLV-I, HTLV-II, HTLV-IIl and HIV,
HIV1, HIV2, evoked potential, motor evoked potential, high voltage electrical stimulation, transcranial magnetic
stimulation, magnetic stimulation, corticomotor physiology, motor pathways, acquired immunodeficiency
syndrome, AIDS, SIDA, tropical spastic paraparesis, HTLV-l-associated myelopathy, HAM, TSP, and HAM/
TSP”.  Resultados: Se obtuvieron 18 articulos publicados en inglés, espariol, portugués, francés y japonés.
El tiempo de conduccion central es el Gnico parametro que se ha estudiado en individuos seropositivos a
retrovirus humanos. Las investigaciones hechas en HAM/PET apoyan el compromiso del tracto piramidal,
principalmente a nivel dorso-lumbar, de manera centripeta. En SIDA, el compromiso parece ser mas prominente
a nivel cortical, siguiendo un patrén centrifugo. ~ Conclusion: El conocer las diferencias en el compromiso
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y anormalidades del tracto corticoespinal de los pacientes con SIDA y HAM/TSP podran ser dtiles para
reorientar la neurorehabilitacion temprana en estos desérdenes neurodegenerativos asociados a retrovirus.
De otro lado, evaluaciones mas sensibles y sofisticadas del sistema piramidal, que permitan detectar cambios
tempranos en los circuitos talamocorticoganglionicos seran mandatarios de realizar a partir de la fecha, bien
sea que los individuos estén asintomaticos o no, en estadios clinicos donde las fibras corticoespinales rapidas

no estén aun comprometidas.

PALABRAS-CLAVES: AIDS, HAM/TSP, HIV, HTLV-|, trascranial magnetic stimulation, non-invasive transcranial

stimulation, pyramidal tract.

HTLV-1 and HIV, initially termed HTLV-1II', are con-
sidered the exogenous retroviruses most pathogenic to
humans®’. HTLV-1 was associated, in 1985, with a neurolog-
ical disorder characterized by walking difficulties, sphinc-
ter dysfunction and spasticity affecting mainly the low-
er limbs (LL) and called tropical spastic paraparesis (TSP)
in the West Indies*. Simultaneously, Osame et al.’ found
a similar association with a myelopathy endemic around
southern Japan and called it HTLV-I associated myelopa-
thy (HAM). Shortly following, it was recognized that these
disorders were the same clinical entity®. Over the years,
it has been increasingly recognized that the neural in-
volvement of HAM/TSP is more widespread than initially
thought, reaching supraspinal areas of the central nervous
system (CNS)™. HIV, on the other hand, has been linked
to a number of pathologies, most of which are considered
due to opportunistic infections associated with different
clinical pictures of immunodeficiency, neural involvement
being an important aspect at the cortical and subcortical
levels>*®. In 1985, near the beginning of the HIV era, it was
also found that early HIV seroconversion affects the spi-
nal cord leading to clinically progressive spastic parapa-
resis and sensory ataxia”™. Interestingly enough, also in
1985, it became possible to study the human corticospinal
tract using a technique called transcranial magnetic stim-
ulation (TMS)*®. When a large current pulse is sent through
a coil, it penetrates the skull with much less discomfort
than that produced by high voltage electrical stimulation
(HIVES)", used initially to probe the human corticospinal
tract in intact brain®. Electromagnets placed on the scalp
generate magnetic field pulses of about 100 ©s and are ap-
proximately 2.0 T in strength; when applied to motor cor-
tex, the descending volleys stimulate corticospinal path-
ways allowing for recording activity in the corresponding
muscles by means of surface or needle electrodes.

Different applications have been developed to study
the CNS using TMS. Among these, central motor con-
duction time (CMCT) has been investigated since the be-
ginning of TMS research using single pulses?2. CMCT is
defined as the difference in the onset latency between
the MEPs elicited by scalp and those elicited by cervical
stimulation and/or the onset latency difference between
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scalp and lumbar stimulation which is measured for up-
per limbs (UL) and/or LL. Thoracic CMCT is defined by
subtracting UL-CMCT from LL-CMCT. More sophisticat-
ed applications have emerged over time including pairs
and trains of stimuli that have allowed for increasing our
knowledge of neural behavior and connections as well as
its plastic modulation™?”,

In order to determine the actual clinical and subclin-
ical involvement of the motor system in patients affect-
ed by exogenous retroviruses and the clinical correlates,
if any, we examined the literature in which at least one of
these non-invasive brain stimulation techniques (HIVES,
TMS or both) was used to examine patients with AIDS and
HAM/TSP. The results demonstrated selective effects of
HTLV-1and HIV in the corticospinal tract of affected peo-
ple. Such findings might be helpful in defining future re-
search in these neurodegenerative disorders.

METHOD

An exhaustive MEDLINE search was performed for the peri-
od of 1985 to 2008 for all articles cross-referenced for “HTLV-I,
HTLV-II, HTLV-1Il and HIV, HIV1, HIV2” Additional searches were
conducted using the terms, “evoked potential, motor evoked po-
tential, high voltage electrical stimulation, transcranial magnet-
ic stimulation, magnetic stimulation, corticomotor physiology,
motor pathways, acquired immunodeficiency syndrome, AIDS,
SIDA, tropical spastic paraparesis, HTLV-I-associated myelopa-
thy, HAM, TSP, and HAM/TSP”. Articles referenced in these ar-
ticles having a motor evoked potential (MEP) description were
also reviewed and review articles were used to identify addition-
al original research articles. Papers published in English, Spanish,
Portuguese, French and Japanese were analyzed. The following
information was identified from each article: number of patients,
number of controls, serological state, clinical stage of patients
and neurological involvement. Regarding the MEP, latencies and
amplitudes were considered and the CCMT was taken into ac-
count. Other more sophisticated TMS measures obtained with
both single and paired stimuli, if any, were also included.

RESULTS
Eighteen papers were found reporting MEP val-
ues from HTLV-I and HIV positive patients, and only the
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Table. Summary of non-invasive transcranial stimulation studies done in patients seropositive to the exogenous retrovirus HTLV-I and HIV.

Reference M NP TS PB LP
Hugon et al. 1987" TSP 7 HIVES Ivory Coast E
Hugon et al. 1989* TSP 3 HIVES Ivory Coast E
Ugawa et al. 1988* HAM/TSP 4 HIVES Japan E
Ugawa et al. 1988 HAM/TSP 4 HIVES Japan J

Tomita et al. 1989* HAM/TSP 8 HIVES Japan E
Tomita et al. 1989 HAM/TSP 7 HIVES Japan E
Young et al. 19987 HAM/TSP 18 TMS Jamaica E
Suga et al. 1999 HAM/TSP 21 TMS Japan E
Hashimoto et al. 2000*° HAM/TSP 4 TMS Japan E
Shimizu et al. 2001*° HAM/TSP 13 T™MS Japan E
Andrade 2005% HAM/TSP 42 TMS Brazil P
Zandrini et al. 1990” AIDS 58 TMS NR E
Moglia et al. 1991%% AIDS 71 TMS NR E
Parisi et al. 19922 AIDS 40 TMS NR E
McAllister et al. 19927 AIDS 44 TMS NR E
Arendt et al. 1992% AIDS 42 TMS NR E
Grapperon et al. 1993 AIDS 28 T™MS NR F

MI: medical illness; NP: number of patients; TS: type of stimulation; PB: place of birth; LP: language of paper’s publication; E: english; F: french; J: japanese; P: portugues; NR:
not reported; one patient had HAM; *it seems that some of the patients investigated by mean of TMS were also studied with HIVES; however, no clear description of it

was done in the original publication.

CMCT has been investigated. Five papers used HIVES only
in HTLV-I affected patients, one paper investigated both
HIVES and TMS in a group of HIV patients and the re-
mainder used TMS only (Table). All HTLV-I positive sub-
jects had clinically (symptomatic) established HAM/TSP.
In HIV research, the MEP of neurologically symptomatic as
well as asymptomatic HIV positive patients were studied.
When both types of patients were investigated, their data
were pooled and analyzed all together by some groups;
thus, it was not possible to know correlations of neuro-
logical complications, if any, in the measures reported
as a group”?. Only one paper on HIV reported motor
threshold measurements, but actual values were not giv-
en”. Two papers, one on HIV and another on HTLV-I, took
into account the height of subjects, an important con-
founding factor in CMCT measurement®**%, The MEPs
obtained by TMS were investigated in three groups of
HIV patients and in two groups of HTLV-I patients, while
subjects performed voluntary muscle contractions of
target muscles®??*?"; of these, two HIV groups and one
HTLV-I group were found abnormal. Technical informa-
tion on type of coils, place of stimulation and recording
was incompletely described, so further analysis on this is-
sue could not be undertaken. From the papers published,
it could be said that in approximately 131 HAM/TSP and
404 HIV positive patients, the pyramidal tract was inves-
tigated by means of non-invasive transcranial stimulation.

Two papers reported MEP in HIV positive individuals but
did not give the actual number of patients and controls
investigated”*”. Only four papers reported the serologi-
cal test used for defining HTLV-I and HIV positivity and
no papers looked for possible cross-reactions>* with oth-
er germens present, sometimes, in some patients. Actual
pictures of MEP findings on HTLV-I positive patients were
presented by Ugawa et al.**, Hugon et al.*, Tomita et al.**”
and Hashimoto et al.*® on HTLV-I positive patients, and on
HIV positive patients by Arendt et al.** only.

HTLV-I

CMCT was significantly prolonged in HAM/TSP sub-
jects living in Jamaica, by 96 % and 41% in the LL and upper
limbs respectively?. This prolongation was significant in
moderate disease stage, and mostly in UL with no corre-
lation with symptom duration. Prolongation of MEP laten-
cies was greater in earlier stages of disease probably as-
sociated with loss of fibers in the descending pathways?®.
MEP amplitudes from patients were lower than controls
in LL. A study done in Japanese patients®® showed pro-
longation of MEP in 73.8% of LL and 17.6% of UL with-
out correlation with clinical findings nor with central con-
duction sensory time either, suggesting that corticospinal
and posterior columns involvement are independent le-
sions®. Opposite to this, Shimizu et al.* found, also in Jap-
anese patients, that CMCT in LL and UL were significant-
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ly prolonged and correlated with central motor conduc-
tion sensory time from LL and UL. The CMCT in UL corre-
lated with the severity of disease which was interpreted
as a result of the rostro-caudal severity of disease®. Like-
wise, there was a correlation of thoracic and LL CMCT
with F wave/M wave amplitude ratio from LL interpreted
as disinhibition of the anterior horn cells in patients with
HAM/TSP¥. Out of 42 Brazilian patients investigated with
TMS, 37 had an abnormal MEP; all of them had LL abnor-
malities” either alone or in combination with UL abnor-
malities. No correlation was found with disease duration.
This study also found a very close frequency of abnor-
malities in the posterior spinal cord using SSEP. Hashim-
oto et al.’® investigated MEP elicited in paraspinal mus-
cles of four Japanese patients with HAM/TSP recorded
at the Th3, Thé, Th9 and Th12 vertebral levels. They found
prolonged MEP latencies bilaterally and decreased con-
duction velocity of thoracic spinal cord between Th3 and
Th12. On the other hand, MEP obtained with HIVES found
prolonged CMCT in LL but not in UL of Japanese patients
investigated by Ugawa et al.***° and by Tomita et al.**”
with no clinical correlations reported. Investigations done
in the Ivory Coast found CMCT prolongation in UL and LL
but no clinical correlations were reported either®®*.

HIV

Three studies reported abnormalities in the CMCT
of HIV positive patients. However, two of them®”' found
such abnormalities while patients were doing voluntary
muscle contraction. Moglia et al.”* found a CMCT prolon-
gation that ranged from 44% to 72% of patients tested,
though it was not clear whether these abnormalities cor-
related with clinical symptoms since the data from both
neurologically asymptomatic and symptomatic patients
were pooled. Zandrini et al.” investigated HIV seroposi-
tive and seronegative intravenous drug addicted (IVDA)
subjects and matched them with healthy controls. HIV
seronegative IVDA patients had normal CMCT but sero-
positive patients had prolonged CMCT in 46.1% and 47.3%
with clinical symptoms classified as CDC stage Il and stage
Il respectively’. Patients having prolonged CMCT pro-
gressed to successive stages of disease in higher propor-
tion than those having normal CMCT. According to the
authors, “73% of CDC group Il and 55% of CDC group I
having abnormal CMCT values tended to progress more
rapidly to AIDS stages”. No clinical clue was given to
understand the progression rate noted. The third study
reporting abnormalities was done by Parisi et al.*2, who
found up to 20% CMCT abnormalities; however the scar-
city of data published did not allow for a more detailed
analysis. These studies contrasted with others**”*** that
did not find CMCT abnormalities in neurologically asymp-
tomatic and symptomatic patients despite up to three

25,31,32
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years of follow up with some patients [42]. On the other
hand, Moglia et al.”?, applied HIVES to 87 patients who had
mixed clinical CDC stages and also found a prolongation
of CMCT. Correlation with TMS studies or clinical findings
obtained from the same group of patients was not done.

DISCUSSION

This study shows interesting similarities and differenc-
es in the neurological effects of the so-called human ret-
roviruses in the neural transmission of human corticospi-
nal tracts. In HTLV-I affected patients, the main abnor-
mality was the delay of CMCT due to major corticospinal
tract involvement between lower cervical and lumbar spi-
nal cord (Figure)*>*® in regions controlling LL with less in-
volvement at cervical levels. These abnormal, albeit con-
sistent, findings on HAM/TSP fit well with the abnormal-
ities around the mid-thoracic and lumbar regions found
in neuroimaging and pathological investigations described
elsewhere on this disorder*. In these latter studies, it has
been demonstrated that the main lesion is atrophy of lat-
eral columns at around the thoracic level**.

TMS abnormalities in HAM/ TSP were considered not
due to peripheral nerve conduction dysfunction, which,
if present, follows a vasculitic-like mechanism**, nor
due to axonal damage clearly observed in pathological
reports**° but rather as mild slowing cortico-lumbar and
cortico-cervical pathways and increased probability of
multiple sites of demyelinization in longer axons®, in a
rostro-caudal progression of disease reaching cervical spi-
nal cord late in disease progression. However, some pa-
tients debut with the disease at the cervical spinal cord
level, leaving still unanswered the issue of whether this is
a primary or secondary finding in the disease process®*".
The lack of a relationship of MEP abnormal findings with
“chronic” but not with “moderate” involvement, suggest-
ed a critical point of degeneration of neural pathways in-
volved with motor responses in HAM/TSP*.

The extension of the disease process is still under de-
bate. With TMS, some studies showed pyramidal tract in-
volvement correlated with abnormalities in the posteri-
or columns of the spinal cord measured by somatosenso-
ry evoked potentials but not in others. In the first case, a
widespread inflammation reaching the posterior columns
was considered”. Others suggested that the involvement of
posterior and lateral columns is an independent degenera-
tive process. We would favor the first hypotheses because
it has been demonstrated, in recent neuropathological re-
search that the entire CNS is affected simultaneously*®.,
Thus, the lack of correlation between CMCT obtained
by TMS and somatosensory evoked potentials, in some
groups of patients, could be due more to disease du-
ration than the anatomical distribution of the lesion.

Clinical correlations were uneven due to lack of ap-
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Figure. Schematic representation of the corticospinal tract involve-
ment in AIDS and HAM./TSP. In AIDS, brain is more affected than
lower spinal cord in a top to down direction, and in HAM/ TSP the in-
volvement is larger at lower levels of the spinal cord and it decreases
following a down to top direction. B: brain; P: pons; S: spinal cord.

propriate measures in some studies or failure to study pa-
tients with a standard clinical scale. However, TMS might
be useful to monitor disease progression and therapeu-
tic measures, mostly at earlier stages of disease, when im-
paired axonal flow just starts and long before a ceiling ef-
fect of degeneration has appeared®.

Despite the fact that axonal changes happen early
in disease in HAM/TSP***°, the demyelination process
as well as the clinical course described throughout the
years resembles multiple sclerosis®**. MEP abnormalities
in paraspinal muscles were found consistently abnormal,
the lesion being more bilateral in HAM/TSP compared to
multiple sclerosis; however, the small sample of patients
investigated precluded advancing conclusions about the
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paraspinal involvement of HAM/TSP***. In any event,
CMCT, and likely, conduction velocity to paraspinal mus-
cles obtained with TMS, may be added to the laboratory
investigations suggested elsewhere®**** in helping differ-
entiate these two disorders, mostly in places where they
could overlap in the general population®™™®,

In HIV-seropositive subjects, CMCT abnormalities
were not found as consistently as in HTLV-I seropositive
patients. Indeed, motor pathway involvement was null
in some series while others detected abnormalities in
up to 72%. However, some of the abnormalities report-
ed suggest a supraspinal involvement due very likely to
lack of inhibitory silent period-like mechanisms®. In two
groups®?, abnormal CMCT was obtained while subjects
were performing a voluntary muscle contraction, which
modifies neural transmission due to modulatory effects
on intracortical connections, neurotransmitters and neu-
ral structures involved with corticomotor output. Volun-
tary muscle contraction also recruits interneuronal popu-
lations other than those tested in relaxed muscles™; thus,
it is very likely that these CMCT abnormalities are actu-
ally due to higher central nervous system abnormalities
(Figure) involving D or | waves'”, among other mechanisms.
However, more work on this is needed. In any event, pyra-
midal tract abnormalities were considered due to an early
demyelinating process and as an early marker of disease”.
Some authors® considered that fever could be the factor
for having normal results since increasing the temperature
turns normal the abnormal neural transmission®®; howev-
er, this was shown not to be the case®.

Co-morbidities and some immunological stressors
may also account for the discrepancies found in this
study. In this line, mycotoxins such as aflatoxins which are
strong immunosuppressant growing in foods abnormally
stored®®® were found in recreational drugs used by drug
addicts at risk of AIDS” and in patients with TSP living in
southwestern Colombia®; such neurotoxins ultimately may
modify TMS responses due to a bystander mechanism®¢*”",

In the same view, pathological reports showed clear

61-67

dorsal and lateral spinal cord involvement in HIV positive
patients, resembling vitamin B12 depletion-like findings",
and some patients included in this study had secondary
nutritional disturbances which modify CMCT>%4¢’72, Oth-
er studies indicate that patients with AIDS have a myriad
of infections and are affected by different toxic substanc-
es including recreational drugs all of which may cloud final
interpretations. Indeed, HIV positive patients who were
drug addicts had white and gray matter abnormalities in
early states of disease, probably due to drug consump-
tion and lifestyle”, and it modifies TMS measures as well.
Supporting this, chronic cocaine users had higher motor
thresholds at cortical levels and lack of long latency inhibi-
tion investigated with paired pulsed techniques obtained
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by TMS due to probable abnormal GABAergic transmis-
sion and cell membrane sodium channels dysfunction™””.

Therefore, we consider that the aforementioned fac-
tors, cofactors and stressors, among others™**¢¢>¢* could
co-vary with endogenous or exogenous retroviruses mod-
ifying AIDS and HAM/TSP clinical course®’® as well as
TMS measures™* in still unknown and untested forms.
And they may account for some or all of the uneven re-
sults discussed above. Likewise, such co-factors may also
explain contradictory findings reported in other contra-
dictory neurophysiological studies of retroviruses-asso-
ciated neurological disorders which have not had clear
pathophysiological explanation®*,

Moreover, the discrepancies reported in this study,
and very likely in others, may also be the result of consid-
erable variation in the inclusion criteria, stimulation pro-
tocols, outcome measures, overall design, clinical stage
of patients, numbers of subjects and inadequate control
groups studied. Further, important technical consider-
ations on coil orientation, stimuli strength either electri-
cal or magnetic, type of coil, and lack of more appropri-
ate serological criteria, among others factors'*®"®? would
ultimately affect human clinical neurobiological studies
of corticospinal tracts in retroviruses research.

Besides the CMCT measurements discussed above,
more sophisticated and sensitive TMS measures that
detect early changes in thalamocortical-basal ganglia
circuitry’®®*® such as cortical thresholds, recruitment
curves, silent periods, and excitatory and inhibitory phe-
nomena produced by short and long interval stimulation
obtained by single and paired magnetic stimulation are
worth trying in HIV asymptomatic patients as well as in
HTLV-I carriers at times when the fastest corticospinal fi-
bers remain uninvolved™*7*#® This can be done in or-
der to better understand cortico-cortical and neurotrans-
mitter dysfunction early in disease development®, and it
will also allow the application of more appropriate and
effective neuromodulatory measures long before the fa-
tal clinical AIDS or HAM/TSP appears.
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