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Nerve damage is the major cause of long-
term disability in leprosy c, " ). Conse-
quently, the primary prevention of long-
term disabilities in leprosy will only be
achieved by early detection and adequate
treatment of neural impairment. The bene-
fits of steroid treatment of leprosy reactions
and neuropathy have been recognized for
several decades (''). Studies assessing the
Outcome of anti neuritis treatment have used
motor and/or sensory functions as parame-
ters (I  25., 25. '7

The effect of steroid therapy on the pa-
rameters of autonomic function is un-
known. Since autonomic nerve dysfunction
may be the earliest and most reversible
component of neuropathies (s. 1 "), sequential
electrophysiological studies of autonomic
function may prove important for monitor-
ing the treatment of neuropathy in leprosy.

Recent studies on peripheral dysautono-
mia in leprosy were based on vasomotor re-
flex (VMR) testing ( I. 29, 

3" ) and the sympa-
thetic skin response (SSR) (".' 0). VMR
measures the reduction in fingertip skin
blood flow in response to a test stimulus
and is an index of peripheral autonomic
function 15 ). SSR is a simple autonomic
test measuring the changes in skin voltage
in response to exosomatic stimuli with
sweat glands as effectors C. A high
prevalence of impaired VMR and SSR was
found in leprosy patients C.'. It remains
to be established whether these lesions are
permanent or reversible.

The aims of this pilot study were to de-
scribe the short-term effects of steroid treat-
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ment on two parameters of peripheral auto-
nomic function (VMR and SSR) in compar-
ison with motor and sensory nerve functions.

STUDY PARTICIPANTS
AND METHODS

Patients
A prospective pilot study was carried out

at the Green Pastures Hospital (GP11) in
Pokhara, West Nepal, between April and
June 1995. All leprosy patients [confirmed
according to World Health Organization
(WHO) criteria) attending the GPH neuritis
clinic were included in the study if they ful-
filled the inclusion criteria: age range be-
tween 10 and 55 years, voluntary participa-
tion after informed consent, current treat-
ment with standard WHO-recommended
multidrug therapy (WHO/MDT), and a
course of steroid treatment for neuritis due
to leprosy. The diagnosis of neuritis was
made by three experienced medical doctors
at the neuritis clinic and was based on the
following criteria: a) Skin = redness and
swelling of skin lesions and tenderness of
the lesions. b) Peripheral nerves = swelling
on palpation, and/or spontaneous pain,
and/or tenderness on palpation, and/or
paresthesia and/or nerve function impair-
ment [as tested by touch sensibility test
(TST) and voluntary muscle test (VMT),
see below]. c) General = sometimes edema
of hands, feet or face, occasionally fever.

The skin signs were obligatory, the nerve
signs and general signs optional. Patients
with erythema nodosum leprosum (ENL)
were not included.

Corticosteroid treatment was given in the
following way: Prednisolone 40 mg initially,
tapering approximately 5 mg every 2 weeks,
depending on the progress of the patient as
judged by serial TST and VMT measure-
ments. Depending on the clinical severity of
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neuritis and steroid side effects, individual
dose adjustments could be undertaken.

Exclusion criteria were ulcers on or reab-
sorption of more than one fingertip, more
than one missing digit, and patients suffer-
ing from alcoholism or diabetes mellitus.

Contro ls
Healthy Nepali volunteers between the

ages of 10 and 55 were recruited from the
Pokhara Red Cross Organization. In addi-
tion, some of the Nepali hospital staff re-
cruited friends. All controls had no known
contact with leprosy patients. All patients
and controls were recruited by an indepen-
dent investigator.

The study was approved by the local eth-
ical committee in Berne, Switzerland, and
in Pokhara, Nepal.

Measurement of autonomic reflexes
All subjects were allowed to equilibrate

at an ambient temperature of 28-34°C in a
quiet room. The procedure was explained to
them in Nepali by a translator. The neuro-
physiological tests were performed by a
consultant in neurology or were performed
under his direct supervision. Repeat exami-
nations were conducted at an interval of be-
tween 10 to 40 days for leprosy patients and
3 to 40 days for controls.

Vasomotor reflex (VMR). A laser-
Doppler flow-temperature monitor (Model
DRT4; Moor Instruments, Axminster, En-
gland) with machine settings of hand width
10 KHz, time constant I sec, gain control
and zeroing automatic was used to measure
fingertip blood flow. Low, el A's guidelines
( 15 ) were used. Double-sided adhesive disk
secured attachment of the combined laser-
Doppler to the skin. Fingertip blood flow
was taken as the mean of the laser-Doppler
measured red blood cell flux value during a
3-min observation period. An inspiratory
gasp was used to induce the VMR. Subjects
were asked to practice to "take the quickest
and deepest breath you can and hold it for
10 seconds." The largest response elicited
from three gasps was used for subsequent
analysis. For each subject. 12 recordings
were made (10 fingers, 2 big toes). The on-
set of each inspiratory gasp was marked
with an event marker, and the resultant
maximal reduction in skin blood flow re-
corded and expressed as a percentage of the

resting skin blood flow. VMR testing was
not begun until the inspiratory gasp was
satisfactorily mastered and a stable baseline
blood now was recorded. A more complete
description of VMR testing is presented
elsewhere ('S. 2 ').

The definition of an abnormal VMR
[modified criteria of Low, et al. (")] was
based on percentage reduction of blood
flow below the 5th percentile. To define the
hand as abnormal, more than I of the 5
measurement sites had to be abnormal. The
5th percentile based on our previous study
(") was 39% for the digits of the hands. For
the foot, we only measured the great toe;
the 5th percentile was 25%.

Sympathetic skin response (SSR). The
SSR was performed as previously described
( 23 ). Briefly, surface electrodes were at-
tached to the palm and dorsum of either
hand as well as to the sole and dorsum of
either foot after cleaning with an alcoholic
solution. Single square pulses of 200 cosec
were delivered to the skin of the wrist and
ankle. If the skin in those areas was anes-
thetic, the pulses were applied to a sensitive
skin area more proximally. The response
was considered absent if no consistent volt-
age change using a sensitivity of 50 inVicn►
was observed after at least 10 trials sepa-
rated by long intervals to avoid the natural
habituation of the response.

Touch sensibility test (TST). A stan-
dard set of five Semmes-Weinstein m►nolil-
aments was used as described by Bell-Kro-
toski ( 1 ). The score per site varies from 0-5.
A score of 5 was given when the thinnest
monofilament in the test series was felt (on
the hand. 50 mg; on the feet. 200 mg); a
score of zero if the thickest filament was not
felt. These filaments give a force ranging
from 50 mg to 300 mg for the hand and 200
mg to 300 mg for the feet when applied
with enough force to bend the filament. The
following sites were tested: 1) ulnar nerve:
3 points, on the pulp of the little finger, on
the volar skin over the 5th metacarpopha-
langeal (MCP) joint, and on the hypothenar
eminence (maximum score 15); 2) median
nerve: 3 points, on the pulp of the thumb,
on the first MCP joint, and on the Menai -

eminence (m►ximum score 15); 3) posterior
tibial nerve: 4 points, on the tip of the 5th
toe, on the plantar skin over the 5th meta-
tarsophalangeal joints, the lateral border



22^ International Journal of Leprosy^ 1997

and the heel (maximum 20). If there was an
ulcer on the test site a score of zero was
given for that site.

The maximum score of the TST was 100
for all sites together: 90-98 was defined as
mild, 60-89 as moderate, and below 60 as
severe sensory deficit.

Voluntary muscle test (VMT). The
VMT was performed using the modified
Medical Research Council (MRC) scale as
described by Brandsma ('). The VMT score
consisted of the sum (0-5) of individual
scores (0 = paralyzed; 5 = normal strength)
for muscles innervated by the ulnar nerve
(first dorsal interosseus muscle and abduc-
tor digiti minimi, maximum score 10); me-
dian nerve (abductor pollicis brevis and op-
pollens pollicis, maximum score 10); radial
nerve (extensor carpi ulnaris and extensor
(ligitorum communis, maximum score 10);
lateral popliteal (common peroneal) nerve
(extensor hallucis longus and peroneus
longus and brevis; maximum score 10).
Maximum score for all sites was 80. A
combined score of 70-78 was defined as
mild, 50-69 as moderate, and below 50 as
severe motor deficit.

Improvement in VMT or TST score was
defined as an increase of > 1 point, un-
changed as a change in score between —1 and
1, and worsening as deterioration of > I point.

Statistical methods
The statistical packages EPI INFO Ver-

sion 6 (Centers for Disease Control and
Prevention, Atlanta, Georgia, U.S.A.) and
SAS Version 6.11 (SAS Inc., Cary, North
Carolina, U.S.A.) were used for data entry
and statistical analysis. Repeatability of test
results in controls was assessed by compar-
ing values in paired t tests by plotting the
differences between the two measurements
against the mean of the two measurements.
The chi-squared test was used for compari-
son of changes in the VMR and SSR in the
controls versus the leprosy patients.

RESULTS
Eighteen patients with a mean age of

35.5 years (range 13-55, 14 males and 4 fe-
males) were included in the study: 9 pa-
tients were newly diagnosed with leprosy,
13 patients (including the 9 newly diag-
nosed) were started on steroid therapy at the

'TAui i I . Percentages gfalmonnall1,11?
and absent SSR, mean scores of l'ST and
I/MT at initial examination in leprosy pa-
tients and controls.

1,eprosy
patients
(N = 18)

Abnormal VMR 51.4% 7.3%
Absent SSR 76.4% 2.9%
TST (maximum score IOU) 75 96
VMT (maximum score 80) 73 80

time of our initial examination; the other 5
had been already on treatment for 1-6
weeks. Sixteen patients had multibacillary
(M13) leprosy, two had paucibacillary (P13)
leprosy. The mean age of the 17 controls
was 32 years (range 11-55, 10 males and 7
females). The mean interval time for repeat
examination in the patient group was 21.3
days (range 10-40 days); in the control
group, 10 days (range 3-21 days).

Initial examination
Controls. VMR was abnormal in 5 of

68 limbs (7.3%), SSR in 2 out of 68 limbs
(2.9%). The mean TST score was 96 (max-
imum 100). All TST measurements were
within the normal range since no subject
scored more than I point below the maxi-
mum score per tested sensory nerve. The
VMT score was normal (80 out of 80).

Leprosy patients. Thirty-seven out of
72 limbs were abnormal (51.2%) in VMR
testing. Absent SSR were recorded in 55
out of 72 limbs (76.4%). All 18 leprosy pa-
tients had sensory deficits, 17 patients had
additional motor deficits. Seven patients
had mild, 6 moderate and 5 severe sensory
impairments. Ten patients had mild, 7 mod-
erate and 1 severe motor nerve impair-
ments. The mean TST score was 75 (maxi-
mum 100); for VMT 73 (maximum 80).
The results of the initial examination are
summarized in Table I.

Repeatability of autonomic tests
in controls

VMR. The mean absolute differences
between the two measurements were be-
tween —7% and 4% blood flow reduction,
and probability values calculated from
paired t tests were between 0.14 and 0.8.

Controls
(N = 17)
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TABLE 2. Repeatability scores in VMR
(> 20% and > 30% difference) and .5.57?
testing in 17 controls after a mean interval
of 10 days.

No.
measurement

sites

Worse Unchanged Improved
(%) (•) (%)

.g

;'
VMR 204 O.

> 20%
difference 10.7 75.1 14.2

> 30%
difference 3.4 91.3 5.3

SSR 68 5.8 91.3 2.9

Thus, there was no evidence of systematic
error. Ilowever, plots of differences against
the mean of the two measurements show
considerable within-person variability, with
repeatability coefficients ranging from 23%
to 47%. In view of this considerable within-
person variability, the cut-off level separat-
ing pathological from normal fluctuation
needs special consideration. We tested two
different cut-off values: a) > 20% change of
VMR, difference; b) > 30% change of
VMR. Table 2 presents the results. The
> 30% change of VMR was chosen since
with this controls remained within the sta-
tistically expected range. We then used the
> 30% change of VMR as the definition for
a change in leprosy patients. An increase of
> 30% of VMR was interpreted as "im-
provement," a change of VMR S 30% as
"unchanged," and a decrease > 30% of
VMR as "worsening." Accordingly, 91.3%
remained unchanged, 5.3% improved and
3.4% worsened.

SSR. The SSR remained unchanged in
91.3%; 5.8% of initially present SSR were
absent on repeat testing; 2.9% of initially ab-
sent SSR became positive on repeat testing.

TST/VMT. No changes of more than I
point were observed in controls.

Repeat examination after initiation of
steroid therapy in leprosy patients

VM R. Using a cut-off value of > 30%
change in the VMR, 14.8% of the leprosy
patients improved, 75% remained the same,
and 10.2% deteriorated. The changes in
VMR in leprosy patients compared with the
repeat testing in controls were highly sig-
nificant (p < 0.001) (Fig. I).

Leprosy patients Controls

Fio. I . Comparison of changes in VMR measure-
ments between controls and patients. Improvement is
delined as an increase in VNIR by > 30%, worsening
as a decrease by > 30%, with unchanged ranging in be-
tween. Chi-squared test between the two groups is p <
0.001. ■ = Worsening; = unchanged; 0= improve-
ment.

SSR. The 16.6% initially absent SSR
became positive on repeat examination;
83.4% remained unchanged. No initially
present SSR changed to absent (worsened)
on repeat testing (Fig. 2). The changes for
SSR were highly significant (p < 0.001)
compared with controls.

Correlation VMR and SSR. Based on
the definition of an abnormal hand for
VMR testing (more than I digit had to have
a blood flow reduction below 39%), we
compared the hands separately for parallel
changes (i.e., improvement, deterioration or
no change) for VMR and SSR. With the
right hand 13 out of 18 showed parallel
changes. In the left hand 50% (9 out of18)
showed parallel changes. Our patients dura-
tion of leprosy varied between a new diag-
nosis and 120 months. Because of the small
numbers we were not able to group accord-
ing to the duration of neuritis. Overall, there
is no correlation between the two auto-
nomic parameters for VMR and SSR.

TST. Sensory function improved in
21.2%, remained the same in 70.3% and
worsened in 8.3%.

VMT. Motor function improved in
1.3%, remained the same in 96.5% and
worsened in 2%. Thirteen patients started
on steroid treatment at initial examination
showed no significant differences for VMR,
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TABLE 3. Proportion of change of
VMR, SSR, MT and VMT scores in 18 lep-
rosy patients mean 2/ days after initiation
of steroid treatment.

Worse Unchanged Improvedmeasurement 
(%)^(%)^(%)sites

VMR 216 10.2 75 14.8
SSR 72 0 83.4 16.6
VMT 2 96.5 1.3
TST 8.3 70.3 21.2

No.

Leprosy Patient,. Control,

FIG. 2. Comparison of changes in SSR between
controls and patients. Improvement is defined as an
initially absent response becoming present on repeat
testing; worsening as an initially present response be-
coming absent. Chi-squared test between the two
groups is p < 0.001. D = Improvement; D = un-
changed; ■ = worsening.

SSR, TST and VMT compared to all 18 pa-
tients (data not shown). Table 3 and Figure
3 summarize the results of changes in the
VMR, SSR, TST and VMT testing in lep-
rosy patients.

DISCUSSION
The benefits of steroid treatment on sen-

sory and motor impairments in neuropathy
in leprosy are well documented ( 18 . 26). The
effect of steroid therapy on autonomic dys-
function in leprous neuropathy is hitherto
unknown. Our results suggest that steroid
treatment for leprosy neuritis can have a
positive effect on autonomic function as
tested by two independent parameters (the
VMR and SSR). However, as with sensory
and motor impairments, a large proportion
of patients show no improvement at all. De-
terioration of autonomic function was only
recorded for VMR in a small proportion of
leprosy patients. No deterioration of the
SSR was documented.

Our pilot study cannot conclusively de-
termine the changes in autonomic function
in leprosy patients as the result of steroid
treatment, since this would require a
placebo-controlled study which is ethically
not sustainable.

The larger proportion of sensory over
motor function improvement agrees well

with a previous study performed at the
same hospital ( 25). However, the proportion
of improvement in our study was much
smaller for both parameters despite tests be-
ing performed by the same examiners using
the same tests. Most likely this difference is
due to our shorter interval time of repeat
testing, further confounded by a smaller pa-
tient number.

Time-trend studies report the most rapid
improvement occurring during the first
month of steroid treatment with most im-
provement during the first 2 weeks ( 17 ' 2 '). In
the first case report on sequential electro-
physiological autonomic tests in a leprosy
patient on steroid treatment for acute neuri-
tis, significant changes were described
within the first 14 days ( 30). For these rea-
sons a relatively short time span for repeat
testing was used. In that case report a dis-
crepancy between sequential SSR and
VMR was noticed, with SSR improving but
VMR deteriorating over time. Our present
study also shows little correlation between
these two autonomic parameters, although
our patient population is too heterogenous
(duration of leprosy varied between 0-120
months) and too small to allow any firm
conclusions to be drawn at this stage. Both
reflexes have complex mechanisms ( 14 ),
their end organ response being unmyelin-
ated sympathetic fibers with two different
components. The vasomotor component for
VMR and the sudomotor component for
SSR are capable of independent responsiv-
ity to different stimuli ( 2 ). It is conceivable
that the damage to nerve endings innervat-
ing smooth muscle in the vessels compared
to those innervating sweat glands might fol-
low a different time course with consecu-
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FIG. 3. Comparison of changes in TST, VMT,
VMR, and SSR after initiation of steroid treatment for
acute neuritis in leprosy patients. TST and VMT: Im-
provement in VMT or TST score was defined as an in-
crease of > I point; unchanged as a change in score be-
tween —I and I; worsening as deterioration of > I point.
VMR: Improvement is defined as an increase in VMR
by > 30%; worsening as a decrease by > 30%; un-
changed ranging in between. SSR: Improvement is de-
fined as an initially absent response becoming present
on repeat testing; worsening as an initially present re-
sponse becoming absent. 0 = Improvement; El= un-
changed; ■ = worsening.

tive differing nerve recovery responses to
steroid treatment.

Previous studies on the effect of steroid
treatment in neural impairment in leprosy
have been based mainly on subjective mea-
surements of nerve function, such as the
TST and VMT. More objective test meth-
ods of a quantitative nature could, there-
fore, offer some advantage over clinical
tests. Although this study was primarily
aimed at the evaluation of the effect of
steroid treatment on two autonomic param-
eters, further studies are needed to evaluate
the potential of VMR and SSR testing in
monitoring neuropathy in leprosy. One of
the difficulties with VMR is its relatively
high intra-person variability on repeat test-
ing ( 1529), probably due to skin sympathetic
fiber responsiveness to thermal and emo-
tional stimulation ()). Therefore, we chose a
cut-off level (30%) which generates the sta-
tistically expected levels of normal varia-
tion in controls. As a trade off, this rela-

Lively high cut-off level reduces the test
sensitivity for detecting both improvement
and deterioration. The high variability in
VMR testing might, however, limit its subse-
quent use in sequential monitoring of auto-
nomic nerve damage during clinical trials.

The main advantage of autonomic testing
lies in its potential use in detecting early
nerve damage in leprosy neuritis since there
is ultrastructural ( 2'22 ), immunocytochemi-
cal ( ' 2 ), and neurophysiological (. 3 . 29 ) evi-
dence that autonomic fibers are affected
earliest in leprosy neuropathy. Since corti-
costeroid treatment is known to be most ef-
fective in the recent onset of neuritis ( 24 ),
early detection is crucial for the prevention
of disabilities, thus justifying more sensi-
tive test equipment compared to conven-
tional tests such as the VMT or TST.

Our results suggest that autonomic nerve
damage in leprosy is not necessarily a per-
manent lesion and may either improve with
therapy or deteriorate as a sign of ongoing
nerve damage. Further studies are required
to investigate the long-term effect of steroid
treatment on autonomic function in leprosy.

SUMMARY
Recent electrophysiological studies on

peripheral autonomic dysfunction in lep-
rosy patients show a high prevalence of au-
tonomic dysfunction as measured by abnor-
mal vasomotor reflexes (VMR) and absent
sympathetic skin response (SSR). Nothing
is known about the reversibility of these au-
tonomic parameters with treatment. Since
there is evidence that small fiber function
may be the most reversible component in
neuropathies, we measured the effect of
steroid treatment on autonomic parameters
together with motor and sensory functions
in leprosy patients with acute neuritis. Con-
trol subjects were investigated for repeat-
ability testing of autonomic function. Due
to a relatively high variability on repeat
VMR testing in the controls, we defined a
change in VMR testing as a change of
> 30%. With this definition, the VMR of
14.8% of the patients improved, 75% re-
mained unchanged, and 10.2% worsened.
Absent SSR became positive in 16.6% and
remained unchanged in 83.4%. Improve-
ment in sensory and motor functions was
seen in 21.2% and 1.3% of the patients, re-
spectively.
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RESUMEN
Algunos estudios electrofisiolOgicos recientes sobre

la disfunchin perifcrica atihinoina en los pacientes
lepra mostraron unit aka prevalencia de disfuncitin
autOtionia Ireflejos vasoinotores, RVM, anorniales) y
ausencia de respuesta simpatica de la piel (ILSP). No se
sabe nada sobre la reversibilidad de estos parametros
de función autónoina en relaciOn al tratamiento. Puesto
que hay evidencias de que la funci(iii de las pequenits
fibrils, es el componente nias reversible en las neu-
ropatias, en estc estudio inedimos el elect() del trata-
miento con esteroides sobre los parametros atitiiiiontos
y las funciones motora y sensorial en los pacientes con
lepra y neuritis aguda. Se incluyeron sit control
para investigar la función autOnoma. Debido a que las
prtiebits sobre los ILVM aplicadas a los commies restil-
taron muy variables, establecimos que hubieron cam-
bios en los RVM cuando estos camhios fueron superi-
ores al 30%. Con esta definición, encontramos que
como resultado del tratainiento, los RVM de 14.8% de
los pacientes inejoritron, en 75% permanecieron sin
cambio, y en 10.2% empeoraron. Las pruebas sobre Ia
RSP Ilegaron a ser positivias en 16.6% de los pacientes
y permanecieron sin canihio en el 83.4%. La inejoria
en las funciones sensorial y motora se observO en el
21.2 (sensorial) y en el 1.3% (motora) de los pacientes.

RÉSUMÉ

Des etudes electro-physiologiques récentes stir les
dysfonctionnements autonoiniques peripheriqties chez
les malacles de Ia lepre oat ['mime one prevalence
élevée de dyslonctionnement autonoinique tel que
mesure par des reflexes vasomoteurs (RVNI) anor-
maux et l'absence de reponse sympathique cutitnée
(RSC). On !IC sait ricn de la réversibilite de ces para-
metres autonomiques avec le traitement. Puisqu'il y a
des evidences clue lit function de la petite fibre pourrait
etre Ia composante Ia phis reversible dans les neu-
ropathies, nous avons mesure l'effet du traitement
steroidien stir les parametres autonomiques, ainsi que
les functions nerveuses et sensorielles chez des ma-
lades de la lepre presentant tine névrite aiguC. On a ex-
amine des sujets-témoins quant it la reproductibilité
des tests de function autonomique. Du fait d'une vari-
abilité relativement élevée des tests repétés de RVM
chez les 1611101I1S, 1101S aeons changement
dans un test de RVM comme étant on changement
superieur a 30%. Avec cette definition, le RVM s'est
itméliore chez 14.8 % des patients, est reste inchange
chez 75%, et a empire chez 10.2%. Une RSC absente
devint positive dans 16.6% et resta inchangée dans
83.4%. Une amelioration dans les functions sensitive
et motrice a etc observee dans respectivement 21.2%
et 1.3% des patients.
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