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Mycobacterium leprae not only affects
somatic motor and sensory nerves but also
autonomic nerve fibers ( 16-1 '). Both im-
munocytochemical (") and neurophysiolog-
ical studies (2. 21

) suggest that peripheral au-
tonomic nerve fiber involvement may be
the focus of the initial nerve damage in lep-
rosy. Recent neurophysiological methods
( 2 . 21 ) have used vasomotor reflex Doppler
velocimetry. This approach to the detection
of neuropathic autonomic abnormalities
was proposed by Low, et al. (") and mea-
sures the transient fall in fingertip blood
flow after an autonomic nerve stimulus
such as the inspiratory gasp. There is a high
prevalence of abnormal vasomotor reflexes
(VMR) in leprosy patients (2,4.21).

In another study we have shown that
contacts of leprosy patients also have evi-
dence of abnormal VMR (Wilder-Smith,
submitted). Autonomic dysfunction in lep-
rosy contacts might indicate either very
early neuropathy or nonprogressive residual
damage following exposure to M. leprae.

In this study, we investigate and compare
additional electrophysiological methods to
support evidence of autonomous dysfunc-
tion in leprosy patients and contacts. Addi-
tional methods include the sympathetic skin
response (SSR), fingertip skin temperature
and resting skin blood flow.

The SSR is a reliable test of sympathetic
sudomotor function ('. 15 ). The SSR mea-
sures the changes in voltage of the skin in
response to exosomatic stimuli. Fingertip
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skin temperature and resting blood flow are
influenced by sympathetic vasoconstrictor
reflexes of arteriovenous anastomoses in
the deep dermis, and are thus an indirect in-
dicator of autonomic function.

This paper compares parameters of auto-
nomic function in leprosy patients and lep-
rosy contacts using VMR laser Doppler ve-
locimetry, SSR, fingertip skin temperature
and blood How to assess the potential value
of these electrophysiological methods in the
diagnosis of early leprosy neuropathy.

MATERIALS AND METHODS
Subject selection

Leprosy patients. The study was con-
ducted at Green Pastures Hospital, Pokhara,
in western Nepal from April to June 1995.
A detailed description of patient selection is
presented elsewhere ( 2 '). Patients with con-
firmed leprosy between the ages of 10 and
55 were included. Excluded were patients
with diabetes mellitus, alcoholism, or any
other polyneuropathies attributable to other
causes such as leprosy, as well as patients
with more than one digit missing or more
than one finger pulp with total reabsorption,
and patients who had undergone surgery on
more than one limb.

Controls. Healthy controls were re-
cruited from the local Red Cross Society as
well as from friends and relatives of work-
ers in the leprosy hospital. All controls had
no known contact with leprosy.

Contacts. Healthy contacts were re-
cruited from among relatives of patients liv-
ing in the same house for at least I year
prior to treatment or from health care pro-
fessionals working in the leprosy hospital
for more than 5 years.

The study was approved by the ethics
committee in Bern, Switzerland, and by the
local ethics committee in Pokhara, Nepal.
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Neurophysiological testing

SSR. The SSR was performed as previ-
ously described ('"). Briefly, surface elec-
trodes were attached to the palm and dor-
sum 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 that area was
anesthetic, the pulses were applied to a nor-
mally sensitive skin area more proximally.
The response was considered absent if no
consistent voltage change, using a sensitivity
of 50 mV/cm, was observed after at least 10
trials separated by long intervals to avoid the
natural habituation of the response.

VMR testing. VMR testing has been re-
viewed in detail (L 21 ). Briefly, the VMR of
all 10 fingertips and the big toes were mea-
sured. Blood flow was measured using a
laser Doppler flow temperature monitor
(Model DRT4; Moor Instruments, Axmin-
ster, U.K.). With ambient temperatures
above 26.5"C (mean 30.5"C, maximum
34.5"C) maximal vasodilatation was ob-
tained. A double-sided adhesive disk at-
tached the laser Doppler and temperature
sensor probe to the fin2ertip pulp. To elicit
the VMR a deep and sudden inspiratory
gasp was used. The procedure was ex-
plained in Nepali and practiced before test-
ing was begun. First, a stable baseline blood
Clow was recorded. An event marker marked
the onset of each inspiratory gasp. The ensu-
ing reduction in capillary flow was recorded
and expressed as a percentage of the resting
flow. In each subject the inspiratory gasp
was repeated three times and the maximal
response was taken for recording. Of all 12
measurement sites, the fall in the baseline
blood flow in percentage was recorded.

Based on a previous study ( 21 ) we de-
fined the cut-off values for an abnormal
VMR at a threshold value of 1.96 S.D. from
the corresponding mean value obtained in
controls. This represented values of approx-
imately 55% reduction of flux for the hands
and 45% for the feet. Since we intended to
correlate the result of one limb with the re-
sult of the SSR of the correspondent limb,
we used the mean of the percentage blood
flow drop of all five digits and defined that
limb as abnormal if lower than 55% (for
hands) or lower than 45% (for feet). We

also analyzed the data using the criteria as
suggested by Low, et al. ("). According to
their criteria, an abnormal response is a de-
crease in blood flow of less than the 5th per-
centile. The VMR of more than one digit
has to be abnormal to define that limb as
abnormal.

Measurement of skin temperature.
The probe head of a platinum skin thermis-
tor is built into the same unit as the laser
Doppler velocimeter. It was attached to the
pulp of the fingertip with double-sided ad-
hesive tape. A stable temperature was gen-
erally achieved after 4 min of contact with
the skin. The same sensor was used to mea-
sure atmospheric temperature.

Measurement of skin blood flow. The
probe holder of a laser Doppler velocimeter
was attached to the pulp of the fingertip
with double-sided adhesive tape; 5 min
were allowed to equilibrate at an ambient
temperature of 27"C-34"C.

Statistical analysis. Data entry and sta-
tistical analysis were performed on EPI-
INFO Version 6 (Centers for Disease Con-
trol and Prevention, Atlanta, Georgia,
U.S.A.) and SAS Version 6.08 (SAS Inc.,
Cary, North Carolina, U.S.A.). Correlation
between the SSR and VMR was performed
with the Student's t test. For the comparison
of baseline blood flow and the fingertip
skin temperature, the Mann-Whitney test
was used.

RESULTS
Patient characteristics

In the final analysis there were 89 lep-
rosy patients, 36 contacts and 47 controls,
for a total of 172 participants. The mean
age was 35.0 years (range 11 to 55) among
patients, 29.4 years (range 11 to 54) among
contacts, and 30.2 years (range 10 to 55)
among controls (p = 0.013 by analysis of
variance). Male participants dominated all
groups (74% male participants among lep-
rosy patients, 64% among contacts, and
68% among controls; p = 0.5 by chi-
squared test). Borderline tuberculoid was
the most common type of leprosy (42%).

A complete set of 12 measurements for
VMR testing was performed in all but three
controls because of technical reasons. Also
for technical reasons, three SSR results are
missing in leprosy patients.
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TAI3LE 1. Prevalence of abnormal vaso-
motor reflex (VMR) and absent sympathetic.
skin response (SSR) in leprosy patients,
contacts and controls."

Abnormal VNIR^Absent SSR

Leprosy patients
Hands
^

62.4%
^

43.3%
Feet
^

60.1%
^

78.6%

Contacts
Hands
^

38.8%
^

5.5%
Feet
^

30.5%
^

22.2%

Controls
Hands
^

7.4%
^

0
Feet
^

13.8%
^

12.7%

Mean percent reduction in blood llow of 10 digits
(hands) and 2 digits (feet) pooled together. For hands
< 55% and for the feet < 45% was defined as abnor-
mal.

SSR. The prevalence of absent SSR
looking at all limbs in leprosy cases was
60.9%, in contacts 13.8%. In controls it was
6.3%, with all negative SSR occurring only
in the feet. In all groups the prevalence of
absent SSR was significantly higher (p
< 0.001, using the Student's t test) in the
feet than in the hands. A summary of the re-
sults (separated into hands and feet) is
given in Table I. The difference between
leprosy patients and controls for the preva-
lence of abnormal VMR and absent SSR
was highly significant (p < 0.001); the dif-
ference between contacts and controls also
was significant (p = 0.022).

Correlation of SSR and VMR. Mean
percent reductions of blood flow for the dif-
ferent measurement sites and groups com-
pared to the sudomotor reflex are shown in
Table 2. The mean percent reduction was
statistically significantly lower for each
limb in leprosy patients who had an absent
SSR except for the left foot. Neither of the
differences for controls or contacts were
statistically significant.

Based on our previous study ( 21 ), we de-
fined the cut-off values for an abnormal
VMR at 1.96 S.D. of the corresponding
mean measured in controls. This is approx-
imately below 55% for hands and 45% for
feet. Using this definition, there was a
prevalence of 61.2% of abnormal VMR in
leprosy patients, 34.7% in contacts, and
10.6% in controls.

However, we also analyzed the data us-
ing the criteria as suggested by Low, et al.
("). Accordingly, the VMR of more than
one digit has to be abnormal to define that
limb as abnormal. Abnormal is defined as
lower than the 5th percentile which, using
our data, is 39% for the left hand and 39.97-0
in the right hand. Table 3 compares the re-
sults using both criteria for the hands.

Fingertip skin temperature. There are
no clear differences between any of the
groups, but minimum temperature is always
lowest in the leprosy patients. Table 4
shows the results of the fingertip skin tem-
perature in leprosy patients, contacts and
controls.

Resting fingertip blood flow. The base-
line blood flow is significantly lower in lep-
rosy patients compared with controls (ex-
cept for the left foot). There are no statisti-
cally significant differences between leprosy
contacts and controls. Table 5 shows the re-
sults of blood flow in all three groups.

DISCUSSION
Our data show significantly different

prevalences of pathological SSR and VMR
across the three groups of leprosy patients,
leprosy contacts and controls. There is a
significant concordance of SSR and VMR
testing in leprosy patients. Although there is
a significantly reduced blood flow in lep-
rosy patients compared with controls, there
is no difference between contacts and con-
trols. Fingertip skin temperature was simi-
lar in all three groups, although the lowest
temperature was always recorded in leprosy
patients.

Since the earliest changes in teased nerve
preparations affect the unmyelinated fibers
(s), the sympathetic efferent pathway could
well be the first site of attack by M. leprae.
This would account for the higher preva-
lence of autonomic dysfunction in leprosy
patients (61.7% for VMR, 60.8% for SSR)
compared to the prevalence of sensory and
motor impairment (33% had sensory and/or
motor impairment at first examination in a
study also performed at Green Pastures
Hospital.'"). The significant impairment in
blood flow in leprosy patients could be due
to a resulting imbalance of the vasomotor
afferences and efferences. In advanced lep-
rosy damage to blood vessels may take
place ('''). Due to our patient selection cri-
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TABLE 2. Comparison of . sympathetic skin response (SSR) and vasomotor reflex (VMR)
in leprosy patient.v, contacts and controls.

SSR No. Mean S.D.% red blood flow p Value

Right hand
Leprosy patients

Present 48 54.5 (15.7) 0.00 I
Absent 40 43.8 (14.3)

Left hand
Present 50 53.7 (19.0) 0.(X)8
Absent 37 44.4 (12.6)

Right foot
Present 20 50.1 (21.0) 0.026
Absent 69 38.1 (20.7)

Left foot
Present 18 48.8 (24.5) 0.096
Absent 71 39.3 (20.5)

Contacts
Right hand

Present 34 60.4 (16.8) 0.146
Absent 42.0 (22.8)

Left hand
Present 34 60.9 (15.7) 0.32
Absent 49.4 (14.3)

Right foot
Present 29 55.7 (19.9) 0.965
Absent 7 53.3 (21.0)

Left foot
Present 27 57.9 (21.8) 0.442
Absent 9 51.4 (21.9)

Controls
Right hand

Present 47 68.0 (8.7)
Absent ()

Left hand
Present 47 69.2 (8.8)
Absent 0

Right foot
Present 42 57.2 (17.4) 0.532
Absent 5 52.0 (18.4)

Left foot
Present 40 62.0 (16.6) 0.274
Absent 7 54.6 (14.9)

teria (no finger or, at most, only one finger
missing), most had been diagnosed within
the last 12 months (47% < 12 months, 20%
> 6 years). For this reason it seems unlikely
that direct vessel damage would contribute
to resting blood flow reduction. An analysis
of the distribution and prevalence of dysau-
tonomia within leprosy subgroups com-
pared to clinical severity of disease will be
published elsewhere. The objective of this
study was to determine any differences in

autonomic testing within the groups to inves-
tigate their potential value in the detection of
early or subclinical leprous neuropathy.

The overall prevalence of pathological
VMR in contacts is 34.6% and of absent
SSR 13.8%, significantly higher than in the
control group. Blood flow and fingertip skin
temperature are normal in contacts. The
clinical relevance of impairment of finger-
tip VMR and SSR in the individual, appar-
ently healthy, leprosy contact needs further
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TABLE 3. Comparison of prevalence (in
percentage) of abnormal vasomotor reflex
in the hands using two different criteria.

Mean of %^Low,
drop of 5^et al. (")

Group
^

No.^digits <55%^criteria

Leprosy patients 89 62.4% 41%
Contacts 36 38.8% 25%
Controls 47 7.4% 0

evaluation. However, knowledge about au-
tonomic dysfunction in leprosy contacts
might help to unravel more about the patho-
genesis and natural course of leprosy. If lep-
rosy neuropathy is usually a progressive
condition ( 7 ), the impairment in autonomic
function in contacts might indicate pre-
symptomatic disease. However, epidemio-
logical data show ( 13) that the risk of devel-
oping disease in contacts is fairly low. In an
8-year study in India, the attack rate among
contacts was 6.8/1000 ("). Therefore, it is
more likely that electrophysiological evi-
dence of autonomic dysfunction might pre-
sent an immune tolerance reaction to the
exposure to M. leprae with consequent im-
mune-mediated damage to the small un-
myelinated autonomic fibers.

The prevalence of abnormal VMR in the
hands is higher than the prevalence of ab-
normal SSR. Karanth's immunocytochemi-
cal study ( 5 ) specifically looked at the dif-
fering extent of autonomic nerve damage
innervating various skin organs. The group
found that autonomic nerve fibers supply-
ing blood vessels were more frequently
damaged than those innervating sweat
glands in patients with tuberculoid leprosy
(42% of our leprosy patients suffered bor-
derline tuberculoid leprosy). These obser-
vations may help to explain the higher

TABLE 5. Comparison of fingertip skin
blood flow in leprosy patients, contacts and
controls.

Fingertip
skin blood

flow median
flux (range)

Comparison
with controls

(Mann-Whitney
test) p value

Leprosy patients
Right hand 257.7^(32.0-469.0) <0.001
Left hand 259.4^(31.6-451.6) 0.012
Right foot 82.0^(11.0-267.0) 0.015
Left foot 104.0^(9.0-436.0) 0.206

Contact
Right hand 295.9^(76.0-465.0) 0.866
Left hand 328.6^(58.2-464.6) 0.088
Right foot 91.0^(17.0-333.0) 0.171
Left foot 123.5^(13.0-290.0) 0.938

Controls
Right hand 303.4 (135.8-411.8)
Left hand 287.6 (130.2-431.6)
Right foot 130.0^(21.0-353.0)
Left foot 122.0^(21.0-340.0)

prevalence of abnormal VMR compared to
SSR. Furthermore, VMR tests autonomic
function more focally and uses five mea-
surements per hand compared to one for
SSR. Since SSR is the product of a large
sum of sweat glands distributed over the
whole palm, a few nonfunctioning sweat
glands will not be detected. These are the
reasons for VMR's greater sensitivity in
testing for dysautonomia ('°). However, the
higher rate of abnormal VMR compared to
SSR in controls suggests that VMR testing
has a lower specificity. In a study on a
larger number of normal control subjects
(") as much as 21% had one abnormal test
result, but no control had more than one ab-
normal response in either hand or foot, sug-
gesting the following definition for an ab-
normal profile: I) more than one absent re-

TABLE 4. Comparison of fingertip skin temperature in leprosy patients, leprosy con-
tacts and controls.

Median temperature °C (range)

Leprosy patients
^

Leprosy contacts^Controls

Right hand 33.7 (27.8-35.6) 33.6 (28.5-35.5) 33.7 (29.1-36.9)
Left hand 34.1 (27.1-36.4) 34.3 (28.6-36.1) 34.1 (29.3-36.0)
Right foot 32.2 (25.8-34.6) 31.5 (29.0-34.5) 32.4 (28.8-34.9)
Left foot 32.7 (25.0-35.2) 32.0 (27.3-34.4) 32.3 (28.5-35.3)



438^ International Journal of Leprosy^ 1996

sponse in the finger or the fingers or the
toes, 2) reduction in response below the 5th
percentile.

Using these criteria none of our controls
had an abnormal profile in their hands.
Since we only measured the big toe in the
foot, these criteria were not applicable to
the feet in our study. The disadvantage of
VMR is that the testing is more time con-
suming and requires more examiner exper-
tise and more compliance by the examinee.

Our results show a strikingly higher
prevalence of absent SSR in the feet com-
pared to the hands in all three groups. This
may he due to the epidermal component of
the SSR which is affected by skin thickness
(`'). Since Nepali subjects tend to have
thicker soles due to frequent barefoot walk-
ing, this may well lead to false absent SSR.
In fact, the control subjects never had an
absent SSR in their hands. The advantage
of the SSR is its simplicity; its diSadvan-
tage, the tendency to habituate ( 19 ).

Both reflexes have complex mechanisms
C), their end organ response is unmyeli-
nated peripheral sympathetic fibers with
two different components. Sudomotor and
vasomotor components are both capable of
independent responsivity to different stim-
uli ( 3 ). Thus, one must be careful not to rely
on one test for dysautonomia alone for
prognostication or therapeutic decisions.
For further scientific purposes, the concur-
rent use of both or even additional methods
would be advisable to determine and to
evaluate different aspects of autonomous
function in leprosy patients and in leprosy
contacts.

Our results imply that VMR and SSR are
valuable methods for testing for early or
subclinical leprous neuropathy, and measur-
ing fingertip skin temperature and resting
blood flow are not.

SUMMARY
Since there is immunocytochemical evi-

dence that the initial damage in leprosy is
directed at distal, small, unmyelinated
nerve fibers, we investigated several elec-
trophysiological methods for their potential
value in detecting peripheral autonomic
dysfunction in leprosy contacts and leprosy
patients. Fingertip blood flow velocity and
its control by vasomotor reflexes (VMR)
with a laser Doppler flowmeter, fingertip

skin temperature, and the sympathetic skin
response (SSR) to exosomatic stimuli were
studied in 89 leprosy patients, 36 leprosy
contacts and 47 normal subjects. Whereas
there were no significant differences be-
tween the groups in fingertip skin tempera-
ture and resting blood flow velocity mea-
surements, there were significant differ-
ences in the prevalence of impaired
fingertip VMR and absent SSR. The preva-
lence of absent SSR in leprosy patients was
60.9%, in contacts 13.8%, in controls 6.3%.
The prevalence of abnormal VMR in lep-
rosy patients was 61.2%, in contacts 34.7%
and in controls 10.6%. VMR testing is a
more sensitive test method for autonomic
dysfunction compared with the SSR. The
implication of impairment in vasomotor
and sudomotor function in leprosy contacts
needs yet to be determined. However, we
propose this to be a response to exposure to
Mycobacterium leprae, which represents
either ongoing nerve damage or nonpro-
gressive residual autonomic nerve damage.
We suggest that VMR testing and SSR are
valuable methods to evaluate early leprous
neuropathy.

RESUMEN
Debido a que hay evidencias inmunocitoqufmicas

de clue el daft° inicial en la leprit esta dirigido a las pe-
quefitts tibras nerviosas distales no mieliniziolas, en
este trahajo investigamos la utilidad de varios metodos
electrolisiolOgicos para detectar la disfunciOn autOnoma
pert ferica en los pacientes con lepra y en sus contactos.
Se Inidicron la velocidad de flujo sanguine° en la
punta de los dedos y so control por retlejos Vati0010-

lords (VMR) con el 1406111cm) de Doppler, la tempe-
ratura de la piel en la punta de los dedos, y la respuesta
simpatica de la piel (SSR) a estimulos externos en 89
pacientes con lepra, en 36 de sus contactos y en 47 in-
dividuos sanos. Mientras que no hubieron diferencias
signiticativas entre los grupos en cuanto a la tempe-
ratura de la piel de la puma de los dedos y a las medici-
ones de la velocidad de Ilujo sanguine° en repos°, si
huhicron diferencias signiticativas en cuanto a la
ausencia de SSR y a los defectos en sus VMR. El
grado de ausencia de SSR fire del 60.9% en los pa-
cientes, del 13.8% en sus contactos, y del 6.3% en los
controles. l.a mediciOn de los VMR es una proehit mas
sensible que lit medichin de la SSR pant establecer la
disfunciOn autonOma. La posibilidad de defectos en la
funciOn vasomotora y pseudomotora en los contactos
de los pacientes con lepra es On aspect° clue dehe
analizarse con mils detalle. Sin embargo, creemos clue
nuestros resultados podrian indicar on daft° nervioso
en evolociOn (como consecuencia de la infecciOn con
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Mycobacterium leprae) o Lin daiio residual no progre-
sivo de los nervios autonotnos. Sucerinios que las
mediciones de los VMR y de Ia SSR son tittles Para
evaluar la neuropatia temprana de la lepra.

RÉSUMÉ
Depuis qu'il y a des preuves immunocytochimiques

que la lesion initials de la lepre est situce au niveau de
petites fibres nerveuses distales non myelinisees, nous
'Lyons etudie differentes methodes electrophysi-
ologiques quanta lent- Valenr potenticlle pour detester
no dysfOnctionnement autonomique peripherique chez
des contacts de lepreu x et des malades de Ia lepre. La
vitesse du flux sanguin all bout du doigt et son controls
par reflexes vaso-moteurs ( RVM), mesures par Lin ap-
pareil de Doppler a laser, la temperature de la peat
bout du doigt, et la reponse cutance sympathique
(RCS) a des stimuli externes etc etudie chez 89
'naiades de In lepre, 36 contacts de lepreux, et 47 su-
jets normaux. Alors qu'il n'y avait pas de differences
significatives entre les groups en cc qui concerne
temperature cutanee au bout des doigts et les mesures
de velocite du flux sanguin au repos, it y avait des dif-
ferences significatives clans Ia prevalence de RVM al-
teres au bout des doigts et ('absence de RCS. La pre-
valence de [absence de RCS emit de 60.9% chez les
'naiades de la lepre, de 13.8% chez les contacts et de
6.3% ches les temoins. La prevalence de RVM anor-
maux elan de 61.2% chez les 'naiades de Ia lepre,
34.7% chez les contacts et 10.6% chez les temoins. Le
test RVM est tine methods plus sensible pour le dys-
fonctionnement autonoinique, compare a la RCS. Les
implications d'une alteration des functions vaso-
motrice et sudomotrice chez des contacts de malades
de Ia lepre doivent encore etre determinees. Cepen-
dant, nous proposons l'hypothese que ceci soil Line
reponse a [exposition all Mycobacterium leprae et
represents suit one alteration nerveuse progressive,
suit des degats residuels non progressifs des nerts au-
tonomes. Nous suggerons que les tests des RVNI sont
des in6thodes de valeur pour rechercher Ia presence
dune neuropathie lepreuse precoce.
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