
Volume 63, Number 4
Printed in the U.S.A.

INTERNATIONAL JOURNAL OF LEPROSY

Pupil Cycle Time in Leprosy Patients Without
Clinically Apparent Ocular Pathology'
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An estimated 250,000 people in the world
arc blind due to leprosy ( 12). This figure could
swell to distressing proportions if those pa-
tients with gross visual handicap, but not
falling within the conventional definition of
blindness, are included in this category. For
a disease in which blindness is generally pre-
ventable these figures are undesirable. More
effective strategies to combat blindness and
ocular morbidity are needed. These would,
to a large extent, depend upon the detection
of early ocular involvement and the expo-
sition of clinically discernible risk factors
that could reasonably forecast the occur-
rence of ocular inflammatory episodes which
often are the cause of blindness in leprosy.

Beading of corneal nerves ( 13), low intra-
ocular pressures ( 3), postural changes in in-
traocular pressures ( 6), denervation hyper-
sensitivity of the pupil ( 17) and pupil cycle
time (4) have all been studied by investi-
gators as possible parameters that would en-
able early recognition of ocular involve-
ment in leprosy.

Pupil cycle time (PCT) is the time in mil-
liseconds that the pupil takes to constrict
and dilate once, when stimulated with a slit
beam of light. PCT has been studied in sev-
eral diseases, including diabetes (9), HIV in-
fection ( 7 ) and leprosy (4). The prolonged
PCT observed in leprosy patients has been
suggested to be a sign of early ocular in-
volvement. Since the intake of patients in
our leprosy study (4 ) was small and many
demonstrated clinically observable ocular
manifestations that, by themselves, could
prolong PCT, we measured PCT in leprosy
patients whose eyes looked normal on clin-
ical examination and herein present our
findings.
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METHODS AND PATIENTS
Unselected, consecutive leprosy patients

(384) attending the outpatient clinic of the
Schieffelin Leprosy Research and Training
Center, Karigiri, India, from January 1992
to December 1994, conforming to certain
criteria and whose visual acuity was 6/12
or better, were included in the study. An
equal number of age- and sex-matched non-
leprosy individuals were enrolled in the
study as controls. All patients and controls
had clinically normal eyes except for a few
older patients with early senile cataract
changes whose visual acuity did not drop
to < 6/12. Persons with afferent pupillary
defects, gross corneal opacities, evidence of
past or present iridocyclitis, recent intake of
autonomic function-altering drugs and
known diabetics were excluded from the
study. Patients with external eye infections
and those with leprosy reactions were also
excluded. However, patients who had had
leprosy reactions were included in the study.
The control group had similar socioeco-
nomic backgrounds as that of the patients
and consisted of relatives and friends of pa-
tients attending the hospital. Suspects and
close contacts were excluded from the con-
trol group. After informed consent was ob-
tained, demographic and leprosy data were
recorded.

Leprosy data included: a) current type of
leprosy categorized according to the Ridley
and Jopling classification using bacterio-
logical, clinical and histopathological pa-
rameters; b) approximate duration of the
disease; c) current treatment status of the
patients; d) duration and doses of dapsone
monotherapy and multidrug therapy; e)
highest bacterial index (BI) recorded at any
one time during the course of the disease
and f) the occurrence of type 1 and type 2
reactions.

PCT was measured in both eyes of all
patients and controls using the method de-
scribed by Miller and Thompson (" ) with
minor modifications. Subjects were placed
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TABLE 1. Distribution of study groups by^TABLE 3. Mean (S.D.) PCT in millisec-
age and sex.^ owls by type of leprosy and sex.

Age
group
(yrs.)

Leprosy^Controls

Male^Female^Male^Female

<30 124 52 124 52
30-44 91 37 91 37
^ 45 64 16 64 16
Total 279 105 279 105

in a dimly lit room and asked to fixate at a
distant point. A horizontal, 1-mm wide slit
beam of moderate intensity was focused
through a Haag Strict slit lamp on the lower
part of the iris with the microscope unit of
the slit lamp perpendicular to the front of
the eye and the illumination unit at about
30° from the microscopic unit. The beam
of light was slowly elevated until it im-
pinged on the pupil and initiated a cycle of
constriction and dilatation. These oscilla-
tory cycles were timed in runs of 30, 30, and
40 with a stopwatch and the time in milli-
seconds (ms) was calculated for one cycle.
All patients and controls had their PCT es-
timated by the same investigator.

We were unable to record PCT for 7 lep-
rosy patients (5 borderline lepromatous and
2 borderline tuberculoid patients) since we
could not induce the pupillary oscillations
despite increasing both the light intensity
and width of the slit beam. Ten controls also
were excluded from the study since they
chose not to cooperate during the recording
of PCT.

Means, standard deviations and propor-
tions were computed and compared using
t, normal and F tests. The analysis was done
using the computer software package SPSS
PC+.

TABLE 2. Mean (S.D.) PCT in millisec-
onds by age and gender.

Age
group ^
(yrs.)^Male^Female^Male^Female

<30 726 (55) 749 (62) 724 (41) 718 (44)
30-44 727 (49) 738 (53) 728 (47) 718 (38)
^ 45 746 (52) 749 (62) 739 (44) 738 (44)
Total 731 (53) 745 (59) 729 (44) 719 (42)

Leprosy
type

Male Female

No. Mean (S.D.) No. Mean (S.D.)

TT 26 732 (42) 18 741 (62)
BT 146 720 (52) 70 741 (50)
BB 126 731 (51) 44 745 (58)
BL 144 734 (55) 42 739 (52)
LL 116 741 (54) 36 767 (77)
PB 172 722 (51) 88 739 (52)
MB 386 735 (54) 122 749 (63)
Controls 558 729 (44) 210 719 (42)

RESULTS
A total of 384 patients and an equal num-

ber of controls were studied. Their distri-
bution in three broad age groups is given in
Table 1. Ages of both patients and controls
ranged from 8 to 75 years with an identical
mean age of 33 years. The mean pupil cycle
time (PCT) did not differ significantly be-
tween the right and the left eyes of patients
or controls. The mean (S.D.) of PCT among
leprosy patients was 735 (55) ms which was
significantly (p < 0.05) higher than that of
controls who had 726 (43) ms. The range
of PCT in leprosy patients varied from 575
ms to 1004 ms; in the controls from 611
ms to 944 ms.

The mean (S.D.) of PCTs by age and gen-
der is shown in Table 2. In the male and
female control groups and in the male lep-
rosy group there was a general trend for PCT
to lengthen as age increased. However, a
conspicuously higher PCT value was ob-
served in females < 30 years in the leprosy
group, which was significantly (p < 0.01)
higher than other stratified groups of the
same age. The mean (S.D.) of PCTs by type
of leprosy and sex is given in Table 3. Except
for the tuberculoid (TT) group of patients
whose number was small, there is a general
tendency for the PCT to increase as the type
of leprosy moves toward the lepromatous
pole. The mean (S.D.) PCTs of both males
and females in the multibacillary (MB) group
show a significantly (p < 0.01) higher value
from that observed in the paucibacillary (PB)
group.

The mean (S.D.) PCTs by age, sex and
duration of disease is given in Table 4.
Higher values of PCTs are seen when the
duration of disease exceeded 10 years. PCTs

Leprosy Controls
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TABLE 4. PCT by age, sex and duration of disease.

Age
group
(yrs.)

Sex

Duration

5 yrs. 6-9 yrs. yrs.

No. Mean (S.D.) No. Mean (S.D.) No. Mean (S.D.)

<30 M 182 726 (52) 40 718 (53) 26 741 (75)
F 62 748 (65) 32 748 (61) 10 760 (46)

30-44 M 78 721 (52) 32 712 (44) 72 742 (46)
F 44 737 (58) 8 737 (42) 22 740 (47)

a-45 M 66 745 (50) 18 714 (39) 44 759 (55)
F 14 746 (63) 4 729 (21) 14 758 (71)

Total 446 732 (55) 134 725 (51) 188 748 (55)

by age, sex and type 1 reaction given in
Table 5 show the mean PCTs of patients
who had had type 1 reaction to be signifi-
cantly (p < 0.01) lower than those of pa-
tients who did not have the reaction during
their disease. Conversely, as seen from Ta-
ble 6, the PCTs in patients who had had
type 2 reactions shows significantly (p <
0.01) higher values from those patients who
did not. PCT by smear positivity and sex
(Table 7) did not reveal any consistent pat-
tern, and there was no significant difference
between the mean PCTs of patients who
were positive for bacilli and those who were
negative for bacilli.

DISCUSSION
A noticeable feature in our study is that

the mean PCT observed among our control
subjects is one of the lowest recorded among
those investigating PCT in recent times (Ta-
ble 8). There is a wide range in the mean
PCTs observed by various investigators with
a low value of 801.9 ms and a high value
of 946 ms. The methodology adopted by us

varied to some extent from that of Miller
and Thompson ("). We used a slit beam
that had a width of 1 mm instead of 1/2 mm
and had moderate intensity instead of low
intensity because we found that this beam
produced pupillary cycles of greater ampli-
tude that were better observed. We also fo-
cused the beam from an angle since many
of the patients found a coaxial beam dis-
agreeable. Whether these minor modifica-
tions could have altered the PCT is uncer-
tain since previous investigators ( 9 . ") have
pointed out that both the intensity as well
as the width of the slit beam does not alter
the PCT significantly. Ethnic differences al-
tering PCT seemed a possibility, but Sood
and his co-workers ( 16 ), who had investi-
gated PCT in 56 normal people of Indian
origin, reported an average PCT of 931.2
ms. The number of their study subjects was
not large and in the methodology used by
them only 50 cycles were timed in each eye
and no standard deviations were reported
for any of the mean PCTs observed. We are
unable to comment on the huge difference

TABLE 5.
reaction.

PCT by age, sex and type 1 TABLE 6.
reaction.

PCT by age, sex and type 2

Age
Type 1 reaction Age Type 2 reaction

group Sex No Yes group Sex No Yes
(yrs.) (yrs.)

No. Mean (S.D.) No. Mean (S.D.) No. Mean (S.D.) No. Mean (S.D.)

<30 M 148 725 (56) 100 728 (52) <30 M 240 727 (54) 8 707 (83)
F 82 757 (63) 718 (48) F 98 745 (55) 6 811 (123)

30-44 M 140 729 (48) 42 723 (54) 30-44 M 162 725 (50) 213 745 (39)
F 60 739 (55) 14 730 (46) F 70 737 (53) 4 751 (56)

^-.45 M 92 750 (52) 36 734 (53) ^ 45 M 108 739 (46) 20 781 (69)
F 30 751 (64) 714 (18) F 30 748 (64) 2 768 (10)

Total 552 738 (56) 216 727 (52) Total 708 733 (53) 60 760 (72)
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TABLE 7. PCT by smear positivity and
sex.

Avg.
131

Male Female

No. Mean
(S.D.) No . Mean

(S.D.)

1 50 738 (67) 14 746 (72)
2 46 731 (43) 8 757 (29)
3 76 732 (50) 14 730 (34)
4 38 740 (54) 22 760 (90)
5 6 741 (33) 2 717 (0)
6 2 745 (5) —

Total smear
positive 218 735 (53) 60 748 (55)

Total smear
negative 340 729 (53) 150 744 (55)

in values. Manor and co-workers (8 ), inves
tigating PCT in normal subjects, reported
mean (S.D.) PCTs of 739 (74) ms in a group
aged 10-49 years and 872 (83) ms in an age
group of 50-79 years. Since more than 340
of our controls (89%) were younger than 50
years, our mean (S.D.) value of 726 (43) ms
is closer to the values obtained by them.
However, the wide range of normal values
of PCT obtained by various investigators
highlights the importance of having a
matched control group of normal individ-
uals while investigating PCT in any partic-
ular disease in a group of patients.

The statistically significant difference ob-
served between the mean PCTs of leprosy
patients and healthy controls suggests that
there could be some amount of impairment
in the functioning of the ocular autonomic
system in leprosy patients even though their
eyes may not exhibit any noticeable clinical
pathology. The finding that more leprosy
patients have longer PCT than controls adds
credence to this. This could be rated as a
sign of early ocular involvement although
its importance in a clinical context is un-
certain. Whether a few milliseconds of dif-
ference in PCT would help differentiate a
group of patients whose PCTs would indi-
cate early ocular involvement is a moot
point. Even if one were to differentiate such
a group of patients there is nothing in the
presently available literature to indicate that
these patients would have more ocular com-
plications compared to patients with shorter
PCTs Carefully formulated studies involv-
ing long-term follow up of patients with and
without prolonged PCTs are essential be-

TABLE 8. Mean PCT of normal individ-
uals in various studies.

Investigators
PCT

Mean (S.D.) msec

Lepore, et al.' 801.9 (S.E.M. 8.9)
Miller and Thompson" 822 (69)
Campbell and Whiteside' 870 (170)
Martyn and Ewing' 946 (120)
Karacorlu, et al.' 820 (47)
Sood, et a!. 16 931.2
Maclean and Dhillon 7 840 (82)

fore extrapolating that prolongation of PCT
be considered as an indicator of forthcom-
ing ocular complications.

The young leprosy women in our study
had a significantly higher PCT value than
did the other groups. We investigated sev-
eral variables that may have contributed to
the elevated PCTs in this group. Socioeco-
nomic status, type of leprosy, duration of
the disease, smear positivity, and the lep-
rosy reactions were looked into but did not
show any significant correlation with PCT
in this group. Previous studies in PCT have
indicated that sex did not alter PCT (9. " ).

The reason for the altered PCTs in young
leprosy females in our study needs further
investigation.

There is a general trend for PCT to in-
crease as the spectrum of disease moves to-
ward the lepromatous pole. A significant dif-
ference is noticed in the PCT of MB patients
compared to PB patients. If affectation of
the ocular autonomic system can be inferred
from the prolonged PCTs observed in MB
patients, it appears to be proportionate to
the severity of the disease. Slowing of motor
conduction velocity of peripheral nerves has
been demonstrated among different types of
leprosy in a number of studies (2, 10, 18

)
. The

increased PCT reflecting the ocular auto-
nomic dysfunction is yet another corrobo-
rative feature of the slowing of nerve con-
duction in leprosy although its pathophys-
iology, especially when occurring in an
apparently clinically normal organ, needs to
be elucidated.

The increased PCTs of MB patients is
also a reflection on the inclusion of a num-
ber of patients who had had erythema no-
dosum leprosum (ENL) within the MB
group. It has been shown in this study that
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those patients who had ENL have a signif-
icantly higher PCT than those who did not.
A decrease in nerve conduction velocities
during reactions in leprosy has been well
documented (14. 15 ) . Paradoxically, our study
shows a decrease in the PCT of patients who
had had reversal reactions. This is difficult
to explain and could be due to selection bias
that is an inherent feature of any hospital-
based study. Being smear positive or having
an increasing bacillary load did not alter
PCT. This is in keeping with the fact that
mere invasion of various ocular tissues by
the bacilli does not produce any functional
alteration unless the ocular tissues begin to
react to the bacilli, producing inflammatory
episodes.

SUMMARY
The pupil cycle time (PCT) was estimated

in 384 leprosy patients whose eyes looked
normal on clinical examination and in an
equal number of healthy controls. A statis-
tically significant increase in PCT (p < 0.05)
was noticed in leprosy patients, and cor-
roborates the view that the ocular autonom-
ic system may be affected without any vis-
ible clinical pathology in the eye. The clin-
ical value and application of this finding is
uncertain since the difference is only a few
milliseconds. Young females with leprosy
showed a conspicuous lengthening of PCT
for which no plausible explanation is of-
fered. There was a general trend for the PCT
to increase as the spectrum of disease moved
toward the lepromatous pole and a signifi-
cantly higher PCT (p < 0.01) was found
among multibacillary patients compared to
paucibacillary patients. Patients who had
had erythema nodosum leprosum (ENL) re-
actions showed a higher PCT than did those
who had not had ENL. Patients who had
had reversal reactions showed a decrease in
PCT, which may be a statistical oddity in
this hospital-based study. Patients whose
duration of the disease was over 10 years
showed a higher PCT, while smear positiv-
ity of a patient did not alter the PCT sig-
nificantly.

RESUMEN
Se estimO el tiempo ciclico de la pupila (PCT) en

340 individuos sanos y en un nUmero similar de pa-
cientes con lepra cuyos ojos se miraban clinicamente
normales. Se notO un incremento significativo del PCT
en los pacientes con lepra (p <0.05) y esto corroborO

que el sistema autOnomo ocular puede afectarse sin
manifestar ninguna alteraciOn clinica del ojo. El valor
clinico y la aplicaciOn de este hallazgo son inciertos ya
que la diferencia fue de solo unos millsegundos. Las
mujeres jOvenes con lepra mostraron un alargamiento
conspicuo de sus PCTs pero no se pudo ofrecer una
explicaciOn racional a este hallazgo. Se observO una
tendencia general de increment° del PCT con forme el
espectro de la enfermedad se acercO al extremo lepro-
matoso; los pacientes lepromatosos multibacilares
tuvieron PCTs significativamente mayores (p < 0.01)
que los pacientes paucibacilares. Los pacientes que ha-
bian tenido eritema nodoso leproso (ENL) mostraron
PCTs mayores que los pacientes sin ENL. Los pacien-
tes que habian presentado reacciones reversas mostra-
ron cierta disminuciOn en sus PCTs, aunquc esto bicn
pudo representar solo la probabilidad estadistica. Los
pacientes con una enfermedad mayor de 10 afios mos-
traron los PCTs Inds altos, mientras que la positividad
bacilar de los pacientes no afectO significativamente
sus valores de PCT.

RÉSUMÉ

Le temps du cycle pupillaire (TCP) a etc estime chez
384 malades de la lepre dont les yeux paraissaicnt nor-
maux a l'examen clinique, et chez un nombre equi-
valent de temoins en bonne sante. Une augmentation
statistiquement significative du TCP (p < 0.05) a etc
notee chez les malades de la lepre, et corrobore rid&
que lc systeme autonomique oculaire poutrait etre af-
fect& sans qu'il n'y ait de pathologic cliniquement vis-
ible de I'ocil. La valour clinique et l'application de celte
dêcouverte est incertaine puisque la difference n'est que
de quelques millisecondes. Les jeunes femmes le-
preuses montraient un ralentissement evident du TCP,
pour lequel aucune explication evidente n'est offertc.
If y avait une tendance generale a cc que le TCP aug-
mente lorsque le spectre de la maladie allait vers lc
pOle lepromateux et un TCP signficativement plus eleve.
(p < 0.01) Cut trouve parmi les patients multibacillaires
compare aux patients paucibacillaires. Les patients qui
avaient cu des reactions d'erytheme noucux lepreux
(ENL) montraicnt un TCP plus elevê que ceux qui
n'avaient pas cu d'ENL. Les patients qui avaient cu
des reactions reverses montraicnt une diminution du
PCT, ce qui pourrait etre une bizarreric statistique dans
cette etude hospitaliere. Les malades dont la maladie
avait dui-6 plus de 10 ans ont montre un TCP plus
clove, alors que la positivit& des frottis d'un patient ne
modifiait pas significativement le TCP.
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