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Pupillary Reactions In Lepromatous Leprosyl ,2 

T. R. Swift and F. D. Bauschard 3 

A unique "temperature-linked" neuropa
thy has been clearly demonstrated in lepro
matous leprosy by Sabin (10, Jl ), in which 
nerves in cool regions of the body become 
affected while those in warm areas do not. 
In this . process anhydrosis and vascular 
changes in the skin are present due to 
involvement of sympathetic nerve endings, 
This pattern of nerve involvement ( Fig. 1) 
refl ects the temperature dependence of 
Mycobacterium leprae, which in mouse 
foot pad has been shown to have a temper
ature optimum of 27-30°C (14), In lepro
matous leprosy ocular damage also seems 
to be related to temperature, Conjunctiva, 
episcl ra, sclera, cornea, and iris are com
monly involved while the vitreous humor 
and retina are almost invariably spared . 
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Needle tip thermistor probes in rabbits 
have shown that the cornea and iris are 
quite cool and vary significantly with exter
nal temperature whereas the vitreous and 
retina are several degrees warmer (12) . 

Early corneal involvement consists of 
thickening of nerves with the formation of 
small pearly enlargements which represent 
lepromata (3), Resultant corneal insensi
tivity leads to ulceration and is an impor
tant cause of blindness in this disease. 

Lepromatous involvement of the iris 
takes the form of military "pearls" or larger 
lepromata (l), In addition, acute and 
chronic iridocyclitis occur frequently either 
alone or as part of a systemic reaction 
leading to further visual impairment (8) . 

Because nerve involvement in the anteri
or part of the eye {s such a constant feature 
of lepromatous leprosy it appeared likely 
that the iris would be denervated and thus 
demonstrate denervation hypersensitivity 
to topically instilled agents. This report 
describes the results of tests for sympathet
ic denervation hypersensitivity in the eyes 
of lepromatous patients. We postulate that 

FlG . 1. Patterns of sensory loss in lepromatous leprosy. Reaction to pinprick charted : 
a) Mild sensory loss. ote involvement of cool body areas such as extensor portions of 
extremities and ears with sparing of warm areas such as scalp, axillae, groin, and flexor 
portion of forearms; b ) M ncieral e sel1SMIj loss. The trunk is now involved but warm 
areas continue to be spared; c) Sevem sensory loss. Note widespread analgesia with 
sparin g of warm areas of scalp, axi llae, groin, midline of back, and supraclivicular areas 
which overlie carotid and subclavian arteries, 
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the disease provides a modcl of peripheral 
postganglioni c denervation. 

MATERIALS AND METHODS 

Twenty patients with biopsy-proven lep
romatous leprosy and twen ty normal sub
jects were chosen. None of the control 
subjects or pati ents were receiving drugs 
which might interfcrc with pupillary rc
sponses. W e chose pati ents who had mini
mal ocular disease from our pati ent popula
tion. All had ocular tensions record ed ; none 
had glaucoma. Two patients had had iritis. 
In one, both eyes were mildly affected; in 
the other, one eye was affected. 

In tes ting for sympathetic denervation 
hypersensitivity two drops of a 0.1% or 1.0% 
solution of L-epinephrine were instill ed 
into the conjunctival sac of the right eye 
one minute apart and reacti ons noted at 30 
minutes. A r~sponse was considered posi
tive if the trea ted pupil dil ated 0.3 mm or 
more above control values. This was calcu
lated according to the formula : change in 
right pupillary size after epinephrine= 
(size right pupil minus sizc left pupil after 
drug) subtracted from (size right pupil 
minus size left pupil before drug) or t.R = 
( RA - LA) - ( RI\ - Ln ) . As can be 
seen, the untreated pupil is necessary to 
serve as a control both for initial anisocoria 
as well as for spontaneous variation in 
pupil size which occurs even under con
stant lighting conditions (7). W e noted 
that during spontancous fluctuations in size 
of normal pupils, both pupils took part in 
the change in size, and also that any initial 
difference in size between the two pupils 
would continue to be present regardl ess of 
the direction or magnitud e of the change. 
The ciliospinal refl ex also was clicited. This 
refl ex comprises mydriasis following a pain
ful stimulus on the neck. In man, th e test is 
dependent on sympathetic reflex dilatation 
of the pupil (2). It was elici ted by pinch
ing the neck with a small hemostat. 

Color photographs were taken of the 
eyes immediately prior to each tes t and at 
appropriate intervals thereafter. Illumina
tion was carefully measured and was con
stant. A millimeter rule was held beneath 

the left eye of each subject. Pupillary size 
could be measured accurately to tenths of 
millimeters by projecting th e transparen
cies onto a large screen and measuring the 
pupils with calipers, which were then l;ead 
against the projected millimeter scale. 

Body sensory loss was mapped using a 
pin and was grad ed as mi ld, moderate and 
severe. Representative examples of such 
sensory loss are shown in Figure 1. 

Corneal sensory loss was measurcd in 
four quadrants with a stand ard Cochet and 
Bonnet aesthesiometer. Readings vary from 
o ( no sensa tion ) to 6 ( norm al sensation ). 

RESULTS 

None of the patients or normal subjects 
had any reaction to 0.1% epinephrine. 
When 1.0% epinephrine was used, cleven of 
the twenty patients and one normal subject 
developed significant pupill ary dilatation 
( Fig. 2). In many patients and in the one 
control responding, the pupillary response 
was quite bizarre, the pupil becoming ellip
tical with most of the dilatation occurring 
at about 5 or 6 o'clock. Ninety percent of 
final dilatation occurred by 20 minutes and 

NUMBER Of CONTROLS 

11 

CHANGE AFTER 1% EPINEPHRINE RHE - L.EYE in mm. 

NUMBER Of PATIENIS 

~" . , 1 II IIIJ Il 1& IS U 111111 1111 Ill) It 15 11 II II II JI JI II lJ 14 U n JJ 

F IC. 2. Increase in ri ght pupillary size fol
lowing epinephrine 1%. This is calculated ac
cordin g to formula given in text. Note that one 
normal and eleven patients respond wilh 0.3 
mm or grea ter change in right pupil. There is 
a significant difference between patient and 
normal control groups (P = <.05 ). 
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Frc. 3. Pupillary response to epinephrine LOX in right conjunctival sac; a) only nor
mal subject to respond (possibly inapparent Horner's syndrome) before epinephrine, 
b) thirty minutes after epinephrine; c) patient with lepromatous leprosy before epi
nephrine, d) thirty minutes after epinephrine. Note in both instances the asymmetrical 
dilatation of the pupil. 

it was complete at 30 minutes. Figure 3 
shows the one normal subject before and 30 
minutes after 1% epinephrine, and one of 
the patients who responded. Although the 
one normal subject who responded had no 
history of ocular disease, we suspect that 
she has bilateral partial sympathetic dener
vation. She has small pupils and mild ptosis 
with compensatory wrinkling of the fron
talis . 

Ciliospinal responses were present in all 
normal subjects, in all of the nine patients 
who did not respond to epinephrine and in 
nine of the eleven patients who responded. 
This is surprising in that many of the 
patients were unable to feel the pinch used 
to elicit the refl ex because of body sensory 
loss. Pupillary responses to light and near 
vision were normal in all patients and con
trols. 

An unexpected finding was the excell ent 
ability of the unaided eye to spot pupillary 
inequality. We found that careful examina
tion of the eyes allows one to say that 
pupils are unequal when pupillary differ
ences of as little as 0.1 to 0.2 mm are 
present, as we proved on reviewing the 
projected transparencies. Epinephrine re
sponse did not appear to correlate with the 
degree of cornea] sensitivity, degree of 
body sensory loss, history of erythema no-

dosum leprosum, presence of other ocular 
disease, concomitant drug therapy, or dura
tion of disease (Table 1). 

DISCUSSION 

Active pupillary dilatation is controlled 
by the sympathetic nervous system. Sym
pathetic tone originates from neurons in the 
hypothalamus which synapse in the upper 

FIC. 4. Diagram of sympathetic pathway to 
dilator pupillae muscle; a) neurons originating 
in hypothalmus traverse brain stem to synapse 
on cells of the intermediolateral cell column of 
upper thoracic spinal cords, b) axons of pre
ganglionic neurons reach superior cervical 
ganglion, c) axons of cells in superior cervical 
ganglion reach dilator pupillae muscle by way 
of long ciliary nerves. 
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thoracic spinal cord on cells of the interme
diolateral cell column. From here, pregan
glionic sympathetic efferents pass to the 
superior cervical ganglion where ganglionic 
neurons send their axons to the dilator 
pupillae muscle ( Fig. 4 ) . Lesions of any of 
these three segments (at A, B, or C) will 
produce varying degrees of miosis, appar
ent enophthalmos, ptosis, and hypohydro
sis. After a lesion of the postganglionic 
neuron (at C ), supersensitivity to both 
systemic and topically applied epinephrine 
occurs (6). Although very weak concentra
tions of epinephrine (0.05 to 0.1%) have 
cl assically been used to demonstrate super
sensitivity (4), higher concentrations (0.5 
to 1.0%) may be necessary to demonstrate 
inapparent or "latent" Horner's syndrome 
( 5. 15). The reason higher concentrations 
must be used are thought to be the incom
pleteness of the nerve lesion, although a 
decrease in epinephrine sensitivity with 
time, such as occurs in glaucoma, may also 
playa role (13) . Eleven of twenty patients 
in this study developed significant pupil
lary dilatation to epinephrine 1.0%, indicat
ing denervati on. The presence of int'ict 
ciliospinal reflexes in the majority of those 
responding suggests that the denervation is 
not complete. That the involvement of 
sympathetic fibers must be peripheral with
in the iris and Ciliary body and not furth er 
posteriorly in long ciliary nerves, carotid 
plexus, or superior cervical ganglion is sug
gested by the frequent finding of leproma
tous infiltrates within the iris and the ab
sence of nerve lesions in areas of higher 
temperature. 

These findings may be related to the 
pathogenesis of iritis in leprosy. In one 
study the iris was attacked in 180 of 826 
cases of lepromatous leprosy, or 24.5% (9) . 
Of thesc, 139 wcrc acute or subacutc di f
fuse iritis, 69 were the miliary nodular fo rm, 
and 33 were old and healed iritis. In our 
group abnormal iris responses occurred· in 
cleven of twenty pati ents, an incidence of 
55.6%. If the hypothesis is correct that these 
pupillary responses are indicative of early 
nerve involvement, then the incidence of 
iris disease in lepromatous leprosy must be 
much higher. In three of our responding 
patients, hypersensitivity was present at a 

time when corneal sensitivity was normal 
( pati ents 1, 6, 8) . Further studies will be 
carried out to see if this method is a sensi
tive one for identifying those patients with 
inapparent iris involvement, and to see 
whether patients showing hypersensitivity 
responses are des tined to develop overt 
iritis at .a later date. We suggest a potential 
usefulness of this simple and inexpensive 
test in field programs, especially in under
developed countries, to identify the iritis
prone. Those lepromatous patients showing 
responses to 1% epinephrine should be fol
lowed closely for the appearance of iriti s so 
that early treatment might b e instituted 
and blindness prevented . 

SUMMARY 

Pupillary responses to dilute epinephrine 
solution and ciliospinal responses were 
studied in 20 patients with lepromatous 
leprosy and in 20 normal subjects. Eleven 
of the twenty patients demonstrated 
mydriasis in response to 1.0% epinephrine 
as opposed to only one of the controls. All 
but two patients had intact ciliospinal re
sponses. These findings are consistent with 
pos tgangli onic sympathetic nerve involve
ment within the iris. The incidence of iris 
involvement in lepromatous leprosy as de
tected by this method is 50% or more, which 
is much higher th an the incidence as deter
mined by direct examination. 

RESUMEN 

Se estudiaron las respuestas pupilares a una 
sol ucion diluida de epinefrin a y las respuestas 
cilioes pi nales en 20 pacientes con lepra lepro
matosa y en 20 sujetos normales . Once de los 
ve inte pacientes mostraron midriasis en respu
esta a epinefrine al 1,0% en comparacion con 
solo uno de los cont roles. Todos men os dos de 
los pacientes conservaban SllS respuestas cilio
espinales intactas. Estos hall azgos son com
patibles con un compromiso del nervio sim
patico postganglionar dentro del iris. La inci
dencia de compromiso del iris en lepra lepro
matosa que se detecta con este metodo es de 
50% 0 mas, 10 cual es mllcho mayor que la 
incidencia que se determina por medio del 
examen directo. 
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TABLE 2. Patients not showing hypersensitivity. _0 

to 

Corneal Epinephrine Body Erythema Duration Other 
Patient Cilio- sensitivitya responseb sensory nodosum disease ocular 
number spinal OD OS (mm) Iritis loss leprosum (years) disease Medications cr;, 

~ 
~ 

12 
5 5 6 6 

-0.2 No None Nerve changes Thalidomide G-+ 5 6 6 6 Yes 2 
B-663 i:l:j 

l;:) 

5 5 5 5 .: 
13 -0.1 No Mild Nerve changes Sulphetrone '" + 6 6 6 6 Yes 3 (") 

;:l" 
Steroids l;:) .. 

R, 

5 6 6 5 ' . 

14 + 6 6 6 6 +0.1 No None No 16 Superficial DDS ~ 
episcleritis -0 ;:.:, 

5 6 6 6 S-
15 + +0.1 No Severe Yes 10 None B-663 .. 

5 6 6 6 <.-: 

::x; 
5 3 4 3 (\) 

16 + 5 -0.1 No Moderate No 23 None None l;:) 

6 5 4 (") .,.,. ... 
0 

5 3 5 5 ;:! 

17 + 0.0 No Moderate Yes 11 Superficial Orthonovum '" 5 6 4 5 ker.a ti tis . Phenobarbital S· 

5 5 5 5 
t""< 

18 0.0 Moderate Yes 8 Episcleritis 
(\) 

+ 6 5 4 6 No Diasone -0 .. 
0 

4 3 3 4 ~ 
19 0.0 No Moderate Yes 21 INH 

l;:) 

+ 5 2 4 4 None .,.,. 
0 

Valium .: 
'" 

3 3 1 3 3 t""< 
20 + +0.1 No Slight Yes 2 Corneal nerve DDS (\) 

3 3 3 3 -0 
beading and .. 

0 

low grade '" <.-: 
iritis 

n Coche t and Bonne t Aesth esiometer (R eadings 1 [no sensa tion) to 6 [normal sensa tion)) . OD right eye, OS left eye. 
b (Right PupiIA tte, ·Left PupiIAr t< ,) - (Right Pupiloeto .. -Left PupiIBeto, e) = .1RP ...... 

~ 
~ 
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R11:SUM11: 
Chez 20 malades souffrant de lepre lepro

mateuse et chez 20 inciividus normaux, on a 
etudie la reponse pupilla ire a une solution 
d'epinephrine, de me me que les reponses cilio
spinales. Onze des 20 malades etudies ont 
presente de la mydriase, a la suite de I'a pplica
tion d'epinephrine a 1 pour cent, alors que 
seulement un des temoins reagissa it de la sorte. 
Tous les malades, sauf deux , presentaient une 
reponse c iliospinale intacte. Ces observations 
sont compatibles avec une atteinte post-gangli
onnaire ties nerfs sympathiques dans I'i ris. La 
frequence deune atteints de I'iris au cours de 
la lepre lepromateuse, telle qu'elle peut etre 
detectee par cette methode, est de 50 pour cent 
ou dava ntage, ce qui depasse largement la fre
quence de cette atteinte telle qu'elle est deter
minee par I'examen direct. 

Acknowledgements. 'rVe are gra teful to Dr. 
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and to Mr. John Duffy for photography. 
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