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Mycobacterium leprae infiltrate the skin,
cutaneous nerves, and the anterior segment
of the eye, causing eyebrow and lash loss,
lid nodules, corneal nerve beading, avas-
cular keratitis, decreased corneal sensation,
decreased lacrimation, and acute and
chronic iridocyclitis. Low intraocular pres-
sure has previously been reported in Han-
sen's disease (leprosy) (28 12

)
. The precise

responsibility for this low pressure has not
been determined. We report herein our find-
ings of the intraocular pressures and pos-
tural changes in intraocular pressure in a
group of Hansen's disease patients. Because
we hypothesized that intraocular pressure
abnormalities might be related to ocular
autonomic dysfunction, we also tested a
small group of patients for ocular sympa-
thetic dysfunction.

MATERIALS AND METHODS
Approximately 500 patients with biopsy-

proven Hansen's disease are registered at
the San Francisco Regional Hansen's Dis-
ease Clinic, San Francisco, California,
U.S.A. All patients are encouraged to
undergo an eye exam by an ophthalmologist
every 1-2 years. For the past 21/2 years the
results have been recorded on standardized
examination forms and the data subse-
quently computerized. Some preliminary
results based on 72 patients and 17 controls
have been reported previously (8).

Examination includes gross examination
of the lids, lashes, and brows; visual acuity
testing (with and without pinhole glasses);
pupillary size and response to light; Schir-
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mer tear test; measurement of corneal sen-
sitivity with Cochet-Bonnet anesthesiome-
ter; slit lamp exam of cornea, anterior
chamber, iris, and lens; Goldmann or Per-
kins applanation tonometry; and fund us ex-
amination. The standardized examination
forms of the last consecutive 255 patients
were analyzed to establish the distribution
of intraocular pressure.

In 123 patients we conducted a case-con-
trol study measuring postural changes in in-
traocular pressure. The patients were ex-
amined as noted above and intraocular
pressure was determined using a Perkins
hand-held applanation tonometer. The pro-
cedure was performed as follows: a drop of
Fluress ® was instilled in each eye with the
patient seated and the intraocular pressure
was measured in the right and then the left
eye with a Perkins tonometer. Similar mea-
surements were made in a control group of
40 same-age volunteers, consisting of 17
first-degree family members of patients and
23 volunteers with no known eye or system-
ic disease. No difference was found between
the family member controls and the 23 vol-
unteers; therefore we have combined both
groups into one control group.

We also tested 21 patients and 15 healthy
volunteers for iris denervation. The patients
and controls were selected from the study
population described above without knowl-
edge of the eye exam results on the part of
the examiner. Photographs of each patient's
pupils were taken under standard illumi-
nation with a 28 mm macro lens and 100
ASA film. A drop of 1% OH-amphetamine
(paredrine) from a standard dropper pipette
was then instilled in the right eye only. After
30 min, photographs were taken under the
same conditions. The photographic slides
were projected at 10 x magnification, and
the pupil diameter was independently mea-
sured in millimeters by two observers. We
used the pre-paredrine photograph as a con-
trol for physiologic anisocoria and the left
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eye as a control for change in ambient light
conditions. The formula suggested by Swift
and Bauschard (13) was used for calculation
of our results: pupil response = (right pupil
post-paredrine — left pupil post-paredrine)
— (right pupil pre-paredrine — left pupil
pre-paredrine).

The results of our studies were analyzed
utilizing analysis of variance and chi-squared
on SPSSx.

RESULTS
Intraocular pressure. Sixty-one of the 510

eyes (12%) had an intraocular pressure of
< 7 mm. The distribution is shown in Fig-
ure 1 and compared to the intraocular pres-
sure distribution of a general population re-
ported by Armaly ('). Low intraocular
pressure was independently associated with
avascular keratitis and with iritis, either ac-
tive or with signs of previous iritis (The
Table).

Postural change in intraocular pressure.
The mean change in intraocular pressure
(upright to supine) in Hansen's disease pa-

tients was +3.24 mm Hg, as compared to
+0.95 mm Hg among controls (p < 0.005)
(Fig. 2). There was a negative correlation
between intraocular pressure and postural
change in intraocular pressure. Patients with

4 mm Hg change in intraocular pressure
had a mean of 10.76 mm Hg intraocular
pressure in the upright position. Patients
with a postural change of < 4 mm Hg had
a mean of 12.25 mm Hg intraocular pres-
sure in the upright position (p = 0.04). We
found no correlation between abnormal
clinical signs (including iridocyclitis and
avascular keratitis) and large postural change
in intraocular pressure. Furthermore, pau-
cibacillary and multibacillary patients were
equally likely to have large postural changes.

Iris denervation. The average pupil re-
sponse to paredrine in Hansen's disease pa-
tients was 1.2 mm, compared to 1.7 mm
among controls (p = 0.038). Poor pupil re-
sponse to paredrine did not correlate with
clinical signs of ocular Hansen's disease, low
intraocular pressure, large postural changes
in intraocular pressure, disease duration, or
disease type.
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DISCUSSION
Our findings support those of others who

have reported low intraocular pressure in
Hansen's disease patients. In 531 lepro-
matous and tuberculoid patients in Nepal,
Brandt (2) found lower intraocular pressure
in patients with gross evidence of iridocy-
clitis (posterior synechiae) as compared to
those without evidence of uveal involve-
ment. Stem (12) measured intraocular pres-
sure in 38 eyes and performed tonography
in 49 eyes in a group of Hansen's disease
patients in Turkey. He concluded that low
intraocular pressure was the result of de-
creased aqueous production. This correlates
with the histopathologic reports of atrophy
and hyalinization of the ciliary body in eyes
of Hansen's disease patients.

These findings suggest that low intraocu-
lar pressure might serve as a predictor of
iris and ciliary body involvement, and might
be useful for predicting low-grade iridocy-
clitis in areas where slit-lamp exam is not
possible.

A number of authors have reported vari-
able findings in intraocular pressure changes
with body position in healthy populations.
Most of them found that the intraocular
pressure rises less than 3-5 mm Hg from
the upright to the supine position
(3, 7, 10, 14, 15). In our studies we found that
15% of Hansen's disease patients had 4
mm rise in pressure; whereas no healthy
controls had similar changes. The mecha-
nisms regulating homeostasis of intraocular
pressure with body position changes are un-
clear. Because the changes in these patients
occurred rapidly (immediately upon as-
sumption °Utile supine position), we believe
that the autonomic nervous system might
be responsible. The intraocular pressure in
those patients with a large rise in pressure
in the supine position immediately returned
to the previous level when they sat up. In
normal eyes, the episcleral venous pressure
appears to correlate with postural changes
in intraocular pressure (6). Episcleral venous
pressure may be regulated by the ocular
autonomic nervous system. Thus, it is pos-
sible that abnormalities of the ocular auto-
nomic nerve supply in Hansen's disease pa-
tients are responsible for the large postural
changes in intraocular pressure seen in these
patients.
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FIG. 2. Postural changes in intraocular pressure.

Previous studies of autonomic dysfunc-
tion in the cardiovascular systems of Han-
sen's disease patients report conflicting re-
sults (4 9 "). We tested a number of our
patients for orthostatic hypotension, but
found no evidence of fall in blood pressure.
However, minimal or no involvement of
the cardiac autonomic system would be ex-
pected since these nerves are deep and at a
temperature not conducive to replication of
M. leprae. On the other hand, M. leprae
have an affinity for the small unmyclinated
nerves in the anterior segment of the eye as
manifested by the beading of corneal nerves
(pathognomonic of leprosy) and by avas-
cular keratitis which represents infiltration
of bacilli along nerves in the cornea and
directly into the stroma.

In an effort to evaluate the role of the
ocular autonomic nervous system in the
pressure abnormalities of these patients, we
used paredrine to look for iris denervation.
ifytche has suggested that the miotic pupils
seen in Hansen's disease are due to ocular
sympathetic dysfunction (5). Swift and
Bauschard (13) used 1% epinephrine to look
for sympathetic denervation of the irises in
20 Hansen's disease patients and 20 healthy
controls. Paredrine and epinephrine differ
in their mechanisms of action; paredrine
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THE TABLE. Correlation of clinical signs
and low intraocular pressure (101') in Han-
sen's disease. 101' values in inm Hg.

Clinical sign Pres-
ent

Absent p value

Avascular keratitis
Mean 101' in right eye 7.2 11.5 0.012
Mean 10P in left eye 7.1 11.8 0.001

Iridocyclitis
Mean 10P in right eye 8.4 11.5 0.032
Mean 101' in left eye 9.4 11.8 0.041

specifically tests the terminal neuron in the
sympathetic pathway by causing release of
stored norepinephrine at the nerve ending
in the iris. If these sympathetic nerves to
the iris are damaged, the iris responds min-
imally or fails to respond because of a de-
crease or absence of stored norepinephrine.
One percent epinephrine tests for dener-
vation supersensitivity which may result
from nerve damage at any level. A potential
problem with using any topically adminis-
tered drug to test pupil response is the fact
that corneal pathology will influence pene-
tration of the drug into the anterior cham-
ber. In our pupil study population there were
no patients with corneal pathology, and we
showed a significant difference in the pupil-
lary response of Hansen's disease patients
compared to our controls. However; con-
clusions based on this study are limited be-
cause our patients and controls were not
matched for age and race, both of which
may affect pupil response to drugs.

In order to clarify possible associations
between ocular autonomic dysfunction, in-
traocular pressure abnormalities, and other
ocular pathology, tests of ocular autonomic
nerve dysfunction need to be performed in
patients and matched controls. Further-
more, it will be necessary to follow longi-
tudinally patients with intraocular pressure
abnormalities in order to assess the predic-
tive value of these abnormalities.

SUMMARY'
We retrospectively analyzed 255 Han-

sen's disease patients and found low intra-
ocular pressure (< 7 mm Hg) in 12% of
them. We showed a correlation between low
intraocular pressure and avascular keratitis

and iritis. We also found that patients with
low intraocular pressures had abnormally
large postural changes in intraocular pres-
sure. We speculate that abnormalities in the
autonomic innervation of the anterior seg-
ment of the eye may be related to the in-
traocular pressure abnormalities. Further
investigations along this line may increase
our understanding not only of the patho-
physiology of Hansen's disease but also of
the mechanisms regulating homeostasis of
intraocular pressure.

RESUMEN
Analizamos retrospectivamente a 255 pacientes con

la enferinedad de Hansen y encontramos una baja pre-
siOn intraocular ( < 7 mm Hg) en 12% de ellos. De-
mostramos una correlaciOn entre baja presiOn intraoc-
ular y keratitis e iritis avascular. Tambien encontramos
que los pacientes con baja presiOn intraocular tenian
cambios posturales anormalmente grandes en la pre-
siOn intraocular. Especulamos que las anormalidades
en la inervaciOn autOnoma del segment° anterior del
ojo pueden estar relacionadas con las anormalidades
en la presiOn intraocular. Una mayor investigaciOn en
esta linca puede mejorar nuestro conocimiento no solo
de la patofisiologia de la enfermedad de Hansen sino
tambien de los mecanismos que regulan la homeostasis
de la presiOn intraocular.

RÈSUMÈ

Sur 255 patients soulfrant de la maladie de Hansen,
on a observe chez 12% d'entre eux une pression in-
traoculaire faible (< 7 mm Hg). Une correlation a ete
constatee entre une faible pression intraoculaire d'une
part, et d'autre part une keratite avasculaire ou de l'iri-
tis. On a egalement relevê que les malades ayant des
pressions intraoculaircs faibles presentaient des modi-
fications anormalement prononcees de cette pression
oculaire lors de changements posturaux. On emet des
lors l'hypothese que des anomalies dans l'innervation
autonome du segment anterieur de l'oeil pourraient
etre en relation avec des anomalies de la prcssion in-
traoculaire. Des investigations supplêmentaires dans
cc domaine seraient utiles pour accroitre notre connais-
sance, non seulement de la patho-physiologie de la
maladie de Hansen, mais egalement des mecanismes
qui dêterminent l'horneostase de la pression intrao-
culaire.
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