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The Effects of Microwave Diathermy On the Eye

L. DAILY,t K. G. WAKIM,} J. F. HERRICK,{ E. M. PARKHILL,} axo W. L. BENEDICTY

of the orbital tissues, and of the aqueous and vitreous

humors after exposure of the eye of the dog and the
rabbit to microwaves, and to determiue tlie puthologic
changes as well as certain chemical changes in the eve
resulting from exposure to microwaves, a study was
made of the effects of various durations of exposure of
intact as well as enucleated eyes at different distances,
durations, and power outputs.

One series of acute experiments was performed on 36
dogs (Fig. 1) und on 79 rabbits. Thermocouple needles were
introduced into the orbit and aqueous and vitreous
humors of the eye of the dog, while thermistors were
introduced into the orbit and vitreous of the eye of the
rabbit, and the temperatures were recorded before and
after exposure to microwaves. The cooling curves were
followed for about one-half hour after the microwaves were
turned off. Exposure of the eye of the dog to microwaves
using 75 per cent of the output of the generator with the
corner director at a distance of 3 inches (about 8 ecm) for
30 minutes produced an average temperature rise of 1.9°
C in the orbit, 3.2° C in the vitreous, and 2.8° C in the
aqueous, exactly one minute after the microwaves were
turned off. Exposure of the eye of the rabbit to micro-
waves using 75 per cent of the output of the generator
with the corner director at a distance of 5 inches for 30
minutes produced an average temperature rise of 3.3° C
in the orbit and 4.8° C in the vitreous exactly 15 seconds
after the microwaves were turned off, and 2.7° C in the
orbit and 3.7° C in the vitreous exactly one minute after
the microwaves were turned off.

In every group of experiments except one in this study
the actual temperatures of the vitreous and aqueous after
exposure of the eye to microwaves were consistently higher
than that of the deep orbital tissues. After the eves of
5 albino rabbits were exposed to microwaves at i distance
of 5 inches from the corner reflector with an outpat of
94 watts from the microwave generator for a duration of
30 minutes, the average temperature of the orbital
tissues exceeded that of the vitreous. In most of the
experiments, the temperature of the vitreous was higher
than that of the aqueous. However, when the duration of
exposure of the eye of the dog was 10 minutes, the average
temperature of the aqueous was slightly higher than that
of the vitreous. In every instance, the elevation in tem-
perature of the aqueous and of the vitreous exceeded that
of the deep orbital tissues.

An juieresting observation is the rate of degree of
cooling of the eye after exposure to taicrowaves. After
the cocling curves had been recuxded it was observed
that, in many of the eyes, the temperatures did not
return to control values but formd a new base line above
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the original level. This might be explained by the observa-
tion that in these animals there was a gencral rise in the
temperature of the bady after exposure to microwaves.

In all the experiments, a plateauing of the cooling curve
was practically complete within 15 minutes after dis-
continuation of heating, and much sooner in the experi-
ments in which there was relatively little rise in tempera~
ture following expesure to microwaves, As a rule, at the
end of 20 minutes after exposure to microwaves, the
temperature of the aqueous was lower than that of the
vitreous or deep orbital tissues.

The rapid rate of cooliug of the vitreous and agueous
was striking, sitice both of the media arve entirely avascular.
Evidently most of the heat produced in these structures
as a result of exposure to microwaves was carried away by
the blood ecirculating in the vascular tunics adjacent to
them. To substantiate this esplanation, a number of
experiments were performed in which intact eyes of
living animale, and the contralateral intact eyes of the
same animals inmediately after death, were exposed to
the same dose of microwaves under identical conditions.
After exposure to microwaves, the rises in tempersture
of the aqueous and the vitreous of the intact eye of the
living animal were much lower than those of the intact
contralateral eye of the same animal after death. This
proved to us that the blood circulating in the vaseular
tunies adjacent to the aqueous and vitreous efficiently
carries away a large part of the heat produced in these
media by exposure to microwaves.

No significant difference was found in the temperatures
of eyes of albino and of pigmented rabbits following
exposure to microwaves under identical conditions.

However, a significantly higher rise in the temperature
of eyes of rabbits than in eyes of dogs occurred in every
experiment in which the eyes of the animals were exposed
to microwaves under identical conditions.

Another series of experiments was performed on 8
dogs and 6 rabbits similarly anesthetized, as well as on
28 unanesthetized rabbits, and their eyes were exposed
to microwaves at specific outpuz, fixed distance, and
duration. No records of tzmperature were made in this
series, However, the eyes were examined clinically, and
ophthalmoscopic examingtions of the media and fundi
were made before and after esposure to microwaves,

‘i"ae pyes of 2 dogs that were repeatedly exposed, 6 and
10 umee, respectively, to microwaves using 75 per cent
of the output, of the genseatar with the eorner director at
a8 distance of 2 incliwe fabomt 5 cm) showed ophthal-
moseopieally ohuervelids anterior cortical cataract within
six dny- 2af*er the isot exposiss,

v osogures of the evo of snother dog to microwaves
once daiiy for 30 minutes, using 98 per cent output with
the director at a distance of only 1.5 inches (about 4 ¢m),
produced ophthalmoseopically ubserveble anterior corti ul
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cataract within 24 hours after the last exposure. Over a
period of about nine weeks both of these anterior cortical
eataracts inereased in size and density and then regressed,
and posterior cortical cataracts developed.

In one dog, one exposure of the eye for 30 minutes to
microwaves, using 73 per cent output with the director
at a distance of 2 inches (about 5 em), produced corneal
clouding and partial iridoplegia within 24 hours after
exposure. Microscopic examination of stained sections of
this eye revealed that there was infiltration of the corneal
stroma with polyinorphonuclear neutrophils.

fimilar clinieal and histologie changes were produced
in the eye of another dog within 24 hours after 2 exposures
of 30 minutes each to microwaves, using 98 per cent
output with the director at a distance of 1.3 inches
(about 4 em); in addition, vitreous opacities, reddening
of the optic dise, and whitening and elevation of the
retina in the region of the dise were ohserved ophthal-
moscopically. Microscopic examination of stained sections
of this eye in addition revealed erythrocytes, leukocytes,
and fibrinous exudate in the anterior chamber with
hemorrhage into the iris and ciliary processes. Necrosis
of the stroma of the iris and dizorganization of the pigment
layer of the iris, and subchoroidal exudate and cystic
degeneration of the retinag were also observed.

Out of the 17 eyes of unanesthetized albino rabbits
exposed to microwaves for durations of 10 to 30 minutes
using 75 per cent output (94 watts) with the dilector at
distances of 2 to 5 inches, cataracts developed in 7 eves.
Out of 17 eves of unanesthetized pigmented ral)lnts
exposed to microwaves under the same conditions that
were used in the experiments on the eyes of albino rabbits,
cataracts developed in only 3 eyes. The cataracts which
were produced in the eyes of rabbits by exposure to
microwaves were of two types. In one type the cataract
was present immediately after exposure to microwaves,
when it involved diffusely the region of the lens under the
capsule. The cataract progressed rapidly until the entire
lens became opaque. This type was seen only when
grossly visible damage to other ocular structures was
produced, namely clouding of the cornea with congestion
and hemorrhages into the iris and ciliary processes.

The second type of cataract was not associated with
obvious gross clinical signs of injury, although dissection
and microscopic examination of some eyes containing
such eataracts had demonstrated the presence of hemorr-
hagic infarcts in the ciliary processes. This type of cataract
did not appear immediately following exposure to micro-
waves, but became visible only after s period of time
varying from several days to several weeks. It was limited
to the posterior cortex, but could be made to progress
and involve the entire lens by repeated exposure of the
eye to microwaves.

Exposure of the eye of a rabbit at a distance of 2 inches
from the corner reflector with an output of 94 watts from
the microwave generator, for a duration of 10 minutes,

might possibly produce either of the two above-mentioned
types of cataract.

With the aid of the hand slit-lamp the posterior cortical
cataracts produced in the eyes of rabbits by exposure to
microwaves were ohserved to hegin by an enlargement .
and extension of the “water clefts” that are seen in the
region of the posterior horizontal suture in the normal
lens of the rabbit. Seen through the ophthalmoscope, the
first appearance of the cataract was that of a number of
small black dots usually located in the region of the '
posterior horizontal suture. ;

Many of the larger opacities produced in the eyes of
rabbits by exposure to microwaves progressed in size and
density during the first month after becoming visible to |
ophthalmoscopic observation. During the following month
they regressed in size and density and changed in shape
and position. Thereafter the size, shape, position and
density of the cataracts appeared to change relatively
little.

In this study, certain enzymnes in the lenses of the eyes
of rabbits were investigated. An adenosine triphosphatase,
a pyrophosphatase, and enzymes acting on L~glycyl-
leucine, L-leucyl-glycine, and L-leucyl-glycyl-glycine were
found in lenses from the eyes of rabbits, dogs, horses,
guinea pigs, and humans. The adenosine triphosphatase
and pyrophosphatase in lens homogenate in witro are
much more heat-labile than most enzymes, with pyro-
phosphatase heing more heat-labile than the ATPase.
Exposure to microwaves which caused severe damage
to the lens and other ocular structures markedly reduced
the activity of the pyrophosphatase. Exposure to micro-
waves which did not cause grossly visible damage to
the eyes did not reduce the activity of any of the enzymes
studied. No reduction in activity of adenosine triphos-
phatase and pyrophosphatase was found in the circum-
seribed posterior cortical cataract which followed exposure
to microwaves only after a delayed interval of time.
Almost complete loss of activity of adenosine triphos-
phatase and pyrophosphatase was found in totally
cataractous lenses produced by microwaves. No pre-
cataractous loss of enzymic activity was found in lenses
exposed to microwaves to which etiologic significance
could be attributed in the mechanism of causation of
these cataracts.

BIBLIOGRAPHY -

[1} Daily, L., Zeller E. A, Wakim, K. G., Herrick, J. F. aud Bepe-
dict, w. “Influence of microwaves upon certain enzyme
sy stems in the lens.” American Journal of Ophthalmology, Veol,
34 (1951), (pp 1301 and 1306.

2} Waklm, Herrick, J. F., Parkhxll E. M., and Benedict,

L., “E ffcots of microwave dlatherm) on the eve.” American
Joumal of Physiology, Vol. 155 (1948), p 432 American Jour-
nal of Ophthalm , Vol. 33 (1950)}9

[3] Daily, L., “ akim, G Herrick, J Parkhlll E. M., and
Benedxc W.L., “The Effects of Microwave Dmtherm) ontho .
Eve.”" Ameriean Journal of Ophthalmology, Vol. 33, No. 7
(July, 1952), p. 1001,

&

3




