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1956 IRE TR.4NS.:1CTIO.YS-JfEDICAL ELECTRONlCS 

The Effects of Microwave Diathermy On the Eye 
L. DAILY,t K. G. WAKDI,t ,J. F. HERRJCK,f E. ::\I. PARKHILL,t .\XD W. L. BEXEDICTt 

IX OHDEH t-0 dctenninc the changes in temperature 
of the orbital tissues, and of the a(!U('l)IIS and viti·rou:1 
humors after tixpo..nre of the eye of the <log and the 

rabbit to mi1·rowan,'S, and to detc1mi11e tl,c pathologic 
chanp;C!! as well as 1•ertain chemical chang~ in the eye 
resulting from cxposurr to mi<'rowaves, a study was 
madl' of the effectH of various durations of exposure of 
intact a~ well ns cnurleated eyes at different distances;, 
duration8, and power outputs. 

Omi ~cries of acute experiments was performed on 36 
dog~ (Fig. 1) and on i!l rabbits. Thermocouple needles were 
introduced into the orbit and aqueous anrl ·\itreous 
humors of the eye of the dog, while thcrmis101·s were 
introduced into the orbit and Yitreous of the eye of the 
rabbit, and the temperatnrc8 w1•re recorded before and 
after exposure to microwaYes. The cooling curves were 
followed for about one-half hour after the microwa,·es were 
turned off. Exposure of the eye of the dog to microwa,·es 
using 7t, per cent of the output of the generator with the 
corner director at a distance of 3 inches (about 8 cm) for 
30 minutes produced an average temperature rise of 1 .0° 
C in the orbit, 3.2° C in the vitreous, and 2.8° C in the 
aqucom:, exaetly one minute after the microwaves were 
turned off. Exposure of the eye of the rabbit to micro­
waves using i5 per cent of the output of the generator 
with the comer director at a distance of 5 inches for 30 
minute!! 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.i° C in the vitreous exactly one minute after 
the microwaves were turned off. 

In eYery 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 

1 than that of the deep orbital tissues. After the oyes of 
5 albino rabbits were exposed to microwaws at a dis:.nnce 
of 5 inches from the corner reflector \\ith nn outpni , ,f 
94 watts from the microwave generator for a duratirm of 
30 minutes, the average temperature of the orbital 
tissues exceeded that of the Yitreous. In most of thil 

experiments, the temperature of the vitreous was higher 

J

: than that of the aqueous. However, when the duration of 
exposure of the eye of the dog was 10 minutes, the average 

, te.mperuture of the aqueous was slightly higher than that 
J of the vitreous. In every instance, the elevation in tcm­
\ perature of the aqueous and of the vitreous exceeded that 

/"'i. of the deep orbital tissues. 
' "' An interesting observation is the rate of degree of 

I. cooli1ig of the eye aft.er exposure to microwaves. After 
j the. cooling curves had been reeunll"fl it was observed 

,,-,,:;-j that, in many of the eyes, th,'! temperatures did not 
"1 return to control values but forrm-d. a new base line above 

t ~fa~'o Clinir, R<>ri,,.llter, Minn. 

the origi11al level. This might he C:\'J)lained by the observa~ 
tion that in thc:;c animals there was a general rise in tho 
t<'mperature of the body after exposure t-0 microwaves. 

In all the experiments, a plateauing of the rooting cur\'C 
wa:; practically complete within 1,i minutes after dis­
continuation of heating, and much sooner in the experi­
ments in which there was rclnti,·cly little rise iu tempera­
ture following exp,>:<urc to microwaves. As a rule, at the 
end of 20 minutes nftcr expomre to microwaves, the 
tcmperaturf' of the nqncous was lower than that ~f the 
vitreous or deep orhitnl ti.-sues. 

'The rapid ratP. of rnoling of the vitreous and aqueous 
was &-triking, si11cr bi.1th of th<> rrwdia arc entirely a vascular. 
E,·idently most •If the heat produced in these structures 
as a result of <>xposure to microwave; was carried away by 
ihe blood cin·ulnting in the vascular tunics adjacent to 
them. To sub~tantiatc this explanation, a number of 
experiments were performed ill. which int.act eyes of 
lh'ing animal8, 1md the contmlateml intact eyes of the 
flame animals immediately after death, were cxpO.'!ed to 
the same dose of micrownvcs under identical condition,3, 
After exposure to microwaves, the rises in temperature 
of the aqueous and the vitreous of the intact eye of the 
living animal were much lower than those of the intact, 
contralatcral eye of the same animal after death. This 
proved to us that t.he blood circulating in the v~ular 
tunics adjacent to the aqueous and vitreous efficiently 
ran-ies away a large part of the heat produced in these 
media h.r exposure to microwaves. 

Xo significant difference was found in the temperatures 
of eyes of albino and of pigmented rabbits following 
exposure to microwaYes under identical conditions. 

However, a significantly higher rise in the temperature 
of eyes of rabbits than 1n eyes of dogs occurred in every 
ex1>eriment 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 i;imilarly ane."1;hetized, as well as on 
28 uuancst,hetized rabbit.I, and their eyes were exposed 
to microwaves at ~pcdfi1: out.pi,,, fixed distance, and 
duration. No records of temperatur<' were made in this 
,,cries. However, the eyes were examined clinically, and 
uphtlt:,lm06CoJ)ic exami.11at.ioM of the media. and fundi 
w£•re made before and after exposure to microwaves. 

Tar. eyes of 2 dogs that were repeatedly expoeed, 6 and 
10 times, rf.!Sp\'ctively, t{, microwaves using 75 per cent 
of HH~ output of the gt,ne,at::,r, 1\ith the comer director at 
a di~tnnct' of Z incli,-s (ii.bout 5 cm) showed ophthnl­
m(1srn,1:ii.0.ally oh:;en,;,l,;j,, ;wt,,tior <cortical ca~ within 
six di\y, :1h,1;- ?.fa~ b?t expt.}l<''.rt.:. 

Se,i,_. ''- ;),1,mres vi tht cJ'(wf :m1>the>: dog to microwaves 
onre dahy for 30 mi11ttte8; u.,;ing 9S per cent output "ith 
the director at a mew.nee \°\f onlr 1.5 roches (about •1 ~m), 
produced oph~halmoscopic:\liy uhaervahle anterior corti ~l 
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rntarart within 2-1 houni after the last exposure. o,·er a 
J)<'riod of about nine weeki; both of these anterior rortiral 
rntanwts i111·1"('1lS('CI in 1<ize and drm,ity and then ~,;('(I, 
ancl poi;tt•rior 1·ortic·al 111t11ra1·t11 de,·elop('(I. 

In 011r dog. 011c expoHUr(• of the rye: for 30 minutes to 
mic·rowan'l'. using i,i per 1•1•11t output with the diffi•tor 
at a di.~111111·1' of 2 iru-h!'l< (ahout ii rm). produ('('(I romeai 
doudiug a11d partial iridopl<'gia \lithin 24 houl"l' after 
expo,mrl'. '.\lil'ro,,·opic- 1•immination of s1t1im'CI 1<ertio1L~ of 
this rv<• rewal1•d that there wa." infiltration of the 1·omeal 
strom

0

a with pnlymorphonurlear neutrophil:a. 
!-limilar rlinic-al and histologic c·hauges were produl'ed 

in th<' eye of anothl'r dog within 24 houn; after 2 exposures 
of 30 minutl'l< earh to minowa,·es, u:<ing 98 per f"ent 
output with th<' direl'tor at a distanre of J..j inrhcs 
(about 4 rm); in additio11, ,·itreous opa1·ities, reddening 
of th11 optit- dis,·, and whitening a11d elerntion of the 
retina in the n•gion of the disr werr olmern'<l ophthal­
m08<'opic-ally. '.\finrnwopi<- rxami1111tio11 of :,iainNl i,eetions 
of this eye in addition revealed erythro<'yte~. leukocytes, 
and fihrinous <•xudate in the anterior chamher with 
hemorrhage into thr iris and dliary procPsse.~. XPcro~is 
of the stroma of tht• iris aud di~urganization of the pi,., ... nent 
layer of the iris. aud oulll'horoidal exudate and rystic 
degeneration of the retina were also ohsen·ed. 

Out of the 17 eyes of unane$thetized albino rabbits 
exposed to microwm·cs for durations of IO to 30 minutes 
using 75 per C'e11t output (!)4 watts) with the director at 
distances of 2 to ,; inches, <'ataral'ts de,·rloped in 7 ryes. 
Out of Ji cyrs of unanesthetized pigmented rahhits 
expo~ed to mierowa\'cs under the :<ame f"onditious that 
were used in the experiment,; on the eyes of albino rabbits, 
cataracts de\'eloped in only 3 ey<'s. The c-atarad:4 whirh 
were produred in the eyes of rahhits by exposure to 
microwaYcs were of two types. In one type the cataract 
was present immediately after exposure to microwaves, 
when it iuvoln'<.I diffusely the region of the lens under the 
capsule. The cataract progre.c;.,ed rapidly until the entire 
Jen.~ berame opaque. This type was seen only when 
grossly ,isible damage to other orular 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 cliniral signs of injury, although dissection 
and microscopic examination of some eyes containing 
such cataracts had demonstrated the presence of hemorr­
hagic infarcts in the ciliary processes. This type of cataract 
did not appear immediately follo\\ing exposure to micro­
waves, but became mible only after a period of time 
varying from se,·eral days to several weeks. It was limited 
to the posterior rortex, 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 \\ith an output of 94 watts from 
the microwave generator, for a duration of IO minutes, 

might possbly produ<'t' either of the two above-mentioned 
types of catarart. 

With the aid of the hand slit-lamp the posterior rorticnl 
111tamds produced in the eyes of rahhits by e.\posure to 
microwa,·es were ohsen·ed to hegin by au enlargement 
and extem;ion of the "wat!'r elefts" that are seen in the 
region of the posterior horizontal suture in the normnl 
lens of the rabbit. Sren through the ophthalmoseopc, t.he 
first appearance of the cataract wa;; that of a number of 
small black dots usually lcwated in the region of the ' 
posterior horizontal suture. 

llauy of the larger opacities produced in the eyes of 
rabbits hy exposure to mirrowa,·es progressed in size and 
density during the first month after becoming visible to 
ophthalmoseopic observation. During the following month 
they regm;sed in size and deni<ity and changed in shape 
and position. TllC'reafter the size, shape, position and 
density of th<' <'ataraets appeared to change relatively 
little. 

In this study, certain enzymes in the lenses of the eyes 
of rahhits were im·eistigated. An adenosine tripho.~phatase, 
a pyrophosphata.~e, and enzymes acting on L-glycyl­
leucine, L-leuryl-glyrine, and L-leucyl-glyeyl-glycine were 
found in lenses from the eyes of rabbits, do~, horses, 
guinea pigs, and human;;_ The adenosine triphosphatase 
and pyrophosphatase in IE>ns homogenate in iilro are 
much more heat-labile than most enzymes, with pyro­
phosphatase heing more hrat-labile than the ATPase. 
Exposure to mi<"rowa,·es whil'h caused severe damage 
to the lens and other orular structures markedly reduced 
the arti\-ity of th11 pyrophosphatase. Exposure to micro­
wa,·es which did not cause grossly Yisihle damage to 
the eye:;, did not redu!'e the activity of any of the enzymes 
studied. Xo redu<'tion in activity of adenosine triphos­
phatase and pyrophosphatase was found in the circum­
i;crihed 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 hy microwaves. Xo pre­
cataractous loss of enzymic activity was found in lenses 
exposed to microwaves to whieh etiologic significance 
could he attributed in the mechanism of causation of 
these cataracts. 
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