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reviewed in a preceding puBli‘c;\tiLui@:{nd
the review will nat'“"pe repeated here. Tn
our previous study we reported the produc-
tion of anterior cortical cataracts in the cyes
of dogs by repeated exposure to microwaves,
Jixposures were made once daily for 10
utput of 9+ watts {from the

’

I o previous publication® we have re-
ported the results of a detailed study of the’
(ﬁﬂ'ects of microwave diathermy on the eye
af the dog. The present paper describes @
similar study in which the experimental ant-
' mal is the rabbit. We wished to compare the
s well as the clinical and days, using an 0
microwave generator, at a distance of two

inches (about 5.1 cm.) from the eyc 1o the
«” director, for a duration of 30 minutes.

temperalures a
pathologic changes which are produced by
fnicrowave‘diathermy in the cye of the rabbit
with those we had observed in the eye of the
dog. The rabbit is a particularly suitable ant- The anterior cortical cataracts which were |
mal for this study because certain experi-  produced by such exposures increased in size

“ments can be made without the complicating and density for several weeks, and then

factor of anesthesia. regressed in size and density for several
The same equipment as that used in our

weeks until they had almost disappeared.’
og ‘'was employed At this time posterior cortical opacities ap-
peared and persistéd thereafter. In eyes of
other dogs, exposure to microwaves caused
severe injury to other ocular structures.

previous study* on the d
in these investigations. Different distances of
. the microwave director from the eye surface
and various durations of exposure to micro-
“waves ‘at an output of the generator of 94
watts were used with the hope of establish- ' BE§THODS
t ing a dose of microwaves which would not "~ As in the previously reported study on
“damage the eye. Furthermore, ophthalmo- dogs, the microwave generator used in this
de on the eyes before  study on rabbits was an experimental model
after of the microtherm containing an air-cooled
multicavity magnetron tube which generates
microwaves at a frequency of 2,450 mega-
cycles per second, corresponding to a wave-

scopic studies were ma
- and after exposure to mMICrowaves ;
t enucleation, dissection or section and micro--
scopic examination of some of the eyes were
made in order to note the pathologic changes

roduced in the eye and to correlate our ob- length of about 12: em. The energy was
durations, and transported from ‘the generator to the di-
, rector through a coaxial cable. Director “C,”
D! CREVIEW OF LIT , ' : the corner-reflector type, was used exclu-
N REVIEW OF LITERATURE ) .

ey e : : . sively in this study on the eye because the
s The literature on the effects of longwave face heat patt ¢ this director i
‘ind shortwave diathermy on the eye has been surface heat patier o is director 15 €O
S y y fined to a relatively small oval area with
1 maximal heating in the center of the pattern.

A . pht ; , i
¥ floh of Physiology, the Division of Surgical Pa-  The temperatures werc recorded galvano-
wihology, Mayo Clinic, and the Division ot Expéri- - oo - th ¢ rabbits b
nental Medicine, Mayo Foundation. Abridgment of me rlgg Y' 1n ?‘ eyes 0 1.a its by means
i portion of the thesis submitted by Dr. Daily to the . of thermistors ‘m_ounted in narrow-gauge
#Facuity of the Graduate School of the University of pblyethyleﬁe tubing'{ The deflections of the
Minnesota in partial fulfillment of the requirements . . . .
- galvanometer were cither read directly from

@ifﬁ! the degree of ‘Doctor of Philosophy in Ophthal- - .
: ngﬁplogy. R o - the’ scale on a screen Of recorded continu-
PR | 4 o0 .

i)
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B . .
sefvations with distances,
mber of exposures causing these changes.

e’ ® From the Section of Ophthalmology, the Sec-
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Fig. 1 (Daily, et al.). Temperature curves of deep orbital tissues and vitreous of an eye of an anesthetmd

albmo rabbit before and after exposure to microwaves.

P

ously on a moving’ photographic . film
throughout the experiment.

In one series of experiments on 79 ani-
mals, the temperatures of the vitreous and
of the deep orbital tissues were recorded be-
fore and after exposure of the eye to micro-
waves. To insure uniformity, the following
procedure was carried out in cach experi-
ment, ‘

The rabbit was anesthetized with diallyl-
barbituric acid, given intravenously. More
ancsthetic was administered when needed.

‘To stabilize the eye without causing dis-

turbance to the pattern of the electromag-
netic field, nonmetallic supports were used
to immobilize the head of the animal. The
palpebral fissure of the rabbit remained open

and the eychall remained 1mm0b1k during

anesthesia, :

After exposure of the b(.l(.ld by excision
and reflection of the conjunctiva from the
upper temporal corneal. limbus, a small
scleral incision was made, through which the
thermistor was mtxoduced into the. vitreous.
A thermistor was inserted into the orbit

through the conjunctiva near the mm_r
canthus. x‘ i
The therm1slors were left in place in thc
rabbit during exposure to microwaves.
The director was aimed at the cornca and :
was accurately spaced from the corneal
surface. The distance from the cornea té‘
the center of a plane joining the most au--
terior metal edges of the director was mea-
sured. The microwave generator was. then'
turned on, and the output was kept comt'mt :

by manipulating the variac as needed.

It was possible to record the temperatures
accurately 15 seconds after dlscontnmatlon g
of the heating: The temperatures were con-
tinuously recorded for about one-hali hour .
after the microwaves had been turned off,”*

In order to determinc the optimal dosc for .
production of safe elevations of temperature
in the eye without damage to the ocular struc-
tures, a number of g¢xperiments were pers.
formed using seven procedures for exposing”
the eye of the rabbit to microwaves with
different distances of the cornea from the di-
rector and different durations of exposurc_sg;'

Liwfﬂ
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the microwave generator of 04 watts, In
these experiments’ different cyes were €x-
posed to microwaves at distances of 2, 3, 4.
and § inches (about 5.1, 7.6, 102, and 12.7
RESUI_';S amn.) from director C, and for durations ol
L 10, 20, and 30 minutes, respectively. Tn order
LVECTS OF MICROWAVE DIATIERMY ON FHE g determine average Tises in temperature of
<EMPERATURE OF THE VITREOUS AND ORBIT —yyeq after exposure to microwaves, in cach
group of experiments at least five eyes were

various factors are listed in Table 1.

e
7 riments were pcrformed using albino

i

ol pigmented rabbits.

)
]
.y every group of experiments except one
L o this study the actual temperatures of the  exposed to microwaves under identical con-
#{‘ alreous aiter exposure of the-cyc to micro-  ditions.
aves were consistently higher than thosc To avoid repetition of data (available in
of e deep orbital tissues. In the one excep-  Table 1) on the temperatures produced in
¥ san mentioned, after the eyes of five albino  the vitreous and deep orbital tissues of the
' rbbits had been exposed to microwaves ata cyes of albino and pigmented rabbits after
dstance of five inches (about 12.7 em.) exposure to microwaves according to the
eflector with an output of  specifications given for the seven different -

b fiom the corner 1
) walts from the microwave gencrator for L;xpcrhncntal pl'OCCdUl‘CS, ()n]'\',' the average
rises in temperature are presented ‘in the

2 duration of 30 minutes, the average
. wmperature of the orbital tissues cxceeded  text. Fifteen seconds after cxposurc o

Mt of the vitreous (fig. 1). In every microwaves the average rises in temperaturc
mstance, the risc in temperature of the of the vitreous humor ranged from 3.7°C. to
* \itreous exceeded the rise in temperature of 14.6°C. and those of the deep orbital tissucs
- 1hé deep orbital tissues (fig- 2). from 1.6°C. to 6.3°C. (Table 1).

e study was made of the rises . An interesting observation is the rate of

A comparativ

' in temperatures in the eyes of
7}“)1[10 and p]gmented I‘al')blts IMicrowave generator output - 94 Watts - director “c”

followed exposure to 1mCro- o
waves under identical condi- ‘ Spacing from director to corned
B . 2 inches 3 inches 4 inches | = § inches 5 inches
| tions. The purpose of this com- ,
b. Jparative study was to deter-
k iine whether the presence of

Duration of exposure

10 minutes | 20 minutes | 30 minutes, 30 minutes | 20 minutes

¥ ‘pigmentation affects the degree

L of rise in temperature pro-

duced by microwaves in the

efe.

. i In every experiment in this
 Study the eyes were exposed to
microwaves with an output of

-
¢

0= Orbit
V=Vitreous

-

-'.4‘

Temperature C

e
{4Fig. 2 (Daily, et al.). Tempera-
:;ﬂ‘f& rises in deep orbital tissues and
“Yitreous 15 seconds and one minute
‘ ..},»?ﬁter, exposure of eyes of rabbits
- }{pfa_l,bino and pigmented combined) to
. Microwaves, The rises of tempera-
.SMre: represent averages from the
Haamber of . experiments listed in

- Tab]

%Temeruuer'selsc ;
P ture ri s seconds ofter|{ ... owaves

@ Temperature rise iminute alter turned off
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; _ TABLE 1 , ,
.AVERAGE TEMPERATURES 1IN THE EYES OF ANESTHETIZED RABBITS BEFORE AND AFTER EXPOSURE TO MICROWAVES (OUTPUT 94 WATTS)
] Average Temperature, Degrees C.
Group | Num- | -, i Distance tl?o';lr%} ’ Orbital Tissues _ ) Vitreous E
of ber of of =
. . f . Expo- ‘ L
Experi- | Experi- 9 . | Director P 15 Sec- . . 15 Sec- ) >
mgtfts' |. ments - _Rabblt (inches) ( sure ) Before onds Differ- | ! IXIfmute Differ- | Before onds Differ- | 1 %}”Ute Differ-
l : minutes) | Expo- | After ence ter ence | Exposure | After .| ence ter ence <
sure | Eyposure Exposure ; Exposure .| Exposure s
a 6 A 2 10 39.0 44 .6 5.6 42.8 3.8 38.1 52.7 14.6 48.0 . 9.9 E
1 K
b 6 P 2 10 38.9 45.2 6.3 43.7 4.8 37.9 51.0 13.1 47.8 9.9 o
a 6 A 3 10 39.1 | .41.1 2.0 38.5 43.4 49 . I '.5 ot
11 . T
b 5 P 3 10 38.7 42.2 3.5 36.8 44.0 7.2 a
a 6 A 3 20 39.1 41.9 2.8 41.3 2.2 38.5 ~45.4 6.9 143.1 4.6 “"O’ <
! HI . - ‘ o
b 5 P 3 20 38.7 42.7 4.0 41.9 3.2 38.4 44.9- 6.5 43.6 5.2-. ; N
a 10 A 4 30 39.5 44 .1 4.6 43.1 3.6 39.0 45.2 6.2 44 .2 5.2 an :
v ‘ : = .
b i 5 P 4 30 39.6 43.5 3.9 42.8 3.2 39.4 45.8 6.4 44.5 5.1 ot *
a 3 A 5 10 39.2 - 40.8 1.6 38.5 42.2 3.7 ;;‘
v o
} b 5 P 5 10 39.2 41.2 2.0 39.1 42.8 3.7 o
- - gl
' a ~ 5 A 5 20 39.2 41.4 2.2 41.0 1.8 38.5. 43.2 4.7 41.7 3.2 ;‘Zri
VI : ’
b 3 P 5 20 39.3 42.2 2.9 41.4 2.1 39.1 43.1 4.0 42.0 3.5 9
. — @]
5 A 5 30 39.5 43.0 3.5 42.6 3.1 38.1 42.8 4.7 41.6 3.5 =
VII ’ B
5 P 5 30 39.2 42.2 3.0 41.6 2.4 38.0 43.0 5.0 41.9 3.9 -
* A—Albino. '
P—Pigmented.
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Microwave generator output - 94 watts - directotr ‘¢’

Spacing from director to cornea

2in. 3 in. 3 in. 4 in. 5in. | . Sin. 5 in.
Duration of exposure.
{0 min. | 10min. | 20min. | 30min. } 30 min. | 20 min. | 10 min.
T
mn 2
13} ._‘ O = Ot’bi‘,
2k , " V=Vitreous
K] alle
¥ 1o}
K
%3;5‘ vV \V;
\.7t 0 A 2 v
g‘.zz’_,*, 2 - ,_h:‘
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Albino rabbits

PN

D Pigmented rabbits

Fig. 3 (Daily, et al.). Temperature rises in deep orbital tissues and in vitreous 15 seconds after exposure
of eyes of albino and pigmented rabbits to microwaves. The rises of temperature represent averages from

lh!:l}ynumber of experiments listed in Table 1.
L '
Laf .

,Wavés, As in the dogs,’ so in many of the =

tyes _'Of' the rabbits the temperatures - after
(osure t¢ microwaves did not return to

Ji‘?:i'l,trol values but formed a new ‘base’ line.
. above the original level (fig. 1). This might

ks

Sl

icrowaves,
ok .

As-in the previous. study on dogs; in all

N
turve, was practically complete within ‘15

B

19 wing exposure to microwaves (fig. 1).

'
=

stoling of the eye after exposure to micro-.

‘CXplained by the observation that in these".
“‘3“1}11?13 there was a general rise in .the.
nperature of the body after exposure to.

;experiments a plateauing of the cooling

Minltes after discontinuation of heating, and:

4iich sooner in the experiments in which -

}*gmre was relatively little rise in temperature.
' waves under identical conditions (fig- 4).

“ As in the previoué‘k'study, the rapid rate of
cooling of the vitreots was striking since this
body is entirely avascular. Evidently most of
the heat produced i this structure as a result
of exposure to microwaves was carried away
by the blood circulating in the vascular tunics
adjacent to it.- I

--No significant diffleg"'en'ce was found in the
temperatures of eyes of albino and of pig-
mented rabbits follo ving exposure to micro-
“waves under identical conditions (fig. 3).

~ However, a significantly higher rise in the
temperature of eyesof rabbits in this study
“than in eyes of dogs ‘in the previous study
_occu’r'ré'd in every experiment in which the
‘ejfes ‘of thé’animals ‘Were exposed to micro-
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director “«’

— Fig. 4 (Dally, et al) Temp€

Microwove generc.tor output 94 watts

ture rises in deep orbital tissugg
vitreous one minute after expsj
of eyes of dogs and rabbits (3“)1
and pigmented combmed) to 1

Spacing from dwector to cornea waves.
2 in. 3 in. . 5in)
Durqmon of exposure
Dog 30 min. |- o In this series of experim
Rabbit-10 min.|. 20 min. 30 min. care -was taken that €yes..6)
Vo posed to microwaves were ot ¢
10| i touchcd

CLINICAL AND PATHOLOGIC CHANGES IN THE
LYE AFTER MIC RO\/\’AVE DIATHERMY

Another series of e\perlments was’ per-
formed on six rabbits anesthetized as in the
previous series and on 28 unanesthetized
rabbits. The right eyes were exposed to
microwaves at specific output, fixed distance,
and duration. The left eyes were. used for
controls. No records of temperature were
made in this series. However, the cyes were
examined clinically, including eéxaminations
with the aid of the hand slittamp and oph-
thalmoscopic examinations of the media and
fundi, before and after .‘each exposure to
microwaves, The eyes’ of a number of the
rabbits were dissccted” or: sectxoned ‘and
studied histologically, - -

B roobit

sure of the eyes of rabbitsyp +.
microwaves were used wxﬂf
different distances of the: cor-‘
nea from the dxrector and: di
ferent durations of expos
These various factors ar¢
listed in Table 2. _ 'M' :
~ Observations were made’ on
the effect of the mxcrowaves ‘o
the rabbit during and immedi- -
ately after e\posure of- thk
eyes. Systemic, as well as ocy--
lar, effects of exposure were
noted. Systemic effects whiely
appeared during the exposu'_rct“
of the rabbit to microwaves i~
cluded an increase in the 1“(}%*;
piratory rate, salivation, and, if the e\po\urcs
were of sufficient intensity and duration,, i’
increase in the rectal temperature,
In one rabbit, one exposure of the eye'ta
microwaves at a distance of three mcl .
(about 7.6 cm.) from the cornea to ﬁ]&'f
director, with an output of 94 watts of the
microwave generator for a duration 05’2_,. .
minutes, terminated in a convulsive seizure
and death of the animal. The rectal tempe
ture of this animal immediately before deat
was 47°C. : :
In addition to these systemic effects, theve.
was a marked tendency to vesiculation of ,;1.1 .
lower part of the ear on the side of he'
exposed eye. In some experiments measures
ment of the temperature of the ear indicate
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TABLE 2 -

FBCTS OF EXPOSUKE OF EYES OF UNANESTHRTIZED RABBITS 1O MICROWAVES (OUTLUT 94 WATTS)

e S S —
. Dis- | Dura- Num- | pyac

. P : EN: 11 Days After
-Group | Num- Color*| tance | tionof | Num-| . . ber of | 7 o2 Bor.

'of ber of | of Expo- | ber of ¥ rt.qglfency Eyes I;‘l:,i %’;H?l Remarks
Huperi- | Experi- Rab- | Direc- | sure | EXpo-i pyoosires with 'éatar'\(‘r hearks
Cménts | ments | bit tor (min- | sures pos Cata- A e':r; d
L (inches)‘ utes) ract pp,.‘-_‘ ¢
it \ ,

Hoida 2 A 2 10 2 | Ouce every 2 Rabbit 1: 0 | Both eyes burned,

: 20 days Rabbit 2: 3 | one severely

{ S : —

© b 2 P 2 10 6 | Once every 2 Rabbit 1: 2 | Relatively | dense

n a other day Rabbit 2: 7 | ‘opacities in lenses
" a 3 A 3 10 10 | Once daily 1 13 Moderately  large
e i opacities
e )
sl 3 P 3 10 10 | Once daily 0

‘ a 3 A 3 20 10 | Once daily 2 Rabbit 1: 3 | Very small opac-
Tk Rabbit 2: 14] ity in oue lens,
-« large in other

v bl 3 P 3 20 10 | Once daily 0
W a 3 4 30 10 | Once daily 0

“b 3 P 4 30 10 ] Once daily 1 8 Relatively  small
opacity in lens

v a 3 A 5 30 10 | Once daily 0

+ b 3 P 5 30 10 | Once daily 0

* A—Albino.
P—Pigmented.

a greater tendency for a rise in temperature
of the ear than of the vitreous. In most of
the experiments it was possible to prevent
bumning of the ear by covering it with cold,
}f}ZEt gauze during the exposure to micro-
waves. ‘

ﬁS)’stemic effects were more pronounced
§¥hen the distance of the director to the
',i@g‘,\:nea was two inches (about 5.1 cm.) than
Bt greater distances, but they were also
‘»iﬁ}@rked'when this distance was three inches
‘ %}?Out 76 cm.). The shorter the distance,
«ifie sooner did systenic effects appear after
‘ahe start of the exposure.

¥ When the distance from the director to the
fea was two inches (about 5.1 cm.), the
SVerage duration of exposure until systemic
veffects appeared was about three mintites.
nh;m this distance was increased to three

K

iches (about 7.6 cm.), the interval of time
Creased to about five minutes. Even when

distances of four and five inches (about 10.2
and 12.7 cm.) were used, systemic effects

“were observed after intervals of exposure

varying from 10 to 25 minutes.

Immediate effects of microwaves on the
eyes .and ocular adnexa varied with the
method of exposure and possibly with the
size of the rabbit.

Effects on the eye and ocular adnexa
which usually appeared during the exposure
of the rabbit to microwaves included blepha-
rospasm, lacrimation, enophthalmos, miosis,
and hyperemia of the conjunctiva. Blepharo-
spasm appeared to be more marked in albino
than in pigmented rabbits.

When the distance of the director from
the eye was two inches (about 5.1 cm.), in
some cases hyperemia of the iris appeared. In

"5 few cases in which severe damage to the

eyelids as well as to the eye resulted from
exposure to microwaves, mydriasis appeared

——
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Fig. 5 (Daily, et al.). Photograph of the posterlor surface of the iris and ciliary region of the eves of
an albino rabbit immediately after exposure to dncrowaves Note the hemorrhage and congestion in the

exposed eye (left). G

~

during exposure to mxcrowaves and persxsté‘d ‘

thereafter.
.In eyes which were enucleated 1mmed1ately

after exposures to microwaves which pro-

duced severe damage to other ocularstru@
tures—namely, clouding of the cornea and
hemorrhages into the iris and ciliary body
(fig. 5)—dissection often revealed a diffuse,

subcapsular clouding of the lens. If such
cyes were not cnucleated, mature cataracts

developed rapidly in them.

Later effects on the eyes of rabbits follow-
ing exposure to microwaves included changes
in the lens as well as changes in the other
parts of the eye. When the lens and other
ocular structures were severely damaged

after exposure to microw_'aves, the lens rap-

idly became opaque.

When clouding of the cornea and signs

of severe inflammation of the iris and ciliary

body were present 1mmed1ately after ex-

posure, severe 4ritis was usually followed by

signs of permanent damage ‘such as atrophy

and increased vascularization of the iris. If
secondary infection resulted from perfora-

-

it

tion of a corneal ulcer which fol]owul e\“
posure of the eye to microwaves, panoph;

thalmia developed. Of more than 50 eyes g -

rabbits which were exposed to microwaves

- such severe damage occurred in only thres.:

In some eyes in which no obvious sign of

gross injury to the lens or other ocular ntruc»

tures followed exposure to mncrowavos it
circumscribed posterior cortical opacity in
the lens appeared only after an interysl
which varied from several days to su’er{nl
weeks.

repeated exposure to microwaves wnlm i

output of 94 watts for various durations bl
exposure and at four different distance of
the eye from the director. In cach group of
these experiments but one, equal numbers of
albino and pigmented rabbits werc exposed
to microwaves under “identical conditions.
This comparative study was done in order

to determine whether the presence of pige

mentation influences the changes produced i

it

b
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:m::e"‘vcs of rabbits by microwaves. The varl-
it factors used in these experiments are
5”;%{"4: in Table 2 and the findings were as
follpks © .

"“E%fbup I-a. One eye of cach of two albino
' sbtfﬂ was exposed to microwaves twice,
4n interval of 20 days, at a distance of
‘A%Mnchcs (about 5.1 em.) for 10 minutes.
€ilaract developed in the exposed eyes.
Q}Bmh of the eyes appeared to be burned,
miz!, verely, after the second exposure. In
wiseverely burned eye the cataract pro-
g{‘;:{;ed rapidly to maturity. In the other
oyeinfter an interval of three days the cata-
#ti‘appeared in the equatorial region of the
3eﬁ§§'¥md spread into the anterior and pos-
wior. cortex. Large vacuoles were con-

*

sharply circumscribed.

Group I-b. One eye of each of two pig-
mented rabbits was exposed to microwaves
for A total of six times once every other day
At & distance of two inches (about 5.1 cm.)
ior 10 minutes. Cataracts developed in the
eves two, and seven days respectively after
the last exposure to microwaves. ‘
'g\he ophthalmoscopic appearance of one

it a

$picwous in the opacity, which was not

of these opacities five weeks after the last
exposure of the eye to microwaves is shown
in Figure 6-a. The opacity was composed of
an upper and a lower portion, which. were
separated centrally by. the horizontal suture
but were confluent “laterally beyond the
suture. ' R ’ .

Five weeks later this opacity had changed
in size, shape, and density so that its oph-
thalmoscopic appearance was that shown in
Figure 6-b. The upper and lower portions
of the opacity had separated further, and 1t
seemed to be composed of small black
granules. Eight weeks later the opacity
ceemed to have changed comparatively little.

The ophthalmoscopic appearance of the
other opacity four weeks after exposure of
the eye to microwaves is shown in Figurc
7-a. The opacity was curved in shape and was
located between the posterior pole and the
equator of the lens.

Five weeks later the opacity had changed
in density, size, shape, and position, so that
its ophthalmoscopic appearance was that
shown in Figure 7-b. It was now centrally
located about the posterior horizontal suture.
Thirteen weeks later the opacity seemed to

Lt

45“;3 6 (Daily, et al.). (a) Drawing, as seen through the ophthalmoscope, ‘of a posterior cortical cataract
¢ weeks after exposure of the eye of a rabbit to microwaves. (b) Drawing of the same cataract five
w“-‘i!(.ﬂ later. Note the change in size and shape of the opacity.

T
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Fig. 7 (Daily, et al.). (a) Drawing, as seen through the ophthalmoscope, of a posterior cortical cataripg
four weeks after exposure of the eye of a rabbit to microwaves. (&) Drawing of the same cataract fiye
weeks later. Note the change in shape and position of the opacity.. A

have undergone comparatively little change.

Grour II-a. One eye- of each of three
albino rabbits was exposed to microwaves
once daily for 10 days at a distance of three
inches (about 7.6 cm.) for a duration of. 10
minutes. Cataract developed in one of the
eyes after an interval of 13 days following
the last exposure to microwaves, This cataract
increased in size and density for about one
week. Two months later it had decreased in
size and density. After another month it
scemed to have undergone comparatively
little further change.

Group II-b. One eye of each of three pig-
mented rabbits was exposed to microwaves
once daily for 10 days at a distance of threc
inches (about 7.6 cm.) for a duration of 10
minutes. No cataract had developed in any
of the exposed eyes after an interval of four
months.

Grour Ill-a. One eye of each of three
albino rabbits was exposed to microwaves
once daily for 10 days at a distance of three
inches (about 7.6 cm.) for a duration of 20
minutes. Cataracts developed in two of the
eves after intervals of three and 14 days

DAILY, WAKIM, HERRICK, P

-
Y

ARKHILL AND BENEDICT

v b g0 b

respectively following the last e’xposur'cxffm
miCrowaves. '

For four weeks after the Jast exposure to
microwaves one of the cataracts continued o g
increase in size and density until its oph- £
thalmoscopic appearance was that shown in ’
Figure 8-a. The opacity was composed ofa -
larger upper ‘and a smaller lower portion
separated by the posterior horizontal suture,

Five weeks later it had decreased in size
and density until its ophthalmoscopic appear-
ance was that shown in Figure 8-b. Sth‘é:n'«
wecks later the opacity had undergone cdfp
paratively little change. ’;f .

At this time its appearance as scen by
lateral illumination from a flashlight e
sembled that shown in Figure 9. It was \\~'h§§(‘,
and was composed of radial opacities
crowned peripherally by a row of annular
opacities. ‘

Periodic observation during a period of 12
wecks showed that the other opacity re-
mained very small and faint whenever 1t was
observed with the aid of either the hand slit-
lamp or the ophthalmoscope. With the aid
of the hand slitlamp “water clefts” larger
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i grr sect in the region of the posterior  not possible to be certain of this. Otherwise
el suture in the normal lens of the no clinically visible signs of Injury were
b were evident in the lens of this eye. present in the exposed eve
Sedecn through the ophthalmoscope, the Microscopic’ e\ammmon of this cye re-
i ’W‘W appu ared as a ring of small black dots ~ ve ealed dilatation of the vessels of the iris and
aifrding the posterior pole of the lens.  congestion, with hemorrhages mto the cibiary
R, b, One eye of each of three processes. The othcl two rahbits were oh-
: Mmi rabbits was exposed to micro- served for one and four months respectively
yopee daily for 10 days at a distance  after the Jast exposuares of the eyes to nicro-
s inches (about 7.6 em.) for a dura-  waves. '
f 20 winutes: No cataract dev eloped in

. wmadrfor a period of four months.
wagr [V-a. One eye of each of three
hf?wi‘ea rabbits was exposed to microwaves
sgzalaity for 10 days.at a distance of four
si{ahout 10.2 em.) for a duration of 30
eemtes. No definite cataract developed in
g wd tie exposed eyes.
- B .uf the animals was killed 11 days
1 *‘i‘?ﬂ}ﬂw last exposure to microwaves be-
W50l wun infection. It was thought that a
ket might have begun to develop in the
%‘M of the posterior horizontal suture of

Fig. 9 (Daily, et. all ) Photograph showing a cir-
cum:crnbed posterior ortical cataract produced by
T, kn\ Just before death; however, it was - exposure of the eye'of :a rabbit to microwaves.

eﬁ al.}. o} Drawing, as seen through the opmhaimos\,ope, of a p0>1erxor cortical cataract
aiter exposure of the eye of 3 rabbxt 10 microwaves. £b)’ Drawmg of the same cataract five
Note the regression of theopacity.’ ~ - TR :
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TABLE ‘3
EFFECTS OF EXPOSURE OF EYES OF A\IESI}IE’HZED RABB]’I.‘S TO MICROWAVES (()UTPLT 94 vsAns)
. ; Days After -
Number | Color*. st:’%nce Ddroa}tlon Nun;ber Frequfency ":fugn\t/):; Last Expf)sure {
of Ex- of of | o s unti
. . t E: With
periments | Rabbit %ggﬁe(s); (;1(5105&3 Exposures ‘-’Exp.()sures C_at;;ract f&t}zg:& .
3 A 5. 30 10 | Oncedaily| 2 | Rabbit1:20
: . , o Rabbit 2: 23
3 P 5 30 10 Once daily 0
* A—Albino.

P—Pigmented.
A

Group IV-b. One eye of each of three pig-
mented rabbits was exPosed to microwaves
once daily for 10 days at-a- distance of four
inches (about 10. 2 cm. ) for a duration of 30
minutes. :

Cataract developed in one eye aftet’an
interval of eight days following the last ex-
posure. The opacity was relatively small and
lacking in density as compared with opacxtles
produced by more severe methods of ex-

posure of the eyes of rabbits to nncrowaves :

The ophthalmoscopic .appearance of “the.
opacity was that of a' cluster of small black
dots just below ‘the posterior hornzontal
suture of the lens. The opacity did not in-
crease in size or density’ durlng a period of
obscrvation of one month.

The. other two exposed eyes showed no
change during a period of observation of
about one and two months respectively after
the last exposure of the eyes to microwaves.

Grour V-a. One cye of each of three
albino rabbits was exposed to microwaves
once daily for 10 days at a distance of five
inches (about 12.7 cm.) for-a duration of
30 minutes. No cataract developed in any
of the eyes during periods of observation of
four weeks for one i'abbit, and six wecks
for the other two, after” the 1ast e\pomre, of
the eyes to microw ave )

Grour V-b. One eye of c.ach of three pig-
mented rabbits was C\posed to- microwaves
once daily for 10 days-at a dlstance of five
inches’ (about 12.7 em.).for a duration of 30
minutes. . No. cat.lract developed in any of

. - . . ) . ‘ ! :“~
the eyes during a period of observatio ,m

4the eye to microwaves.

“of changes in the temperatures aflef’

STUDIES ON ANESTHETIZED RABEITS
In addition to the studies in which ‘clifi
cal observations were made of the eyé};}.(gi ﬁ*
rabbits after. exposure to microwaves, 3
study was made of the eyes of anesthedzdi ]
rabbits after exposure to microwauﬂs";,
This study of the effcct of microwave§ ®
the eyes of anesthetized rabbits was nmd( w4
addition to the studies which werc mddem b
the unanesthetized rabbits becausc‘smﬁdits 1

posure of the eye to microwaves had
made only in anesthetized rabbits. ,

In the unanesthetized rabbits no n"w:t
had developed after exposure of the™ : A
microwaves daily for 10 days at a dtstmu\ :
of five inches (about 17 7 cm) for & R
minutes. ‘ AR

Temperatures had been determined:ip 8§}
eyes of anesthetized rabbits 15 ecmndafb il B
exposure to microwaves at a distance of iyt §
inches (about 12.7 cm.) for a duration’ol &' g}
minutes. In 10 rabbits the averagc tenijwrs
ture of the vitreous immediately behind <
lens was 42.9°C. with a range of 40*’ |
45°C. .

The experiment§ in which the ey

ancsthetized rabbits were exposed to mk‘h' ¥

waves were as follows (Table 3): '
One eye of each of three dnulhuu&mi

pu:muw g

bino .and three anesthetized
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mbbits was exposed  to microwaves once
Auily for 10 days at a distance of five inches
{about 12.7 cm.) for 30 minutes.

.Cataracts were observegl in the eyes of two
abino rabbits after delayed intervals of 20
w23 days respectively following the last
exposure. The two cataracts were small and
aut dense.
~Through the ophthalmoscope they ap-
peared to be composed of small black dots
fucated in the region of the posterior hori-
mntal suture of the lens. Over a period of
e’ weeks they seemed to change little in
appearance. No cataracts had developed
the.eyes of the pigmented rabbits after an
intgrval of eight weeks following the last
exposure to microwaves.

. The fact that cataracts were produced in
the eyes of anesthetized rabbits following
exposure to microwaves under identical con-
ditions to those which had not produced
eataracts in the eyes- of unanesthetized
rabbits scemed to indicate that the tempera-
wre in the eyes of anesthetized rabbits was

higher than-in the cyes of the unanesthetized
mbbits following exposure to microwaves

under identical conditions.

,

MQRPHOLOGIC CHANGES

«In addition to studies on the temperature
and the incidence of cataracts following ex-
posure of the eyes of rabbits to microwaves
,“‘!f}er varying conditions of exposure, 2
Wreful study was made of the morphologic
.ﬁ%}f‘!}ges in the cataracts resuiting’ from ex-

posiire to mijcrowaves. Some of these

F*:imges have already been mentioned.

:l‘he following features were found to be
_%OMmmon among the posterior cortical cata-
1 Taets; produced in the eyes of rabbits ‘'only
- a delayed interval following exposure
Nicrowaves.

 noy

thf'; (d of the hand slitlamp was an enlarge-

arsneh
5 ;}Rﬂmna
i

g e

hf’» first- change in the. lens from the:
mal appearance that could be seen with-

féi}id'_ei(tension of the “water clefts.”-
ike the human lens, these “water clefts’"
lly present in the region of the

conspicuous posterior’ horizontal suture that
lies under the posterior capsule of the lens of
the rabbit. In addition'to the extension of the
“water clefts,” vacuoles often became visible
in this region. The lens fibers, which were
normally invisible, became opaque and ve-
sembled brown moss, since ‘they seemed to
form an irregular tangle with one another,

The earliest appearance of a cataract n
the eyes of rabbits as seen with the ophthal-
moscope was that of small black dots, some-
times arranged in an uneven line to form an
ellipse or circle about the posterior horizontal
suture, |

The growth of the cataract varied in dif-
ferent lenses. In general, the greater the
dosage, the larger was the opacity (Table 2).

Spread of the opacity was. always in an
equatorial direction. The opacity did not ex-
tend anteriorly into the nucleus of the lens;
it was confined to the region of the lens
under the posterior capsule. The opacity did
not extend toward the equator for an equal
distance in each meridian.

In some lenses the denser parts of the
opacity during some phase of progression of
the cataract were limited to a region between
the posterior pole and-the equator in one

' half of the lens (fig. 7-a). The opacity was

often symmetrical in design.” - ‘
Many of the opacities increased in size and

_density for about one .month, and then

" diminished in density, and sometimes in size

and shape, during the second month (figs. 6,

7, and 8). After the 'second month compara-
“tively little change took place in the appear-

ance of the cataract. One part of the lens
might appear to contain the densest portion
of the opacity at one-time, only to be almost
free of opacification at a later date (fig. 6).

COMMENT

1f a certain range’'of dosage of micro-

waves which does not'damage the eye can be

1

found, microwave diathermy may provide a
Tuseful method for producing therapeutic
elévé.tigns of temperature in the eye.. The
Wayes. are focused by director “C” so that

\E

[
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most of the heat produced is locahzed to a.

small region in the tissues. This allows efﬁ-. :
cient heating of small organs such as the eye .
without undue heatmg ‘of 'the surroundmg,

structures

if dosage is not carefully managed. Damage
can result even from only one exposure..One

or all of the ocular structures may become-

acutely inflamed.- ‘Moreover, repeated ex-

posure over a period-of days or weeks may '
cause injury if the distance, duration, .and -
amount of microwave; energy are not care-

fully controlled. The. cataracts which de-'

of dogs in the previous study, after repeated
exposure to microwaves are a good example
of such damage. St

Why: lens opacities, were not accompamed
by clinically visible extensive changes in the
intraocular structures ‘after repeated ex-
posure of the eye to a high concentration of

microwave energy.is.not clear. It is possible:

that the lens reaches a higher temperature
than'any of the other intraocular structures
during exposure of the eye to microwaves. *
We have shown in the previous study on
dogs® that the aqueous and vitreous reach a
higher temperature than the deep orbital
tissues ; presumably this is because they are

. avascular and must depend on the circulation

in surrounding structures to dissipate the
heat. The lens is an avascular body, sur-
rounded mostly by avascular structures by
means of which loss of hcat is relatively
mefficient. Therefore, a higher temperature
might develop in the lens than in other intra-
ocular structures because it is rclatlvely 1s0-
lated from circulating blood.,

On the other hand, dissection and micro-
scopic examination of"éomc eyes of rabbits
containing the urtumscnbed posterior corti-
cal type of cataract which followed exposure
to microwaves ouly. after a delayed interval
of time, . demonstrated- the presence of
hemorrhagic infarcts in, the ciliary processes.

Such exammanons were not made of all

. mary m}ury in this case would ‘be thes -
On the other hand thls study demon- -

strates that- microwaves can-damage the eye

e
- sintriphosphatase, the pyrophosphatase 7g; ?;

veloped in the eyes of: tabbits, as in. the eyes . ' the three peptidases was found in 1ense§

‘type of cataract.” SRR v: 18

‘opaque feathery fibers of the lens radia

‘processes, which might be da:nagedﬁ,,
heating effect of the microwaves, & e
" The possibility that this type 6f catéég‘c n
ot produced directly by the heatmg v

the .microwaves on the lens per g 4

tamed in a study of the effect. of mlcrom‘v !

on certain enzyme systems in the len;”@ 3
‘this study, no loss of activity of the

taining this c1rcumscr1bed posterior’ com“a" j

The structure of the cataracts produgé ]
exposure to microwaves is of interest: an,‘ ';
cataracts produced in the eyes of dogst v"mt E
sxsted of linear sutural opacities from whick

Both of these cataracts first developed:i m (hr
anterior cortex of the lens just beneath g ¢
capsule. One was a typical rosette cata X

At a later date, posterior cortical opamtm‘_‘_
appeared in the lenses of the exposed « ool ¥
both dogs. These cataracts rescmble y

mented rabbits to infrared 1adlat10h~
Infrared cataract, which h'l% bef

polar opacity and involves the poster nmtsut.v
capsular cortex or, less frequcnt!y-. B
nucleus of the lens.? '
The circumscribed catardttb wlm
lowed exposure of the eyes of rabbits & w ¥
crowaves only after a delayed interval of, t}m
were limited to the posterior cortex ifiiffe
eycs of both albino and pigmented rabbits
This is of interest in view of the nmhilti‘
of Vogt* to produce a cataract in this lmgttﬂg\
in the lens of pigmented rabbits by eXposur
of the eyes to infrared radiation. He i
able to produce a type of cataract leSEl

- e
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$! &
ﬁ:;emb ling the circumscribed posterior corti-
ald iyp(, of cataract only in the eyes of albino
mbbll% by exposure to infrared radiation.
By \Xg\pnsum to infrared radiation he did
prfluce a type of cataract in the eyes of pig-
Shedited rabbits which closely resembled the
mtfmm CO!tl(.d] type of cataract pxoduacd n

‘{hﬁv_ercnce in locatiou of the cataracts pro-
(Hé’t’d in the eyes of albino as compared with
pu}menlcd rabbits by exposure to infrared
nd) txon was the presence of thc plrrment in

' 'mt;, he thought absorbed the infrared
md\dtlon to-a greater degree than nonpig-
hfed ocular tissues.
He stated that the energy of the radiation
wagconverted to heat in the iris, and the heat
' a8 conducted directly from the iris to the
nutenor part of the lens. Consequently, the
afitevior part of the lens was heated more
“thaif“the posterior part, so that the cataract
H \féiielo;)ed in the anterior cortex in the pig-
‘ tuehted rabbits.

“No ready explanation’is at hand for the
fact that the circumscribed type of cataract
Poduced in the eyes of both albino and pig-
m(.‘nted rabbits by exposure to microwaves
W‘l “limited to the posterior cortex of the

x
\

E an possible factor which might aid in
th&t\planatlon of this fact mlght be the fail-

I

I‘mcrowave radiation to a greater degree than

OgS‘ by exposure to microwaves-both
i _—Peared in the anterlor cortex of the lens

hySIOIOglC dxfferences between the eyes
logs and those of rabbits suggests itself
s he difference between the locations of the
;;%tﬁracts produced in the eyes of these two

F

“Téfot the pigment of the iris to absorb’

Cles of ammals bv microwaves. - ¥ l
: in" be unable to dissipate ‘the heat produced
" locally by the microwaves as effectively as
the dog.

4 MICROWAVE DIATHERMY . i s
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peated exposure to .micrbwaves"is worthy of
comment. Why: the'anterior cortical opacifi-
cation in the eyes of dogs, and to a lesser
degree the posterxor ¢ortical opacification in
the eyes of rabbits, should be reversible is
not understood. """"43"

The rapid cooling of the vitreous after ex-
posure to microwaves’ was of interest to us,
in view of the avascularity of the vitreous.

It should be emphasized that the tempera-
tures measured even 15 seconds after ex-
posure of the eye to microwaves are not the
maximal temperatures reached in the aque-
ous and vitreous during the exposure to
microwaves. A glance at the slope of the
cooling curves (fig. 1) during the first and

second minutes after exposure to micro-

waves, or inspection of the.differences be-
tween the rises of temperature of the orbit
and vitreous 15 seconds and one minute after
exposure to microwaves (fig. 2), indicates
that the temperatures have undoubtedly been
falling comparatively rapidly during the first
minute after exposure.. .

The curves indicate that the greater the
rise of temperature during heating, the more
rapid is the fall after the heating is stbp_ped.
Consequently, any conclusions which may be
drawn as to the safety of a stated dose and
technique of application of microwaves to
the eye are better judged by the absence of

pathologic changes than by the magnitude of

the rise in the recorded temperatures.
The difference between the rise in tempera-
ture in the eyes of “dogs and in the eyes

" of rabbits following exposure to microwaves
ﬁ the two cataracts produced in the eyes a

under the same conditions was significant
(fig. 4). The fact that under each condition
of exposure the temperature in the eyes of
rabbits rose to a higher level than the
temperature in the eyes of dogs may be ex-
plained, at least in part, in several ways.
One explanation for this fact would take
into account the much larger size of the dog
than of the rabbit. The smaller rabbit would

"
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A second explanation would take mto ac-"
count the smaller size of the head of the -

rabbit compared to:that of the dog. The

microwaves directed toward the eye of the .
rabbit might elevate the temperature of the -

brain to a sufficient extent to-influence the
heat-regulating center ; this possibility would
be less likely in the case of the dog than in
that of the rabbit.. ~ . . . o

The incidence of cataract that developed

after exposure to microwaves of the eyes of .

albino rabbits as compared with pigmented
rabbits was of interest. Of 17 albino rabbits
whose eyes were exposed to microwaves,
cataracts developed in' seven; while of an

equal number of eyes of pigmented rabbits -

that were exposed:to microwaves under

identical conditions, cataracts developed in

only three (tables 2 and 3). Only when
the exposure was made at a distance of four
inches (about 10.2 em.) for 30 minutes was
the incidence of cataract greater in the pig-

mented rabbits than in the albino rabbits, and

in this case the number of rabbits involved
was too small for the difference in incidence
to be statistically significant.

No satisfactory explanation is at hand for
the greater number of cataracts that de-
veloped in the eyes of albino rabbits than in
the eyes of pigmented rabbits after exposure
to microwaves under identical conditions,

One possible explanation might be the pro-
duction of higher temperatures in the eyes of
albino rabbits than in the eyes of pigmented
rabbits by exposure to microwaves under
identical conditions, However, the studies of
temperatures in the eyes of rabbits following
exposure to microwaves demonstrated that
there was no significant difference between
the temperatures in the .eyes of pigmented
rabbits and in the cyes-of albino rabbits 15
seconds after exposure to microwaves under
1dumull conditions. -

SuMMARY
: : . I
In order to determine the changes in

temperatures of the orbital tissues and vitre-
ous after exposure of .eyes of rabbits to

DAILY, \\AI&IM HFRRICK PARI\HILL AND B};\‘LDICT

_temperatures were recorded before and afte '

" were followed for about one-half hour- afe
“the microwaves had been turned off.

_the eyes of albino rabbits,
veloped in only three eves.
Thc cataracts which were produced in tlu

-was produced;

changes in the eyes resultmg from exp@
to m1crowaves a studv was made Qyi

intact as well as enucleated eyes at. d;f{'
distances and- durations. ‘;' }

One series of experiments was perfo o
on 79 rabbits anesthetized with dlan)lbarb
turic acid, administered intravenously, The;
mistors were introduced into the orb1t i

- ang
‘vitreous_ of the eyes of rabbits, anda,

exposure to microwaves, The coolmg CUrve)

Of the 17 eyes of albino rabbits expos

to microwaves for durations of 10-to 30 mi, 1§
‘utes using 75-percent output (94 watts) wip

the director at distances of two to five inches |

(about 5.1 to 12.7 cm.), cataracts developg i
in, seven eyes. Of 17 eyes of pigmented mp. §

‘bits exposed to microwaves under the samr g

conditions that were used in experiments o &

were of two types:

cataracts rd( {

In one type the cataract was present in '}

mediately after exposure to

opaque. This type was seen only when grass-

ly visible damage to other ocular structur;
namely, clouding of the

cornea with congestion and hcmorrhdgca mm
the iris and ciliary processes. :
The sccond type of cataract was nor M
sociated with obvious gross clinical «1;’113"01
injury, although dissection and microscopic
examination of some eyes containing such
cataracts had demonstrated the presence:of
hemorrhagic infarets$ in the ciliary processed
This type of cataract did not appear immedj:
atcly after exposure to microwaves, but’ lc~
came visible only after a period of time vary+
ing from several days to several weeks,, It

microwayes, §
when it involved diffusely the region of the ¥
lens under the capsule. The cataract: pros |
gressed rapidly until the entire lens becamy |

i
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M" o,

ra

\}ﬁs limited to the posterior cortex, but could

)%vmadu to progress and involve the entire
q by repeated exposure of the cye to

e

tllcrow ves.

s}?-;l"‘{poqure fomi duration of 10 minutes, of.
eyc of a rabbit at a distance of two
qcheé (about 5.1 cm.) from the corner re-
dgetor with an output of 94 watts from the
éro\mve gencrator might produce either of
tlie forcgom" types of cataracts.

ﬁ*Wlth the aid of the hand slitlamp the
ﬁaterlor cortical cataracts produced in the
(}i ‘-.iol rabbits by exposure to microwaves
were observed to begin by an enlargement

[N
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suture in the normal lens of the : mbb\l
Through the ophthalmoscope the first ap-
pearance of the cataract-was that of a num-
ber of small black dots usually located in tl’lL

"region of the posteriof horizontal suture.

Many of the larger opacities pxodmcd in
the eyes of rabbits by exposure to.micro-

- waves progressed in size and density during

the first month after becoming visible oph-
thalmoscopically. 'Durim, the f{ollowing
month they regressed in size and density, angl
changed in shape and position. Thereafter
the size, shape, ‘position, and density of the
cataracts appeared to change relatively little.

s\nd extension of the “water clefts” that are

n the region of the posterior horizontal Mavo Clinic.
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’«i,%lhe pedigree presented herein offer's"-'anv: - ophthalmoscope after't ilation of the pupil.”
‘%g‘estmg study in the hereditary. aspects. Mann? expresses the opinion: “Any opac-
‘ f‘-'congemtal cataract and microcornea.., - ity, whether total or so small that it can
Authontles differ somewhat in thexr deﬁm- only be seen by focal“illumination with the
l‘l} of congenital cataract. e slitlamp, 1s techmcallya cataract.”

Clapp states: “It seems wise to cons1der The definition - of - mlcrocornea is purely
& gcongenital cataract an opacity in the lens one of measurement The normal corneal di-
‘1&}’ t enough either to interfere with vision ameter is 12 mm, in ifs greatest chord (hOI‘l-
940 show some disturbance of the normal zontal) and any value less than 10 mm. is
dus reﬂex when viewed with the mdnect con51dered to be mlcrocornea

,.5 ; From the Department of Ophthalmology, Los s
giéles County Hospital. : MICROCORNEA R :
; nior resident in ophthalmclogy, College o‘t’ ol = : :
Ea‘ Evangelists Service, Los Angeles County .Informatlon concernmg mlcrocornea is
plm‘ scanty It is generally thought to be a com-

*Assistant clinical professor of ophthalmology,
A _%lege of Medical Evangelists. L ‘ponent of elther microphthalmus or anterior-
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