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EDITOR’S NOTE
REEDEXE

The ABCC Bilingual Technical Report series began in 1959, In
order that manuscripts which have never been published or are
available only in one language may be made a matter of record
for reference purposes, the 1959 series is heing kept open
and items will be added from time to time.
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The ABCC Technieal Reports provide a focal reference for the work of the Atomic Bomb
Casual ty Commission, They provide the authorized bilingual statements required to
meet the needs of both Japanese and American components of the staff, consul tants,
advisory councils, and affiliated governmental and private organizations. The reports
are designed to facilitate discussion of work in progress preparatory to publiecation,
to record the results of studies of limited interest unsuitable for publication, to
furnish data of general reference value, and to register the finished work of the
Commission. As they are not for bibliographic reference, coples of Technical Reports
are numbered and distribution is limited to the staff of the Commission and to allied
scientific groups.
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THE STATUS OF LENTICULAR OPACITIES CAUSED BY

ATOMIC RADIATION

Hiroshima and Nagasaki, Japan, 1951~1953

LB, BRBORBHAERCEIKEERBOKE

1951~ 1953 I E 5 F &

ROBERT M. SINSKEY, M. D.*

(With illustrations by GEOFFREY DAY) **

On August 6, 1945, an atomic bomb was dropped
on Hiroshima, Japan. Three days later a second
atomic bomb was exploded over Nagasaki, Japan.
Owing to the critical situation at the time, includ-
ing lack of personnel and equipment, major
surveys of the biologic effects of nuclear radiation
were not undertaken for several years. However,
Flick ! reported fundus lesions in survivors with
acute radiation sickness. These were considered to
be secondary to the blood dyscrasias produced by
whole body radiation.

In 1947 by presidential directive, the Atomic
Bomb Casualty Commission was set up to study
the late radiation effects in the survivors of the
Hiroshima and Nagasaki bomb explosions. It oper-
ates under the supervision of the National Research
Council with funds supplied by the Atomic Energy
Commission.

The first studies undertaken by this commission
were in the field of hematology and genetics.® In
September, 1949, stimulated by the discovery of
radiation cataracts in some 10 American physicists,
a team of ophthalmologists under Dr. David Cogan
arrived in Hiroshima to investigate latent ocular
injuries from exposure to nuclear radiation.® Dr.

Cogan’s survey revealed 10 heavily irradiated
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Japanese survivors with radiation cataracts. $3:1°
At the same time radiation cataracts were reported
by Dr. Hirose and Dr. Fugino in survivors.® In 1950,
Dr. S. J. Kimura, Dr. Cogan’s co-worker, reported
90 more survivors with radiation cataracts.??

This present report concerns an intensive inves-
tigation of 3,700 exposed and nonexposed indivi-
duals from May, 1951, to December, 1953. Only
with the complete co-operation of the Japanese
people and their local and national governments
could such a comprehensive survey have been
accomplished.

The investigating team consisted of an ophthal-
mologist (the author), an interpreter, three Japan-
ese nurses, numerous Japanese social workers, the
Atomic Bomb Casualty Commission. Biostatistical
Department under Dr. Lowell Woodbury and, of
course, guidance from the director and research
director of the Atomic Bomb Casualty Commission®
Dr. Grant Taylor and Dr. William C. Moloney.

At the beginning of this survey all previously
diagnosed radiation cataracts were examined to
familiarize ourselves with these lesions, and, hence,
to be able Lo establish certain criteria for evalua-
tion of the following :

1. The differential diagnostic problem of radi-
ation effects on the lens.

2. The correlation between the lenticular chan-
ges caused by nuclear radiation and other factors,
such as age, sex, epilation, distance and shielding.

3. Progression of these lesions caused by
nuclear radiation.

4. Extent of present visual loss caused by
nuclear rtadiations from these two atomic bomb

explosions.

DIFFERENTIAL DIAGNOSTIC PROBLEM OF
RADIATION EFFECTS ON THE LENS

Survivors with previously diagnosed radiation
cataracts were brought in and examined with the
slitlamp and opthalmoscope. Nonexposed persons
were also examined during the same period. Both
of these groups had changes ranging from a few
fine granules to large granular plaques with
vacuoles under the posterior capsule of the lens,
axially. For the most part, these could be detected
only with the slitlamp (Fig. 1)
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Fig. 1 Slitlamp appearance of a normal eye.
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In particular, elderly nonexposed and exposed
persons were found not infrequently to have
polychromatic granular plaques of various sizes
under the posterior capsule. These were usually
associated with the other senile changes; that is,
posterior cortical sclerosis, increased relucency of
the lens, peripheral wedge-shaped opacities, and
water clefts (Fig. 2). Of 12 nonirradiated persons
with pigmentary degeneration of the retina, three
had granular plaques on the posterior capsule
indistinguishable from those seen in the exposed

irradiated groups (Fig. 3).

The finding of these morphologically similar
lenticular opacities of obvious different etiologies
presented the problem of determining the earliest
clinically observable radiation changes in the lens.
Since the lesions were similar in the exposed and
nonexposed, this could be accomplished only by a
statistical analysis. With this in mind, the follow-
ing clinical experiment was designed. Two groups
were selected with regard to balancing age, sex,

geography, and the economic status as factors.
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Fig. 2 Slitlamp appearance of a senile eye. 2 Ao
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Fig. 3 Slitlamp appearance of an eye with retinitis pigmentcsa. [ 3 A 3REEHE S OMRER
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The first group consisted of survivors of the
nuclear explosion, giving a history of 90 to 100~
percent epilation, that is, amount of scalp hair
which fell out one to three months after the
explosion. It was felt that this was the most
heavily irradiated group and would offer the best
chances of obtaining positive results. The control
group was not in Hiroshima during or shortly
after the bombing.

In order to minimize bias in the resultant data,
uniform procedures in the following order were
carried out : visual acuities, dilation of the pupils,
slitlamp and ophthalmoscopic examination, and a
history check by the biostatistical department.
Persons with a history or evidence of serious eye
disease, nuclear or cortical opacities, senile or
congenital, severe enough to prohibit adequate
examination of the posterior subcapsular area,
were excluded from both groups.

The presence of granules only in the posterior
subcapsular axial region of the lens was not suf-
ficient for a positive diagnosis. Minimum positive
change was considered to be a definite tiny
subcapsular plaque located axially as seen only with
the slitlamp (Fig. 4). This was an arbitrary
division dictated by the investigator’s experience.

The outcome of the examination of these two
groups was quite revealing. Of 164 controls, 16
(10 percent) were found to have polychromatic
granular plaques on the posterior capsule. In the
exposed group, there were 139 (84 percent) posi-
tive cases out of 165. (The majority of these
lesions were not visible by ophthalmoscope and
were identical in appearance to the lesions seen
in the control group. See Graph 1.)

The remarkably high percentage of subcapsular
plaques in the exposed group was totally unex-
pected, since many of these people had been
examined previously by this investigator and others
with the slitlamp and recorded as negative.

At first it was felt that possibly these opacities
were a recent development. However, re-exami-
nation of all the old charts revealed a small number
of cases in which small polychromatic granular
subcapsular plaques were recorded. These changes
had been considered to be clinically insignificant

by the observers.

F1OFHIBIRE 1 » AL 35 AWz 90~100
% DHAMREL B> 1L T 5RIBELLWK S Iz,
SR BEO IR TR TH Y, o
REMELB 2Tk BRI AZVubo LBbhi,
MRBEL, TS DI RE RIS e
1R CTH %,

A SRS B e & D BB NRIT Ik 5 f
KOIBFFC—HROM k% T e = 1o, IR, i,
MR E, BRSNS L OERREIEC L 55K
TERE. ENAcRPHERORE /038 1,, b LUk
BEOEAE oL LEREOBES 2o BRE S
H-DEEORENTHICTERCET, FRE LR
L7,

A EERE PSR RS Eh: - LTI
PRI 24T 7 5 SRR Th 5 & Liz, MRS
(el e B P F Y SN W £ < T
Te FIBCIRIR 9 2 BN DB ZSL & Lis (12 4),
ChulgHEORMICIES RS ETE S,

CO2ROBRERRILEL O L Wb 1,
1647 DX EEH164 (10%) OBIER 2 MR
Rl R b, BIBEMRTIL, 16551394 (84
%) CZoOFRAH T, (ThBboMEOKRME
BRETIIRS bhic L 0T, oS
CRENZHMBEL AL TH 1. 777 1ER)

MBS 1k, LAz o BFoE A o AR
R TR LERGEESh TV 2 ETIZ, CD
PRI AR (A 3E T o FISCIRIR B3 o TSR 2 Bl e
e TN THE 1,

B, CORSLEEBRbiL oL ARl d
Bbhiz. UL, £2BEICELTFRI LER, b
B CETONEWSEEMARKEE ZE ST
HOEER LI, YRrOBEHL, ZOELizEEKR
MERLLEFLTWIDTH S,

¢5)



Fig. 4 Slitlamp appearance of an eye with minimum positive atomic-bomb changes.
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The subcapsular plaques in these individual cases
included in this controlled study had not changed
in size appreciably since the previous examination.
This plus the fact that over a four-year period
there was little or no noticeable progression of
even the most severe radiation cataracts, made this
observer feel that these opacities were not a recent
development. Historic evidence obtained from the
more severely afflicted survivors indicates that

visual loss began about two years after exposure.

FACTORS AFFECTING INCIDENCE OF
POSTERIOR SUBCAPSULAR PLAQUES

Having established definite diagnostic criteria,
larger numbers of survivors and nonexposed indi-
viduals were examined to determine the possible
effect of age, sex, epilation, distance from ground
zero, and shielding.

Age was a significant factor, particularly after
the fifth decade (Graph 2). Therefore, the age of
cases selected was limited to 15 to 45 years. The
lower limit was sel to increase the accuracy of
the radiation histories for distance, epilation, and
shielding. Sex was not found to be a significant
factor in either the exposed or control group.

There was a high correlation between these
lenticular changes and epilation. The percentage of
positive findings fell with the drop in the degree
of epilation (Graph 3).

Graph 4 illustrates the effect of epilation, shield-
ing, and distance on the incidence of posterior
subcapsular plaques. Ipilation is graduated into
none and partial; shielding is light and heavy.
It is readily apparent that shielding and distance

reduces the incidence of lens changes.

STAGES OF DEVELOPMENT OF
LENTICULAR OPACITIES CAUSED
BY NUCLEAR RADIATION

During the course of this investigation various
stages in the development of these opacities were
noted in this large series of survivors. On direct
illumination with the slitlamp, the granular plaques
on the posterior capsule axially, which this observer
considers to be the earliest definitive sign of
radiation effects in the lens, appeared to be a mass
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of fine white granules, occasionally having a bluish B e, FERNTIE, BRREEIERD TS

cast in younger individuals and becoming more EHORL RS L, KEChiEh L 5 cREs e
yvellow in the older cases. In the zone of specular
‘ ) +5 ("5,
reflection, the granular plaque reflects a highly
polychromatic light giving the effect of an oil
slick (Fig. 5).

Graph 2 Effect of age on incidence.
7772 FEHFCHT HEMOKE

&0
g
= ﬁ 501 Effect of age on incidence of
a ygf posterior subcapsular plaques in
& [} non-exposed control population
Eo © IR BRI 351 5 S8 T FIiRR
2% EBECHT 2 FE R0
& 0
204
104
o ¥ U T + +
o9 109 20029 30-39 4049 5059 60"
Age in years
3 ]
Graph 3 Percentage of positive findings.
#7773 REMROESR
00
90,

SN
=

Correlation between epilation and
incidence of posterior subcapsular
plaques

E%&&ﬁTHW&ﬁW&GEMN

Percent positive
RS mEE

Epilation in percent

HEREDZ

(8)



Fig. 5 In the zone of specular reflection, the granular plaque reflects a highly
polychromatic light giving the effect of an oil slick.
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The plaques were amoeboid in appearance, both
horizontal and vertical with one or more pseudopods.
The more extensive lesions were lacelike, ground-
glass, or even resembled fool's gold. These
opacities on cross section with the very thin beam
of the slitlamp conlained many clear areas interlaced
with fine white linear opacities, giving the impres-
sion of a mass of vacuoles (Fig. 6). The accentua-
tion of this may present the doughnut type of
opacity seen in a few cases.’

In the more advanced cases streamers were
present which appeared to extend into the posterior
cortex, separating from the posterior capsule as they
approach the equator of the lens by an intervening
layer of normal looking lens cortex (Fig. 7). This
would seem to indicate that the lesion was relatively
stable since the growing lens was pushing normal
lens fibers down behind the posterio subcapsular
opacities.

As a rule anterior subcapsular opacities become
noticeable only in these later stages, and were sepa-
rated from the anterior capsule by normal looking
lens fibers in the younger survivors. Occasionally
marked differences in the size of the lesion were

noted in the two eyes.
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Fig. 6 Appearance of opacities on cross section with the very thin beam of the slitlamp.
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Fig. 7 Slitlamp appearance in the more advanced cases.
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VISUAL LOSS

The loss of vision resulting from changes in the
lens caused by nuclear radiations from the atomic
bomb in Hiroshima has been a much publicized
and dreaded aftermath. In the total survey, there
have been 154 survivors with posterior subcapsular
plaques large enough to be visible with the
ophthalmoscope. Those opacities not visible with
the ophthalmoscope in the greater percentage of
survivors can be excluded from consideration
because they obviously do not decrease visual
acuity under standard testing procedures.

Of the 154 survivors 129 can be corrected to
20/25. The remaining 25 survivors have less than
20/25 but all of these have serviceable vision with
the proper correcting lenses.

Although some cases may have been overlooked,
intensive search produced only four survivers who
had operative procedures presumably because of
loss of vision from radiation elfects on the lens.

In view of the relatively negligible effect of the
atomic bomb on visual loss seven years after the
bomb, the term cataract in this survey has been
studiously avoided since it connotates severe loss
of vision and even blindness to the average physi-
cian and to the laity.
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Graph 4 The effect of epilation, shielding, and distance on the incidence of

posterior subcapsular plaques.
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DISCUSSION

From these studies, it is readily apparent that
the human lens is extremely sensitive to nuclear
radiations. Of 425 survivors in Nagasaki beween 400
and 1,800 meters from ground zero, 47 percent were
positive, irrespective of epilation and shielding.
Although the opacities in the vast majority of the
cases are so insignificant as to be invisible with
the ophthalmoscope, they are important in terms
of dosimetry. Statistically significant lens changes
are present in survivors without any other known
early or late evidence of radiation damage.

With the tremendous progress in the conversion
of atomic energy to useful controlled power pro-
duction, hundreds of thousands and eventually
millions of workers potentially will be exposed to
nuclear radiations. It is important to recognize the
earliest signs of radiation injury for the protection
of the employees. Since these posterior subcapsular
plaques are a relatively nonspecific type of reaction
by the lens to injury, it is necessary to screen
the workers before potential exposure to radiation.
Even then the laws of probability would dictate
that a certain number of cases would probably
develop the posterior subcapsular plaques after
employment, although not exposed to significant
amounts of radiation. However, pre-employment
screening would enable those responsible for radi-
ation hazard control to have a certain base line

from which to work.

SUMMARY

1. Inconspicuous changes in the lens in the
form of posterior subcapsular plaques, which have
previously been interpreted as normal, are shown
statistically to be significant effects of nuclear
radiations from the atomic bombs dropped over
Hiroshima and Nagasaki.

2. Itisevident that morphologic characteristics
of radiation cataracts may be confused readily
with lenticular opacities of other etiologies which
occur primarily in the postsubcapsular region
axially.

3. The incidence of these posterior subcapsular
plaques can be correlated with age, epilation,
shielding, and distance from ground zero. Sex has
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no effect on incidence studies.

4. The posterior subcapsular opacities observed
over a four-year period were increasing very
slowly or not at all.

5. The various stages of opacification of the
lens caused by nuclear radiation are described and
illustrated.

6. The atomic bomb explosion in Hiroshima
on August 6, 1945, has resulted in negligible loss
of vision to date.

7. The utilization of the earliest signs of radi-
ation changes in the lens as an additional method
for the protection of the atomic plant worker is
advaocated.
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