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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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OPHTHALMOLOGIC SURVEY OF ATOMIC BOMB SURVIVORS
IN JAPAN, 1949

199 cBXICEH

PURPOSE

The ophthalmologic study which this commu-
nication proposes to report is part of a long-term
project conducted by the Atomic Bomb Casualty
Commission (ABCC) to investigate the medical
and binlogical effects of the atomic bombing

in Japan.

The request for an ophthalmic survey was
apparently initiated by the Committee on
Ophthalmology of the National Research Council
with the implied intent of determining what, if
any, delayed injury to the eyes had resulted
from the atomic bombing. The undertaking was
prompted in considerable measure by the recent
discovery of cataracts in cyclotron workers who
had been chronically exposed to forms of radiant
energy (neutrons and gamma rays) similar to

those which were given off by the atomic bomb.

The assumed task of the study group was
threefold :

history and examination, whether or not ocular

(1) to determine qualitatively, by

lesions, other than traumatic, resulted from the
atomic bombing; (2) to ascertain what the
approximate frequency of these lesions was ina
sample group of the surviving population who
had been near the hypocenter at the time of the
explosion; and (3) to note any incidental find-
ings that might be considered of significance
or interest in a routine examination of the eyes

of a Japanese population.

BACKGROUND AND PREVIOUS
PERTINENT LITERATURE

The atomic bombs were dropped over
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Hiroshima on August 6, 1945, and over Nagasaki
on August 9, 1945, On August 28,1945, a plan was
drawn up for the study of atomic bomb casual-
ties. A mission from the Manhattan Project was
assigned to the determination of the residual
radioactivity in the bombed cities. Considerable
assistance was obtained from the Japanese
Government groups who had already made
preliminary observations, and at the suggestion
of the Supreme Commander there was appointed
a “Joint Commission for the Investigation of the
Effects of the Atomic Bomb in Japan.” The
report of this commission, summarized in part in
the article of Liebow, Warren, and De Coursey,’
provides the most comprehensive survey of the
terrain, the physical characteristics of the land,
and the medical and biological effects on the
population, including many illustrations and

eyewitness accounts.

A résumé of the Joint Commission’s report is
beyond the scope of this survey, but it is note-
worthy that the casualties were divided into
mechanical injuries, thermal injuries, and injuries
from ionizing radiations. Mechanical injuries
were those resulting from falling timbers and
flying debris; injurizs with glass particles from
shattered window panes were especially frequent.
Such injuries were sustained at distances of at
least 4000 meters from the hypocenter and were
due to the blast of the bomb. Thermal injuries
were caused either by radiant heat, in which
case the heat was intense but lasted for only a
fraction of a second, or by flame burns. The
effects of radiant heat were evident in the form
of burns up to 4000 meters from ths hypocenter,
but rarely did they result in second-degree burns
at a distance greater than 3000 meters. Being
of short duration they produced characteristically
a “profile” type of burn with protection of struc-
tures not in a rectilinear projection from the
bomb. They also produced relatively more
superficial charring and less deep penetration in
They further

produced curious configurations according to the

comparison with flame burns.

clothing which was being worn at the time ; thus

burns often showed patterns when the overlying
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clothing had been of varying thickness, and when
clothing was of a light and dark design, the
burns, selectively under the dark portions, often
reproduced the design on the skin with remark-
able fidelity.
from the spontaneous ignition of the clothing by

The flame burns resulted either

the radiant heat or from the general conflagration

that followed the bombing. Most of the early

deaths, that is, those occurring within the first
ten days, were due to mechanical or thermal

injuries.

The injuries from ionizing radiations were
theoretically attributable to any or all of the
following forms of energy: visible rays, ultra-
violet rays, gamma rays and neutrons; the only
significant source was direct radiation from the
bomb at the time of the explosion. It is thought
that induced radiation on the ground or deposi-
tion of fission products was insufficient to have
had a harmful effect. It is not clear what effect
the visible and ultraviolet radiations had on the
body as a whole, but reference will be made to
Most of

the radiation effects were due to neutrons and

possible ocular effects subsequently.

gamma rays, and what the varying effect was
of each is probably of academic interest only.
Although the proportion of neutron to gamma rays
is known to decrease as a function of distance from
the bomb, information on the absolute amounts

of energy of each is not publicly available.

It is commonly stated that the spectrum of
electromagnetic radiations resulting from the
bomb had the same general distribution as that
of the sun. The peak effects of the radiation
became evident at ten days to two weeks after
the bombing and were manifest by epilation,
purpura, and drop in white blood count. A host
of other symptoms were also frequent (diarrhea,
anorexia, fever, and so on), probably attributable
to radiation but hard to separate from the results
of the unsanitary conditions following the

bombing.

The effect of shielding was, of course, of prime
importance in determining the type of lesion; no

doubt it was responsible in large measure for the
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diversity of lesions produced. Those who were
in the open at the time of the explosion were
exposed to radiant heat and ionizing radiation;
those who were protected by wooden buildings
were not exposed to radiant heat but were
exposed to ionizing radiations; while those who
were in concrete buildings were relatively pro-

tected from both.

The ocular effects of the atomic bombings have
already been the subject of numerous publica-
tions.* The first report was apparently that to
the Section of Preventive Medicine of the West
Kyushu Military District by Matsuoka,? ophthal-
mologist of the Japanese Army rescue squad sent
Of 492 patients

within two kilometers of the hypocenter, 453 had

to Hiroshima on August 9, 1945,

conjunctivitis, 3 had burns of the eyelashes, and
one had infiltration of the cornea. No lesion of
the eye was found attributable to the direct effect
of the blast.

on the eye followed by Hata® cn parforation of

Case reports of atomic bomb effects

the eye with glass and separation of the retina
by contusion; by Shoji! on cataracts occurring
within a few weeks after the explosion and
presumably due to the direct effect of the blast;
by Ikui®® on ectropion of the lid from burns of
the face and on concussion cataract; and by
Koyama and Sasaki” on burns of the corpea and
retina, A brief report on the acute effects of
the Hiroshima eye casualtizs was also given by

Yoshimoto8 and Shojit

The first ocular study of any considerable
Tkui, Nakano,

on patients from the

series was made by Tamura,
Hiwatashi, and Oshio,?
Nagasaki area who were within two kilometers
of the hypocenter at the time of the explosion.
(1) thermal burns

of the eyelids which were remarkable in leaving

The acute eftects noted were:

a minimum of scarring; (2) keratoconjunctivitis
lasting only a few days and presumed to be due
to ultraviolet radiation; (3) iridodialysis, luxa-

tion of the lens, hemorrhages in th2 retina and
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vitreous, and separation of the retina, all resulting
and (4)

injuries by foreign bodies of which glass splin-

from the direct effect of the blast;

ters predominated. Effects coming on 10-14 days
after the bombing were noted in patients with
radiation sickness and consisted of hemorrhages
in the lids, conjunctiva, and retina, and occa-
sionally infiltration and necrosis of the cornea.
The retinopathy, consisting of exudates as well
as hemorrhages, was especially noteworthy as it
was found in 22 of 115 patients on whom

ophthalmoscopic examination was done.

These same authors made a patho-histologic
study!® of 48 eyeballs removed from 29 persons
who had died 20 to 40 days after the atomic
bombing of Nagasaki. Most of them died of
bacteremia complicating radiation sickness.
Colonies of bacteria were frequently found in the
retinal vessels and occasionally free in the retina,
The retinal hemorrhages were not remarkable,
and it was noteworthy that there was no evidence
of disease in the retinal vessels. The white spots
which had been seen clinically had their his-
tologic counterpart in cytoid bodies (associated
with hemorrhages), collections of white blood
cells, colonies of bacteria, and albuminous mate-
rial.  Separation of the retina of slight degree
was occasionally found, mainly in the posterior
segment but also adjacent to the ora serrata.
The choroid was frequently infiltrated with mono-
cytes, plasma cells, and Ilymphocytes, and
contained bacterial colonies in the vessels and {ree
in the tissue. The colonies were sometimes, but
not always, associated with cellular reaction.
Necrosis of the cornea and adjacent conjunctiva
was present in one case. Vacuoles in the equa-
torial region of the lens were found in six cases,
and the nuclei of the equatorial cells which lay
beneath the capsule were degenerated in two
cases with evidence of swelling and disintegra-
tion of a thin layer beneath the anterior and
posterior capsules.

While the foregoing study has not been pub-
lished, six of the specimens from this study
were subsequently reported by Schlaegell! with
the additional observation that there was slight

thickening of the posterior capsules. An

735 DT R

WIS RO ERR BB O
RTH oo 4) BT X 2 B+ HIATICED

bOBRBZECE DT BERPIEA R LIcBHTR

MR 1017 2 © LTALIBRITIRIE, A5 K OWERE O Hiddt
ILEDBENEDL, BICIAROBN S hb -

o HHILPBINYTS EOMBIAILIE, BIRGRAL U
ML 72 1IBZDI FOr, 2201089 5 ke & EA

Moo T

HEE0E, EWTEEROD201 10 D401 BT L
2047 5 HEl L 7 48R ER 1T S TR AIHT S 4
FiS o tco O KBHIHEISPUCBIIIEERDEL
THLE Lo MREREDHEIS
ALtchs, BEHTY i

AP LIE LIERD

HANTEEE LTz ML
T <, MBI B OB IS - fo & EANE
HEN oo B LW S 107 RS HERSANC I liRE
MO RPN GRfuE 5D ENekEENE, MEmk
BROBEBEHBME TS - 7e BEOMEAEENITD
AW 5L, HE UTEAEBICL S 1 R ERIRB DT
W HED S Tze TRIBIICIE LIS ISR, TRk
JUY voRERIc X 2 BHENH Y, IRIBFENEANS LY
BRRNICHIBE DS D - 720 C ORIBHERIISRHC I
FMEEE> Totee ABS X ORHERS RO B3I 14
TR B oo KIAAEEICHILE 6 FlICiYD, 7K
R T D ARE A DA & 2 BB, Al

B FOHOFICHERS SOOI S - /2o

LEOBRRRBETDH 5D, £OHO 6 ELAICD
PiSimla Ny die s
[EDOREED D - 72 L OBELINA S Iz BRI
FERRYIOBIEDS Miural? 12 & » TIFRbALD, <

WT D4 Schlaegelll A% L



analogous pathohistologic study was made by
Miura,!2 but this report was not available to us.
A further pathohistologic study has been made
by Helenor Wilder.13

The only instance of burn of the retina to have
been reported is that of Koyama and Sasaki.?
Their patient was searching the sky at the time
of the flash, looking for the airplane. She had
no immediate visual symptoms, but 30 minutes
later developed severe pain in the eyes,
photophobia, and swelling of lids. She was
hospitalized for one month but was not seen by
an ophthalmologist at that time. The acute
symptoms had subsided at the end of the month,
and on examination she was found to have
symmetrical opacification of the lower half of
both corneas and a central scotoma of both eyes,
most dense in a ring shape corresponding to the
six to eight degree isopters. The fundi at first
showed a grayish white zone, one-third the size
of the disc, on the temporal side of each macula,
and obliteration of the normal paramacular ring
reflex. The fundi subsequently cleared up, but

the scotomata were permanent.

Benkwith!4¢ described in detail an instance of
retinal hemorrhage with radiation disease, and
Hirosel5 found retinal hemorrhages in 62 of 164
patients with presumed radiation sickness.
Tanakal6 reported a staphyloma of the cornea
resulting from an ocular injury caused by the
atomic bomb and suggested that its pathogenesis
was similar to the keloid formation elsewhzre in
the patient’s body. The retinopathy associated
with radiation sickness has been described also

by Flick,l7 with the additional observation that

the changes were reversible.

Up to the time of the present writing no
delayed cataracts have been reported in the litera-
ture, but one of the patients described in the
present manuscript is being currently reported at
the Kyushu Ophthalmological Society Meeting
(September 23, 1949) by Hirose,!8 and two
additional cases of radiation cataract in the
present report have been recognized by and called
to our attention by Tkui.
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PATIENTS

The patients were divided into the following

classifications :

Group 1: Survey Cases. (a) The 1000 patients
making up this group were drawn at random
from a list in the census files of persons within
2000 meters of the hypocenter and in the “open”
The
age distribution of this group and the distribu-

at the time of the atomic bomb explosion.

tion as a function of distance from the hypocenter
are presented in Figs. 1 and 2. (&) A supple-
made of all available
persons listed at the present time in the ABCC

mentary survey was

census files as being within 1000 meters of the
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hypocenter (exclusive of the 14 patients included Lo IBL (O BHCE D - HUAZ RN D °D
in the previous group). This amounted to 231 ) . . B
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persons. The distribution as a function of age

and distance from the hypocenter is presented BEE LTODTEE, M3 BI04 IR Lo
in Figs. 3 and 4.
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FIGURE 4. EPILATION, 1000-METER SURVEY
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Group 2: Non-survey Cases. The patients
making up this group were reached by means
other than the random sampling of the survey
group. Some were reached through local
ophthalmologists, some through referrals and
from other ABCC clinics, some others through
newspaper publicity, and some were called in.
From this group were separated those who
were thought to have ophthalmologic lesions
attributable to the atomic bomb.

RESULTS

GROUP 1 ()

Survey of 1000 patients within 2000 meters of
hypocenter (including fourteen within 1000

meters).

A. Subjective Visual Phenomena

Practically everyone was aware of a bright flash
of light, likened by many to a magnesium photo-
flash, foll~wed, according to most observers, by
a period of darkness lasting several minutes.
The darkness was described variously as “black
cloud,” “smoky vision,” or “yellow light.” A few
did not recall seeing the flash but were aware of
the subsequent darkness. Despite the darkness,
most believed their vision was normal at the
time and none gave a description of seeing visual
patterns such as might be expected with after-

images. 1t seems likely, therefore, that the
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darkness described after the explosion was due

to atmospheric conditions rather than to a

disturbance in the visual apparatus.

Many patients stated that they were blind for

some time after the explosion, but in most
instances this was due either to swelling of the
lids from burns with consequent closure of the
eyes, or to keratitis and not to any neuroretinal
lesion. However one patient became tempora-
rily blind in association with headache, followed
by loss of consciousness ten days after the
atomic bomb. The findings in this patient are
now entirely normal. Another patient who
developed gradual loss of vision, beginning one
month after the atomic bomb and progressing
to the present, showed advanced optic atrophy.
The lesion is presumed to be intracranial and
not related to the atomic bomb. One other
patient developed difficulty in vision three days
after the atomic bomb in association with amnesia
and confusion. Three patients in whom the
present examination of the eyes revealed no
abnormality gave a history of partial loss of
vision in both eyes occurring about one month
after the atomic bomb and lasting two to four
weeks. There was no marked radiation sickness
in any of these three, and in only one was there

severe epilation and burns.

No patients in the survey group developed
permanent central scotomata, although several
were allegedly looking in the direction of the

bomb at the time of the explosion.

B. Keratoconjunctivitis

The number of patients who gave a history
of bilateral keratoconjunctivitis, within a few
days or a few weeks after the atomic bombing
and not obviously caused by trauma or burns,
was 56. Of these, 42 gave a history of keratitis
(as photophobia, foreign-body sensation, lacrima-
tion, or redness) coming on within the first day
and lasting for several hours or several days.
These patients were 1200 to 2000 meters from
the hypocenter. In none were there permanent
sequelae. Discounting a few who believed they

had symptoms for as long as a month, the cause
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of this early and temporary keratitis was presu-
mably the ultraviolet radiation, for a similar his-
tory of keratitis is known to result from exposure
This

is in keeping with the observation of some of

to other sources of ultraviolet radiation.

the Japanese ophthalmologists who treated such
persons within the first few days after the bomb-
ing. Presumably there were many more with
keratoconjunctivitis from ultraviolet radiation
but in whom the ocular symptoms were masked

by the thermal injuries.

A history of delayed keratitis was obtainzd in
fourteen cases, symptoms coming on within the
first week in eight patients, within the first month
The

symptoms lasted from several days to several

in four, and after several months in two.
months. The distances of the three patients from
the hypocenter were between 1100 and 2000
meters. In none were there permanent sequelae.
How much these cases represent a delayed kera-
titis due to radiation and bow much to other

causes cannot be stated with any conviction.

While 56 patients thus gave a history of some
sort of keratitis following the atomic bomb as
far out as the periphery of the zone studied, it
is surprising that there were not sufficiently
severe exposures to produce permanent corneal
opacities, in view of the severe burns of the face
that so many received. Thus, approximately
one-quarter of those in the series gave a history
of burn of the face with loss of skin and often
burn of eyebrows and eyelashes, and yet had
normal corneas at the present examination. None
had permanent corneal opacities attributable to
ultraviolet or infra-red radiation. The reason
for this sparing of the eyes is not apparent.
The blink reflex would certainly not have been
One factor may have been the

the

Japanese with the protective overhanging of the

rapid enough.

naturally narrow palpebral fissure in

upper lid. It is also conceivable that some
measure of protection against the long infra-red
rays may have been afforded to the eye, in
comparison with the skin, by the fluid film that

covers the eye.
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It is also noteworthy that no case was found
showing evidence of xerosis of the cornea or
such as is found

conjunctiva occasionally

following severe x-ray or gamma ray exposurc.

C. Lens Changes

Abnormalities of the lenses were noted in 81
persons, in none of whom were the findings
considered to be due to radiation. In four
additional persons there were abnormalities of
the posterior capsule or adjacent cortex which,
while thought not to result from radiation, were
considered to show morphologic changes that
suggested the radiation type. In nome of the
persons in the 1000-2000 meter survey series was
an unquestionable case of radiation cataract

found.

Of the 81 persons with lenticular abnormali-
ties, 38 had senile cataracts of the predominantly
type, and 12 of

nuclear type; 18 had isolated opacities in the

cortical the predominantly
embryonic nucleus or outlining the Y sutures; 8
had coronary cataracts ; 5 had one or more bluish,
lacelike opacities situated on, or in the embryonic
nucleus; 3 had lamellar cataracts; one had a
unilateral posterior polar cataract in association
with high myopia; one had a unilateral collar
button cataract in association with an old lesion
of the cornea ; one had congenital cataracts with
microphthalmia ; and one had a congenital white

membrane on the anterior capsule.

The characteristic changes that make up radia-
tion cataracts will be discussed subsequently.
The fact that

suggests that the frequency at present is less than

none occurred in this series

one in a thousand. It is entirely possible, how-
ever, that some of this same group will develop
cataracts in the future, as it is well known that
the latent period for radiation cataracts may be

a decade or longer.

The absence of exfoliation of the lens capsule
may also be noteworthy in view of the large
amount of infra-red radiations to which the eyes

of some of the patients must have been exposed.
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D. Neuroretinal Lesions

No lesions were found in the fundus which
were thought to have been directly related to
the atomic bomb. Two persons, of 75 years and
60 years respectively, had degeneration of the
central retina, but neither person had been look-
ing at the sky at the time of the explosion and
only one of them had symptoms of radiation
sickness and epilation. They were thought to
A third

patient with normal visual acuity had some

have senile macular degeneration.

mottling of the central portions of the fundus.
One patient gave a history of intermittent
amblyopia beginning before the atomic bomb

explosion, but the objective findings were normal

One patient had a unilateral hole of the
macula in association with high myopia, and three
patients had evidence of an old chorioretinitis.
Only eight patients had hypertensive and arterio-
sclerotic changes in the retinal vessels, and in
all of these the changes were mild; none had
Two had a bilateral

optic atrophy, due in one case to methyl alcohot

a vascular retinopathy.

poisoning* and of undetermined cause in the
other but presumably associated with an intra-
cranial lesion. One patient had a unilateral optic
atrophy and aberrant regeneration of the third
nerve following a perforating injury ot the
cheek. One patient had a vertical and horizon-
tal nystagmus following cerebral concussion.
These

attributable to the atomic bomb.

last two cases were the only ones

E. Miscellaneous Ocular Findings

While of doubtful significance in reference to
the atomic bomb, the following abnormalities
were noted in the survey patients and are
included here merely for the sake of completeness.

Trichiasis unassociated with entropion: 14
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*This patient stated that when the atomic bomb struck Hiroshima he felt the end of the world
was at hand and consequently decided to make his exodus in as pleasant a frame of mind as

possible.

Hence he took a large amount of alcohol.
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Thirteen of these patiznts were children and
the trichiasis was associated with considerable
The lashes of the
inner aspects of the lower lids were usually the

epiblepharon in all cases.

ones responsible and therefore caused contact
with the cornea when the eye was adducted.
Only in two of the patients was there also
involvement of the lashes of the upper lids. In
three patients there was considerable keratitis
epithelialis and some pannus formation in the
lower inner angle of the cornea, but it was
noteworthy that the trichiasis bhad caused
surprisingly little subjective disturbance.

Ptosis Cunilateral): 1 case,
Dacryocystitis: 2 cases.

Trachoma (quiescent and active): 13 cases.

As the palpebral conjunctiva was not examined
in all patients, it is probable that many more

had trachoma than is here indicated.

Pterygium : 12 cases.

Inflamed pingueculum: 3 cases.

Keratitis (inactive), type unspecified : 16 cases.
Herpetic: 1 case; phlyctenular: 1 case; trauma-
tic: 3 cases; interstitial: 4 cases; epithelialis:

2 cases; ophthalmia neonatorum: 1 case.

Miscellaneous corneal abnormalities: one case
each of white ring of cornea, senile marginal
thinning, microcornea, and crocodile shagreen to

posterior surface of cornea.

Argyll Robertson pupils: 1 case.
Albinism : 1 case.

Persistent hyaloid remnant : 1 case.
Asteroid hyalitis: 2 cases.

Phihisis bulbi : 1 case.

M yopia: No record of the presence or absence
of myopia was kept for the entire survey group,
but in a sample of 1565 cases unilateral myopia
was found once, bilateral myopia of 1,00 to 3,00

diopters was found in 7 (4.5 percent) and of
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3-14 diopters in 4 (2.5 percent). Thus the inci-
dence of myopia greater than one diopter was
found for this small group to be of the order

of 7 percent.

F. Non-ocular Findings

Observation was made on patients of the
survey series as to burns of the face, epilation,
and radiation sickness. Some burn of the face
occurred in 394 patients, with loss of the skin of
face in 2566, Burns of the lids occurred in a
considerable, although undetermined, number of
these patients. Yet the residual scarring of the
lids and of the face was surprisingly slight.
Ectropion of the lids was found in four patients
only. Practically all of the burns were of the
flash type and presumably had shown consider-

able charring without deep penetration,

Epilation, for our purposes, means loss of head
hair, eyebrows or eyelashes and may have been
an immediate occurrence resulting from heat or
a delayed occurrence (usually 10 to 18 days)
resulting from the ionizing radiations. It may,
of course, be both immediate and delayed owing
to the conjoint effect of thermal and ionizing
radiations, but in this case the delayed effect
would be obscured by the immediate burns.
Immediate burns of the head with loss of scalp
hair, eyebrows, or eyelash2zs were noted in
In many, only the
Delayed

epilation of the scalp hair was recorded as partial

approximately 200 patients.

eyebrows and eyelashes were burned.

in 160 cases and practically complete in 65 cases
(Fig. 2). Delayed epilation of the eyebrows
occurred in 22 cases and of the cilia in 16 cases.
The duration of the epilation in the cases in
which it was complete varied from several weeks
to six months. No correlation was found
between the duration of the epilation and the

distance of the patient from the hypocenter.

While the entity of radiation sickness is well
defined, it is not easy to separate some of its
manifestations from infections not necessarily
Thus,

malaise, nausea, vomiting, diarrhea, fever, and

associated with radiation. anorexia,
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even petechiae which, along with reduction in the
white blood cell count, make up the entity of
radiation sickness may result from such un-
sanitary conditions as prevailed following the
atomic bombing and are not necessarily due to
the radiation. Without, therefore, knowledge
of the white blood cell count during the critical
few wesks following the bombing, it seems
futile to attempt any evaluation at this late
date of the presence or severity of the radiation
sickness. Suffice it to say that approximately
one-half of the surveyed persons gave a history
of fever and gastrointestinal disturbances and
approximately one-tenth gave a history of
petechiae at some time during the first few

weeks following the bombing.
GROUP 1 (&)

Survey of 231 patients within 1000 meters of
the hypocenter, comprising the total available
number of persons listed at present in the ABCC
census files as having been in this area at the
time of the explosion (exclusive of the fourteen

included in the previous group).

A. Subjective Visual Phenomena

Of the patients in whom the objective findings
were normal, 25 stated that they had impaired
vision at, or within a few weeks following, the
time of the explosion, but in only two cases
was this thought to be significant in respect to
the atomic bomb. The complaints of the others
were thought to be due to presbyopia, myopia,
senile cataracts, or senile macular degeneration,
having no causal connection with the atomic
bomb.

to have had visual complaints attributable to

Of the two patiznts who were thought

the atomic bomb, one had poor vision with
“black clouds” before the eyes, and one com-
plained of “red vision.” 1In both instances, the
visual difficulty had come on approximately
three weeks after the bombing in association
with radiation sickness (fever, pharyngitis, and
the of both are

presumed to have been caused by retinal and

petechiae) and complaints

vitreous hemorrhages.
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B. Keratoconjunctivitis

Five patients stated they had symptoms of

bilateral keratitis (photophobia, lacrimation,
foreign-body sensation) coming on within the
first day after the explosion, and lasting two or
three days. These were presumably due to
ultraviolet radiation. In one other patient with

similar symptoms the condition Jasted three
weeks, but inasmuch as this patient also had
extensive burns of the face it was possibly a
thermal irnjury rather than abiotic. Six patients
also gave a history of keratitis coming on 3 to
4 werks after the explosion and lasting for
several days (in one patient) or one or more

All of these

patients had symptoms of radiation sickness,

months (in the other patients).

and the cause of the keratitis was presumably

the ionizing radiations.

C. Lenses

Abnormalities of the lenses were noted in 20
patients of this series. Eight had senile cortical

cataracts. Seven had congenital opacities
situated in the lens nucleus; one had an anterior
polar opacity; one had several vacuoles in the
anterior cortex; and five had posterior capsular
cataracts which were believed to have been
caused by radiation from the atomic bomb.
These

together with the cases of radiation cataract in

latter will be discussed subsequently,

Group 2.

Five additional patients showed changes in
the posterior capsules suggestive of the radiation
type, but
definite at the time to justify the diagnosis of

the changes were not sufficiently
radiation cataract. Ope patient had minimal
posterior cortical opacities in the axial region
of both eyes, with two vacuoles beneath the
anterior capsule of the right eye. This patient
had had no radiation sickness but did have
complete epilation of scalp hair beginning,
allegedly, three months after the atomic bomb
and lasting three months. It seems altogether
likely that this is an instance of incipient radi-

ation cataract. Another patient showed a faint
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axial opacity in the right eye over a 1 mm
zone with two scintillating reflections (possibly
vacuoles) just in front of the posterior capsule
of the right eye. The anterior capsule was
normal. The left eye, which apparently had
an injury or ulcer of the cornea, showed an
opacity of the Jower nasal quadrant of the corner
and a posterior synechia, but the lens was clear.
The patient had had no radiation sickness but
had been almost completely epilated for four
months. This is also thought to be a possible
instance of early radiation cataract but, if true,
the unilaterality of the posterior capsular opacity
is surprising. Three patients showed either
haziness and irregular reflexes from the posterior
capsule or a few subcapsular vacuoles that were
These

patients will be examined again at a later date.

thought to be borderline abnormalities.

D. Neuroretinal Lesions

Two patients in this group had bilateral
macular degeneration and one had unilateral
macular degeneration. One other patient had a
unilateral coloboma of the choroid; one patient
had retinitis pigmentosa; one patient had optic
atrophy of undetermined origin; and three
patients had mild hypertensive and arteriosclerotic

changes in the retinal arteries.

E. Miscellaneous Ocular Findings

Four patients in this group were noted to have
shown trachoma and one patient had had a

perforating injury of the eyeball.

F. Non-ocular Findings

Burns of the face which were sufficiently severe
to result in loss of skin occurred in only ten
patients of this series. In the two-kilometer
survey group the incidence of comparable burns
was more than five times as great, a difference
which is undoubtedly explained by the fact that
almost all of the survivors within the one-
kilometer range had some form of shielding

from the thermal effects of the bomb.

On the other hand, the percentage in the one-

kilometer group who were epilated was much
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greater than in the two kilomster group (see
Fig. 4).

completely epilated in the one kilometer group,

Sixty percent were recorded as
but only slightly more than 4 percent for the
two-kilometer group. The duration of the epila-
tion in those in whom it was said to have been
complete was less than one month in 8; from
one to two months in 25; from two to five
months in 49; from five months to one year in
18; and, allegedly, longer than one year in 12,

The duration was not known in 9.

The di'ﬂ‘iculty in evaluating radiation sickness
has already been discussed. Of the 231 patients
in this series, 205 gave a history of delayed
malaise, gastrointestinal symptoms, or pharyn-
gitis, which might be interpreted as radiation
sickness. One hundred and nineteen gave a
history of petechiae coming on within the first
few weeks after the explosion.

+

GROUP 2

This was made up of persons who were reached
through Jocal ophthalmologists, through news-
paper publicity, or through hearsay. It is,
therefore, a highly selected group, and the inci-
dence of disease in this series gives no indication
of the frequency in the population at Jarge. In
only a small number was there thought to be

any causal connection with the atomic bomb.

The cases seen who gave no history or findings
suggestive of association with the atomic bomb

are listed according to diagnosis as follows:
Normal : 101,

Lids and lacrimal apparatus: Dacryocystoste-
nosis: 1; ectropion (upper lid): 1; trichiasis
(epiblepharon): 4; trichiasis (trachoma): 1;
chalazion: 1; trachoma (active): 3; vernal con-

junctivitis (lids): 3.

Extraocular muscles : Nystagmus: 2; strabis-
mus: 3; chronic progressive ophthalmoplegia

externa: 2.
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Conjunctiva and cornea: Catarrhal conjunc-
tivitis: 3; vernal conjunctivitisCbulbar): 1; rupture,
13

keratitis: 5; phlyctenular keratoconjunctivitis:

LCescemet’s membrane (birth): interstitial

1; leucoma: 1; sclerokeratitis: 1.
Lens : Senile cataract: 4; diabetic cataract:1;

1; 1;

secondary cataract: 1; congenital cataract: 1;

coronary cataract: nuclear sclerosis :

exfoliation of lens capsule: 1.

Retina and optic nerve: Central serous retino-
pathy: 1; macular degeneration: 1; separated
retina: 2; retinitis proliferans (Eales’ disease):
1; retinitis pigmentosa: 3; retinitis punctata
albescens: 1; optic atrophy (probably methyl
alcohol): 2.

Uwvea:

Iritis: 3; uveitis: 1; Harada’s disease: 1.

16 ;
13

Exye as a whole: Ametropia: chronic

phthisis bulbi:

microphthalmos : 2.

glaucoma : 2; congenital

The patients in the non-survey group who
were believed to have had lesions resulting from
the atomic bomb are discussed in the following
paragraphs, arranged according to the headings
used in the description of the survey cases. It
should be borne in mind that the evidence that
the lesions in this group were in fact due to the
atomic bomb depended on time relationships and
rather than on

morphologic characteristics,

comparative statistics.

A. Subjective Visual Disturbance

The only patient falling into this category
in the non-survey series \was a 30-year-old man
who was on the sixth floor inside a concrete
building 450 meters from the hypocenter at the
time of the explosion. Except for a mild burn
of the ear, he had no symptoms until approzi-
mately three weeks after the explosion, when
he At

developed profound epilation

became blind. the same time he
radiation

His

and

sickness (including petechiae). vision
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At the

vision was

gradually returned two months later.
time of the present examination,

20/30 O.U. and the only objective findings were
the presence of flocculent opacities in the lens
having a lamellar distribution similar to that

seen with congenital cataracts.

The cause of blindness in this patient is not
evident, but it was obviously part of the radia-
tion syndrome. The present cataracts are
considered unrelated to the rest of the condition
since similar changes are seen not infrequently
in Japanese persons, and there were no changes
in the posterior capsule such as occur with

radiation cataracts.

B. Keratoconjunctivitis

While several patients in the non-survey group
gave a history of a transient keratitis following
the atomic bombing, only one showed residual
opacities of the cornea thought to be attributable
to it. This patient, previously reported by
Koyama and Sasaki,” was a 23-year-old girl who
was 2000 meters from the hypocenter gazing

She
was knocked down by the blast but does not

into the sky at the time of the explosion.

remember any visual disturbance until 30 minutes
jater when her lids became swollen from burns
of her face and she could not sze. For several
days she had pain in the eyeballs, and the
photophobia was severe.  She was hospitalized
for a month and the photophobia disappeared,
but she was not examined by an ophthalmologist.

When
examined two months after the bombing, she

She had no epilation, diarrhea, or fever.

was found to have symmetrical opacities of the
The distribution

of the opacities was likened to a mountain with

lower halves of both corneas.

a rounded, sharply demarcated upper edge
extending into the pupillary area and a less
well defined lower edge. The pupils were round,
and the lenses were clear. The retina and
visual fields showed abnormalities to be described

subsequently.

The patient was examined by us four years
after the bombing and showed superficial and

deep opacities in the lower portions of both
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corneas. They could just be seen grossly as
patchy opacities but were conspicuous by slit-
lamp examination. In other respects the eyes

were normal.

C. Lens Changes

Ten cases of cataracts thought to be caused
by ionizing radiation were seen. Five were
patients in the 1000-meter survey series. Two,
including one in the survey group, were referred
to us by Dr. Tkui and one by Dr. K. Hirose*
Two other patients were seen by us because of
their complaints of failing vision (one was an
employee of the ABCC!), and the tenth person,
who had no visual complaint, was called in be-
cause she was known to have been with one

of the other nine at the time of the explosion.

Nine of the patients were exposed at Hiroshima
and one at Nagasaki. All were said to have had
normal visual acuity prior to, and for some time
after, the bombing. Seven were males and
three were females. The ages at the time of
the exposure were 13 to 55 years. All were
within 550 to 950 meters of the hypocenter at
the time of the explosion. Three were standing
together in the forward part of a street car.
Four were in wooden houses roofed with tile.
One was crouching behind a wooden building;
one was walking in the street, shielded by the
plastered wall of a building; and one is not
Two had

thermal burns of the profile type (that is, from

known to have had any shielding.

radiant heat); all had epilation of the head
after a latent period of one to four weeks, with
complete baldness lasting three to five months.
Six had vomiting on the day of the explosion,
and eight had symptoms one to three weeks after
the explosion consisting of fever and malaise;
five had vomiting and diarrhea and five had
petechiae. One developed a sloughing lesion
of the buccal mucosa and another a localized

Whether

necrosis of the cheek with perforation.
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these were caused by radiation sickness or by
the unsanitary conditions prevailing at the time
could not be determined. One of the three
female patients had had amenorrhea since the
explosion and the other two began thei» menses
at ages 17 and 19 which was approximately

three years after the explosion.

The only ocular complaint of the patients was
failing vision. The onset of subjective visual
symptoms was said to have been as early as
one month after the bombing in one patient,
but the patient was in an apprehensive mental
state at the time and it is by no means certain
that this initial complaint was due to incipient
cataracts. The latent period of visual symptoms
in seven other patients was 6 months in one
patient; 234 years in one; and 2}4 years In

five.

plaints.

Three patients had had no ocular com-
The failure of vision was said to have
been either gradual or step-wise and fluctuant
in the seven patients, one of these patients
having thought some improvement followed each

loss.

The cataracts consisted of opacities in the
axial zone of the posterior lenticular capsules
over an area of 2 to 4 mm, with occasional
punctate dots farther toward the periphery.
The findings were approximately symmetrical
in the two eyes. The central opaque discs had
jagged but nevertheless relatively sharp edges.
In the five patients in whom the changes were
most marked, the peripheral portions of the
opaque discs were denser than the central por-
tions, forming doughnut-shaped opacities when

With the

slit-lamp biomicroscope the opacities were of a

examined with the ophthalmoscope.
lacelike texture having a few polychromatic
crystals and a few vacuoles. The opacities
were confined to the posterior capsules with no
apparent extension into the underlying cortex,
but the vacuoles were situated just in front of
the capsules. In the two most advanced cases
there was a distinct separation of the opacity
centrally into two laminae from front to back

with a relatively clear interval between them.
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Toward the periphery of this central disc the

two laminae fused to form a denser ring
corresponding to the doughnut-shaped opacity
seen with the ophthalmoscope. In the less
advanced cases which did not show the doughnut
configuration, the central portion showed an
opacification of the whole thickness of the
posterior capsule similar to the peripheral portion

Thus

it appears that progression of these cataracts is

of the disc in the more advanced cases.

accompanied by a separation of the central
opacity into two layers, separated by a clear
interval, and an extension of the unsplit opacity
toward the periphery. The anterior capsule
also showed a few punctate dots in seven of the
patients and an occasional vacuole in three.
was

The lens cortex and nucleus, however,

entirely clear in all cases.

The cataracts are considered to be similar to
those which have previously been associated with

What

part neutrons played in their pathogenesis is

exposure to x-rays and gamma rays.'?
not evident. The patients were in a zone where
neutrons and gamma rays were present, although
information on the amounts of each is not
publicly available.  Most persons in this zone
died either from thermal or mechanical injuries
or from radiation sickness. That these persons
survived and developed cataracts may have been
due simply to biologic variations; but it cannot
be reasonably denied that, while the cataracts
were the result of exposure of the head region,
the absence of lethal radiation disease may be
explained by a shielding of much of the rest of
the body.

if any, radiation sickness, and it is not impossible

Five of the patients had very little,

that the symptoms in the others may not have
Yet all of them had

profound epilation of the head, which was

been caused by radiation.
undoubtedly a radiation effect. It is possible
that the three standing in the front of the street
car were protected in the lowzr halves of their
bodies by the metallic baseboard below the car

windows and by the shielding from other persons.

Aside from th> foregoing cascs with outright
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posterior capsular cataracts, sevaral border-line

cases were seen that were thought not to
represent radiation cataracts but in which final
b2
examination, six months or one year hence.

These

of marking of

judgment will postponed until {further

rﬂpresented an unusual amount

the

nonc showed opacification that was visible by

cases

posterior capsules and

ophthalmoscopic examination.

Aside from these cases which are thought to
be normal variants, a few patients were seen
with abnormalities in the posterior capsule that
wor2 nevertheless not attributed to radiation.
Oue patient was a 17-year-old diabetic boy who
had been 2000 meters from the hypocenter at
the time of the explosion and had had no burns,
epilation, or radiation sickness. Examination
at the present time showed diffuse opacification
of the posterior capsule and anterior capsule in
the axial regions and extensive bluish-white
opacities i1 the anterior and posterior cortex of
both lenses. The presumptive diagnosis was

diabetic cataracts.

The normal posterior capsule may be likened
to a layer of glass immersed in water and having
a varying amount of etching of its surface.
The etching is usually most evident in the axial
or periaxial region and can be seen by local
Often
tracks made by

illumination as dots and threadlike lines.
they are arranged like the
wind-blown beach grass on the otherwise smooth
sand. They are most evident on the posterior
surface of the capsule and presumably represent
remnants of the hyaloid system. By trans-
illumination, the posterior capsule often shows
opuical irregularitics in the axial and periaxial

2

regions similar to the “warts” on the posterior

surface of the cornea.

D. Neurorctinal Abnormalities

Approximately ten persons gave a history of
having been gazing at the sky at the time of
the explosion, some at the airplane and at least

one at the parachute carrying the bomb, but
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only one person showed any possible evidence
This

the same one who was previously

of retinal or nervous system damage.
patient,’
referred to with keratitis, was a 23-year-old girl
who had been 2000 meters from the hypocenter
and was gazing skyward but does not know
whether or not it was in the direction of the
bomb. At first there were no visual disturbances.
When examined two months after the bombing
there was a grayish-white opacity one-third the
size of the disc just temporal to each fovea.
By campimetry a central scotoma was found,
most dense in a ring-shapad area occupying the
6 to 8 degree isopters. It was symmetrical in
the two eyes. The visual acuity, which was
known to have been normal before the bombing,
was correctible to O.D. 0.6 (20/50" and O.S. 0.9
(20,30>. Examination four years after the
bombing showed similar bilateral ring-shaped

scotomata, but no abnormalities were found in

the fundus.

This patient is presumed to have had an
infra-red burn of the retina and was the only
patient seen on whom such a diagnosis was

made.

One other patient in the non-survey series
had retinitis proliferans in one eye. The patient

is said to have lost her vision in this eye
immediately after the atomic bomb, presumably
from a vitreous hemorrhage, although there was

no known trauma,

E. Miscellaneous Ocular Findings

Perforation of the globe, frequently with loss
of the eye, or phthisis bulbi, was seen in 21
patients, in four of whom it was bilateral. In
practically all cases the injury was caused by
glass and in many cases it was accompanied by
multiple scars of the lids and face. For some
reason which is not apparent, these scars often
had a distinct blue color. That it was glass
rather than any inherent characteristic of the
scar formation that caused this discoloration is
that scars and

suggested by the fact burn
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surgical scars in the Japanese show no similar
pigmentation. The possibility that the dis-
coloration was simply due to dirt that had
been carried into the wounds could not be
excluded, but its uniformity and the absence of

granular texture made this possibility unlikely.

Iridodialysis resulting from the bomb was seen
in one patient and is presumed to have occurred
from a blow with some blunt object rather than

from the blast.

Two persons who had had evidence of brain
injury at the time of the bomb had complicating
eye signs, one with bilateral sixth nerve

paralysis and one with optic atrophy.

Pupillary areflexia was found in one eye of
a patient who had been blind for several days
after the explosion. She is presumed to have

had an intraocular hemorrhage at the time.

GENERAL OBSERVATIONS ON JAPANESE

EYES

Since, to our knowledge, no comparable

examination has been reported on a large number

of normal Caucasian eyes, the following
observation may have little comparative
significance. The data is, therefore, not

presented statistically, but rather as our impres-
sion of certain differences between Japanese
eyes (presumably applicable to all Orientals)

and Caucasian eyes.

Trichiasis in association with epiblepharon is
so frequent in Japanese children that it may
be considered a normal variant. The responsible
lashes are usually those in the inner portion
of the lower lid and produce keratitis and
occasionally pannus in the lower nasal quadrant
of both corneas. It is not accompanied by
scarring of the lids or by entropion. The
subjective disturbances caused by the trichiasis
are variable, but it was noteworthy that there

was no case in which these symptoms were as
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marked as might be expected, and often there
were no symptoms at all. In view of the fact
that the condition was found almost exclusively
in children, it is presumed that it becomes

outgrown.

Staphylococcic and rosacea keratitis was

conspicuous by its rarity in comparison with
our experiences in the United States. Acne of

the face also appeared much less common.
Trachoma, on the other hand, was frequent,
being present in 5 percent to 10 percent of the
patients examined. Pterygia and conspicuous

pinguecula were perhaps somewhat more

frequent than in at least some parts of the
United States (Northeast) and it appeared that
the

limbus than is the case with Caucasian eyes,

the pinguecula were situated closer to
often actually overriding the cornea. One case
of incipient pterygium in a heavily pigmented
eye is perhaps especially noteworthy because
of its possible significance in the pathogenesis
of pterygia in general. Just in advance of the
spearhead of the pterygium was a 1 mm zone
of flat pigmented epithelium suggesting that
epithelium had grown over from the limbus in

advance of the pterygium.

of both bulbar and

palpebral type appeared more common than in

Vernal conjunctivitis

a comparable group in the United States.

Evidence of arteriosclerotic or hypertensive
vascular disease was rare, but Eales’ disease in

Only

two instances of primary glaucoma were seen,

young persons was relatively frequent.

and by inquiry among ophthalmologists this

seems to be relatively infrequent in Japan.

Probably occurring in Caucasian eyes also,
but being less evident, is the depigmentation
of the pigment epithelium of the fundus with
age and with high myopia. This leads regularly
in the seventh decade to an exaggeration of the

tesselated appearance of the fundus.
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SUMMARY AND CONCLUSION

Previous reports of ocular lesions resulting
from the atomic bomb have been concerned
traumatic and retinal

chiefly with injuries

complications of radiation sickness. The present
study was undertaken with the prime motive of
determining what, if any, delayed injuries to

the eyes had resulted from the atomic bombing.

Accordingly, 1000 persons who were listed as

having been in the “open” and within two
kilometers of the hypocenter at the time of the
explosion were selected at random from the
census files of the Atomic Bomb Casualty
Commission for study.

the

In addition, 231 others,

comprising total available number of
surviving persons listed at present in the census
files as havimg been within one kilometer of
the hypocenter, were examined, as were several
hundred others who were contacted through
newspaper from local

publicity, referrals

ophthalmologists, or through hearsay.

The survey resulted in bringing in persons

having, or having had, a variety of ocular

conditions. Those connected with the atomic
bomb included the following diagnoses; multiple
injuries of eyes and eyelids; keratoconjunctivitis
from ultraviolet and ionizing radiations; thermal
burn of the cornea and of the retina; retinitis
The

cataracts were the only delayed manifestations

proliferans; and radiation cataracts.

of ocular injury from the atomic bomb.

Ten cases of radiation cataract were found.
They all occurred in persons who were within
one kilometer of the hypocenter and who were
either in the “open” or protected by a wood or
plaster wall. All had a delayed and entire loss
but did not

radiation sickness.

of scalp hair, necessarily have
The ages at the time of
exposure were between 13 and 55. Three were

females and seven were males.

The lens changes consisted predominantly of
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granular opacification of the posterior capsules
in the axial zone. The mildest cases showed
simply an asterisk-shaped central opacity, not
more than 1 mm in diameter, having several
subcapsular vacuoles.  The more marked cases
showed, with the ophthalmoscope, a discoid

opacity of the posterior capsule, having a
characteristic doughnut shape with a relatively
more translucent zone in the central 3-4 mm
region. With the slit-lamp biomicroscope the
opacity was seen to be made up of granules
forming a lacelike patitern and containing many
scintillating highlights and occasional polychro-
matic reflections. In the more marked cases
the opacities appeared to be split from front to
back with a relatively clear lamina between the
This clear lamina, which had

a thickness equal to or several times that of the

opaque layers.

posterior capsule, was generally seen in the
region corresponding to the translucent portion
of the doughnut. In the early cases, before the
lamination occurs, the greatest opacification of
the capsule is to be found axially, but as the
splitting takes place the greatest opacity extends
progressively toward the periphery, forming the
Whereas

the posterior opaque lamina coincides with the

characteristic doughnut-shaped reflex.

posterior surface of the lens, the anterior lamina
may bulge forward, but it is nevertheless sharply
demarcated from the underlying cortex. It does
not show the extension into the cortex which
is seen with the usual cataracta complicata and
posterior polar cataracts. Vacuoles situated just
beneath the posterior capsules are frequently

found even in the mildest cases.

With the more advanced changes, fine opacities
are also to be found in the anterior capsule and
in the anterior subcapsular zone. Here they

are often accompanied by vacuoles.

The latent period for the subjective disturb-
ances resulting from the cataracts is about two
years. The progress is slow and sometimes
step-wise. Objective findings may antedate the
subjective findings. The frequency of radiation

cataracts is at present of the order of 214 percent
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of survivors within the one kilometer zone, but
since the latent period may be many years, it
is obvious that the frequency may increase

considerably in the years to come.

The occurrence of radiation cataracts is thought
to be significant not only on account of their
ocular implications but more especially because
they are the first delayed effects of the atomic
bomb to have been demonstrated in the body

as a whole.
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ATOMIC BOMB RADIATION CATARACT
CASE REPORT WITH HISTOPATHOLOGIC STUDY

ERBEHRERARE
EARELTORBFBEEHORRE

SAMUEL J. KIMURA, M. D. AND HIROSHI IKUI, M.D.

Radiation cataract is a late effect of the atomic
bomb that has appeared among the more heavily
irradiated survivors in Hiroshima City and
Nagasaki City, Japan (Cogan et al 1), The
great majority of these cases were discovered
as a result of an ophthalmic survey of the

available survivors.

Clinically, these cataracts are similar in
appearance to those produced by roentgen rays
and radium, and exhibit some fairly definite
characteristics. A posterior polar opacity
develops which has fairly sharp borders both
anteriorly and equatorially. It lies in the
subcapsular region and appears as a lacelike
disc containing small vacuoles. As the cataract
progresses, this disc-shaped opacity may assume
a plano-convex form as first described by
Rohrschneider (1929)2 At this stage, the visual

acuity is very definitely reduced.

The so-called complicated cataracts differ from
radiation cataracts in that they are diffuse,
flocculent, and not sharply defined from the rest

of the lens.

One patient with a radiation cataract who had
been examined periodically for two years elected
to have a lens extraction on account of reduced
visual acuity although the opacification was not
far advanced. Histopathologic study of the
sections of this lens together with the clinical
study of the patient forms the basis of this

report.
CASE REPORT
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T.H. (M.F. #400615%), a 22-year-old student,
was first seen by one of us (M.1) in April,
1949, three years and eight months after the
atomic bomb blast over Hiroshima City. At
the time of the bombing, the patient was in the
forward part of a streetcar behind the motorman,
heading toward the hypocenter, which is
estimated to have been around 780 meters away.
The patient was wearing glasses (myopia) which
No flash burns

were incurred but he was injured by flying glass

were blown off by the blast.
fragments. There were many people in the
streetcar, but only four other survivors have
been found. All have radiation cataracts.
The patient escaped to the nearby mountain
area and there, about two hours after the atomic
bomb blast, he became nauseated, felt ill, and
vomited. He noted severe thirst and diarrhea

which lasted some two weeks.

On about the 14th day, epilation of the scalp
hair commenced and within three or four days
he became completely bald. After two months,

the scalp hair started to grow back slowly.

Petechias were noted on about the 21st day.
Fever (40°C) followed in two or three days and
continued for 10 days. During this period the
mucous membrane of the mouth began to slough,
especially that of the gums. Bleeding from the
gums resulted, accompanied by aching of the
teeth. During the third month after exposure,

The first

white blood count was taken during the fourth

the patient developed furunculosis.

month and it is remembered to have been around

6000 cells per cubic millimeter.

Failing vision was noted about two years after
exposure to the atomic bomb. He consulted an
ophthalmologist three or four months later and

was thep told he had a posterior polar cataract.

The patient was seen by one of us (H.I.) one
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and one-half years after he first noted visual
difficulties. An irregular disc-form opacity was
noted beneath the posterior capsule in both eyes.
The opacitizs showed many tiny vacuoles and
light was reflected from them “as from the

surface of mica.” Corrected visual acuity was:
0D, 20/25; O.S, 20/30

The patient was next examined on October 13,
1949, a little over four years after exposure to
the atomic bomb.

EXAMINATION

Right eye. The visual acuity was 20,30,
corrected. External examination was negative.
Ophthalmoscopy showed an irregular disc-shaped
opacity of the posterior pole; the fundus appeared

normal throughout.

Slitlamp biomicroscopy showed the posterior
polar opacity to be lacelike with a few vacuoles
interspersed. The opacity appeared almost as
though it were part of the posterior capsule
rather than in the cortex beneath it. The
anterior subcapsular area showed several small
vacuoles and a few fine white dots. The

remaining portion of the lens was normal.

Left eye. The visual acuity was 20 50,
corrected. External examination was negative.
Ophthalmoscopy showed a similar posterior polar
opacity but it was larger and the peripheral
portion was more densc, giving it the appearance

of a “doughnut.”

Slitlamp biomicroscopy showed a larger and
more denss posterior polar opacity than that in
the right eye. It appeared as a plano-convex,
disc-shaped subcapsular opacity.  The anterior
and posterior portions seemed granular with
occasional large vacuoles, many polychromatic
crystals, and forming two surfaces that reflected

light brilliantly.

The space between these two surfaces appeared

optically empty except for numerous small highly
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reflective particles. The peripheral border of
this disc-shaped opacity was more opaque, As
seen in Figure 4, this thickened border gives the
doughnutlike appearance when this type of

opacity is viewed with an ophthalmoscope.

Months later the lens changes had advanced
and on the patient’s insistence the left eye was
operated. An intracapsular extraction was
performed by one of us (H.I.), on December 13,
1949. Under local anesthesia, a conjunctival
flap was made, a full iridectomy was performed,
the zonules stripped, arnd the lens delivered by
the use of a loop. Two corneoscleral sutures
were placed. The postoperative course was
uneventful and the corrected visual acuity was

20,20 two months after surgery.

HISTOPATHOLOGY OF EXTRACTED
LENS

The lens was fixed immediately in 10-percent
formalin and embedded in celloidin, Sections
were made and stained with hematoxylin and

eosin®

GROSS

The lens measured approximately eight mm,
in diameter and two and one-third mm. in
thickness, The posterior pole showed a
“doughnut” or a ring-shaped opacity of about
four mm. in diameter. This ring appeared to

be a part of the posterior capsule,

HISTOPATHOLOGY

Meridional sections through the lens in the
axial plane were studied.

Lens capsule. The thickness was normal.
The middle one-third of the posterior lens capsule
was wrinkled, thickened, loose, and separated
from the underlying cortex by amorphous debris

and empty space (Fig. 1-A).
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Fig. 1 Radiation cataract lens
(AD Amorphous debris and empty spaces hetween

posterior lens capsule and underlying cortex.

B

Peripherally the zone of cataractous degeneration

was thicker and contained more vacuoles.

(F) The

junction between the posterior cataractous cortex
and normal cortex anteriorly formed almost a

straight line,
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The epithelium was composed of a single
layer of cells which varied in thickness and in
the spacing of the nuclei. There were some
areas which were fairly normal and others wheare
the epithelium tapered gradually to a thin strand.
In the latter areas the nuclei were elongated,
irregular in shape, and occasionally pyknotic.
There was no extension of the epithelium beneath

the posterior capsule.

The epithelial cells at the equator also were
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irregular in shape and in distribution The
nuclei of the peripheral lens fibers at the equator
were very irregular in shape and sparse in
distribution. Many of the lens fibers showad

vacuolation.

Lens cortea  There was a clear-cut demarcation
between the normal cortex centrally and the
peripheral cataractous band. There were no
normal lens fibers peripheral to the zone of

normal cortex.

Anteriorly, this layer of damaged cortex was
thinner than that of the posterior lens. It varied
in thickness and the fibers showed some vacuolar

The lens fibers beneath the

anterior capsule were replaced by an amorphous

degeneration

granular material which stained deeply with

eosin,

Posteriorly, the cataractous cortex was quite

Fig. 2
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sharply demarcated. Peripherally the zone

of cataractous degeneration was thicker and
contained more vacuoles (Fig. 1-B). Within the
amorphous and granular staining material there
were strands of normal staining lens fibers (Fig.

2-C).

At the junction of the outer and the middl=
third of the posterior surface, this peripheral
area of cataractous cortex ended abruptly [Fig.
2-DD.
was present containing clumps of amorphous
debris (Fig. 3-E).

posterior cataractous cortex and normal cortex

In the middle third a semicollapsed space

The junction between this

anteriorly was well defined and formed almost
a straight line (Fig., 1-F).
The remainder of the cortex and nucleus

were normal,

Fig. 3

of amorphous debris.
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(E) In the middle third there was a

semicollapsed space containing clumps
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DISCUSSION

The correlation between the clinical findings
and the histologic sections of this radiation

cataract is interesting.
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Fig. 4 A diagrammatic representation of the findings

on ophthalmoscopic and slitlamp examination
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Figure 4 shows a diagrammatic representation
of the findings on ophthalmoscopic and slitlamp
examination. This plano-convex opacity, which
is seen in more advanced radiation cataracts, is
almost entirely confined to the posterior
subcapsular area. The plano-surface is formed
by the junction between normal lens fibers
anteriorly and degenerated lens fibers posteriorly.
The convex portion is formed by posterior
capsule. The clear area in the center is probably
composed of a gelatinous liquefied material
derived from the lens fibers containing the small
particles which reflect light brilliantly on

examination with the biomicroscope.

The microscopic sections of the lens show
(Fig. 3) the posterior capsule to be wrinkled,
thickened, and collapsed. This finding may be
the result of liquefaction of the central part
of the posterior subcapsular opacity with
dehydration during the process of preparing the
specimen for microscopic examination. It is
probable that the loss of this fluid releases the
tension on the posterior capsule causing it to

become thicker and wrinkled.

The original injury to the lens probably
demages the epithelium. The observation that
there were no normal lens fibers peripheral to
the cataract makes it seem likely the lens opacity
progresses because the epithelium is irreversibly
damaged. The changes in the equatorial lens
epithelium and nuclei of the peripheral lens

fibers would seem to verify this observation.
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Okusawa (1933),% after producing experimental
radiation cataracts in rabbits, concluded that
the lens epithelium was the site of the original

injury.

Grzedzielski (1935)4 reported histopathologic
studies of two lenses with radiation cataracts
and concluded that the cataract was formed

because of an injury to the lens epithelial cells.

Leinfelder (1936)° came to the same conclusion,
adding that the cataractous changes in the
severely irradiated lens may progress, while
those which are less intensively irradiated do
not. It appears that progression of this type of
cataract depends on whether the cells of the

lens epithelium are permanently damaged or not.

Tamura et al ¢ studied sections of 48 eyeballs
from atomic bomb victims who died of a severe
radiation illness, They found six eyes exhibiting
vacuoles in the lens fibers of equatorial sections
of the lens. In two of these eyes the nuclei of
the equatorial lens cells were degenerated and
there was evidence of swelling and disintegration
of a thin layer of cortex beneath the anterior
and posterior capsules. It is possible these were

the result of late fixation of the eyes.

The atomic bomb radiation cataracts were
undoubtedly caused by the initial radiation;
that is, gamma rays and neutrons. Both are
highly capable of causing physiologic damage
to the tissues of the body including the lens.
Even though the lethal range of neutrons is
relatively short, their high biologic effectiveness
suggests that they were at least a contributory

factor in many of the cases.”

Evans (1948)8 has produced experimental
cataracts by means of controlled neutron
irradiation. That gamma rays produce cataracts
has been known since Chalupecky (1897)° first

produced them experimentally.

The pathogenesis of radiation cataracts or any

other body effects due to radiation is not known.
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There are many theories proposed to explain
the biologic effects due to ionizing radiation.
However, the initial effect of gamma rays and
neutrons must be on the lens epithelial cells.

radiation

Generally, any body damage by

originates in the individual cells and it is the

nucleus of the cell which reacts to the
irradiation. In the lens the only cells with a
nucleus are the lens epithelium and the

equatorial lens fibers.

Epithelial cells are generally quite sensitive to
irradiation, Also the equatorial lens epithelium
is actively producing lens fibers at all times and
again such active cells are more sensitive to

irradiation.

Thus, it appears that both gamma rays and
neutrons from the initial radiation of the atomic
burst produced ionization in the lens epithelial
The cataracts are the physiologic
the

cell nucleus.
the

result of initial damage to lens

epithelium,

1t is not known why the posterior subcapsular
area is affected more than the anterior lens.
Clinically, radiation cataracts first appear at the
posterior pole. Microscopic examination shows
definitely that the posterior subcapsular cortex
is involved more than the anterior subcapsular

cortex.

It is conceivable that the lens fibers of the
posterior pole have a poorer nutrition because
of the lack of lens epithelium. It has been

shown by Kinsey!0 that there is a greater
metabolic transfer through the anterior surface

of the lens than the posterior surface.

SUMMARY

This is the first report of a histopathologic
The

case was followed periodically for two years.

study of atomic bomb radiation cataract.

The onset of poor visual acuity occurred two
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years afler exposure to the atomic bomb burst.
An

intracapsular  cataract extraction was

performed on one lens and studies were made.

This lens was particularly interesting for it
showed a plano-convex form of posterior polar
opacity, first describad by Rohrschneider.

Clinically and histopathologically, atomic
bomb radiation cataracts are similar to those

produced by roentgen rays and radium.
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MEDICAL EXAMINATION OF HIROSHIMA PATIENTS
WITH RADIATION CATARACTS

BATREONEZETSLERBEOSE

PAUL G. FILLMORE, M. D.

Radiation cataracts, the first late manifestation
of exposure to atomic bomb radiation reported
in man, have been described by Cogan, Martin,
and Kimura,! and Cogan, Martin, Kimura, and
Tkui.2

with radiation cataracts.

Kimurad reported 98 Hiroshima patients
Eighty-five of the 98
were among 922 survivors 1000 m or less from
the hypocenter, an incidence of 9.8%.

This group of 98 patients with radiation
cataracts is a select group because all were
unquestionably exposed and all show unmistaka-
ble delayed
Seventy-eight of them have been examined by

response to radiation injury.
the medical department of the Atomic Bomb
Casualty Commission Clinic in Hiroshima in an
effort to discover if other late manifestations
of radiation injury exist. The examinations
were performed approximately five years after

exposure.

The group comprised 45 men and 33 women
between the ages of 12 and 69 years, and they
had been from 150 to 1240 m from the hypocenter;
64 were between 700 and 1099 m. Detailed
radiation and medical histories were obtained,
and physical examinations were performed.
Roentgenograms of the chest and blood, and
specimens were examined.

urine and stool

Thirty-four patients were proctoscoped, and
sternal marrow specimens were obtained from
27 patients. Additional diagnostic studies were
performed as indicated.

Symptoms presumably produced by acute

radiation were vomiting, fever, diarrhea,

oropharyngeal lesions, bleeding gums, purpura,
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epilation, amenorrhea, and abnormal periods
after amenorrhea. At least 509 of the patients
experienced fever, purpura, epilation, amenorrhea,
and vomiting on the day of exposure, suggesting
that at least half of them received severe

irradiation.

Forty-six of the 78 patients received mechanical
injuries described as minor lacerations and
penetrating wounds from flying glass and other
small objects.  Several patients were bruised
by falling beams and roofs, but the only major
As far
as could be determined, all injuries resulted
Small thermal flash

burns occurred in 15 patients. Five of the burned

injury was a depressed skull fracture.

from indirect blast effects.

patients were free from flash burn scars,suggesting
partial shielding from thermal injury. One scar

resembled a keloid.

Seventy-seven of the 78 patients experienced
scalp epilation. This observation suggests that
a cataractogenic dose will produce some degree

of scalp epilation in the majority of patients.

Two males and one female above 39 years of
age had diastolic blood pressures of 100 mm Hg
or higher. The remaining individuals had blood
pressure recordings within the wusual range.
Thirty-six patients had scars from burns and or
wounds sustained at the time of the explosion.
The majority were minor and showed only small
amounts of scar tissue. Radiation cataract was

the only physical finding attributed to the late

effects of the atomic bomb.

At the time of the study the hematological
findings did not disclose any blood dyscrasias.
Two patients with radiation cataracts have
developed acute leukemia, one of them subsequent
to her examination in this study and one child
not included in this report.  The aspiration
sternal marrow specimens obtained on 27 patients
were compatible with the peripheral hema-

tological findings.

Chest films, stool and urine examinations, and
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serological tests for syphilis revealed no
abnormalities that could be attributed to the
atomic bomb. The histories did not reveal any
information which suggesied late effects of the

atomic bomb other than visual complaints.

The shielding factor was not studied. The
greatest number of patients with cataract
formation in this series was 700-1000 m from the
hypocenter.  No cataracts have been found in
the survivors in this report that were in the
Fukuya Department Store, a reinforced concrete
building 800 m from the hypocenter, where

shielding was afforded.
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