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ATOMIC BOMB RADIATION CATARACT
CASE REPORT WITH HISTOPATHOLOGIC STUDY

ERBEHRtED A K
EORELZORBAEYHBE

SAMUEL J. KIMURA, M.D. AND HIROSHI 1KUI, 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 all), 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. ﬂ-"‘), a 22-year-old student,
was first seen by one of us (I.L1) in April,
1949, three years and eight months after the
atomic homb 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 (Cmyopia) 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, accompanizd 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 then told he had a posterior polar cataract.

The patient was seen by one of us (H.L) one
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and one-half years after he first noted visual
difhculties. 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:
0.D, 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 bereath it. The
anterior subcapsular area showed several small
vacuoles and a few fine white dots. The

remaining portion of the lens was normal.

Left eve.

corrected.

The visual acuity was 20,50,
External examination was negative.
Ophthalmoszopy showed a similar posterior polar
opacity but it was larger and the peripheral
portion was more dense, giving it the appearance

of a “doughnut.”

Slitlamp biomicroscopy showed a larger and
more densz posterior polar opacity than that in
the right eye. It app=ared 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 batwesn 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 palient’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, ard 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 catarvact lens

(A) Amorphous debris and empty spaces between
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 siagle
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 eclongatad,
irregular in shape, and occasionally pyknotiz.
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 showzd

vacuolation.

Lens cortex. 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 the

anterior capsule were replaced by an amorphous

degeneration. lens fibers beneath

granular material which stained deeply with
eosin.
Posteriorly, the cataractous cortex was quite
Fig. 2

(C) Strands of normal staining lens fibers.
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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 middle
third of the posterior surface, this peripheral
area of cataractous cortex ended abruptly (Fig.
2-D). In the middle third a semicollapsed space
was present containing clumps of amorphous
debris (Fig. 3-E). The junction between this
posterior cataractous cortex and normal cortex
anteriorly was well defined and formesd almost
a straight line (Fig. 1-F).

The remainder of the cortex and nucleus

were normal.

Fig. 3

H ot AAEHEESHBEORUBRLVEL,, L%
{DEREEZATO: (K1 -B)s EEZOERRYY
aPEo T, ERICiE s h 5 KRR

Hofc (B2-C)y

SEDORIEE 5 L UHREE - OBITET, MHE
OENBOENMBEBFRACK->THA(E2-D),
thit i 13 IC MEE TR B O A ST RE R M A5 »
fo (3-E); ZOBBEARHERE L TOROIER
HHEELOBOMARMHT, BALEB TS
(®1-F)

HEOTOWOBY 5 £ U AMRERIEETH -
7o

Lens cortex

(E) In the middle third there was a
semicollapsed space containing clumps

of amorphous debris.
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DISCUSSION

The cofrelation 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. 30 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 (193302 after producing experimental
radiation cataracts in rabbits, concluded that
the lens epithelium was the site of the original

injury,

Grzedzielski (1935)' 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® 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.
Generally, any body damage by radiation

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
cell nucleus, The cataracts are the physiologic

result of the initial damage to the lens

epithelium,

It 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

corlex.

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 that

metabolic transfer through the anterior surface

Kinsey!? there is a greater

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 described by Rohrschneider.

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

produced by roentgen rays and radium.
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