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LENS FINDINGS IN ATOMIC BOMB SURVIVORS
A REVIEW OF MAJOR OPHTHALMIC SURVEYS AT THE ATOMIC BOMB CASUALTY COMMISSION, 1949-62
EREHBELCSIIKBHEDOEEL
ERBEREZEES /AL - LEBERVENBEBEOMRIE, 1949-62F

INTRODUCTION

Large numbers of Hiroshima and Nagasaki atomic bomb
survivors have been examined at ABCC in an effort to
understand the late effects of ionizing radiation on the
lens of the eye. These examinations were made by several
ophthalmologists working relatively independently at
different times and often without full knowledge of
predecessors’ techniques, definitions, or findings. The
resulting documentation is fragmentary, and the work
has not been reviewed or summarized except as an ABCC
Technical Report.!

Personal communication with some of the earlier investi-
gators has permitted clarification of terminology, and
review of reports and other material on file at ABCC
has made it possible to present some data for the first
time. In addition, this review of previous methodology
and findings will provide the background for a subsequent
report of eye findings in about 2500 Hiroshima and
Nagasaki survivors in 1963 and 1964.7

The convention of using distance from the hypocenter
at the time of the bombs (ATB) as an index to radiation
dose, adopted in even recent reports from ABCC
has been followed here, and an attempt has been made
to use the same distance groupings throughout. Tentative
estimates (1965) of the air dose received by survivors
range from 450rad at 1000m from the hypocenter in
Hiroshima to about 2rad at 2000 m, and from 925rad to
about 18rad in Nagasaki at these distances.” The
logarithm of air dose is nearly linearly related to distance.

PREVIOUS STUDIES

Cogan, Kimura et al (1949-50) Prompted by reports of
cataract among physicists exposed to ionizing radiation,
a project was initiated at ABCC in September 1949 to
look for possible delayed ocular injuries among people

#
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exposed to the atomic bomb in Hiroshima. During the
yearlong study, an initial portion of which was reported
by Cogan,®? almost 3000 persons were examined. This
group was thought to include all survivors who had been
within 1000 m from the hypocenter ATB; beyond 1000 m
survivors were sampled. Cataracts were grouped into
four classes:

Severe (8 patients) sufficient posterior polar subcapsular
opacification was present to reduce visual acuity to a
poor 20/70. The opacity often showed a piano convex
form.

Moderate (11 patients) there was a moderate amount of
posterior polar subcapsular opacification, but visual
acuity was reduced very little.

Slight (30 patients) a few posterior subcapsular polar
vacuoles were easily seen by ophthalmoscope, and visual
acuity was normal.

Very slight (49 patients) two or three vacuoles in a group
were seen by ophthalmoscope in the posterior pole
subcapsularly, and slitlamp biomicroscopy showed a
definite though very thin subcapsular opacity. L
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TABLE 1 PERSONS WITH AXIAL POSTERIOR OPACITIES BY DISTANCE
FROM HYPOCENTER — HIROSHIMA, 1949.50 ( KIMURA™)
F1  fhERERE: BOMy S O
IR 5, 194950 £ ( Kimura'? )

Axial opacities

Difstnnce (m) Examined
o Bt
<600 68
600-799 249
800-999 550
1000-1199 849
1200-1399 223
1400-1599 209
1600-1999 TR
2000+ 66
Total @t 2026

PR %
9 13.2
23 9.2
52 9.5
13 1.5
0.0
0.0
0.0
0.0

97

Some numbers were taken from figures, and others from partial tabulations in the repart‘w Minor

inconsistencies between these sources and the text of the report could not be resolved.
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From Kimura's data,'” rates of prevalence for these
ophthalmoscopically visible lesions, of all grades of severity,
can be reconstructed approximately as in Table 1. On
the basis of these data, 1100 m was considered the outer
limit at which radiation cataracts occurred. Those with
cataracts ranged from less than 10 years to over 60 years
at examination. Examining some of these subjects almost
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a year later, Fillmore found no other clinical evidence of
late radiation effects, but he did comment on the subsequent
diagnosis of leukemia in two people with cataracts.!! By
September 1963, of the 97 people with cataracts 15 had

died, and 7 of these deaths were due to blood dyscrasias.®

A clinical description of radiation cataract was made
which coincided remarkably well with the findings due to
X-radiation deseribed by Rohrschneider.'? The charac-
teristic feature of the cataract was an initial axial opacity,
which ophthalmoscopically appeared as a dot usually
situated at the posterior pole. As this enlarged, small
granules and vacuoles appeared around it. The lesions
in 79 of the 97 patients stopped at this point. In a few,
the central opacity became larger and developed a rela-
tively clear center giving it a doughnut-like appearance
with a diameter of 3-4 mm. About the same time, granular
opacities and vacuoles sometimes appeared in the anterior
subcapsular region, usually in the pupillary area. When
the lens was examined with the slittamp biomicroscope,
the initial opacities appeared granular and had a yellowish
hue. In a very few cases, the central posterior opacity
gradually split parallel with the plane of the capsule
forming a “bivalve” configuration. Cogan's group believed
that the early stages of radiation cataract were fairly
characteristic, but that lens opacities of a somewhat
similar type could often be seen in patients with retinitis
and in complicated cataracts that occur with endogenous
ocular or systemic diseases.

A survey similar to that in Hiroshima was conducted by
Kimura in Nagasaki from May to August 1950.'% He
used the same criteria as in Hiroshima, and rates for
these ophthalmoscopically visible lesions can be approxi-
mately reconstructed as shown in Table 2. Of these 26
cataracts, 1 was graded severe, 1 moderate, 17 slight,
and 7 very slight. Among referral patients in Nagasaki,
Kimura reported one additional severe cataract in a man
who had been about 750m from the hypocenter ATB.
Kimura believed the number of persons examined was
too small and knowledge of individual exposure and
shielding too uncertain to justify definite conclusions from
this Nagasaki series.

Histopathologic examination and correlation with the clinical
appearance of advanced lens opacities was made by
Kimura and [kui,!* and by Cogan, Donaldson, and
Reese.!5 In general the histologic manifestations of
radiation cataract were less type-specific than the clinical
signs. The changes primarily were: failure of the cells
at the equator to differentiate into normal lens fibers; and
early migration of abnormal cells beneath the posterior
capsula towards the posterior pole where they became
responsible for the posterior subcapsular opacities.
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TABLE 2 PERSONS WITH AXIAL POSTERIOR OPACITIES BY DISTANCE
FROM HYPOCENTER — NAGASAKI, 1949.50 (KIMURA")

F2 MIEHRSRS: RO, S OB, e, 1949 - 504 ( Kimura ¥ )

Distance X Examined

om R
<1000 444
1000-1199 59
1200-190G0 75
Total &t 578

Axial opacities 9
R
23 52
3 D,
0 0.0
26

Some numbers were taken from figures, and others from partial tabulations in the rcparl.13 Minor
inconsistencies between these sources and the text of the report could not be resolved.
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Sinskey (1951-53) While in Japan, Sinskey examined
about 3700 persons,'® but the majority of these were seen
in Hiroshima during a period when impressions were being
formed and clinical experience acquired. Under the final
programs, 1085 Hiroshima subjects (including 241 who
were not in the city ATB),'7 and later 450 Nagasaki
subjects, were examined. The results from these studies
have never been consistently and exhaustively evaluated.
An analysis by Woodbury'” (see Appendix) gives the only
complete enumeration of the group examined in Hiroshima,
but only lightly and heavily shielded persons were included
in analysis. Ignoring the shielding distinction, results are
reconstructed for distance alone in Table 3. The rate of
posterior subcapsular changes was found highly dependent
on age in persons who were not in Hiroshima ATB, and
this led to a restriction, in subsequent analyses, to those
aged 15-45 at examination.

Another analysis by Woodbury'® (see Appendix) was to
have considered the effects of sex, age, distance, and
early radiation signs on the rate of posterior subcapsular
changes in the Hiroshima and Nagasaki samples. Tabu-
lations for the report, which include only persons aged
15-45, are reconstructed in Table 4.

The material published by Sinskey'® apparently was drawn
from both of these earlier reports. In addition, he
compared the rates of posterior granular plaques in 165
persons with nearly total epilation and 164 persons not in
the cities ATB. These groups were selected from the
Hiroshima sample to match on age, sex, and socioeconomic
factors. In the former group 139 (84%)had such lenticular
changes, and in the latter 16 (10%). In these various
reports, the prevalence of lenticular changes has been
found related to degree of epilation and type of shielding,
but not to sex. Visual acuity apparently was not system-
atically recorded for tabulation, but Sinskey felt loss was
negligible after considering 154 survivors, drawn from
his entire series of about 3700, in whom posterior sub-

Sinskey (1951 -53%) Sinskey &, #HHIZ43700 A
ARELAM Y ZORKER, ERIbVTELFEE
LR A TWABBCT b3 0TH B,
BFEMEE Iz BT, KB T1085 % (BT
Hizwhbhs 24l 252 &58) 228L.Y 208, K
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TABLE 3 LIGHTLY AND HEAVILY SHIELDED PERSONS WITH POSTERIOR
SUBCAPSULAR POLYCHROMATIC CHANGES BY DISTANCE
FROM HYPOCENTER—HIROSHIMA, 195153 (WOODBURY! )

#3 BERFIUEERBCBIAKGEEBEETEEEEL:
LH A 5 O FREER, IR &, 1951 — 539 ( Woodbury V7 )
Distance o Examined Postcriohr subcapsular LA

f iy changes
E. ERAM TR
<800 79 48 60.8
800-999 123 66 53.7
1000-1199 170 94 55.3
1200-1399 84 28 33.3
1400-1599 99 23 23.2
1600-1799 54 37
1800+ 56 ] 0.0
Not-in-city 241 20 8.3
(TR v, T O 3
Total 3k 906 281

TABLE 4 PERSONS AGED 15 TO 45 YEARS WITH POSTERIOR SUBCAPSULAR POLYCHROMATIC CHANGES
BY DISTANCE FROM HYPOCENTER — HIROSHIMA AND NAGASAKI, 1951-53 (WOODBURYJS)

%4 ERSEISSEITOECISILIREABET EAEMESL: BOMAY S O REER
Rl - B, 1951 —53%F (Woodbury'®)
. Hiroshima £ & Nagasaki £ i
Distance
i {m) Examined Posterior subcapsular Examined Posterior subcapsular
iz s changes e B changes %
A a4 1% 8 F 20 1L 7 3 Ao A ERET E AR
<800 81 68 84.0 44 26 59.1
800-999 97 84 86.6 24 20 83.3
1000-1199 101 80 79.2 48 33 68.8
1200-1399 34 18 52.9 55 38 69.1
1400+ 47 9 19.1 27 12 44.4
Total &F 360 259 198 129

capsular changes were large enough to be visible by
ophthalmoscope.

In 1953, Kellett reexamined a portion of the Hiroshima
survivors reported with positive findings by Sinskey and
confirmed the findings in about 75%.1°

Miller, R.W. (1954) As part of the general examination
of 4407 Hiroshima children during 1954, ophthalmoscopic
examination was done and uncorrected visual acuities
Miller reported that a few small
cataracts, presenting no visual interference, were seen

were measured.®’

by ophthalmoscope, but neither their numbers nor rates
by distance were given. In a group of 337 children 16
to 19 years old who were within 1800 m from the hypo-
center ATB, 20.8% had uncorrected acuities of 20/70
or less in the poorer eye, and in 361 children of the same
ages beyond 1800m, 9.1% had such acuities. In younger

S 15 BlOEBE A L TESE LAEE, BARGE
FELHTEBETHS LE LI

Sinskey B R+ A DAL EHBEO—HIi2 0w T,
Kellett (11953 12 F 2 2 T 4, #75% 2% O T & 5
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age groups differences in the same direction were not so
large, and there was no difference between male and
female children. Although patients with vision limiting
defectswdetectable with the ophthalmoscope were excluded
in the evaluation of visual acuity, astigmatism, myopia,
high hyperopia, and amblyopia were not differentiated.

Hall (1956-57) Findings for Hiroshima survivers ex-
amined from May 1956 to March 1957 have been
reported,?! and a more detailed analysis of these data is
given in an ABCC Technical Report.”? Of an original
sample of 1999 unshielded and lightly shielded survivors,
1031 were examined. Processing through the ABCC
ophthalmology elinic included a medical history, uncor-
rected and “pinhole” distant visual acuities, a slitlamp
study of eyes before and after mydriasis, and ophthalmo-
scope examination. Forms provided for the classification
of lens findings into those “indicative of radiation effect,”
including definite opacities, polychrome posterior capsular
plaques, polychrome posterior capsular roughening, and
excessive unexplained cortical opacities; and nonradiation
opacities, including congenital, traumatic, complicated, and
senile opacities. This form also provided for the classi-
fication of patients as nonexposed, proximal exposed, or
distal exposed.

Twenty-two persons were coded as having axial posterior
subcapsular opacities, 15 bilaterally and the other 7 in
one eve only, and their distribution by age, sex, and
distance is given in Table 5.** Review by a present
investigator (RJM) of original examination records
suggested that only 6 of these 22 subjects had axial

opacities visible by ophthalmoscope. Another 12 apparently
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TABLE 5 PERSONS WITH AXIAL POSTERIOR OPACITIES BY AGE, SEX, AND DISTANCE FROM HYPOCENTER
HIROSHIMA, 195657 (HALL, MILLER, NEFZGER™®)

%5 dfEHEE: ER - R OHA S OERER, K5, 1956 - 574 ( Hall, Miller, Nefzger )

Age at <1400 m 1400-1799 m 2500+ m
examination b g Numb ? Noumb
a - Number umber umber
TN 1 84 % 1 21 ¥ 1 24 =
Male %
<30 yrs 3 6.4 1 1.1 0 0.0
30-49 2 7.4 0 0.0 0 0.0
50+ 3 4.7 1 1.5 0 0.0
Total 2t 8 5.8 2 1.1 ] 0.0
Female
<30 1 1.4 0 0.0 1 1.9
30-49 2 2.5 2 1:9 0 0.0
50+ 4 5.4 1 ¥k 1 3.0
Total it 7 3.1 3 1.1 2 1.6




TABLE 6 PERSONS WITH POSTERIOR CAPSULAR AND SUBCAPSULAR CHANGES BY AGE, SEX, AND DISTANCE
FROM HYPOCENTER —HIROSHIMA, 1956-57 (HALL, MILLER, NEFZGER?2)

£6 RmlbE¥ELLURETEL: F8 -5 RO 5 oMk
55, 1956—57 % ( Hall, Miller, Nefzger 22 )
Age at <1200 m 1200-1399 m 3 1400-1599 m 1600-1799 m 2500+ m
examination
6 I A Number % Number Numbrer Number Number
I 17 ¥ 17 ¥ 5l ¥ 17 8 171 $
Male %

<30 yrs 15 53.6 47.4 11 36.7 14 23.7 7 14.6
30-49 11 64.7 6 60.0 1 14.3 T 50.0 11 55.0
50+ 22 66.7 16 51.6 14 60.9 23 53.5 15 60.0
Total @t 48 61.5 31 51.7 26 43.3 44 37.9 33 35.5

Female %

<30 18 56.2 16 42.1 10 35.7 10 18.5 7 13.0
30-49 34 65.4 22 78.6 21 50.0 g 36.1 20 52.6
50+ 30 69.8 16 51.6 20 50.0 25 53.2 24 72.7
Total #f 82 64.6 54 55.7 51 46.4 57 35.2 51 40.8

Male and Female % + i

<30 33 55.0 25 43.9 21 36.2 24 21.2 14 13.7
30-49 45 65.2 28 T3 22 449 29 38.7 31 53.4
50+ 52 68.4 32 51.6 34 54.0 48 53.3 39 67.2
Total & 130 63.4 85 54.1 77 45.3 101 36.3 84 38.5

had a polychromatic sheen, and 2 had senile type non-
polychromatic plaques. The two beyond 2500 m from the
hypocenter had no evidence of posterior subcapsular
opacities on reexamination (by RIM) in 1963.

All other lens opacities were tabulated in two groups:

which were
recorded by Hall in 171 cases; and congenital, traumatic,

“Excessive unexplained cortical opacities,’

complicated, or senile opacities which were noted in 235
cases. For neither finding was there consistent evidence
of a radiation effect.

Because of the small number and some uncertainty about
classification, the 22 persons recorded as having axial
opacities were combined with those with polychromatic
posterior capsular plaque or roughening to obtain a
distribution of posterior capsular and subcapsular changes.??
The result, in Table 6, shows that the percentage of men
and women with these posterior capsular and subcapsular
changes are not significantly different. For both sexes,
there are striking trends in rates with age, especially in
the groups beyond 2500m and 1600-1799m, and with
distance, especially in the youngest age group.

The proportions of persons in distance groups with myopia
or visual acuity worse than 20/60 showed no evidence of
a radiation effect.
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Hirose (1959-60) Selecting representative subjects visiting
ABCC clinics for general followup examination,+ Hirose
did complete ophthalmologic examinations on 1020 people
in Nagasaki, and a nurse trained by Hirose measured
accommodation in 954 Hiroshima survivors. Only the
data on accommodation have been analyzed,*® and no
evidence of differences by distance groups was found.

Comment

The work of Cogan et al, of Sinskey, and of Miller was
done before the unified program??* was initiated at ABCC.
During this early period, the file of survivors from which
samples were drawn was compiled from incomplete censuses
in the two cities and was augmented as incidental contacts
brought about identification of additional survivors. Thus,
it cannot be assumed that their samples were representa-
tive of the population of survivors or that Sinskey’s samples
were drawn from the same source as were earlier ones.
The sample for Hall's study was drawn after identification
of a fixed sample from census lists was started, but before
it was completed.?” It seems reasonable to conclude that
selection was from among survivors first found to sat.isf_\'
a family registration requirement. If so, the sample may
not be representative of the larger group as finally fixed
in 1958.

There are suggestions in some of these studies that the
ophthalmologic observations were not completely inde-
pendent of exposure status. Cogan and his group first
examined subjects thought to have been within 1000 m
and later added groups from greater distances. In
Hiroshima, Sinskey apparently reviewed each subject’s
exposure history, after completing the eye examination,
to determine the degree of epilation.

In Sinskey’s work, degree of epilation was adopted as an
index of radiation, apparently as a means of improving on
distance, only because a better index was not available.
It was recognized that epilation might instead represent
an index of individual sensitivity and thus spuriously

correlate with eve changes.'®

The criteria used by the ophthalmologists previously at
ABCC have been mentioned. Kimura and Cogan called
‘radiation cataract’ only those changes visible with the
ophthalmoscope. Sinskey pointed out that many patients
who were called normal during the 1949-50 examinations
had polychromatic granular ‘plaques’ at the 1951-53
examination. Although he organized a finely graduated
classification system, ultimately changes were grouped
into two categories: plaques visible with ophthalmoscope;
and plaques visible only with slitlamp. In many instances
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the changes were referred to only as ‘plaques’ with no
modifying phrase, and the important distinction in the
clinical appearance of these lesions was lost. There
seems little question now that the procedures of Cogan
and Sinskey do not produce the same result.

Hall utilized the criteria of Ham®® for obvious radiation
cataract. That his rates of axial posterior opacities
(Table 5) are higher than those reported by Kimura
{Table 1) may be due to sampling errors in either or both
studies, to differences in the age composition of the
samples, or to an increase in the prevalence of such
changes during the 7 or 8 years between the two studies.
However, the evidence strongly suggests that the higher
rates are due to differences in examination procedures
and possibly in criteria for the selection and classification
of findings. The six persons from Hall's study thought to
have true axial opacities of the eye associated with
radiation and visible by ophthalmoscope were about
1000m, 1005m, 1015,m, 1020m, 1115m, and 1130m
from the hypocenter ATB. DBased on these six patients,
the prevalence of such opacities is about 3 % in survivors
at 1000 to 1199m, a value more nearly comparable to
that of Cogan.

Some authors®” have denied the clinical significance of
‘polychromatic sheen’ in irradiated individuals because
this finding is at times seen in nonirradiated persons,
and it is recognized that that ‘plaque’ is sometimes not
distinguishable from the posterior subcapsular opacities
seen in older patients or in those with ocular disease, eg,
retinitis pigmentosa, degenerative myopia, and uveitis,
However, both elinical and experimental observations
point to the association of posterior subcapsular lens
changes with exposure to ionizing radiation. Almost
uniformly these changes have been referred to as ‘plaques,’
a term which connotes solidity or opacity. In reality,
only a small proportion of examined patients have plaques
in this sense. However, many do have specific iridescent
changes in the axial posterior subcapsular area of the
lens which the present authors prefer to call polychromatic
sheen.

The higher rate of polychromatic changes reported by
Sinskey than found by Hall (Table 6) may have resulted
because Hiroshima survivors with nearly total epilation
received higher doses than did those in the distance
zones employed in Hall's study, or because degree of
epilation is an index of general sensitivity to radiation.
Sinskey '8 reported data which is consistent with either
interpretation: within each of several Nagasaki distance
groups, the rate of posterior subcapsular changes was
higher among survivors with epilation than those without
epilation and comparable shielding. In other respects
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the results of Sinskey and Hall generally correspond.
Polychromatic changes were more frequent at older ages,
especially among persons thought to have received very
small radiation doses: were approximately equally frequent
in males and females; and were decreasingly frequent

with increasing distance from the hypocenter.

There seems little question regarding a radiation effect
in those cases in which grouped vacuoles and small punc-
tate opacities are seen in the posterior pole, or in which
the findings are more striking, eg, axial plaque in the
posterior pole. There is a problem in deciding whether
minimal polychromatic changes are a significant part of

the radiation effect.

CONCLUSIONS

Although sampling and clinical methodology in previous
ABCC studies may be criticized,
investigators reported an increase in changes in the axial

it remains that aHl

posterior subcapsular region of the lens in persons exposed
close to the hypocenter. From not only the observations
of the ophthalmologists at ABCC, **3! but also experi-
mental and clinical®®3%.3% data of other groups, the
following general statements regarding “radiation cata-
racts” are possible. The lens is sensitive to ionizing

radiation, but the changes fall into three categories:

1 Severe effects of radiation include marked lens changes
that are recognized early if the patient does not succumb
to the effects of radiation. This group includes a few
with complete opacities, and more specifically those with
a large posterior subcapsular plaque, “doughnut,” or
bivalve opacity, with resultant diminution of central

visual acuity.

2 Moderate effects of radiation may produce a small
iridescent posterior subcapsular granular opacity which
is visible as a tiny axial dot with the ophthalmoscope.
There is no significant reduction in visual acuity.

3 Minimal radiation effects consist of a polychromatic
sheen which seems to be in the plane of the posterior
capsule of the lens and can be seen only with the
slitlamp biomieroscope.

Of all those examined in Hiroshima and Nagasaki only 20
are in category 1. The majority of these were described
by Kimura (severe and moderate), and reexamined by

Sinskey. Hall did not examine any of this group.
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Moderate changes of the second type occur relatively
infrequently in the total survivors within 2000 m, but their
prevalence may increase to about 15% among the small

group of survivors within 500 m. Probably five or six
were described by Hall, and Kimura listed these as having

slight and very slight changes.

The absence of other ocular pathology and a history of
exposure to high doses of ionizing radiation in a subject
with category 1 or 2 changes would justify the diagnosis
of “radiation cataract.” However, it is important to note
that only those with category 1 lens changes have the

functional integrity of the eye .impaired.

At present, the majority with positive findings appear to be
in category 3. Although these lens changes were not noted
by Cogan and Kimura, they were described so frequently
by Sinskey and Hall that their prevalence may exceed 60 %
among survivors within 800m, and in association with
nearly total epilation may exceed 80%. This may be for
one of two reasons: either they did not have the changes
at the time of their initial examination, or the changes
were present but their significance was not appreciated.
Certainly with improvements in instrumentation and
advancements in knowledge, these minimal changes have
It should be reemphasized that
these slight changes are seen in people of any age with
no history of exposure to radiation.

received more attention.

The actual amount of
radiation required to produce a given effect seems to be
dependent on age.

Except from Miller’s study, there is no evidence of an
appreciable diminution in visual acuity among exposed
survivors, or in association with changes of the posterior
subcapsular region of the lens.

SUMMARY

In the eye examinations of Japanese survivors of the atomic
bombs in Hiroshima and Nagasaki, only one finding seems
consistently present in all examinations throughout the
years. This is the presence of posterior subcapsular changes
in the lens. These changes range from those barely dis-
cernible with the slitlamp biomicroscope, to a heavy
posterior subcapsular plaque and in one or two instances
to complete opacification of the lens. Except for the very
few with marked opacity of the lens, there seems to be
little alteration in visual acuity. No other eye findings

attributable to radiation have been found.
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ANALYSIS OF THE RELATIONSHIP OF SHIELDING AND DISTANCE

FACTORS TO RADIATION CATARACTS

» HIROSHIMA

EE s SUBBER ECRGERAE AR

& DR RO B,

E B

Lowell A. Woodbury, Ph.D. (30 June 1953)

INTRODUCTION

During 1952 Dr. Robert M. Sinskey examined a large
number of survivors of the Hiroshima atomic bomb
The
methods of examination used, a description of the
cataracts, and a preliminary analysis of the results
have been presented elsewhere by Dr. Sinskey.® The
following report presents the results of an analysis

for radiation cataracts and lenticular changes.

of the relation of shielding and distance factors to
the incidence of radiation cararacts and lenticular
changes.

MATERIALS AND METHODS

Sample The original aim of the Sinskey study was
to compare the occurrence of radiation cataracts in
survivors who sustained different radiation doses.
Since the exact dosages were not ascertainable, it
was decided to compare groups of people having
varying degrees of radiation symproms on the basis
that the severity of symproms is related to the
amount of radiation received, although wvariation in
individual sensitivity makes it far from a perfect
relacion. Epilation was chosen as the most reliable
symptom, and a sample of patients was selected by
varying degrees of epilation. A large body of totally
epilated people of a wide age range who had already
been examined for cataracts was included. Accord-
ingly, a sample of people with various degrees of
epilacion was drawn by a stratified sampling proce-
dure so as to be proportional to this torally epilated
group by age and sex. Except for the provision that
the age-sex groups for the various degrees of epila-
tion must balance, the sample was drawn at random.
The net resulc of this procedure was a sample with
the comparable cells having proportionate frequen-
cies and thus allowing a straightforward analysis.
Unfortunately, the final sample available for exami-
nation departed seriously from proportionality, ren-
dering the analysis more complicated. Table 7 gives
the composition by age, sex, and degree of epilation
of the sample finally examined.
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TABLE 7 COMPOSITION OF SAMPLE USED IN CATARACT STUDIES —1953

27 AAESEE R AERORK — 19537
Apge at Time Not Exposed Zero Epilation .L.’artial Epilation Total Epilation Total
of Bomb I HIE # AR E T ok
FRREO i Male Female Total Male _F‘e;nale Total Male Female Total Male _Fer_nale Total Male Female Tolal_
m S if U s at 5 £y at 5 £'s & H i@ B
0-4 19 27 46 18 1% 29 4 3 7 8 12 20 49 53 102
5-9 12 32 44 32 45 77 18 18 36 12 5 17 T4 100 174
10-14 ) 13 19 19 21 40 13 17 30 5 25 30 43 76 119
15-19 9 22 31 8 41 49 20 43 63 10 9 19 47 115 162
20-29 8 28 36 12 33 4b 14 54 68 15 34 49 49 149. 198
30-39 10 18 28 11 15 26 21 a7 58 10 14 24 52 44 136
40-49 10 i3 23 25 9 34 21 35 56 6 13 19 62 70 132
50-59 ki 3 10 12 5 17 & 13 19 1 2 3 26 23 49
60+ 3 1 4 4 1 5 2 2 1 ¥ 2 8 5 13
Total #3F a4 157 241 141 181 322 117 222 339 68 115 183 410 675

Shielding Information Information on shielding at the
time of the atomic bomb explosion was obtained by
personal interview with the patient by trained inves-
tigators and by inspection and measurement of the
building or object which shielded the patient if it
was still in existence. When the house or object no
longer existed the problem became more difficulr,
but in certain circumstances a reasonably accurate
appraisal could be made from prebombing aerial
photographs and the fact that most Japanese resi-
dences have a standard construction. The sketches
and measurements of the buildings were evaluated
as to shielding effectiveness. Since no accurate
information is available as to the spectrum and in-
tensity of the gamma rays or the neutron flux given
off by the bomb, no attempt wds made to compute the
actual dosage received by the various patients. In-
stead qualitative groupings were made of the various
shielding categories in such a manner as to give as
homogeneous a group as possible. It was not possi-
ble to obtain detailed acceptable shielding informa-
tion on all people because of uncertainties as to
location at the time of the bombing or destruction of

1085

shielding. The major qualitative groupings employed.

were:

No shielding Outdoors and not shielded from the
blast by any intervening object. It should be
noted here that no survivors were encountered in
this smudy who fulfilled this criterion.

Japanese bouse In or behind a Japanese house at
the time of the bombing and not within range of
windows or doors. This implies a shielding of not
less than 5 cm. of mud wall and usually more.
These walls consist of a bamboo larttice-work
over which is plastered a special clay mud.
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Because of this bamboo-lattice-mud construction,
the wall is not homogeneous as a shield. X-ray
photographs taken at 62 kv of a section of such
a wall show a lattice type picture. Comparison
with an aluminum step wedge on the same film
indicates thar the effective absorption of the wall
is equivalent to about 33 mm. of aluminum in the
densest portion and to about 15 mm. of aluminum
in the lightest portion.

Heavy Shielding In or behind a reinforced con-
crete building or brick building and not in range
of windows or doors. This group is somewhat het-
but it to use this
somewhat coarse classification in order to obtain
enough subjects to allow analysis. In general,
heavy shielding implies a minimum shielding of
8 inches of concrete or an equivalent thickness
of brick. Only two or three individuals in chis
group were in brick houses; the rest were in the
various concrete buildings that survived the blast.

Erogeneous was necessary
g » ¥

Wooden building In or behind a wooden building
and not in range of windows or doors.

-
.

Sheet metal building In or behind a sheet meral
building and not in range of windows or doors.

Unknown shielding.

Miscellaneous People not falling into any of the
above categories.

Only light shielding (Japanese house) and heavy
shielding are considered for the purposes of this
study. The number of people in the other categories
is too small to render analysis practicable.

Epilation Categories For the purpose of analysis
epilation was classified by degree as follows:

Total epilation 1Loss of 90%-100% of the scalp
hair following exposure to the bomb.

Partial epilation 1.oss of between 1% and 89%
of the scalp hair following exposure to the bomb.
Zero epilation No loss of scalp hair following
exposure to the bomb.

These categories have certain implications as to
dosage received that should be considered; a person
who was totally epilated received a certain minimum
dose of radiation; that is, the dose necessary to
cause total epilation. However, the person may have
received more. An upper limit, the lethal dose,
exists, so a totally epilated person will have re-
ceived a dosage between the totally epilating and
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the lethal. For whole body radiation this is probably
a comparatively narrow range, and the presence of
total epilation should, for the Hiroshima survivors
at least, be a reasonably good indicator of dose re-
ceived. Some interfering factors exist, however,
such as the tendency for the older people to show
less epilation than the younger group.

Similar considerations apply to the partially epilated
group. Here the dose received is between the mini-
mum epilating dose and the maximum epilating dose.
There are some indications that this may cover a
moderate range so that the dose is not specified as
accurately as with the totally epilated group.

For people who had no epilation the dose varied
between zero and the minimal epilating dosage. This
is a considerable range, and the absence of epila-
tion is only an indication that the dosage was below
a certain limir.

Cataract Categories Dr. Sinskey, in recording the
results of his examination of the patients, classifi-
ed the cataracts under two headings: radiation cara-
racts per se and polychromatic granular plaques.
These latter, which will be designated as PGP,
have been discussed in derail in the report previ-
ously mentioned. In this report the two categories

have been treated separately.

RESULTS

Polychromatic Granular Plaques (PGP) Sex differ-
ence No difference in the incidence of PGP could
so the data
from both sexes were combined for further analysis,

be demonstrated between the sexes,

Age difference A total sample of 241 nonexposed
residents of Hiroshima were examined, and 20 per-
sons (8.3%) with PGP found. This figure cannot be
used as an average value, as there is a significant
change with age. Table 8 shows the age versus per
cent PGP relation. As can be readily seen, there is
an increase in the incidence of this type of cataract
with age.

A similar analysis on the exposed group is not so
easily obtained. When account has been taken of the
factors of epilation, shielding, distance, and age,
the numbers in each category are so small as to
make proper analysis difficult. In two groups, par-
tially epilated people in Japanese house shielding
between 1000 and 1099 meters and a similar group of
totally epilated people, sufficient numbers existed
to allow an analysis of the effect of age on PGP
incidence. Analysis of the age differences within
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TABLE 8§ RELATION OF INCIDENCE OF POLYCHROMATIC GRANULAR PLAQUES
(PGP) TO AGE IN NONEXPOSED INDIVIDUALS

#8 IFHEBEC BT S EAMEMNBIREDR (PGP ) HME L Fl & nME

. Kyt Subjects With PGP PGP D & 5 &
xamination R Number

BB ER il 2 ®

0-9 31 0 0.0
10-19 76 3 3.9
20-29 45 1 2.2
30-39 35 5 14.3
4049 27 4 14.8
50-59 17 2 11.8
60+ 10 5 50
Total &t 241 20 8.3
these two groups failed to show any significant ot 2ho2BIIET2EREORTTIL, S8

change with age. In view of the significant change
with age in the nonexposed people, this is puzzling.
A possible explanation is that the moderate change
with age observed in the controls is obscured by the
much higher incidence of PGP in the irradiated
people. L.
Because of the failure to demonstrate age changes
in the PGP incidence in the exposed group, it was
decided to combine the age groups for the purpose
of further analysis. Some objection may be raised
to this procedure, but without it the number of pati-
ents in each category becomes too small.

Iffects of Shielding, Distance, and Epilation on
Incidence of PGP Considerations of sampling pro-
cedure and the possible dosage-epilation relations
require thac the be done by epilation
groups. The dosimetric possibilities of the PGP
were investigated by determining the relation of dis-

analysis

tance to PGP incidence for conditions of relatively
constant shielding. Tables 9 and 10 present the
basic data for PGP occurrence for the two types of
shielding considered for each degree of epilation.

Zero epilation Figure 1 shows the percentage of
people having PGP as a function of distance for
both heavy and light shielding. The plotted points
form reasonably straight lines when the percentages
are plotted on probability paper against the loga-
rithm of the distance. Probit lines were fitted to the
data by the standard methods of probit analysis,
and the slopes of lines for the two types of shield-
ing were found not to differ significantly (P=0.3-
0.5) from parallelism. Accordingly lines of common
slope were fitted to the data, and the distance at
which 50% of the people (EDg() had PGP was cal-
culated for each type of shielding. The common

slope had a value of a decrease of 4.7 probit units
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TABLE ¢ OCCURRENCE OF POLYCHROMATIC GRANULAR PLAQUES (PGP) BY DISTANCE AND EPILATION
LIGHT {INCL.UDING MINIMAL) SHIELDING*

#9

AP MBURIES (PGP ) 0% BB - MEOREN — SR~ (bbb TREOERE &)

Zero Epilation Partial Epilation

Tuotal Epilation Total Subjects

Distance o ZHE igag:ol S e B HEEEH

R HE Subjects PGP % Subjects PGP % Subjects PGP % Subjects PGP %
xR B #F A X BLE B

400-599 1 1 100 ik 1 100 2 2 100
600-799 3 1 a3 2 2 100 11 7 64 16 10 62
800-999 T 0 0 36 21 58 51 37 72 94 bh 62
1000-1199 17 6 35 31 42 52 50 39 78 148 87 59
1200-1399 27 10 3 29 16 41 b i] 0 71 26 37
1400-1599 61 9 15 22 8 36 1 0 0 a4 17 20
1600-1799 41 2 5 12 0 0 53 2 4
1800-1999 34 3 9 H 3 43 41 6 15
2000+ 10 0 0 1 0 0 - - - 11 0 0

*Light shielding is defined as not less than 5em of mud wall. In a few instances people in wooden houses were included in this category.

gk, EReoFEEFL L i SmllEnbtoTsI.

AEFERA I AL,

LHEzOEFIEBL

TABLE 10 OCCURRENCE OF POLYCHROMATIC GRANULAR PLAQUES (PGP) BY DISTANCE AND EPILATION
HEAVY SHIELDING*

£10 2 @EMERHRRE (PGP ) o %% : HRIEM  WEOBREN — fsik”
Zero Epilation Partial Epilation _T_nnzaiF;:Jlatton Total Subjects T
DEStf_mf-(‘- e i E Aoy Y RS MR HRER
R Subjects PGP %  Subjects PGP %  Subjects PGP %  Subjects PGP %
o B FH & 3??__ ’ ) A WL E HE:EU
400-5499 5 3 60 6 6 100 3 1 33 14 10 71
600-799 19 8 42 24 15 62 4 3 75 47 26 55
800-999 21 4 19 6 2 33 2 2 100 29 8 28
1000-1199 16 3 149 5 3 60 1 1 100 22 T 3z
1200-1399 11 1 9 1 (] 0 1 1 100 13 2 15
1400-1599 11 4 36 4 2 50 - - - 15 6 40
1600-1799 i 0 (] 1 0 0
1800-1999 1 0 0 1 0 0 2 0 0
2000+ 2z 0 0 2 0 0

*Heavy shielding iz defined as not less than 11 inches of reinforced concrete, or an equivalent amount of bricks.

ML s L PA SN > FHUEOBBI > 7 I - bR RRSRONANTH S,

for each tenfold increase in distance. The EDsg
was (31 meters for heavy shielding and 929 meters
for li.ght shielding. The ratio of these distances
1.47 is a measure of the effectiveness of one type
of shielding as compared w the other; that is, per-
sons protected by heavy shielding could be 1.47
times closer to the hypocenter than persons protect-
ed by light shielding and still get only the same
percentage of cataracts.

The decrease of PGP with distance from the hypo-
center is highly indicative that this type of cataract
is associated with radiation, and the difference in
the of the two curves for the different
types of shielding adds further confirmatory evi-
dence. The decrease of PGP incidence by distance

intercept
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FIGURE 1 PERCENT OF SUBJECTS WITH POLYCHROMATIC GRANULAR PLAQUES
ZERO EPILATION
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FIGURE 2 PERCENT OF SUBJECTS WITH POLYCHROMATIC GRANULAR PLAQUES
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from the hypocenter shows that the presence of this
type of cataract in people with zero epilation can
be used as a dosimeter. This is not to say that in
any individual case an estimate of dosage can be
obtained but rather that the incidence of this wype
of cataract bears a relation to the dose of radiation.

Partial epilation Figure 2 shows the percentage of
people, with partial epilation, having PGP plotted
as a function of distance for light and heavy shield-
ing. The data were treated as for the zero epilation
group. Comparative values were: slope, a decrease
of 3.83 probit units per tenfold increase in distance;
EDsg 1095 meters for light shielding and EDsq
950 meters for heavy shielding. The same remarks
as for the previous group apply to this group; that
is, a dosimetric relation exists.

Total epilation In contrast to the zero and partial
epilation groups, people who had total epilation
show no detectable distance-incidence of PGP rela-
tion. This is readily explained on the basis that
people with total epilation received a very narrow
range of dosage. With a larger dose, they would not
have survived; with a smaller dose, they would not
be totally epilated. The consequence is that totally
epilated persons would not be expected to show
much of a dosimetric effect, as they would all have
received approximately the same dose independently
of distance.

Table 11 shows the incidence of this type of cata-
ract under different conditions of shielding. Since
no distance effect could be shown, all distances
are grouped together up to the point at which the
PGP disappeared.

One peculiar fact about the totally epilated people
was that the PGP incidence showed no significant
change with distance until a certain point was reach-
ed, and then they disappeared. This is seen best in
the ‘Total Epilation’ column of Table 9. This point
of disappearance is given in the above table as the
cut-off distance.

This type of cataract occurs in nonexposed individ-
uals, but the incidence is greatly increased in those
exposed. Furthermore, the incidence
shows a decrease with distance and thereby dosage.

who were

The general conclusion is that the incidence of this
type of lenticular change is increased by radiation.

Radiation cataracts Table 12 shows the data for
true radiation cataracts for which shielding data was
obtainable. In general, the numbers of patients are
can be done.
The facts that can be gleaned from this table are:

so few that no worthwhile analysis
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people with total epilation have a higher percentage
of cataracts then people with partial epilation at the
same distance; and people with partial epilation
show a decreasing incidence of cataracts with dis-
tance, but this cannot be said with certainty of the
totally epilated group.
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TABLE 11 OCCURRENCE OF POLYCHROMATIC GRANULAR PLAQUES (PGP)
IN TOTAL EPILATION GROUP BY SHIELDING CATEGORY

Ell REBEEECHITS2AEMNBIRESR (PGP ) @034 ERORER
Shielding Category Distance Subjects % PGP
EEOBEE B B HREH Hui
Light [+] 1200-1299 113 74
Heavy E 1300-1399 11 T3
Unknown T8 1300-1399 16 75

TABLE 12 OCCURRENCE OF RADIATION CATARACTS BY DISTANCE, EPILATION, AND SHIELDING

#£12

BB AR I B 0 ZE 4R WMREEME - BB - Rk

Heavf'_v Shielding i gk

Light Shielding % 3 #

Distance Total Epilation %% % ° Partial Epilation 821K %E Total Epilation 7 %K%
i1 " Subjects  Cataracts %  Subjects Cataracts %  Subjects Cataracts %
HEHE  HAE o B 1 A i EER T h < 1 14
400-599 3 1 33 S %
600-799 4 1 25 - 11 3 27
800-999 36 3 9 51 12 24
1000-1199 81 b 6 50 4 8
12001399 39 1 3 ] 2 40

EFFECTS OF SEX, AGE, DISTANCE, AND SYMPTOMS UPON THE OCCURRENCE
OF LENTICULAR CHANGES IN PEOPLE EXPOSED TO THE ATOMIC BOMB
HIROSHIMA AND NAGASAKI

EBHEECSTLIASEHRETELDODREREICRET

t, £,

EHSLIUEROFT B

EE - EB
Lowell A. Woodbury, Ph.D. (1954)

BACKGROUND

Studies on the occurrence of lens changes were done
in both cities with Hiroshlma being done first and
Nagasaki later. Since previous studies had estab-
lished that lens changes had occurred as a result
of exposure to the atomic bomb the investigation
was concemed in part with the principal facrors
involved in the lens changes and what proportion of
the people incurred these changes.
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The first factor to be considered was the acrual
dosage of radiation received by the subjects being
studied. Since no information is yet available as to
the exact dose received by any person, some other
measure of degree of exposure or dosage was neces-
sary. The most obvious measure to use was the dis-
tance of the subject from the bomb itself or, what
amounts to an equivalent thing, the distance of the
subject from the point on the ground directly below
the bomb, the hypocenter. If all people had been in
the open or under identical conditions of protection
from the bomb then the distance from the hypocenter
would have been related to the dose of radiation re-
ceived. However, some people were exposed in the
open, some were lightly shielded and some were
heavily shielded. This fact renders distance value-
less as a single measure of exposure, unless the
shielding conditions are known. At the time of the
initiation of this program shielding information was
not available so another measure of exposure had to
be selected. It was decided thac the degree of epila-
tion experienced by the subjects was the most satis-
factory measure of exposure then available. There
are certain objections to the use of epilation as a
measure of radiation. It is not independent of age as
older people reported a smaller incidence of epila-
tion than did younger people. As a measure of ex-
posure to radiation for evaluating lens changes it
leaves much to be desired. There is no certainty
that gamma rays and neutrons are equally effective
in producing epilation while on the other hand it has
been shown that neutrons are more efficient in pro-
ducing lens changes than are gamma rays. Changes
in shielding can cause changes in the proportion of
For
example a patient shielded by material containing
a high percentage of the lighter elements would re-
ceive the gammas only slightly attenuated while the

gamma rays and neutrons reaching a patient.

neutrons would be considerably attenuated. The re-
verse would be true for shielding by heavy elements
such as lead.

These considerations lead to the conclusion that
the best presently known indication of the degree of
exposure is a combination of the distance and the
effective amount of shielding. However, since this
information was not available at the start of the pro-
ject epilation was used as a measure of exposure.
Later on, shiélding information was obtained and
used as an indicator of dosage.

HIROSHIMA STUDY

Control Group These were chosen at random from
people who were not in the city at the time of the
bomb (ATB) and who did not enter the city until after
1 January 1946. It was felt that this delay of nearly
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5 months would have allowed any residual radio-
activity to decrease to a nonsignificant amount.
The ¢ontrol sample covered people of a wide age
range but for this analysis patients were used whose
ages were from 15 to 45 years at examination. Table
13 shows the age-sex composition of the control
sample.

Examination and analysis of lens changes in the
controls shows no difference in incidence between
the sexes and that, over the range of ages involved
the age effect is negligible (P, 0.3-=0.5). It should
be noted that over a wider age range (8 to 60 years
of age) there is a significant effect of age. The lack
of detectable age effect between 15 to 45 years is
due to the comparatively small change of incidence
over this range. Below 15 years of age the incidence
drops rapidly to zero. Above 45 years of age the
incidence increases rapidly. The age range 15-45
was deliberately selected to minimize the effects of
age so as to enable the elimination of one variable
from the analysis. It was assumed that the exposed
people would show a similar lack of difference be-
tween ages.

-
.

Exposed Group The sample treated in this report
consisted of residents of Hiroshima from 15-45 years
of age at examination who were exposed to the
atomic bomb within 2400 m from the hypocenter. The
subjects were divided into groups by the degree of
epilation they had undergone following the bomb
and a selection was then made of subjects in each
group on a random basis. QOriginally the epilation
groups were as follows;

Zero epilation,
90%-100%.

1%-39%, 40%-60%, 61%-89%, and

Because of the small numbers in some groups these
catagories were combined for analysis as follows;

1%- 39% Epilation - light epilation
40%- 89% Epilation - moderate epilation
90%-100% Epilation - severe epilation

The results of the examination show that the pe:-
centage of people with lens changes increases with
the increase in the degree of epilation and de-
creases with distance from the hypocenter (Table
14).
types of shielding and thus the percentages only
indicate the general trend. Analyzed by the factorial
xz method the effect of distance was significant
(P<0.01) and for epilation was highly significant
(P <0.001)-

It must be noted that this group includes all

The zero epilation group was too heterogeneous to
permit comparison with the epilated groups. The
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TABLE 13 COMPOSITION OF THE CONTROL GROUP FOR LENTICULAR CHANGES STUDY
#£13 sk iR 2L I O X B O R AR

Mipa ik Male % _ Female i Total &t Ll
Examination Subjects  Lens Changes Subjects Lens Changes Subjects  Lens Changes
B R HREN AmkELE: HRHAH dRmEies: HMREHE  RAEELE

HTaHOHE fitaEnH HT 58 OH

15-19 T 0 25 2 32 2

20-24 8 1 12 0 20 1

25.29 3 ] 22 0 25 1]

30-34 3 0 13 3 16 3

35-39 8 (] 9 2 17 2

40-44 6 2 12 1 18 3
Total &t 35 3 93 8 128 11
% with Lens Changes 8.6 8.6 8.6

KEBELNDETE

TABLE 14 INCIDENCE OF LENTICULAR CHANGES BY DEGREE OF EPILATION AND DISTANCE FROM HYPOCENTER
HIROSHIMA SUBJECTS AGED 1545 YEARS AT EXAMINATION

% 14 ARREELOREEE: BEORE - oD 5 OHEERL MRS ERISE A, SISEETO

I &t B
TR, _E,igl-u Epilation BEOKE : Mo(}erate Epllatmn hEEORE Severe Epilation 81 @K E
ying M Syhjects Lens changes Subjects oens changes Subjects Lens changes
MEEMS KGEELEH % B o iu’nﬂiﬁﬂi L4 % AEEH RBEELES %
A AEOR ~ HOH _ THHDEH
0-399 - 2 Z - . . i 2 100
400-599 2 2 100 4 4 100 9 8 89
600-799 18 12 67 17 12 i 29 28 96
A00-999 6 3 50 26 19 73 65 62 95
1000-1199 10 4 40 32 23 T2 59 53 a0
1200-1399 7 2 29 16 8 50 11 8 73
1400-1599 8 2 25 ik 5 45 2 0 U]
1600-1799 a 0 0
1800+ 16 2 12 - - - 1 ] 0
Total it 76 27 36 106 T 67 178 161 a0
presence of epilation is an indication that the per- ENHABREOREEEFIH I EERTLOTHY

son received some radiation and in an approximate LEdoT., BEORE ZHEEOFLN 2T 25
¥ = 5 i Y e b 5
fashion the degree of epilation is a measure of the

BN B b P ; "
dose. The absence of epilation indicates only that ERETH 22218, HIRARABEEET SRR
B R s e
the person received less than the minimum epilating BRUTFTHh- LRSI TE80, MK,
dose. The zero epilated group contained some per- BLGHGE 2w s, SEFEOLOEHEEZ S S
sons who because of heavy shielding received no FEFETSAAERTWA, FOEAIIIIOEIIIERE

diation although they were close to the hypocenter. e &3 : E
rgﬂ::f PEFST’nZ giﬂ thiYS group received a”r;odera:e EORIEEEETLEL VS, BB, EEEH
SR N T & S Y s T g - T
amount of radiation. The zero epilation groups can EEbETHOETHITTSILATES.
be analyzed only in connection with shielding data.

Effect of Sex and Age Because of the comparatively
small numbers a detailed analysis of the effects of

MELVEBOTE G Em Do, Wik

sex and age in the exposed group was not possible. BErAEp L UERORE L HMICRATSCLE
The controls showed no difference between the FARTH -7, HRECBBLEIIENZ, 15&D
sexes and a nonsignificant change with age over A4S TORMMANTEERIIEAAEIEFRED LY
the age range 15-45 years. It was felt that these St Zh GO, 1‘&}3& iR EAsLE DR
conclusions would apply to the exposed group and 5. coOSOWEETRICTAE L ) RAGHEY
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an analysis of the data on one small exposed group,
where sufficient numbers were available to make it
possible, seemed to confirm these conclusions. Ac-
cordingly in the rest of this analysis subjects are
combined without regard to age or sex.

Effect of Shielding During the project it became
evident that shielding information was necessary
and investigations were made on the shielding sit-
uation of those under study. It was found that the
majority of the patients fell into three categories
defined as follows.

Unshielded In the open ATB without any shielding.
This group was uniformly characterized by having
received flash burns. As might be expected the
number of survivors under these conditions is small
and very few were found within 1000 m. For pur-
poses of this analysis this group is too small to
treat.

Light shielding The majority of the survivors were
found to have been in Japanese houses ATB and
were shielded by either tile roofs or mud walls. This
is a comparatively uniform group as the shieldigg
value of a tile roof or a mud wall is very small and
whether a given individual was shielded by one to
three walls or a wall and a roof made little differ-
ence. The main effect of this type of shielding was
to protect against flash bums.

Heavy shielding A number of people were in con-
crete buildings ATB and therefore had more shield-
ing than the lightly shielded people. The shielding
was, however, extremely variable ranging from a few
inches up to as much as six to eight feet of concrete
in some cases. Because of this great variability and
the small number of subjects this group is not con-
sidered further in this report.

Al-
though epilation was the symptom chosen as an indi-

Effect of Symptoms upon Cataract Incidence
cator of radiation dosage received, the other major
symptoms of radiation damage, purpura and oro-
pharyngeal lesions needed to be considered. To
investigate this, people who were protected by
light shielding only were selected and sorted into
mutually exclusive categories of the three major
symptoms their combinations. Only

and various

three groups had enough subjects to justify analysis.

These groups were epilation only; epilation and
purpura only; purpura and
pharyngeal lesions. The percentage of lens changes

and epilation, oro-
in each of these groups was determined for each
distance category as shown in Table 15. Analysis of
these data by the probit regression technique fails
to show any significant difference between the three

groups and itmay be concluded that the combination
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TABLE 15 LENS CHANGES IN HIROSHIMA SUBJECTS BY RADIATION SYMPTOMS AND DISTANCE
FROM HYPOCENTER —LIGHT SHIELDING

E15 LB REC B 5 ABKEIL: FOHREIR - B0 A 5 0 HRER — EEK
g F,_pilati(]n, Epilation, Purpura,
Distance Subjects Epilation  Subjects  Purpura Subjects  Oropharyngeal
it 3 i RE M 5% ESR B 1 6 HREH £ . HHe
F B 11 I o] 98 5 2
600-799 1 100 % 7 86 % 4 100 %
200.999 16 28 34 71 30 90
1000-1199 22 59 57 it 50 66
1200-1399 18 50 15 33 8 50
1400-1599 17 35 7 14 2 50

TABLE 16 CORRELATIONS (PEARSON PRODUCT MOMENT) BETWEEN THE OCCURRENCE OF
RADIATION SYMPTOMS AND LENS CHANGES

#16 SRR OFE & KRB HFEROMBIBE (Pearson 7u ¥ 27 FE— 4 ¥ })

Symptom Correlation Significance
fER il RE HEM

Purpura % H 0.05 No L
Oropharyngeal lesions DRI AEE e 0.18 Yes &9
Epilation and Purpura ME&H & PR TE R S 0.49 Yes & n
Epilation and Oropharyngeal % & & PO RSB % 0.36 Yes &9
Purpura and Oropharyngeal % HEUOBEEERE 0.06 MNoe %L
Epilation, Purpura and Oropharyngeal W%, 38 & & UL BRMEESE 0.53 Yes # 0
Epilation (all degrees) BE (2 TORE) 0.33 Yes &b
105500 Epllation: B oo ooy e sammmarinm e ry 0.11 No =L
A0 B0 5% Epilation” BEE vt s s s i 0.17 Yes &# 1
OB E00 % ERaron BEE o sssmssri it vt 0.43 Yes &1

of epilation and other symptoms cannot be shown to
be superior to epilation alone as an indicator of
lens changes.

A more detailed analysis of the entire data was
made using the somewhat more crude 2x2 rable to
compute correlation coefficients between the various
symptoms and lens changes (Table 16). It is seen
that purpura and oropharyngeal lesions alone or in
combination with each other had either nonsignifi-
cant or very weak associations. Epilation showed
significant associations with lens changes either
alone or in combination with other symptoms in all
cases except for the lightly epilated group. The
results indicate
strongly
other

seem Lo
associated with

that epilation is most
lens changes, the
show association only because

and
Symptoms
they in turn are associated with epilation.

To clarify the association of epilation and lens
changes all people with light shielding were separat-
ed and classified by degree of epilation and dis-
tance (Table 17). These data show significant differ-
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ences between the occurrence of lens changes in the
It should be noted that
there is a distinct difference between the zero and
partially epilated group on one hand and the heavily
epilated group on the other hand. The zero and par-
tially epilated subjects, show in general, a distinct
decrease with distance in the percent of people
showing lens changes. The totally epilated group
shows very little change with distance until the end
of the range for total epilation and then a sudden
decrease occurs.

different epilation groups.

BlHELER RO, —HTE, BEES I U 5E
EObHE, MAEEORBOS - 2B L OBIZ,
HoraEdbsleeiBlarhids s g, B
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TABLE 17 PERCENT WITH LENS CHANGES BY DEGREE OF EPILATION AND DISTANCE
FROM HYPOCENTER —LIGHT SHIELDING

1T KGEEZECEZTINREOESE: HEORE - BLOHD 5 0 HEEN — Bk
Distance Sull;jects Zero Epilation Subjects Partial Epilation Subjects Total Epilation
. HREH e B #f B =5 E I E *f @A AR E
i ]
% % %
600-799 1 0] 2 100 8 88
800-999 4 0 22 64 29 97
1000-1199 6 33 49 61 34 91
1200-1399 8 50 G 23 44 3 33
1400-1599 28 T 11 27 1 0
1600-1799 18 6 4 0
NAGASAKI STUDY
£ 1B

Method The ophthalmological survey in Nagasaki
(November - December 1953, Ed.) was done on a
somewhat different basis than the survey in Hiroshi-
ma. Instead of using symptoms categories as a basis
of selection, shielding categories were employed.
Cards listing all subjects known to have* been ex-
posed within 1800 m from the hypocenter were sort-
ed into groups by shielding categories and then
arranged in order by distance, sex and age. Persons
below 15 and above 45 years of age were rejected
from this sample for the reasons giveﬁ. Subjects
were drawn at random from the desired shielding
groups and from each distance zone to give the
desired numbers at each distance. An attempt was
made to adjust the numbers drawn so as to give
equal accuracy to the expected percentage of lens
changes. Light and heavy shielding were the only
shielding groups considered. ] ater on, heavy shield-
ing was dropped from the study because of factors
beyond the control of the investigators.

Subjects were classified by degree of epilation in
the same way that the Hiroshima patients had been
classified.

Results Degree of Epilation and Incidence of Lens
Changes Table 18, which is comparable to Table 14
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TABLE 18 INCIDENCE OF LENTICULAR CHANGES BY DEGREE OF EPILATION AND DISTANCE FROM HYPOCENTER
NAGASAKI SUBJECTS AGED 15-45 YEARS AT EXAMINATION
#18 AmEEMORBHEE: HEORE - BLi» 5 0 MR
BARFEMISE > 6OEE TORB O & H

Light epilation

Moderate epilation

Severe epilation

; B E o K% tOHE o0 B R O A
Distance - : =
BBk Subjects Lens changes %  Subjects Lens changes %  Subjects  Lens changes %
8 A dh 4% fE HEEN R ae R EE L o BLE B A dh iR 2 AL
0-399 . -
400-599 3 0 0 1 1 100 ) 5 100
600-799 22 10 45 9 6 67 4 4 100
800-999 6 2 33 4 4 100 14 14 100
1000-1199 18 6 33 16 13 81 14 14 100
1200.1399 30 21 70 19 12 63 6 5 83
1400-1599 13 4 31 1 1 4 4 100
1600-1799 7 2 29
1800+ 2 1 50
Total &#t 101 46 46 50 37 74 47 46 98

for Hiroshima, is based on all subjects reporting
epilation regardless of type of shielding and clas-
sified by degree of epilation and distance to show
the effect of these two variables on lens changes.
There is a clear and statistically significant (p<
0.001) increase in the incidence of lens changes
with the increase in epilation but the change with
distance is nonsignificant (P 0.2—0.3). Since analy-
sis of the light shielding group alone shows a high-
ly significant effect of distance the discrepancy be-
tween the cities requires explanation. The fact
that the Hiroshima table shows a significant change
with distance while the Nagasaki table does not is
probably most easily explained on the basis that a
chance distribution of the proportions of light and
heavy shielding obscures the real picture.

Effect of Degree of Epilation and Distance with
Light Shielding Subjects exposed while protected
by light shielding were classified by degree of
epilation and distance. Epilation was classified as
follows; Zero epilation; Partial epilation 1%-89%;
Total epilation 90%-100%.

Table 19 shows the distribution. A very marked
change with distance is observed for the zero and
partially epilated groups and incidence between the
epilated groups differs markedly. Figure 3 shows
that the incidence of lens changes drops rapidly
with distance for the zero and partial epilation
groups. This implies a dependence on the amount
of radiation received. The totally epilated group,
however, have a 100% incidence of lens changes at
all distances where totally epilated people were
found. The reason for this is obscure but it may be
suggested that people who suffered total epilation
received a relatively constant dose of radiation, a
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FIGURE 3 LENS CHANGES IN NAGASAKI SUBJECTS BY DEGREE OF EPILATION AND DISTANCE
FROM HYPOCENTER - LIGHT SHIELDING
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TABLE 19 LENS CHANGES IN NAGASAKI SUBJECTS BY DEGREE OF EPILATION AND DISTANCE
FROM HYPOCENTER —LIGHT SHIELDING

k19 RWMEFCHIT I RGAEENL: HEDRE - .0, 5 ol — Bk

Zero epilation Partial epilation

Severe epilation Total I
W OB E oo K E % e B E af
Distance m -
g Subjects Lens changes %  Subjects Lens changes %  Subjects Lens changes %  Subjects Lens changes %
MBEE RBEEEL WEEH Raed®i HREH KREEL MREH KMRE(R

200-999 1 1 100 3 3 100 6 6 100 10 10 100
1000-1199 19 12 63 2 20 95 14 14 100 54 46 85.2
1200-1399 56 28 50 43 26 60 4 4w 100 103 58 56.3
1400-1599 45 10 22 1 4 40 3 3 100 58 17 29.3
1600-1799 42 4 9 6 17 48 5 10.4

* Includes one borderline case 8 b B THED & O 1 H & & .

larger dose and they would not have survived, a
smaller dose and they would not have had total
epilation. As will be shown later the epilating dose
of radiation is generally higher than the dose re-
quired to produce lens changes so that it might be
expected that severely epilated people would all
have lens changes.

The totally epilated group in Hiroshima differs from
the Nagasaki group in that generally less than 100%
of its members have lens changes. The reasons are
not clear but one possible explanation may be that
since the studies were done some time apart the
criteria for distinguishing between a normal eye and
one in which a lens change due to radiation has
occurred may have changed. The determination of
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the occurrence of minimal changes in the lens is
technically extremely difficult requiring much ex-
perience and it is entirely possible that with exami-
nations made a year of more apart the criteria of
presence or absence could change.

Comparison of incidence of lens changes with inei-
dences of radiation symptoms Since the Nagasaki
subjects were chosen by distance and shielding
without regard to symptoms, it is possible to make a
comparison between the incidence of the various
the incidence of lens
changes. The data on significant radiation symp-
toms and lens changes were summarized for the
light shielding group only and are plotted as a fune-
tion of distance in Figure 4. The various symptoms
are high close to the hypocenter and decrease with
distance. Cataracts show the highest incidence at
any given distance followed in order by epilation,
purpura and oropharyngeal lesions. In other words
cataracts have the lowest threshold followed by
radiation symptoms in the order listed.

radiation symptoms and
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FIGURE 4 LENS CHANGES IN NAGASAKI SUBJECTS BY RADIATION SYMPTOMS AND DISTANCE FROM HY POCENTER
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COMPARISON OF LENS CHANGES BETWEEN

HIROSHIMA AND NAGASAKI

A comparison may be made between the incidence
of lens changes in Hiroshima and Nagasaki by
comparing people with equal degree of epilation and
of the same shielding. The comparison must be
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FIGURE 5

LENS CHANGES IN HIROSHIMA AND NAGASAKI SUBJECTS BY DEGREE OF EPILATION

AND DISTANCE FROM HYPOCENTER - LIGHT SHIELDING
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made on a distance by distance basis. Figure 5 L&, RS, Mimleowr ook > e
shows such a comparison for the two cities. Figure

5-A shows the comparison of people with zero epi-
lation and light shielding between the two cities,
and Figure 5-B shows the comparison of those with
partial epilation and light shielding between the
two cities. The figures show an apparent difference
between the incidence of lens changes in Nagasaki
and Hiroshima. However, analysis of these results
shows that sratistically they are not significantly
different. It is to be noted especially that in the
zero epilation group the incidence of lens changes
in Hiroshima drops more rapidly with distance than
in Nagasaki. The reverse is true for partial epila-
tion. Whether or not a larger sample would have
revealed a significant difference cannot be decided

at this particular time.
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STUDIES OF EYE CHANGES OCCURRING IN THE POPULATION OF HIROSHIMA
LEODAORAICRELLAROELLOME

From ABCC Semi-annual Report, 1 January 1954 - 30 June 1954

ABCC 98

Cases are being examined by the ophthalmologist
{Kellett ]J.) with three purposes in mind:

1. To check progression or resolution of lesions
previously diagnosed as radiation cataracts in
survivors who were exposed to the atomic bomb;

2. To provide an independent assessment of
lesions previously interpreted by a former ABCC
ophthalmologist;

3. To assess suspected cases of radiation cata-
ract newly discovered by the Internal Medicine
Department during the course of its ME 74 exami-
nations, and to study new cases analogously

with previously diagnosed cases.

The need for this project arises from the known
occurrence of radiation cataracts in animal experi-
ments, in radiation accidents and in atomic bomb
survivors. Much work has already been done in the
study of radiation cataracts in atomic bomb survi-
vors and a correlation has been observed between
their occurrence and the exposure to radiation.

In general, the findings of previous eye examiners
have been confirmed. Cases seen present the follow-
ing lens changes:

a. large granular irregularly shaped patches at
the posterior pole of each lens;

b. Cases with small plaques, essentially the
same type of lesion only much smaller;

c. Cases with white fibrous matted debris,
strictly localized to the posterior pole;

d. Cases with a similar appearance, but the
impression was that these matted fibers lie in
a fluid cavity;

e. (Collection of greyish-brown spots lying in
the posterior cortex close to the center;

f. Cases with scattered small brownish-white
spots, scattered throughout the cortex of each
lens;

g. Cases presenting vacuoles at the posterior
pole.
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On surveying previous findings and correlating
these findings with those seen at the present time,
a diagnosis of radiation cataract has been made
if there is a history of epilation and an absence
of eye disease. In general, many cases appear to
have retrogressed and vision improved since the
1950-52 period. Reported polychromatic plaques
appear now to have lost their color and have
become smaller or have disappeared. Vacuoles
noticed then have not been found and the general
impression gained is that these changes represent
debris from forming lens fibers. The debris mig-
rate to the center of the back of the lens where
it appears to be gradually absorbed.

A comparison of cataract examinations by Dr.
Sinskey and Dr. Kellett is shown in Table 20.
These ophthalmologists saw many patients, but
only 141 patients were examined by both doctors.
Out of this group of 141 patients, there was agree-
ment on 102 patients (72.3%) and disagreement on
39 patients (27.7%). The greatest difference in
diagnosis occurred in the questionable radiation
cataract groups, as would be expected. This
comparative study emphasizes the need for ar
intensive continuing radiation cataract study of
the type done by Dr. Kelletr. It is regrecttable that
his tour of duty in Her Majesty’s Forces in the
Far East cannot be extended.
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TABLE 20 COMPARISON OF CATARACT EXAMINATIONS BY SINSKEY AND KELLETT
%20 Sinskey ¥ K& UF Kellett 12 £ 3 AP ERHAEO L

Findings by Kellett

Findings by Sinskey  Sinskey ok 3 iR

} i _ﬁcﬁnite Questionable N i Total
Kellett 12 & 3 Fr R WO % s R _ormle'i Jzta
BOEEANE 0 B v L # w it
Definite Radiation cataract
PR G RCATERCIPIEE 30 (21.3%) 1 (0.7%) - 31 (22.0%)
Questionable radiation cataract
AT REE R QR 5 (3.5%) 19 {13.5%) 2 (1.4%) 26 (18.4%)
Normal
TEL Y i e 2 (1.4%) 29 (20.6%) 53 (37.6%) 84 (59.6%)
Total

B8 coopunamassnannensseeess 91 202 %)

49 [34.8%) 55 (39.0%) 141
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