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EYE FINDINGS IN ATOMIC BOMB SURVIVORS , 1963-64
FREHBEFEQCRAMNR, 1963—64F

HIROSHIMA — NAGASAKI
LB R&B

INTRODUCTION

The present coordinated effort at ABCC to evaluate the
late effects of radiation in survivers of the Hiroshima and
Nagasaki atomic hombs was visualized in 1955, and
preparatory work was completed by 1961 The ABCC
program now centers on a fixed sample of about 75,000
residents of Hiroshima and about 25,000 residents of
Nagasaki who were identified in various censuses and
listings made during 1950-53. All identified persons who
were within 2500 m from the hypocenter at the time of
the bomb (ATB), and who also satisfied certain other
requirements intended chiefly to insure accessibility of
vital records, are included in the sample. In addition, the
sample includes random selections of people who were
between 2500-9999m ATB, and of people who were
elsewhere in Japan ATB but returned to establish residence
in one of the cities. Mortality status is determined for
this entire sample through periodic review of official
records” and autopsies have been done on about 40 %
of the deaths since 1961.° A subsample of about 20,000
persons is examined in the ABCC clinics on a rotating,
2.year schedule.,!  Childven who were in utero ATB are
studied for mortality and morbidity in similar wa_vs,s’b

Several large ophthalmologic surveys made at ABcCc™"?
were recently reviewed and summarized." Throughout
this series of studies, posterior subcapsular changes in the
lens have heen a consistent finding in atomic bomb
survivors. Reported changes range from those harely
discernible with the slit lamp biomicroscope through heavy
posterior subcapsular plaques and, in a very few instances,
to complete lenticular opacification. A greater frequency
of poor uncorrected visual acuity in children exposed within
1800 m than in more distal groups has been repuﬂ:ecL14
Otherwise, visual acuity seems to be unaffected except in
persons with a marked opacity, and no other eye findings
attributable to radiation have been found.

The purpose of this report is to present the findings from
ophthalmic examinations made in 1963 and 1964, to compare
abnormalities of the lens at this examination to previous
findings in the same persons, and to relate current lens
changes to visual acuity.
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METHODS

People examined in this study were selected from among
those reporting for periodic examination in the continuing
medical programs at ABCC*®  The ophthalmologists
could not examine all those visiting the clinics under other
programs. and it was decided to stratify the subsample
for this survey in such a way that a disproportionately
large number of examinees would have high estimated
radiation doses. The radiation doses used in the definition
of study groups were calculated by a procedure devised in
1'.-)5?,]‘:"]ﬂ and are referred to as T57D estimates.”

Thus, all persons alive ATB who received an estimated
radiation dose of 200 rad or more, and all children who
were in utero ATB and whose mothers received an
estimated 100rad or more, were selected for study. For
comparison, three additional groups were selected for
examination: people who were within 2000m from the
hypocenter and who received an estimated dose less than
200rad, or, if in utero ATB, whose mothers received less
than 100 rad; people who were between 3000 to 9999 m;
and people who were elsewhere in Japan ATB. For ease
of reference, these groups are designated high dose, low
dose, minimal dose, and not-in-city throughout this report.
The sizes of the three comparison groups were determined
by the numbers available in the parent samples and the
available clinical time,

Procedures for estimating radiation doses have been
revised since this study was completed, and preliminary
infnrmaliun,”'m suggests that the T57D estimates are
about the same as the improved estimates for Nagasaki
survivors. In Hiroshima, however, the T57D estimates
may be two to three times larger than current estimates.
Thus, the high dose and low dose groups as defined for
this study do not encompass comparable ranges of radi-
ation, as currently estimated, in Hiroshima and Nagasaki.
For this reason, no further reference to dose values as such
will be made in this report and comparisons between cities
have been avoided.

Because examinations were made over an interval of
18 months rather than 24 months, as planned, and because
eye examinations were often refused by those asked to
participate, less than half of the persons originally selected
for study actually were examined. In Table 1 are shown,
for dose groups and cities, the number of subjects initially
selected for study, the number who were contacted and
invited to participate, and the number examined, The
difference in contacting between those horn hefore the
bomb and the children who were in utero ATB is explained
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TABLE 1 DESIGNATED SAMPLE, NUMBER CONTACTED FOR EXAMINATION AND NUMBER EXAMINED
BY DOSE GROUP AND CITY

#1 HKHEShAFALBEOLOHME L G0 UHREY: BRB L L UETR
; Hiroshima &8 Nagasaki &% #f i
Group .
g Selected Contacted % Examined % Selected  Contacted % Examined %
- Mt EEE LAY o Mt EgEL2E B A
Alive ATB E@iiEshiH
High dose At 1764 1231 T0.2 789 45.0 an 265 T1.4 149 40.2
Low dose ... 800 B5T 69.6 319 39.9 947 658 69.5 363 38.3
Minimal dose $3##00E . 400 266 66.5 151 37.8 a7l 249 67.1 121 32.6
Not-in-eity N TES ... 400 274 68.5 152 38.0 371 254 65.5 113 30.5
Total B oooveeviieeeerianieenees 3354 2328 69.4 1411 42,1 2060 14286 69.2 T46 36.2
In utero ATB JaMHEE
High dose kB S 97 97 100.0 73 75.3 22 22 100.0 15 68.2
Low dose LS [T by 100 100 100.0 75 75.0 64 653 98.4 32 50.0
Minimal dose S ... a7 97 100.0 ] 70.1 86 86 100.0 48 55.8
Tt Mg 294 204 100.0 216 73.5 172 171 99.4 95 55.2

by the fact that examination of the former is on a Z-year
cyele while that of the latter was on a l-year cyele.

Table 1 shows that the 60% of persons alive ATB who
were not examined divide into two roughly equal portions:
those who were not requested to participate, and those
who, though requested, did not agree to participate. Because
of the manner in which people were scheduled for clinic
appointments, loss of the former group quite likely did not
introduce any appreciable bias. However, it cannot be
assumed that the 30% who refused eye examinations
represent a random subsample of those asked to participate.
In fact, when age distributions were examined, it was
found that participation was best in the middle ages,
40-59 years, and was poorest among vounger and older
persons.,

Additional evidence of bias through self-selection was
sought by requesting all selected persons who visited the
ABCC clinics, whether or not they agreed to eye exami-
Do you use
glasses for reading? Do you use glasses for distant vision?
Is vour vision blurred? While the percentages of affirmative
replies varied a good deal from question to question, those

nation, to answer three simple questions:

people who agreed to examination answered at least ane
of the questions afflirmatively more often than did those
who refused examination (P <.01).
both from the answers to these questions and from age

Thus. the evidence

distributions suggests that persons who were concerned
about their vision more frequently agreed to eye exami
nation than did those who were not so concerned.
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Examination emphasized visual acuity, accommodation,
lenticular opacities, and other ocular changes which are
seen clinically in older persons. All examinations in
Nagasaki were made by one ophthalmologist (TF). In
Hiroshima about 72% of the examinations were made by
the senior ophthalmologist (RIM), and the balance were
about equally divided between two younger men. Findings
were recorded on a standard clinical form by the examining
ophthalmologist and on a special coding form by one
ophthalmologist in each city (RIM and TF). ltems in the
coding form were as far as practical descriptive rather
than diagnostic. Records of all previous medical contacts
with ABCC were available to the ophthalmologist at all
times, although records were not reviewed until the
examination had heen completed and findings recorded.
Information relating to histories of exposure to atomic
radiation, such as acute signs and symptoms, distance, and
dose, was not included with these records. Personal
interactions in an active clinic precluded complete inde-
pendence of examination findings and radiation histories,
but such independence was conscientiously sought.

For tabulating results, a standard pattern involving three
major dimensions, individual examiners (four), dose groups
(four), and age groups (four), was repeated for each clinical
observation of interest. The division by individual examiner
also provided the division by cities, and for presentation
here the findings of the three ophthalmologists in Hiroshima
have heen combined. Subjects were divided into those
aged under 30, 30-49, and 50 years or older when
examined. Those who were in uterc ATB have been
distinguished as the fourth age group. As a general rule,
the related findings in the two eves of the same person
were reduced to a single observation prior to tabulation
by selecting the one representing the greater degree of
abnormality. The selection made for one tvpe of finding,
of course, was not influenced by findings of other types.
When possible, detailed distributions of the clinical
observations were made for each subgroup in the tabulation
pattern, but most have been reduced to a dichotomy for
presentation here. Tests of significance usually were
made with the X2 approximation for contingency tables
after reduction to two classes.

LENS FINDINGS

Axial opacities When examined by ophthalmoscope, a
black dot in the red reflex could indicate either a true
posterior subcapsular opacity or a Mittendorf dot. The
two may be distinguished by means of the -lit lamp
biomicroscope.  Table 2 shows the distribution among
radiation dose groups of the persons with true axial
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TABLE 2 AXIAL OPACITIES SEEN BY OPHTHALMOSCOPE AND CONFIRMED BY SLIT LAMP,
BY DOSE GROUF AND CITY

#2 HBMTHEDS MBI RAETHERE A AiERS: TS L AT
- Gr E el Bne ar Both
roup xamine Lot ey o oth eyes %
AL 2 =44 EeIR & 2 il IR i AR
Hiroshima &8
High dose &k, 862 50 5.8 32 3.7
Low dose (S8R ... 394 2 0.5 1 0.3
Minimal dose WERGREL ... 219 1 0.5 1 0.5
Not-in-city HHTESE ... 152 3 2.0 1 0.7
Taote] B wiigmmeaiasmans 1627 56 3.4 35 2.2
Nagasaki &4
High dose M#RE ... 164 15 9.1 13 7.9
Low dose fE#&E.....ccoevn 395 8 2.8 il 1:8
Minimal dose ¥Ef&#AE. ... 169 1 0.6 0 0.0
Not-in-eity fIMTEE e 113 3 2.7 1.8
Total B e, Bal 28 3.3 20 2.4

opacities which were seen by ophthalmoscope and were
confirmed by slit lamp examination (see Appendix).
both cities the percentage of subjects with opacities is

In

significantly greater in the high dose groups than in other

groups, and this is true whether percentages are
caleulated to represent people with either one or both eyes
involved or people with such opacities in both lenses
(P<.01).
and only one was seen with the doughnut appearance
Among 88

children who were in utero ATB, only one had a true

Most of these axial opacities were quite small
associated with mature radiation cataract.

axial opacity; it was quite small and in only one lens.

There are too few findings in the low dose, minimal dose,

and not-in-city groups to distribute by age separately.
Combining these distance groups and the two cities,
however, axial upacities were seen in no one under 30 years
old, in six (1.1%) persons at ages 30-49 years, and in 13
(2.6 %) persons aged 50 years and over. Percentages of
subjects in the high dose groups with opacities are shown
for these same age ranges in Table 3, and there is no
evidence of a systematic age effect.

Other opacities The percentages of persons with any type
of opacity of the lens cortex of one or hoth eyes were
caleulated for each dose group and, within dose groups,
for persons who were aged under 30, 30-49, and 50 years
or older. As may be seen in Table 4, this finding was
common only in the oldest of these groups, and in Hiroshima
subjects of this age there is a systematic change in
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percentages over dose groups: 31.8% in the high dose
group to 40.8% in the minimal dose group. While a
diminishing gradient of percentages may be important, the
differences observed in Hiroshima are neither statistically
significant nor reaffirmed in the Nagasaki data. Cortical
opacities were seen about twice as often in Hiroshima as
in Nagasaki (P <.01).

Data on opacities of the lens nucleus are summarized in
Table 5. None of the slight trends in percentages by dose
group is statistically significant. While percentages of
subjects with nuclear opacities in the two cities are about
the same (11.72 and 9.4 %), they are strikingly different
for comparable age groups.

B. Fabh, WRRM3.8%, BEMESHE4.8%TE
5, ORI FRAOEN 63 L IEEchHirt LI
awd, KBTROMAZIFFMIIERTIL L <,
RO ORI 2 BB Lok, K
TRHOSNAREMREOHELEGDH2ETSH -~
(P< .01).
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VThbHANIIERBT IR 2w, AABBREREET 2
HEOBGEE, AHFTIRERLTH35(11.7% 8 L0
9.4%), FREBRICIIMATEICE L B 5,

TABLE 3 AXIAL OPACITIES SEEN BY OPHTHALMOSCOPE AND CONFIRMED BY SLIT LAMP
IN HIGH DOSE GROUPS, BY AGE AND CITY

3 HEREETHED 5 MR R T S N A SRR BT A ITEES

85 & OB
T — Hiroshima 14 % Nagasaki [& s
Fe TERE R Examined Positive P Examined Positive %
e MRS EREE R e 14 B 74

In utero ATB* oo n .. 73 1] 0.0 15 1 6.7
<30 75 5 6.7 29 3 10.3

30-49 368 22 6.0 72 [ 8.3

50+ 346 23 6.6 48 5 10.4

Tolab Mmoo 862 50 5.8 164 15 9.1

*When examined, these children were 17 or 18 years old. Z 05 RO RN EMIZ17E £ 21t IRET H -1,

TABLE 4 CORTICAL OPACITIES SEEN BY SLIT LAMP IN DOSE GROUPS, BY AGE AND CITY
#A4 EHMETECMEHTRETRS SN AKEEER: F0 L OBilR

Age at High dose &Hﬁ“ﬂ Low dose {4 6t Minimal dose &F i # Lt . Not-in-city i ') = 76 &
examination Examined Positive %  Examined Pasitive %  Examined Positive % Examined Puositive o
He T B Wb B 0 T BT R T 2 PR

Hiroshima 58
In utero ATH*

MEPIRE R L 73 1] 0.0 75 2
<30 75 0 (1K) 20 1]
30-49 368 2 0.5 146 5
Al -+ 346 110 31.8 153 50

Total ¥ 862 112 13.0 399 66

Nagasaki #14

In utero ATB

REr s . 15 0 0.0 32 0
=30 29 i 0.1 58 1]
30-49 72 0 0.0 170 1
Hi)+ 48 11 22.9 .35 a9

L T i —— 164 11 6.7 395 40

2 68 1 1.5 . -
0.0 14 1] 0.0 14 0 0.0

3.4 66 2 3.0 63 1] 0.0
38.6 71 29 40.8 7h 27 36.0
16.8 219 32 14.6 152 27 17.8

.0 48 ] 0

.0 38 ] .0 an 1] 0.0
L6 51 1 2.0 A1 1] 0.0
28.9 32 7 21.9 32 4 12,5
1 169 8 4.7 113 4 3.5

“When examined, lhese children were 17 or 18 wears old = 1 5 12 02 2008 T e 12 1788
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TABLE 65 PERCENTAGES OF NUCLEAR OPACITIES SEEN BY SLIT LAMP
IN DOSE GROUFS, BY AGE AND CITY

#F 5 HHMTCAMBITRECESD S LA KSEHERO A S E:
s & £ OFATRI

Age at examination High dose Low dose Minimal dose  Not-in-city

RIERE i 8 & fit BRaE  HNTEE
Hiroshima 78
In utero ATB* RGP #MR 1.4 1.3 0.0 -
<30 1.3 0.0 0.0 0.0
30-49 1.9 1.4 1.6 0.0
50+ 28.3 26.1 21.1 32.0
Total: K v vaisibg 12.4 10.9 7.3 15.8
Nagasaki £ W
In utero ATB HaPIfERE .. 5.7 0.0 21
<30 13.8 6.9 10.56 6.7
30-49 9.7 8.2 5.9 0.0
60+ 18.8 14.8 18.8 12,5
Total: Bramsnmnsaamns 12.8 9.6 8.3 53

*When examined, these children were I7 or 18 years old.
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Polychromatic changes Specific iridescent changes in
the axial posterior subcapsular area of the lens were
carefully looked for by slit lamp biomicroscope. Those
observed were generally of two broad types. Least
conspicuous was a faint polychromatic sheen or, in younger
subjects, blue-green sheen associated with an increase in
capsular markings and located at the posterior pole of the
lens. This sheen was usually seen in the zone of specular
reflection of the posterior capsule and was not unlike oil
slick on water. It was sometimes elusive, but could be
seen when the slit lamp beam made an angle of 4-7 degrees
with the biomicroscope. Margins were fairly sharp, and
diameters ranged from (.5-1.0 mm. Polychromatic granular
sheen, resembling the appearance of iron pyrite, was more
readily ohserved in the posterior axial zone of specular
reflection with the slit lamp biomicroscope. The oil slick
had a rougher texture although it definitely was not lace-
like. Margins were sharp, and the size was 1-2mm.
Table 6 gives the frequency with which these changes were
seen, along with that of a residual category which includes
changes which had the appearance of a flat plaque, a

zone of disjunction, or projection into the posterior cortex.

In Table 7 are the percentages of persons with any type
of polychromatic change of the posterior lens capsule by
dose and age groups. Excepting the group which was
not in the cities ATB, there is a gradient of percentages
which increases with dose (P<.01), and the gradient is
present in every age group of both cities regardless of
the method used in calculating percentages.

L & ORELETT.

#7102, KGFEREOEFEEGEHENLEEAT 2HOES
FREREEFIUERBNCIRT. FBETNTEEYE
EpvTid, EoEFBRLLLIIBNTIDENS S
(P< .01)., @R, BaEsvsr 5 HETHRE
LTh, idioT~TaoFswiicsshs.



TABLE 6 DISTRIBUTION OF POLYCHROMATIC POSTERIOR SUBCAPSULAR CHANGES IN DOSE GROUPS BY CITY
#6 HRBECHSHRET 2QMTOS: HiHis

Posterior subcapsular change High dose % Low dose % Minimal dose % Not-in-city %
%% T %k 4 g ik g 1R i T Es

Hiroshima [L 8

None % L. 477 55.3 300 Th. 1 104 86.8 127 83.6
Sheen 34 235 27.3 78 19.8 24 1.0 19 12,5
Granular sheen MfARIERE ... 112 13.0 12 3.0 2 0.9 3 2.0
Other* MW simsamaramnsmii e 4.4 4 1.0 3 1.4 3 2.0
TR Y v T 862 100.0 394 949.9 219 100.1 152 100.1
Nagasaki £
WNope % bonmennasssmis. 22 13.4 132 33.4 111 65.7 65 87.5
Shesy T s T 4.3 38 9.6 £ 6.5 11 9.7
Granular sheen ¥URARSERE 103 62.8 202 51.1 39 23.1 34 30,1
Cithar BB consnpamms s 32 19.5 23 n.8 & 4.7 3 2.5
Total: Fhisannnaimnmmmsnmims 164 100.0 395 89.9 169 100.0 113 100.0

*tucludes findings described as flat plagques, disjenction rone, or projection info fhe posterior corlex,
FHEAE, FENE S EESERNRRLYOMRESD.

TABLE 7 PERCENTAGES OF POLYCHROMATIC POSTERIOR SUBCAPSULAR CHANGES IN DOSE GROUPS
BY AGE AND CITY

#7 BEHEFCHUSRET 2ANMECOESE: £ L UWMHN

A i One or both eyes KB % 20 (2 mip Both eye‘; R
Age a =
saminati ini Minimal  Notin-
‘gﬁ“;ﬁl;;z;;l;l High dose  Low dose M]E_::?l Nf;:? Hig_h dose  Low dose Hga gu;n
o i 4 it CHR pmmk mncey SRR ERE  pam HarEd
Hiroshima [& 5
In utero ATB*
PR 26.0 1.7 T4 - 15.1 a3 1.6
<30 h2,0 15.0 o0 (0 42.7 10.0 0.0 0.0
3049 47.8 24.0 13.6 T4 30.1 12.3 4.5 1.6
50+ 43.6 31.4 21.1 26.7 a0y 24.2 15.5 17.3
All ages % F b 4.7 23.9 13.3 16.4 1.1 16.5 6.8 9.2
Nagasaki &
In utero ATH
TGP ... 66.7 28.1 10.4 . 60,0 12.5 2.1 .
<30 96, 6 60.3 21,1 13.3 96,6 51.7 10.5 10.0
A0-4u Bfi.1 T0.0 47.1 51.0 80.6 (N1 31.4 20.4
a0 87.5 741 65.6 56.2 87.5 (7.4 56.2 50.0
All ages & H M B6.6 66.6 34.3 42.5 83.5 57.5 23.1 30.1

“When examined, these children were 17 or 18 yearsold 1 6 BROBESEMBITE S L FIBETH - 2.



TABLE 8 SECULAR TRENDS IN SLIT LAMP FINDINGS OF POLYCHROMATIC POSTERIOR
SUBCAPSULAR CHANGES IN ONE OR BOTH EYES BY EXAMINER

#8 MBUTRECHBEZ 23WRCED AR T 2EEE L0 RO B :

R E
Tnterval Examined Positive %
I i R ZEafEE(t

Hiroshima Examiner A
Jan-May 1963 cooiaioaisiniaiiinine

Jun-Sep 1963

Oet 1963 -Jan 1964 i
Feb-May 1964 .icaasiemeims
Total: B emsmmananesnsemsarmims

EHEEE A
281 100 356
329 139 42.2
256 115 44.9
208 110 36.9
1164* 464 39.9

Hiroshima Examiners B & ¢ EBEEEBSLUC

Jan-May IBEI .iiiiuiiiiinmerrmimmmrsonsn 107 16 15.0
Jun=Sep T86F. i siaivisions 105 25 23.8
Det 1963-Jan 1964 civvuisiveimmsiviniog 145 23 15.9
Feb-May 1964 93 5 5.4
A R e S A Lo W) 450% 69 15.3
Nagasaki 85

Jan-May: 1963 o 202 96 47.5
Jore=-Bep 1963 nmannaaisany 208 130 62.5
Det 1968 -Jan 1964 Liniaania 231 137 59.3
Feb-May 14964 . 200 148 74.0
Potal B icmanpnssamsaeimmrmsen s

841 511 6.8

*A few cases were excluded becawse the date of examination was not correctly punched in cards.
REFSABA A= FIEMI v F2hTvwadra B ERIFL L.

Table 7 also shows a marked difference between the cities
with percentages of polvehromatic lens changes consistently
higher in Nagasaki than in Hiroshima, While this may be
indicative of a true difference between the cities. it also
may be the consequence of varying levels of training in
the detection of these minimal changes among the
ophthalmologists who examined subjects for this swdy.
If the ophthalmologists did differ initially in this respect,
experience acquired during the course of this study might
have reduced such differences. To examine this possible
explanation for city differences, the data were divided
into four approximately equal time intervals and percentages
of polychromatic findings by each ophthalmologist com-
puted for each interval. The result is shown in Table 8
where the data for the two Japanese residents who
assisted part-time in Hiroshima have been combined. The
onlv suggestion of a learning effect iz in Nagasaki, but it
does not explain a difference in the direction observed.
There is additional evidence in Table 8§ that different
ophthalmologists detect these minimal polychromatic
changes in different percentages of patients; within the
Hiroshima sample there is a two-fold difference hetween
examiners B and C combined and examiner A,

FTCW, FEMARRKEEO G WM THE L
EHHY, BHOHFFEBEVL-—HLTEFETHLZ
Lhbhhs, ZhiE, BHOMOROEZLZTRTLOLE
Lhfund, —F, CORETCHEEOREIZE- -~
RREOMT, ZhsomMzZELOERIZ2TOH
WiZSAbH b LTV, S8V T R
CIRBEOMTEZNb-keLThH, AFoETIIEY
BELXZRIIIE-T, ZOBOELIRLTIETTE
3, 3207, BHMOEFCOLDTHahGEHrEE
T adilz, B2 A00BIFSE LB aE, £
NFELOMMIZET S EMBECLL ZEEEROMR
ODESREHEL:, TOHEBERIRBIZELES, EB
CHELWTHEERBRL 2 2 B0 B &= AJEREEA O T
EEELTHRLA. BBROVENTES 50 EHO
BEEITHIY, ThiifEshAZ0 ez #MT
BLOTHEAV. E5I0R8 T, SRBEOMTI L
Sl 2 ENELrENT Z2Ee0EHIFEL L L0 0E
BHass, LBORFNTE, REEBHLUCOERE
LHRTEASOMICL2EDELH S,



CORRESPONDENCE WITH PREVIOUS LENS
FINDINGS

Among subjects horn hefare the bomb who were examined
for this study, 487 also were examined in at least one
previous ophthalmologie survey at ABCC. Similarly, 35
of the children who were in uteroc ATB have been seen
by an ABCC ophthalmologist at least twice. Records of
all previous eye examinations of these people were reviewed
for the purpose of classifying lens findings in a manner
which would permit their tabulation jointly with the present
findings. Because of differences in forms and terminology,
the classification of prior findings was simplified to four
categories: no lehs abnormality, axial opacity, polychro-
matic change, or other lens finding.

To determine whether there has been a change in the
relative frequency of all lens findings which are associated
with radiation, the four categories were reduced to two:
negative or positive, where the latter includes findings
of either axial opacity or polychromatic change at any
Findings at the current examination
Table 9 shows that in
the Hiroshima high dose group a greater proportion of

prior examination.
were grouped in a similar way.

persons were considered positive at this current examination
(191/360 =.53) than were so considered at any previous
examination (159/360 =.44), This is also true in the
Nagasaki high dose group (54/57 =.95vs 34/57 =.60),
and in both cities these differences are statistically
significant (P<.01) The percentages of findings in the
other dose groups show a similar difference in Nagasaki
but not in Hiroshima.

BEOXKFME & DM

SEOMECHRELZ T ARBLUMICEE A KIBED
T, 487 AILABCCTLIRNIZA 4 ¢ & & 1 AIRMHE
ERETWA, WL LI, BABBRRPBSBAL, 22
(L 2EABCCRRBENMRE* 2T TwA. Zhon
REOBEOROMERG L TRTHETLT, 480
FRRE VS L S I TER LI kAR OBESE
i ok EBRAESLUHEMMERL TWIED,
BEOMRBERDADOGHICET ED L. Tabb, K
mfEREOTVED, MIERES, 2aMHELSLUED
k@ EirRTd 2.

Bgti & MEO S 5 T ST O RS ERATFR o Mo 0988 RE (2
TEAECTVEANEY IDERETLILDIZ, Zhs 4
OFMERO 212 Lk, ThbE, BIEE A LB
MTH 5. B, LDEOwWThrORETHIEERE
Rl EBEMEROMEYV IETLED shb DA ED.
SEOBEI ST IMAGERIIFELL. £91248N0
F, IEBOEHMERTIE, 4H0BRETHEELED SN
EOEIE (191 360 = .53 )13, BEowTFnsnEE
EVWTHBEL#EDEnEZEOEE (169 /360 = .44 )
EWIERTHoR, ZThit, EHOEHRERIZOLTY
WA A (54 757= 95 #434.757= 60 ). Wit b 2ok
HHIWIZAEETHS(P< 01). 20MOSERMILE
HAEMBROESHEIZL, FML2EFEHTCREHENEA,
RBTIiED 5 h %o,

TABLE 9 CORRESPONDENCE OF POSTERIOR SUBCAPSULAR FINDINGS ON PREVIOUS EXAMINATIONS
WITH CURRENT FINDINGS, BY DOSE GROUP AND CITY

#9 LiloRELSEOMECH T S%BETIROME : HEWE L UWHN
Previous examination [1iif o0 4 75
Cur‘rcnj*. High dose & 4t All other groups ¥ @3 filh =T gt
examination S — :
AE O BE =1 positive All negative Tuatal =1 positive All negative Total
1 [ Ll A EAbBE L it 1E L £ PR i
Hiroshima K86
Positive fB1% . 105 86 191 3 5 13
Negative Ef% ... 52 112 164 ] 36 45
Unknown A8 ... 2 3 5] 1] 0 i
Tl s i 159 201 360 12 44 56
Nagasaki &5
Positive FEfE...... 3 20 54 12 26 38
Negative Bt ... 0 2 2 0 7 7
Unknown T ... ] 1 1 1 3 !
Tl Wy 34 23 57 13 36 49
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These comparisons might suggest that the prevalence of
radiation effects on the lens has increased with the passage
of time were it not for the evidence in Table & and
elsewhere in this report of considerable variation among
observers. Before attempting to reach a conclusion,
therefore, it was felt essential to examine the corre-
spondence of present findings with those of previous
examiners individually. Consideration was limited to 347
persons in the Hiroshima high dose group, excluding the
few children who were in utero ATB. After division
according to previous observer, findings were tabulated in
the pattern of Tahle 9.
Table 10, make clear that the total gain in percentage of
positive findings is the result from a single large gain,
several substantial negative gains, and a couple of equivocal

The results, summarized in

changes. Itisonlyin people who were previously examined
only by Cogan and his coworkers that any appreciable
increase in percentage of findings is seen. Because
Cogan’s group did not systematically use the slit lamp,
this result is not unexpected. Excluding the subjects
examined only by them. however, there is no evidence
whatever of an increased prevalence of posterior subeapsular
findings at this time. There is, rather, possible evidence

of a lower prevalence now than previously.

Cross-classification of “radiation cataract” seen at previous
examination with axial opacities at the present examination
(Table 11) shows no change in the rate of this finding in
the Hiroshima high dose group: 39/360 or 10.8% previ-
ously were positive and 35/360 or 9.7 % were positive at
this examination. In the 57 subjects who were reexamined
in Nagasaki, there is a decline from 22.8 % to 14.0 % with
an axial opacity, but this difference is not statistically
significant.

Underlying these comparisons of past and present rates
was an interest in the natural history of early minimal
polychromatic changes, specifically in their possible
progression to axial opacities. At the level of analysis
we feel warranted by available records, only 120 Hiroshima
subjects and 21 Nagasaki subjects can provide evidence
of such progression. These are the people in high dose
groups who had a positive finding at a previous examination
(Table 9), excluding those with a previous axial opacity
(Tahle 11). If progression has occurred, current exami-
nations should have revealed more new axial opacities in
these groups than in the subjects who had no abnormality
detected earlier. New axial opacities were seen in three
people in Nagasaki (Table 9), and all had polychromatic
changes at an earlier examination. In Hiroshima 9 or
7.5% of the 120 people with earlier polychromatic changes
now have axial opacities while 9 or 4.5% of the 201
without earlier polychromatic changes now have axial

11
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TABLE 10 POSTERIOR SUBCAPSULAR FINDINGS AT PREVIOUS AND CURRENT EXAMINATIONS IN
HIROSHIMA SUBJECTS ALIVE ATB BY PREVIOUS EXAMINER

#10 ERECEENARBHREOLNOBREESEORE ST AHREFHFR:

LA oy b & HH S K 51

Previous examiner Examined X pwitne BIEO RGN

LIHl o e 40 W E HEE N Previously Currently Gain®
) VLM o) k7 4@ i hn
Cogan7 8 146 11.0 50.0 +39.0
Cogan and Sinskey Wi 79 64.6 63.3 —1.3
Cogancand Hall: cuvanssanrasnonmsanmasmmmnnnnm 17 47.1 52.9 +5.8
Gogan;: Sinskey; and Hall: sowememusssnnumnsmnyess 40 92,5 67.5 —25.0
s e o B R A R T 23 69.6 52.2 —17.4
Staskevand Hall sussusnapresrsmprareissssiayna [ 100.0 66,7 —-33.3
Hall 19, 11 a6 61.1 38.9 =222

*Algebraic incrense of the current percentage over the previeus percentoge. LI O B o R ii 6+ 2 500 & 53 01 i m

TABLE 11 CORRESPONDENCE OF FINDINGS OF AXIAL OPACITIES AT PREVIOUS
EXAMINATIONS WITH CURRENT FINDINGS, BY DOSE GROUP AND CITY

#11 DpoBREBECSG2MEERSONRESEORR E OME: SRES X0

Previous examination LA o) Wi

Current
examination High dose g ik B¢ All other groups % o #ho 8 £ 8
G E R Positive Negative  Total Puositive Negative  Total
g Btk #t i et it
Hiroshima [ B
Pasitive BTE ... 17 18 35 0 1 1
Negative BEfE ... 20 300 320 1 53 hd
Unknown A8 _ . 2 3 5 ] 1 1
f 1Y O—— 34 321 360 1 55 56
Nagasaki £
Positive % ... 5 3 5 1 1 2
Negative EE1E ... 3 40 48 2 41 43
Unknown T0§ ... 0 1 1 0 i fi3
Total &F oo, 13 44 57 3 46 49

opacities. Thus, in both cities observed differences are
in the direction consistent with the possible progression
of polvehromatic changes to later axial opacities. These

differences, however, are not statistically significant.

There is some evidence of high leukemia mortality among
people diagnosed with radiation cataract in the earliest
ophthalmic studies.””  Such deaths could decrease the
percentage of previous findings as derived from Tables 9
and 11 and, when compared with present percentages,
either create the appearance of increased prevalence or
nullify a decrease which has occurred. Interp etation of
observed differences between rates is also obscured by
the fact that a subject could have been examined more than

once prior to this study, Multiple examinations may
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increase the probability of detecting an existing lesion and
increase early rates over what would have heen found at a
single examination. Such a bias could create the appearance
of decreasing prevalence or offset an increase in preva-
lence. These potential sources of error, along with the
variation among observers in detecting slight changes and
the relatively small number of people with axial opacities,
makes any inference about changing prevalence ar pro-
gression most uncertain. The data suggest, however, that
the prevalence of radiation-induced lens changes has de-
creased with time, and there is no reliable evidence of
progression of early minimal changes to axial opacities.

ACUITY, REFRACTION, AND OTHER FINDINGS

In Table 12 are given the percentages of persons, classi-
fied by dose and age, whose corrected visual acuity was
worse than 20/30 in at least one eve and also the per-
centages whose refractive error was greater than +1.00
diopter in either or hoth eyes, In children who were in
utero ATB, there is a suggestion of larger percentages
with poor acuity in both the high and low dose groups than
in the minimal dose group. In both cities the difference
appears to be about 4%. However, numbers are so small
that a statistical test was not made. The Hiroshima in utero
children show a similar difference in refractive error, but
this is not statistically significant and is not confirmed in
the Nagasaki data. There is no suggestion of such differ-

ences in the older survivors.

There is little doubt, in view of the evidence of Table 7
and of previous Studies,g'“ that polychromatic changes
at the posterior subcapsular level occur more frequently in
exposed survivors than in nonexposed persons. It has
remained uncertain, however, whether these slight
changes appreciably reduce acuity, As a first attack on
this question, we have classified people according to the
estimated size of polychromatic changes and, for each such
group, determined the percentage with best carrected
acuity worse than 20/30 in the same eye. The result
obtained with the right eye is given in Table 13 where
lesions less than 2.5 mm in diameter are designated as
small. [n persons with moderate or large subcapsular
changes the percentage with reduced acuity is greatest
(P<.001 for both cities combinedl Though somewhat
reduced in Hiroshima, the percentages with poor acuity
remain excessive when people with axial opacities are
excluded from tabulation,

In a similar analysis, posterior subcapsular changes were
first classed by type as in Table 6, There was no greater
percentage of subjects with poor visual acuity in the groups
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TABLE 12 SNELLEN ACUITY AND REFRACTIVE ERROR IN DOSE GROUPS, BY AGE AND CITY
#12 BMEBIISUHAAFL v L UBITEY . £l L BTN

Age at Hirashima & & Nagasaki £ &
anminati;; High dose Low dose Minimal dose Not-in-city High dose Low dose Minimal dose Not-in-city
e Ml ERR O ERBR SATEY SRR ERR ERER BnreE

Best Corrected Acuity Worse than 20/30 BREERNZ7 20/ 30U TFOHEOES %

In utero ATB*

ErERR ... 4.1% 4.0 0.0 - 6.7 6.2 2.1 :
<30 2.7 0.0 14.3 7.1 0.0 3.4 5.2 3.3
30-49 9.4 10.3 3.0 4.8 8.4 8.9 9.9 11.8
50+ 22.8 28.1 29.5 17.3 23.0 27.3 28.1 12.5

All ages ®iEM 13.8 15.5 11.4 11.2 11.0 14.2 10,1 8.7

Refractive Errors Greater than +1.00 Diopters BHA%H 1. 0D EDHEO TS E

In utero ATB

BB ... 38.3% 378 2.5 . 20,0 31.3 22.9 >
<30 30.7 40,0 28.5 28.6 17.1 25.8 39.4 26.7
5049 20.6 30,1 22.7 31.8 34,8 28.4 35.4 43.1
50+ 5.6 38.0 40.8 41.4 20,9 32.6 28.1 31.2

All ages 4 R 32.8 350 0.1 36.2 26.2 20.6 31.4 35.4

*Whin examined. these children were I7 or 18 yearsold, ZH RO RERER T 1I7E 2 22 18T H - 2.

TABLE 13 VISUAL ACUITY ASSOCIATED WITH POLYCHROMATIC POSTERIOR SUBCAPSULAR CHANGES
IN RIGHT EYES OF PERSONS ALIVE ATB, HIGH AND LOW DOSE GROUPS

#F13 FAENFELOEMREVOEREHEBREOGRCLIAMALERT FE&MEE LS OMIE

) Hiroshima & & MNagasaki i:’cﬁ
Posterior subcapsular change o — o Sob A =
T Subjects Acuity worse Subjects cuity worse
T AL ot than 20,30 % o % than 20/30 *
iLh20, 30LF 20 30KTF

All Cases £7EfI

None & bouminisaibissamas 698 81 11.6 139 13 9.4
SSoa T ool niimis iR d83 39 10,2 352 38 10.8
Moderate & large 8 0E & & 09k 27 11 40.7 21 3 14.3
Total: Bususssmemanein 1108 131 11.8 512 54 10.5

Axial Opacities Excluded #1:RE &<

MNone %L 595 80 115 139 13 9.4
Small b 4 362 33 9.1 335 33 2.9
Moderate & large %8 & L Fk 8 2 25.0 18 3 16.7
Tatal M onnnivi i T 1065 115 10.8 492 49 10,0

*Estimated diameter less than 2 5mm. HEEETE 2.5 mall T
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TABLE 14 PERCENTAGES OF MISCELLANEOUS FINDINGS BY DOSE GROUPS AND CITY

#14

FOMOREDEHE:

g o ]

Hiroshima &

Nagasaki 5 ki

Finding s
= High

Low
dose

i—iigh

dose

Low
dose

Not-in-
city

Minimal
dose

Naotin-
eity

Minimal
dUSE

GERR ERR ERAE TATEE SRR SR SRR TRAES

Congenital, Traumatic, or Surgical £ FEM%, SHEM £ 2 2 A0

Any abnormality 5 2OREHY . B 5.3 2.3 6.6 159 23.8 21.3 23.9
Inflammation, Neoplasm, or Degeneration #9E, $iE4+ £ 2 T
COENE: BN ovssmorsiaisimsiasisssaimt i s s 5.2 5.6 4.6 5.9 4.9 7.6 8.9 3.5
Other 2 @Ml oo 5.6 5.6 4.1 6.3 9.1 9.4 4.1 6.2
Fundoscopy REHE
Veins or Hemorrhage #0RE 22 |, 2.3 1.8 2.3 2.0 3.7 4,6 3.6 2,7
[ 13T S 20.9 25.6 12.8 21.7 32.9 45.8 31.4 38.1
Senile Changes of Cornea # At &1L
I b 0.4 9.4 9.6 11.8 33 7.8 5.9 8.0
Moderate or Marked th30E 2 £ L@l 8.0 9.4 6.8 B6 7.3 5.8 3.6 74
Guttate: B3 o assmmasnaminiisss 0.0 0.0 0.0 0.7 0.0 0.0 0.0 LX)
Cylinder ML > AOE
1 Diapter 11.6 11,2 8.7 15.1 10.4 R.9 Tl 14.2
31 DHOPEER onvvimsmms oo s e 8.9 9.6 B.2 13.2 6.1 7.1 i 8.0
Tension #EE
11.8 11.9 11.4 19.1 6.7 R4 13.0 7.1
29.5 25.9 24.7 27.6 34.8 39.5 34.9 6.4
29.0 26.6 25.6 32.9 656.7 49.9 51.5 45.1
29.7 35.5 38.4 20.4 1.8 1.8 0.6 0.9

with polychromatic sheen or granular sheen than in persons
who had no posterior subcapsular changes. In the groups
with “other” polychromatic changes, however, there was an
increased percentage with poor acuity. Tabulations of
acuity in left eyes by both size and type of posterior
subeapsular change were the same in all essentials as
were these on right eyes.

It should be noted that very few people had polychromatic
changes of moderate or large size, and though percentages
are relatively large, the number who also had reduced
The frequency of
occurrence of both polvehromatie changes and reduced

visual acuity is quite small indeed.

acuity increase with age and it is entirely possible that
their high association is the result of mediation by age or
Because of the small
numbers involved, a statistical assessment of this possibility

some other common variable.

was not attempted.
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A variety of miscellaneous findings from the current
ophthalmologic examination are shown in Table 14, None
of them appears to be related to radiation.

CONCLUSIONS

Findings from ophthalmologic examination of 1627 residents
of Hiroshima and 841 residents of Nagasaki are reported.
About 40% were present in the cities ATB and received
doses in excess of 200rad as estimated by the TE57D
procedure.z'm'w Others were in the cities ATE but
received smaller radiation doses or were not in the cities
ATB. A few of the people examined in each ecity were
in utero ATB.

The 2468 people examined represent about 40% of the
total originally selected for this study. Those who were
not requested to participate, and those who were requested
to participate but did not do se, represent nearly equal
proportions of the losses. losses of the former type
probably do not seriously bias the remaining group. Analy-
sis of age distributions and replies to three self-administered
questionnaire items suggest, however, that people who
refused to participate were less concerned ahout their

vision than were people who agreed to examination.

Examinations emphasized measurement of visual acuity
and accommodation, visualization of the lens by ophthalmo-
scope and slit lamp biomicroscope, and detection of ocular
changes associated with aging. All examinationz in
Nagasaki were made by one ophthalmoelogist (TF). Those
in Hiroshima were made by three ophthalmologists. There
is evidence throughout this report of considerable varia-
hility among the observations of the different ophthalmolo-
gists, and this is particularly true for small changes of
the posterior subcapsule that can be found only by a careful
slit lamp examination. Every effort was made by the
ophthalmologists to conduct examinations without knowledge
of the subject’s radiation exposure history.

Data arve presented on axial opacities, cortical opacities,
nuclear opacities, polychromatic changes of the posterior
subcapsule, visual acuity, refractive errors, astigmatic
errors, tension, fundus abnormalities, senile changes of
the cornea, and gross external conditions. As in previous
studies,” ' only two findings were found to be related to
jonizing radiation: axial opacities visible with the ¢ phthalmo-
scope and polychromatic changes of the posterior ubcapsule
visible only with the slit lamp biomicroscope. About 10%
of the people in the Nagasaki high dose group had axial
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opacities. Similar opacities were seen, though much less
frequently, in all other groups, including the not-in-city
group.

Percentages of polychromatic posterior subcapsular changes
varied widely with age but, within each of four age groups,
also varied with dose. Large differences between the
two cities in the percentages of all such findings, as well
as in the distribution of specific types of polychromatic
changes, cannot be explained. They mav be due to
differences in radiation in the two localities or, more
probably, to cbserver variation.

Recorded findings of axial opacities and polychromatic
changes at previous ophthalmologic examinations were
compared with such findings at the present examinations.
These comparisons suggest the possibility that radiation-
induced lens changes are less frequent now than previously,
and there is no reliable evidence that minimal polychro-
maltic changes progress to axial opacities. All such
comparisons must be considered inconclusive, however,
because of the variability among past and present observers
in the detection of both polvehromatic changes and axial
opacities and other reasons.

Onlyin the youngest people, those who were in utero ATB,
was there any evidence of diminished visual acuity at the
higher dose levels. an earlier
finding.” differences were not evaluated statistically

because of the very small number of children involved.

While reminiscent of

There is some evidence, in persons of all ages, that visual
acuity is diminished by moderate and large polychromatic
Few people had polychromatic changes of
moderate or large size, and still fewer had reduced acuity.

changes.

Because both polychromatic changes and reduced acuity
occur more frequently with increasing age, it is entirely
possible that their high association is mediated through

age or some other common variable.

No use was made of individual radiation dose estimates in
this analysis of eve findings. Dose estimation procedures
have recently been revised,'”'® and it will be important
to use these improved estimates to construct dose-response
curves and to attempt to estimate the RBE of neutron
and gamma components of dose. Improved dose estimates
may help to explain the large differences between the two
cities in certain findings. For this purpose, however, it
would be valuable also to have selected persons in the
two cities, even though few in number, examined by the
same ophthalmologist. Recent innovations in lens photo-
graphy offer some hope for even more standardization
and objectivity than would be achieved with a single
observer.
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SUMMARY

The ophthalmologic findings in 1627 residents of Hiroshima
and 841 residents of Nagasaki, of whom approximately
40% received an estimated radiation exposure in excess
of 200rad are reported. These 2468 people represent
approximately 40% of the total number originally selected
for this study. Of those who refused to participate in the
study, questionnaire analyses suggested that these
individuals were less concerned about their vision than
those who agreed to participate.

Measurements of visual acuity and accommodation,
visualization of the lens by ophthalmoscope and slit lamp
biomicroscope and detection of ocular changes associated
with aging were emphasized. Axial opacities visible with
the ophthalmoscope and polychromatic changes of the pos-
terior subcapsule visible only with the slit lamp hiomicroscope
were the only findings apparently specifically related to
lonizng radiation.

Comparison with previously-recorded ophthalmelogic
studies seem to indicate a decrease in the prevalence of
radiation-induced lens changes and no evidence that
minimal polychromatic changes progress to axial opacities.

Considerable observer variability among the ophthalmolo-
pists ( Hiroshima 3, Nagasaki 1) was noted, especially for
the detection of small posterior subcapsule changes best
determined by careful slit lamp examination. The exami-
nations were made without knowledge of the subject's
radiation exposure history,
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APPENDIX
&

LIST OF PERSONS WITH AXIAL OPACITIES SEEN BY OPHTHALMOSCOPE AND
CONFIRMED BY SLIT LAMP

IR TR 6 NHMBITHETHIE L ~MERS*»A T 50K &

Axial opacity

MF number Sex Age at Distance ATB T57Dose* i 1
Aok BiEH 1% RABTRIRLIIN 1R 2 TSIDMEN —n iz —
i e 0% 4 2 o 8
HiR R
Hiroshima— Alive ATB
G# — ABRCEEhLE
High dose group His# &
F = 51lyrs Sl m 1000 rad 5 5%
F & 41 00 750 5
M®B 24 B0 1290 5
M5 25 TOM 1290 it 5
F = 72 OO0 40 L .
M % 36 1060 210 5 s
*The sum of newtron und gaware estimales o rad, P FELUT v BETH OGN rad ) __,,’

%8 small; M. maderate; L. large; DN - doaghaut 8 =71 M= PEME; L=K; DN=F-F+vH



Axial opacity

MF number Sex A ge al Distance ATB  T57Dose R
i S 8 % cxininaton HIRIER TOTDHEEE ————
e HEBE F i .
H iR
P % 31 1100 770 S 5
M * 71 1200 320 3
M # 34 200 17404 I I
F % 52 1000 550 S 5
M B 30 1000 120 g 5
F 51 1200 550 . DN
F. % 56 1200 300 ] S
M # 30 900 670 s S
F % B6 800 200 5
F % 44 900 930 M M
F % 37 600 1530 5 S
F % 72 1000 440 M
F % 68 900 1050 : M
F % 18 900 650 S s
F & 58 700 1830 5
F * 36 900 1060 5
F % 32 BO0 1150 5 s
F # T0 800 850 M M
M 3= 59 200 G910 =5
F % 65 200 900 S S
F % 40 800 720 S S
M B a7 1200 210 5 3
M % 34 00 1540 5 g
M B 58 B0O0 1440 S L
M 5 61l 800 1280 S 5
M 5B 36 1000 GAD s S
M 5 19 1200 230 s S
M 3 64 TN 1530 s s
M 37 1000 470 2] 5
F 4 a3 700 1380 5 S
M m 22 804 RO0 S S
M &3 687 700 L1100 I S
F % 34 1000 Bh0 S
F % G8 a0 B70T 5
M % 70 00 180 &
F 45 900 580 5 L]
M % 33 8040 640 M M
F x 30 1100 790 S 5
M B 37 1000 G6O 5 5
M * 56 A00 1214 5 -
F & 36 400 630 - 5
F % 62 1200 260 E
F % 52 1200 210 S 5
F % 37 700 1600 ] 5
Low dose group {17 #& i
F % 48 1400 190 L
F % 50 1400 100 M M
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Axial opacity

MF Number Sex Age at Distance ATB  T57Dose 1
B o R #* examination g NI T57D # % i st
(81)] 0s
o - HiR iR
Minimal dose group gz @@
Eerwy F & 60 3300 M M
Not-in-city #FiAMFEERE
F & 52 M
F % 63 M M
F % 57 S
Nagasaki — Alive ATB
B — BANMICEThiEE
High dose group Wizl #
M % G0 1200 300t S 5
F % ar 1000 510 5 5
F X 33 1104 350 S S
3 23 1100 350 S 5
M # 7l 900 520 t 5 5
F %k 54 800 960 S s
F & 33 1100 370 s 5
M5 30 700 1440 s 5
M % 33 1200 400 1 5 5
F & 58 1300 250 5
M % 32 1200 280 s 5
F % 26 1000 650 s S
M B 24 1000 670 S s
F & 71 1200 22() S 5
Low dose group {15 & &
F %= 36 1200 30+ ; L
F % 38 L100 130 =1 S
F # 37 1900 0 S S
B 64 1 900 10 S
F % 72 L9000 10t 5
F = 70 1200 190 - 5
F & 61 L1500 60 S M
F % 63 1600 40 5
F #% 54 1200 160 s 5
Minimal dose group RS %
Not-in-city TARTERF
F % 38 5
F % 41 S S
F %« 55 S 8
Nagasaki—1In Utero ATH
£ — HAmeR
High dose group @ik
_ M 16 1200 280 S

T Correetions in THTL estimales
TETDHEEMONKIE L F3 T T RiziTE bk,

were made affer ths study was completed




TECHNICAL NOTE ON CODING

OF AXIAL OPACITIES

HERBOTSIEICET 3 HiiTanziaA

Farly in planning it was decided that the basic criterion
for an axial opacity would be visualization by ophthalmo-
scope but that, to rule out Mittendorf dots, confirmation
by slit lamp examination would also be required, Provision
was made in the coding form (see ABCC TR 13-64) to
record the necessary data, and in initial tabulation the
following results were obtained for those alive ATB.

P ot

HEVEOSYMIZ, MEESo/XARN SRR, &
RéETHEwmensZ » &L, Mittendorf B 2 DX B &
Tz, MEITHTIC L 2 HRLLETH S Lk
EEh. LELERE ST Ao E AR (ABCC
TRI3—64ZMW ) RS, ZORVOEIIZLY, B
MATtcE TN EHIZH L TROBERVES ALk

Axial opacities 8tk il i%

Group Examined . = -
b B4 ¥ e 5 . Canfirme
£ Ophlhu];nusf_ope % by slit lamp 9
R 0 MR THELA LD
Hiroshima B
High Dose AR 789 53 6.7 50 6.3
Low Dose it e 319 2 0.6 2 0.6
Minimal Dose ®REILEE ... 151 1.3 1 0.7
MNot-in-city HRTER ... 152 3.9 3 2.0
Teital: T vmsmmarensssma 1411 63 4.5 56 4.0
Nagasaki B8
High Dose AR 149 24 16.1 2 1.3
Low Dose At ... 363 21 5.8 2 0.6
Minimal Dose #{&maa. . 121 3 2.5 i 0.8
Not-in-eity FARATER ... 113 9 8.0 1 0.9
Tetal BF comvsmmmpnsmaraiiimm 746 57 7.6 6 0.8

Clearly, a much greater proportion of cases was coded as
having Mittendor{ dots in Nagasaki than in Hiroshima.
Moreover, the corrected rates of axial opacities in Nagasaki
showed little evidence of a gradient over dose groups.
It seemed most likely that coding errors in Nagasaki would
explain this large discrepancy between the cities in recorded
Mittendorf dots, and it was decided to review examination
records of all Nagasaki cases coded as having axial dots
which were seen by ophthalmoscope.

In the course of this review, it was discovered that not
only was the coding for Mittendorf dots inconsistent
between the two cities, but so also was that of axial dots
by ophthalmoscope. Of the 58 Nagasaki persons (including
one in utero ATB), clinical records of only 30 had notations
indicating that central dots were seen with the ophthalme-
scope, and in two of these there was no slit lamp evidence
of an opacity in record.

The original coding and recoding of pertinent puncheard
columns (CD 433) are given below for these 58 Nagasaki

Ry 713, Mittendorf 865 & FR (LS L AEROH G,
RELEDVbUEIPIIASVIEEMELPTHE, 20L,
BT 2MERROITEHERAESL, BEHIZOWT
HAHEEEAYBARS 2, 28 s 0/t Mittendorf
HanmmRizasnzonrIaRkEaE0EEIL,
B A3FHILOBRITEAI LVWIBRHIEKATH
BB bhbhi. 220, MIBEIILE > THMERALED
LEFELshZREHOENE2HOMBELE» MG+ 2
L.‘CLt.

—

Co#E Iz kT, Mittendorf ES Ok AL 6T,
BB oL TtBO SR -MERSOFEEEHT
—H LTt eHERER: EBOMRFSLA
(FERAFIENcwE 1 Hl %2 &) OF T, BRI RR
TR SAREL A LEREh T AEDE BT 2
WFETHH, Foh 2, METCRROMEM &ED
Pt 7 s LRI o

BMiOZHh 68z onT /Sy F - #—F(CD 433)®
FUMIIEARWOFELLEBHSLoERERIIT



cases. Ophthalmoscopic findings OD and OS are coded in
columns 40 and 41, respectively, as follows: 0 None,

Al & L UEIRO BRI R 1L 2 W7 W 5408 LU
FAMIZKDOEIZFBMLTHE. 0 &L, 1 4,

L Slight, 2 Moderate, 3 Large, and 4 Doughnut. 2 WERE, 3 &, 4 F—FwE,

Slit lamp findings OD and OS are coded in columns 42 Gk & & AR O AT AT R 12 2 h Fhisdes LU
and 43, respectively, as follows: 0 Normal lens, 1 Aphakia, AWM IC kO LI cHBLLTH S, 0 KEKE N,
2 Subluxation, 3 Luxation, 4 Anterior capsular sheen, and 1 #MoRah ik, 2 RSMEALHE, 3 kEERA, 4

5 Other. WhFs, 5 %O fih.

Origi i ¥ NRE codin, T
MF number riginal coding #1032 5 Recoding  #72#

LT T T C‘"‘;ﬂ;{“"-‘“ 40 a1 42 43 C"“;;;“‘q: 0 4 42 43

Alive ATB MEMICEENLH
High dose group #i R

1 1 5 5
1 1 {0 0 U] 1] ] 5
1 1 L] ] 1 1 Ei] 5
0 1 1} 0 il 0 5 1}
2 2 ] 0 1 1 ] ]
0 1 1] 0 0 0 B 5
1 1 0 0 1 1 5 5
1 1 0 0 1 1 b i
1 1 0 0 1 1 5 5
1 1 1] 0 | 1 5 bl
1 1 0 0 1 1 5 ]
1 1 1] 0 1 1 5 b
i 1 5 5 i 1 5 5
1 ] ] ] ( 0 5 5
] 1 5 5 0 1 ] 9
1 1 0 0 1 1 5 5
0 1 0 0 0 0 5 5
1 0 1] 0 0 0 = 0
1 1 0 0 1 5 b
1 1 0 ] 1] ] 1] 5
1 1 0 0 0 0 5 5
2k 1 [} 0 1 1 5 a
1 1 0 0 1 1 5 5
1 1 ] 0 I 1 1] 0
Low dose group {E4 &

0 ] o 5 0 3 & 5
1 0 0 0 0 0

1 I 0 0 1 1 5 5
1 0 0 i} ] i} 5 5
1 1 0 0 | 1 5 5
| 1 (0 0 0 0 5 )
2 0 {1 0 0 0 i) 5
0 1 5 5 0 1 5 H
1 1 0 0 1 0 0 0
1 1 [} 0 0 0 5 b
1 1 (1] 0 1] 1] 5 5
1 1 ] ] i] 0 5 il
1 0 0 0 1 0 5 5
1 1 (1] 0 U] 1 5 +

—
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Original coding 410 32 % Recoding B 125

MF b .
xAEFE Colmns: gy 4y 42 43 Columns: 5 g 42 48
1 1 0 1} 0 0 5 5
1 2 1] 1] 1 2 1 5
0 1 il 0 0 0 ] o
1 1 il { 1 1 ] 5
1 1 0 i 0 0 5 5
1 0 0 0] 0 0 ] )
1 0 1] i) 1 1 5 5
Minimal dose group ¥z R%

1 1 0 (1] 0 L] b 5]
- 1 { 0 0 0 0 5 5

3 3

Not-in-city group AT &8

1 1 0 ] ] ] ] 5
2 0 b 0 1 0 5 5
1 1 0 0 1 1 5 5
U] 1 0 1] [i] ] 3] 5
1 1 0 0 0 ] b 5
1 1 0 0 ] 1] 5 9
1 1 0 1] { { 5 5
1 0 0 0 L] 0 5 5
1 1 0 0 1 1 5 )

In utero ATB A& o3 i 1R
High dose group HifE#

P 10 0 0 T 5 0
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