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OPHTHALMOLOGIC STATUS IN CHILDREN EXPOSED IN UTERO

e A w® O® R

O kR OB OB &

NAGASAKI
E &
INTRODUCTION @ =

Rats exposed in utero to ionizing radiation develop eye
deformities.! It has also been reported that the incidence
of segmental heterochromia of the iris is increased among
children exposed in utero and that the rates are higher
the earlier irradiation occurs before the 8th month
of gestation.”'?

Since March 1961, in annual examinations for the Study
of Children Exposed In Utero(PE86)at ABCC in Hiroshima
abnormal discloration of the iris was reported in 8 of
428 subjects who were in utero at the time of the atomic
bamb (ATB).*
strated that the changes noted were not sufficient to
justify diagnosis as segmental iris heterochromia. In
annual examinations beginning August 1961 in Nagasaki,
no case of heterochromia iridis was found among 218
children who were in utero ATB. However, many cases
showed nevi or pigmented spots of the iris. Persistent
pupillary membrane, and persistent hyaloid artery were
also frequently found in these subjects. In view of animal

il

However, recent examinations demon-

experiments, minor ophthalmic malformations which are
likely to be ignored or overlooked on the general physical
examination could be very important symptoms for children
exposed in utero.

From the results of ophthalmic examinations of atomic
bomb survivors, it is apparent that the frequency and
severity of lenticular opacities caused by atomic bomb
radiation are proportional to distance from the hypocenter
and shielding ATB.*'® Also, opacities of the posterior
subcapsular region are significantly more common in
those within 1400 m from the hypocenter.” Thus, it is
of considerable interest to examine whether the frequency
of lenticular opacities might increase in the children
exposed in utero.

MaM BB R SRB A A 2 -4 2 3 oRIZ A A EE
T 5.1 SFHRIIFEZREIEOHEE N TR L2 %13
RIELIIHMTI AR NTVRE. 2LTE0
FEIEERRE (ZARMRE 8 A2 AT IZ, 0 BN R G R g
ERTEL0IL, ENELBETRLITHELHES
nTwz, 2,3

IR ABCC T L 7196142 3 A Lo J3 /7 #1716
[ ( PESS) M HEXKMB ORI, AR EMRD 428 £
8 BHICRELIERAEN B LNL.Y LALERIED
MEFIZLIDOWTFRL BRI BERGEEL AL E RS
LATEIE L. BWFIZEWVTE1961FE 8 B A5 e L 4
R B BB 12 IR P R R E o> 218 7 rhoiz sy R T 4 8
BREERELLENED . LA LAl aERE
SLREMA A LN, FAMILEGERE S B VLR AR
WL A EHEIIA LN —BMBZEICIL TR
Ehin, RELENADT3L5 2EFE LT A4
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In 1954, the ABCC pediatrics survey revealed a greater
prevalence of visual disability among children within
1800 m from the hypocenter ATB as compared with
those beyond 1800 m.*

The study of adolescents exposed in utero revealed that
the females in the 1st trimester of gestation ATB whose
mothers were exposed within 2000 m from the hypocenter
and experienced acute radiation syndrome had poorer
visual acuity than the comparable children of asymptomatic
mothers.”

In the PE 86 annual physical examinations at 18 years of
age, from August 1963 through March 1964 in Nagasaki,
eyes were examined in detail to determine whether any
difference exists between the group who were in utero
within 2000 m from the hypocenter and selected comparison
groups with regard to segmental heterochromia of the
iris, minor ophthalmic malformations, visual disability,
lenticular opacities and general ophthalmic status.

MATERIAL AND METHOD

The PE 86 study sample is comprised of three comparison
groups, based on the distance of the mothers from the
hypocenter ATB, and defined as within 2000 m group
(Group I); 3000-4999 m group (Group II); and not-in-city
group (Group III). Children at all stages of gestation

ATB were included in this sample.'”"!!

About 76 % (266 cases) of the total sample (348 cases)
were examined for this study(Table 1). The not-examined
subjects appear to be randomly distributed throughout the
different exposure groups. For Group I, the distribution
of subjects by trimester of gestation is shown in Table 2.

All examinations were made on or near the subject’s
birthday. The regular annual examination included
medical history, physical examination, anthropometric
measurements, routine laboratory tests on blood, urine,
stool and radiologic examination of the chest and wrist.

The ophthalmic examination was performed as follows:
First, the visual acuity was tested by reading a Snellen
eye chart at a distance of 20 feet (6.1 m) with each eye
alternately covered.'® Next, one of the authors (SK)
made an ophthalmologic examination of all subjects with
a Welch Allen hand ophthalmoscope during the physical
examination. Finally, the abnormalities of the eye found
by the former examiner were reviewed by another
examiner (TF) with ophthalmoscope and slit-lamp bio-
microscope to confirm the diagnosis.

194 M ABCC Iz 3/ M BREAEIZ L2 &, BLH»
51800m i 2 &4 12121800m LI R L A~ 2 L §
IZHARTHIMEREN LD ARTH 5 2.8

Te MR RO BFMMET, 2000m Kl WML, T8
BRI S - T, BIERHGEREO S - 2865 F
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NERAPERBIZE T LS

B2 v TI8ERE M PESG 124 L T19634E 8 A4 6
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TABLE 1 IN UTERO SAMPLE, NUMBER AND PERCENTAGE PERSONS EXAMINED
BY SEX AND COMPARISON GROUP

1 MAEBROWEERKS S URBALEZLER:

- HeusEEm)

Group I 2% 18 Group I1 % 11 B¢ Group I %5 I #
22000 m 3000-4999 m Not-in-city
Sex HRz w2 o
e Sample Examined % Sample Examined % Sample  Examined %
HWE Y b ik 2 AR e ¥ BF A& ¥ A M
Male B 54 42 77.8 71 57 80.2 60 44 73.3
Female # 48 39 81.2 61 16 75.5 54 38 70.3
Total it 102 81 79.4 132 103 78.7 114 82 71.9
TABLE 2 GROUP I TRIMESTER COMPONENTS BY SEX
#2 BIWHOFLER: 4 - TIEMHB
Sex Total Trimester 4E48 i
2 EM Ist BiM  2nd B 3rd &M
Male 5 42 19 15 8
Female * 39 11 13 15
RESULTS = B

Visual Disability (Abnormality of Refraction, Mainly
Myopia) Visual acuity of 20/70 or less in one or both
eyes was defined as visual disability.
visual disability probably due to corneal opacities, len-
ticular or retinal disease, congenital nystagmus, generalized
systemic disease, and temporal loss of visual acuity were

The cases with

excluded from this analysis.

As shown in Table 3, the prevalence of visual disability
was higher in females than in males, but the differences
were not significant. The prevalence of visual disability
of both sexes combined was higher in Group III than in
Group I, but the difference between the two groups was
not significant(X¥ * =1.367, p=0.30-0.20). Of 71 subjects
with visual disability, 9 showed unilateral visual disability.
Of these, five were in Group III, three were in Group I,
and one was in Group II.

As shown in Table 4, of 61 subjects who were within
1800 m from the hypocenter, 14 (22.9%) showed visual
disability; of 20 subjects between 1801-2000m, visual
disability was seen in 5 cases (25.0%).
difference was noted in the prevalence between both
distance groups (¥*=0.013, p=0.95-0.90). Table 5
also shows the prevalence of visual disability in the two

No significant

MAOEE (BIFRE, L LTER)
JRHTRE 12 & 0 AT 20,770,
L LA

— IR & 7= 3 AR o
Fr@dehllT2R DM
ZofihlEn S b, BEGRS, KEks 3
VIR A, ERERR, £HEE, L U—BER
MR ICL DL BbNd 4 DIEERIL £,

TIIIARTENL, ROMERIBRIVGERIZH» 5
A, MEMOZRZEL 2ok B EhEEE,
MAOMERFBEIRIVLBENRI W, WEOMCHE
BEFHGOENE A, 5 (X2 =1.367, p=0.30-0.20).
NzoWHEEHED I b —RoOBOMEELILT, *
D HSBIEENMEE, 3BEHEIMH 1BEEIMHI2
nEhE L Twi.

1B00m KoM HEBRREELARIZIEZIDEH 2145
(22.9%) 12BN BEEEAH & 50, 1801 —2000m £ TO KA
WRR20%F, 54 (26.0%) IZHMR AR HL N, Z
O EHROMIZEEEEN L 2 (X2 =0.013, p=
0.95-0.90). # 5131400 mR{#iHE &, 1401 — 2000 m F &



TABLE 3 NUMBER AND PERCENTAGE OF SUBJECTS WITH OPHTHALMOLOGIC ABNORMALITIES
OF ONE OR BOTH EYES, BY SEX AND COMPARISON GROUP

#3 —RELZGHMBIIBREOS 3HBENS L UHEE: 4 - ot
. Visual Pigmented Spots Persistent Pupil- Persistent Hya- Lenticular
COE:_I::]‘:SO" Sex Examined Disability or Nevi of Iris  Jary Membrane loid Artery Opacities
" % R, 18 1 b sSTRERAN il FL. B3¢ ik 7% B T 0 AR i b TR S S
o Number # %  Number % % Number # % Number # % Number ¥ %
Group 1 Male 3 42 9 21.4 7 16.7 5 11.9 5 11.9 6 14.3
W1 Female % 39 10 256 7 17.9 4 10.3 2 5.1 6 15.4
Total 3t 81 19 23.5 14 17.3 9 11.1 7 8.6 12 14.8
Group 11 Male % 57 11 19.3 9 15.8 8 14.0 5 8.8 9 15.8
AR Female # 46 14 30.4 6 13.0 4 8.7 3 6.5 5 10.8
Total 3t 103 25 24.3 15 14.6 12 11.7 8 7.8 14 13.6
Group 111 Male 5 44 14 31.8 6 13.6 1 2.3 3 6.8 2 45
o B Female % 38 13 34.2 6 15.8 0 0.0 1 2.6 4 10.5
Total it 82 27 32.9 12 14.6 1 1.2 4 4.8 6 7.3
Significance Test 1/11 0.002 0.089 0.014 0.003 0.0005
R 111 1.367 0.062 5.302+ 0.417 1.631
2
x 1/11 1.291 0.038 6.090%+ 0.242 1.270
* Significant 0.01<p<0.05 ** Highly significant p<0.01
i EhHTHE

TABLE 4 NUMBER AND PERCENTAGE OF GROUP I SUBJECTS WITH VISUAL DISABILITY,
BY DISTANCE FROM HYPOCENTER

4 WIWoOBRNEEERS LU RO, 60BN
Distance m Total Visual Disability R 77 it 77
S it Number # %
<1800 61 14 22.9
1801-2000 20 5 25.0
Total # ¥ 81 19 23.5

TABLE 5 NUMBER AND PERCENTAGE OF GROUP I SUBJECTS WITH OPHTHALMOLOGIC ABNORMALITIES
OF ONE OR BOTH EYES BY DISTANCE FROM HYPOCENTER

#5 —MREAIHBICBEOSSE I HEMEEH S L OHEE: BOH2 5 o RREER
Visual Pigmented Spots  Persistent Pupil- Persistent Hya- Lenticular
Distance Examined Disability or Nevi of Iris lary Membrane loid Artery Opacities
g ™ B S b RGN il LR 2R B 100 R G A B i IR
Number ¥ % Number ¥ % Number # % Number ## %  Number ¥ %
< 1400 24 5 20.8 4 16.7 4 16.7 2 8.3 5 20.8
1401-2000 &7 14 24.6 10 17.5 5 8.8 5 8.8 T 12.3
Total  #t 81 19 14 9 7 12
x? 0.006 0.053 0.417 0.136 0.417
Significance Test df 1 1 1 1 1
B P 0.95-0.90 0.90-0.80 0.70-0.50 0.80-0.70 0.70-0.50
Significance 5 % 2 No % L No % L No % L No % L No % L




groups within 1400m and between 1401-2000m from the
hypocenter. Again, there is no significant difference in
the prevalence between both groups( X *=0.006, p=0.95—-0.90).

Table 6 shows the prevalence of visual disability in
Group I, by trimester of pregnancy ATB. No significant
difference was found between the lst and 3rd trimester
of pregnancy (X* =0.541, p=0.50—0.30).

Visual Acuity Table 7a shows the mean visual acuity as
recorded for the least effective eye. Although the mean
visual acuity of Group IIl in both sexes was less than
that of other groups, no significant differences were
noted among comparison groups. The mean visual acuity
was less in females of each group than in males, but no
significant difference was noted.

As shown in Table 7b, there was evidence of a significant
difference in the mean visual acuity of both sexes combined
between the 1st trimester component and the 3rd trimester
component in Group I (t=2.54, df=51, p=0.02-0.01).
In Group I, however, for the mean visual acuity of both
sexes combined, no significant difference was noted
between those within and beyond 1800m nor between
those within and beyond 1400 m.

Heterochromic Spots (Pigmented Spots or Nevi of
the Iris) Hyperchromic spots and nevi of the iris as
illustrated in Figure 1 were noted in one or both eyes,
but no case could be considered segmental iris hetero-
chromia. The size, shape, color and number of the
pigmented spots or nevi of the iris were not part of the
present study.

One girl in Group I had hypochromic pigmentation of
one part of the iris, but this could not be defined as
definite segmental iris heterochromia (Figure 1).

As shown in Table 3, of 41 subjects with heterochromic
spots in the iris, 8 had bilateral involvement and of these 4
were in Group I. There appeared to be no significant
difference in the prevalence of heterochromic spots of
the iris between sexes. Although abnormal spots were
found more frequently in Group I than in Group ILI, the
difference was not significant( X *=0.062, p=0.80-10.70).

As shown in Table 5 and 6, prevalence in Group I did
not differ by distance from the hypocenter or by trimester
of pregnancy ATB.

Persistent Pupillary Membrane and Persistent Hyaloid
Artery Persistent pupillary membrane and persistent
hyaloid artery were seen unilaterally or bilaterally and
were of various shapes but the majority were as described

DROMAMEELRLTCVS A, WEMICEEESEN
Lo (X2 =0.006, p=0.95-0.90).

FZOREIBHPORBMMCI LR OMERLT L CVAS
A, B LAEIRAR (AT B L, S LIRMN (B B oM
I HBEN o7 (X2 =0.541, p=0.50-0.30).

Bh BT (a)FRNOFHOMROEERNETRLT
Wi, BOHOHLLLTHRNAFMOBLY 4S5 T
whtp, FEZRALDLA LA L. BHELEZRD
FHEBEAOAFBREVEE s T APFERED LAY
o 2o

T (b)IZART LI, BI#HO I LIEENBEOB L
AEburEAOFERD LRGN O TSR L O
LHEENF H- /- (t=2.54, df =51, p=0.02-0.01).
LA U LB &0 T1800 m kiR £ 1801 — 2000 m 3 &
OMIZE £ 221400m RiGFF & 2 N LEOF L OMIZIEP
HRDCEEEZIFIhFh B o .
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ZOMBMBEIZL A D> 7

EIMOLR 1 HIcFEo—E 12 Hypochromic 7% 4 35 HE
MdH o L L IR T S ERIDRR BRE TR 4
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RINLHRTLIIAIBIHEEAHIFBDHL N, 203
LBHZOAIMRIIBDSNE, ZO8 KP4 IEE]
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Blhghot, BN TEIRICIVELREH
FRONEIPEEZT L, (X2 =0.062, p=
0.80-0.70).
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in Figure 1. Even mild cases showing a group of iris
pigment deposits on the anterior surface of the lens
were included as persistent pupillary membrane.

Cases with persistent hyaloid artery and persistent
pupillary membrane were reexamined by slit-lamp bio-
microscope. The prevalence of these abnormalities is
shown in Table 3. No case of persistent pupillary
membrane was found among females in Group IIL.

Of 41 subjects with these persistent abnormalities, only 7
were affected by either one in both eyes.

Th o fon KafRORT Mz SR I E TR AT H L
Pk AEELLOTEMILMORE L L 2.

T F R B Rl 2 5 0 O e L RS T D RE AR + ~< T AT
FHEMETEREEANS ChCOBREOHEIXE3
ZA L. MABEZREENHOLRzREMmE sy
bl - g

41 % o) il FU R 7 & 7= 12l TR B IR 47300 5 s A,
MBI ZNOORFEHIFBOSRAZOEFNEHT BIZTE
7;' Fal - 7=

FIGURE 1 ILLUSTRATION OF OPHTHALMOLOGIC FINDINGS
1 IREHER TR
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No difference was found in the prevalences of these
deformities between sexes. The prevalence of these
abnormalities in Groups [ and ITis higher than in Group III.
A difference considered to be significant was found in
the prevalence of persistent pupillary membrane between
Group 1 and Group III (X*=5.312, p=0.05-0.02). A
highly significant difference also was noted between
Group IT and Group IIT (x2=6.904, p<0.01). However,
no difference was found in the prevalence of persistent
hyaloid artery between Group I and Group III ( x2=0.417,
p=0.70~-0.50)and between Group IT and Group I1I( ¥ *=0.242,
p=0.70-0.50).

MF
Male %
MF 151073
Male B
Slit lamp
AR AT

INGOREOME I L3RI L 5, 2
NOOREOBELIIETH, BIWISBOFLIOLE,
oo MALBEEBROEREGEIHEENH L OMICFRESE
Ad o (X2 =5.312, p=0.05-0.02). F7/, HI#
EENMFEOMIZEELOTHEBLEAN RBSNA (X2 =
6.904 , p<0.01). LA URSFIREIIRIETR OB 22 W
Tk, FIMEBNHEOMz (X =0.417, p=0.70-
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TABLE 6 NUMBER AND PERCENTAGE OF GROUP I SUBJECTS WITH OPHTHALMOLOGIC ABNORMALITIES OF
ONE OR BOTH EYES BY TRIMESTER OF PREGNANCY

£6 —IREAEFERCEEOHSH I HERENS & OHE: HEIEHH
Visual Pigmented Spots Persistent Pupil- Persistent Hya- Lenticular
Trimester Examined Disability or Nevi of Iris lary Membrane loid Artery Opacities
1 45 ) ¥ T KR % W b MPREKE Tl LR it 2 B - 1 0 iR 3 2 & R
Number ¥ % Number # % Number ¥ % Number ¥ % Number 1 %
1st i 6 30 9 30.0 7 23.3 5 16.7 2 6.7 4 12.3
2nd et 28 6 21.4 4 14.3 2 7 3 10.7 2 7.1
3rd #1m 23 4 17.4 3 13.0 2 8.7 2 8.7 6 26.1
Total ~ # 81 19 14 9 7 12
Significance Test 1/2 Wi/ 0.019 0.121 0,503 0.163 0.117
Ll 3 W/#% 0541 0.354 0.194 0.061 0.676
2/3 H % 0.00004 0.047 0.101 0.062 2.144
TABLE 7 MEAN VISUAL ACUITY
£7 TFHERN
Mean Visual  Standard
Category Subjects Acuity Deviation
[E872 Al T30 R b 1R 2
a. Sex and Comparison Group Male 3B I 42 20/42.7 60.8
% - EEERR 1l 57 20/39.9 49.4
111 44 20/54.5 64.4
Female * I 39 20/49.3 62.1
i 46 20/53.1 61.4
1 38 20/57.7 67.1
b. Group I by Trimester and Trimester 1st  #1i4 30 20/62.3 75.2
Distance from Hypocenter A R 2nd PN 28 20/39.1 50.2
BB BEEN - 3rd B 23 20/23.0 15.2
B h s DOERERICH
fam Distance <1800 61 20/42.6 58.5
FikE 1801-2000 20 20/43.7 57.5
m
<1400 24 20/44.1 62.3
1401-2000 57 20/43.1 55.8

TABLE 8 NUMBER AND PERCENTAGE OF SUBJECTS WITH LENTICULAR CHANGES

BY COMPARISON GROUP

#8 ARKEBHOH I WHENS & OHE: i
Posterior Subcapsular
Comparison Group Total Opacities Cortical Opacities Total
Hoae 3 HC HEETRS BB &
Number ¥ % Number # %
1 81 9(5) 11.1 47 4.9 12
1 103 8(5) 7.8 (1) 6.8 14
111 82 3(3) 3.7 3 3 6
Significance Test I/11 0.272 0,032
HE M I/ 3.571 Suggestive TWHEER 000027
(0.05<p<0.10)
x: TI/111 0.741 0.372

Parentheses, cases with posterior subcapsular vacuole.
t One case with posterior subcapsular polychromatic sheen.

1T I 2 BERRIFRBL AL,

(VI EBETIIERE AT 2 EARE R



TABLE 9 OTHER CONGENITAL OPHTHALMOLOGIC ABNORMALITIES,
BY COMPARISON GROUP

£9 ZFoMBoERERT: LR

Comparison Group Total Nystagmus [ Strabismus £}
s BAELH  Number % % Number # %
I 81 1 12 2 2.5
Il 103 1 1.0 0 0
I 82 0 0 1 1.2
Significance Test I/11 0.297 0.787
R RE 1111 0.000037 0.00011
2
X TI/11 0.013 0.013

In Group I, no significant difference was found in the
prevalence of these abnormalities by distance from the
hypocenter or trimester of pregnancy (Tables 5 and 6).

Lenticular Opacity (Including Vacuoles) Of the lens
opacities and vacuoles found unilaterally and bilaterally by
ophthalmoscopic examination, those lenticular opacities
due to trauma, secondary cataract, senile changes and
generalized disease were excluded from the analysis.
Lens opacities were reviewed by slit-lamp biomicroscopy,
but the size, number, and characteristics were not
considered in this study. Bilateral lenticular opacities
were noted in only 6 of 30 cases. As shown in Table 3,
no difference in the prevalence of lenticular opacities
was found between two distance groups (Groups I and II),
however, the prevalence of lens opacities is higher in
Group I than in Group III(X *=1.631, p=0.30-0.20).

As Table 5 shows, in Group [ lenticular opacities were
more frequently noted in children who were within
1400 m than among those between 1401-2000m. However,
the difference was not significant. As shown in Table 6,
although the observed prevalence of lenticular opacities
was higher in the 3rd trimester group than in the other
two trimester groups, tests against the groups individually
show that the differences are not statistically significant.

The lenticular opacities were classified according to the
part of the lens as shown in Table 8. The posterior
subcapsular opacities were more often seen in children
among Group I than in Group III, and a suggestive but
not significant difference was found between these two
groups(X *=8.571 p=0.10-0.05). All lenticular vacuoles
appeared in the posterior subcapsular area. There was
no significant difference in the prevalence of lenticular
cortical opacities between Group I and the other groups.

Other Congenital Ophthalmologic Abnormalities As
shown in Table 9, one case of congenital nystagmus was
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noted in Group I, and one in Group II. The mother of
the patient in Group I also had nystagmus. In Group I,
two cases had strabismus, but one case had cerebral
palsy. No case was noted in Group II. There was no
difference in the prevalence of these congenital abnormalities
between the three comparison groups.

DISCUSSION

In Japan the national average prevalence of visual
disability (myopia) among high school students(16-18 years
old) is 32.8% in males and 34.4% in females.'” In the
present study also, visual disability was more frequent
among females. However, the prevalence in Group I
and Group II is lower than the national average, and
only the prevalence in Group IIl is similar to the
national average.

In the 1954 study, the prevalence of visual disability was
significantly higher in 16-19 year-old subjects who were
within 1800m from the hypocenter than in persons of
the same age who were beyond 1800 m.” In the present
study, no such difference was observed between these
two distance groupings, however, the subjects of study
were different. Those in the former study were 7-10 years
old ATB while those in the present study were in utero.

The prevalence of visual disability was greater in this
study than in the 1958-59 survey. However, as in the
previous survey there is no evidence of significant
difference in visual disability and mean visual acuity
between the comparison groups. Also, as in the previous
survey,” in Group I the mean visual acuity of both sexes
combined in the 1st trimester component was significantly
poorer than that of the third trimester component because
the mean visual acuity (20/200) of the females who were
in the Ist trimester of gestation and whose mothers had
acute radiation symptoms was significantly less than
that (20/48.9) of females whose mother had no such
symptoms (t=3.27, df =29, p=0.01—-0.001).

Segmental iris heterochromia was not found among
Group I. This is consistent with the report that children
exposed in utero to radiation do not have increased
frequency of heterochromia iridis.* However, the number
of subjects in the present study was insufficient for a
definitive conclusion.

In Nagasaki, the fetal, neonatal, and infant death rates
were significantly elevated among those who were exposed

in utero.'*

This is one factor limiting the number who
might have developed segmentary discoloration of the
iris. The many subjects available in Hiroshima offer

better opportunity for resolving this problem.
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The prevalence of heterochromic spots or nevi of the
iris in the present study (15%-17%) is markedly higher
than in other studies in Japan (3.8%)."
due to the difference in diagnostic criteria chosen for

This may be

heterochromic spots or nevi of the iris.

Persistent pupillary membrane and persistent hyaloid
artery were more frequently found in Group [ and Group II
than in Group III. These abnormalities are thought to be
caused by the delay of absorption and disappearance of
the fetal pupillary vascular membrane and hyaloid artery
during the fetal period and it might be speculated that
exposure to the atomic bomb is a parameter related to
these effects.
at no greater frequency in Group I than in Group II

However, these abnormalities were noted

who presumably would not have been affected by irradiation
from the atomic bomb. In addition, among Group I, no
difference is noted in the prevalence of these abnormalities
by distance from hypocenter or trimester of pregnancy.

This suggests that the delay of absorption or disappearance
was related to factors other than radiation; a possible
cause being the effects of poor nutrition of the mothers
who experienced the atomic bomb. At that time the food
situation in Nagasaki was extremely unfavorable and the
nutrition of mothers is considered to have been extraordi-
narily poor. This could have had considerable effect on
the fetus causing delay of absorption and disappearance
of the pupillary vascular membrane and hyaloid artery.

The hypothesis that development of minor ophthalmologic
malformation was due to poor maternal nutrition would be
consistent with the report that most cases of stillbirth,
neonatal death and most children with congenital malfor-
mation are born of mothers whose nutrition was extraordi-
narily poor during pregnancy.'® Animal experiments
indicate that ophthalmologic malformation and other
congenital deformities are caused by nutritional and

. . ; w ; 17
vitamin deficiencies.

Lenticular opacities including small vacuoles were found
more frequently in Group I and Group II than in Group III,
but no significance was noted in the prevalence of lenticular
opacities between these comparison groups. In Group [,
it might be expected that lenticular opacities would be
significantly increased in the group within 1400 m as with
the radiation cataract study, but there was no difference
between this group and those beyond 1401 m. Thus, it
may be that fetal eye development also was affected
more by the mother’s unfavorable nutritional situation
ATB than by any special effect of the atomic bomb. A
conclusive study could only be made in Hiroshima where
a larger study sample is available.
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SUMMARY

An ophthalmologic study was conducted from August 1963
to March 1964 on 266 children who were in utero at
the time of the atomic bomb.

Visual disability was more frequently noted in the children
whose mothers were not in the city at the time of the
bomb, but no differences were noted by sex or by distance
from hypocenter for those within the city. In the group
within 2000 m, no differences were found by distance
or trimester of pregnancy.

Segmental iris heterochromia was not seen, but hetero-
chromic spots or nevi of the iris were found in 17 % of the
subjects. No differences were noted by sex and com-
parison group.

Persistent pupillary membrane and persistent hyaloid
artery were more frequently noted in the within-city
groups. A difference considered statistically significant
was found in the prevalence of pupillary membrane
between the within-city and the not-in-city groups.
However, in the group within 2000 m the prevalence did
not differ by distance and trimester of pregnancy.

Lenticular opacities including small vacuoles were more
frequently found in the within-city groups, but no statisti-
cally significant differences were observed between
those within 2000 m and those not-in-city at the time of
the bomb.
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