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INTRODUCTION

The effects of irradiation on the developing fetus have
been demonstrated experimentally in animals' and micro-
cephaly and mental retardation have been reportedz'5 in
children whose mothers received therapeutic pelvic
irradiation during early pregnancy. Several reports
concern children who were in utero at the time of the
atomic bombs in Hiroshima and Nagasaki.ﬁ'w Some of
these studies have shown an increased incidence of
microcephaly'' ¥ and significantly smaller mean head
.14 among children exposed in utero
near the hypocenters as compared with those exposed at
greater distances or not in the cities at the time of the
bombs (ATB).

circumferences

The largest group of microcephalic children in Hiroshima
was reported in 1956 by Miller.'® Of the 169 children
examined, 33 had head circumferences of at least 2
standard deviations (SD) below the mean and 15 were
considered mentally retarded. These observations were
made in 1954 or earlier when the subjects were less
than 9 years of age.

Fetal irradiation resulting in abnormally small heads and
mental retardation has received much less attention in the
literature than the relationship with neoplasia. Because
Miller’s findings on growth and development and mental
achievement were based essentially on a single examination,
without substantiation by later observation, there have
been some reservations regarding that earlier study.
The present study has been made utilizing data from the
subsequent annual examinations for the same group of
subjects to reevaluate and extend the earlier ohservations.

METHOD

As part of the program to evaluate the long-term effects
of irradiation, children who were in utero ATB have
annual examinations at ABCC near their birth date.
Those being followed include some who were at all stages
of gestation and located at varying distances from the
hypocenter, and some who were not in the city ATB.
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Initially, complete radiation exposure, gestational and
medical histories were taken, followed by interim histories
at subsequent examinations. At each visit the subject
received a physical examination, complete blood cell count,
differential cell count, hematocrit determination, urinalysis,
stool examination for occult blood, ova and parasites,
roentgenograms of the chest and left wrist (the latter for
bone maturation), anthropometric measurements, and any
other tests which seemed clinically indicated. At some
examinations, visual acuity, vital capacity and psycho-
metrics were measured.

By 1954, from the selected group of 191 in utero subjects,
169 had been examined at ABCC. To date, 183 (all but
eight) of these subjects have been examined. In addition,
current mortality data are available for the entire sample
of 191 subjects. Of those still alive, more than 80% have
had one or more examinations between 17 to 19 vears of
age: the others were last examined during their mid-teens.
The one exception is a girl who has moved away and
was last seen at 8 years of age. Her head was extremely
small and mental retardation was marked at that time.
Recent correspondence with her parents and private
physician confirmed that these conditions persist.

Table 1 shows the distribution by gestational age and
distance from the hypocenter of those examined. The
random distribution of the not-examined subjects is apparent.
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TABLE 1 IN UTERO SUBJECTS EXAMINED BY DISTANCE FROM HYPOCENTER

%1

AP ITIN T 32 34 B - ROEE R

Distance 2 B m

Weeks Gestation 4 i 38 [if

0-15 16-25 26-40

01200 11 6 7
Never seen 2% #

1201-1500 25 24 22
Never seen 2 ¥ # 1
1501-1800 22 20 26
Never seen R ¥H 1 2 1
1801-2200 20 0 0
Never seen % ##H 1 &

Total sample + ¥ 7L & ¥

Seen by 1965 19654 £ T 128 % L 2

The anthropometric norms used for comparison in this
study were derived from a group of 350 Hiroshima
children who were in utero and located between 3000-
4999 m from the hypocenter ATB." Beyond 3000 m the
dose to the mother is estimated to be less than 1rad.'
For comparisons below 15 years of age the same norms
as employed by Miller were used.'”
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Mental retardation was diagnosed only if the subject was
unable to perform simple calculations, to carry on a
simple conversation, to care for himself, or if he was
completely unmanageable, or had been institutionalized.
The results of psychometric tests (Koga, Goodenough,
Bender-Gestalt) were usually available at earlier ages and
usually corresponded with the clinical impression of
mental retardation, but alone were not considered suf-
ficient evidence for that diagnosis at present.

RESULTS

Of the 183 children examined, 33 had head circumferences
at least 2 SD below the mean for their age and sex, or
were mentally retarded. There were 14 subjects with
head circumferences 3 SD or more below the mean: of
these, 13 were within 1500 m from the hypocenter and
10 were at <15 weeks gestation ATB. Head circumfer-
ences of 17 children were between minus 2 and 3 SD:
of these, nine were within 1500 m and 14 were at <15
weeks gestation ATB,

Of the 15 mentally retarded children, 10 had head sizes
3 SD or more below the mean. Three children had head
circumferences 2 SD or more below the mean; one was
between minus 1 and 2 SD; and one was within 1 SD of
the mean. The latter child was at 22 weeks gestation
and 1750m from the hypocenter ATB. However, she
suffered a severe episode of Japanese B encephalitis
during infancy. Of the other 14 retarded individuals,
11 were within 1200 m, two were between 1200-1500m,
and one was at 1624m from the hypocenter ATB. Of
the retarded subjects 11 were at 7-15 weeks gestation and
the remaining four were at 21-25 weeks gestation ATB,

Table 2 demonstrates the occurrence of small head size
and mental retardation by distance from the hypocenter.
Almost half of the subjects within 1200m had head
circumferences 2 SD or more below the mean, and were
retarded mentally. Beyond that distance the percentage
of subjects with small heads decreases rapidly and the
occurrence of mental retardation is even more strikingly
reduced. Of the 88 patients beyond 1500m only two
were mentally retarded and one of these had had
encephalitis during infancy.

By gestational age, most of the cases and the highest
percentage of individuals with small head size and mental
retardation are found within the group who were at <15
weeks gestation ATB (Table 3). None of the 55 subjects
who were in the third trimester of gestation are retarded.
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TABLE 2 HEAD SIZE BY DISTANCE FROM HYPOCENTER
#2 FAOKES : EHREENT)

: A Head Size
Distance Examined minus 2 SD or more Retarded
BERE T 2 WaokszHhSDo HIHE AE i R
m 2Ll B EVH

0-1200 24 11 11*
1201-1500 12 12 2
1501-1800 68 24+
1801-2200 20 0

* One child with head size minus 1 S
INIE LFEHAOKE 2HISD X E GRE
** One child with normal head size had Japanese B encephalitis during infancy
OB IHGROKRE ERERTHSABRF I AREOMEN 5 5
TABLE 3 HEAD SIZE BY GESTATIONAL AGE
3 IR ES TR
3 Head Size
Weeks Gestation Examined minus 2 SD or more Retarded
T 4558 ) B 5 A B WOiEEHSDO SITE S 5 U2
2fELLEDE VR
<15 78 25 11
16-25 50 3 4
26-40 55 3 0

* One child with head size minus 1SD. One child with normal head size had Japanese B encephalitis

during infancy
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When gestational age and distance from the hypocenter
are considered simultaneously, the incidence of adverse
effects is found to decrease for those who had been of
later gestational age and at greater distances from the
hypocenter ATB. This is illustrated in Figure 1 where
the number of subjects examined is the denominator, the
number with head circumferences 2 SD or more below
the mean is the numerator and the retarded subjects are
represented by individual dots. Of the 11 children
within 1200m who were also at less than 15 weeks
gestation ATB, nine have small heads and eight are
mentally retarded.

Both the 1954 and 1965 evaluation of each subject who
was considered abnormal at either of those years is
illustrated in Figure 2. (Abnormal as used here indicates a
head circumference of at least 2 SD below the mean, or,
mental retardation). The heavier lines represent the
subjects for whom there was some difference between
the 1954 and 1965 evaluations. There were 33 subjects
considered abnormal in 1954 and three were added by
the present study. All 36 had been seen during or
prior to 1954; i.e., none of the new cases were found
among subjects whose initial examination was after 1954.
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By the current evaluation, 30 of the 33 previously reported
cases are abnormal, and three considered normal in 1954
are now also abnormal, making a present total of 33
subjects with small head size or mental retardation.
Eight of these children have ‘gained” 1 SD in head size
and three are 1 SD smaller. It is of note that no child
had a change in relative head size which was greater
than 1 SD. The mental evaluation for four subjects is
different. Two considered to be normal in 1954 are
retarded and two previously thought to be retarded are of
normal intelligence. One of the latter is now a second
year. student in a good Japanese university, the other is
a barber.

Figure 3 shows the growth curves for head circumference
of control children and children with small head sizes.
They are based on data for members of the sample under
study who were selected randomly, requiring only availa-
bility of sequential head circumference measurements.
Depending on the degree of ultimate limitation in head
growth, the lower curves may be slightly more or less
steep but generally parallel those of their normal peers.
This would indicate that head circumference continues to
increase at near the same rate in children with either
small or normal sized heads. IFor both groups there
tends to be a cessation or slowing of head growth at
about 16 or 17 years of age and slightly earlier in girls
than boys.
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FIGURE 1 HEAD SIZE BY DISTANCE AND GESTATIONAL AGE
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FIGURE 2 HEAD SIZE COMPARISON BY YEAR, 36 SUBJECTS
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Two of the 15 mentally retarded children were born
prematurely. One of the 18 subjects with a small head
size but not mental retardation was born prematurely.
Two of the mentally retarded girls were mongoloid, one
of whom had bone marrow and peripheral blood cultures
revealing trisomy 21. The other died of drowning
before cytogenetic studies were made. Clinical, patho-
logical and miscellaneous data related to these and the
following findings are shown in Tables 4 and 5.

The average age of the mothers at the time of the
delivery of these 33 children was 28.7 years. For the
not-retarded children the average maternal age was
27.0 years, and for the 15 mentally retarded subjects
was 30.8 years. The average maternal age for the 13
retarded children excluding the two mongoloids {maternal
age 44 and 45 years), was 28.7 years.

Among the mentally retarded children, nine of the ten
with smallest heads (minus 3 SD or more) were at least
2 SD below the mean in height, as also was one of the
remaining five mentally retarded children. Only one of
the 18 notretarded subjects with head circumference
more than 2 SD below the mean was also more than 2 SD
below the mean in stature.

Besides the conditions and abnormalities already discussed,
other significant diagnoses are noted. Among the 15
mentally retarded children there are four with strabismus,
one with high myopia and microcornea, three with
nephritis or urinary tract infection, one with epilepsy
and one with congenitally dislocated hips. Among the
18 not-retarded children with head circumferences 2 SD or
more below the mean there are two with renal disease,
three with myopia, four with one of the following:
Hepatitis, funnel chest, congenital dislocation of the hips,
and congenital absence of several phalanges of the right
hand. Among the 150 examined children who have
normal intelligence and normal head size. one had a
psammoma of the brain removed in 1954 and is now
healthy except for right sided hemiparesis. One patient
has biopsy-proven juvenile cirrhosis with hepatosplenomegaly
and leukocytosis, one has hypospadias and one has

severe congenital glaucoma. Three subjects had congeni-

tal syphilis which was adequately treated and in whom
no sequella of the disease remains; one patient with
pulmonary tuberculosis in 1963 was treated and the
disease is now inactive; two have nephritis, one developed
syphilis in 1963 and refused treatment. Generally,
there is one patient for each of the above diagnoses;
however, diagnoses are not mutually exclusive and
within each group one patient may be represented by two
or more of the listed conditions.
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TABLE 4 IN UTERO SUBJECTS WITH SMALL HEAD CIRCUMFERENCE
#4  FHEOPECHRABES

Gestation Weeks
& i 58 )

_— R
EALEES 1 Term HERATBEMSBE

Master File g
Number x

Distance

Maternal
Age

1954

1965

Head Size* Retarded Head Size* Height*

HBROER AOKEE HMEEN

fiokzz &HE

Remarks

U

Fx

F %

M5

F%x

Fx

M3

Fx

M3

F%&

F %

M5B

M5

M5

M5

F %

40
40
36
40
42
40
40
40
40
39
40
34
41

40

10

1213

15

21

10-11

10

24-25

13-14

13

11

22

22

Associated with Mental Retardation, 1965 Evaluation

725

790

900

920

950

1030

1050

1160

1210

1481

990

1200

1624

976

1750

HEEEH OB S0 5 (1965FE M)

24

25

24

24

24

23

27

-3

Yes i

Yes #

Yes #

Yes #

No %

Yes #i

Yes #

Yes

Yes #

Yes B

Yes #

Yes %

Yes #

Yes A

=3

-3

-3

o

Epilepsy

TABRA

Strabismus, Congenital dislocated hip, Polio. Died 1952
W, EREBMEKEE, KAFWHE, 19524 105C
High myopia, Strabismus, Microcornea

SIEOEWR, FHE, K

Strabismus, Nephritis
i, B

Died 1953. Primary carcinoma of liver

1953 F L. [ BB AT B A

Drowned 1951. Mongolism, Strabismus
19514 ¥4 FE, M 4E, #HR

Mongolism. Trisomy 21

WEE. BEARFBoRBEo Y v i —

Died 1958. Tuberculosis: pulmonary, peritonitis, spine
19S8EESE . i, BB, HHO&H

Nephritis

R

Japanese B encephalitis, Age 4. Now recurrent
urinary tract infection

4 REOREICH AR R, R R A S

*Standard deviation from mean

TR A 5 o B (R



TABLE 4 CONTINUED # 4 %t %

Cestation Week
Master File Sex S&;;nim 1 ;
Number T

Distance
FiN 3

m

Maternal
Age

B m o Kk

= HIGENE

Head Size* Height*
ok % X

Py

Remarks
it &

LEALARD #  Term i b ATB ki tees

F % 40 6
F & 40 11
M3 40 13
M % 40 32
F % 40 14-15
F & 40 9
F % 40 10-11
M 5 40 14
M B 41 8
F % 40 16
F % 40 7-8
M B 40 13-14
F & 40 7
M® 10 4-5
F %« 32 4
F % 40 7-8
M5 36-40
M5 40 32

Associated without Mental Retardation, 1965 Evaluation
HAUEB ORGSO H(1965FE N E)

1070

1224

1436

1230

1270

1270

1300

1320

1370

1500

1520

1650

1660

1720

1780

1760

1780

25

oo
o

45

21

23

38

30

23

-3

(5

No

i

Yes 44

Yes #i

No

No

No

N!)

No

No

No

No !

E

-3

-3

Congenital dislocated hips
ERERMBKA

Myopia congenital. Absence of several phalanges
right hand R FHEH. HFREMOFFA XM

Hernia. Nephritis
Azt BR

Acute pyelonephritis, Shigella dysentery, 1963
SHEWRT £, 19634 (20

Myopia and Funnel chest
e & W

Hepatitis, Age 15
153& DiF (2 BT %

Coloboma of iris and myopia
L2 REE & &k VSRR

* Standard deviation from mean

EE A 5 o PR X



TABLE 5 IN UTERO SUBJECTS WITHOUT RETARDATION OR SMALL HEAD SIZE WHO HAD SIGNIFICANT
ABNORMALITIES OTHER THAN INFECTIOUS DISEASES

%5

MRS & UVNAD RS BRI AN BIRE T, BRIMERELMORELRE s bR o H)

Master File
Number

AEyRES

Gestation Weeks Distance

Sex 4538 1) e,
B Term i ATB HME

Diagnoses and Comment

B L URE

M 5 38 35 1170 Hepatosplenomegaly and leukocytosis. Still alive. Biopsy 1958. Juvenile cirrhosis
FRIEAS S UCAMRM 2. £HFh. 1958 24 M, HEEIFELTE

M 5% 40 26 1180 Congenital syphilis-treated early. Congenital glaucoma - four operations
ERMEME - PMEREZ. EFREBEAM - 4 B0 R

F %« 40 37-38 1350 Physically healthy. Died 1965. Suicide
fRFE. 19654EFELC. B

M % 37 12 1411 Psammoma of brain-removed 1954, Now healthy except for right sided
hemiparesis jxgbpE - 19544 B, 45180 RR#E 1L 712 B0 46 SR

F % 18-19 1450 Sacral meningocele with hydronephrosis and pyelonephritis. Died 1954
FHES L UHRERE ARG, 194ERE

M5 41 38 1730 Hypospadias
HGE

M # 40 13-14 2200 Died 1950, High fever and convulsions
1950SEFE LS. W%k b & O 4

Of the entire group of 191 subjects, seven have died; of
these, six were within 1500 m from the hvpocenter ATB.
Within the group of 15 retarded children, there have
been four deaths; one mongoloid of drowning, one of
acute poliomyelitis, one of tuberculous peritonitis, and
one of primary carcinoma of the liver. The other three
deaths were in subjects with normal intelligence and
head size and the causes were fever and convulsions,
meningocele and pyelonephritis, and suicide.

DISCUSSION

Twenty years after the atomic bomb in Hiroshima this
evaluation of a group who were in utero ATB suggests an
effect of limitation of head growth sometimes associated
with mental retardation. The increased occurrence of
small head size and mental retardation can not be attri-
buted to any known variable other than proximity to the
hypocenter, and children who were at <15 weeks gestation
ATB seem to be most susceptible. These findings are
consistent with those in animal experiments, are in
agreement with the observations of Miller, and correspond
with the reports of microcephaly and mental retardation
among children born to women who received therapeutic
irradiation while pregnant.

There are a few differences bhetween the current and
previous evaluations but generally both have led to the
same conclusions. This study suggests that clinical
evaluations of an individual at an age before physical or
mental maturity has been reached can be reliable and fore-
cast accurately future physical and mental development.
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It has been suggested that retardation of growth among
these children may be a transient factor which would be
compensated for by a later period of accelerated growth. '’
These data disprove this. Children with normal or small
head size tend to have an increase in head circumference
at about the same rate and a cessation or slowing of
head growth at about the same age. Indeed, between the
ages of 9 and 20 years no child was observed to have a
relative change in head circumference of more than 1 SD

A subject in early childhood with a head circumference
measurement significantly below the mean (minus 2 SD
or more) is likely to have a head this relatively small as
an adult. There is also a possibility that he will be
mentally retarded. In this series more than 40% of the
children with a head circumference of minus 2 SD were
mentally retarded. O’Connell et al recently observed a
large series of children with reduced head size (minus
2 SD), where almost all were adjudged to be mentally
subnormal. '*  Differences between their series and those
reported here may be real, or may be because the
observations here were made at later ages. Some of the
differences are probably related to the use of different
criteria and terminology. Nevertheless, these studies all
indicate the significance of head circumference measure-
ments as an important index in clinical evaluation.

The children with abnormalities of both head size and
mental ability, especially those with the smaller head
size (minus 3 SD or more from the mean) have heights at
least 2 SD below the norm for their age and sex. This
retardation of stature growth is generally not seen
among subjects with similar limitation of head size hut
who are not mentally retarded.

Because of the small numbers and the sporadic occurrence
of significant medical entities, no specific conclusions
can be drawn concerning other diagnoses. However,
there is some suggestion of a higher rate of noninfectious
diseases or development abnormalities among the children
who are mentally retarded and have a small head,
especially those with minus 3 SD head circumferences.
The not-retarded subjects with reduced head size seem to
have less illness and those with normal intelligence and
head circumference +1 SD have the least. It is evident
that for whatever the reasons, the chance of death by
20 years of age is greater in those subjects with small
heads and mental retardation (4:13) than in the remaining
group (3:178). This disparity in mortality rate is also
observed between subjects within 1500 m(6:98) as compared
to those at 1500-2200 m (1:93).
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SUMMARY

A study was made hy Miller in 1954 of children who
were in utero and within 2200 m from the hypocenter at
the time of the atomic bomb in Hiroshima. These earlier
observations have with few exceptions been validated by
this follow-up of the subjects at 20 years of age and the
value and accuracy of clinical evaluation in early childhood
is clearly indicated. The following conclusions are made:

Both small head size (circumference minus 2 SD or more)
and mental retardation are most closely related to
maternal exposure within 1500 m from the hypocenter,
and a gestational age of less than 15 weeks;

Both small and normal size heads tend to grow at about
the same rate, stop growing at about the same age, and
maintain about the same relative differences in size;

Stature growth is significantly limited in children with
small head size and mental retardation but not in children
with only small head size;

Mortality is higher among the mentally retarded group
and for those who were exposed within 1500m from
the hypocenter.
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