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EDLTOR'S NOTE
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The ABCC Bilingual Technical Report series began in 1959 In
order that manuscripts which have never been published or are
avallable only in one language may be made a matter of record
for reference purposes, the 1959 series is being kept open
and items will he added from time to time,

19594 4 5 HHMY I L3 ABCCEBBEENRREMB LA, ZhETIIR
Taxhhho B, XE—FOBEELATCERIWAZLOE, BEALBRL TS
HIC190FEREE O ICHEREEME v 3,

THE ABCC TECHNICAL REPORT SERIES
ABCC u@EHEE

The ABCC Technical Reporis provide a focal reference for the work of the Atomic Bomb
Casualty Commission. They provide the aunthorized bilingual statements required to
meet the needs of both Japanese and American components of the staff, consultants,
advisery councils, and affiliated governmental and private organizations. The reports
are designed to facilitate discussion of work in progress preparatory to publication,
to record the results of studies of limlted interest unsuitable for publication, to
furnish data of general reference value, and to register the finished work of the
Commission. As they are not for bibliographic reference, coples of Technical Reportis
are numbered and distribution is limited to the staff of the Commission and to allied
selentific groups.
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OUTCOME OF‘ PREGNANCY IN WOMEN EXPOSED

TO THE ATOMIC BOMB IN NAGASAKI

BEBCETI2RRBRAEOEERERR

JAMES N. YAMAZAKI, M. D,
STANLEY W. WRIGHT, M. D,
PHYLLIS M. WRIGHT, M. D. ¥

Investigation on animal fetuses and clinical
studies of postconception pelvic irradiation have
demonstrated a damaging effect of radiation upon
the development of the fetus.'™ This paper
presents a report of investigations being made on
the effects of the atomic explosion on feiuses of

women who were in Nagasaki on Aug. 9, 1945.

COLLECTION OF DATA

A. Patient Selection. This study was conducted
in Nagasaki during the first half of 1951. On the
basis of information obtained from the pregnancy
records of the genetics program, lists were made
of all women who, at the time of the explosion,
were of childbearing age (for the purposes of this
study, 17 to 50 years of age) and were residing in
Nagasaki. A home investigation was done by trained
personnel to determine if the mother had been
pregnant at the time of the bombing. Conception
was considered to have occurred two weeks after
the last normal menstrual pericd.

Since the traumatic and radiation effects of the
bomb have been found to be maximal within a
2,000 meter radius,’® women within this area who
were pregnant at the time of the explosion were
selected to compose the radiated group. From a
total of 1,774 women of childbearing age who
survived within the 2,000 meter area, only 98
women were found to have been pregnant on Aug.
G, 1945. This group of irradiated mothers was
further divided into (1) those mothers who had one
or more “‘major’’ diagnostic signs of radiation

injury, i. e., epilation, purputa and petechiae, and

TiORRIBBI T ATIE, & X RO T
DESRATITEL, IR ORE R LEGHRAS IR
PEh s B C LRI L. TORWIL, 10455
8 B 9 A ERCHE Lici ADRRIRICH -+ 5 TR
DESEC-OW T e AEOBMET TH 5.

" 8 0o % &

A. BEOEIN o OTSER151E PRI Rl C
=g a b, ERAOTIER ORI A, BATFL
PR PRI &, IRRNCIERRTAR R (RTECE
T, 17503 & Lie) b= TRECEEL T,
FERASEITOWT ¥ A R AMERL S, RIS,
AR LT tam 2 5 2 WIET 5 b itk R Rl
T REC L ARERES T ishhi, R
BoEw Ao Bk b0k L.

ETHRmos ks L o BB 2R 2,000
mEL TR CH 2 foh BVEBRRFRFIER LT o
X P OB A B A CHIBSTRY fsE Liz. 2,000

Reprinted, with additions, by permission from the
A. M. A. American Journal of Diseases of Children
April 1954, Vol. 87, pp. 448-463 Copyright, 1954,
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Department of Pediatrics, University of California
Medical Center.
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oropharyngeal lesions and (2) those who had no
evidence of radiation disease, or only “‘minor’’
signs. t

In selection of the control group, 4,000 to 5,000
meters was considered to be a distance sufficiently
remote fron the hypocenter so that only minimum
effects of the explosion cccurred.’? In selection of
the area from which the control group was drawn,
due regard was given to the “fall-oui’® area where
radioactive fission products from the bomb were
said to have fallen.s® Furthermore, in order to
ensure maximum comparability, selection of the
control group was based upon consideration of such
factors as age distribution and similarity of popula—
tion groups (nonrurural. population). In the control
area, 1,774 women of childbearing age were chosen
at random, of whom 113 were found to have been
pregnant on Aug. 9, 1945. Traumatic injuries in
this group were limited to a few instances of minor
glass cuts ; no cases of flash burns or radiation
sickness weré encountered. Figure 1 indicates the
age distribution of the control and irradiated groups

of mothers.

B. Maternal History. Detailed pregnancy records
and medical histories were obtained from the
mothers in both groups. Clinical and experimental
studies concerning the environmental factors affect—
ing the development of fetuses were considered in
obtaining the medical histories.®¥

The medical histories were taken by Japanese
physicians who were familiar with the effects of
the atomic bomb. Questionnaires were designed to
consider the traumatic, thermal, and radiation

effects with regard to time of onset, duration, and
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+ Of the symptoms commonly encountered in the syndrome of 1adiation sickness, epilation, purpura
and petechiae, and oropharyngeal lesions are generally considered to be the most reliable evidence of
radiation injury and are designated in this study as “major’* diagnostic signs. Malaise, vomiting,
fever, and diarrhea, which are frequently manifestations of radiation sickness, may occur with many
other illnesses. Considering the sanitary conditions which prevailed in the city immediately following
the explosion, these latter symptoms are considered of “minor importance in diagnesing radiation

disease.
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Fig. 1.~ Age distribution of pregnant women at Nagasaki.
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severity. All of these histories were reviewed by
American pediatricians at the time ‘of interview
with the mothers. Information on shielding was
obtained, but sufficiently detailed data for quali-
tative or quantitative evaluation could not be

gathered.

Serological tests for syphilis were performed
whenever the history of findings indicated, i. e.,
if the pregnancy terminated abnormally, if the
offspring was found to possess any defects, or if

fetal, neonatal, or infant death had occurred.

C. Pregnancy Termination. The following defi-
nitions were used to define fetal, neonatal, and

infant mortality. 292

(1)} Abortion. The spontaneous expulsion of a
conceptus at the 20th ‘week of gestation or
earlier (no therapeutic abortions had been per—
formed on any of the mothers)

(2) Stillbirth. Fetal death prior to the complete
expulsion of the fetus from its mother after
the 20th week of gestation
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{3) Neonatal. Death death occcurring within

one month after the birth of the infanf

(4) Infant death. Death occurring after the
first month and during the first year of life

(5) Child morbidity. This term is reserved in
this study for children who were found to be

mentally retarded on clinical examination

If any pregnancy terminated abnormally or fetal
or infantile death later ensued, details surrounding
the incident were obtained. For all postnatal deaths

a postmortem history was obtained.

Those children who had been fetuses in utero
at the time of the bombing and were still residing
in Nagasaki during the period of this investigation
were seen at the Commission’s clinic, where a
medical history was taken and physical and

ophthalmological examinations were performed.

The cldest child at the time of the examination
was bl years, and the youngest was 4 years and
8 months. Anthropometric measurements were
taken. Laboratory studies on every child included
the following : urinalysis, total red and white cell
count, hemoglobin determination, differential count,
platelet count, sedimentation rate, and blood
typing. Serological tests for syphilis were per-
formed. Examination and cultures of the stools for
ova and parasites were performed. X-rays were

taken of the chest and of the hand for _bone age.

Assessment of the child’s developmental level
was attempted fellowing, in general, the motor,
language, and social behavior levels outlined by
Gesell for American children,® these standards
having been considered applicable by the Japanese
pediatricians. The mother’s evaluation of the child
compared to siblings and other children in
the neighborhood was also considered in the

assessment.

PRESENTATION OF DATA

1 . Incidence of Radiation, Traumatic, and Thermal
Injuries Among Radiated Mothers Within 2,000
Meters from the Hypecenter
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Table 1.- “Major*’ Radiation Signs in Mothers According to Distance from Hypocenter

1 WEREERN RIS [E2E | Bk

; Major Radiation Signs
Distance from Hypocenter, M. | No. of Mothers U R With Signs
R M (m) ZEAeE Present %% |Not Present L RS (%
0— 500, i, 1 1 100
501-1,000. . ccuiiiiiiriniianiannns, 8 3 5 37.5
1,001-1,500 i 34 19 15 55.9
1,501-2, 000 cveereesuvrenrsvaeeecnnns 55 7 48 12.7
Totals B wvervirrieeinieiiiarinnnns 98 30 68

A. Radiation Injuries. Of the 98 mothers within
2,000 meters, 30 developed one or more *“‘major*’
signs which have heen generally considered as
reliable evidence of radiation injury, i. e., epilation,
ocropharyngeal lesions, purpura, and petechiae.
This group of mothers is referred to henceforth
as mothers with ‘““major'’ radiation signs. The
remaining 68 mothers had either no signs or only
“minor’’ signs. This group is referred to henceforth

as mothers without *‘major’’ radiation signs.

Surveys of large numbers of exposed persons in
Hiroshima and Nagasaki have shown that the
development of radiation signs is a function of
distance from the hypocenter.3»"? Table 1 indicates
the incidence of “‘major’® radiation signs among the
98 irradiated mothers according to distances from
the hypocenter. Four of the nine mothers within
1,000 meters had one or more “major” radiation
signs. The highest incidence of radiation signs
occurred in the group within 1,001 to 1,500 meters
(5625), and the incidence dropped in the 1,501 to
2,000 meter group to 12.79%. Fllrthernlore, the
greatest number of women without radiation signs
were in the 1,501 to 2,000 meter area. It can also
be noted that in the group of 30 mothers with
“‘major’’ signs, 23, or 779, were within 1,500
meters of the hypocenter, whereas in the group
of 68 mothers without “major signs, only 20. or
292, were in the same area. Within the 1,000
meter radius, where the mortality rate approached

9993,% the relatively low incidence of radiation
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signs in the few survivors can probably be

accounted for by effective shielding. +

B. Traumatic Injuries. Trauma was reported
in two—thirds of the 30 mothers with *‘major’’
radiation signs (Table 2). Injuries to the extrem-
ities occurred in 11 mothers ; 2 of these pregnancies
terminated in fetal deaths. Inj;lries to the chest
or abdomen occurred in nine mothers, with three
fetal deaths.

Among the 68 mothers whe did not show “major’’
radiation signs, 29.495 had injuries. No fetal deaths
occurred in this group, but a comparative eval-
uation of the severity of the wounds was not

possible,

C. Thermal Injuries. Within 2,000 meters, only
4 of the 98 mothers gave a history of severe flash
burns. One mother at 1,300 meters received ex—
tensive flash burns, and these required eight
months to heal. The infant born to this mother

died at 2 months of age of *‘congenital weakness."’
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Table 2.- Relation of Maternal Trauma to Fetal Death

2 FHROAMEEIRROTEET X DRI

No. of

Trauma

No. of |Trauma {0 p, o

Chest or Trauma| TFetal

Group of Mothers, 0-2,000 M. Fetal Fetal
0—~2,000m  fEHRE g;ﬁlgg Extremity | Deaths_ lg;?f;?;ﬁlﬁ Deaths 4 (g}/}) Pyeaa;élé—
‘ Pl DA A R TR TR e IR EFETEL i oS,
%Dﬂé}l (/0
“Major’’ radiation SIgNS.......ccovrvianns 30 2 9 3 66.7 16.7
[ ] BHEEEROS B LD
No ““major’’ radiation signs...... e 68 0 9 0 29.4 0

I8 | BB RO b D

Three other women had less extensive flash burns
of the extremities. Another received fire burns of
one extremity at 700 meters, The low incidence of
butns among these mothers was undoubtedly a
factor in determining their survival, since burns
incurred within 2,000 meters were usually severe
enough so that when combined with radiation

injuries, death ensued.’?
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Table 3.— Fetal Morlality Among Irradiated and Control Groups

#£3  RIESHRES L OHERRC B RO

No.of | No.of | No of | Fetal
Group iz Conceptions| Abortions | Stillbirths H”‘B;?Ell‘_lj
=z & it RE FEOME X HL'(%)
0-2,000 M., “major’”’ radiation SIENB e rrnrrrrnnrrrsrrernes 30 3 4 23.3
0~2,000m [ % | BHEEERCHL LD
0-2,000 M., no “‘major” radiation signs.........ccceveerrene 68 1 2 4.4
0~2,000m [ B | WEHEEERO - LD
4,000-5,000 M., controlS..cicuuecerieiieie e ireirereenens 113 2 1 2.7
4,000~5,000m  xHiEFH

I . Pregnancy Terminations Among Irradiated and
Control Groups with Reference to Fetal, Neonatal,
and Infant Mortality and Child Morbidity Rates.

A. TFetal Mortality (Table 3). 1. Irradiated
Women Within 2,000 DMeters and with “Major”
Signs of Radiation Disease, i. e., Epilation, Purpura,
and Petechiae, or Oropharyngeal Lesions: Of the
30 mothers who were within 2,000 meters and
who developed major radiation signs, 3 aborted
spontaneously, 4 delivered stillborn fetuses, and 23
gave birth to living infants. The three abortions
all occurred at the height of the radiation illness
between the fourth and fifth weeks following the
explosion of the bomb. Petechiae, purpura, or
tendency to bleed from the mucous membranes was
present in all three mothers. One mother incurred
mederate  first and second-degree flash burns.
Traumatic injuries to the extremities or chest and
abdomen occurred in two of these three mothers,
but its importance is difficult to evaluate, since
the abortions did not occur until four to five weeks

after the trauma.

Three of the four stillbirths occurred within the
two weeks immediately following the explosion.
The deliveries occurred before the development of
the radiation illness which, however, when it did
develop was moderately severe. Significant trauma
to the abdomen and other parts of the body was
said to have occurred in two of these three
mothers. The fourth dead fetus was born nearly

half a year after the explosion to a mother who
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also experienced trauma but, in addition, developed
renal disease with generalized edema duwing the
pregnancy. This mother again developed the same
clinical condition in two subsequent pregnancies
which terminated in two normal infants. In 1851

she was found to have developed diabetes.

2. Irradiated Women Within 2,000 Meters and
Without “Major*’ Signs of Radiation Disease: Of
the 68 mothers who were within 2,000 meters and
did not develop “major’’ radiation signs, there was
1 abortion and 2 stillbirths ; the remaining 65
infants were live-born. No definite cause for the
abortion could be found. One stillbirth was the
result of a difficult manual delivery from a trans—
verse position. The other stillbirth was a macerated
fetus, born two months after the explosion. The
mother was about 8 meters within the entrance
to an air raid shelter, 1,150 meters from the
hypocenter, and did not develop ‘“‘major’’ signs of

radiation.

3. Control Women (4,000 to 5,000 Meters from
Hypocenter): Of 113 pregnancies in the control
group, there were 2 abortions, 1 stillbirth, and 110
living infants. The cause of the abortion in one

instance was unknown. In the second instance, it
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Table 4.— Fetal, Neonatal, and Infant Mortality and Child Morbidity Rates According to
Stage of Gestation Among Irradiated Groups (0-2,000 Meters)

Fd  WIBHEE (0~2,000m) istT BITHRBREIRING, HERS JUHAMGEIETR, Wi

N
“Major’’ Radiation Signs No “Major’’ Radiation Signs
[FE | e EROH DL O TEEE | BEHEEERO LV ©
Trimester Neonatal and Neonatal and
of Pregnancy |y con- Fetal Infant Child | 6. Con- Fetal Infant Child
1R W lce-ﬁ 0‘;‘; Mortality | Mortality |Morbidity ool " | Mortality Mortality |Morbidity
Gl [IFRTERBTE S £ OV NEERR gy MR AT RS £ O MERRER
" (% 3T (%) o (% )| FLEhIRFE LR (%>
(%) (%)
| . 10 30 0 10 12 8.3 16.6 8.3
| T 10 30 20 20 27 3.7
| 10 10 40 10 29 3.4 3.4
Totals F[ 30 68

(8



may have been due toan infectious process in the
mother, inasmuch as an ‘‘exudative pleurisy” was
diagnosed on the fifth postpartum day. A difficutt
delivery from a foot presenfation was thought to
have been the cause of the stillbirth, since fetal
movements had been felt on the day prior to

delivery.

4. Summary of Fetal Mortality in Irradiated and
Control Groups: The fetal mortality among the
irtadiated and control groups is indicated in Table
3. Among the group with *“major” radiation signs,
there was a 23.3% fetal loss, All of the seven
fetal deaths occurred among 19 mothers who were
in the 1,001 to 1,500-meter areas (Table 1). Fetal
mortality in the irradiated group without ‘“‘major”
signs and in the coatrol group was much lower,

4,495 and 2.7%, respectively.

Fetal loss accerding to the stage of gestation at
the time of the explosion is shown in Table 4. It
will be noted that in the irradiated group with
“major’’ signs the fetal losses are greater in each
trimester, 302, 30%, and 104, as compared (o
the losses in the mothers without *‘major’’ radiation
signs, where the losses were 8.3%, 3.7%, and
3.4%5, respectively. Data on the control group of
mothers have been omitted, although the mortality
rates were considerably lower than for the irradiated

groups.

B. Neonatal and Infant Mortality (Table 5).

1. Mothers Within 2,000 Meters and with “*Major’’
Signs of Radiation: Of 30 conceptions in this
group, 7 terminated in fetal deaths, and 23 infants
were live-born. Among these there were three
neonatal and three infant deaths. The following
causes were given for the neonatal deaths: pre-
maturity, “‘congenital weakness” with failure to
nurse adequately, and melena associated with
hematemesis. Two of the neonatal deaths occurred
in infants born in August, 1945, shortly after the
explosion.

The three infant deaths which occurred in the
second and third months of life were due to ex—

foliative dermatitis with epilation, omphalitis with
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sepsis, and ‘‘congenital weakness.” The mother of
the infant with exfoliative dermatitis developed
severe radiaticn illness which continued for a month
after the birth of the infant, in early September.
The mother’s serology was negative in March,
1951. The skin lesions in the infant developed
toward the end of the first month of life,
beginning with an erythema which progressed into
an exfoliative dermatitis. Epilation is also said to

have occurred in this infant.

Wb AR ORERICIE, 9 AR A B HUAE IR
B2iBlbh, ChRIGHERD 15 BRFR L. 1951
42 3 Qs 5 T o BB o MR IS R TH -
ie AROEMFEEILAE®RI Ao EIZEY,
RLBER - ChhE D, PREEFRCET L. oD
FULC B b > 7 £ 0 = L TH B,

Table 5.— Necnatal and Infant Mortality Among Irradiated and Control Groups
F£5 HIRHEES XUREECET A ERE X ORSRELE

Group  #

0-2,000 M., “‘major’’ radiation Signs.......c...reeeeceeees

0~2.,000m [ 7 | BUHEtIERDH 5 L D

0-2,000 M., no “*major’’ radiaticn SIENS.....ceeveeerenenss

0~2,000m [ =3 | BuHiEtERO L -H O

4,000-5,000 M., cONtrolS...ccicvuveirinenvrincnnrinreneanenns

4,000~5,000m  3HEE

Moty | Yool | atent | Mottty
WA IEIET | FLShAEFET (%
23 3 3 26.1
65 3 0 4.6
110 1 3 3.6

* Mothers of living infants: stillbirths and abortions excluded.

LR OPHEL, TERESS X UVEREIA Lo

The mother ¢f the infant who died of *‘congenital
weakness’ was in her fifth month of pregnancy
at the time of the bombing and received extensive
flash burns of the face, chest, and extremities

which required eight months to heal.

2. Mothers Within 2,000 Meters and Without
“Major’’ Signs of Radiation Disease: There were
3 fetal deaths among the 68 pregnancies in this
greup. Amoeng the 5 live-born infants, there were
3 neonatal deaths. A premature separation of the
placenta resuited in the birth of one infant in the
36th week of gestation who survived for only 36
hours. The second death cccurred in an infant who
developed a generalized maculopapular morbilliform
rash which persisted until death. Serological tests
for syphilis performed on the mother were strongly
positive in March, 1951, The third infant died

after cne week of life from undetermined causes.
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3. Control Group (4,000 to 5,000 Meters from
Hypocenter): Among 113 pregnancies in the control
group there were 3 fetal deaths, and in the remain-
ing 110 live-born infants there was one neonatal
death and three infant deaths. The neonatal death
occutred on the 20th day in an infant who
developed a skin rash and seemed to ““waste away.”
The mother’s serological tests for syphilis were
strongly positive. Respiratory infection caused the

deaths of three infants.

4. Summary of Neonatal and Infant Mortality
in the Irradiated and Control Groups: Neonatal and
infant losses for the three groups of mothers are
summarized in Table 5, There is a high neonatal
and infant mortality in the group of mothers
with “‘major” signs of radiation disease (26.1%),
as compared to the group without “‘major’” signs
(4.625) and the controls (3.6%).

A comparison of neonatal and infant loss accord—
ing to stage of gestation is shown in Table 4, It
will be noted that for the group with “‘major’
radiation signs the losses were 095, 2095, and 40%
for the three trimsasters, respectively, and for the
group without “major” signs, 16.6%, 0%, and

3.4%5, respectively.

C. Child Morbidity Among Irradiated and Control
Groups (Table 6).

1. Mothers Within 2,000 Meters with “Major®
Signs of Radiation Disgase: Of 30 conceptions in
this group, there were 7 fetal deaths and 6
neonatal and infant deaths. Of the 17 children who
survived infancy, one child died of ‘‘dysentery™
at 24 vears of age. The following observations
were made on the 16 remaining children, who
were between the ages of 4-8/12 and 5-6/12 years
of age at the time of clinical examinations: 12
were mentally normal, while 4 were found to have
varying degrees of inental retardation. All four
were noted to be relatively retarded in their
physical development. The mothers of these
children had been 850 to 1,150 meters from the
hypocenter,

Moderate to severe impairment of speech was
noted in these children. Two had never talked by

the age of 5 years ; speech was incoherent in
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Table 6.— Child Morbidity Among lrradiated and Control Groups

#6  HBHER I OWEERRIT S NEERE
Alive and
Mental |Normal Child
G e Mothers ™ | Retardation | after 1 yr. Loss,
roup i £ 3 | in Chiid of Life ™
WERE HBRIFHIC (%)
it B EEE
0-2,000 M., “major’”’ radiation signs.......cccoviviiiinnne 16 4 12 + 25.0
0~2,000m [FEE | FHEEEROSH D LD
0-2,000M., no “*major”’ radiations sSigns.....cc.ccoeceenees 60 1 5g++ 1.6
0~2,000m [ 9 | BuastERO -3 0
4,000-5,000 M., controlS...cicciciimiriiminrincinninrinnnaes 106 0 106 § 0
4,000~5,000m  %fEE ’

* Includes mothers whose children were alive at time of examination.

MAEFHCEFE L O NEo SR &

+ Nystagmus, corneal opacity, and pupillary membrane in one chlld

1 B/ NI HE, AR L oRRILIN
++ Urinary incontinence in one child.

LB pRIZIREEES b
§ Unilateral cataract in one child.

L BRI HIREMEDS D

another ; and in the fourth, speech was intelligible
only to the immediate family.

At the time of the bombing, three of these
niothers, including the mother of one microcephalic
idiot, were in the first half of pregnancy, and the
fourth was in the 36th week of gestation, the
cffspring of whom was a spastic child. In addition,
one child, mentally normal, was found to have
a corneal opacity associated with a pupillary
membrane and nystagmus ; the mother of this child

also had nystagmus.

2. Mothers Within 2,000 Meters and Without
“Major’’ Radiation Signs: Of 68 conceptions in
this group, there were 3 fetal deaths and 3 neonatal
deaths. Of the remaining 62 infants who survived
the period of infancy, 2 died of respiratory disease
There

was one mentally retarded and spastic child, whose

at the age of 2 and 3 years, respectively.

performance level at the age of 5 years was that
of a 2—- to 3- year-old. The mother of this child
had been pinned under the fallen timbers of her
home. She was able to extricate herself from the
debris,
were recalled. However, she sustained contusions
of her head and Another child had

urinary incontinence, and intravenous pyelegram

and no visible injuries of the abdomen

shoulders.

studies of the genitourinary fract revealed a

&b
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pressure defect against the Dbladder ; the cause
was not determined. The mother’s sérologica] test

for syphilis was positive.

3. Control Group (4,000 to 5,000 Meters) : In
the control group there were 113 conceptions, of
which 3 terminated in fetal deaths and 4 as neo-
natal or infant deaths The remaining 106 children
were living and were examined in clinic ; all were
found to be mentally normal.

The only abnormal finding in children of the
control group was a unilateral cataract in one

child, the eticlogy .of which was not determined.

4. Summary of Child Morbidity and Anthropo-
metric Measurements for the [rradiated and Control
Groups : The child morbidity rate in the irradiated
and control groups is shown in Table 6, The
incidence of children with mental retardation was
25.0% (four cases) in the irradiated mothers with
““major”’ signs. This is considerably higher than
in the irradiated group without ‘“‘major’’ signs
and the control group, where the rates were 1.6%
(one case) and 02, respectively.

Child morbidity according to the stage of gesta-
tion was higher in the irradiated group with
“major”’ signs, 10%, 20%, and 10% for each
trimester, as compared to the irradiated groups
without “major*’ signs, where the incidence was
8.3%, 0%, and 0%
trimesters, respectively (Table 4).

for the first, second, and third

3. AEEE (4,000~5,000m), IATHC #vTik
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Table 7.~ Mean Height, Weight, and Head Circumference of all Children Examined

KT SEREOTHEER, (il oW

Mean Head
Mean Height Mean Circum-—
No. of 4+ S. D., Cm.| Weight, kg. ference

Group B Children EhLE Ei +8.D., Cn
PROK (HEEERE | & B | FHIEN
Cem) Chy) | LELHE{H2E

Cem)
0-2,000 M., “major’’ radiation SignS........cceeeereeennns 16 98.6 15.0 47.18
0--2 000m rizgj e RERO H D 4o + 3.29 + 2.08
0-2,000 M., no ““major’’ radiation Signs............e..... 57 * 102.6 16.8 49.50
0~2,000m [HIE | JRAHERHEIRO e\~ b D + 4.28 + 1.42
4,000-5,000 M., cOntrols.....cciuuuirmeieeiieicrrnsaernnes 96 + 101.56 49.08
4, 000"‘-’5 000m 3 [EsE + 4.64 + 1.15

* Three of the 60 children did not receive anthropometric measurements.
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+ Ten of the 106 children did not receive anthropometric measurements.
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The mean height, weight, and head circum~—
ference of the children examined in clinic*is shown
in Table 7. The mean height of the 16 children
born to mothers with ““‘major’’ radiation signs was
98.6 cm. The observed difference in mean height
between the control and ‘“‘major’’ radiation signs
group is 2.9 cm., and the probability of observed

difference being due to chance is less than 0.01.

The mean weight in the groups was as follows :
15 kg, in the children whose mothers had “major’”’
radiation signs and 16.8 kg. in the children whose
mothers had no “major” signs ; the ratio of height
to weight in each group, including the control

group, remained unchanged.

In Figure 2, the height and weight measurements
are indicated for children born to mothers with
and without “major’’ signs of radiation. It can be
seen that children born to mothers with ‘‘major”
signs represented by open circles on the figure,
are definitely retarded in their growth and develop-
ment. Three of the five lowest circles represent

children who were mentally retarded.

The mean head circumference of children born
to mothers with “major™ signs was 47.18 cm.
and for children of mothers without “‘major’’ signs,
49.50 cm. The mean circumference in the control
group of children was 49.03 cm. The observed
difference between the group with “*major” signs
and the control group was 1.85 cni, and the
probability of the observed difference being due

to chance is less than 0.01.

The head circumference of the three groups
is shown graphically in Figure 3. The head
circumferences of the four children with mental
retardation were 41.7 cm., 44.3 cm., 46.5 cm., and
46.7 cm., respectively ; accounting for the four
smallest measurements in the group of children

whose mothers had ‘““major” radiation signs.

COMMENT AND INTERPRETATION

As an aid in evaluating this study, a brief
review is presented of some of the pertinent

literature concerning the effect of radiation on
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Fig. 2.— Height and weight of children in utero within 2000 meters of atemic bomb
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animals and human fetuses and the biological effect

of radiation on tissues. Experimental, studies on

"irradiated mammals, particularly rodents, have

revealed reduced fetzl and postnatal viability, as
well as skeletal and visceral malformations. =18
Organs at critical stages of development have been
shown to be highly susceptible to a relatively low
radiation dosage, whereas with high dosages,
abnormalities could be produced at any stage of
development, #7-%1" In addition, viability, the
degree of retardation of growth, and the type of
abnermality were determined by the dosage and
the stage of fetal development,? Wilson noted, in
addition to skeletal and visceral maiformations in
irradiated mice fetuses, structural abnormalities
in the liver manifested by absent or reduced
hematopoietic activities and aésocaited with a high

meoertality rate. ?

The effect of radiation on the brain merits
particular attention. The radiosensitivity of the
neuroblasts in the embryo nervous system is in
marked contrast to the radioresistance of the adult
nervous system. Rat embryos exposed to radiation
on the ninth day of gestation developed tumor-like
growths in the brain, which microscopically
consisted of closely packed masses of cells of the
developing neural tube. Wiih larger dosages,
200 to 600 r, Hicks produced acute neerosis of the
rapidly growing parts of the brain, spinal cord,
and retina in rat and mice fetuses.®® Radiation
damage was most severe in the area in which rapid
growth was occurring. For example, at birth or in
the immediate postnatal periods the outer cerebellar
cortex, where growth is most rapid, was damaged,
and the spinal cord, where the rate of cell multi-
plication has decreased, was spared. There is,
however, evidence that growth rate alone is not
the only factor in etermining cellular radiosensi-
tivity. Enzyme inhibitors, especially those that
simulate radiation reactions by interfering with
sulfhydryl enzymes, have been used to produce

brain malformations in rat and mice fetuses.®

Little attention is given in the literature to the
exact cause of the postnatal death of offspring of

irradiated animals. The associated findings of
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anemia, diarrhea, hemorrhagic tendencies, weight
loss, and abnormal nervous phenomena seem to
jndicate that death was due to direct radiation

damage of vital tissues. *

Studies of pregnancy terminations in women
who have had pelvic radiation have yielded valuable
information concerning the effect of radiation on
the human fetus.®** Mayer and co-workers
reported that a single dose of 3601 to the center
of the uterus caused a therapeutic abortion in the
majority of cases.® Murphy and co-workers®™
15,22 noted that pelvic radiation of pregnant
women resulted in a high incidence, 37% (28 of
the 75 children) of mental or physical abnormalities
in the offspring. Nineteen of these chidren were
microcephalic  idiots. Eye defects, including
blindness due to optic atrophy or chorioretinitis,
strabismus, nystagmus, retinal pigmentation, and
congenital cataract, were noted. Fifteen of these
19 children had received radiation in the first or
second month of gestation. The occurrence of
microcephaly in four children irradiated after the
fifth month of fetal development indicates that
even in the late stages of pregnancy the fetus is
vulnerable to the effects of radiation. There is
little doubt that a distinct relationship exists be-
tween postconception radiation and the cccurrence

of mental defects in the offspring.

In addition to the direct effect of radiation on
the developing fetus, radiation injury to maternal
tissues may also exert an indirect effect upon fetal
growth and development.3%4—##5 Radiation may
cause cellular injury or death of maternal tissues
by the formation of strong oxidizing agents or
through inhibition of sulfhydryl enzymes. Death
of maternal tissues may result in the formation of

toxic products injurious to the fetal tissues.

Hemorrhagic phenomena in the irradiated mother
resulting from damage to the vascular endothelium,
destruction of platelets, or formation of heparin-
like anticoagulants could adversely affect the fetus
or placenta. =354 Fetal anoxia due to placental
changes, or possible severe maternal anemia may
cause irreparable damage to the fetus. '’
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Radiation-induced gastrointestinal and oropha—
ryngeal lesions could enhance the already lowered
nutritional status of the mother because of
anorexia, and maternal nutritional deficiencies
have been shown to cause fetal malformation in

animals, 3-%

Some aspects of the body response to radiation
have been attributed to adrenal involvement and the
‘“stress mechanism.'’ Adrenal cortex enlargement
has been demonstrated during the early stages
following radiation.? However, as the illness
continues signs of adrenal exhaustion may occur,
and a clincal picture compatible with adrenal
insufficiency results. This is similar to the body

response to other forms of stress.!®

The efficiency of the placental barrier in protect—
ing the fetus from maternal sepsis may be altered
due to the capillary damage from radiation.
Maternal infection becomes possible via ulcerated
epithelial and gastrointestinal surfaces, Experimen—
tal evidence that this may occur is found in the
high incidence of bacteremia in mice subjected to

a lethal dose of irradiation. 33

During the early stages following radiation, the
maother is particularly vulnerable to infection due
to decreased hematopoietic activity, interference
with the immune mechanisms, lowered nutritional
status, and the presence of ulcerated epithelial
surfaces. These serve to increase the possibility
of fetal infection. In addition, the efficiency
of the placental barrier in protecting the fetus
from maternal sepsis may be altered due to direct

capillary damage.

It is difficult to correlate information that has
Leen obtained through controlled animal experi-
ments and careful observation of human subjects
with the results of this study in which so many
factors, directly or indirectly ralated to the bomb,
could have had an adverse effect upon the fetus,
Considerable difficulty is encountered when one
tries to assess the relative importance of traumatic,
thermal, and radiation injuries, inadequate nutri-

tional intake, maternal infection, and severe psychic
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disturbances, any of which would increase the
hazards to the fetus. Clinical deseriptions of
postnatal deaths were at times vague, and
pathological material was completely lacking. The
authors are hesitant about allowing too liberal
interpretation of these data, and have in general
directed the following discussion to what must be
considered as the “‘over-all”’ effect of the atomic

bomb explosion upon the mother and fetus.

It is apparent from the data presented (Table 3)
that when mothers received sufficient radiation
to cause epilation, purpura or petechiae, and
oropharyngeal lesions, their fetuses in turn had a
significantly higher prenatal mortality (23.3%
when compared to fetuses of mothers who did not
develop “‘major’’ signs of radiation (4.4%) or
who were beyond 4,000 meters (2.7%). Among
the seven fetal deaths, six occurred within a five-
week period following the explosion and in each
instance was associated with definite radiation
illness in the mother. All of the seven fetal
deaths occurred in the 19 mothers who were in the
1,001 to 1,500 meter area (Table 1)}, In contrast,
there were only two fetal deaths among 15 mothers
who had no ‘“‘major’’ signs and were within the
same area. The data suggest strongly that
radiation, either directly to the fetus or indirectly
through ifs effect on the maternal tissues, was of
considerable importance in determining the inci—
dence of fetal death in mothers with ‘‘major”

radiation signs.

Comparing mothers with “major’’ radiation signs
and those without “‘major’ signs, those mothers
in the first trimester show little difference in the
fetal mortality, since the numbers of cases are
small. However, in the second and third trimesters,
there is a definite increase in the fetal mortality

rate among the group with “major*’ signs{Table 4).

Neonatal and infant mortality was again signi-
ficantly higher among infants born to mothers
with “major” signs of radiation (Table 5). All
of these six postnatal deaths occurred prior to the
fourth month of life, and five of the six deaths

involved infants whose mothers were in the 1,001
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to 1,500 meter group. Although some of the
diseases are similar in symptomatology, e. g.,
weight loss, hemorrhagic tendencies, (o that
occurring in offspring of irradiated animals, the
clinical descriptions were not definite enough, and
pathological data were lacking. Nevertheless, there
is suggestive evidence that radiation may again

have had a damaging effect upon the fetus.

There is a significant increase in the neonatal
and infant mortality of mothers with ‘‘major’’
signs who were in the second and third trimesters
when compared to mothers without “major’” signs
(Table 4). As the numbers are small, significant
differences do not exist between the two groups

when exposure occurred in the first trimester.

In the group of 16 mothers with *“‘major’’ radi-
ation signe whose children survived to the present
time, there were four instances of mental retar-
dation, an incidence of 2595 as compared to 1.6%
and 0% in the mothers without *‘major’’ signs
and in the control groups, respectively (‘Table 6).
Three of these mothers were 1,001 to 1,500 meters
from the center of the explosion, and the fourth

was 850 meters.

In view of the work of Murphy and co-workers,
it seems not unreasonable to assume that radiation
played an important role in the etiology of these
conditions. 12 Qpne mother was exposed in
the first trimester, two in the second trimester,
and one in the third trimester (Table 4). The
latter child was a spastic, which is of interest in
the light of IHicks' observations on the marked
susceptibility of the cerebellum in rats and mice

irradiated at or near term.

The anthropometric measurements (Table 7)
revealed that children of mothers with “major”
signs were significantly smaller in hkeight and
head circumference as compared to children of
the contr¢l group. The height--weight ratio within
each group was unchanged. This finding is similar
to animal experiments in which retardation of
bone growth has been observed in irradiated rat

fetuses.
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SUMMARY

A study has been made of the outcome of
pregnancy in women who were pregnant at the
time of the atomic bomb explosion in Nagasaki.
Among 30 mothers with one or more ““major’?
signs of radiation, i. e., epilation, oropharyngeal
lesions, purpura, or petechiae, who were within
2,000 meters of the hypocenter, there were 7 fetal
deaths (23.4%),
(262,
among 16 surviving children (25% ). The over—all

6 neonatal and infant deaths

and 4 instances of mental retardation

morbidity and mortality is approximately 602 in
this group of mothers, This is in sharp contrast
to the group of mothers without *‘major’” signs
but within 2,000 meters, where the over-all
mortality was only 102, and in the control group,

where it was about 6% .

In the second and third trimesters there is a
significantly greater fetal, neonatal, and infant
mortality among the mothers with *‘major’’ signs
when compared to the mothers without “‘major’

signs or the control group.

The mean height and head circumference of
children born to mothers with “major’’ signs was
significantly smaller than in those children born

to mothers in the control group.

It is difficult to evaluate the effect of radiation
on this mortality and morbidity, since other
factors, such as traema, burns, infections, etc.,
may have a deleterious effect on the fetus. The
evidence strongly suggests, however, that radiation
either directly to the fetus, or indireectly as a
result of its effect on the maternal tissues, was
of considerable importance in determining the

outconie of these pregnancies.

ADDENDUM

Since the completion of this study, Pluumer
has investigated the health of 205 children in
Hiroshima who had been expesed to the atomic
explosion during the first half of intrauterine
life (Pediatrics 10 : 693, 1952). Seven of the 11
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children who were exposed within 1,200 meters
of the hypocenter had mental retardation. All
seven of these children had mean head circum-
ferences below 45 em., in contrast to 171 normal
exposed children whose mean head circumference
was 48.6 £ 1.3 cm. Only one case of mental
retardation was noted among the remaining 194
children, and this child was exposed between
2,500 and 3,000 meters.

Among the }1 exposed mothers, 7 had definite
symptoms of epilation or purpura, and of these, 5
had children with mental and physical retardation.

Shielding may have been effective in preventing

fetal injury among the remaining four mothers,

whose infants were normal.

This study represents the combined efforts of
many members of the Atomic Bomb Casualty
Commission in Nagasaki and Hiroshima. Valuable
crilicism and assistance from the professional and
biostatistical staff of the Commission are acknow—
ledged. Mention must be made, in particular,
of the help given by the Japanese physicians
and others, including Dr. Takao, Dr. Hamada,
Dr. Neriishi, Dr. Yasuda, Mr. Hamasaki, and
Mr. Noble, whose assistance in history-taking and
interpretation of local customs greatly facilifated
the completion of this study. The authors are
also indebted to Dr. A. E. Lewis, Atomic Energy
Commission, University of Californiaat Los
Angeles, who gave valuable assistance in preparing

the statistical analyses.
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