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The ABCC Bilingual Technical Report series began'in 1959. In order that
manuscripts which have never been published or are available only in one
language may be made a matter of record for reference purposes, the 1959
series is being kept open and items will be added from time to time,
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THE MEDICAL SEQUELAE OF THE ATOMIC BOMB EXPLOSION

BRFREICLI3EZNERE

GEORGE V. LeROY, M.D.

(Originally published in the Journal of the American Medical Association 134:1143-8, 1947 . Reprinted
and translated by permission of the publisher and author)
(Journal of American Medical Association 134:1143-8, 1947i2 563, T L 3B E 0P 2 18 TIEN « #1270

The Army and Navy medical missions which
investigated the results of the explosion of the
atomic bombs in Hiroshima and Nagasaki, Japan,
studied many aspects of the situation. In this article
it will be impossible to review all the studies that
were made; only two major subjects will be consid-
ered. The two most impressive features of the new
type of bomb are: (1) the tremendous toll of casual-
ties and (2) the syndrome of injury due to large

amounts of gamma radiation.

In the bombed cities the Air Raid Defense author-
ities and the surviving members of the medical
profession were confronted with an extremely large
relief and rescue problem., The magnitude of their
task is indicated by the following estimates (Table
13

Of the total number of casualties, 120,000 in
Hiroshima and 65,000 in Nagasaki, not all were in
need of immediate medical care. In each city about

one sixth of the total number of casualties were
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TABLE 1

ATOMIC BOMB CASUALTIES

# 1 E R Z= B F

Population

Patients in need of immediate care

RERRARLEE LAlE

Hiroshima Nagasaki

5 B E
................. 300,000 200,000
................... 80, 000 40, 000
................... 40, 000 25,000
.................. 85,000 50,000

killed instantly or died under circumstances in which
no help was possible. They were burned to death by
the direct heat of the bomb, were crushed under
demolished buildings or trapped in burning debris, A
somewhat smaller group, perhaps one seventh of the
total number of casualties, escaped both mechanical
injuries and burns but received a dose of gamma rays
sufficient to make them become sick 1 to 5 weeks
later. On the basis of these rough estimates, it can be
said that approximately 85, 000 persons in Hiroshima
and 50,000 in Nagasaki required medical care on the
day of the bombing.

The type of injuries that required treatment can be
appreciated readily from a brief review of the charac-
teristic products of the explosion of an atomic bomb.
At the instant of their detonation high above the
ground these bombs generated an incredible amount
of energy, of four main kinds: mechanical, heat, light
and ionizing radiation (alpha, beta and gamma rays
and neutrons). There was some variation in the length
of time that each form of energy was effective in the
production of damage and casualties; but in general
the duration of time was of the order of 1 second
(Table 2). '

TABLE 2
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CASUALTY-PRODUCING AGENTS RESULTING FROM

EXPLOSIVE NUCLEAR FISSION IN AN ATOMIC BOMB
®2 RTIBRHOBRSAUOBRECIHMEDREL oo tBlF

1 Mechanical energy ‘“‘blast”
BAY =4 — “HE”
2 Heat

3 Light (visible, infra-red and ultraviolet)

AR (TG, FRoHRs X USRI

4 Ionizing radiation (alpha, beta and gamma rays) and neutrons
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The mechanical energy produced was in the form
of an air blast, or concussion, sufficiently strong to
crush reinforced concrete structures directly beneath
the bomb; to wreck steel-framed factories at
distances as great as 4,700 feet (1.4 km) from the
center of the effect; and to demolish Japanese
type wooden houses as far from the center as 8,000
feet (2.4 km). In each of the bombed cities practic-
ally every building was damaged in some way; and
windows were shattered and roof tiles blown off as

far as 3.5 miles (5.6 km) from the explosion,

The heat at the center of the exploding bomb has
been described in the newspapers as greater than
that in the center of the sun. No reasonable estimate
of the actual temperature of the reaction has been
released officially, but it was almost unbelievably
great, judging by the effects, During the fraction of
a second that it lasted, inflammable objects were
scorched or set afire as far from the source as 11, 000
feet (3.3 km). Practically every person who was in
any position in a line of sight relation to the flaming
airburst sustained burns of the exposed parts of the
body that faced the blast. The burn was of the flash
type, so that almost any object or material that
happened to be located between the source of heat
and the victim protected parts that were under cover
or in the shadow (Figure 1). Close to the center,
however, the heat was so intense that burrs occurred
under clothing. An interesting relation to the color
of such clothing was seen, and the skin under dark
material was burned more severely than that under
white cloth, Bizarre designs were produced on the
skin of patients whose clothing was of patterned
material, People received flash burns serious enough
to warrant treatment at distances as far from the
center of the explosion as 13,000 feet, or 2.5 miles
(3 km).

The bright light that accompanied the explosion
has been described as many times more intense than
that of the sun, It may be thought of as comparable
to sunlight concentrated by a “burning glass,” and in
this sense it increased the amount of heat which
caused the flash burns. Ultraviolet rays formed a
part of the emission and caused typical conjunctivitis

in some of the victims.
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FIGURE 1 Example of extensive flash burn, some of which occurred under clothing.
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Note the sparing of the eyelids and the anterior surface of the neck.
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ITonizing radiation, consisting principally of gamma
rays harder than those produced by any electrical
apparatus known, were emitted in amounts which
can only be guessed. Alpha rays, beta rays and
neutrons were also produced, but the relation of these
to the production of casualties is not at all clear.

With this knowledge of the products of the com-
plex reactions that accompanied the splitting of the
nuclei of atoms of uranium 235 and plutonium 239,
it is possible to make a reasonable prediction of the
sort of injuries that the victims of the bomb would
have. In the confusion that followed the bombing few
clinical records were kept in the aid stations, but
enough information has been collected to permit the
following estimate of the several types of injury
(Table 3).

Data obtained from one large military hospital
provided an approximate breakdown of the major
types of wounds (Table 4).
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TABLE 3 CLASSIFICATION OF INJURIES DUE TO THE ATOMIC BOMB
#£3 H®C X3 E0TE

Radiation injury
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TABLE 4 CLASSIFICATION OF THE MAJOR TYPES OF WOUNDS

=4 b o

A o 5 8

Fractures

T

Laceration, mainly due to fragments of glass

2, ELLTHIABRCIB LD

Conmsmns

(Source: Ninoshima Hospital, Hiroshima)
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These injuries resembled those that would be seen
after hurricanes, earthquakes and to some extent
after ordinary air raids. There were few blast injuries
of the sort caused by high explosive bombs, however,
Traumatic amputations, evisceration and general dis-
integration was infrequent. Few persons with
extensive third degree burns lived long enough to
receive medical attention, so that about 90% of the
burned patients in the aid stations and hospitals
exhibited second degree burns. Less than 5% of the
burns were caused by the fires in damaged buildings
and among the debris. The majority differed from
ordinary flash burns only in the fact that the burned

areas were darker in color than is usual.

The one unique type of injury caused by the atomic
bomb was the syndrome due to gamma radiation—or
simply radiation injury. It is not possible to state the
precise dosage of gamma rays that any person or
group of persons received in either Japanese city. It
is equally difficult to estimate the amount of irradi-
ation on the basis of the symptomatology because of
the scarcity of information on the effect of large
amounts of total body radiation in human beings.
Guesses based on animal experiments are open to
objections too numerous and too well recognized to
be repeated here. The intensity of the gamma radi-
ation emitted by the hombs decreased with the
distance from the source in accordance with the law
of the inverse square; and this is one of the two
factors respecting dosage which can be discussed
with certainty. The other is the well known ability
of different types of matter to absorb gamma rays to
a varying extent. Therefore, as might be expected,
people inside heavily constructed buildings or in
underground shelters were less severely affected than
others at a comparable distance from the source who
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FIGURE 2 Spleen of man aged 24 who died 5 days after exposure to the
atomic bomb,
B2 R 5 H RIS L fc24% DB o fhig

R e 4 s -

rail G5
The field shows disappearance of lymphocytes from malpighian corpuscles,
cytolysis of lymphocytes and fibrinoid changes in subendothelial portion
of central artery; *<200.
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FIGURE 3 Bone marrow of man aged 39 who died 7 days after bombing,
X3

The section shows a proliferation of reticuloendothelium and many plasma
cells and lymphocytes. There are a few normoblasts remaining; *650.
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were in the open or in wooden structures. The
amount of earth, brick or concrete necessary to give
total protection from the gamma radiation of an
atome bomb at various distances is being studied

intensively at present.

1t was difficult to obtain precise information about
the early symptoms of patients with radiation injury.
It appeared that the majority experienced nausea
and vomiting several hours after the bombing and
that the symptoms were of rather brief duration.
The course of the individual patient after that time
depended mainly on the amount of radiation that he
had received. Because of the complications in the
clinical picture caused by burns and wounds, the
description of the syndrome of radiation injury which
follows is based largely on a study of patients with
no other type of trauma.
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TABLE 5 ONSET OF SYMPTOMS OF RADIATION INJURY
B WA BB EOERCREERY

B (o
Most Severe Severe Moderately Severe
1L WO WS JE
Nomiting.oves s iisivivvmis wissvamises Day of bombing Day of bombing Day of bombing
E TR HERTOR B TTOR
Fever
B vusresimesns s s g s AR 2-7 days 14-28 days
Diarrhea
TE I sie nons s s e s SRS AR 2-7 days 4-21 days 14-35 days
Leukopenia
(21152 e R P 2-7 days 7-28 days 7-28 days
Purpura
2 SRS P 4-7 days 14-28 days
Epilation
....................................... 7-28 days 14-35 days

Mucous membrane ulceration
BTG . o 14-28 days 14-28 days
Anemia

I 5 i ivssnsess i vanEs ey sn R s 7-28 days 10-35 days
Death
FETS swvwnnnonsis dsnnsaimunsionyems mnens sawms 4-10 days 10-42 days 30-90 days

In those who received the largest doses of gamma
rays, symptoms of fever and diarrhea were usually
present on the day after the bombing (Table 5 A).
Purpura appeared approximately 4 to 7 days later;
the patient failed rapidly and died suddenly. Examin-
ation of the blood showed a pronounced reduction or
a total lack of leukocytes and blood platelets. The
urine was said to have been red in some cases, but
few reliable reports were found. At autopsy' the

observations were those of a moderate purpura
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hemorrhagica with widespread petechiae and a
hemorrhagic erosion of the mucosa of the gastro-

intestinal tract.

In one group of autopsies in this early stage,
subarachnoid hemorrhage was found in 60% of the
patients. The bone marrow was pale, and the spleen
and lymph nodes were small. Sections of spleen
(Figure 2) and marrow (Figure 3) from typical
cases are presented. Briefly, the important feature of
these tissues is the disappearance of normal lympho-
cytes and marrow cells, so that only the stroma and
the framework of the organs remain. There is
evidence even at this early stage of a beginning of
regeneration as seen in the proliferation of the
reticulum. The general pattern of the observations
in these cases resembles closely that described by
Shouse, Warren, and Whipple! in dogs receiving

large single doses of roentgen rays.

In the period between 7 and 28 days after the
explosion of the atomic bomb symptoms developed in
the majority of those affected by gamma radiation.
The syndrome which appeared at this time was
manifested by epilation, gastrointestinal disturbances
(of which intractable diarrhea was the most fre-
quent), purpura, fever, leukopenia and anemia (Table
5 B).

Associated with these primary phenomena were
any of the complications which might be expected.
Laryngitis, pharyngitis, tonsillitis and gingivitis
developed in most of the patients. In the more
severely afflicted these lesions, as well as lesions in
the trachea, the bowel and the female genitalia,
became progressive and severe necrotic ulcerations.
This process differed in no way from that seen in
agranulocytic angina from any cause. Petechia and
purpura appeared in the skins of almost all the
patients, and with the advent of the hemorrhagic
tendency, epistaxis, melena, metrorrhagia and
hematuria were regularly observed. Epilation (Figure
4) involved chiefly the scalp and was quite charac-
teristic in appearance. The hairs of the crown fell
out first, so that many of the victims appeared to
have a monk’s tonsure. The loss of hair was complete

in only a few patients, and in the majority it began
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to grow again within 2 or 3 months’ time. Epilation
of other hairy parts of the body was infrequent.

Laboratory studies at this time showed little that
was abnormal except in the examination of the blood
and bone marrow. Leukopenia was universal in
patients with radiation injury when counts were
made at an appropriate time, Values as low as 100

white blood cells per cubic millimeter were reported,
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FIGURE 4 Example of epilation in a woman, showing almost total alopecia.
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The photo was made in October, 12 weeks after the bombing.
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FIGURE 5 Bone marrow of man aged 29 who died 29 days after the bombing.
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The section shows hypoplasia, a necrotic area and bacteria. The
majority of the cells are reticulum cells, and lymphocytes; % 230.
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FIGURE 6 Spleen of woman aged 35 who died 19 days after the bombing.
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The section shows atrophy of the Iymphoid tissue, with karyolysis of

some of the cells in the vicinity of the central arteriole. The arterioles

show a deposition of hyalin-like material beneath the endothelium; x 160,
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FIGURE 7 Testis of man aged 22 who died 26 days after the bombing,
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The section shows necrotie remnants of germinal epithelium and its
derivatives in the lumens of tubules; edema of interstitial tissues, and

hyaline subendothelial changes in small blood vessels; %125,
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and the majority of the heavily irradiated patients
had white blood cell counts below 1,500. Recovery
appears to have been rare among patients whose
white cell count was less than 600 per cubic milli-
meter. Examination of stained blood films at that time
revealed mainly lymphocytes. Anemia was present in
all such patients and bhecame progressively more
pronounced for a period of one to two weeks after
the maximum depletion of the white count was
observed. The purpura and the hemorrhagic tendency
increased the anemia, and patients in whom this was
a prominent feature of the syndrome did poorly.
Associated with the leukopenia and the agranulocytic
type of ulceration, there occurred overwhelming
infections, many of which became septicemias. This
condition and pneumonia seem to have been the chief

causes of death in this stage.

The mortality rate for this form of the syndrome
of radiation injury is not known. Some Japanese
physicians said that it was 100%; but it is more
likely that a fair estimate would be between 50 and
75¢5. In small groups of persons treated in a uni-
versity hospital the mortality rate was about 33%.
When this type of radiation injury developed in a
burned or wounded patient, however, the prognosis
was much worse because of the increased suppur-
ation of the wounds. Sections of representative
tissues from patients who died at this time are
illustrated, The bone marrow (Figure 5), the spleen
(Figure 6), the testis (Figure 7) and a section of
burned skin (Figure 8) with no polymorphonuclear
reaction are presented. The failure ofspermatog-
enesis was constant in patients who were exposed
to sufficient gamma radiation to produce clinical
symptoms, and the extent of the process is evident

from the illustration.

A less severe form of the syndrome of radiation
injury occurred. In these patients epilation, if it
occurred at all, was observed during the third to
fifth week after the bombing (Table 5C). The
constitutional symptoms of fever, gastrointestinal
disturbances and prostration were conspicuously less
serious. The other characteristic clinical phenomena
in this group were weakness, malaise, diarrhea and
mild inflammation of the mouth, gums and throat,
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FIGURE 8 Skin of man aged 39 who died 7 days after the bombing,
B8 TR T 7 H AT L7390 Bl o e
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The section shows burned skin, with necrosis of epidermis and outer
layers of the dermis. Masses of bacteria are present, but there is no
leukocytic infiltration whatever; x50,
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FIGURE 9 Bone marrow of man aged 31 who died 14 weeks after the bombing,
of bronchiectasis.
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The section shows gelatinous marrow from the rib, in which there
is a large focus of regenerating cells replacingthe fat; *115.
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FIGURE 10 Testis of man aged 31 who died 14 weeks after the bombing, of
bronchiectasis,

B10
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The section shows complete cessation of sperm atogenesis, The tubules
whose basement membranes have not become thickened are lined with
cells of Sertoli, The interstitial tissues are not hyperplastic; X115,
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Examination of the blood at an appropriate time
revealed leukopenia, but white blood cell counts were
seldom lower than 1,500 per cubic millimeter. The
number of blood platelets was reduced, and anemia
was a constant and often progressive feature. Frank
ulceration of the inflamed mucous membrane was
infrequent and tended to be transitory. Petechia
appeared in rather small numbers of patients, and
the hemorrhagic tendency was never extreme.
Anemia was the most conspicuous element in the
symptomatology; some of these patients never
recovered but died 2 to 4 months later with an
aplastic anemia, Sections from such a patient show
poorly regenerating marrow (Figure 9) and testicular

tissue (Figure 10).

The most important pathologic changes in the
tissues may be summarized briefly. The bone marrow
was badly damaged, and there was an almost
complete disappearance of all cells of the myelopoi-
etic and erythropoietic series. However, in all but
the most severely irradiated patients regeneration of
the bone marrow was evident within 7 to 10 days

after the injury, The type of tissue which regenre-
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ated varied considerably and frequently after 3 or 4
weeks the marrow appeared to be producing mainly
macrophages, plasma cells and lymphocytes, with
only insignificant numbers of definitive cells. In
other cases a well-established myeloid and erythroid
hyperplasia was evident at this time, and in tissues
obtained later this process was often spectacular.
The lymphatic organs all were badly damaged, and
material from the earliest cases contains few or no
lymphocytes in the nodes, the spleen and the thymus.
Recovery of these tissues was evident after a few
weeks, as a rule, but they never displayed the degree
of hyperplasia that the marrow did. In many patients
who died several months after irradiation, the
lymphatic tissues still contained only a fraction of
the usual number of adult-type lymphocytes. The
testes were affected in the majority of men who
received enough gamma radiation to cause symptoms”
Spermatozoa were absent from the tubules, and most
of the spermatogenic tissue was replaced by proli-
ferating cells of Sertoli. As a corollary of this
damage, changes of the type seen in castrated
persons were apparent in the pituitary gland. The
tissues of the female reproductive system were
affected to a much smaller extent. The changes in
the skin and in the hair follicles were prominent and
resembled the type seen after treatment with roent-

gen rays.

The therapeutic problems that were presented by
these patients with severe injury due to exposure to
large doses of gamma radiation can be summarized
quickly: The two major phenomena which endan-
gered life were the gastrointestinal disturbances and
the destruction of the hematopoietic tissues. The
intense diarrhea and vomiting and the ulceration
that occurred throughout the bowel created a
serious situation. There is no doubt that many
patients died from this cause alone with dehydration
and acidosis. The damage to the bone marrow was
even more serious, although it appears from histo-
logic studies that regeneration of a sort commenced
soon after the injury. Severe leukopenia which
persisted for a period of 1 to 3 weeks was certain to
facilitate the development of overwhelming infec-
tions in any part of the body. The inability of the
leukopenic organism to localize such infections could
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result in the development of septicemia. The hemor-
rhagic state which accompanied the thrombocyto-
penia was capable of causing exsanguination from
the ulcerated mucous membranes or from wound as
well as fatal hemorrhages in the central nervous

system, the myocardium or the adrenal glands.

The proper objectives in the treatment of patients
who have been exposed to the amount of gamma
radiation emitted by an exploding atomic bomb are
quite clear and can be stated simply (Table 6):
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TABLE 6 THERAPEUTIC OBJECTIVES IN MANAGEMENT
OF PATIENTS WITH RADIATION INJURY

*6
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1 Maintain fluid and acid-base balance

2 Control infectious processes

3 Combat hemorrhagic tendency

4 Correct the anemia
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It does not seem unreasonable to believe that in
the hospitals of the western world where plasma,
electrolyte solutions, whole blood and penicillin are
available in adequate amounts, a much lower mor-
tality rate could be achieved than was observed in
Japan. How satisfactory the thoroughly modern
treatment of the syndrome of radiation injury might

be is difficult to predict.

ABSTRACT OF DISCUSSION

Dr. Verne R, Mason, Los Angeles: I should like to
call attention to certain details about which Dr
LeRoy did not have time to elaborate, First, the
changes in the bone marrow are not constant from
day to day or week to week but represent a dynamic
process that is going on. Dr. LeRoy has a large
number of slides and a large amount of statistical
material and, when he gets these all together, will
make an amazing picture of what actually goes on
in the bone marrow of persons who have had very
large doses of gamma-ray radiation to the total body.
Another factor may be of interest. In Hiroshima the
last patient who died from severe leukopenia died
on Septemer 24. The bomb exploded on August 6.
The early mortality, therefore, was of high degree
and the total mortality became very large by Sept-
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ember 24, As far as we could determine from very
brief Japanese records of patients studied by Japa-
nese doctors, there was a large number of patients
who died in the bombed area soon after the explosion
who showed no changes of the blood but died with
fever, diarrhea and shock as the chief symptoms. It
is our opinion at present that these persons died an
acute death produced by an overwhelming dose of
gamma radiation, I believe at the moment that Dr,
LeRoy and Dr. Liebow have not completed their
studies on this particular group of patients, on whom
we have records of a small number of antopsies. As
time went on, many who undoubtedly had developed
leukopenic states earlier survived because they
were fortunate not to develop the type of infection
frequently seen in terminal stages of leukopenic
states, Thus they may have survived the early phase
of leukopenia and then later we saw a decreasing
total mortality. But some of them ultimately died of
an irreversible change in the bone marrow which
led to an aplastic anemia. When the studies are
completed (this is only a guess on my part) the time
in which the leukopenic state developed in many of
these patients will, I believe, practically correspond
to the known life span of the white blood cell. Those
who died of aplastic anemia later lived a period of
time which will about correspond to the known Ifie
of the red blood cell, That, I think, is one of the
mportant phases that will be brought out when
these reports are completed,
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