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The syndrome of acute radiation injury to be
considered in this article is the term applied to the
symptom complex, or diseased state, which results
from exposure of the whole body or a major portion
of it to the initial nuclear radiation of an atomic
bomb. This term should be clearly distinguished
from irradiation sickness, which is commonly used
to describe the symptom complex resulting from
therapeutic irradiation. It should also be distin—
guished from surface radiation injury. This term is
properly applied to injuries of the skin and S“bfu_
taneous tissues resulting from x-radiation or From
contact or near contact with radioactive material,
such as fission products and induced radicactivity.
Injuries of this type related to alomic energy are
due largely to beta-ray-emitting isotopes. Internal
radiation injury may result from the selective depo—
sition, such as in bone or thyroid, of radioactive
material that has been inhaled or absorbed through
the gastrointestinal tract or wounds, The two latter
types of radiation injury may be caused by residual
radioactive contamination.

Tnitial nuclear radiation from an atomic bomb
consists of gamma rays and neutrons emitted during
the first minute after atomic explosion. Approxi-
mately one half of the initial nuclear radiation is
delivered in the first second, and 098% has been
delivered by the end of one minute. The syndrome
of radiation injury due to exposure of the whole
body may occur as a result of any sort of atomic
explosion: air burst, surface burst, or underwater
burst. In an air burst or a surface burst, persons
who are in the open, unshielded by buildings or
natural objects, will constitute the most exposed
group for any given distance. Those who are shielded

by natural objects or who are in buildings made of
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brick, concrete, or metal will be less exposed, and
those who are in tunnels, caves, or air raid shelters
will be the least exposed.

When the data of the Japanese casualties were
analyzed, it was found that it was possible to
evaluate, in a general way, the effect of shielding
afforded by buildings and shelters, The symptoms
and the results of radiation injury to persons who
were inside buildings were equivalent to those
observed in persons who were in the open, un—
shielded, and approximately 500 vards farther away
from the bomb. It is evident from animal experi-
ments that effective shielding of some portion of the
body, such as the spleen, the head, or the abdomen,
may reduce the mortalitv. Only those who were
certainly in the open and unshielded, or were in
wooden buildings, can be assumed to have received
the maximum dose of initial nuclear radiation which
could be expected at a given distance. It is p'roper
to assume that all others have received less than the
dose that is theoretically possible. It is apparent that
it will not be desirable to classify casualties solely
on the basis of their distance from the bomb burst.

CLINICAL CLASSIFICATION OF THE SYN-
DROME OF ACUTE RADIATION INJURY

On the basis of the study of the Japanese casu-—
alties, and by analogy with other forms of trauma,
casualties may be divided roughly into two classes:
(1) uncomplicated radiation injury and (2) radiation
injury complicated by burns and wounds. It is not
now known how important such complications may
be, but it appears that the effect may be considerable.
This paper will be limited to uncomplicated
radiation injury.

The syndrome of acute radiation injury due to
exposure of the whole body to the initial nuclear
radiation of an atomic bomb was found to occur in
three fairly distinct forms, the features of which
are summarized in the following outline:

1. Very severe cases (in general, radiation expo—
sure of 600 r or more}

(a) First day

Malaise, nausea and vomiting beginning one
to two hours after exposure and continuing

for several days: Prostration
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Rapidly developing and persistent severe
leukopenia
(b) Next few days
Diarrhea and rising sustained fever
(e¢) Up to two weeks
Death in coma and delirium within 14 days
after exposure
Purpura and epilation may appear shortly
before death
2. Severe cases (in general, radiation exposure of
about 400 r)
(a) First day
Nausea and vomiting usually occurring a few
hours after exposure but rarely persisting more
than 24 hours
(b) Second day
Lymphopenia (about 800 lymphocytes per cubic
millimeter )
Total leukocyte count variable
(¢) Fourth to 20th days
First, a period of relative freedom frém
symptoms, with:
(1) Perhaps some malaise and easy fatigability
(2) Persistent lymphopenia
(3) Fluctuating leukopenia
Then, at any time up to the 20th day, the
individual may become seriously ill, showing
any or all of the following symptoms:

(1) Epilation (chiefly limited to scalp)

(2) Purpura and other hemorrhagic compli-
cations  such as melena, epistaxis,
menorrhagia, and metrorrhagia

(4) Oropharyngeal ulcerations

(4) Diarrhea

(5) Fever

(6) Severe leukopenia

(7) Infectionand breakdown of healing wounds

(8) General sepsis

(d) 20th to 40th days
Death occurs in 50% of untreated persons with
sepsis or with hemorrhagic manifestations
dominating the picture

3. Mild to moderately severe cases (in general,

radiation exposure of 200 to 300 r)

(a) First day
Vomiting may occur a few hours after
exposure

(b) Next two weeks
No definite symptoms
Moderate lymphopenia
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(e) After two weeks
One or a few of the following may appear
(1) Epilation (chiefly limited to scalp)
(2) Malaise
(3) Sore throat
(4) Petechiae
(5) Diarrhea
(6) Weight loss

Very severe radiation injury. In this form,
vomiting commences shortly after the bombing and
may persist for several days. Progressive malaise
leading to prostration begins shortly after the bomb—
ing, and symptoms continue unabated until death.
Diarrhea usually appears within a few days and
persists. Fever of the sustained type occurs within
a few days of the bombing and increases progres—

sively. Without therapy, death is invariable and

may occur at any time from a few hours up.te 14
days. Epilation and purpura may appear shortly
before death. Hemorrhagic manifestations do not
seem to be responsible for the fatal outcome.
Progressive leukopenia is present from the day
of the bombing.

Severe radiation injury. In this form, vomiting
occurs shortly after the bombing and seldom lasts
longer than the first day. A latent period follows,
during which the only symptom is increasing
malaise. The end of the latent period occurs in four
to 20 days and is marked by the appearance of one
or all of the following characteristic symptoms of
radiation injury: epilation, purpura, other manifes-
tations of the hemorrhagic state, and oropharyn—
geal lesions. Concurrently, a variety of conditions
may develop (diarrhea, infection and breakdown of
healing wounds). The patient rapidly becomes very
ill with fever, and prostration and a severe hemor—
rhagic state may occur. If death follows, it is
usually due to acute blood loss, septicemia, or
hemorrhage into vital structures. Death may occur
at any time between the third and sixth week after
the bombing. The hematological findings in these
patients are most pronounced during the third to
the fifth week and consist of severe leukopenia,
thrombopenia, anemia, and prolonged bleeding and
clotting time. As recovery occurs, the hemorrhagic
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manifestations subside and spontaneous deferves—
cence takes place. Among the Japanese, the mortality
rate for patients with severe radiation injury varied
from 25% to more than 50%. It is convenient to
consider that severe radiation injury in man is
equivalent to the type of injury that occurs in
experimental mammals given a comparable dose

of x-rays.

Mild to moderately severe radiation injury. In
this form, any of the characteristic symptoms may
occur, but it is distinctly unusual for all of them
to be present. The interval between exposure and
the occurrence of the general symptoms is longer
than in the preceding types. The changes in the
hemogram are less profound than in the severe
forms, and they occur somewhat later in the course
of the disease. Recovery is the rule for better than
90% of patients with moderately severe radiation
injury. The deaths that occur are usually the result
of complications, such as tuberculosis, bronchi-
ectasis, chronic abscesses, and refractory aner.nia,

and as a rule occur later than the sixth week.

Since the number of persons exposed to an atomic
homb increases geometrically with the distance from
the explosion, it follows that there will be more
patients with the mild to moderately severe type of
radiation injury than with the severe type. The
smallest group would ordinarily be the very severe
cases. Because of the large number of casualties
produced by a single atomic explosion, it is of the
utmost importance to estimate, as promptly as
possible, the severity of the radiation injury
experienced by each patient. It is obviously unecono—
mical of medical supplies and medical personnel—
and, in fact, unnecessary—to devote much attention
to patients with moderately severe and mild
radiation injury.

In general, few who are farther than one mile
from the site of an atomic bomb¥ explosion will
experience the syndrome of severe radiation injury,
regardless of whether they were shielded or out-
doors. Badly burned patients may be an exception to
this rule, but they would require extensive medical
care for their burns in any event. On the basis of
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our present knowledge, it would appear that the
syndrome of severe radiation injury, uncomplicated
by burns or wounds, would develop in not more
than 5% of those who received less than 200 r.
Regardless of whether the exact location of the
person at the time of exposure is known, or
whether personnel dosimeters are available, the
severity of the radiation injury can be judged with
fair accuracy, once the symptoms have developed, by
an evaluation of the symptoms and the laboratory
findings.

CLINICAL DIAGNOSIS OF RADIATION
INJURY

Analysis of the data collected by the Joint
Commission for the Investigation of the Effects of
the Atomic Bomb in Japan disclosed that in persons
exposed to an atomic explosion, epilation and pur—
pura could be designated specific symptoms of
radiation injury. Three other symptoms :vere
designated suggestive symptoms of radiation injury:
vomiting on the day of the bombing, oropharyngeal
lesions which occurred before the 39th day, and
hemorrhagic manifestations other than cutaneous
purpura. A variety of other symptoms were
subjected to statistical evaluation, such as anorexia,
malaise, diarrhea, bloody diarrhea, and fever, but

the degree of correlation was low.

Among the Japanese, epilation commenced during
the second week after the hombing and was largely
confined 1o the hair of the scalp. The mean day of
onset of epilation was the 25th. Regrowth of hair
was apparent after Lhe sixth week in most surviving
patients and was usually complete by the fourth or
fifth month. ‘

Among the Japanese, purpura was of the cuta-
neous variety, such as would be readily apparent
on inspection. It was rarely observed before the
third week, and the mean day of onset was the
24th. In general, patients with cutaneous purpura
which was extensive displayed other signs of the

hemorrhagic state.

These two symptoms, epilation and purpura, offer
the best clinical indication of the severity of the
exposure to radiation. Patients with both these
symptoms usually had the suggestive symptoms
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referred to above. It was found that patients with
both these symptoms had the lowest leukocyte
counts.

As presumptive evidence of radiation injury,
vomiting on the day of the bombing is most signif-
icant. Its early occurrence, and the fact that it is
not likely to be overlooked by the patient, makes
it of great help in triage and in evaluation. It is of
interest that the Japanese physicians attributed the
vomiting on the day of the bombing to psycheclog—
ical causes. However, when the large volume of
clinical data was subjected to analysis, the relation
between this symptom and probable exposure was
indubitable.

The oropharyngeal manifestations consisted of a
dusky inflammation of the mucous membrane,
soreness of the gums, and, in severe cases, an
ulcernnecrotic breakdown of the fissues: such
changes were rare before the third week, and the
mean day of onset was the 22nd. In severe cases,
the appearance of the lesions resembled those seen
in agranulocytic angina. In some patients, the laryn-
geal and the upper tracheal mucosa were affected
similarly.

The hemorrhagic manifestations other than cuta-
neous purpura included epistaxis, menorrhagia and
metrorrhagia, melena, hemoptysis, hematuria, and
bloody emesis. Most  patients  with cutaneous
purpura of any extent also had some or all of
these hemorrhagic manifestations. In some whose
exposure to radiation was less than the amount
required to cause severe radiation injury, these
other hemorrhagic manifestations occurred in the
absence of cutaneous purpura. This suggested that
in certain persons with pre-existing disease, a
mild hemorrhagic state tended to produce gross
hemorrhage in the diseased tissue (e. g., with
pulmonary tuberculosis or uterine fibroids. )

The most serious obstacle to the clinical deter—
mination of the severity of radiation injury is
the late appearance of the clinical symptoms. In
general, the earlier the appearance of the so-called
specific or suggestive symptoms. the severer the

radiation injury.
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LABORATORY DIAGNOSIS OF RADIATION
INJURY

There is no single laboratory prccedure that is

by itself diagnostic for radiaticn injury. Severe
radiation injury to the whole bedy produces
pronounced leukopenia (lymphopenia and granul-
openia), thrombopenia, and anemia.
Total leucocyte count. Leukopenia invariably
follows whole body radiation injury. In the very
severe type the leukocyte count falls to less than
1000/mm3 within the first week. With less severe
degrees of radiation injury the lowest white cell
counts are seen two to four weeks after exposure.
It was the opinion of the Japanese physicians that
recovery was unlikely if the total levkocyte count
was less than 500/mm3.

Lymphocytes. In the first few days after exposure
the lymphocyte count has greater diagnostic value
than the total leukocyte count. Lymphecytes start
to decrease immediately after exposure. Prenounced
lymphopenia appears within 24 hours. A total
lvmphocyte count less than 800/mm3 48 hours after
exposure is presumptive evidence of severe radiation
injury. A lymphocyle count in excess of 1500/mm3
48 hours after an atomic bombing indicates that

radiation injury of clinical significance is unlikely.

Neutrophilic granulocytes. With severe radiation
injury, the neutrophils decrease less rapidly than
the lymphocytes. With doses of radiation that are
uniformly fatal to experimental animals the total
granulocyte counts are less than 1000/mm3 within
one week. With lesser doses of radiation, such
low levels may be attained but it takes much longer,
perhaps 10 to 20 days.

Thrombocytes. For the first three to four days
following severe radiation injury, the thrombccyte
count remains fairly stable. Beginning four to five
days after exposure, the thrombccyte count drops
rapidly, attaining values clese to zero during the
second week. Thrombocytes may remain at this

low level for two to four weeks.
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Anemia. In severe radiation injury, anemia
develops slowly. It may be two to three weeks
before it is evident. The lowest red cell counts are
observed four to five weeks after exposure. A
rapidly decreasing blood hemoglobin, red bloed cell
count, or hematocrit is a serious sign and suggests

rapid blood loss.

Reticulocytes.  Reticulocytes decrease in number
promptly and are almost absent for three to four
weeks. Any subsequent increase in reticulccytes is
a good prognostic sign.

A prominent clinical symptom of radiation injury
is the hemorrhagic state that begins between the
second and fourth week. The severity of this hemor—
rhagic stale is closely correlated with the level of
thrombopenia. It is characterized by an increased
capillary fragility, prolonged bleeding time, and
prolonged clotting time.

SUMMARY OF THE DIAGNOSIS OF i
RADIATION INJURY

The diagnosis of the syndrome of radiation injury
and the estimation of its severity depend on a
proper evaluation of three factors: 1. The proba-
bility that nuclear radiation sufficient to cause
injury reached the patient. This will depend on a
knowledge of the patient’s location at the time of
the bombing, and the estimate of the kilotonnage
of the bomb, If personnel dosimeters are available,
the data obtained from them must be correlated not
only with the foregoing but also with the clinical
symptoms. 2. The existence or the development
of any or all of the typical symptoms of radiation
injury. Early after the bombing, it is proper to
attach greal significance to the presumptive diag-
nostic sign of vomiting ¢n the day of the bombing.
Particular attention should be directed to the tempo
at which symptoms develop. Early appearance is
indicative of greater severity of radiaticn icjury.
3. The occurrence and the time-trend of leukopenia
and lymphopenia are significant, and should aid
materially in the accurate evaluation of the severity
of the injury. In the absence of cutaneous purpura
or other hemorrhagic manifestations, abnormality
of clotting and bleeding time does not necessarily

imply that the patient has a severe form of radia-—
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tion injury. In conclusion, the diagnosis of radiation
injury and the estimation of its severiyv constitute,
essentially, a clinical problem and should be possible
on the basis of a brief history, physical exami-
nation, and a minimum of laboratory studies.

TREATMENT OF THE SYNDROME OF ACUTE
WHOLE BODY RADIATION INJURY

In the following discussion the recommended
therapy is aimed only at the syndrome of radia—
tion injury. Actually, many if not the majority of
cases will be complicated by some other type
or both—which will,
of course, require appropriate treatment. Certain

of injury—trauma, burns,

general considerations must be borne in mind. At
present there are available no specific agents of
proved therapeutic value either for prophylaxis
or for treatment following radiation. Treatment,
therefore, is symptomatic. This dces not by any
means imply that efforts at therapy are a wés;e of

time.

The syndrome of severe radiation injury (seen
in persons who have received in the neighborhcod
of 400 r) is, essentially, that of a self-limited disease
and at the outset resembles agranulocytic angina.
Asthe illness progresses, the hemorrhagic manifes—
tations become more prominent. If the patient can
be tided over the two to five week period during
which pancytopenia is more or less complete, he
will in the majority of instances recover normal
bone marrow function and normal ability to combat
infection. The purpura and other manifestations of
a hemorrhagic state will disappear, the various
formed elements will return to their normal concen—
trations in the blood, and the lymphoid tissue will
return in normal abundance. Furthermore, the indi-
vidual tissues and organs in survivors will show no
evidence of radiation damage greater than what they
would have sustained singly from the given dose
of radiation. Treatment from the very beginning
should be directed at minimizing the effects of the
tendency to hemorrhage and inability to combat
infection. Wounds should be carefully débrided and
every effort made to accomplish healing by primary
intention in the shortest possible time. This will

minimize the tendency for wound disruption during
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b

the active stages of the illness. All the symptoms
other than the initial nausea and vomiting and the
loss of hair seen at Hiroshima and Nagasaki can be
adequately explained on the basis of pancytopenia,
including thrombopenia, plus disturbances in the
normal antibody function against bacterial infection.
Certainly there is at the present time, insufficient
evidence to warrant stockpiling of such items as
flavonoid compounds, toluidine blue, protamine, and
vitamin B,;, as essential to the proper treaiment of
this tvpe of casualty. On the other hand, the data
from Japan attest the usefulness of antibiotics and
transfusions. The value of antibiotics has been

substantiated by a number of experimenters.

In the absence of data to the contrary efforts to
maintain water balance and good nutritional status,
whether by oral or parenteral means, would seem
to be of the utmost importance in the presence of
diarrhea, hemorrhage, and infection. -

With these considerations in mind, the treatment

of this syndrome can be outlined as follows:

Very severe cases. In general, this includes cases
in which upward of 600 r of whole body radiation
was received. There is no satisfactory method for
treating patients who have received the certainly
fatal doses of ionizing radiation which produce this
form of the disease. Nausea and vomiting appear
in one or two hours, followed by prostration within
the first 24 hours. Before attributing such symp-
toms to severe radiation injury, however, one must
rule out other types of injury as well as emotional
disturbances that might produce similar symptoms

but from which the patient might recover.

Japanese experience indicated that these victims
were very sensitive to physical activity, so that
they should be given as much rest as possible as
soon as possible. They should not be transported
long distances. Treatment should emphasize [luid
replacement and efforts to restore electrolyte
balance and should include sedation when indicated.
There would appear to be no particular advantage
in the use of antibiotics and blood transfusions in
these persons merely on genperal principles. On the
other hand, when there are clear-cut clinical indi—
cations for their use, they should be employed.
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Severe cases. In general, this includes cases in
which in the neighborhood of 400 r of whole body
radiation was received. These persons need and
profit most from good medical treatment. Although
in the absence of trauma and burns they do not
require active care in the first few days, strenuous

activities should probably not be permitted.

Therapy should be directed at (1) restoration of
water and electrolyte balance and maintenance of
general nutrition, (2) control of infection, and (3)
treatment for hemorrhage and anemia. The diet
should be bland and low in residue.
fluids and parenteral alimentation should be given

Intravenous

in the usual manner when indicated and when
feasible, in an effort to maintain good nutritional
status and to restore water and electrolyte balance
in the presence of severe gastrointestinal symp-
toms. Infection can be controlled, at least in part, by
the use of antibiotics. There is no reason to pegin
antibiotic therapy sconer than 48 hours after expo—
sure unless required by wounds, burns, or infectious
disease. When there is little doubt that a victim
has been exposed to several hundred roentgens, it
is wise, if adequate supplies are available to start
oral maintenance doses of an antibiotic by the third
or fourth day.
combined oral and parenteral therapy should be

Once severe symptoms appear,

instituted. Beginning with several antibiotics at once
has not been proved of value. On the other hand,
it may be necessary to use various combinations

in certain cases.

Sulfonamides are probably not drugs of choice in
radiation injury. However, if antibiotics are not
available, they would undoubtedly prove lifesaving

in cerfain instances.

The only effective treatment for hemorrhage and
anemia is replacement therapy by blood transfusion.
It would seem desirable, whenever possible, to
maintain blood hemoglobin at a level of 10 g or
more per 100 cc.

Moderately severe and mild cases.
that

In general, the

treatment is similar to sugpested above,

modified, of course, according lo the clinical

indications.
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ULTIMATE PROGNOSIS OF THOSE WHO
HAVE SURVIVED SEVERAL HUNDRED
ROENTGENS OF WHOLE BODY RADIATION

It is too early to write of the eventual outcome
of the Japanese who recovered from radiation
injury. Radiation cataracts of varving severity have
occurred in an appreciable number of those who
were close enough to receive a significant amount
of radiation. It appears likely that the incidence of
leukemia will be higher among the survivors than
in the Japanese population as a whole. There is
enough information available now to warrant the
statement that the survivors have regained their
fertility and that, among the progeny of the
survivors at Hiroshima and Nagasaki, no unusual

incidence of abnormal offspring has occurred.
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