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Medical Consequences of Radiological and Nuclear Weapons

INTRODUCTION

In today’s society, nuclear war between the world’s
major powers is considered by most to be an unlikely
scenario; the threat of nuclear terrorism is now the
major concern.' The current National Planning Sce-
nario for the detonation of a nuclear weapon involves
a 10-kiloton tactical weapon exploded at ground level
in a major city.” This scenario would result in both a
civilian and a subsequent military response, and it is
a useful template for military medical preparedness
for any nuclear detonation. Ten kilotons is a credible
weapon yield, and in the worst-case scenario, an attack
with such a weapon would involve a ground-level
detonation in a densely populated area, resulting in
radioactive fallout. Military operations could be im-
peded. Whether in the lead role or in a supporting role
to civilian authority, military medical planning must
account for this worst-case scenario, both in the United
States and abroad.

The most severe consequence of a nuclear detona-
tion in a densely populated area will be the surge of
overwhelming casualties, which will have a tremen-
dous impact on both military and civilian medical
systems. Casualties in the immediate area will sus-
tain various combinations of thermal burns, physical
trauma, and radiation injuries. In addition, because
the ground-level detonation will create a downwind,
radioactive fallout plume, radioactive contamina-
tion will cause further casualties, primarily due to
radiation-alone injury. The death toll, particularly
during the first few days, will be high; however, there
is the potential to save many thousands of seriously
injured people by implementing appropriate triage
and treatment strategies. The goal of this chapter is to
address the triage and medical management of casual-
ties primarily during the first 24 to 72 hours following
a 10-kiloton, ground-level nuclear detonation.

TYPES OF NUCLEAR AND RADIOLOGICAL EXPLOSIVE WEAPONS

Military medical planning and preparation for a
10-kiloton yield detonation is the same as prepara-
tion for a wide range of weapon yields: 1 kiloton, 100
kilotons, and 1,000 kilotons (1 megaton). Although the
weapon yields are very different, the range (distance
from the detonation point) at which a given effect oc-
curs does not differ for explosions of different yields as
much as one might expect. For example, the estimated
distance for 50% lethality from nuclear radiation is
about half a mile for a 1-kiloton explosion, about three

quarters of a mile for a 10-kiloton explosion, a little
over a mile for a 100-kiloton explosion, and 1.62 miles
for a 1-megaton explosion. The same trend is true for
blast and thermal effects (Table 3-1).

Animprovised nuclear device can be a modification
of an existing nuclear weapon by a nongovernmental
entity. It produces a nuclear detonation at full or partial
yield, resulting in the identical pattern of damage and
medical effects as a conventional nuclear weapon. A
nuclear detonation results in an electromagnetic pulse

TABLE 3-1
NUCLEAR DETONATION CASUALTY ESTIMATES VERSUS WEAPON YIELD BY MECHANISM OF
INJURY*
1,000 kiloton
Mechanism of Injury 1 kiloton 10 kiloton 100 kiloton (1 megaton)
Indirect blast (winds; 50% lethality, 0.43 km 1.0 km 2.1 km 4.4 km
estimated 6 psi)’
Direct blast (50% lethality) 0.14 km 0.30 km 0.65 km 1.4 km
Thermal radiation (50% second- 0.86 km 25km 6.5 km 14 km
degree burns)®
Ionizing radiation (50% lethality in 0.77 km 1.2 km 1.7 km 2.6 km

weeks, estimated 450 cGy)?

*The estimates of the effects were calculated using a Hotspot (Lawrence Livermore National Laboratory, Lawrence, CA) version 8.0, simulat-

ing a surface burst with no intervening shielding or sheltering.

(1) Walker RI, Cerveny TJ, eds. Medical Consequences of Nuclear Warfare. In: Zajtchuk R, Jenkins DP, Bellamy RF, Ingram VM, eds. Textbooks
of Military Medicine. Washington, DC: Office of the Surgeon General, Department of the Army, Borden Institute; 1989. (2) US Department of
the Army. Treatment of Nuclear and Radiological Casualties. Washington, DC: DA; 2001. Field Manual 4-02.283. Table 2-2.
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Triage and Treatment of Radiation and Combined-Injury Mass Casualties

that has no known medical effects but that damages
electronic equipment, including communications and
computers. The electromagnetic pulse effect for a
surface detonation is not well understood and could
extend for at least several miles from the detonation

point, thereby affecting some emergency medical re-
sponse operations. A radiological dispersal device, or
“dirty bomb,” disseminates radioactive material across
an area by means of a conventional explosive without
a nuclear detonation (Table 3-2).2

MEDICAL EFFECTS OF NUCLEAR WEAPON DETONATION

The medical effects of nuclear weapon detona-
tion include blast, thermal, and radiation effects,
all of which cause significant injury.*® Casualties at
Hiroshima were generally due to a combination of
effects; initial deaths during the first few days were
attributed to serious blast and thermal injuries, rather
than radiation injuries. However, many casualties had
combined injuries.®

Blast Injury

Two types of blast forces occur simultaneously in
the shock front of a nuclear detonation: direct blast
wave peak overpressure, which is measured by the
magnitude of the sudden rise in pressure over ambi-
ent pressure, and indirect blast wind forces, which are
measured by wind velocities. The intensity of both
blast forces decreases with increasing distance from
the detonation site.

Direct Blast Wave Peak Overpressure

Overpressure refers to sudden pressure changes
above the stable ambient pressure, which, at sea level,

TABLE 3-2

EFFECTS OF DETONATION OF A
RADIOLOGICAL DISPERSAL DEVICE AND AN
IMPROVISED NUCLEAR DEVICE

Improvised
Radiological Nuclear Device
Dispersal Device (Nuclear
Effect (“Dirty Bomb”) Weapon)
Major damage to No Yes
infrastructure
Expected casualty 10-1,000 50,000-1,000,000
range
Risk of fatal con- Unlikely Possible in high-
tamination fallout zone
Range of signifi- A few city blocks ~ Hundreds of
cant contamina- square miles
tion (or more with

fallout)

is 14.7 pounds per square inch (psi). Ata sudden peak
overpressure of 1 psi (15.7 psi total), some windows
may shatter. With respect to medical effects, rapid
compression and decompression with transmission
of pressure waves though tissues results in damage
at junctions between tissues of different densities.”®
This damage is noted particularly at interfaces be-
tween air and tissue, such as the eardrums and lungs
(Table 3-3). Tympanic membrane rupture may cause
tinnitus, pain, and hearing loss, and there may be
otoscopic evidence of perforation and blood in the ex-
ternal canal. The threshold overpressure for eardrum
rupture is 5 psi. About 50% of eardrums rupture at
18 psi, which is nearly the threshold for lung injury.
Thus, ruptured eardrums signal possible lung injury
because pressure levels high enough to cause serious
injury to the lungs have probably already ruptured
the eardrums.

Injury to the lungs is the major cause of morbidity
and mortality in direct blast injuries.”® Clinically dif-
fuse pulmonary contusions become apparent as local
or diffuse infiltrates on radiographs over the course of
hours. Symptoms may include chest tightness, pain,
tachypnea, and hemoptysis. At the interface between
soft tissue and air in the lung, the direct blast pres-
sure wave results in local tensions that cause micro-

TABLE 3-3

DIRECT BLAST EFFECTS

Effect Overpressure (psi)
Windows shatter threshold 1
Some vehicles overturn 5
Some houses collapse 5
Eardrum rupture threshold 5
Eardrum rupture (50% risk) 18
Severe lung injury threshold 20
Lethality (lung injury) threshold 40
Lethality (lung injury) 50% 62

Adapted from: Glasstone S, Dolan PJ. The Effects of Nuclear Weapons.
3rd edition. Washington, DC: US Department of Defense; 1977.
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Medical Consequences of Radiological and Nuclear Weapons

scopic tears; hemorrhage and edema then develop.
An alveolar-pulmonary venous communication can
be the source of air emboli, which can be immediately
life-threatening. Pneumothorax, hemothorax, and me-
diastinal extravasation of air are all possible manifesta-
tions of very severe direct blast injury.

Indirect Blast Wind Force

A nuclear explosion generates winds much greater
than hurricane force that cause flying debris to strike
people, or that project people into the air to impact with
other objects downwind. Traumatic injuries from blast
wind effects, including penetrating trauma (eg, caused
by glass or other debris at high velocity) and blunt
trauma, are much more common than injuries from di-
rect blast effects. Crush injuries may result from the col-
lapse or fragmentation and displacement of buildings
or large, heavy objects due to blast winds. Soldiers in
armored vehicles, as well as people in well-constructed
buildings, may be protected from most thermal and
blast wind effects, but they may still be subject to direct
blast effects (overpressures). For eardrum rupture in
that scenario, treatment can be delayed.

There is a relationship between the direct blast wave
peak overpressure and the maximum wind velocity at
the blast wind shock front (Table 3-4). Both the blast
wind velocity and the direct blast wave peak overpres-
sure decline with increasing distance from the detona-
tion. For example, for a 20-kiloton nuclear detonation,

TABLE 3-4

INDIRECT BLAST WIND EFFECTS: MAXIMUM
WIND VELOCITY OF SHOCK FRONT AND AS-
SOCIATED DIRECT BLAST PEAK OVERPRES-
SURE*

Indirect Blast Maximum Direct Blast Peak Over-

Wind Velocity (mph) pressure (psi)
2,078 200
1,415 100
934 50
294 10
163 5
70 2

*The actual distance is not listed because it depends on the magni-
tude of the nuclear detonation yield.

Adapted from: Glasstone S, Dolan PJ. The Effects of Nuclear Weapons.
3rd edition. Washington, DC: US Department of Defense; 1977.
Chapter 3.
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the blast wind velocity is estimated at 180 mph at 0.8
mile. For a 1-megaton detonation, the estimated veloc-
ity of the blast wind is 400 mph at 1.1 miles, 180 mph
at 3.0 miles, and 40 mph at 9 miles.*®

Thermal Injury

Thermal burns will probably be the most common
immediate serious injury following nuclear weapon
detonation. The intense heat of the expanding fireball
and thermal infrared radiation cause thermal injury
consisting of flash burns, flame burns, temporary flash
blindness (ranging in duration from seconds to a few
minutes as a result of a sudden peripheral observation
of intense light), and retinal burns (relatively rare).
Thermal effects also decrease with increasing distance
from the detonation. In a 10-kiloton detonation, sec-
ond-degree burns on exposed skin are seen on people
located up to 1.4 miles from the site, and first-degree
burns (similar in appearance to severe sunburn) are
seen on those up to 2 miles from the site. In a 1-megaton
detonation, second-degree burns are seen on people
at distances up to 10 miles, and first-degree burns are
seen on those up to 15 miles away.**

Flash Burns

Flash burns are caused by thermal infrared radiation
that travels in a straight line. Exposed skin absorbs the
infrared radiation, and the victim is burned on the side
of the body facing the explosion (profile burns). At a
sufficient distance from the detonation, objects cover-
ing the skin, including clothing, may shield against this
injury. A little closer to the detonation, where thermal
energy is higher, thermal radiation can cause burns
through clothing, even at temperatures below those
required to cause ignition of clothing. Light-colored
clothing reflects infrared radiation and dark-colored
clothing absorbs it, which can result in pattern burns
if the clothing is in actual contact with the skin.

Flame Burns

Flame burns are caused by ignition of clothing on
those closer to the detonation than those with flash
burns. Flame burns also result from secondary ef-
fects of fires. Firestorms cause many burn injuries
and deaths as damaged buildings burn with people
trapped inside. Severe thermal injuries include re-
spiratory injuries from hot gases; respiratory system
burns are associated with severe morbidity and high
mortality rates. Close to the fireball of the explosion,
everything is totally incinerated, with immediate 100%
lethality.
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Nuclear Radiation Injury

Types of Ionizing Radiation After a Nuclear
Detonation

Radioisotopes are characterized by the energy and
types of radiation they emit and by their half- lives (the
time for radioactive decay to 50% strength). Heavy nu-
clei, as found in elements such as uranium, plutonium,
and americium, emit charged alpha particles, which are
not an external hazard because they cannot travel into
tissue and are fully stopped by the outer clothing or
by the outer (dead) layer of exposed skin. Absorption
from wounds or inhalation is sometimes medically
significant, but absorption by ingestion is generally not.

Radioisotopes, such as tritium and strontium, found
in weapons fallout emit beta particles. Unlike alpha
particles, beta particles can travel a short distance in
tissue. Large quantities of beta particles deposited on
the skin can damage the basal layer and cause radia-
tion burns; large quantities are also important if they
are inhaled or ingested.

Neutrons are uncharged particles that are emitted
as prompt radiation in a nuclear detonation. They are
deeply penetrating, causing a significant whole-body
dose, but are not present in fallout radiation. Gamma
rays are massless photons with characteristics similar
to x-rays. They are produced by the nuclear decay of
radioisotopes and account for a significant whole-body
dose in both prompt and fallout radiation injuries. In
fallout, they are also medically important if inhaled or
ingested in significant quantities.”™

Radiation Units and Measurements

The conventional unit of radioactivity used to
quantify contamination is the curie, defined as 3.7 x
10" Bq, where 1 Bq is defined as 1 disintegration per
second and is the International System of Units unit
of radioactivity (Table 3-5). Published reports and
information on the Internet may use different units
to express radiation measurements. After a nuclear
detonation, gamma and beta radiation levels, but
not neutron irradiation, affect decontamination and
response decisions.

For dose, 1 R is equal to:

¢ 1rem (1,000 millirem),

e 0.01 Gy (1 cGy), or

e (.01 Sv (10 millisievert).

For dose rate, 1 R/h is equal to:

e 1,000 mR/h,

TABLE 3-5

COMMON UNITS USED IN RADIATION
AND THEIR CONVERSIONS IN THE
INTERNATIONAL SYSTEM OF UNITS

International System of

Conventional Unit Units (SI)

1rad 0.01 Gy or 1 cGy
1 rem 0.01 Sv
100 rad 1Gy
100 rem 1Sv
e lrem/h,
e 0.01Gy/h,or
e 0.01Sv/h.

Dosimeters measure the total dose accumulated in
rems, millirems, or sieverts. They are used by respond-
ers and healthcare providers to determine their own
cumulative, total dose at the end of the mission or a
defined period of time. Dose-rate instruments, such
as radiation detection, indication, and computation
(RADIAC) meters, can measure the radiation exposure
rate at a certain point in roentgens per hour or milli-
roentgens per hour. Such instruments are essential in
certain circumstances; for example, to assess a casu-
alty’s contamination level, potentially guide external
decontamination efforts, and assess the effectiveness
of decontamination efforts. These instruments are also
used by emergency responders as they move through
contaminated areas with varying radiation levels.

The AN/VDR-2 military dose-rate meter (or
equivalent, commercially available Geiger-Miiller
counter) can measure and distinguish gamma and
beta radiation over an extended range with an adjust-
able single probe. The military RADIAC meter AN/
PDR-77 comes with different probes, including a
separate probe to detect alpha particles. However, in
the event of a nuclear detonation, it will likely be used
for special purposes rather than as a general-purpose
instrument like the AN/VDR-2 or the Geiger-Miiller
counter, which is commonly used by first responders.
In a nuclear detonation scenario, it is not necessary
for first responders to have an instrument to measure
alpha particles. Contamination after the explosion
will involve a mixture of many radioisotopes. When
gamma (and beta) contamination is localized, all iso-
topes are localized, including alpha emitters. External
decontamination of beta- and gamma-emitting iso-
topes decontaminates for all isotopes.
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Clinical Manifestations of Nuclear Radiation Injury

Acute radiation injury can occur either as the result
of instantaneous exposure to radiation at the time of
detonation in the impact area or as the result of early
deposition of radioactive contamination from the im-
mediate, downwind fallout zone (within minutes or
hours following the detonation). The effects of whole-
body irradiation increase with increasing radiation
dose (Table 3-6), but a low dose of radiation does not
produce acute effects (Table 3-7). The most reliable
early clinical indicator of whole-body radiation injury
is vomiting, which can be seen within minutes to hours
after exposure. The most reliable early hematological
indicator is reduced lymphocyte count, which is seen
in less than 48 hours. Reduced neutrophil and platelet
counts are seen at approximately 2 to 6 weeks. For
an acute whole-body exposure, the lethal dose that
will kill 50% (LD,,) of an exposed group in 60 days is
expressed as LD, . For untreated humans, LD, is
approximately 3.5 to 4.0 Gy (350400 cGy), which can

TABLE 3-6

WHOLE-BODY RADIATION DOSE-EFFECT
RELATIONSHIP*

be increased to 5.0 to 6.0 Gy when antibiotics and trans-
fusion support are provided.” With aggressive treat-
ment in select patients, the LD, JqoMAY Tise further to
6 to 8 Gy with the use of hematopoietic growth factors
(bone marrow colony-stimulating factors [CSFs]) and
the availability of intensive-care-unit management.

Prompt radiation injuries are caused by instanta-
neous exposure to radiation at the time of the detona-
tion. Most patients with prompt radiation injuries also
have injuries from mechanical trauma and thermal
burns. As with blast and thermal effects, radiation
effects decrease with increasing distance from the
detonation. With a 10-kiloton detonation, an absorbed
prompt radiation dose of 4.5 Gy would be noted at a
distance of about 0.7 mile from the detonation site,
whereas this dose would be seen at a distance of 1.6
miles from the site of a 1-megaton detonation.*>"

Fallout injuries without significant mechanical or
thermal trauma (radiation-alone injuries) are seen in
the downwind area outside the impact zone within
minutes to several hours. There, radiation exposure
levels can be so high that a person outdoors can acquire
a potentially lethal radiation-alone injury within a
relatively short time. People should either take shel-
ter or move from the dangerous fallout area when
outside ambient radiation levels are low enough, as
determined by command guidance.

Whether they are caused by prompt radiation or

Dose Effect by fallout, the acute clinical effects of whole-body or
significant (> 60%) partial-body radiation are charac-
10cGy  No observable effects; threshold for minor terized as acute radiation syndrome.'" In addition
chromosome changes in circulating blood
lymphocytes
50cGy  Minor lymphocyte depression TABLE 3-7
1Gy Symptom threshold for nausea and vomiting;
mild lymphocyte depression at 48 hours; no TYPICAL RADIATIOI\I{ DOSES RECEIVED IN
deaths from acute effects of radiation THE UNITED STATES
2 Gy Nausea and vomiting within hours are com- Type of Dose Amount of Radiation
monly seen; moderate lymphocyte depression
48 hours; few, if h i
imsbir?;;si'n.i‘;\;'els 2123}’, fee:;nts , provided no Overseas roundtrip flightora 10 mrem (0.01 ¢Gy or
J P chest radiograph 0.1 mSv)
3.5-4 Gy Probabl d iti ithin hours;
y sl;;n?ficea:ta 11; Srfé);r;cy‘;eoz?;;?egsg;n ;r; 4;; 1}11rosur5' Average annual absorbed dose 295 mrem (0.295 cGy or
50% lethal within 60 days if untreated; more (frgmt o attgralljlgackgr(;ttr.ld ) 2.95 mSv)
lethal if combined injuries are present radiation to s popuiation
56Gy  Nearly 100% nausea and vomiting within 2 Diagnostic radiology computed 500 mrem (0.5 cGy or 5
hours; severe lymphocyte depression at 48 t%r(l:‘llography scan (chest and mSv)
hours; 100% lethal within 60 days if untreated; abdomen)
nearly 100% lethal, even with treatment, if Maximum annual dose allowed 5,000 mrem (5 cGy or
significant combined injuries are present a radiation worker 50 mSv)
*1Gy=1Sv *Asymptomatic and not associated with acute injury

Reproduced with permission from: Flynn DF, Goans RE. Nuclear ter-
rorism: triage and medical management of radiation and combined-
injury casualties. Surg Clin N Am. 2006;86:601-636.
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Triage and Treatment of Radiation and Combined-Injury Mass Casualties

TABLE 3-8
CLASSIC ACUTE RADIATION SYNDROMES*

Dose Clinical Status Description

1-8Gy  Hematopoietic

syndrome

Results from the radiation-sensitivity of the rapid cell renewal system of the bone marrow
(hematopoietic) stem cells. Clinical effects may include nausea, vomiting, skin erythema,
fatigue, fever, mucositis, and diarrhea. The syndrome is not generally clinically signifi-
cant for doses of 1-2 Gy. Laboratory analysis in cases with acute whole-body exposure
greater than 2 Gy can show lymphocytopenia (8-48 h), neutropenia, and thrombocy-
topenia (20-30 days). Other common effects in the weeks following exposure include
impaired wound healing (if there is concomitant trauma), bleeding (frequent gingival
bleeding, petechiae, and ecchymoses of skin or mucous membranes), anemia, hair loss
(scalp), increased infectious complications, and (if the radiation dose was high enough)
death. With a sublethal dose, the bone marrow will recover. Death from hematopoietic
syndrome may occur about 3-8 weeks after exposure.

Gastrointestinal
syndrome

8-20 Gy Results from the radiation sensitivity of the rapid-cell renewal system of the gastrointesti-
nal stem cells in the small intestine crypts. Clinical effects include onset of severe nausea
and vomiting, from minutes up to 1 hour after exposure, diarrhea (hours later, with or
without rectal bleeding), fever, headache, fatigue, and dehydration. Death from gastroin-
testinal syndrome (added to severe hematopoietic syndrome) usually occurs 1-2 weeks

after exposure.

>20Gy Neurovascular/
central nervous

Clinical effects within minutes of exposure include early vomiting, early burning sensa-
tion, and prostration. Neurological signs include dizziness, ataxia, and confusion. Hypo-

system syndrome
24-48 hours.

Varied Cutaneous

syndrome

tension, high fever, and explosive diarrhea are seen. Death is inevitable, usually within

May occur with any of the above three syndromes because radiation contamination on
the skin can cause severe effects (beta burns) without contributing significantly to the

whole-body dose. Clinical effects include a possible early but transient skin erythema.
The principal effects are not noted until about 24 weeks after exposure. They include
a brisk erythema, with blistering and wet desquamation at higher doses. At very high
doses, ulcerations with necrosis may evolve.

*Approximate dose ranges are a rough guide.

Adapted from: US Department of Homeland Security. Department of Homeland Security Working Group on Radiological Dispersal Device (RDD)
Preparedness. Washington, DC: DHS; 2003. www.au.af.mil/au/awc/awcgate/ va/radiologic_medical_countermeasures.pdf. Accessed March

23, 2012.

to nausea and vomiting, other clinical effects (some-
times delayed) may be noted, including erythema,
fever, headache, diarrhea, hair loss, delayed radiation
skin burns (as distinguished from prompt thermal
burns), and fatigue. The three classic acute-radiation
syndromes are hematopoietic, gastrointestinal, and
neurovascular (Table 3-8). Persons with whole-body
exposures up to 1 Gy are generally asymptomatic.
Potentially survivable exposures are generally in the
range of those associated with the hematopoietic syn-
drome (1-8 Gy). Even with aggressive treatment, no

one with a total body dose in excess of approximately
12 Gy will survive for more than about 4 months.
Death results not only from the severe hematological
and gastrointestinal effects, but also from the lungs’
intolerance of a high single dose. For the very few
who survive the combined bone marrow and gastro-
intestinal effects within the first 60 days, death from
radiation pneumonitis is likely within 3 to 4 months
after exposure. Other organ systems, such as the heart,
kidneys, and liver, will sustain severe damage, result-
ing in organ dysfunction.

URBAN CASUALTY AND DESTRUCTION PATTERNS AFTER THE LOW-ALTITUDE NUCLEAR
DETONATION AT HIROSHIMA

In 1945, the two nuclear bombs that exploded in Hi-
roshima and Nagasaki, Japan, were low-altitude bursts
(2,000 ft) in the 15- to 20-kiloton range (equivalent to

30,000—40,000 Ib of trinitrotoluene [TNT]). Rivers and
concrete bridges throughout Hiroshima served as
natural firebreaks. Nevertheless, immediately after
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the explosion, thousands of independent fires ignited
and eventually merged inside a roughly circular area
of 4.5 square miles (1.2-mile radius) around ground
zero. Firefighting resources were inadequate and made
ineffective by wreckage in the streets. There were also
broken water pipes in buildings, hydrants buried in de-
bris, and pumping stations disabled by loss of electrical
power with resultant low water pressure. Firefighting
was limited to the perimeter of the firestorm. Most
fires burned themselves out or were extinguished by
the second day. Beyond the 1.2-mile-radius fire zone,
the destruction or severe damage extended as far as
another mile, affecting numerous buildings and other
structures.’

Rescue, emergency medical care, and first aid in the
1.2-mile radius from ground zero were hampered by
communication breakdown, blocking of streets and
bridges by rubble, fires, and heavy smoke and dust
in the air. Survivors fled to riverbanks and parks or
were taken away in boats. An overwhelming number
of casualties flooded the few functioning hospitals
and first aid stations. It was initially impossible to give
even basic medical care to more than a few people. A
large part of the care was initially given by patients’
relatives. There was a shortage of supplies in first-aid
stations, particularly dressings to cover burns and

TABLE 3-9

wounds, even before the surge of casualties was seen.
Treatment in the first several days consisted largely of
providing places of refuge. Patients were kept warm
and administered analgesics. Additional first-aid and
alternative care stations were established in schools
and other buildings and on an island in the harbor. The
mortality rate in first-aid stations was high.®
AtHiroshima, about 80% of the area’s approximate-
ly 200 to 300 physicians and 1,800 nurses were dead or
incapacitated. About 60 physicians and a number of
nurses were able to give medical care despite their own
injuries. However, the shortage of trained personnel
was so grave that nursing students, medical students,
and many untrained volunteers, especially patients’
family members, were pressed into service.® Some
hospitals and many clinics were located in wooden
buildings, and many within a 2-mile radius of the
detonation were damaged or destroyed. Only 3 of the
city’s 45 hospitals and clinics were initially usable:
none had functioning blood banks. It is reported that
blood transfusions were given to only a few patients
during the first 4 days after the detonation. Medical
supplies for Hiroshima were stored in adjacent vil-
lages but were inadequate. Dressings were scarce,
and antibiotics, such as sulfonamides, were in short
supply, given the extent of the casualties. There was

ZONAL CASUALTY (KILLED PLUS INJURED) RATES 4 MONTHS AFTER DETONATION IN
RELATION TO DISTANCE FROM HYPOCENTER AT HIROSHIMA*

Casualty Rates (%)

Zone Distance' from Hypocenter Population Killed Injured Uninjured
1A 0-0.3 mi (0-0.5 km) 6,230 96.5 2.7 0.8
1B 0.3-0.6 mi (0.5-1.0 km) 24,950 83.0 11.3 5.7
2 0.6-0.9 mi (1.0-1.5 km) 45,270 51.6 329 15.5
3 0.9-1.2 mi (1.5-2.0 km) 67,900 21.9 41.2 36.9
4 1.2-1.6 mi (2.0-2.5 km) 30,600 4.9 34.0 61.1
5 1.6-1.9 mi (2.5-3.0 km) 30,600 2.7 38.4 58.9
6 1.9-2.5 mi (3.0-4.0 km) 29,400 2.5 22.7 74.8
7 2.5-3.1 mi (4.0-5.0 km) 20,310 1.1 8.2 90.7

*The Joint Commission for the Investigation of the Effects of the Atomic Bomb on Japan was established within a few weeks to investigate
medical effects of the bombings at Hiroshima and Nagasaki. It was composed of US military and civilian medical doctors, physicists, and
other support staff, in addition to Japanese medical doctors and support staff. The US team entered Hiroshima on September 8, 1945, 33
days after the nuclear detonation, formed a joint medical team with the Japanese, and closely coordinated medical investigations. They
investigated the effects up to 4 months after the detonation in seven zones at increasing distance from the hypocenter, for an estimated total

at-risk population of approximately 255,000 people.
*Approximate miles/kilometers conversion.

Adapted from: Oughterson AW, Warren S. Medical Effects of the Atomic Bomb in Japan. National Nuclear Energy Series. Washington, DC: US

Atomic Energy Agency; 1956:84.
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a shortage of lactated Ringer’s and other solutions,
as well as blood products. Due to rapidly dwindling
supplies, antibiotics and other medications had to be
given in such low doses that they may not have been
therapeutic.®

On the day following the bombing, some help (civil
defense and police) was received from adjacent villag-
es. Their principal activities were first aid, evacuation,
disposal of the dead, and looting prevention. After the
first day, 33 small relief stations were in operation and
up to 150 physicians were on duty. However, there was
still no substantial organized medical care for several
days after the explosion. When some medical teams
arrived from larger cities, they were still handicapped
by limited supplies and poor conditions. When the
public learned that there was radiation associated
with the bomb, thousands of uninjured people report-
edly crowded into the already overburdened first-aid
stations and hospitals believing they might have
been injured by radiation.® There were a number of
military medical facilities in Hiroshima, away from
the city center or on the outskirts. Within a few days,
the military assumed responsibility for both civilian
and military casualties for the subsequent 2 weeks.
Surviving casualties were then gradually transferred
to civilian hospitals.

The data from Hiroshima demonstrate the strik-
ing effect of distance from detonation on the rates of
death and injury (Table 3-9). Distance and shielding are
the principal factors influencing casualty rates. Both
factors should be considered in combination when-
ever possible. One conclusion, based on the casualty
volume and on the life-threatening but potentially
survivable injuries, was that the peak of the medical
load was located between 0.9 and 1.2 miles from the
center.® Operationally, this could be expanded to 0.6 to
1.5 miles. Individuals located less than 0.6 mile from
the center were unlikely to survive; those more than 1.5
miles away were less likely to have a life-threatening
injury, and most injured casualties were ambulatory.

There were special situations at Hiroshima in
which both the distance and the shielding factors for
casualties were known. During the late wartime years,
workers and volunteers in Japan were organized into
groups to create firebreaks. The outcome of that effort
demonstrates the effects of both distance and partial
shielding.®

Outcome data were derived from several groups.
One group consisted of a large population of students
who were well defined in terms of location and shield-
ing, and nearly all could be traced for outcome. Ap-
proximately 4,000 students were working outside on
the firebreak project at various locations. They were
considered unshielded from heat and radiation. Anoth-

er 13,000 students were in school, most of them in typi-
cal wooden buildings. These were considered largely
shielded against the thermal pulse, but unshielded
against ionizing radiation. Table 3-10 demonstrates
the effects of both distance and thermal shielding on
casualty rates at Hiroshima. Between 1.5 and 2.0 km
(0.9 and 1.2 miles), 14.2% of those who were thermally
shielded versus 83.7% of those who were unshielded
were dead or missing following the explosion.

TABLE 3-10

ZONAL MORTALITY FOR THERMALLY
SHIELDED (WOODEN SCHOOL BUILDINGS)
AND THERMALLY UNSHIELDED STUDENTS
ACCORDING TO DISTANCE FROM HYPOCEN-
TER AT HIROSHIMA

Thermally Shielded Students

Number

Distance Shielded Dead or Missing

0-0.6 mi 969 588 (60.5%)

(0-1.0 km)

0.6-0.9 mi 3,959 761 (19.2%)
(1.0-1.5 km)

0.9-1.2 mi 957 136 (14.2%)
(1.5-2.0 km)

1.2-1.9 mi 3,922 99 (2.5%)
(2.0-3.0 km)

1.9-2.5 mi 2,077 11 (0.5%)
(3.04.0 km)

Thermally Unshielded Students

Number

Distance Unshielded Dead or Missing

0-0.6 mi 2,436 2,282 (93.7%)

(0-1.0 km)

0.6-0.9 mi 484 413 (85.3%)
(1.0-1.5 km)

0.9-1.2 mi 135 113 (83.7%)
(1.5-2.0 km)

1.2-1.9 mi 76 11 (14.5%)
(2.0-3.0 km)

1.9-2.5 mi No data No data
(3.0-4.0 km) available available

Reproduced from: Oughterson AW, Warren S. Medical Effects of the
Atomic Bomb in Japan. National Nuclear Energy Series. Washington,
DC: US Atomic Energy Agency; 1956. Table 3.3 (p 35) and Table 5.2
(p 103).
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A second group of firebreak workers was divided
into two subgroups. The first subgroup consisted of
168 workers at 0.62 mile from the hypocenter. All
but three of them were shielded from direct thermal
effects, but not from ionizing radiation, by a row of
two-story, light, wooden structures. They were stand-
ing in formation, awaiting roll call for the beginning
of the workday, in the shadow of the thermal pulse of
the detonation. Six died of crush injuries from the blast
effects, and all three of those who were exposed to the
thermal pulse soon died of burns. The 159 immediate
survivors later developed some hair loss, and 90% de-
veloped cutaneous petechiae (purpura). Ninety-three
of the immediate survivors (58.5%) died, primarily
of radiation injuries, all between days 20 and 38,°
consistent with the hematopoietic syndrome timeline
following a fatal whole-body exposure.

The second subgroup of 166 workers had just
started their workday near the first subgroup, also at
0.62 mile from the hypocenter. All were in the open and
completely unshielded from the explosion. Following
the detonation, all showed evidence of immediate,
severe thermal burns; 101 died on the first day, and
55 died within 2 weeks (most within the first 4 days).
The 10 who survived for 2 weeks showed evidence
of radiation injury. At 14 weeks, all 10 were still alive
but were reported to be too weak to work. No further
follow-up was reported.

The death rate, in general, was highest among those
who were outdoors; it was lower for those in resi-
dential structures, and lowest for those in reinforced
concrete buildings. The reinforced buildings provided
protection from blast, thermal, and radiation injuries,
unless they were very close to ground zero. For 1,600
individuals (combined total from Hiroshima and
Nagasaki) in reinforced concrete buildings, between
0.3 and 0.75 mile from ground zero, the following im-
mediate fatality rates were correlated with the severity
of the structural damage”:

* Severe damage: 88% fatality rate
® Moderate damage: 14% fatality rate
e Light damage: 8% fatality rate

In addition, 11% of those in severely damaged build-
ings were reported as seriously injured, for a total rate
of death or serious injury of 99%.

The high fatality rates in severely damaged buildings
compared with less damaged buildings is believed to
be due primarily to two effects: first, from severe, often
fatal crush injuries resulting when concrete buildings
collapse; and second, from inescapable secondary fires
after entrapment in a building. Photographic evidence
from Hiroshima and Nagasaki showed that a number
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of reinforced concrete buildings within half a mile of
ground zero were still standing, but most of them had
severe thermal damage inside, where everything flam-
mable was incinerated with the thermal pulse and ensu-
ing fires.** In the event of a nuclear detonation today in
a major city center, this observation raises concern for
tall buildings exposed directly to a thermal pulse and
located less than half a mile from ground zero. Build-
ings that do not collapse may contain large internal
fires that prevent people from escaping.

Among the three causes of death in Hiroshima
(blast, thermal, and radiation injuries), it has been
estimated that perhaps 50% of the deaths were due
primarily to thermal burns.** Flash burns from direct
exposure to the thermal pulse were more common
than flame burns from secondary fires. First-degree
flash (profile) burns occurred at distances of up to 2.8
miles, but second-degree burns with blistering were
rarely seen beyond 2 miles. Flash burns of skin directly
exposed within 1.2 miles were usually third-degree
burns or mixed second- and third-degree burns, and
third-degree burns were most common within 0.6 mile.
However, many of those within 0.6 mile died quickly,
before the severity of the burns could be manifested. It
was also difficult to distinguish and classify between
a second- and third-degree burn in the early stages.

In addition, people sheltered or trapped in buildings
or tunnels close to ground zero may have been killed
by the depletion of oxygen or inhalation of hot gases,
smoke, and dust as a result of the firestorm. Almost
all deaths of those out in the open and unsheltered
within 1.1 miles of ground zero are thought to have
been caused primarily by thermal burns, although the
burns were usually combined with other injuries.**

There are fewer data on casualties caused by blast
winds, since those caught in the open with severe blast
wound trauma also had severe burns and injuries that
often resulted in death. Direct blast injuries occurred in
people who were shielded inside reinforced concrete
buildings up to 0.6 mile from ground zero.* Most im-
mediate deaths from blast wind injuries near ground
zero were due to crush injuries from falling buildings.
Outside the ground zero area, there were cases of frac-
tures as a result of blast winds, although fewer were
reported than expected. Blunt and penetrating trauma
also occurred, usually caused by multiple projectiles
causing multiple wounds. Beyond 1 mile, flying debris,
such as glass, caused the greatest number of blast wind
injuries, most of them nonfatal.® The degree of injury
was related to the velocity of the glass or other debris,
which, in turn, was related to the distance from the
explosion. Many casualties who were between 1 and
2.5 miles from ground zero were treated for lacera-
tions from glass fragments and small debris lodged
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superficially in the skin and subcutaneous tissues;
those closer to the explosion had more serious, deeper,
more penetrating wounds.** Complications after treat-
ment were usually associated with infections and slow
wound healing.’

Among the casualties who survived the first few
days following the explosion, a number died weeks
later, with symptoms ascribed to nuclear radiation.
These fatalities were estimated at 5% to 15% of the to-
tal number of deaths. A rough estimate indicated that
about 30% of those who died at Hiroshima had received
alethal dose of nuclear radiation, although this was not
always the immediate cause of death. A more recent In-
ternational Atomic Energy Agency review, referring to
the inner blast area around ground zero, indicated that
the immediate deaths were due to blast and thermal
effects, not to radiation exposure, since no one would
have been able to survive the lethal blast and thermal
effects only to die of radiation effects later."

For injuries due to radiation, the data collected at
Hiroshima® were based on studies of patients known
to be alive 20 days or more after the detonation. A his-
tory of vomiting on day 1 and of epilation, purpura,
and oropharyngeal lesions later correlated with the
radiation dose, as estimated by the distance from the
explosion and the degree of shielding. The higher the
dose, the earlier the manifestation of radiation injury.
The Joint Commission’s summary report noted thatin
the most heavily exposed patients, a severe, dysentery-
like diarrhea started early following detonation and
persisted until death. This often occurred together
with gastrointestinal bleeding. Bleeding sometimes
developed from other sites, such as the gums. Vomit-
ing within 3 hours after the explosion was associated
with severe cases of radiation injury.® Vomiting is not
specific for radiation injuries because it may result
from other causes, such as physical or psychological
trauma, following such an explosion. Some casualties
did not vomit, including even some who were within
0.6 mile of the explosion; however, those who were
that close would have had a significant degree of ion-
izing radiation shielding, since they obviously had
shielding that protected them from being killed on the
first day by the thermal or blast effects. Nevertheless,
vomiting, which later correlated with radiation injury,
was reported as the most common early symptom at
both Hiroshima and Nagasaki. Oropharyngeal lesions
(painful oral mucositis) caused by radiation sometimes
appeared 3 to 5 weeks after the explosion. These le-
sions were considered suggestive of radiation injury
but not specific. In a study of a large sample of 20-day
survivors, the criterion for the diagnosis of significant
whole-body radiation injury by the Hiroshima joint
medical teams was determined to be the development

of epilation and / or purpura. The peak onset of epila-
tion occurred 14 to 21 days after the explosion, and
that of purpura 20 to 35 days after the explosion. The
occurrence of epilation and purpura together, particu-
larly with an earlier onset for either, was associated
with very severe radiation injury. The incidence of
such injury according to this criterion was 86% up to
0.62 mile from the explosion, 39% at 0.62 to 0.93 mile,
and 10% at 0.93 to 1.24 miles.® Partial shielding from
ionizing radiation may have prevented the percentage
of epilation or purpura from being higher. The degree
of radiation injury was not well defined quantitatively
in terms of hematological laboratory studies, such as
the degree of neutropenia, because data were limited
and fragmented, and because no blood tests were
done on the vast majority of casualties due to resource
limitations. Generally, only one blood specimen was
obtained from those who did undergo blood testing;
however, alimited number of patients with presumed
radiation injuries who survived the first 20 days had
variable blood counts done between the third and
fifth weeks after detonation. The Joint Commission
concluded that “few instances were reported where
recovery occurred with white-blood-cell counts of less
than 500 [per cubic millimeter].”®

The data on delayed epilation, purpura, and oro-
pharyngeal lesions are relevant for current medical
planning for a nuclear detonation. Some individuals
who have little or no trauma injury may self-evacuate
the area, unaware of having sustained significant ra-
diation injury. This would be particularly true for those
who were outside the thermal blast zone but were in
the dangerous fallout zone for a sufficient period of
time. Two weeks after a detonation, public health ad-
visories could target symptoms of epilation, purpura,
or oropharyngeal lesions and urge anyone who has
or subsequently develops these symptoms to imme-
diately seek medical attention. Unexplained persistent
fever and burns 2 or more weeks after the detonation
could be warning signs of bone marrow or cutaneous
radiation injury. Therefore, the public health advisory
should also urge these individuals to immediately seek
amedical checkup. A simple physical examination and
blood tests 2 or more weeks after the detonation would
include, at a minimum, hemoglobin, hematocrit and
lymphocyte, neutrophil, and platelet counts to help
determine whether there was a clinically significant,
whole-body radiation exposure.

In a 1962 updated analysis of the casualty zones
after the Hiroshima bombing, the number of zones
was reduced from seven to three.” Although some
information is lost, the three-zone approach is easier
in terms of medical planning, particularly for rescue
operations. The updated estimates of the number of
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people at risk and the number of casualties are within
1% of the estimates given in Table 3-9 for 4 months
after detonation.

e Inner zone or severe damage zone (ground
zero up to 0.6 mile): Population 31,200, with
86% killed and 10% injured. Extensive de-
struction with a high fatality rate and survi-
vors with very serious injuries. Most concrete
buildings collapsed except for a few, most of
which had some serious damage. Photograph-
ic evidence of large piles of rubble blocking
streets; many concrete buildings, which had
initially appeared to be relatively sound from
the outside, were internally damaged and
gutted by fire.

e Middle zone or moderate damage zone
(0.6-1.6 miles): Population 144,800, with 27%
killed and 37% injured. Many concrete build-
ings standing but severe destruction of most
small masonry and lightweight structures,
including residences, as well as overturned
vehicles and some secondary fires. Significant
fatality rate and many serious life-threatening
injuries.

® Outer zone or light damage zone (1.6-3.1
miles): Population 80,300, with 2% killed and
25% injured. Destruction of some lightweight
structures. Low fatality rate. Many casualties
were ambulatory, with minimal injuries. Oth-
ers who were in locations nearer to the border
of the middle zone had moderately serious
injuries. First-degree burns (profile burns)
were very common among those who were
outdoors.®

The differences in early fatality rates between zones
are striking: 86% in the inner zone, 27% in the middle
zone, and 2% in the outer zone. The injuries among the
few survivors in the inner zone were usually severe,
whereas there were very few severe injuries in the
outer zone. A conclusion for casualties in the middle
zone (0.6-1.6 miles) was that “a larger proportion of
the population would probably have survived if im-
mediate medical attention had been available.”** This
is consistent with the 1956 published report on the
seven-zone analysis of casualties.® There were 91,000
injured who survived day one who would potentially
have benefited from some level of medical care (Table
3-11). Many of the 45,000 who died on day one were
killed immediately. Many others who were severely
injured also died on day one before receiving medical
care. However, today, some of the severely injured
might have survived long enough to be triaged and
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TABLE 3-11

APPROXIMATE CASUALTY RATE AT HIRO-
SHIMA FROM DAY 1 TO 4 MONTHS AFTER
DETONATION

Estimated population at risk 255,000

Uninjured 119,000

Total casualties 136,000

Dead day 1 45,000 (33% of total
casualties)

Surviving casualties day 1 91,000

Dead day 2 to month 4 19,000 (86% of those died
within 20 days)

Total dead month 4 64,000

Surviving casualties month 4 72,000

Adapted from: Oughterson AW, Warren S. Medical Effects of the
Atomic Bomb in Japan. National Nuclear Energy Series. Washington,
DC: US Atomic Energy Agency; 1956: 86.

provided emergency medical care. Therefore, medi-
cal treatment planning for a Hiroshima-like scenario
would mean planning for 100,000 or more injuries
exclusive of radiation-alone injuries from fallout.

For medical planning, it is necessary to consider
not only the number of injured requiring care but
also estimates of the numbers of people with each
different type of injury. In Hiroshima, the core of the
medical load was reported between 0.6 and 1.6 miles
(1.0-2.5 km), after which there was a sharp drop in
zonal population density, in addition to the lower
percentage of dead or severely injured people with
increasing distance from ground zero (see Table 3-9).
Much effort was put into the post-detonation analysis
and quantification of types of single injuries (thermal,
blast, or radiation) and the major injury components
for combined injuries. An estimated 70% of survivors
had blast injuries, 65% had thermal burns, and 30%
had radiation injuries. However, there are no precise
data available on the relative significance of each in-
jury type.** Although the predominant type of serious
injury was often thermal, it is expected that those who
died early with very severe, visually obvious burns
also may have had undiagnosed, underlying, fatal,
internal traumatic injuries. Therefore, for those fatali-
ties in the inner zone, trauma as the primary cause of
death is likely to be underreported. With a ground-
level detonation, additional radiation injuries would
be expected for those in the heavy fallout zone because
of radioactive contamination.

Military medical planning for operations also
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involves a review of previous after-action reports for
lessons learned from similar past military operations.
At Hiroshima, after several months of investigation,
it was concluded that “the methods adopted for treat-
ing casualties were far below standard because of the
shortage of supplies and equipment and the extraor-
dinary demands made on crippled staffs.”® Members
of a Joint Commission of US and Japanese physicians
speculated as to what the mortality rate would have
been if there had been satisfactory facilities available,
with enough medical personnel and adequate supplies
to treat the casualties soon after the explosion. In addi-
tion to sufficient personnel and basic supplies for burns
and wounds, they also recommended having sufficient

quantities of resuscitative fluids available, including
parenteral fluids (eg, lactated Ringer’s), plasma (and
plasma volume expanders), and whole blood; equip-
ment for sterile techniques and wound debridement;
and an ample supply of antibiotics.* However, in this
government report, finally published in 1956 after
some years of delay, the commission concluded it
was doubtful whether more than 5% to 10% of the
deaths from all injuries could have been prevented.®
More resources, such as broad-spectrum antimicrobial
agents and cytokines (CSFs), have become available
since the Hiroshima bombing. However, the need for
adequate basic supplies for overwhelming casualties
remains unchanged.

CURRENT PROJECTIONS OF URBAN CASUALTY, DESTRUCTION, AND FALLOUT PATTERNS
AFTER A GROUND-LEVEL NUCLEAR DETONATION

The US Department of Homeland Security Na-
tional Planning Scenario No. 1 involves planning for a
ground-level, 10-kiloton nuclear detonation in a major
urban environment.” The nuclear blast would result in
physical destruction of buildings and other structures,
with the amount of damage decreasing with increasing
distance from ground zero.

For a nuclear detonation at ground level, the three-
zone (light damage, moderate damage, and severe
damage) approach at Hiroshima will be similar in terms
of severity of structural damage and survivability of
casualties. However, unlike Hiroshima in 1945, a major
city center today is typically surrounded by a great
number of tall buildings. There would be significant
shadowing (shielding) effects from blast winds, ther-
mal radiation, and prompt nuclear radiation provided
by these buildings. Shielding would also be provided
by any hills and rolling terrain around ground zero.
The zones, therefore, would not be concentric circles,
as in Hiroshima. However, in some directions around
ground zero, there are likely to be some relatively open
sectors between groups of tall buildings where the blast,
thermal, and radiation effects would be channeled
in full force along corridors. The outer boundary of
the light damage zone along these unshielded open
corridors is estimated at 3 miles, similar to the outer
boundary of the light damage zone at Hiroshima.

Zones are defined by the degree of structural dam-
age as emergency responders move in the direction of
ground zero.” There are no clear boundaries between
the three zones, but the visual evidence of degree of
structural damage and measured radiation levels will
help responders and their commanding authorities
define the operational boundaries. There will also be a
dangerous fallout zone that overlaps with and extends
beyond the three blast zones™

e Light damage zone: At the outer boundary,
the incidence of shattered glass windows is
roughly 25%. As emergency responders move
inward, the damage gradually worsens, with
increased litter, rubble, light wooden-structure
damage, some downed power lines, and de-
tectable radiation levels. The zone is charac-
terized by minimal injuries to individuals, the
most common being very superficial injuries
from flying glass and debris carried by blast
winds of diminished velocity, and some ther-
mal profile (flash) first-degree burns. More
significant injuries will be noted as responders
approach the moderate damage zone bound-
ary.

* Moderate damage zone: There will be over-
turned automobiles, downed power lines,
some ruptured gas and water lines, significant
structural damage, and substantial rubble;
many light commercial and residential build-
ings will be unstable or collapsed (most
brick or wood-framed structures will have
collapsed); there will be poor visibility as
a result of smoke from secondary fires and
dust from collapsed buildings. There will be
elevated radiation levels, but monitored early
entry of emergency responders is possible.
Many injuries in the moderate damage zone
will be serious or life threatening but poten-
tially survivable. Injuries from high-velocity
flying glass and debris will be more severe
than in the light damage zone because the
higher velocity of the blast winds will cause
deeper tissue penetration. Responders should
focus their medical attention primarily on
this zone and not be distracted by minimally
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injured individuals when they pass through
the light damage zone, which would delay
their deployment into the moderate damage
zone. Victims in this zone, compared to those
in other zones, will benefit the most from
priority emergency care. These conclusions
are in agreement with the conclusions of the
Hiroshima studies conducted more than 60
years ago.

e Severe damage zone: This is a no-go zone
for responders, best characterized by the
complete destruction of most buildings. Very
few reinforced buildings will still be standing,
but all will be damaged, structurally unstable,
and most will probably be gutted by fire. As
a consequence, there will be large mounds
of rubble. All effects will be more severe
than those in the moderate damage zone.
There may be more extensive fires, smoke,
and dust from collapsed buildings that will
limit visibility, and there will be high levels
of radiation. Most of the initial survivors will
have nonsurvivable injuries. This zone is
characterized as a no-go zone for responders
until radiation levels are sufficiently reduced
through nuclear decay of most isotopes.

e Dangerous fallout zone: This zone is not de-
fined by structural damage but by an exposure
rate of 10 R/h (10 cGy/h) at the boundary.?
For example, for a 10-kiloton weapon, if the
outer boundary of the blast zones is about 3
miles, the dangerous fallout zone may extend
20 miles away from ground zero in the direc-
tion of the prevailing winds."”'"® The fallout
zone overlaps sectors of the severe, moderate,
and light damage zones. For example, if the
fallout moves northeast from ground zero, the
northeast sectors of the moderate and light
damage zones will have very high radiation
levels during the first day. The severe dam-
age zone will already have very high levels,
regardless of the fallout direction.

A massive amount of downwind fallout is produced
in a ground-level detonation, unlike in the low-altitude
detonations in Japan."*’ A nuclear explosion at ground
level results in vaporized and irradiated earth and
debris being pulled up into the fireball, which rises
rapidly into a towering mushroom cloud; as the fire-
ball cools off, the material is carried in the direction
of the prevailing winds before falling to the ground.
The detonation creates radioactive fission products
that attach to particles of debris to form fallout, which
becomes the main source of ground contamination.
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The larger, heavier particles, which are visible as fine,
sand-sized grains, fall to earth in a few minutes. The
lighter, fine particles, which are not necessarily vis-
ible, travel farther downwind. The fallout will reach
the ground in less than a day, with the most intense
fallout reaching the ground in the proximal area in less
than an hour. The primary medically significant types
of radiation will be due to gamma and beta radiation.
In the dangerous fallout zone, external exposure to
gamma radiation is the predominant risk because of
the whole-body effects; however, beta radiation can
cause severe cutaneous burns (beta burns) if uncovered
skin sustains prolonged contact with fallout.

The fallout will not exactly follow the computerized
plume-modeling projections. In the atmosphere, the
descending fallout is blown by winds whose speed
and direction vary at different elevations, so that the
fallout pattern may not be evident from ground-level
wind direction alone. Therefore, in addition to the use
of computerized fallout-plume models, appropriate
ongoing radiation monitoring must be performed to
define the dangerous fallout zone, which changes as
a function of time. Computerized modeling estimates
the maximum dose rate 15 minutes after a ground-
level 10-kiloton detonation to be about 1,500 cGy /h (15
Gy /h) atalocation on the ground under the middle of
the fallout plume 1.6 miles downwind from the explo-
sion.””’ This would result in a probable lethal dose in
only about 20 minutes. This dose rate decreases to 180
cGy/h at2hours, and to about 7 ¢cGy/h at 2 days, due
to the rapid decay of many of the short-lived radio-
nuclide fission products. During the first 2 hours, the
cumulative dose for a person outdoors and under the
center of the plume would be approximately 600 cGy
at 2.5 miles downwind of the detonation, 300 cGy at 5
miles, 100 cGy at 9 miles, and only 50 cGy at 12 miles,
at which point there would be no symptoms and no
acute radiation injury.

Therefore, not only does fallout decrease sharply
with distance, it also decays quickly with time. Fall-
out is most dangerous in the first few hours after an
explosion. The rapid decay in fallout radiation dose
rate follows a standard 7-to-10 rule for decay: for every
sevenfold increase in time after the detonation, the
radiation dose rate decreases tenfold.” For example, if
the radiation dose rate at 2 hours after detonation is
known, in 14 hours (7 x 2 = 14) the dose rate will be
decreased to one tenth of the dose rate at 2 hours. At 98
hours after detonation (7 x 7 x 2), the dose rate will be
decreased to one hundredth of the dose rate at 2 hours.
Therefore, itis prudent for the public to seek shelter im-
mediately after a detonation, such as in the basement
of ahome, workplace, or school, or in an underground
metro station. Military personnel will receive a degree
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of protection in lightly armored vehicles.

The first public response should generally be to
find shelter. Sheltering (particularly at home) is pru-
dent early in a radiological event because families can
congregate at home where showers, uncontaminated
replacement clothing, food, and water are available.
Sheltering also provides authorities time to assess the
situation more completely. Evacuation might be indi-
cated later for people in some locations, depending on
the specific situation and the extended dose estimates.
In other locations, remaining sheltered may result in
much lower radiation exposure. This underscores
the importance of sheltering immediately following
the detonation. Unfortunately, many civilians who
choose to self-evacuate immediately after the blast
may find themselves stuck in traffic, which would
become gridlocked due to mass panic and possibly
damaged roads and bridges. Those under the plume
area will be exposed to a higher radiation dose if they
are outdoors or in a vehicle, where their proximity to

the radioactive material on the vehicle’s roof will result
in a much higher dose than if they were in a basement,
far removed from the radioactive material on the roof
of the house or building. The policy guidance today
should be early, adequate shielding followed by in-
formed, delayed evacuation.

Uncontrolled mass self-evacuation will not only
hinder emergency responders and supplies from enter-
ing the area, but it will also hinder the evacuation of
the critically injured. Contamination from fallout may
impede military and civilian response operations. This
will delay some actions, such as rescue operations,
until sufficient radioactive decay has occurred. Since
the fallout is subject to rapid radioactive decay, the ra-
diation exposure rate at a given location will diminish
rather quickly with time. The dangerous fallout zone
will subsequently shrink dramatically in size each day,
which will be taken into account in implementing op-
erations. Continuous monitoring of ground radiation
levels is imperative.

PERSONAL PROTECTION AND LONG-TERM HEALTH RISKS FOR EMERGENCY RESPONSE
PERSONNEL

Both military and civilian emergency respond-
ers have operating guidelines to ensure their safety
during rescue operations. They also have protective
equipment to help safeguard them against acute and
long-term effects of radiation. Both have dosimetry
equipment and are under their respective command
authorities. In any mission, command authority al-
ways weighs the importance of the mission, whether
military or civilian, against the possible risks to the
responders’ health and safety.”***

Medics and Military Personnel

Military emergency responders train for chemical,
biological, radiological, and nuclear (CBRN) attacks.
Under military CBRN policy, decontamination of per-
sons exposed to chemical and biological agents takes
place before they are admitted to a medical facility
(such as a combat support hospital) because even small
amounts of some chemical or biological agents create
a potential risk. Persons with radiological contami-
nation, however, pose no significant medical risk to
healthcare personnel who use proper decontamination
techniques. In addition, unlike biological and chemical
contamination, the level of radiation contamination
can be monitored easily by hand-held instruments,
such as a RADIAC meter.””

Standard military-issue protective masks plus
complete protective overgarments (mission-oriented
protective posture level 4 [MOPP 4]) protect against

inhalation of most radioactive material and contamina-
tion, as well as against chemical and biological agents.
Military emergency responders will have personal
dosimeters and RADIAC meters. In most radiation
environments outside the high-radiation zone, a lower
degree of protection is adequate compared to that
needed for chemical and biological threats. Because it
is difficult to accomplish sustained rescue operations
in MOPP 4, the command authority will determine
the appropriate MOPP level of protection based on the
risks of the specific situation. In some situations where
the protective mask and heavy gloves are not required,
rescue operations can be accomplished faster and with
greater efficiency without undue risk. In other situ-
ations, anticontamination suits may be preferred if
heat stress in MOPP suits is a concern, and when the
contamination threat is only ionizing radiation (not
combined with chemical agents, for example). This
would require approval from the command authority.

Mission-specific, risk-based dose limits include
limits for those engaged in lifesaving activities, as
seen in current military doctrine.”* Whereas military
commanders set their operational exposure guidance
(ie, dose limits to military personnel) at any level in
a nuclear war, the risk analysis for extremely high-
priority missions, which includes saving lives, yields
a maximum operational exposure guidance of 125 cGy
(1.25 Sv). If this dose is reached, some soldiers may be
symptomatic (with temporary nausea and possible
vomiting) but will not be at risk for acute lethal effects.
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For operations other than war, and based also on mis-
sion priorities and risk analysis, military commanders
limit maximum operational exposure guidance levels
to 75 cGy (0.75 Sv).

Civilian Personnel

Civilian emergency responders who enter an area
after a nuclear detonation may be knowingly exposed
to certain levels of radiation to save lives, but they
need to stay as safe as possible.” Civilian responders
need personal protective equipment, such as anticon-
tamination suits and respirators similar to those used
by the military, while working under the guidance of
the civilian incident commander.” Initial emergency
responders should have meters, such as Geiger-Miiller
counters, to measure dose rates and dosimeters to
show the total accumulated dose received.”* Incident
commanders will make every effort to employ the “as
low as reasonably achievable” principle when super-
vising emergency responders on such a mission.” The
incident commander will weigh the likelihood and
significance of a proposed mission’s success against
the health and safety risks to emergency response
personnel. The risks involve not only high radiation
levels but also widespread fires, smoke, dust, chemi-
cals, downed power lines, and unstable structures.
For radiation limits, some nonmilitary government
agencies have established a maximum-dose guideline
of 50 cGy (0.5 Sv, 50 rem) for first responders trying to
rescue people who would otherwise die. There are no
expected acute symptomatic effects at this dose and
no risk of acute lethal effects. The “turn-back” dose
for emergency responders can be lower (or higher)
than the guideline based on the case-specific circum-
stances. In higher-radiation areas, where 50 cGy or
more could be received, emergency responders should
have proper training to understand the risks and be
allowed to volunteer for the mission.” Any rescuer who

vomits should be removed from the site and medically
screened. Vomiting would imply that although the ac-
cumulated dose was estimated to be 50 cGy, it might
have been higher, since vomiting is not common at a
dose of 50 cGy.

Long-Term Health Risks

In addition to considering a high dose of ionizing
radiation that may result in acute effects, both mili-
tary commanders and civilian incident commanders
should consider possible long-term effects (primarily
lifetime cancer risks) on emergency response personnel
under their command.

Data from the National Academy of Sciences report
Biological Effects of Ionizing Radiation (BEIR VIII)**
estimate that 43 of every 100 people in the United States
will be diagnosed with cancer in their lifetime. It is
also estimated that one cancer per 100 people (1%), or
about one fatal cancer per 200 people (0.5%), would
eventually result from a single exposure of 10 cGy (0.1
Sv) above average natural background radiation levels.
A 10-cGy dose is roughly equivalent to that obtained
from 20 diagnostic chest and abdominal computed
tomography scans and is a dose causing no acute side
effects (see Table 3-7). Therefore, a medic or other
emergency responder (police officer, firefighter, etc)
who received a whole-body gamma dose of 10 cGy
(0.1 Gy) from an exposure during a rescue mission
would not have acute symptoms, but the additional
lifetime risk of developing cancer would be about 1%,
for a total risk of 44% instead of the projected 43%. If
the dose were 20 cGy (0.2 Gy), the person would be
asymptomatic, but the additional risk would be 2%,
yielding a 45% chance of cancer in a lifetime versus
43% without such acute exposure. However, the delay
in acquiring a radiation-induced cancer may range
from 5 to 40-plus years, and about half of all cancers
are curable with treatments available today.

TRIAGE: CONVENTIONAL, RADIATION-ALONE, AND COMBINED INJURIES

US Military Triage System

Military triage is a dynamic process and occurs
at every level of care, from initial casualty sorting,
first-responder care, clinical triage, prioritizing for
surgery, and intensive care, to the evacuation system.
The conventional military triage system used today
to sort and prioritize trauma patients is referred to
as “DIME” (delayed, immediate, minimal, expectant;
Exhibit 3-1).* The DIME system is currently used to
train medical and evacuation personnel and is help-
ful when mass casualties may overwhelm available
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medical resources. US Army medical units and hos-
pitals currently drill using this triage system for mass
casualties, and it has been applied in operations in
Iraq and Afghanistan. The DIME system, sometimes
with minor variations, is used by the North Atlantic
Treaty Organization (NATO) and also by individual
countries, among them Russia, Japan, Finland, Israel,
Germany, France, and the United Kingdom.

There are a number of other triage systems avail-
able for mass casualty events, such as START (simple
triage and rapid treatment), a similar system often
used in the civilian sector, and SALT (sort, assess,
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EXHIBIT 3-1
“DIME” TRIAGE CATEGORIES

Delayed (D): Patients require less urgent treatment than those in the immediate treatment category. This group includes those
wounded and in need of surgery but whose general condition permits delay without unduly endangering life. The types of injuries
in this category include fractures of major bones, relatively stable intraabdominal or thoracic wounds, and burns on less than 50%
of the total body surface area (and not involving the face and without respiratory distress). Preoperative resuscitative treatment will
be required (eg, stabilizing intravenous fluids, blood transfusions, antibiotics, and pain relief). Delayed-treatment patients will be
monitored in case there is a significant change in condition that warrants a change in triage category.

Immediate (I): Patients require immediate treatment to save life, limb, or sight (highest triage priority). This group includes those
requiring immediate life-saving surgery. The surgical procedures should not be time consuming and should involve only those unstable
patients with a high chance of survival (eg, surgically correctable respiratory compromise, such as with upper airway obstruction or
pneumothorax, or surgically correctable hypovolemic shock due to hemorrhage, etc).

Minimal (M): Patients require outpatient treatment and are often returned to duty. These casualties (the “walking wounded”) have
relatively minor injuries (eg, minor lacerations, abrasions, contusions, sprains, fractures of small bones, and minor burns) and can
effectively care for themselves or can often be helped by nonmedical personnel. They may sometimes be returned after a short time
to some form of duty, depending on their condition and on military needs.

Expectant (E): Patients require extensive treatment and resources and usually have a very poor prognosis, even with treatment (low-
est triage priority). Casualties in this category have wounds that are so extensive that even if they received the benefit of optimal
medical resource application, their chances of survival would be poor. Expectant-treatment casualties are unresponsive patients with
penetrating head wounds, mutilating explosive wounds involving multiple anatomical sites and organs, second- and third-degree
burns in excess of 60% of total body surface area, profound shock with multiple injuries, open pelvic injuries with uncontrollable

bleeding, and agonal respiration.

lifesaving interventions, treatment and / or transport),
a more recently proposed system.” Because there are
no established and widely accepted medical triage
systems for a nuclear detonation, the existing DIME
triage algorithms are used with modification for the
impact of radiation injury.

Triage and Emergency Medical Treatment of Mass
Casualties

The first responders to casualties, whether military
or civilian, will be under protective-action command
control that will limit their radiation dose exposure
by determining which areas they may enter. Medical
treatment facilities (MTFs) will be at a sufficient dis-
tance from very high-radiation areas to avoid excessive
radiation exposure. Healthcare personnel have never
received a significant radiation dose, in the military or
civilian setting, while providing care to contaminated
radiation casualties.

For overwhelming mass casualties, the speed of
assessing and categorizing patients’ status is key to
effective triage. A patient’s location at the time of the
detonation is extremely important. Patients who were
in the open (unshielded) and relatively close to the
detonation site will have serious blast and thermal
injuries and significant whole-body radiation exposure

and are presumed to be expectant. Resources will be
limited, and transferring obviously expectant patients
to the MTF, where they would be clinically triaged,
is inappropriate. At the other end of the spectrum,
those who were not close to the detonation and were
not near the dangerous fallout zone, and who are
ambulatory and without significant symptoms, burns,
or blast injuries, can be given a brief evaluation and
initially presumed to have experienced insignificant
trauma and radiation dose. They can be classified in
the minimal category and not sent to an MTF.

Emergency rescuers and medics must make deci-
sions as to which trauma patients require priority
evacuation to an MTF, particularly to one with surgi-
cal assets. Some of these priority patients may require
timely lifesaving surgery and must therefore be
transferred immediately, regardless of whether there
is radioactive contamination on them. Simple, hasty
decontamination can be performed as long as it does
not delay transfers. Lives will be lost if there are inap-
propriate delays in transporting critical patients who
are contaminated, or if potentially lifesaving surgery
is delayed.

Conventional-Injury Triage

Initial primary clinical triage is based on conven-
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tional injuries (mechanical trauma and burns), not on
radiation dose. In the first days after a nuclear detona-
tion event with overwhelming mass casualties, trauma
will be the life-threatening problem to address.”**"
Upon the patient’s arrival at the MTE rapid triage will
be performed by a triage officer. The surgeon will make
the final decision as to whether surgery is needed, the
timing of surgery, and the priority of multiple surgical
patients. The triage officer and surgeons should iden-
tify patients who require early evacuation. Casualties
must be moved expeditiously to the next echelon of
care when appropriate; otherwise, valuable resources
will be consumed in maintaining patients, thereby
preventing other casualties from receiving care. After
a nuclear detonation, as in wartime, it cannot be as-
sumed that it is possible to rapidly and reliably trans-
port the wounded. In the confusion, casualties with
a wide variety of injuries might arrive at the nearest
MTE, regardless of its capability. Extra effort will be
needed to keep patients moving forward in the system
to an appropriate level of care. The greatest number
of lives will be saved only by ensuring that time and
materials are not allocated to expectant cases or to
those whose injuries are such that definitive care can
be postponed (minimal trauma or radiation-alone ca-
sualties). Knowing how and when to resupply internal
resources may prove critical in decision-making for
casualty treatment.

All patients receive a triage evaluation, but only
some receive priority operative intervention. With an
overwhelming number of trauma patients, time on
the operating room table is the chokepoint. Trying to
include all the factors that influence triage decision-
making would be encyclopedic and of little benefit
in a mass casualty situation; it is best to rely on the
judgment of the trauma surgeons at the various MTFs.

DIME is the first approach in a mass casualty situ-
ation. Many patients in the immediate- and delayed-
treatment categories require surgical intervention
within minutes or hours, respectively. In forward
locations where there are no surgical capabilities,
patients classified as immediate who require surgery
will need rapid transport to facilities capable of per-
forming emergency surgery. It is likely that there will
be many more patients in the immediate category
than the operating room has the capacity to handle.
Given two equally compelling immediate patients
requiring emergency surgery, the one estimated to
require less operating room table time should be
taken first. A patient requiring only one surgical
procedure generally has a higher priority than one
requiring multiple procedures. Occasionally, with the
operating rooms full, emergency lifesaving surgery
may be performed outside the operating room; for
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example, a patient bleeding uncontrollably from a
dysfunctional extremity who requires an emergency
amputation.

Surgeons will prioritize operative management. In
the initial surge of patients received at an MTF (such as
a combat support hospital or a fixed civilian or military
medical center), those immediate and delayed patients
awaiting surgery will be resuscitated and stabilized as
much as possible. For example, at a combat support
hospital, if the preoperative area becomes full, the
critical presurgery patients can be stabilized in avail-
able intensive-care and medical or surgical beds. Thus,
while awaiting surgery, immediate- and delayed- treat-
ment patients receive respiratory support, stabilizing
intravenous (IV) fluids, efforts to control bleeding,
blood transfusions, antibiotics, and pain control, along
with any additional external decontamination that
may be necessary.

A patient presenting with hypotension must be
presumed to be hypovolemic as a result of trauma and
not as a result of a massive radiation dose. Therefore,
hypotensive patients must be evaluated quickly to
determine if their hypotension has a surgically correct-
able cause (eg, hemorrhage). The medical condition of
those awaiting surgery will be monitored, and changes
in triage category can be made. For example, given two
patients in the immediate category, the patient who
fails to respond rapidly to initial fluid resuscitation but
who is still considered salvageable can be retriaged (or
prioritized) ahead of a patient with a good response
to fluid replacement. Alternatively, a nonresponder
who is deteriorating rapidly and judged unlikely to
be resuscitated and stabilized may be retriaged into
the expectant category.

In a mass casualty situation, time itself is a resource
that must be carefully managed. Aborting a surgical
procedure and retriaging a patient to the expectant
category may be necessary if the patient’s condition
deteriorates during surgery (for example, when ex-
tensive injuries are discovered intraoperatively that
are not likely to be surgically correctable, with low
chances of survival, compared to other patients who
are potentially salvageable and urgently awaiting
lifesaving surgery).

The decision to delay or withhold care from a
wounded patient who, in another less-overwhelming
situation, might be salvaged is difficult both for the
medic or first responder out in the field and for the
surgeon at the MTE. Nonetheless, making the difficult
decisions in sorting casualties as quickly as possible
is the essence of military triage. The goal is to save as
many lives as possible with the available resources.
Patients in the expectant category are given comfort
care. Once the immediate and delayed patients have
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been cleared, available treatment resources should be
focused on surviving expectant patients, followed by
any minimal patients still requiring care

Radiation-Injury Triage

Trauma patients take priority over all radiation-
alone patients. Casualties who have no trauma or
burns because they were outside the immediate
detonation impact area, but who were in the adja-
cent, downwind, heavy-fallout area, may have been
exposed to a high radiation dose if they were unshel-
tered on the first day. For radiation-alone patients,
four basic treatment categories, based on the severity
of presumed radiation exposure, can be used to guide
triage and treatment. The four categories are:

Mild (< 2 Gy)

e Triage by symptoms, lymphocyte count

* Close observation and complete blood cell
count with differential

¢ Outpatient management is appropriate in the
absence of significant mechanical trauma or
burns

Moderate (2-5 Gy)

* Possible hospitalization

e Consider early growth factor (cytokine)
therapy

* Consider viral prophylaxis

e Consider early antifungal therapy

* Administer antibiotics for febrile neutropenia;
consider elective antibiotics for afrebrile neu-
tropenia in certain cases

Severe (5-10 Gy)
* Hospitalization
* Reverse isolation and intensive care, if pos-
sible
Early growth factor (cytokine) therapy
Early viral prophylaxis
Early antifungal therapy
Early antibiotics for anticipated profound
neutropenia
Lethal (> 10 Gy)

* Symptomatic and supportive care only; if
there are no mass casualties or if resources
become adequate, some of these patients can
be treated as if in the severe group.*'

The assumption is that these patients do not have
significant conventional injuries (trauma or burns).
The four groups are roughly parallel to the four groups
in the military triage DIME system for conventional
injuries.

People who have received a mild radiation dose

without other injury can be placed in a minimal treat-
ment category because they are expected to survive
with no immediate treatment. Those who have re-
ceived a lethal radiation dose would be placed in the
expectant category and given comfort care. Clinical
resources would be prioritized to treat casualties in the
moderate and severe groups, parallel to trauma and
burn patients in the delayed and immediate trauma
triage categories. Patients in these two groups require
the assistance of a hematologist knowledgeable in
treating severe pancytopenia, and the assistance of
an infectious disease expert knowledgeable in treat-
ing resistant opportunistic infections with anticipa-
tion of profound febrile neutropenia. However, the
care of radiation-alone patients can be deferred for a
few days, if necessary, until the priority trauma and
burn patients are cleared. Patients in the military
immediate-treatment category, by strict definition, are
those requiring immediate lifesaving intervention. No
patients with radiation-alone injuries require immedi-
ate intervention in a mass casualty situation. Those
exposed to a treatable, life-threatening radiation dose
are in the hematopoietic syndrome range and will not
die during the first week (but are at risk after several
weeks)”; however, trauma patients with potentially
treatable, life-threatening injuries may die within an
hour if untreated. Therefore, patients who have trauma
and are triaged to the immediate or delayed categories
will take priority over all radiation-alone patients,
regardless of their triage category.

Combined-Injury Triage

Combined injury is defined as concurrent trauma
(mechanical or thermal) and significant whole-body
radiation injury. The prognosis is much worse for
victims who have serious combined injuries than it
is for those with the same degree of trauma without
radiation injury.>*"?

A major difference between conventional and
radiation injuries is the time line. Many immediate-
treatment patients with only trauma die within hours.
Survivable injuries caused by radiation alone do not
cause death in the first week. Thermal burns manifest
immediately, but radiation burns do not manifest
themselves for several weeks. A death caused by ra-
diation alone within the first week indicates a dose so
high that it would have been nonsurvivable regardless
of treatment (eg, a dose high in the gastrointestinal
syndrome or the neurovascular syndrome range; see
Table 3-8). For this reason, initial care within the first
24 to 72 hours in a combined-injury scenario focuses
on serious mechanical trauma and thermal burns.”

A theoretical combined-injury triage guide that
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tried to factor in radiation dose would be difficult to
implement because of the uncertainty of radiation dose
during initial overwhelming mass casualty triage. In
the 2004 recommendations of the Strategic National
Stockpile Working Group (Table 3-12), delayed-treat-
ment patients with a dose of 1.5 to 4.5 Gy were placed
in variable triage categories depending on the nature
of the trauma. However, those with a dose of 4.5 Gy
have a much worse prognosis than those with a dose of
1.5 Gy. All patients in the minimal-treatment category
were kept in that category regardless of how high the
radiation dose because treatment for the presumed
minor conventional injury plus the significant radia-
tion injury could be postponed without appreciably
affecting the chances of survival. However, early group
evacuation of significantly radiation-injured individu-
als would be advantageous. Also in the Strategic Na-
tional Stockpile Working Group schema, immediate-
treatment trauma patients are kept in the immediate
category even if they also have serious whole-body
radiation injuries. However, suppose two immediate-
treatment trauma patients, whose conventional injuries
are equally compelling, require lifesaving surgery. If
one of them has received an estimated radiation dose of
1.5 t0 4.5 Gy, the surgeon will take the other, nonirradi-
ated patient first because the patient with significant
combined injuries requires more resources and has a
poorer prognosis than the patient with trauma-alone
injury. The essence of military triage is to operate
first on casualties with life-threatening injuries that
require limited resources and have the greatest likeli-
hood of survival. Therefore, an immediate-treatment

TABLE 3-12

CONVENTIONAL VERSUS COMBINED-INJURY
TRIAGE (2004 RECOMMENDATIONS)

Conventional Expected Change*

Triage

Categories <15Gy 15-45Gy >45-<10Gy
Immediate (I) I I E
Delayed (D) D Variable® E
Minimal (M) M M M
Expectant (E) E E E

*Conventional triage categories with added whole-body irradiation
"Triage category depends on the nature and extent of physical injury
Data source: Waselenko JK, MacVittie T], Blakely WF, et al. Medical
management of the acute radiation syndrome: recommendations
of the Strategic National Stockpile Radiation Working Group. Ann
Intern Med. 2004;140(12):1037-1051.
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trauma patient who was also exposed to an estimated
radiation dose of 1.5 to 4.5 Gy would either be kept
as a lower-priority immediate patient or retriaged to
expectant. What will actually happen depends on the
number of immediate casualties without significant
radiation injury (< 1.6 Gy), the available resources,
and the available evacuation options. It is sometimes
difficult to prescribe in advance an appropriate triage
category for some combined-injury patients.
Regardless of the triage schema used, it is probable
that some combined-injury patients who should have
been in the expectant category will have received treat-
ment for immediate trauma injuries. This is because
there will be cases where life-threatening injuries will
be treated immediately, before a radiation dose esti-
mate is available. In an overwhelming mass casualty
situation in which patients need immediate lifesaving
treatment, including surgery, there would be limited
opportunity to accurately estimate, early on, the ab-
sorbed radiation dose. Furthermore, a patient could
receive a nonuniform dose due to partial shielding that
protected viable hematopoietic bone marrow stem cells
from injury. Information on the patient’s distance from
the detonation and the degree of shielding is important
for estimating the radiation dose; however, even if such
information is available, unknown shielding factors
of the physical environment could partially block the

TABLE 3-13

CONVENTIONAL VERSUS COMBINED-INJURY
TRIAGE (2009 RECOMMENDATIONS)

Expected Changes™

Convention- <2Gy 2-6 Gy
al Triage (Vomit > (Vomit >6 Gy
Categories 4h) 1-4 h) (Vomit <1 h)
Immediate (I) I Variable E

L E)
Delayed (D) D Variable E

O, 1)
Minimal (M) M D Variable (D, E)
Expectant (E) E E E

*Changes in triage categories after whole-body irradiation

Data sources: (1) Radiation Event Medical Management Web site.
www.remm.nlm.gov. Accessed February 22, 2010. (2) Homeland Se-
curity Interagency Policy Coordination Subcommittee for Prepared-
ness and Response to Radiological and Nuclear Threats. Planning
Guidance for Response to a Nuclear Detonation. Washington, DC: Office
of Science and Technology Policy, Executive Office of the President;
2009. www.usuhs.mil/ afrri/ outreach / pdf/ planning-guidance.pdf.
Accessed March 23, 2012.
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amount of radiation received.

Using clinical symptoms, specifically time to first
emesis, is very helpful for a triage officer (Table 3-13).
This measure is much more reliable than early ery-
thema for a dose greater than 6 Gy; early erythema is
an unreliable indicator of radiation injury because it
may be related to thermal or medical treatment effects,
rather than ionizing radiation effects, and therefore is
subject to misinterpretation. All minimal-treatment
trauma patients, primarily the “walking wounded,”
who are also irradiated can be evacuated by mass
transit to centers well outside the impact area that
can deal with radiation injury in the hematopoietic
syndrome range.

Immediate- and delayed-treatment trauma patients
who have received a dose of 2 to 6 Gy or more than 6
Gy can be made lower-priority patients in their same
triage categories, since trauma patients without irradi-

ation, or having sustained doses less than 2 Gy, would
have priority over patients with greater radiation doses
in the same triage category. Alternatively, immediate-
treatment trauma patients who have received doses
of 2 to 6 Gy or more than 6 Gy could be temporarily
designated as expectant until the immediate-treatment
patients without irradiation and those exposed to
doses less than 2 Gy are cleared. Close and urgent
attention must be paid to those patients classified as
immediate or delayed upon initial clinical triage who
may be potential candidates for priority evacuation.
The medical facilities in the area around the impact and
fallout zones will be overwhelmed. It is likely there
will be many more immediate and delayed patients
requiring surgery than the available area resources
can handle. This could result in a significant delay in
surgery for some immediate-treatment patients unless
they can be quickly evacuated.

EVACUATION, RESUPPLY, AND AUSTERE MEDICAL CONDITIONS

Evacuation assets should be mobilized simultane-
ously with the medical response for triage and treat-
ment. There can be many thousands of individuals
inside the dangerous fallout zone who have received a
significant whole-body radiation dose. Some may also
have minimal conventional injuries. Public transporta-
tion assets, such as chartered airplanes, trains, and bus
convoys, could be used to evacuate many people in less
than 48 hours. They could be organized and escorted
in groups of up to 500 individuals or more and sent
to distant sites that are able to deal with serious, but
potentially survivable, radiation injuries long before
such injuries manifest clinically. Individuals with
radiation-alone injuries or with minimal trauma do not
need medical care during transport in a mass casualty
scenario; an early group evacuation policy would take
a major burden off local medical resources.

For more serious immediate- and delayed-injury
patients, medical evacuation assets can sometimes be
expanded under austere conditions. Medical trans-
portation assets, such as air and ground ambulance,
with the ability to provide medical care in transit, will
be in short supply. The hospitals in the broad area
around the detonation site will be overwhelmed with
casualties. It is expected that some critical trauma
patients who would normally be treated locally may
need to be evacuated even when their injuries can-
not be completely stabilized prior to transport. In an
overwhelming mass casualty scenario, definitive care
may be substantially delayed because too many casual-
ties will require immediate care and resources will be
taxed. A recent review of the aftermath of a potential
10-kiloton detonation in a major US city concluded

there were not enough burn beds in the United States
to handle the expected patients with serious burns,
even if all the beds were empty and available.*”” Under
austere conditions, the “burn bed” should be redefined
as any bed or cot set up where at least some basic burn
care can be provided, such as IV fluid and electrolyte
replacement, pain control, systemic antibiotics, and
skin care. Those with minimal or no trauma injuries
but with serious yet potentially salvageable radiation
injuries can afford to have treatment delayed while
they are evacuated to appropriate medical centers
throughout the country. Critical trauma patients can-
not afford such a delay.

In addition to evacuating casualties, immediate
resupply of resources and personnel needs to be ad-
dressed. Within a day or two, there will be local short-
ages of supplies, such as IV fluids and blood, needed
for the enormous number of thermal burn and trauma
patients awaiting treatment or evacuation. Supplies
of drugs, such as narcotics and antibiotics, may be
depleted quickly. When first-choice drugs run out,
alternative antibiotic regimens can be considered, as
recommended by infectious disease clinicians. Oral
drugs, including antibiotics, are preferred whenever
possible because they can be administered by non-
medical personnel under medical supervision. It is
also important that limited medical resources not be
used in excess for those with minimal injuries or for
hopeless expectant casualties.

Within 24 hours after the start of a mass casualty
situation, many healthcare personnel, including sur-
geons and operating room personnel, will be totally
exhausted. Work shifts will be extended throughout
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the hospital, and extreme fatigue will rapidly set in.
Traditionally, two surgeons operate as a team on a
complicated trauma case. Insufficient surgical staff
levels could be augmented by incorporating the skills
of other healthcare personnel. For example, under
austere conditions, retired surgeons, surgical resident
physicians-in-training, and experienced veterinary
surgeons could play a role in assisting surgeons. This
would depend on the specific case and the judgment
of the primary surgeon in charge; however, using these
resources would allow short sleep intervals for some
surgeons on the brink of exhaustion after a prolonged
surge of trauma cases. The surgical surge period could
last up to a week.

Nonmedical volunteers, nursing students, and
medical students could also be allowed to work under
medical oversight. Each volunteer could be trained to
perform a single function (eg, starting IVs, cleaning
wounds, decontaminating casualties, acting as litter-
bearers, distributing specific oral medication, giving

intramuscular pain medication to expectant casualties).
Most doctors and nurses at Hiroshima were casualties,
and most hospitals were damaged. However, there
was an innovative response from available medical
and many nonmedical personnel, including those who
themselves had minimal injuries.>* The nonmedical
personnel provided whatever assistance they could to
others, usually under some medical direction.

In a present-day situation, the number of people with
radiation contamination, whether minor or significant,
will be overwhelming. Initially, there will be severe
shortages of trained personnel and instrumentation
to address contamination issues. There will be a great
need to mobilize health physicists, medical physicists,
and associated technical staff, such as health physics
technologists or nuclear medicine technologists. All
provide critical support in assessing contamination and
evaluating decontamination. These individuals may
bring their own instrumentation with them to assigned
areas requiring health physics support.

ASSESSMENT OF RADIATION DOSE: CLINICAL AND LABORATORY

Clinical Assessment

Once the immediate medical needs of a patient with
mechanical or thermal trauma have been met, radiation
decontamination should begin and the radiation dose
should be estimated. Assessing the radiation dose can
be important for modifying patient triage, and it can
be estimated by the time to first emesis. The Radiation
Emergency Assistance Center/Training Site (REAC/
TS) in Oak Ridge, Tenneessee, records and maintains
worldwide accident data (Table 3-14) and reports that
the time to first emesis decreases with increasing ra-
diation dose in a predictable pattern.' The estimated
average whole-body dose resulting in emesis in 50%
of patients was 2.4 Gy. When a dose is absorbed over
a short period of time (ie, at a high dose rate), the dose
resulting in emesis in 50% of the patients is expected
to be significantly lower, as consistent with clinical
experience in radiation oncology treatment where
the dose is delivered in a few minutes. Although a
relatively small percentage of patients acutely exposed
to a dose of 1 Gy vomit, most vomit when the dose is
higher than 2 Gy, provided the dose is absorbed over a
very short time rather than over many hours or days.
As a guide for rapid clinical radiological triage in a
mass casualty situation, it has been proposed, based
on REAC/TS data, that individuals who vomit within
4 hours after exposure be referred for hospital evalua-
tion and possible admission.* Those who do not vomit
within 4 hours can be referred for delayed evaluation
some days later. If they have no serious concurrent
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injury, outpatient care is probably appropriate. If no
vomiting occurs during the first 4 hours after an acute
exposure, one may assume that severe clinical effects
are unlikely unless there are significant conventional
injuries. If there is insufficient laboratory support in a
mass casualty situation, casualty triage according to
radiation dose depends on the length of time to initial
vomiting. More recently, REAC/ TS reported thatif the
time to emesis is less than 2 hours after exposure, the
effective whole-body dose is probably at least 3 Gy.*
Patients who have radiation-induced emesis within
1 hour have received a whole-body dose that prob-
ably exceeds 4 to 6 Gy. The median radiation dose for

TABLE 3-14

ESTIMATES OF TIME TO VOMITING AFTER
WHOLE-BODY RADIATION DOSE

. Radiation Dose
Percentile of

Dose >4 h to Vomiting <4 h to Vomiting
25th 0.5 Gy 2.5 Gy
Median 0.9 Gy 3.6 Gy
75th 1.7 Gy 6.0 Gy

Data source: US Department of Homeland Security. Department of
Homeland Security Working Group on Radiological Dispersal Device
(RDD) Preparedness. Washington, DC: DHS; 2003. www.au.af.mil/
au/awc/awcgate/va/radiologic_medical_countermeasures.pdf.
Accessed March 23, 2012.
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patients vomiting less than 1 hour after exposure is
6.5 Gy, with an interquartile range (25%-75%) of ap-
proximately 5 to 11 Gy.* Conversely, if the patient has
not vomited within 8 to 10 hours after the event, the
whole-body dose is probably less than 1 Gy. However,
vomiting can occur for reasons other than radiation
(eg, as a result of psychological effects).

Laboratory Assessment
Lymphocyte Count Depression

Ideally, a complete blood cell count with differential
to evaluate lymphocytes (and neutrophils) should be
performed initially, then every 6 hours if resources
permit, or at least at 24 and 48 hours. The periph-
eral blood lymphocyte count (lymphocytes/mm?) is
a sensitive indicator of radiation dose and follows a
predictable, radiation dose-dependent, exponential
decline in the first few days after a significant whole-
body dose. For example, at 24 hours after exposure, if
the lymphocyte count is less than 10% of normal, the
exposure is lethal, even with treatment. If it is 90% or
more of normal, survival is likely, even without treat-
ment.* If it is about 50% of normal, the corresponding
dose is in the mid-hematopoietic syndrome range.
In that case, aggressive treatment should ideally be
started before the end of the first week to decrease
the risk of death in the following weeks.”*® REAC/
TS developed a predictive algorithm to estimate the
effective whole-body dose soon after an exposure.*
The method uses the measured lymphocyte depletion
rate from serial complete blood cell counts performed
within the first 8 to 12 hours after exposure. This
algorithm was developed to provide physicians and
health physicists with an early approximation of the
dose so that cytokine therapy, if indicated, can begin
early. A rough estimate of the whole-body dose may be
obtained by using the REAC/TS data and taking the
absolute lymphocyte count at approximately 8 to 12
hours after exposure (Table 3-15). The dose estimate is
independent of the preirradiation lymphocyte count,
which is often unknown. This technique is designed
to be a radiation triage mechanism applied early after
exposure and should be considered along with the
time to radiation-induced emesis. Between 12 and 48
hours after exposure, the lymphocyte count contin-
ues to drop exponentially. The lymphocyte counts of
patients receiving different radiation doses will differ
more at 48 hours than at 12 hours because the counts
decrease at different dose-dependent depletion rates;
therefore, a better estimate of dose and prognosis can
be made at the 48-hour point (Table 3-16).%

Algorithms from the Armed Forces Radiobiology

TABLE 3-15

WHOLE-BODY, APPROXIMATE DOSE ESTI-
MATES BASED ON EARLY LYMPHOCYTE
COUNT DEPRESSION*

Absolute Lymphocyte Count 8-12 Estimated Absorbed

Hours After Exposure* Dose (Gy)
1,700-2,500/ mm® 1-5
1,200-1,700/ mm® 59
< 1,000/ mm® >10

*A whole-body dose of 1 Gy or less should not noticeably depress
the lymphocyte count below the normal range, taken as 1,500 to
3,500/ mm?®.

Data source: US Department of Homeland Security. Department of
Homeland Security Working Group on Radiological Dispersal Device
(RDD) Preparedness. Washington, DC: DHS; 2003. www.au.af.mil/
au/awc/awcgate/va/radiologic_medical_countermeasures.pdf.
Accessed March 23, 2012.

Research Institute biodosimetry assessment tool com-
bine various factors, including time to emesis and lym-
phocyte depletion rate, to estimate the radiation dose
and help guide therapy (see www.afrri.usuhs.mil).’

TABLE 3-16

PROGNOSIS AT 48 HOURS BASED ON LYM-
PHOCYTE COUNT DEPRESSION AFTER ACUTE
WHOLE-BODY EXPOSURE

Minimal

Lymphocyte  Aproxi-

Count 48 mate

Hours After Absorbed

Exposure Dose (Gy) Prognosis

1,000-3,000/ 0-0.5 No significant injury
mm? (normal
range)

1,000-1,500/ 1-2 Significant but probably non-
mm® lethal injury, good prognosis.

500-1,000/ 24 Severe injury; fair prognosis
mm®

100-500/ 4-8 Very severe injury; poor prog-
mm’ nosis

<100/ mm? >8 High incidence of lethality

even with hemapoeitic stimu-
lation

Reproduced with permission from: Koenig KL, Goans RE, Hatchett
RJ, et al. Medical treatment of radiological casualties and current
concepts. Ann Emerg Med. 2005;45:643—652.
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Cytogenetic Studies

The radiation dose may be subsequently con-
firmed with a chromosome-aberration bioassay in
cultured peripheral blood lymphocytes.** Chromo-
some dicentrics are interchanges between two chro-
mosomes that form a distorted chromosome with
two centromeres. The frequency of chromosome
dicentrics correlates better with the absorbed dose
than does lymphocyte count depression, and changes
may be detected with a dose as low as 0.2 Gy. The

technique is labor intensive, however, and results
cannot be obtained rapidly; even in ideal situations,
results may not be available until days after exposure.
Thus, the method has limited usefulness in a mass
casualty situation. However, cytogenetics can guide
crucial therapy in selected cases. In the United States,
the current laboratories with cytogenetic capability
that are dedicated to radiation dose assessment are
at the Armed Forces Radiobiology Research Institute
in Bethesda, Maryland, and at REAC/TS in Oak
Ridge, Tennessee.

EMERGENCY TREATMENT OF COMBINED INJURIES

Basic life-support concerns need to be addressed
quickly for casualties in the immediate category; air-
way, adequate ventilation, and circulatory function
should be ensured for patients whose injuries are cor-
rectable. Concerns about internal or external contami-
nation from radioactive material should be secondary.
During the first 72 hours, the initial phase of treatment
will be directed toward trauma and burns, with si-
multaneous integration of external decontamination,
as appropriate. After detonation of a nuclear weapon,
most casualties will be combined-injury patients.

Emergency surgical care involves resuscitation,
hemorrhage control, and minimizing sepsis with
debridement. Traditionally, combat and traumatic
wounds are left open. However, there has been
concern that in the significantly irradiated patient
(hematopoietic syndrome range), wounds left open
may serve as a nidus for infection, based in part on
animal studies and on observations at Hiroshima.
However, in the Hiroshima experience, when wounds
were open, antibiotics were in extremely short supply,
so they were often diluted and may not have reached
therapeutic blood levels.® Wounds in the combined-
injury patient might be debrided thoroughly and
closed early, when possible. However, early closure
may not be possible or practical in many circumstanc-
es, such as when multiple debridements are needed
or in the case of significant devitalized tissue and
subsequent morbidity of closed-space contamination.
For a patient who has received a whole-body radia-
tion dose over 2 Gy and also has a traumatic wound,
therapeutic countermeasures are available today to
reduce the risk of radiation-induced neutropenia and
subsequent sepsis when a wound must be left open:

specifically, cytokines to stimulate the bone-marrow
stem cells and more potent antibiotics to prevent or
treat infection.

Topical antibiotics and nonadherent dressings are
essential to treating wounds and burns, with systemic
antibiotics added if appropriate. Major surgical pro-
cedures are prioritized for unstable but salvageable
patients. Ideally, if surgical correction of major injuries
is required, it should be performed as soon as possible.
Otherwise, major surgical procedures should be post-
poned, when possible, until late in the convalescent
period following hematopoietic recovery. However,
patients requiring critical surgery during the first 2
months should receive it even without full hemato-
poietic recovery.

For vomiting, treatment includes drugs such as
granisetron and ondansetron. Vomiting usually abates
within 48 hours, making prolonged antiemetic therapy
unnecessary. For diarrhea, treatment includes drugs
such as loperamide and diphenoxylate hydrochloride
with atropine sulfate.

Casualties who have mild, uncomplicated injuries
may be kept in alternative care facilities established
in response to the overwhelming mass casualties.
Patients who have significant (2-6 Gy) but potentially
salvageable whole-body radiation injury should begin
to receive aggressive treatment within the first week.
They may be transferred to oncology centers equipped
to treat potential opportunistic infectious complica-
tions of bone marrow failure. One national resource,
the Radiation Injury Treatment Network, is partnered
with the US Department of Health and Human Ser-
vices and provides coordinated medical care with a
large number of specialty centers.*"*

DEFINITIVE TREATMENT OF RADIATION INJURIES

Hematopoietic Injury

During the first 72 hours of the emergency treat-
ment phase, while clinical and laboratory whole-body
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dose assessments are being made, potentially salvage-
able patients may be identified who are destined to
develop radiation-induced bone marrow aplasia of
the hematopoietic syndrome. Early in the definitive
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treatment phase of casualties, within the first week
in an overwhelming mass casualty scenario, the ini-
tiation of cytokines (such as granulocyte CSF) and
antimicrobials will improve the chances of survival
for these patients.”**"* Essentially, of the patients
treated for significant radiation exposure, those with
a chance for survival will be those without serious
mechanical or thermal trauma, with a dose limited to
the hematopoietic syndrome range (up to 8 Gy). Both in
the immediate posttraumatic period and later during
the manifestation of hematopoietic radiation injury,
blood products should be transfused when indicated.

Hematopoietic growth factors or cytokines (CSFs)
are endogenous glycoproteins that induce bone mar-
row stem cells to proliferate and differentiate into
specific mature blood cell types. For those who receive
radiation doses above 3 Gy, successful treatment
depends on maintaining a surviving fraction of stem
cells capable of spontaneous regeneration, assuming
that any nonhematopoietic injuries are survivable. For
neutropenic patients receiving myelosuppressive che-
motherapy, available CSFs include filgrastim, pegfil-
grastim, and sargramostim (granulocyte-macrophage
CSF). These, along with newer growth factors under
development, are potent stimulators of hematopoi-
esis by the bone marrow. CSFs will usually decrease
the duration of radiation-induced neutropenia and
stimulate neutrophil recovery. The results of several
radiation accidents suggest that prophylactic CSFs
should be initiated early, within 3 to 4 days when-
ever possible, in patients who have been exposed to
potentially survivable whole-body doses of radiation
and are at risk for hematopoietic syndrome. This may
not always be possible in a mass casualty scenario.
For patients who were not given early granulocyte-
macrophage CSF and who later become profoundly
neutropenic (ie, an absolute neutrophil count < 500/
mm?®), a CSF should be employed. This can sometimes
be effective, as demonstrated in patients who received
chemotherapy and subsequently developed febrile
neutropenia.

In a nuclear detonation, most casualties exposed to
a dose exceeding 6 to 8 Gy may also have significant
blast and thermal injuries that preclude survival,
regardless of treatment. Bone marrow transplanta-
tion and other aggressive treatment cannot salvage
anyone who has received a whole-body dose of about
12 Gy because serious radiation injury to the lungs
and other vital organs would result in nonsurvivable
conditions. For patients who undergo bone marrow
transplantation after radiation accidents, outcomes
have been poor. Bone marrow transplantation would
have no role in a mass casualty situation given the
presence of current alternative therapies (such as cy-
tokine therapy), the probability of combined injuries,

uncertainties about radiation dose, and nonuniform
exposure of radiation victims.*** The patient’s physi-
cal environment often affords partial shielding, result-
ing in variability in the absorbed dose. Because the
absorbed radiation dose is nonuniform, there may be
unexpected reservoirs of viable hematopoietic stem
cells that received a lower dose than the average
whole-body dose. Both spared and radiation-resistant
stem cells are capable of promoting hematologic
reconstitution. This ability appears to be augmented
by CSF therapy.

Infectious Complications

Controlling infection during the critical neutropenic
phase is a major factor for producing a successful out-
come in patients who have absorbed a radiation dose
in the hematopoietic syndrome range.*** Infections
are a major cause of mortality in irradiated casualties
because of the immunosuppressive effects that result
from declining lymphohematopoietic elements second-
ary to radiation-induced bone marrow aplasia (revers-
ible or irreversible). Life-threatening, gram-negative
bacterial infections are universal among neutropenic
patients. Oral fluoroquinolones may be used electively
in severely neutropenic patients. Managing established
or suspected infection in irradiated patients with fever
and neutropenia is similar to managing infection in
febrile neutropenic patients undergoing chemotherapy.
For those who have significant neutropenia (absolute
neutrophil count < 500/ mm?®), the use of broad-spec-
trum prophylactic antimicrobials is indicated because
the duration of neutropenia is likely to be prolonged.
Treatment might include a fluoroquinolone with strep-
tococcal coverage (with penicillin or amoxicillin, if the
streptococci are not inherently covered by the fluoro-
quinolone); an oral antiviral agent, such as acyclovir;
and an oral antifungal agent, such as fluconazole.
Acyclovir is effective against herpesvirus, which has a
high risk of reactivation during periods of immunosup-
pression. Fluconazole has been shown to reduce fungal
infections and mortality in immunosuppressed patients
undergoing allogeneic bone marrow transplantation.”
Other antifungals, such as voriconazole, could be used
for infections that do not respond to fluconazole, such
as those from Aspergillus or resistant Candida species.

Antimicrobial agents should be continued until the
treatment fails, the patient has a neutropenic fever,
or the patient shows evidence of neutrophil recovery
(absolute neutrophil count rising and > 500/ mm?). The
fluoroquinolone should be stopped in patients who
develop fever while receiving it. Urgent parenteral
therapy should be used if fluoroquinolone-resistant,
gram-negative bacteria are suspected, in particular
Pseudomonas aeruginosa, because gram-negative infec-
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tions may be rapidly fatal. Vancomycin should be
added if a resistant gram-positive infection is suspect-
ed. The prevalence of life-threatening, gram-positive
bacterial infections varies greatly among hospitals, and
therefore antimicrobial therapy should be matched
against hospital susceptibility patterns.

The specific hematopoietic and antimicrobial treat-
ment described are examples of several approaches to
treating victims who have received radiation doses
in the hematopoietic syndrome range. Hematologists
and infectious disease physicians will determine the
actual approaches to treatment. Infectious disease
physicians will be the center of the decision-making
process regarding opportunistic, drug-resistant infec-
tions in patients who have altered immunity or burns.
For patients who develop febrile radiation-induced
neutropenia, adherence to the new guidelines of the
Infectious Disease Society of America® is recom-
mended. The society has also endorsed comprehensive
new guidelines for preventing infections associated
with combat-related injuries,* and it periodically up-
dates its treatment guidelines on its website. A truly
overwhelming mass casualty situation may, to some
degree, preclude the strict application of a formulated
approach. For example, oral antimicrobials might be
used when there is limited capability for IV therapy,”
or injections of a specific cytokine might not be given
daily because of resource limitations. Because some
drug supplies would run short in a mass casualty
scenario, available second-choice drugs could be used
on the basis of ongoing expert guidance.

Cutaneous Syndrome

In contrast to thermal skin burns appearing im-
mediately following a nuclear detonation and release
of thermal radiation, radiation burns occur later, with
delayed erythema and desquamation or blistering
developing in 2 to 3 weeks. This radiation injury can
be caused either by the prompt ionizing radiation
released immediately by the detonation or by the
radioactive fallout, particularly on the first day. If
there is radioactive contamination on the skin, decon-
tamination needs to be done early because reducing
the time the radioisotopes remain in contact with the
skin reduces the severity of the injury that develops
later (Table 3-17).

Skin injury effects, as a function of increasing dose
from ionizing radiation after a nuclear detonation, are
similar to those seen when normal skin is irradiated
as part of cancer treatment. Unlike the erythema that
develops in a dose-dependent fashion at 2 weeks, the
early transient erythema threshold reported at 6 Gy
is not reliably observed, particularly in radiation on-
cology treatments with 6 Gy given to skin in a single
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TABLE 3-17

CUTANEOUS EFFECTS AS A FUNCTION
OF A RADIATION DOSE (SINGLE ACUTE
EXPOSURE)

Dose Cutaneous Effects

3Gy Epilation of the scalp threshold, typically
beginning at 14-21 days after incident

10-15Gy Dry desquamation® of the skin usually seen
about 3 weeks after incident; desquamation
of large, macroscopic flakes of skin

20-50 Gy = Wet desquamation® (partial thickness injury)
at least 2-3 weeks after exposure

>50Gy  Overt radionecrosis® and ulceration

*Dry desquamation, wet desquamation, and radionecrosis are
preceded by erythema, which starts around the second week after
exposure.

Data source: Goans RE. Critical care of the radiation-accident patient:
patient presentation, assessment and initial diagnosis. In: Ricks RC,
Berger ME, O’'Hara FM, eds. The Medical Basis of Radiation-Accident
Preparedness: The Clinical Care of Victims. Boca Raton, FL: Parthenon
Publishing Group, CRC Press; 2002.

dose. After a nuclear detonation, early erythema from
ionizing radiation may be masked by the immediate
effects of thermal radiation.

The two main approaches to managing radiation
skin injury are nonoperative and operative treatment.
Sometimes both approaches are necessary to manage
the cutaneous syndrome. Generally, nonoperative
treatment is the initial approach. Treatment consists
of gentle flushing and early superficial debridement
of potentially septic tissue. Steroid ointment should
be used for relatively intact skin, a topical antibiotic
with dressings should be used for the blistering phase,
and silver sulfadiazine cream and nonadherent dress-
ings (without topical antibiotic treatment) should be
used for wet desquamation. Wet desquamation may
be complicated by secondary infections. Depend-
ing on the specific case, systemic antibiotics may be
added. Decisions regarding surgical treatment may be
impossible at an early stage because it may be many
weeks before the radiation burn fully evolves. Once
indications for surgery appear (eg, radiation ulcers,
localized necrosis without signs of regeneration, and
severe, intractable pain), surgical intervention, such
as amputation of a necrotic extremity, should not be
delayed. Tissue grafts may be required for some cases;
necrotic tissue must be excised and the least irradiated
skin harvested or transposed for coverage. Cutane-
ous injuries in some individuals may be protracted
and eventually require the expertise of reconstructive
surgeons and other specialists.
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DECONTAMINATION: EXTERNAL AND INTERNAL

Initial Management

The initial management of a casualty contaminated
by radioactive material involved performing all life-
and limb-saving actions without regard to contamina-
tion.>>”"* Decontamination should be integrated with
medical care in a way that does not interfere with
urgent care.’”' Contaminated casualties should never
be barred entry to a medical facility if entry is neces-
sary for emergency care. Significant decontamination
can be achieved by clothing removal. After a nuclear
detonation, it is not possible for a living patient to
be contaminated enough to become an immediate
threat to healthcare providers; therefore, radiological
decontamination should never interfere with medical
care priorities.

Radiological decontamination is performed in a
manner similar to chemical decontamination. How-
ever, whereas chemical decontamination may be an
emergency, radiological decontamination is not.*’
Radiological contamination can be readily confirmed
and localized by passing the probe of the radiation de-
tector (RADIAC or other Geiger-Miiller counter) over
the entire body. It would be advantageous to cover the
probe with a surgical glove to prevent contamination
of the probe itself. A person trained in and familiar
with radiation equipment can supervise, interpret
contamination measurements, and advise the medical
staff on the contamination levels.”*

Emergency rescuers and first responders, including
medics, who enter high-radiation areas need aug-
mented personal protection and radiation monitor-
ing devices. Initial triage on site may include a hasty
decontamination performed on priority casualties
who will be sent directly to the MTF for clinical retri-
age and treatment. This may consist, for example, of
removing outer, contaminated clothing and quickly
wiping the face and exposed skin while the person
awaits transport to the MTF. However, a patient with
life-threatening injuries should not be decontaminated
if doing so would delay transport. A brief, hasty de-
contamination can also be performed during transport.

Casualties who have both radiation contamination
and wounds must be directed to an MTF or, if one has
been established, to a designated medical triage sta-
tion. The first or second decontamination may occur
at the MTF. Personnel providing decontamination at
the MTF must protect themselves from most radia-
tion contamination. They do not require augmented
protection, as do first responders and emergency res-
cuers. For emergency treatment and decontamination,
adequate protection is provided by standard hospital
barrier clothing as used in universal precautions,

which consists of a surgical gown or other protective
outer clothing and lightweight surgical apron, gloves,
shoe covers, surgical mask, and cap to cover the hair.

Contaminated personnel without injuries, as well
as ambulatory casualties with minimal injuries,
should not be decontaminated at the MTF, which
will be overwhelmed by casualties with significant
mechanical and thermal trauma. They should be sent
to decontamination sites for self-decontamination,
washing their exposed skin and hair (and showering,
if possible) after removing and bagging their contami-
nated clothing. Clothing and footwear should either
be replaced or shaken or brushed to remove loose
contamination. Families should not be separated, and
parents should decontaminate their children. Those
not capable of decontaminating themselves should
receive assistance.”®> However, with overwhelming
numbers of contaminated individuals, the decon-
tamination staff will be limited. The decontamination
staff is also tasked with using detectors to evaluate
decontamination levels. To assist decontamination
efforts, the staff should seek volunteers from among
those who were not contaminated or who have already
been decontaminated.’ Ideal decontamination sites
would be located where there are sources of water
for washing and showering, preferably separated by
gender, such as those found in school gymnasiums,
health clubs, and indoor sports arenas.

External Decontamination

Decontamination of radionuclides is a second
priority after the initial resuscitative support of casu-
alties with salvageable life-threatening injuries.**"
For immediate-treatment patients requiring surgery,
lavage of contaminated open wounds can be done
before and also during surgery. However, aggressive
surgery, such as amputation, should not be undertaken
to eliminate contamination as long as the contamina-
tion poses no serious acute risk to the patient or the
medical staff. The surgical damage will far exceed any
potential reduction of lifetime risk due to radiation
exposure.

Removing outer clothing and shoes and washing
exposed skin and hair should eliminate 95% or more
of the external radioactive contamination. Regular
soap and water is the preferred method to remove
external contamination. Casualties entering an MTF
must be assumed to be contaminated and must there-
fore undergo at least simple, hasty decontamination if
radiation-monitoring devices are not available. Dur-
ing decontamination in the receiving medical facility,
wounds get first priority. Bandages are removed and
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wounds are decontaminated first and copiously ir-
rigated with normal saline or water; the bandages are
then replaced, if appropriate. Stubborn contamination
after irrigation may require wound debridement and
further irrigation. Burns should be rinsed gently with
water and cleared of debris. In patients whose burn
wounds cannot be completely decontaminated, most
of the contamination will remain in the burn eschar
when it sloughs. After wounds, priority is given to the
nose, mouth, eyes, and ears.

After outer clothing removal and wound decontam-
ination, intact skin can be decontaminated, if indicated.
A wet washcloth with soap and a basin of water may be
used to remove a significant amount of superficial con-
tamination. To prevent cross-contamination, wounds
and burns can be covered with waterproof dressings
before the skin is decontaminated. Abrasions and lac-
erations are usually relatively easy to decontaminate.
Gentle brushing may help remove contamination
from the skin, but care should be taken not to irritate
or abrade the skin because some contamination can
be absorbed though injured skin. Hair (and skin) can
be decontaminated with any commercial shampoo.
Cutting or clipping the hair or beard (not shaving) can
also remove contaminants. Fingernails and toenails
should be checked and cut if necessary. Contaminated
wastewater can be disposed of without restriction.

After each skin or wound decontamination, the
patient should undergo another contamination check
with a radiation detector to determine the effective-
ness of the decontamination. The goal, which cannot
always be reached, is to decontaminate to a level two
or three times below the background radiation level.
An alternative goal is to stop if subsequent decontami-
nation attempts are ineffective at reducing the count
rate by more than 10% to 20% of the prior count rate.
At this time, there is no universally accepted threshold
of radioactivity (external or internal) above which a
person is considered contaminated and below which
a person is considered decontaminated.>*?

Internal Decontamination

Internal contamination is more likely if high levels
of contamination are found on the face, particularly
at the nostrils. Nasal swabs that show a strong, posi-
tive indication of contamination will also indicate the
probable inhalation of radioactive particles. However,
one may assume that some inhalation has occurred in
most patients in the mass casualty phase after a nuclear

detonation, but immediate treatment for internal con-
tamination, in general, is not necessary. Fortunately,
the amount of internal contamination is usually a very
small fraction of the external contamination, which is
generally of greater concern but more easily removed.
Therefore, in a nuclear detonation scenario, a radiation
dose received from internal contaminants will not be
a major concern compared to mechanical or thermal
trauma or to the potentially large external radiation
dose received from exposure either at the time of
detonation or later from fallout.” A recent independent
review of the issue concluded that internal decontami-
nation will not be a high priority in the immediate af-
termath of a nuclear detonation.” However, there may
be a few special cases that will warrant relatively early
treatment. Clinical judgment needs to be exercised as to
whether internal decontamination is needed. Internal
contamination is minimized by reducing absorption,
increasing excretion, or both. Medical management,
when it is necessary, depends on the type of isotope.
Techniques to be applied may include the following;:

¢ Oral and nasopharyngeal suction.

¢ Increased oral fluid intake versus IV hydra-
tion (and possibly diuretics); this is effective
for any isotope, including iodine, phosphorus,
and tritium.

¢ Administration of laxatives (cathartics), such
as a biscodyl or phosphate soda enema, or
magnesium sulfate to speed gastrointestinal
transit time.

e Stomach lavage.

® Administration of antacids, particularly alu-
minum hydroxide, to reduce absorption.

e Administration of therapeutic agents includ-
ing blocking or diluting agents, such as potas-
sium iodide for radioactive iodine; mobilizing
agents, such as ammonium chloride for radio-
strontium; chelating agents, such as calcium
or zinc diethylenetriaminepentaacetic acid
for plutonium and americium; other specific
agents, such as ferric ferrocyanide (Prussian
blue), which has proven useful for cesium and
thallium internal contamination; and sodium
bicarbonate, which is used to prevent kidney
toxicity from uranium.

Detailed information on treatment for exposure to
arange of radioisotopes is available from the National
Council on Radiation Protection and Measurements.>

PSYCHOLOGICAL EFFECTS ON MILITARY AND CIVILIAN PERSONNEL

Overwhelming casualties and radiation exposure
create stress and fear in both military and civilian
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populations. Traditional treatment for combat stress
has involved rest for several days in physical prox-
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imity to the soldier’s unit rather than reassignment
and evacuation. Counseling during the rest period
involved a positive expectation that soldiers would be
able to return to their units. However, this traditional
military doctrine is not as practical in the event of a
single, geographically localized nuclear detonation as
it was during conventional wars of the past century. In
modern times, it is evident that nonessential personnel
need to be removed from the area of operations. The
number of military combat stress casualties depends
today, as it did in the past, on the prior training, leader-
ship, and cohesiveness of a unit.*’

There is less cohesiveness and practiced discipline
among the civilian population, and a nuclear detona-
tion will result in widespread fear and panic.>”” Many
will immediately self-evacuate, not realizing that by
doing so they may be putting themselves, and their
families, at even greater risk. Others, anxious to be
checked for contamination (or have their children
checked), will flood emergency rooms or tie up com-
munication channels. Reactions to this kind of psy-
chological trauma will produce symptoms ranging
from insomnia and anxiety to irrational and aggressive
behavior. Occasionally, psychosomatic symptoms that
mimic symptoms of exposure to high radiation (eg,
nausea, rashes) may be seen in patients who were not
significantly exposed.

Firm command and control needs to be established
in the civilian sector. Civilian authority will likely
request military support. In a mass casualty situa-
tion, those who request medical care for themselves
or ask to be checked for radiation could be stopped

at roadblocks leading to medical facilities, with clear-
ance required to proceed. Otherwise, hospital access
and medical treatment for the seriously injured will
be severely impeded. The noninjured requiring only
radiation checks and those with minor injuries who
have external contamination would be diverted to ap-
propriate nonmedical decontamination facilities.**>**
These facilities will be staffed with decontamination
teams plus several medical personnel to evaluate
and handle first aid, triage, and medical problems
that might arise. Security personnel will be needed at
decontamination sites, triage sites, evacuation sites,
hospitals, alternative care sites, and along roads lead-
ing to them. A single, unified federal command must
be maintained over numerous federal, state, and local
entities. The public will respond to strong, effective
leadership. People need to believe that leadership deci-
sions are rational; communication to affected popula-
tions on the verge of panic must convey reassurance
that the leadership is aware of and concerned about
radiation effects, that radiation exposure levels will
be monitored, and that injuries will be treated. Com-
munication, at the appropriate time, should convey the
overall expectation that, based on experience gained
from accidents at Chernobyl and Goiania, most people
exposed to contamination will remain asymptomatic
and will not suffer severe adverse health effects. The
general public needs accurate and timely information
and reassurance. In the months that follow the radia-
tion event, treatment needs for those who suffer from
posttraumatic stress disorder should be anticipated
and planned for.

SUMMARY

The most severe consequence of a nuclear detona-
tion in an urban environment will be the overwhelm-
ing surge of casualties. For a 10-kiloton, ground-level
nuclear detonation, nearly all deaths, serious injuries,
and structural damage in the impact (blast) zone will
occur less than 3 miles from the point of detonation.
In addition to the predominant thermal and blast in-
juries, prompt radiation injuries within the blast zone
will be caused by radiation instantaneously released
at the moment of detonation. Fallout radiation injuries
without significant blast or thermal trauma will also
be seen in the downwind area outside the impact zone
minutes to several hours later. Emergency responders
will have radiation-dose measuring devices and oper-
ating guidelines to ensure their safety during rescue
operations. The death toll, particularly during the first
few days, will be high. It can be mitigated in part by
effective triage, treatment, and evacuation strategies.

The triage of patients with conventional injuries,
radiation-alone injuries, and combined injuries will

overwhelm the area’s medical resources for days.
Patients will first be triaged on the basis of their
thermal burns and blast trauma, since these conven-
tional injuries will account for nearly all lethal or im-
mediately life-threatening injuries during the first 72
hours. Patients will receive appropriate treatment for
conventional injuries. During that period, assessment
of the probable degree of radiation injury will be made
based on symptoms, laboratory data, and geographic
location relative to both the detonation site and the
dangerous fallout zone.

Triage of patients with thermal burns and blast in-
juries can be based on the military DIME system used
in a mass casualty situation: delayed (second priority),
immediate (highest priority), minimal (lower priority),
and expectant (lowest priority). It is likely that there
will be more immediate patients during the first few
days than available resources. Among the immediate
patients requiring surgery, surgeons will select those
with life-threatening conditions who cannot tolerate
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delay but have a good chance to be saved in a timely
fashion without excessive resource use. During the
first day, triage priority modifications may occur as
information on total body radiation-dose estimates
becomes available. Casualties with two or three types
of significant injury have a much worse prognosis than
those with one significant injury type. Those with more
than one life-threatening injury will be classified as
expectant rather than immediate.

Distance from ground zero and shielding were the
principal factors influencing casualty rates at Hiroshima
and Nagasaki. For any given distance from ground
zero, the lethality was much higher for those who were
outdoors. Unlike Hiroshima in 1945, there are tall build-
ings in US urban environments that will provide some
shielding, so there will not be uniform zones around
the detonation point. There may also be some relatively
open sectors without tall buildings where the blast,
thermal, and radiation effects will be channeled in full
force along corridors. Given the important data from
the zonal casualty-rate analysis at Hiroshima, current
planning in the United States involves a modification
of the three Hiroshima blast zones. There will be no
precise circular boundaries, but visual evidence of the
degree of structural damage will define the operational
boundaries of the three blast zones.

Unlike the low-altitude detonations in Japan, a
ground-level detonation will result in downwind ra-
dioactive fallout. The first public response should be
to take shelter, since being outdoors in the dangerous
fallout zone during the first day could result in lethal
radiation injury. People who were outdoors prior
to sheltering will probably be contaminated with
radioactive fallout particles. Almost all fallout will
be removed by showering and changing clothing.
For those requiring medical treatment, decontami-
nation of fallout material should be integrated with
medical care in a way that does not interfere with
urgent medical care. Immediate treatment for inter-
nal contamination, which is generally a very small
fraction of the amount of external decontamination,
is in general not necessary but will be reserved for
special cases.

In the first few days following a nuclear detonation,
a scarcity of resources will develop in local healthcare
facilities. This will include personnel and medical sup-
plies. In austere conditions, treatment protocols may
need to be modified. The overwhelming number of
casualties and the radiation exposure will create ex-
treme stress in the affected population and resultin the
need to address management of posttraumatic stress
in the weeks and months following a radiation event.
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