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Pulmonary Embolism: Diagnostic Evaluation

Al-Qaeda manages to detonate a radiological weapon
in the United States, the terrorists will most likely
choose a city far away. Yet, after Hurricane Katrina, the
country saw the biggest refugee diaspora since the Civil
War. If a radiological detonation ever occurs on
American soil, the refugee situation will be even worse
than the one seen after the levees in New Orleans
broke. Mass panic will cause people in the affected area
to fan out all over the country. Some of these people
may have had significant radiation exposure which will
only become apparent three to four weeks later when
they present to a local emergency department (perhaps
in my town) with non-specific signs and symptoms indi-
cating the Acute Radiation Syndrome (ARS). It
behooves all clinicians, therefore, to have operational
knowledge of ARS and its treatment.

The purpose of this paper is to discuss possible terror-
ist attacks using radiological weapons. Basic radiation
physics and radiobiology will be discussed. Finally, the
ARS will be explained, including its presenting signs
and symptoms, appropriate investigations, and treat-
ment. The subject will be discussed in a pragmatic fash-
ion useful to frontline clinicians who may have to care
for victims of a radiation incident.

Radiation and Terrorism

There are several possible scenarios where terrorists
could expose significant numbers of people to radia-
tion. Possible terrorist scenarios include placing a hid-
den radioactive source in a public place, Òdirty bombs,Ó
attacks on nuclear power plants or their spent nuclear
fuel storage sites, and nuclear detonation, either from
an improvised nuclear device (IND) or a black market-
derived warhead. 

A terrorist group could procure a highly radioactiv e 
isotope such as cobalt-60 or cesium-137 (both fairly
readily available in medical and industrial sources) and
simply hide it in a public place.1 Because such a 
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have a basic understanding of radiation and its 
biologic effects. This paper will describe possible ter-
rorism scenarios where people would be exposed to
significant doses of ionizing radiation. Basic radiation
physics and radiobiology will be briefly discussed. The
topics of internal and external radiation contamina-
tion will be explained followed by a detailed discus-
sion of the Acute Radiation Syndrome including its
clinical manifestations and treatment. The Cutaneous
Radiation Syndrome will also be briefly mentioned.
While these issues may seem esoteric at first glance,
the dangers inherent in the modern world make it
imperative that clinicians understand the principles
included in this paper.

Introduction

The proliferation of terrorism and asymmetric warfare
in the 21st Century has rendered the modern world a
dangerous place to live and work. For primary care
practitioners, in particular, there is a professional
responsibility to be ever vigilant for patients present-
ing with atypical signs and symptoms suggestive of
exposure to biological, chemical, or radiological
weapons (WMD). Since the attacks of September 11,
2001, many American physicians have attended con-
tinuing medical education seminars on bioterrorism
and chemical weapons. Radiological weapons, howev-
er, are less familiar to most clinicians. Anything relat-
ed to radiation poisoning engenders misunderstanding
and fear not only in the general public but also in the
medical community. Because radiation eludes our
senses, it is a hidden enemy that frequently one sus-
pects only in hindsight.

The author lives and works in a rural area far removed
from urban AmericaÑso why worry? Even if 

David GC McCann, MD, FAASFP



American Journal of Clinical Medicine

Volume 3, No. 3, Summer 2006
14 American Journal of Clinical Medicine

Radiation Poisoning:  Current Concepts in the Acute Radiation Syndrome

radiation source would not be noticed without radio ac-
tivity counting devices, it might go undetected for a
considerable period of time. Many people could receive
significant whole body irradiation and be totally
unaware of their exposure until they later became ill.
While this scenario is possible, it does not generate the
notoriety and terror that most terrorists are anxious to
cause (thereÕs no media event!). Nonetheless, it is con-
ceivable that they could leave such a source in place for
a period of time then alert the media and authorities. It
would then be a truly monumental job to track down
everyone who had been in that location during the
period of exposure.

So-called Òdirty bombs,Ó technically termed
Radiological Dispersion Devices (RDDs), have received
a good deal of press2,3 and significant attention from
the Department of Homeland Security.4 A radioactive
isotope, such as Cesium-137 (a gamma ray emitter
which is fairly commonly available), is packaged with
a conventional explosive and the bomb detonated, dis-
persing the radioactive material over a wide area.
People in the immediate vicinity of the blast would
likely die of the primary, secondary and tertiary blast
effects. In addition, a sizeable area would be rendered
radioactive and some people might become contami-
nated with the radioisotope depending on where they
were relative to the blast, prevailing winds, etc. 

How likely is such a scenario to occur? On November
23, 1995, Chechen rebel commander Shamil Baseyev
told a television crew where they could dig up a RDD
his group had buried in MoscowÕs Ismailovsky Park.
The RDD contained dynamite and a cesium-137
radioisotope.2 In September, 2001, Israeli security
detained a Pakistani terrorist at a Ramallah checkpoint
as he attempted to enter Israel. His backpack allegedly
contained a RDD, a report that was subsequently con-
firmed by a US government official.5 On November 12,
2001, US forces in Afghanistan raided an Al-Qaeda
house in the Wazir Akbar Khan area of Kabul where
they found detailed plans for building a RDD.5 Later
that same month, the US forces found Uranium-238 in
a lead canister in the hills of Tora BoraÑleft behind by
Osama Bin Laden and his operatives when they fled the
bombing of their tunnels.6 The U-238 was not weapons
grade but it could have been used in a RDD. On May
8, 2002, Jose Padilla was arrested at ChicagoÕs OÕHare
Airport inbound from Pakistan, ostensibly planning to
explode a RDD on behalf of Al-Qaeda.7 His Middle
Eastern mentors, however, were skeptical that a RDD
would do enough damage to achieve their ends and

they told Padilla to abort his plan in favor of blo wing
up two apartment buildings with natural gas.2 Why
would Al-Qaeda dissuade Padilla from detonating a
RDD?

Al-Qaeda knows that RDDs are not as dangerous as
popularly believed. An interesting article by University
of California, Berkeley physicist Richard Muller
explains why RDDs are not that great a threat.2 To
summarize his analysis, the radioactive isotope in a
RDD explosion is dispersed to such a degree that the
long-term dose to residents, although much higher than
background radiation levels, would not be sufficient to
make people acutely ill. For example, if a 1400 Cu
Cesium-137 source were detonated with a convention-
al explosive, the material would be dispersed over an
one square kilometer area. The resulting radioactive
contamination would be approximately 1.4 milli-
curies/m.2 This would expose local residents to approx-
imately 140 rem/yearÑnot enough to make anyone
acutely ill.2 The actual blast would kill peopleÑthe
radiation would not (except perhaps for a few people
who were in the immediate vicinity of the blast and
who were heavily internally contaminated with
radioisotope and not effectively treated). If a terrorist
did explode a RDD, radioisotopes which might be cho-
sen for use are listed in Table 1.

A far more dangerous situation might occur if terrorists
succeeded in causing a reactor meltdown at a nuclear
power plant. However, US nuclear plants have large
containment systems so even if a reactor core did super-
heat and meltdown, radiation would not escape into the
local environment unless a simultaneous containment
system failure occurred. While such a combined failure
is unlikely, it is conceivable.8 Were this to happen, huge
amounts of numerous highly radioactive isotopes would
be released into the environment and could spread for
long distances depending on prevailing winds. The local
environment would be highly contaminated and

RADIONUCLIDE Main Emission
Americium-241 Alpha
Cobalt-60 Alpha
Californium-252 Gamma
Iridium-192 Alpha
Cesium-137 Gamma
Plutonium-238 Gamma
Radium-226 Alpha
Strontium-90 Beta

Table 1: Radioisotopes Which Might Be Used in RDDs 
and Their Main Radioactive Emission Type9
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cleanup would be a major problem. The area around
the plant could well become uninhabitable as was seen
at the Chernobyl reactor meltdown in Russia. Note,
though, that Chernobyl had no containment system to
prevent release of radioactivity.8

Another potential target at nuclear power facilities is
their less-guarded storage sites for spent nuclear fuel
rods. A conventional explosion at such a site would
act much like a RDD but the isotopes released would
be more numerous.8

The worst case scenario for a radiation incident would
involve a nuclear detonationÑeither from an impro-
vised nuclear device (IND) or an actual warhead. Such
a detonation would cause a huge blast effect with
incredible heat. We know from Nagasaki (22 kilotons
(kt)) and Hiroshima (15 kt) that anyone within one
kilometer of Ground Zero is highly unlikely to sur-
viveÐthere was only 13% survival at that proximity to
the blast. During the first 60 seconds post detonation,
large amounts of gamma rays and neutrons would be
released at Ground Zero. Subsequently, nuclear fallout
would spread variable distances depending on wind
speed and direction. It is important to know the wind
speed not just near the ground but also thousands of
feet up because of the height of the Òmushroom cloud.Ó
The initial fallout would release large amounts of alpha
and beta particles as well as intense gamma rays.10

Anyone not killed by the blast and tremendous heat
would sustain significant dosages of ionizing radiation.

The big question remainsÑhow likely is it that terr or-
ists will get their hands on a nuclear fission or fusion
bomb? The US forces found detailed plans for building
an improvised nuclear device (IND) in an al-Qaeda
safe house in Kabul in 2001. The partially burned doc-
uments detailed how to use conventional explosives
with Plutonium-238 to cause a critical mass explo-
sionÑa nuclear detonation.11 As well, former Russian
Security Council Secretary General Alexander Lebed
revealed in 1997 that former Soviet UnionÕs Òsuitcase
nukesÓ were missing from the Russian arsenal. He
specifically indicated in a 60 Minutes interview with
CBS correspondent Steve Kroft aired on September 7,
1997 that more than 100 Soviet-era 1 kiloton suitcase
nukes were missing and no longer under Russian mil-
itary control. He could not speculate where they had
gone.12 Could these weapons (which fit into a large
suitcase) have fallen into the hands of terroristsÑno
one knows. It is clear, too, that such devices would
require intermittent maintenance to remain usableÑ
does Al-Qaeda have access to nuclear scientists 

capable of maintaining the bombs? Again, no one
knows for certain.

Basic Radiation Physics for the Clinician

While the subject of radiation physics is usually the
stuff of graduate level physics texts, one does not have
to be a physicist to have an elementary understanding
of radiation. Basically, radiation is nothing more than
the release of energy from atoms. Remember that basic
atomic structure involves positively charged protons
and uncharged neutrons in the nucleus of the atom sur-
rounded by negatively charged electrons. When the
negative charges of the electrons balance the positive
charges of the protons in the nucleus (and provided the
atom isnÕt carrying too many neutrons for its atomic
number), the atom is stable (this is a gross oversimpli-
fication but adequate for our purposes). Atoms which
are unstable tend to decay until they reach a stable
formÐÐthis decay releases energy as ionizing radiation.
Ionizing radiation can exist either as particles or
waves.13 Particle radiation can take the form of alpha
particles, beta particles or neutrons. Radiation waves
include gamma rays and x-rays. Each of these will be
briefly discussed.

Alpha particles are high energy entities composed of
two protons and two neutrons (a naked nucleus bereft
of its electron cloudÐhighly reactive). Alpha emitters
tend to be isotopes of uranium. They are bulky and do
not penetrate beyond the stratum corneum of the skin,
even a sheet of paper will stop them. Therefore, exter-
nal alpha radiation does not penetrate into the body
and is not an external hazard. On the other hand, if
they manage to get inside the body, causing internal
contamination, alpha particles can cause severe cell
damage within a short distance (~60 micrometers).13

Beta particles can be either positively charged
(positrons) or negatively charged (electrons). They can
penetrate the body from the outside by a few centime-
ters, but travel significant distances through the air
(unlike alpha particles). Both external and internal con-
tamination with beta particles can be hazardous.
Common isotopes that emit beta particles include car-
bon-14, cobalt-60, and iodine-131.13

Neutrons are particles with mass but no charge. They
are released during fission and fusion nuclear reactions.
They penetrate easily through the body and indirectly
ionize cells by activating certain elementsÑa phenome-
non known as neutron-induced gamma activity
(NIGA). Of the elements which can readily undergo
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192. X-rays, like gamma rays, are photon waves
but have a longer wavelength and lower energy
than gamma rays. Both types of waves are high-
ly ionizing to tissue.13

A summary of the main types of ionizing radia-
tion is given in Table 2. Table 3 briefly describes
the units of measure common in radiobiology.

Basic Radiobiology

All cells can be damaged by ionizing radiation,
but actively dividing cells are far more radiosen-
sitive than cells which are neither meiotically nor
mitotically active. It follows that cells that 
frequently divide are more likely to sustain radi-
ation damage. The most radiosensitive cells in
the human body include the bone marrow stem
cells, gastrointestinal villi cells and the gametes
in the ovaries and testes.

Exposure to intense radiation can have numer-
ous effects on the body:16

1.  Acute Radiation Syndrome

2.  Cutaneous Syndrome: injury and scarring of
the integument

3.  Chorioretinal damage: eye damage cause by
intense infrared energy (as with a nuclear
detonation)

4.  Increased risk of cancer: depends on total
dose and dose rate

5.  Increased risk of cataracts:  particularly with 
neutron radiation

6.  Infertility

7.  Fetal abnormalities

There is a time-honored principle in radiation
physics Ð dose=exposure time x dose rate.10

Put another way, the stronger the radioactive
source and the longer the exposure the higher the
total dose (in rads or Gy). Obviously, one tries to
avoid radiation exposure altogether, but if this is
not possible, it is wise to remember the cardinal
principles of time, distance and shielding:

¥  Time: minimize the time spent in proximity to a radi-
ation source. In a so-called Òhot zoneÓ rescue workers
must be limited to brief periods of exposure to prevent
illnessÑpersonal dosimeters must be worn and fre-
quently monitored for absorbed dose.

¥  Distance: the farther away from the source one goes,
the lower the dose absorbed. Radiation decreases with

NIGA, the most important biologically is Na-24 with
a half-life of about 15 hours.14

Gamma rays are high-energy photon waves which pen-
etrate the body (and concrete) easily and travel many
meters through the air. They represent an external and
internal hazard biologically. Common gamma-emitting
isotopes include cobalt-60, cesium-137, and iridium-

Type Description Dispersal Harm 

Table 2: Types of Ionizing Radiation and Their Effects15

Alpha Large particles;
positively charged
high energy parti-
cles with 2 protons
and 2 neutrons

No external hazard;
Highly damaging by
internal contamina-
tion; Cell death
within 60 microns

FalloutÐcan only
travel a few cen-
timeters in air and
cannot penetrate
stratum corneum

Beta Small particles;
either positively
charged (positrons)
or negatively
charged (electrons)

FalloutÐcan travel
several meters
through air; Can
penetrate several
centimeters into
body

SkinÐbeta burn;
Cataracts; Internal
contamination;
Carcinogenic; Dose
dependent effect

Gamma High energy
waves that pass
easily through the
body

Travels kilometers
in air; photons so
travel at speed of
light

Internal & external
radiation hazard;
Effects dose-depend-
ent; Carcinogenic

Neutrons Uncharged parti-
cles pass easily
through tissue and
can render tissue
radioactive

Result of fissionÐ
can travel many
meters in air

Causes NIGAÐmakes
tissues  radioactive
by their release of
gamma rays

Characteristic Units Description

Table 3: Radiation Measurements13

Half-life Time it takes for radioactivity of a
radionuclide to decrease 50%

Time

Rate of Decay Curie (Ci) or
Becquerel
(SI)(Bq)

Radioactivity emitted over time Curie=
3.7 x 1010 disintegrations sec-1

1 Becquerel=1 disintegration sec-1

So 1 Ci= 3.7 x 1010 Becquerels 

Absorbed
Dose

Rad or (SI)
Gray (Gy)

Amount of ionizing radiation body
absorbs. One rad equals 0.01 Joule of
energy per gram of tissue (1 Gy=100
rads -1 Joule/g tissue) 

Biological
Effectiveness

Rem or (SI)
Seivert (Sv)

A measure of biological effectiveness of
a given dose of radiation
(dose x penetrating factor (PF) which
varies by particle/wave type)
X-rays PF=1.0
Gamma rays PF=1.0
Beta PF=1.0
Alpha PF=20
Neutrons PF=5-20 (depends on
energy of neutrons)
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the square of the distance from the sourceÑso even
moving back a couple of feet dramatically reduces the
absorbed radiation dose.

¥  Shielding: increasing the shielding around the source
of the radiation, or between the source and the person,
decreases the exposure.17

There are two basic types of external radiation 
exposureÑwhole body irradiation and localized irra-
diation. In the former case, if the dose is significant,
the person will develop the Acute Radiation Syndrome
(ARS) which will be discussed in the next section. In
the latter case, which occurs most frequently when
someone unwittingly picks up a radioactive source and
puts it in his pocket, localized irradiation of tis sue
occurs. Common sites where damage is seen with
localized irradiation include the hands (from holding a
radioactive source), the anterior chest wall (from put-
ting a radioisotope source in a shirt pocket) and the
anterior thigh or buttock (from a pants pocket). Th ese
patients may develop the Cutaneous Radiation
Syndrome (CRS) which will be briefly discussed later.

Another way to think about radiation exposure
involves contamination. In this case, radioactive mate-
rial is actually deposited either on the body (external
contamination) or within the body (internal contami -
nation). For external contamination, such as occurs
after a nuclear detonation when fallout lands on 
the body, it is imperative to remove the particles as
quickly as possible. Plain water and mild soap are
appropriate and adequate to remove radioactive parti-
cles on the surface of the body, but there are specific
methodologies for externally decontaminating patients
which are beyond the scope of this paper and are the
usual purview of health physicists. The patientÕs clothes
should be placed in a labeled bag for detailed dosime-
try by a health physicist later. 

Internal contamination is a more difficult issue from a
decontamination standpoint. A person can become
internally contaminated with radioactive material i n
several ways:

¥  Inhalation

¥  Ingestion

¥  Direct contamination of wounds 
(such as occurs after a blast)

When internal contamination occurs, consultation
with a health physicist is important. Debridement of
radioactive contaminated wounds is important, but
efforts must be made to limit the exposure of the physi-

cian and allied health workers operating on the patient.

Internal contamination from ingested and inhaled
material is more problematic. There are some medica-
tions which can enhance excretion of radioactivity from
the body, provided one knows which radioisotope(s) is
involved. A complete discussion of enhanced excretion
of radioisotopes is beyond the scope of this article, but
Table 4 lists drugs which can be used. It is recommend-
ed that physicians consult with experts at the Radiation
Emergency Assistance Center/Training Site (REAC/TS,
Oakridge, TN) by calling (865)576-1005, 24 hours a
day or on the Web at www.orau.gov/reacts. Another
excellent resource for nuclear incidents is the Nuclear
Regulatory Commission (NRC) Incident Response
Operations Center. They can be reached by calling
(301) 816-5100, 24 hours a day or on the Web at
www.nrc.gov/what-we-do/regulatory/emer-resp.html

Acute Radiation Syndrome

The Acute Radiation Syndrome (ARS) is an illness
caused by partial or whole body exposure to high doses
of ionizing radiation over a short period of time ( usual-
ly a few minutes or less). Its manifestations vary
depending on total absorbed radiation dose and the
pre-existing health of the patient. There are three dis-
tinct clinical syndromes which may occur:

1.  The Hematopoietic Syndrome  (0.7 Gy~6 Gy)

2.  The Gastrointestinal Syndrome  (6 Gy10 Gy)

3.  The Cardiovascular/Central Nervous System
Syndrome. (>20 Gy)

Radiation Poisoning:  Current Concepts in the Acute Radiation Syndrome

Table 4: Agents for Internal Radiation Decontamination18

Agent for Enhancing Internal
Decontamination

Radioisotopes Affected 

Calcium diethylenetriamine
pentaacetic acid (Ca-DTPA)

Transuranics and Plutonium Ð give 
as first dose as quickly as possible

Zinc DTPA (Zn-DTPA) Transuranics and Plutonium Ð 
use for subsequent doses after 
first dose Ca-DTPA given

Insoluble Prussian Blue Cesium

Potassium Iodide (must be
given within 1-4 hours to work)

Radioactive Iodine, Technetium

Aluminum phosphate Radioactive strontium

Sodium bicarbonate, KCl Uranium (alkalinize urine)

Water Tritium
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These syndromes exhibit significant overlap but pro-
ceed sequentially with increasing total absorbed dose.
(See Table 5 for a delineation of ARS symptoms, signs
and prognosis based on increasing dose.)

In addition to the three recognized syndromes, there
are four phases of ARS recognized:

¥  Prodromal Phase

¥  Latent Phase

¥  Manifest Illness Phase

¥  Recovery or Death

These phases also vary in their clinical manifestations
and length depending on the total absorbed dose of
radiation.  The Prodromal Phase usually occurs within
two days but can take as long as six days to appear.
Prodromal symptoms can include nausea, vomiting,
diarrhea and CNS effects including altered mental
state.19 (See Table 6 for a description of prodromal
symptoms by radiation dose.) Notice that the earlier
the patients vomitsÑthe higher the radiation dose.
ÒTime to first vomitingÓ is an essential piece of history
which must be obtained early so that an approxima-
tion of whole body dose may be made. It is important
to ensure that the vomiting is really due to radiation
exposure and not psychogenic in origin. In any nuclear
incident, there will be numerous Òworried wellÓ
patients presenting to Emergency Departments and

some of these may have had no radiation expo-
sure but are still vomiting. This can fool the
unwary clinician.

The Latent Phase follows the Prodromal Phase
and lasts anywhere from a few hours (with very
high dose exposure) to three weeks. For patients
destined to develop only the bone marrow
depression of the Hematopoietic Syndrome, the
Latent Phase usually lasts 2-6 weeks. For radia-
tion doses which cause the Gastrointestinal
Syndrome, the Latent Phase is considerably
shorterÑusually just a few days to a week. For
the unfortunate patients who receive a lethal dose
that would engender the Cardiovascular/CNS
Syndrome, the Latent Phase may be only a few
hours.19

During the Latent Phase, the patient appears to
recover and feels clinically well. One can easily
understand how patients with developing ARS
might be sent home from a local Emergency

Department as a Òrecovering viral illnessÓ if
the patient is unaware of the radiation expo-

sure. Without knowledge of the antecedent exposure,
the Prodrome/Latent Phase would appear benign
(except for high radiation doses which get sicker
faster).

Immediately following the Latent Phase, the Manifest
Illness Phase appears and can last for weeks. During
this phase, the patient is extremely immunosuppressed
and susceptible to opportunistic infections. If there is
hope of saving the patient, state-of-the-art care by a
team well-trained in ARS is essential and transfer to a
center of excellence should be arranged before the
patient develops the full-blown illness. Once the
patientÕs blood cell counts have dropped precipitously,
the patient must be maintained in reverse isolation to
limit his exposure to pathogens.    

Triage

The subject of triage in mass casualty situations is
beyond the scope of this article. However, it is impor-
tant to remember that heavily irradiated patients
require intensive, prolonged therapy for many weeks.
In the event of a national crisis such as a nuclear deto-
nation in a major US city, hospital surge capacity will
be stretched beyond its limits (the definition of a disas-
ter) and clinicians will be required to make life-and-
death decisions they will probably find repugnant.
Whereas a patient receiving a radiation dose of 6 Gy

Dose Range Prodrome Clinical Manifestations Prognosis 
(Gy) (Untreated)

Table 5: Phases of Acute Radiation Syndrome and Prognosis Varying by Dose16

0.5-1.0 Mild Survival in
vast majority

Slight decrease in 
blood counts

1.0-2.0 Mild � Moderate Early signs of bone 
marrow toxicity

Survival
>90%

2.0- 3.5 Moderate Mod� Severe bone 
marrow toxicity

Survival likely

3.5-5.5 Severe Severe bone marrow
toxicity; GI damage mild

50% die within
3.5-6 weeks

5.5-7.5 Severe Pancytopenia;
Moderate GI damage

Death likely in
2-3 weeks

7.5-10.0 Severe Severe Marrow & 
GI damage

Death likely
within 1-2 weeks

10.0-20.0 Severe Severe GI damage, radia-
tion pneumonitis, altered
level of consciousness,
cognitive deficits

Death in 5-12
days

20.0-30.0 Severe Severe cerebrovascular
dysfunction with hemody-
namic collapse, fever

Death in 2-5
days
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would likely be salvageable under
normal circumstances, he may be
triaged as expectant (i.e. lethal expo-
sure) and offered palliation only
when tens of thousands of casualties
are expected. The usual paradigm for
physicians is to do as much good for
each individual patient as possible. In
a mass casualty disaster, the para-
digm changesÑone must save as
many patients as possible. This often
necessitates heart-rending sacrifices
that leave health care personnel at
significant risk for post-traumatic
stress disorder (PTSD). An excellent
triage system for radiological events
can be found in WaslenkoÕs paper.16

The Hematopoietic Syndrome

As mentioned previously, the
Hematopoietic Syndrome generally
occurs with radiation exposures between 0.7 Gy and 6
Gy. It is important to remember, however, that at high-
er doses beyond 6 Gy, the Hematopoietic Syndrome is
still present but is overshadowed by the worsening
symptoms of the GI or Neurovascular Syndromes. 

The most radiosensitive cell line in the hematopoietic
system is the lymphocyte. They are so sensitive to radi-
ation dose that a nomogram has been developed by
which radiation dosage can be estimated based on the
rate-of-fall of the lymphocyte count from the time of
exposure (the classical Andrews Nomogram21). It is
extremely important, therefore, that any patient who
has been irradiated has frequent complete blood
counts drawn for manual differential counting of th e
lymphocytes. Preferably, the patient will have a base-
line CBC drawn shortly after exposure and every 4-6
hours for two days. The plot of lymphocyte count vs.
time can then be compared to the Andrews
Nomogram21 to approximate total body radiation
dose. Other laboratory testing for any irradiated
patient should include:22

¥  complete blood chemistry panel

¥  blood sample for detection of radioactive Na-124
(due to NIGA) if a criticality (sustained fission)
occurred

¥  blood sample after 24 hours to look for dicentric
malformations in the chromosomes of lymphocytes.
This takes several days at specialty labsÑuseful for

approximating radiation doses between 150 mGy (15-
20 rads) and 10 Gy

¥  blood for HLA typing and ABO/Rh compatibility

¥  urine & feces collectionÑ for internally contami nat-
ed patients, several collections of each required

¥  nasal swab specimen from each nostril and record
the time of the swabÑ5% of radioactivity inhaled st ays
in nares for up to 1.5 hours post-exposure (beyond that
less accurate because of clearing).

Treatment of the Hematopoietic Syndrome

In addition to the immediate fall in lymphocytes, all
other blood cell lines begin to fall as well. Neutropenia,
thrombocytopenia and finally red cell hypoplasia/apla-
sia occur over time. With the fall in platelets, internal
and external bleeding ensues which will necessitate fre-
quent platelet transfusions. Packed red cell transfusions
will also likely be required. To prevent a graft-versus-
host reaction, all blood products must be leukoreduced
and irradiated to 25 Gy. The leukoreduction decreases
febrile non-hemolytic transfusion reactions while also
protecting against platelet alloimmunization and acqui-
sition of cytomegalovirus infection.

In order to deal with the profound neutropenia that
will develop, early use of cytokines is indicated.
Frequently, certain stem cell lines survive the irradia-
tion (they were dormant at the time) and cytokine ther-

Table 6: Prodromal Phase Symptoms Varying by Radiation Dose20

Symptoms Mild Moderate Severe Very Severe Lethal 
& Treatment (1-2 Gy) (2-4 Gy) (4-6 Gy) (6-8Gy) (>8 Gy)

Vomiting
Onset > 2 hr 1-2 hr <1 hour <30 min <10 min
Incidence % 10-50% 70-90% 100% 100% 100%

Diarrhea
Onset 3-8 hr 1-3 hr < 1 hour
Incidence % < 10% >10% ~100%

Headache Slight if any Mild Moderate Severe Excruciating
Onset 4-24 hr 3-4 hr 1-2 hr
Incidence % 50% 80% 80-90%

Temperature Normal Increased Fever High fever High fever
Onset 1-3 hr 1-2 hr < 1 hr <1 hr
Incidence % 10-80% 80-100% 100% 100%

Mental Status No change No change No change May be Unconscious
Onset altered SecondsÐ 

Minutes
Incidence %100% 

(at >50 Gy)

Treatment Outpatient Observation Specialized Specialized Palliative only
observation in hospital hospital hospital
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apy can hasten reconstitution of immunity by promot-
ing expansion of these cell lines. G-CSF (fligrastim) or
its long-acting counterpart pegylated G-CSF (pegfil-
grastim) can be used to reconstitute neutrophils.
Another cytokine, GM-CSF (sargramostim), can also
be used to hasten immune function. Both GM-CSF and
G-CSF can stimulate neutrophils activity, including
microbicidal function. The recommendations for
cytokine therapy may be found in the excellent review
article by Waselenko and co-authors.16 Obviously, in a
mass radiation casualty situation, resources will be
scarce and the astute clinician will reserve expensive,
limited resources like cytokine therapy for patients
who have the best chance of a good outcome. Similarly,
heavily irradiated patients will require prophylact ic
antibiotic therapy during their immune crisis. Such
prophylaxis should include a broad-spectrum fluoro-
quinolone, acyclovir (for patients with a history o f her-
pes virus infection) and fluconazole as an anti-fungal
agent. These agents would be continued until the
absolute neutrophil count consistently exceeds 0.500 x
109 cells/L. Again, in a mass casualty situation such
antibiotics may be scarce and clinicians will have to
triage patients to determine who has the best chance of
survival.16

Finally, complete marrow ablation by high radiation
doses may occur and such patients may be considered
for a stem cell transplant (SCT). Experience in this area
is very limited and the cost of such therapy is signifi-
cant. See Table 7 for recommendations for ARS thera-

py in small volume casualty scenarios
versus mass casualty incidents.16

Gastrointestinal Syndrome

Patients with the full-blown GI
Syndrome are very sick and most will
die. In addition to the profound
immunosuppression, they develop life-
threatening volume loss due to intestinal
villi sloughing. Symptoms include
anorexia, severe nausea and vomiting
and profuse watery diarrhea. The cur-
rent recommended 
standard is to attempt to ÒsterilizeÓ the
gut with prophylactic antibiotics while
attempting to replace volume deficits
caused by vomiting and diarrhea.
Unfortunately, the prognosis for these

patients is poor with the current state of medical tech-
nology22 and most will die within two weeks. 23

Neurovascular Syndrome

These patients have all sustained lethal radiation and
palliative care is indicated. Symptoms are severe and
include nervousness, confusion, severe nausea and
vomiting, diarrhea, and burning dysesthesiaÑall usual-
ly occurring within minutes of the lethal irradiati on.
These patients usually expire in three days or less. They
will require psychological support during the period
before they lapse into coma.23

The Cutaneous Syndrome

Patients may sustain a significant radiation dose to a
limb or part of the trunk without receiving enough
radiation to cause ARS. These patients will develop the
Cutaneous Radiation Syndrome (CRS). Early signs and
symptoms of CRS include pruritus, paraesthesiae and
transient erythema and edema. With CRS, the visible
effects depend on the size of the radiation dose com-
bined with the depth of penetration of the radiation.
The lesions of CRS take hours to days to become
apparent.

Like ARS, CRS has a series of characteristic stages for
its clinical manifestations:

1.  Prodrome: (within hours) early erythema 
(first wave of erythema), heat sensation, pruritusÑ
lasts 1-2 days

Scenario Rad Dose for Rad Dose for Rad Dose for 
Cytokine Therapy Antibiotic Therapy SCT Referral

Small Patient 
Volume (<100)

Healthy, no 3-10 Gray 2-10 Gray *7-10 Gray(allogenic); 
other injury 4-10 Gray if autograft 

or syngenic donor 
available

Multiple injuries 2-6 Gray 2-6 Gray * None
or burns

Mass Casualty 
(>100)

Healthy, no 3-7 Gray 2-7 Gray * 7-10 Gray (allogenic); 
or burns 4-10 if autograft or 

syngenic donor 
available

Multiple injuries 2-6 Gray 2-6 Gray  *None
or burns (if adequate (if resources 

resources) adequate)

Table 7: Guidelines for Treatment of ARS16

*Antibiotic prophylaxis when ANC<0.500 x 109 cells/LÑmaintain prophylaxis until ANC recovers.
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2.  Latent Stage: (1-2 days after exposure) no evidence
of injury but note skin on face, chest and neck has
a shorter latent period than the palms and soles of
feet

3.  Manifest Illness Stage: (daysweeks) second wave of
erythema, increased pigmentation (bronzing), dry
or wet desquamation depending on dose, necrosis.
Epilation occurs for doses > 3 Gy between days
14-21.

4.  Third Wave of Erythema: (10-16 weeks post 
exposureÑespecially beta radiation)Ñ
late erythema, edema and increased pain. A bluish
discoloration of irradiated skin may be noticeable.

5.  Late Effects: (monthsyears; threshold  ~10 Gy)
variable from slight atrophy to constant recurring
ulceration with necrosis and deformity; 
lymphedema common; telangectasias frequent;
altered pigmentation; increased risk of skin cancer

Treating CRS requires careful attention to infection
control and excellent wound care. A wound care center
with expertise in radiation necrosis should be sought.24

Conclusion

Because the modern world is a dangerous place, it is
important for primary care clinicians to be confident
recognizing the Acute Radiation Syndrome and the
Cutaneous Radiation Syndrome. In the event of a 
radiological mass casualty situation such as a nuclear
detonation, specialty radiation facilities will be over-
loaded and primary care physicians will be called upon
to treat acutely radiation poisoned patients. This arti-
cle has discussed the signs and symptoms for both ARS
and CRS. It has also outlined basic treatments neces-
sary to care for these patients. While there are numer-
ous excellent articles covering these subjects, it is hoped
this article offers a pragmatic, common sense approach
for dealing with irradiated patients.

Dr. David McCann is a board-certified family physic ian and a
Fellow of the American Academy of Specialists in Family Practice.
He is the Chair-elect of the American Board of Disaster Medicine
and a Clinical Associate Professor in the Departments of Family
Practice and Emergency Medicine at Mercer University School of
Medicine in Macon, Georgia. In addition, Dr. McCann  is the Chief
Medical Officer of Florida 1 DMAT with the US Depar tment of
Homeland Security. He is also the Advanced Cardiac Life Support
(ACLS) National Faculty for Georgia with the Americ an Heart
Association. Dr. McCann was named one of AmericaÕs Top
Physicians in 2005 by the Consumer Research Council of America
in Washington, DC and was chosen 2005 Family Physician of the

Year by the American Academy of Specialists in Family Practice. He
can be reached at dgmccann@alltel.net.

References
1.  Briggs SM and Brinsfield KH. Advanced Disaster Medical Response Manual for
ProvidersÑ1st Edition. Harvard Medical International, Boston MA. 2003. pg 79.

2.  Muller RA. Dirty bombs threaten disruption, panic but not mass destruction.
2004. http://sfgate.com/cgi-bin/article.cgi?file=/chronicle/archive/2004/ 07/18/
ING427JIH21.DTL. Accessed 1/8/2006 at 11:51 PM.

3.  Karon T. The Òdirty bombÓ scenario. Time Magazine, June 10,2002.
www.time.com/time/nation/printout/0,8816,182637,00.html. Accessed 1/8/2006 at
8:33PM.

4.  Department of Homeland Security Working Group on Radiological Dispersion
Device (RDD) PreparednessÑMedical Preparedness and Response Subgroup.
Medical Guidelines. Report produced 12/09/2003. pp.1-74.

5.  Sale R. Israel finds radiological backpack bomb. www.freerepublic.com/focus/
fr/557120/posts United Press International. Accessed 3/11/2006 at 7:33 PM.

6.  Williams PL. The Al-Qaeda Connection. Prometheus Books. Amherst, NY. 2005.
pg. 77.

7.  CNN.com. Feds defend incarceration of Òdirty bombÓ suspect. http://archives.
cnn.com/2002/LAW/06/27/dirty.bomb.suspect. Accessed 3/11/2006 at 8:32 PM.

8.  Briggs SM and Brinsfield KH. Advanced Disaster Medical Response Manual for
ProvidersÑ1st Edition. Harvard Medical International, Boston MA. 2003. pg 78.

9.  Fong F. 2005 Advanced Radiation Life Support (ARLS-Basic) Student Manual
1.2. Lecture 7.

10.  Briggs SM and Brinsfield KH. Pg 76-77.

11.  http://news.bbc.co.uk/1/hi/world/south_asia/1657901.stm.  Accessed 3/12/06
at 4:33PM.

12.  Williams PL pg 87-89.

13.  Shepherd G Types of Radiation: Basic Theory Explained for the Nonphysicist,
in Medical Response to TerrorismÑPreparedness and Clinical Practice.Editors: Keyes
DC, Burstein JL, Schwartz RB and Swienton RE. Lippincott, Williams & Wilkins,
Philadelphia. 2005. Chapter 13, pp137-144.

14.  Fong FH. Nuclear Detonations:Evaluation and Response in Disaster Medicine.
Editors:Hogan DE and Burstein JL. Lippincott, Williams & Wilkins. Philadelphia.
2002. Chapter 32, pp317-339.

15.  Briggs SM and Brinsfield KH. Pg 75.

16.  Wasalenko JK MacVittie TJ et al. Medical Management of the Acute Radiation
Syndrome:Recommendations of the Strategic National Stockpile Radiation Working
Group. 2004. Ann Int Med. 140:1037-1051.

17.  Briggs SM and Brinsfield KH Pg 80.

18.  Basic Disaster Life Support Provider ManualÑVersion 2.5. 2004. American
Medical Association. Pg 4-20.

19.  Briggs SM and Brinsfield KH. Pg 85-86.

20.  Koenig KL Goans RE et al. Medical Treatment of Radiological Casualties:
Current Concepts. 2005. Ann Emerg Med 45(6):643-652.

21.  Goans, Ronald E., Holloway, Elizabeth C., Berger, Mary Ellen, and Ricks,
Robert C. "Early Dose Assessment Following Severe Radiation Accidents," Health 
Physics 72(4): 1997.

22.   Edsall KE and Keyes DC Treatment of Radiation Exposure and Contamination,
in Medical Response to TerrorismÑPreparedness and Clinical Practice. Editors:
Keyes DC et al. Lippincott, Williams & Wilkins. Philadelphia. 2005.

23.  Centers for Disease Control and Prevention. Acute Radiation Sundrome: A Fact
Sheet for Physicians. March 18, 2005. www.bt.cdc.gov/radiation.

24.  Centers for Disease Control and Prevention. Cutaneous Radiation Injury:Fact
Sheet for Physicians. June 29, 2005. www.bt.cdc.gov/radiation. 


