
1535

c h a p t e R 

P
R

E
A

N
E
S
T
H

E
T
IC

 E
V

A
L
U

A
T
IO

N
 A

N
D

 

P
R

E
P
A

R
A

T
IO

N

Emergency Preparedness for 
and Disaster Management 
of Casualties from Natural 
Disasters and Chemical, Biologic, 
Radiologic, Nuclear, and High-
Yield Explosive (CBRNE) Events
michael J. muRRaY

BioloGic

History

Smallpox

Anthrax

Plague

Tularemia

Botulism

Hemorrhagic Fevers

RadiatiON—NUCLEAR

Potential Sources of Ionizing Radiation  

Exposure

Management

EXPLOSIVE

CONCLUSION

INTRODUCTION

PREPARATION—PERSONAL PREPAREDNESS

Family Plan

Government Plan

NGO’s Plans

ROLE OF ANESTHESIOLOGIST IN MANAGING  

MASS CASUALTIES

Triage

Decontamination

Emergency Department

CHEMICAL

Nerve Agents

Pulmonary Agents

blood Agents

 1 There are certain principles that are common to all such events, 
independent of their etiology, and as a group anesthesiologists are 
as well prepared if not better prepared to assist their communities 
in planning for and in caring for patients from a disaster.

 2 Any time a situation arises in which medical capability is 
significantly below standards to which we are accustomed in 
the United States the anesthesiologist is indeed practicing in an 
austere environment.

 3 If one has a pet, family or friends living with them, or has legal 
responsibility for a loved one (elderly parents, disabled person) 
one must have a plan for these individuals that provides care 
for them.

 4 Despite the best effort of law enforcement, fire and rescue teams, 
and emergency medical agencies, hospitals will continue to play a 
vital role in helping communities respond to catastrophic events.

 5 Anesthesiologists’ basic understanding of physiology and 
pharmacology, their airway skills, their fluid resuscitation 
expertise, their ability to manage ventilators and to provide   

anes thesia in the field environment, in the emergency depart-
ment, in the operating room, and in intensive care units (ICUs) 
will be invaluable.

 6 If assigned to triage patients, the anesthesiologist will be 
expected to classify patients into four groups—those requiring 
immediate care, delayed care, first aid, and expectant.

 7 Anesthesiologists should position themselves at the head of 
the bed and assume responsibility for the airway and venous 
access. For the former it would be ideal to have two or three 
assistants (one providing in-line C-spine stabilization, another 
individual applying cricoid pressure, and a third individual 
administering medications).

 8 The toxicity of the nerve agents depends on the compound 
delivered, the dose that is delivered (LC), and the time (t) that 
an individual is exposed to that dose.

 9 There are three categories of biologic weapons (Table 53-1). 
Category A are those weapons which are highly contagious and 
fit all the characteristics of a relatively ideal biologic agent.
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1536 Section Vii Anesthesia for Surgical Subspecialties

INTRODUCTION

Preparing to manage, to deal with the sequelae of, and to mitigate 
future disasters originating from natural events, industrial acci-
dents or, of more interest recently, caused intentionally by ter-
rorists using chemical, biologic, radiologic, nuclear, or high-yield 
explosive (CBRNE) agents is a high priority for the majority of 
governments the world over. Even large multinational corpora-
tions recognize the need for planning to assist during disasters 
and to decrease future risk of disasters. Two thousand such cor-
porations, each with $5 billion or more in assets, participate in 
the World Economic Forum, a private not-for-profit foundation 
established in Switzerland. Through its Global Agenda Council 
on Humanitarian Assistance, partnering with the United Nations, 
humanitarian aid is provided throughout the world following nat-
ural disasters wherever there is a need. The resulting public–pri-
vate collaboration has a distinguished track record; however, the 
Council recognizes the need to do more with respect to disaster 
risk reduction and disaster (www.weforum.org/issues/disaster-
management). Money may also play a role—natural disasters that 
occurred in 2011 caused more than 350 billion dollars in losses 
(www.weforum.org/content/global-agenda-council-catastrophic-
risks-2012). Whatever the reason, though, the aid provided is 
the only mechanism to mitigate the effects of disasters in many 
areas of the world where economic resources are inadequate. The 
United States also is cognizant of the benefits to its foreign policy 
by assisting in humanitarian missions. The U.S. Agency for Inter-
national Development (USAID) spends a significant portion of its 
budget each year to provide humanitarian assistance in the wake 
of natural disasters such as floods, volcanic eruptions, and earth-
quakes but spends just as much to mitigate the effects of future 
catastrophes. The American Society of Anesthesiologists has rec-
ognized the importance of such activities and in the past decade 
has established a Committee on Emergency Preparedness and 
Trauma (COTEP) and a Global Health Initiative. While no one 
can doubt the altruistic motives for these actions, as a member-
driven organization it has been driven in these endeavors from 
requests from members during this same time frame: After 9-11 
strike, after Hurricanes Katrina and Ike, after the tornados that 
struck the central and southeast part of the country over the last 
couple years, and most recently after the earthquake that struck 
Haiti in 2010. ASA members who have been involved in relief 
efforts, members who have either been in the military or are in the 
military, and international members who have experienced terror-
ism on a more frequent basis have created a cacophony of voices 
calling for more education and training on how to prepare for a 
disaster and how to manage the victims of such disasters. Most 
residency program directors would agree that anesthesiologists are 
well prepared to manage individual patients but are lacking when 
it comes to education in managing the numbers of patients that 
might arise from a mass casualty event. Books have been written 
on such topics and governments have created large bureaucracies 
to address such events, so it would be naïve to think that a chapter 
in a book could adequately prepare one to cope with all contin-
gencies. However, there are certain principles that are common 
to all such events, independent of their etiology, and as a group 
anesthesiologists are as well prepared if not better prepared to 

1

assist their communities in planning for and in caring for patients 
from a disaster. We must expend the energy to be better educated 
as the initial response to any disaster always occurs at the local 
level; therefore, as anesthesiologists we must be prepared to pro-
vide assistance during such emergencies. Other physicians, hospi-
tal administrators, and nongovernment organizations (NGOs) all 
place anesthesia providers at the top of the list of healthcare work-
ers who are needed to manage the sequelae of natural disasters 
and mass casualty events. We are in such demand that the NGO, 
Doctors Without Borders (Medicins san Frontiers), waives its pol-
icy that clinicians commit for 9- to 18-month rotations; there is 
an option for anesthesia providers of 1- to 3-month assignments 
(www.doctorswithoutboarders.org/work/field/recruitment.cfn). 
Whether it is providing anesthesia so that an extremity can be 
amputated allowing someone trapped in the rubble of a building 
following an earthquake can be extracted, starting an intravenous 
infusion in a child or adult debilitated by diarrhea, treating the 
effects of a chemical agent, managing a ventilator in someone with 
anthrax, or providing anesthesia to a casualty from an explosion, 
anesthesia providers have the requisite skills to assist in all these 
scenarios—these are services we provide on a daily basis.

However, disasters and mass casualty events are not something 
in which we participate on a daily basis so therefore education 
and training for these situations is critically important, beginning 
with preparation to respond to the most likely disasters to occur 
in our respective geographic location, for example, hurricanes on 
the Atlantic Seaboard and Gulf of Mexico, earthquakes on the 
West Coast of North America or tornadoes in the Midwest and 
Southeast of the United States. Even though natural and indus-
trial disasters have occurred for millennia, the use of CBRNE 
agents and devices by terrorists in recent decades has emphasized 
the need for increased preparedness.

However, time and time again history shows that enthusiasm 
for education is high after an event and then tapers off; maintaining 
that enthusiasm is difficult,1 and therefore most if not all health-
care facilities2 are not prepared to deal with mass casualty incidents 
the exception being those facilities staffed by physicians with prior 
military training.3 In dealing with acts of terrorism geography is 
not helpful in anticipating what might occur, but that is not to 
say that one cannot anticipate what to expect. One can learn from 
experience; terrorists have been successful in their minds’ eyes with 
improvised explosive devices (IEDs), and even in those situations 
in which IEDs were not used, terrorists have chosen to use certain 
weapons of mass destruction (WMD) more often than others. For 
example, if they were to choose a chemical agent, a nerve agent is 
most likely and amongst those sarin has been the agent of choice. 
Similarly amongst biologic agents, anthrax, which was used in 
2001, or smallpox would be the most likely choice because of the 
high lethality and infectivity associated with those two agents.4,5 
Twice in the past 20 years “dirty” bombs have either been planned 
or planted (and fortunately not used) so such devices would be 
the most likely source of radiation used by terrorists. However, to 
underscore what was stated above based on past experience a natu-
ral or industrial event would be most likely (Table 53-1).

To prepare for the kinds of scenarios described above, there 
are certain terms with which one must be familiar. A mass 
casualty incident is one that results in a number of patients 
that a  community healthcare system has the resources to treat, 
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despite turmoil and confusion. A mass casualty event is one that 
 overwhelms the hospital or the community’s healthcare system. 
One also must be cognizant of the fact that though she or he 
might never plan to participate in a humanitarian mission over-
seas and therefore think that there is no need to train to work in 
an austere environment, depending on the circumstances of the 
disaster in which one finds one’s self the environment may be 
very austere indeed. Any time a situation arises in which medi-
cal capability is significantly below standards to which we are 
accustomed in the United States the anesthesiologist is indeed 
practicing in an austere environment. This austerity might occur 
in a:

 ■ Mass casualty event in which the number of cases overwhelms 
capacity

 ■ Natural disaster in which the hospital is damaged or loses elec-
tricity or water

 ■ Disaster (natural/industrial/terrorist) in which care is provided 
on site

As described above, graduates of anesthesia training programs 
in North America can cope well in such situations, provided that 
they understand the basic requisites of disaster management, the 
focus of this chapter.

pREpARATION—pERSONAL 

pREpAREDNESS

family plan

In order to manage the numbers of casualties that would be 
expected during a mass casualty one must be prepared.6,7 Often 
overlooked during emergency preparedness and disaster manage-
ment training is the development of a family plan and a personal 
preparedness plan. The former is important whether one is single 
or lives alone. Whether or not one has a pet, family, or friends liv-
ing with them, or has legal responsibility for a loved one (elderly 
parents, disabled person) one must have a plan for these individu-
als that provides care for and information to loved ones. There 
are a number of websites that guide one through the creation 
of such a plan (Appendix I). During hurricane Katrina ∼35% of 
policemen and firemen did not show up for work—this should 

2

3

not come as a surprise to anyone.8 These individuals may have 
had to evacuate a parent in an assisted living facility or children 
in a day care center. Just as the military requires service members 
to have a family care plan (and a Will and Last Testament!), as a 
critically important healthcare provider we must have family care 
plans as well. However, if you know that you will be unavailable 
during a disaster then you have a responsibility to inform your 
employer or group of your personal situation. Even evacuation 
requires a plan. All family plans should include periodic family 
drills and updates. Plans might include situations such as what to 
do if there is a fire, what to do if parents do not make it home, the 
location of second copies of all important documents, where to 
meet if the house or neighborhood is destroyed or not accessible. 
Many assume that they will be able to communicate with loved 
ones during a disaster but often cell phone towers are damaged 
or so many people are trying to use the system that the network is 
overwhelmed. Plan in advance so that you are prepared for these 
contingencies.

And just as service members have a duffel bag or sea bag 
packed with toiletries, bedding, change of clothes, money, flash 
lights, and battery operated radio, those with such important 
roles as ours ideally should have a packed duffel bag as well. In a 
hurricane, earthquake, flood, tornado, or huge solar flair, loss of 
electric power is very likely. ATMs, gas pumps, toll booths and 
so on do not function without electricity—hence the need for 
some cash, flash lights, battery controlled radio (to stay abreast 
of the news)—and a vehicle that has a fuel tank that is not on 
empty!

Government plan

In September 2011, the United States Department of Home-
land Security published its first edition of a 111-page document 
National Preparedness Goal.9 Figure 53-1 lists the multiple issues 
for which FEMA must prepare, and with which agencies it must 
coordinate—with the United States Departments of Justice, of 
Health and Human Services, of Agriculture, of Commerce, and 
of Defense. Of note is that within the “Response” section, medical 
response is one of eleven for which the government has planned—a 
response which is under the auspices of the Department of Health 
and Human Services (DHHS). DHHS created and maintains a 
National Disaster Medical System (NDMS). Unfortunately, the  
system has not been adequately established and maintains. As 

1

TAbLE 53-1. examPles of Cbrne events

Natural Industrial Terrorist

Chemical __ Accidental release of methyl 
isocyanate in Bhopal, 
India, 1984

Release of sarin by Aum 
Shinrikyo Tokyo 
Subway, 1995

Biologic Spanish Flu Pandemic, 
1918

US Anthrax Attacks, 
2001

Radiologic Tsunami affecting 
Fukushima nuclear 
power plant in  
Okuma, Japan, 2011

Three Mile Island, 1979
Chernobyl, 1986

Dirty Bomb—Chechen 
Rebels, 1995

Nuclear Solar Flairs __ __

Explosive Mount St. Helens  
volcanic eruption, 1980

Fire at petroleum plant 
in Abule-Egba, Lagos, 
Nigeria in 2006

Suicide bombers
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highlighted by the US response to the earthquake in Haiti in 2010 
the DHHS maintains only three International Medical Surgical 
Response Teams (IMSuRT), teams that were  established with the 
idea that they would provide care to US citizens injured in areas 
of conflict. Unfortunately only one is funded and equipped and 
prior to Haiti, it had only been activated and used once—for the 
earthquake that occurred in 2003 in Bam, Iran.

Other teams that DHHS maintains in its NDMS in addition to 
the IMSuRTs are as follows:

Disaster Medical Assistance Team (DMAT)—a team that 
supposedly can rapidly mobilize and whose goal is to set up and 
staff with physicians, nurses and other support personnel emer-
gency facilities and pharmaceutical dispensaries geographically as 
close as possible to a disaster. The teams are supposed to be self- 
sustaining for at least 72 hours before they require outside logis-
tics. Just as the reserve military forces do, a DMAT is supposed 
to train 1 week-end a month. Not many surgeons and not many 
anesthesiologists have joined a DMAT as the team does not have 
the capacity to perform surgical procedures! Disaster Mortuary 
Team (DMORT) as the name implies is a team that would man-
age large numbers of dead following a mass casualty event with 
capacity to conduct forensic examinations. National Veterinary 
Response Team (NVRT) is a team established to provide veteri-
nary services as well as zoonotic disease surveillance.

Most recently, the DHHS through its NDMS is planning and  
creating 15 Medical Specialty Enhancement Teams (MSETs). 
MSETsare going to consist of a group of precredentialed anesthe-
siologists and surgeons (30 of each), along with a few pediatricians. 
The concept is that there would be a pool of specialists who would 
be activated during a crisis, whether domestic or international, 
and would have sufficient logistic support that the team could 
deploy to either a fixed facility or a field site. Once activated MSET 
members would be federal employees during their deployments 
for a minimum of 2 weeks and would be protected by workers’ 
compensation laws, the federal tort claims act, and the Uniformed 
Services Employment and Reemployment Rights Act (USERRA). 
DHHS knows that many anesthesia providers do not have time for 
monthly drills or frequent call ups that the DMATs have. Although 
MSET members would be encouraged to train with DMATs, par-
ticipation in an MSET will require far less of an investment in time. 
However, if activated, members of the teams would be expected 
to deploy or risk being dropped from the team and program. 

MSETs are a work in progress and many of the details of logis-
tics and training are unanswered. It is hoped that once successfully 
established the size and number of teams could be expanded and 
the teams better developed to respond to future disasters, whether 
they be acts of nature or of terrorists. Please note however that as 
mentioned above, the initial response is local—such teams might 
take 2 or 3 days or longer to mobilize and deploy.

NGOs’ Plans

Ever since the anthrax attacks of 2000 and 2001, the destruction 
of the World Trade Center Towers on September 11, 2001, the 
SARS epidemic of 2004, and the continued devastation caused 
by nature (hurricanes, earthquakes, tornadoes, floods, and fires), 
The Joint Commission (TJC), the American Hospital Associa-
tion, and state and county health departments have more closely 
monitored and evaluated hospitals’ and communities’ emergency 
preparedness. In 2003, TJC published its “Health Care at the 
Crossroads: Strategies for Creating and Maintaining Commu-
nity-Wide Emergency Preparedness Systems”.10 The white paper 
has not been updated but emergency preparedness is one of the 
“standards” TJC uses to certify hospitals. Since 2003 it has hosted 
annual conferences, the most recent addressing how the two hos-
pitals and their employees responded to the tornado that struck 
Joplin on May 20, 2011.11

TJC recognizes that there has been a change in healthcare deliv-
ery in the United States over the last several years and decades, 
reflective of similar problems faced worldwide, that has left the 
healthcare system under-funded with limited resources and ever 
increasing demand. Despite the best effort of law enforcement, 
fire and rescue teams, and emergency medical agencies, hos-
pitals will continue to play a vital role in helping communities 
respond to catastrophic events, whether natural, unintentional, 
or terrorist-initiated. TJC was proactive in recognizing that, “It 
is no longer sufficient to develop disaster plans and dust them 
off if a threat appears imminent. Rather a system of prepared-
ness across communities must be in place everyday”.10 The TJC 
acknowledged the need, despite decreasing healthcare resources, 
for what it describes as “surge capacity” within healthcare systems 
to handle the potentially hundreds, if not thousands or more, of 
patients who might be victims of catastrophic events. By planning 
and drilling, TJC hopes to reduce the appeal to terrorists of using 
WMD as an effective means of terrorism, and to help commu-
nities better respond to natural disasters. The white paper TJC 
published focused on three major areas:

 I. Enlisting the community to develop the local response.
 II. Focusing on the key aspects of the system that prepares the 

community to mobilize to care for patients, protect its staff, 
and serve the public.

 III. Establishing the accountabilities, oversight, leadership, and 
sustainment of a community-preparedness system.

While the guidelines are just that—guidelines that are not manda-
tory nor required by law, all hospitals aspire to have TJC accredi-
tation and from that perspective, the white paper was important 
in that hospitals do have biannual drills of their emergency pre-
paredness and disaster management plans, sometimes coordinat-
ing with local law enforcement agencies and health departments 
and emergency medical response teams to create as realistic sce-
narios as possible. Unfortunately, the participation of anesthesia 
departments in these drills is often minimal. Drills are usually held 
on week days during working hours—because anesthesia depart-
ments are fully staffed and completely operational during those 
hours hospital administrators certify that they can handle the 
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number of casualties coming through their ED; for financial rea-
sons, the drills are not very realistic—surgical procedures are never 
canceled and the system is never tested at night or on weekends. 
At night when there is minimal telecommunications personnel in 
place how would a hospital mobilize its staff? Many have telephone 
“trees” but again because they are not tested many anesthesia pro-
viders have long since misplaced their contact information. Even if 
tested, how operational would the plan be during a major disaster 
when communication systems are overwhelmed? Short text com-
munication would be the best way for departments to alert person-
nel to the disaster. Other advantages to having anesthesia depart-
ments actually participate in drills would be the establishment of 
trust with liaisons in the emergency response community and with 
local law enforcement agencies. How much better the outcome 
would have been if that had been the case in Moscow during the 
2002 Nord-Ost siege when the Spetsnaz forces most likely used 
carfentanil against Chechen rebels without informing emergency 
response or hospital personnel resulting in 170 deaths.12

Impediments to the establishment of effective response plans 
are not only financial but also based on a lack of awareness of 
what occurs during a disaster. As Israelis know from their years 
of dealing with suicide bombers, and as the Japanese found out 
during the release of sarin by Aum Shinrikyo terrorist group in 
the Tokyo subway system in 1996, victims do NOT go to level I 
trauma centers, nor do they wait to be transported by emergency 
medical teams––they fan out in all directions to whatever health-
care facility they can find and they do so on foot, by private vehi-
cles, by whatever means available.13 St. Luke’s hospital in Tokyo 
found itself inundated with close to 900 patients after the subway 
sarin attacks—its ED, lobby entrance—almost the entire first 
floor of the hospital was crammed with patients—none of whom 
had been decontaminated, and all of whom created a chaotic situ-
ation that was difficult to manage, and which delayed treatment 
for those who needed it most. The affected patients required 
treatment best understood by anesthesiologists who use cholines-
terase inhibitors daily and best administered by intravenous lines 
inserted by these same providers. Furthermore, because of the size 
of most anesthesia departments, assuming 70% of providers will 
actually respond to a mass casualty event or disaster, there will be 
sufficient personnel for the providers to cover all the healthcare 
facilities operating suites (including obstetrical suites—a disaster 
has yet to occur that prevents pregnant women from going into 
labor and delivering). Other places anesthesia providers can assist 
in management of healthcare delivery during a disaster include:

 ■ to assist in triage outside the hospital (who better to manage 
the pain or labored respiration of the expectant patient?),

 ■ to assist in decontamination (who better to evaluate for the pres-
ence of anticholinesterase (nerve) agents or cyanide toxicity),

 ■ to assist with vascular access or airway management (made 
more difficult if wearing a HAZMAT suit and even more dif-
ficult if one has never worn such a suit), or

 ■ to assist in ventilator management in the ICU or in overflow 
areas of the hospital such as the PACU of patients with respira-
tory failure caused by a nerve agent or biologic agent.

ROLE OF ANESTHESIOLOgIST IN 

MANAgINg MASS CASUALTIES

It is difficult to anticipate every situation in which anesthesiolo-
gists could be asked to assist in managing mass casualty situa-
tions. For example, on October 26, 2002, terrorists held 750 hos-
tages at the Nord-Ost Theater in Moscow. Many believe that the 

authorities instilled nebulized or volatile carfentanil into the air 
ducts of the opera house, thereby immobilizing the terrorists.12 
Unfortunately, because of the incapacitating effect of carfentanil, 
the hostages became victims too. Patients were transported from 
the theater to hospitals without any treatment prior to arrival. 
Ideally, anesthesiologists or other healthcare providers with an 
opioid antagonist such as naloxone should have been readily 
available and present at the site to manage both hostages and the 
terrorists. Unfortunately, this was not the case.

Anesthesiologists’ basic understanding of physiology and 
pharmacology, their airway skills, their fluid resuscitation exper-
tise, their ability to manage ventilators and to provide anesthesia 
in the field environment, in the emergency department, in the 
operating room, and in intensive care units (ICUs) will be invalu-
able. In these mass casualty situations, many patients suffer burns, 
fractures, lacerations, soft tissue trauma, and amputations that 
will require triage, stabilization in the emergency room or in some 
other facility near the emergency room, and either more definitive 
treatment in the operating room or in the ICU.

During a mass casualty incident an anesthesiologist may well 
be asked to provide anesthetic services in an area other than the 
operating room or ICU. One will not know where one will be 
working until reporting to the hospital and the command and 
control center established to manage the incident.14 The site of 
the command and control center is pre-established and outlined 
in the hospital’s emergency preparedness plan, but typically 
within the hospital’s emergency department or in close proximity. 
Other entrances to the hospital are typically closed during a mass 
casualty incident for the purposes of maintaining control of the 
numbers of patients that might present and to allow for decon-
tamination of patients if necessary avoiding exposure of hospital 
personnel to contagious agents or transferrable substances such as 
nerve agents. The lack of such control and decontamination of the 
Tokyo subway sarin attack victims in 1995 resulted in a number of 
healthcare workers becoming ill by absorbing sarin from patients 
who had not been properly decontaminated.13 Not only were they 
unable to work but they became patients themselves, increasing 
the number of patients requiring care and consuming resources.

triage

If assigned to triage patients, the anesthesiologist will be expected 
to classify patients into four groups—those requiring immedi-
ate care, delayed care, first aid, and expectant. The latter group 
includes those expected not to survive, or, because of the number 
of patients arriving, those for whom there are not adequate per-
sonnel or resources to adequately resuscitate without jeopardizing 
the lives of many more patients who would not receive the care 
they require and for whom the prognosis is more favorable. Expe-
rience has taught that initially triage officers are “conservative”—
they try to save as many as possible, but over days, if not hours 
they gain experience and become better at identifying patients for 
whom resources exist to improve outcome. In the future, bio-
technology may play a role15 but at present hospitals must rely 
on physicians’ experience and again because of their knowledge 
of the hospitals resources—in the OR and ICU they may well be 
the ideal triage officer. He or she will have to assess and decide 
if patients fall into one of the four groups. “Expectant” patients 
are usually transported to an area separate from the ED where 
they can be provided comfort care, such a site must be situated 
such that newly arriving patients are not exposed to the sight of 
dying patients. Anesthesiologists may well be assigned to provide 
such care because of expertise in managing airways, in establish-
ing intravenous access for the administration of medications, and 
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our familiarity with the available anxiolytic and analgesic medica-
tions. As emotionally difficult as the process might be of identify-
ing or managing patients not expected to survive is the assessment 
of patients who may have been injured or been affected during a 
disaster but do not appear to require treatment, but who might 
require delayed care. Depending on the agent, diagnosis of those 
requiring therapy:

 ■ Chemical (nerve) agents: If only headache, meiosis, rhinorrhea, 
and lacrimation after exposure, patients can be decontami-
nated (see later) and dismissed. Patients with dyspnea, bron-
chospasm, or arrhythmias will require treatment with atropine.

 ■ Biologic agents: Fever, rash, dyspnea, cough
 ■ Radiation/nuclear: Nausea within 6 hours of exposure; because 

of the prevalence for those with this symptom, check leuko-
cyte count, dismiss, and have the patient return in 48 hours for 
repeat check—if no change in count, no therapy is indicated.

 ■ Explosive: If tympanic membranes are intact and SpO2 is 
within normal limits, other injuries are unlikely.

decontamination

In most situations, people in contact with chemical agents or 
radioactive materials are decontaminated by those with proper 
training—the decontamination is normally performed first and 
then patients are evaluated and triaged. The process is usually 
fairly straightforward; clothes are removed and individuals are 
washed with copious amounts of water (the contaminated water 
and apparel can present quite a challenge!); if individuals have 
been exposed to a chemical agent, a dilute solution of sodium 
hypochlorite 0.5% (household bleach) can be used.

However, if the patient presents with life-threatening injury, 
the patient is treated first and decontaminated afterward. Patients 
with severe chemical agent poisoning may present with acute 
respiratory failure requiring emergency tracheal intubation. In 
this scenario, an anesthesiologist would be assigned to the decon-
tamination station. For obvious reasons the intubation would 
have to be performed with the anesthesiologist wearing a hazard 
material (HAZMAT) or a biohazard suit with multiple-layered 
gloves and a gas mask. The suits are not insulated and if the 
decontamination is performed outside the hospital the extremes 
of temperature can significantly hinder performance, as does the 
decreased manual dexterity because of the gloves and the impair-
ment in vision from the face hoods. Ideally individuals with prior 
training would manage the airway intubation but depending on 
circumstances that may not happen. As many have learned from 
the past experience, it is best to anticipate the unexpected, and to 
be flexible if the maximum numbers of patients are to be saved. 
Preparation of equipment and drugs before the arrival of con-
taminated patients decreases the difficulties with manual dexter-
ity that are encountered while wearing the multiple-layered or 
rubber gloves. Consider securing the airway with a laryngeal mask 
airway, when indicated, rather than with a tracheal tube.

emergency department

Another place where an anesthesiologist might be assigned is the 
emergency department. While some level I trauma centers have 
an anesthesia team assigned to support the emergency depart-
ment, this is not the norm. Depending on the types of casualties, 
but especially for casualties from a violent explosion, anesthesi-
ologists might be assigned to manage the airway and secure cen-
tral venous access. Anesthesiologists should position themselves 
at the head of the bed and assume responsibility for the airway 
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and venous access. For the former, it would be ideal to have two 
or three assistants (one providing in-line C-spine stabilization, 
another individual applying cricoid pressure, and a third indi-
vidual administering medications.) Sometimes it is necessary to 
remind emergency room physicians and trauma surgeons that 
“A” (airway) and “B” (breathing) come before “C” (circulation); 
certainly, the primary and secondary surveys can be conducted 
during this critical time point but ventilation and oxygenation 
must be assured.

In previous industrial accidents and fires, appropriate man-
agement of the airway has been critical. Patients with large-area 
burns will require establishment of intravenous access for pro-
vision of intravascular volume resuscitation. Depending on the 
event (burn vs. a crush injury—protocols for fluid resuscitation 
vary), in patients with extensive soft tissue and skeletal muscle 
damage, alkalinization of the urine with volume resuscitation and 
diuresis may be organ-and life-saving. If chemical weapons are 
also used, again depending on the severity of the injury, not only 
may tracheal intubation be required, but ventilator management 
may be necessary.

The remainder of this chapter review the four major types 
of agents available to terrorists, recognizing that similar injuries 
can be caused by industrial catastrophes (thousands of deaths 
and injuries from methyl isocyanate in Bhopal, India, December 
1984) or natural disasters (radiation exposure as a result of the 
tsunami that hit Japan in 2011).

CHEMICAL

nerve agents

Prior to the last century, it was unthinkable that rogue states or 
terrorists would use chemical agents. During the first World War, 
more than one million soldiers and civilians were exposed to 
chemical gas injuries with over 100,000 of them dying. In 1935, 
Italy invaded Abyssinia (Ethiopia) and during that invasion, 
sprayed mustard gas from aircrafts. When Japan invaded China in 
1937, mustard gas, phosgene, and hydrogen cyanide were used. In 
that same year, German chemical laboratories produced the first 
nerve agent, tabun. During 1963 to 1967, Egypt used phosgene and 
mustard agents in support of South Yemen during the civil war in 
that country. When Iraq attacked Iran in the 1980s, mustard gas 
and nerve agents were used. In all these examples, chemical agents 
were used by the military during armed conflict. The governments 
mentioned above have all signed in the Chemical Weapons Con-
vention. January 2012 marked the end of an era as the United 
States, in compliance with the Chemical Weapons Convention 
ratified by the Senate in 1997, the U.S. Army Chemical Materials 
Agency completed destruction of 27,000 tons of chemical weapons 
that it had manufactured and stored over the years.16

However, as one era ended another one had already begun. In 
1994 and 1995, the use of the nerve agent, sarin, by the Japanese 
cult Aum Shinrikyo was a major turning point for it was the first 
time that a terrorist group had used a nerve agent in a terrorist 
attack. More than 5,000 persons were evaluated at hospitals of 
whom approximately 1,000 had been exposed to the nerve agent 
and 18 died. There is no doubt in anyone’s mind that chemical 
agents will be used again in the future. The nerve agents are so 
named because of their mechanism of action (Table 53-2).

Similar to organophosphate insecticides and to the anticho-
linesterase drugs anesthesiologists use daily, nerve agents inhibit 
acetylcholinesterase. This inhibition results in excessive amounts 
of acetylcholine (the reason a cholinergic agent such as atropine 
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or glycopyrrolate is administered any time we inject an anticho-
linesterase such as neostigmine) at preganglionic muscarinic and 
postganglionic muscarinic and nicotinic receptors, leading to 
copious secretions, meiosis, arrhythmias, bronchospasm, tonic 
muscle contractions, respiratory paralysis, seizures, and death. 
Similar to managing the side effects of neostigmine, a cholinergic 
agent and competitive muscarinic blocker (i.e., atropine or glyco-
pyrrolate) is administered to attenuate and block the muscarinic 
side effects of the agents.

When anticipating a nerve agent attack, US military person-
nel pretreat themselves with low-dose pyridostigmine and don 
personal protective equipment; the latter prevents the agent from 
contacting and wetting skin from which it is readily absorbed, and 
low-dose pyridostigmine binds to acetylcholinesterase prevent-
ing any nerve agent that is absorbed from binding to the enzyme. 
Pyridostigmine is a reversible drug that will be metabolized over 
time whereas the nerve agents bind irreversibly.

US military personnel carry syringes of atropine and of prali-
doxime chloride (2-PAM-CL), an oxime that reactivates acetyl-
cholinesterase by removing the nerve agent from its binding site 
on the enzyme. Spontaneous reactivation of enzyme complex is 
variable, which partly accounts for differences in acute toxicity 
between the nerve agents. 2-PAM-CL is administered to reacti-
vate the dialkylphosphonyl acetylcholinesterase enzyme more 
quickly,17 thus making the complex resistant to spontaneous 
hydrolysis and more likely to reactivation by oximes. The most 
optimistic estimates are that after exposure 30 minutes will elapse 
before casualties are transported to EDs, the diagnosis of nerve 
agent attack is made and the oxime can be administered. Thirty 
minutes is equally optimistic as there have been deaths at chemical 
weapon manufacturing facilities within 2 minutes of accidental 
exposure. Toxicity of the nerve agents is not just related to which 
agent, but also to the dose of agent to which one is exposed, and 
also the duration of exposure. However, if numbers of casualties 
arrive at a triage site outside a hospital ED, the sooner one admin-
isters an oxime such as 2-PAM-CL the better. Most of the nerve 
agents can be reversed with the exception of soman. With soman, 
aging of AChE occurs so fast that no clinically relevant spontane-
ous reactivation of AChE can occur. The oxime must be admin-
istered before all the enzyme become aged. Even though aging 
occurs more slowly and reactivation occurs relatively rapidly in 
the case of nerve agents other than soman, early oxime adminis-
tration is still clinically important in patients poisoned with these 
agents. Experimental studies on the treatment of nerve agent poi-
soning have to be interpreted with caution. Some studies have 
used prophylactic protocols, whereas the drugs concerned (atro-
pine, oxime) would only be given to a civilian population after 
exposure. The experimental use of pyridostigmine before nerve  

agent exposure, although rational, is not of relevance in the civilian 
context. With the possible exception of the treatment of cyclosa-
rin (GF) and soman poisoning, a review of available experimental 
evidence suggests that there are no clinically important differences 
between the different oximes in the treatment of nerve agent poi-
soning, if studies employing pretreatment with pyridostigmine 
are excluded.17

diagnosis

Patients exposed to a nerve agent, either ingested, inhaled, or via 
the transdermal route present with evidence of muscarinic site 
stimulation: Airway, pupillary, and GI tract constriction; brady-
cardia; and activation of the glands within the eyes, nose, mouth, 
and sweat glands manifested by intense lacrimation, rhinorrhea, 
salivation, and sweating. The degree of exposure correlates with 
the amount of secretions produced. Nicotinic stimulation at pre-
ganglionic sites leads to tachycardia and hypertension, and at the 
nicotinic acetylcholine receptor on the neuromuscular junction, 
fasciculations, twitching, fatigue, and flaccid paralysis. The exces-
sive parasympathetic activity leads to miosis and loss of accom-
modation so that patients complain of blurred vision. Within the 
respiratory system, the increased parasympathetic activity leads to 
bronchorrhea and bronchoconstriction which together with the 
respiratory muscle fatigue initially manifests as coughing, wheez-
ing, and shortness of breath. The agent on the skin will produce 
localized sweating and fasciculations obvious to the naked eye. 
Within the cardiovascular system, activity within the muscarinic 
system leads to bradycardia, but depending on the degree of nic-
otinic activity in the preganglionic nodes, a patient’s heart rate 
may be low, normal, or high. Within the GI tract, the increased 
parasympathetic activity leads to nausea, vomiting, diarrhea, 
and incontinence. This overall unopposed parasympathetic 
activity leads to a pneumonic of “DUMBELS” (D—diarrhea, 
U— urination, M—miosis, B—bronchorrhea and bronchocon-
striction, E—emesis, L—lacrimation, and S—salivation).

treatment

The toxicity of the nerve agents depends on the compound deliv-
ered, the dose that is delivered (LC), and the time (t) that an indi-
vidual is exposed to that dose. For example, a patient exposed 
to 10 mg/m3 of an agent for 10 minutes would have an LCt of 
100 mg/min/m3. The same could be achieved by being exposed 
to a concentration of 100 mg/m3 for only 1 minute. The treat-
ment for nerve agent poisoning is one with which every anesthe-
siologist is familiar. Atropine is a competitive muscarinic blocker. 
Pralidoxime chloride is the better long-term treatment as it reac-
tivates acetylcholinesterase by removing the organophosphate 
compound. Atropine is administered at a dose of 2 to 6 mg or 
more and repeated every 5 to 10 minutes until secretions begin 
to decrease (the patient is no longer salivating) and ventilation is 
improved. In severe casualties, 15 to 20 mg would not be unusual 
and some casualties have required gram amounts of atropine. The 
US military travels with automatic injectors containing 2 mg of 
atropine and 600 mg of 2-PAM-CL.

Depending on the extent of exposure, treatment is different. 
For minimal exposure, often seen with brief exposure to nerve 
agent vapor, patients may complain of headache and tightness in 
the chest and manifest meiosis, rhinorrhea, and salivation. Individ-
uals must be removed from further exposure, clothing removed, 
topical atropine to the eye if pain is significant, and wet decontami-
nation if there was any liquid exposure. With moderate exposure, 
the same signs are present, but now the patient demonstrates more 
severe rhinorrhea, complains of dyspnea, and on examination, 
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aDeveloped by but never used by Germany during 1930s.
bManufactured by the USSR in 1980s and 1990s. G series agents are known as 
Nonpersistent whereas the V agents are persistent (in the environment) and 10× 
more toxic than the G agents. VX is the only agent ever fielded by the United States.

TAbLE 53-2. toxiCity of nerve agents

Series Ga V Novichokb

GA (tabun)
GB (sarin)
GD (soman)
GF

VE
VG
VM
VR
VX
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there is evidence of bronchospasm and muscle fasciculation. 
Patients with moderate (and severe) poisoning require treatment 
with atropine and 2-PAM-CL intramuscularly. Casualties again 
must have their clothing removed and if they were exposed to liq-
uid nerve agent, they need to go through a wet decontamination 
process. With severe exposure, the same symptoms as mentioned 
above are present, but now the patient manifests severe respira-
tory compromise, flaccid paralysis, incontinence, arrhythmias, 
and convulsions. After decontamination the patient will require 
repetitive doses of intravenous atropine, along with intramuscu-
lar 2-PAM-CL, IV benzodiazepines to treat the seizures (caused by 
the muscarinic effects of the nerve agents within the CNS18), and 
intubation and mechanical ventilation depending on the degree of 
respiratory compromise.

With nerve injury casualties, decontamination is critical. It 
needs to be done as quickly as possible, first by leaving the area of 
exposure. As commented at the beginning of this chapter, health-
care and emergency workers in Japan became victims themselves 
by standing unprotected in the subway cars in which there was 
liquid sarin with some vapor.13 Patients are decontaminated by 
removing their clothing and washing with copious amounts of 
water and 0.5% hypochlorite (dilute household bleach). The 
bleach is not as critical as washing with copious amounts of water. 
Depending on the number of casualties, emergency departments 
have plans in place to set up fire trucks side-by-side with a “cham-
ber” established between the two trucks in which individuals 
would disrobe as they came into the chamber and be exposed to 
water sprays as they walked through the chamber to the other 
side. From there, depending upon the severity of the symptoms, 
they would receive atropine, 2-PAM-CL, and further treatment.

pulmonary agents

The so-called pulmonary agents are by nature gases at room tem-
perature, and almost any gas could be considered a pulmonary 
agent if released in sufficient quantity in a closed environment 
to displace O2 with the exposed subjects dying by asphyxiation. 
Chlorine and phosgene are considered the classical pulmonary 
agents and the two most likely to be used by terrorists. If quan-
tities are released that are sufficient to displace O2, then death 
results from asphyxia. In addition, these two gases are extremely 
toxic to the lungs; individuals who survive the acute exposure if 
they have inhaled even small amounts often develop acute lung 
injury or acute respiratory distress syndrome (ARDS). However, 
the treatment is no different from what a critical care anesthesi-
ologist would do in managing a patient with silo filler’s disease or 
farmer’s lung, which develops after exposure to nitrogen dioxide 
when a farm worker opens or enters a silo that has inadequate 
ventilation. The treatment of the resulting noncardiogenic pul-
monary edema from NO2 or the pulmonary agents is supportive: 
Mechanical ventilation using small tidal volumes (6 to 8 mL/kg), 
peak airway pressures <30 cm H2O), positive end expiratory pres-
sure, and inspired oxygen concentrations of 50% to 60% or less.

Blood agents

The third and final class of chemical toxins includes the blood 
agents—hydrogen cyanide and cyanogen chloride. Because of 
the instability of the latter, hydrogen cyanide is more likely to  
be used by terrorists in a closed environment as an aerosol. Again, 
anesthesiologists are familiar with this class of substances because 
of our clinical use of sodium nitroprusside as an intravascular 
vasodilator, which we know, has cyanide as a metabolite. Cyanide 
inhibits cellular respiration by interrupting the oxidative electron 

transfer process in mitochondria. The treatment for cyanide tox-
icity is similar to what we anesthesiologists would do for some-
one who had an accidental overdose of sodium nitroprusside: 
 Intravenous thiosulfate and supportive care including tracheal 
intubation, ventilation with 100% oxygen, and inotropes and 
vasopressors to stabilize the cardiovascular system.

bIOLOgIC

history

This section considers the naturally occurring infectious agents as 
well as those most likely to be used by terrorists. Many of the lat-
ter caused plagues in the past or were used as weapons. Infectious 
organisms have been used as biologic weapons since the dawn of 
history. Ghengis Khan is reported to have used cats infected with 
fleas bearing the plague to destroy towns in his conquest of Asia. 
British forces distributed blankets that harbored small pox virus 
(the blankets had been used by patients who had smallpox) to 
American Indians killing more than 50% of the infected tribes.19 
In World War II, Unit 731, a Japanese military unit is reported to 
have dropped plague-infected fleas over populated areas of China 
causing outbreaks of plague and killing several hundred thousand 
people.19

The ideal biologic agent is one that has the greatest potential 
for adverse public health consequences, generating mass casual-
ties, and with potential for easy large-scale dissemination that 
could cause mass hysteria and civil disruption. Such a weapon 
should be relatively easy to produce, inexpensive, highly infec-
tious, and contagious, resulting in widespread morbidity and 
mortality. In order to be effective, there should be little or no nat-
ural immunity, which is currently the case with diseases such as 
smallpox for which we no longer routinely vaccinate individuals 
except in the military and in high-risk public health areas. There 
are three categories of biologic weapons (Table 53-3). Category  
A are those agents which are highly contagious and fit all the 
characteristics of a relatively ideal biologic agent.

Smallpox

The last case of naturally occurring smallpox in the world was 
reported in 1977 in Somalia.20 In 1978, two laboratory workers in 
the United Kingdom were infected with smallpox.20 In 1980, the 
World Health Organization (WHO) announced that the world was 
free of this scourge. Terrorists might consider using small pox as 
weapon because an increasing number of peoples no longer carry 
immunity; routine vaccination for smallpox is no longer carried 
out, except in the military and for some public healthcare workers 
considered at high risk of contracting the disease (individuals who 
the government would rely on to staff vaccination stations if there 
were a break-out).20 Forty percent to eighty percent of patients 
exposed to the smallpox virus will come down with the disease. 
Smallpox is highly infective, requiring only 10 to 100 organisms 
to infect an individual. The mortality rate is approximately 30% 
in unvaccinated patients and as high as 50% if smallpox occurs 
in communities that have no native immunity against smallpox. 
The protective effect of the smallpox vaccine decreases with time, 
but even at 20 years, the vaccine would provide some protection.

When an unvaccinated person is initially infected, she or he 
develops a prodrome of malaise, headache, and backache with the 
onset of fever to as high as 40°C. The fever decreases over the 
next 3 or 4 days at which time a rash develops. This progression 
is in contradistinction to chicken pox in which the rash develops 

9



 chapteR 53 Emergency Preparedness for and Disaster Management of Casualties from Natural Disasters and CBRNE Events 1543

A
N

E
S
T
H

E
S
IA

 F
O

R
 S

U
R

G
IC

A
L
 

S
U

B
S
P
E
C

IA
LT

IE
S

at the same time as the fever. Unlike chicken pox, smallpox has 
a predilection for the distal extremities and face, though no part 
of the body is spared. Also, all lesions in a patient with smallpox 
are at the same stage, whereas with chicken pox, lesions are at 
multiple different stages including papules, vesicles, pustules, and 
scabs. Most cases of smallpox are transmitted through aerosolized 
droplets that are inhaled, but clothes and blankets that have come 
in contact with pustules, until the scab falls off, are infectious; the 
organism can be transmitted in these linens.

Smallpox has probably been present in humans since 10,000 
BC. It is transmitted human to human, and if used as a bioterror-
ism agent, would likely be dispersed by aerosols in the environ-
ment with the hope that multiple humans would be infected and 
would transmit it to other humans. There is evidence that the 
former Soviet Union has developed transgenic smallpox viruses 
that are very infectious and for which the US vaccine may not be 
completely protective. The time of onset after exposure to such 
a virus might be very short. Currently there are only two WHO-
approved depositories of smallpox, at the CDC in Atlanta, Geor-
gia, and at the Institute of Virus Preparations in Russia. With 
the collapse of the Soviet Union, there was a concern that some 
stores of smallpox made it into rogue countries that may have 
developed their own biologic weapons. A look at how the WHO 
eradicated smallpox might be helpful in understanding how the 
Unite States has prepared to respond to smallpox as a biologic 
weapon. In the 18th century, 400,000 Europeans a year were 
dying from smallpox. Though only 1% of patients who survive 
smallpox become blind, it accounted for one-third of all cases of 
blindness in Europe. The WHO eradicated smallpox by identify-
ing patients with smallpox and placing them in strict quarantine. 
Such patients are readily identified because of the presence of 
smallpox lesions on the face. Patients were quarantined and all 
their contacts were vaccinated as there was a 3- to 7-day window 
with the naturally occurring virus before the patient developed 
symptoms and signs of smallpox.21

Vaccination against smallpox is controversial. The vaccine is 
made from a live vaccinia virus developed in calf lymph, but is 
not an attenuated smallpox virus itself. Smallpox is a member of 
the Orthopox genus of the pox varidae family of double-stranded 
deoxyribonucleic acid (DNA) viruses that also contain cowpox, 
monkeypox, and vaccinia. In the event of a documented case of 
smallpox, the CDC plans to quarantine the patient and immedi-
ate patient contacts within a certain geographic radius would be 
vaccinated. There are stockpiles of vaccines placed strategically 
throughout the United States just for such an event. A bifurcated 

needle is dipped into the reconstituted vaccine and then 10 to 15 
jabs are made into the dermis of the upper deltoid. Because of the 
side effects of smallpox vaccinations, people with immunologic 
disorders, eczema (active or with a history of severe eczema), and 
pregnant or nursing women should not receive the vaccine. The 
CDC monitors for adverse side effects of vaccination; most are not 
serious, such as fever, rash, malaise, although two cases of cardio-
myopathy22 have been reported. There is no plan to vaccinate the 
US population. Many obstacles have been overcome to develop 
second and third generation small pox vaccines. Before 2001, 
the vaccine that was used, Dryvax, similar to what Jenner used 
in the 18th century, contained live attenuated virus and was the 
reason that immunocompromised individuals developed adverse 
events when vaccinated. From 2001 to the present vaccine, ACAM 
(Acambis Modified Vaccinia Ankara) has been used to vaccinate 
against smallpox. Dryvax and ACAM are fairly similar though the 
latter may be a little safer to use than Dryvax but not so much 
safer than immunocompromised individuals are offered the vac-
cine. To avoid the dangers of a live vaccine, an inactive vaccine 
(modified vaccinia Ankara (MVA) [Imvamune]) was developed23; 
the United States has a contract to purchase 20 million doses. The 
available evidence is that even immunocompromised individuals 
such as those with HIV infection might tolerate immunization.

The CDC and the state departments of health will implement 
their quarantine and vaccination plans should an index case or 
cluster cases occur.

anthrax

Bacillus anthracis (anthrax) was probably used as a biologic 
weapon in the middle ages when troops laying siege to a town 
would catapult infected animal carcasses over the ramparts into 
the inhabited areas. For reasons discussed later, this method was 
not a particularly effective way of infecting the native population. 
During the 20th century, several countries including the United 
States, Great Britain, Russia, and Iraq studied ways to weaponize 
anthrax. Anthrax has appeal as a bioterrorism agent because if it 
can be “weaponized” (normally if anthrax spores are inhaled, they 
clump in the nasal pharynx). B. anthracis must be finely ground so 
that it readily aerosolizes and can get to and deposit in the termi-
nal bronchioles and alveoli.24 Inhalation anthrax, which was rela-
tively uncommon in the past, has an 80% fatality rate. One of the 
letters that was mailed in the anthrax attacks of 2001 contained 
2 g of weapons-grade anthrax. With an LD50 of 1,000 spores, 

TAbLE 53-3. biologiC agents used for warfare

Category A Category B Category C

B. anthracis (anthrax) Coxiella burnetti (Q fever) Various equine 
encephalitic viruses

Variola major (smallpox) Vibrio cholerae (cholera)

Y. pestis (plague) Burkholderii mallei (glanders)

Clostridium botulinum (botulism) Enteric pathogens (E. coli 0157:
H7, salmonella, shigella)

F. tularenis (tularemia) Cholera, cryptosporidium

Viral hemorrhagic fever (Ebola,  
Lassa, Marburg, Argentine)

Various encephalitic viruses

Various biologic toxins

Category A are those agents which are highly contagious and fit all the characteristics of a relatively ideal biologic agent.
Category B agents are relatively easy to disseminate but have low mortality rates.
Category C agents are emerging pathogens that might be engineered for biologic warfare.
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under optimum conditions, this was enough material to infect  
50 million individuals. In a terrorist attack, for maximum “effect” 
anthrax could be aerosolized and sprayed from airplanes or deliv-
ered through a dispersion device mounted on top of a missile. The 
attacks on North America in 2001 and the accidental release of 
spores at a biologic facility in the city of Sverdlovsk in the former 
Soviet Union in 1979 are illustrative of the potential of anthrax as 
a weapon. In the United States, 5 of 11 cases died (50% mortality 
rate); in the former Soviet Union, 66 of 77 died (86% mortality 
rate).25 The Aun Shinrikyo also released anthrax spores in Tokyo 
in 1993. Fortunately, they used a nonpathogenic strain of anthrax 
and so there were no casualties.24 As demonstrated in 2001 in the 
United States, terrorists are sophisticated enough that they might 
be successful in obtaining and releasing weapons-grade anthrax. 
Such attacks, even if detected early26 would create mass hysteria 
and greatly affect the entire country and world.27

Anthrax is a gram-positive, spore-forming bacillus that is 
transmitted to humans from contaminated animals, their byprod-
ucts, or carcasses. Spores may persist in soil for years. The disease 
is all but gone from North America, but is still prevalent in many 
developing countries, and herbivores, especially cattle, usually die 
within 24 to 48 hours of contracting the disease. They have such a 
huge number of organisms that humans, who are relatively resis-
tant to infection, can be exposed and contract the disease.28

There are three primary types of anthrax infection: Cutane-
ous, inhalation, and GI. Ninety-five percent of cases are cutane-
ous. From a public health perspective, we are worried most about 
inhalation anthrax, which worldwide usually affects 2,000 to 
20,000 people per annum. People can be exposed through con-
tact with animals in an agricultural setting or in an industrial 
setting, for example, a rendering plant or tanning facility, or as 
mentioned previously, in the production of biologic weapons.29

Anthrax has additional appeal to bioterrorists because inha-
lation anthrax is hard to detect. It manifests as an influenza-like 
disease with fever, myalgias, malaise, and a nonproductive cough 
with or without chest pain.30 After a few days, the patient appears 
to get better, but then a couple days later the patient becomes 
much sicker with dyspnea, cyanosis, hemoptysis, stridor, and chest 
pain. The most notable finding on physical examination and labo-
ratory testing is a widened mediastinum. Usually when a patient 
develops profound dyspnea, death ensues within 1 to 2 days. In 
the past, penicillin G was the treatment of choice, but since weap-
onized anthrax has been engineered to be resistant to penicillin G, 
ciprofloxacin or doxacycline is more commonly used. In the out-
breaks in Florida, Washington, D.C. and New  Jersey contacts of 
infected patients or people exposed to the spores were treated with 
ciprofloxacin or doxacycline. A recent study concluded 8 years 
later that this drug regimen is the best strategy for managing a 
small-scale attack as occurred in 2001.31

plague

The oldest cases of Yersinia pestis (bubonic plague) were docu-
mented in China in the third century. Y. pestis has been thought 
to be the etiologic agent in multiple epidemics and three pandem-
ics, the first of which was during the Roman emperor Justinian’s 
reign, the second pandemic was during the 14th century—the 
Black Death—that killed one-third of the population of Europe, 
and the last at the end of the 19th century killed millions in China 
and India.32 The first documented use of plague as a biologic 
weapon was in 1346 when the Tartars in their siege of the fortress 
at Kaffa catapulted infected corpses into the city.19 The plague was 
used by Unit 731 to infect large areas of China, and as many as 
200,000 Chinese may have died. More recently, the United States 

and Russia have studied Y. pestis as a bioagent, examining ways 
to aerosolize and ways to distribute the bacillus. Surprisingly, the 
organism is only viable for approximately 60 minutes after being 
distributed; if dispersed by an airplane, its viability would limit its 
infectivity for only 10 km from the dispersion site.

Y. pestis is a nonmotile, gram-positive bacillus. Rodents and 
fleas are its natural hosts, and they reinfect each other by fleas 
biting infected rodents. Soil can be contaminated and therefore 
rodents can acquire the disease simply by digging in an infected 
area. Humans are an accidental host, and they acquire the disease 
usually from a fleabite, though rarely there can be direct inocula-
tion of infected material into a person. Direct person-to-person 
transmission occurs with pneumonic plague.

There are two types of plague: Bubonic and pneumonic. With 
bubonic plague, after a fleabite, there is a 2- to 6-day incubation 
period at which time there is the sudden onset of fever, chills, 
weakness, and headache. Intense painful swelling occurs in the 
lymph nodes, usually in the groin, axilla, or neck. This swelling 
or buboes are typically oval in nature, 1 to 10 cm in diameter and 
extremely tender. Up to 25% of patients will have pustules, pap-
ules, or skin lesions near these buboes. Without treatment, patients 
become septic, develop septic shock with cyanosis and gangrene 
in peripheral tissues, leading to the “black death” descriptor that 
was used during the epidemics in Europe. As mentioned, material 
from these buboes is infective only if inoculated into human tissue. 
However, patients who have bubonic plague can seed their lungs in 
which case they develop pneumonic plague. During coughing, they 
aerosolize Y. pestis which is highly contagious. Mortality for either 
form of the disease is over 50%. Diagnosis is made with a Gram 
stain or culture of organisms from blood, sputum, or buboes.

The treatment of choice is streptomycin, but chloramphenicol 
and tetracycline are acceptable alternatives. These patients with 
pneumonic plague should be managed as one would manage a 
patient with drug resistance to tuberculosis as the respiratory 
secretions are highly infectious. There is currently no vaccine 
against Y. pestis.

tularemia

Francisella tularenis (tularemia) has some similarities to anthrax 
and plague, but is not nearly as dangerous. It was studied as a 
biologic weapon in the 20th century because it is highly infec-
tious, requiring an innoculum of perhaps as small as only ten 
organisms.33 During World War II, tularemia developed in sol-
diers along the German-Russian front that was thought second-
ary to the use of F. tularenis as a biologic weapon. The fact that 
both armies were infected underscores one of the dangers of using 
infectious agents as biologic weapons. Often these are dispersed 
with aerosols, and despite the best predictions of air currents, 
they are notoriously unpredictable; with the shifting air currents, 
one’s own troops could become infected. Unit 731 of the Japanese 
army also studied the use of F. tularenis as a biologic weapon, and 
the United States and Russia were known to have grown large 
quantities of F. tularenis and stored it.

F. tularenis is a gram-negative, pleomorphic rod. There are 
several animal hosts, with the cotton-tailed rabbit being one of the 
most susceptible. Normally, humans acquire tularenis with direct 
contact of an infected animal or from the bite of an infected tick 
or deerfly.33 Occasionally, the ingestion of infected food or inha-
lation of a small amount of aerosol will initiate the disease. There 
are two strains of F. tularenis, Jellison A and B, with the B strain 
being relatively innocuous, and in North America the A strain is 
quite virulent. Normally, a patient will develop a cutaneous ulcer 
at the site of entry after contact with an animal. As few as 10 or 
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50 organisms can invade the body either through hair follicles or 
miniabrasions. The incubation period is 2 to 6 days, at which time 
there is swelling and ulceration at the site of entry. As the swell-
ing continues, the skin eventually breaks creating an ulcer, which 
develops a necrotic base that becomes black as it scars.

It is most likely that F. tularenis would be delivered from an 
aerosol from an airplane, in which case following inhalation, 
there is a 3- to 5-day incubation period, and then the onset of 
disease is marked with fever, pharyngitis, bronchitis, pneumonia, 
pleuritis, and hilar lymphadenopathy. Mortality rate for pneu-
monic tularemia is 5% to 15%.

The treatment of choice for tularemia is streptomycin, though 
gentamicin, tetracycline, and chloramphenicol have been used. 
There is a concern that the former Soviet Union, perhaps the 
United States, and perhaps terrorists have engineered F. tularenis 
to be resistant to a number of agents. Prophylaxis with strepto-
mycin, ciprofloxacin, or doxycycline has been recommended in 
the past for individuals exposed to the organism. There was a vac-
cine available that comprised of an attenuated whole organism 
strain, but it is not available.

Botulism

The first known work with Clostridium botulinum (botulism) 
as a biologic weapon was in World War II. Both the Germans 
and  Japanese military and scientific communities experimented 
with C. botulinum. Unit 731 fed pure cultures of C. botulinum to 
 Chinese captives with devastating effects. Both the United States 
and former Soviet Union are known to have produced large quan-
tities of C. botulinum toxin as has Iraq, Iran, Syria, and North 
Korea. In fact, after the first Gulf War, Iraq admitted to having 
over 19,000 L of concentrated botulism toxin of which almost 
half were loaded on military weapons.34 Nineteen thousand liters 
of botulinum toxin is enough to kill the world’s population three 
times over! More recently, Aum Shinrikyo, the cult in Japan, dis-
persed aerosols of botulinum toxin on three different occasions 
in Japan. Fortunately, their dispersal methods and the agent were 
associated with multiple problems and no one was injured. Of 
concern is that a terrorist organization working with a rogue state 
acquired and used botulinum as a bioterrorist weapon.

Botulinism manifests as neuroparalysis caused by the toxin from 
C. botulinum. Unlike all the other biologic mentioned previously, 
it is not caused by a live organism and is, therefore, not contagious. 
The organism from which botulinum toxin is derived is a gram-
positive spore, which is an obligatory anaerobe, widely distributed 
in soil and in marine and agricultural products. Humans ingest 
C. botulinum without apparent effects until the organism begins 
to release toxins of which there are several. Toxins are distributed 
from the gastrointestinal (GI) tract, or from the lungs if inhaled, 
in the blood stream to cholinergic nerve endings where they block 
the release of acetylcholine at muscarinic and nicotinic receptors by 
inhibiting the intracellular fusion of the vesicles containing acetyl-
choline to nerve-terminal membrane for release into the synaptic 
cleft. This mechanism is the exact opposite of the chemical nerve 
agents such as sarin that result in an increase in the amount of 
acetylcholine at the cholinergic receptors but the end result is the 
same. Patients develop a progressive weakness and a flaccid paraly-
sis that begin in the extremities, and progress until the respiratory 
muscles cease to contract. Of note, C. botulinum toxin is the most 
potent poison known to humans; the LD100 dose is only 1 pg.35

Shortly after ingestion or inhalation of the toxin, the incuba-
tion period is between 2 hours and 8 days, but most commonly 
between 12 and 36 hours.36 As muscles become weak patients 
develop diplopia, dysphonia, dysarthria, dysphagia, and eventually 

dyspnea and finally paralysis. Along with the effects noted within 
the skeletal muscle system caused by the lack of acetylcholine at 
the nicotinic receptor, muscarinic blockade results in decreased 
salivation, ileus, and urinary retention, again the opposite of what 
is seen with nerve agent poisoning.

Toxins can be removed through gastric lavage, use of cathar-
tics, and with enemas. The treatment of patients includes the use 
of a trivalent antitoxin. Patients with profound respiratory embar-
rassment should have their airways protected and mechanical ven-
tilation initiated. Without the use of antitoxin, it takes the patient 
2 to 8 weeks to recover. The mortality rate is quoted as 5% to 10%.

hemorrhagic fevers

There are a number of viral hemorrhagic fevers that are listed 
as category A agents including the arena viruses (lassa fever and 
others), bunya viruses (hanta), flaviruses (Dengue), and filo-
viruses (ebola and marburg). There are at least 18 viruses that 
cause human hemorrhagic fevers, which form a special group of 
viruses characterized by viral replication in lymphoid cells, after 
which patients develop fever and myalgia with an incubation of 
anywhere from 2 to 18 days, depending on the agent itself and 
the amount that is inhaled or inoculated across the dermis.35 
They encompass syndromes that vary from febrile hemorrhagic 
fever with edema to septic shock, which rapidly leads to death. 
Both the United States and the former Soviet Union have experi-
mented and have weaponized several of these viruses. Studies in 
nonhuman primates suggest that the agents are highly infectious, 
requiring only a few virions to produce illness.36 The Aum Shrin-
rikyo cult in Japan went to Africa in the 1990s to try to obtain an 
ebola virus which they planned to weaponize. There is no known 
incident where these agents have been used as a biologic weapon, 
but there is clear interest and potential for this use, so much so 
that the US government has recently initiated discussions on how 
to increase research into diagnostic tests and treatment with anti-
virals of the filoviruses (ebola viruses and marburg viruses).37

The viruses are single-stranded, ribonucleic acid (RNA) 
viruses which have a rodent or insect reservoir and are communi-
cated to humans by inhalation of an aerosol, through contact with 
an infected animal, or the bite of an infected insect. Humans are 
not a reservoir for the virus. The hemorrhagic fevers are conta-
gious, and person-to-person transmission in Africa has occurred. 
The incubation period is within several days of contact or inhala-
tion of the agent, at which time patients present with fever, myal-
gia, and evidence of a capillary leak (systemic leak or pulmonary 
edema), thrombocytopenia and disseminated intravascular coag-
ulation (DIC). The fatality rate, depending on the specific virus 
used is anywhere from 2% to 60%. There are no specific antivi-
ral therapies for this class of viruses. Ribavirin, interferon-alpha, 
and hyperimmune globulin are often administered, with ribavirin 
being more protective against some of the viruses than others, but 
unfortunately one does not initially know what the etiologic agent 
is when the patient first presents. There is a live attenuated virus 
vaccine for yellow fever, but there are none for any of the other 
agents, though there is extensive, ongoing testing with the devel-
opment of vaccines for several of these most dangerous viruses.

RADIATION—NUCLEAR

The greatest likelihood of dealing with patients who are exposed 
to ionizing radiation would come from a nuclear power plant or 
reactor accident, and in decreasing order of likelihood from a 
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terrorist action and lastly from a detonation of a nuclear bomb. 
With respect to nuclear power plants, the US Nuclear Regulatory 
Commission has not found that people living in adjacent counties 
have increased rates of cancers but continues to study the issue.38 
Unfortunately, that is not the case when there is release of radio-
active material as has occurred in the past at Chernobyl, and most 
recently at the Fukushima Daiichi nuclear power plant in Japan 
following the earthquake and tsunami on 11 March 2011. As the 
details of the disaster in Japan are still not completely clear, this 
discussion will focus on Chernobyl as it is claimed that the melt-
down that occurred in Japan released only 10% as much radiation 
as occurred at Chernobyl.39

On April 26, 1986, workers at the Chernobyl nuclear power 
plant did not recognize or respond to evidence of one of the reac-
tors malfunctioning, with loss of cooling capacity and an explo-
sion of the nuclear reactor.40 Two workers died as a direct effect 
of the explosion, while those who remained in shielded areas 
survived unless they went to fight the fire in which case they 
eventually died of radiation injury. Short-term gamma and beta 
emissions from the explosion and subsequent gamma and beta 
radiation from the reactor core debris killed many more with 
long-term health effects to the entire community. Because of a 
lack of protective clothing and respirators, the radioactive mate-
rial that exploded into the atmosphere rained down for several 
days affecting many more workers and thousands of civilians. 
Primary sources of radiation were iodine-131, strontium-90, and 
cesium-137. During the subsequent 24 hours, 140,000 people 
were evacuated and potassium iodide tablets were distributed to 
as many people in the area as possible. Two hundred and thirty 
patients were subsequently hospitalized with many patients suc-
cumbing to infections because of bone marrow suppression, and 
in those patients in whom bone marrow transplantation was 
attempted, 17 of 19 died because of associated radiation burns. 
All told, radiation burns caused 21 deaths. Oropharyngeal burns 
occurred in 28 patients. Over the next several years, the average 
radiation exposure around Chernobyl was four times normal due 
to residual ground contamination. Almost two decades later, the 
effects of Chernobyl continue to be felt in the immediate vicin-
ity and in the area down-wind from the reactor site.40 The expe-
rience from Chernobyl should indicate the kind of injuries and 
results that anesthesiologists can anticipate from nuclear acci-
dents including radiation burns, bone marrow suppression, the 
destruction of the lining of the GI tract, GI bleeding with trans-
location of bacteria, infection, sepsis, septic shock, and death. As 
evidenced by the experiences in Chernobyl, potassium iodide is 
indicated to protect the thyroid gland from taking up iodine-131, 
and other drugs are being considered such as 5-androstenediol.

There have been other situations from which we can learn 
during which people have been exposed to ionizing radiation. On 
March 28, 1979, at the Three Mile Island nuclear power plant, 
the number 2 nuclear reactor overheated, and because the pres-
sure relief valve failed to close, radioactive coolant was released 
into the containment facility.41 As is often the case, there were 
numerous communication missteps, which resulted in the release 
of inconsistent information, generating genuine fear among indi-
viduals living nearby the nuclear power plant. There were no bio-
logic effects of the event, but severe psychological sequelae did 
result.

On September 13, 1987, in Goiania, Brazil, a lead canister con-
taining between 1,400 and 1,600 curies of cesium-137 contami-
nated 250 people; four of whom died, but multiple individuals 
had short- and long-term health sequelae.42 Mitigation efforts 
required the removal of 6,000 tons of clothing, furniture, dirt, 
trees, and other materials. The cesium had been left in a building 
in a lead canister when it was abandoned by its occupants; the 

canister was taken, opened by looters, and children played with 
the material.

potential Sources of ionizing  
Radiation exposure

We are exposed to radiation on an annual basis from cosmic radi-
ation, radon, medical devices, and in multiple stores and facto-
ries. In essence, half of our exposure comes from natural sources 
with most of the remaining exposure originating from medical 
imaging and devices.38 A chest radiograph leads to 5 to 10 mrem 
of exposure, whereas a computerized tomographic scan can lead 
up to 5,000 mrem of exposure.

Obviously the greatest concern is the exposure to ionizing 
radiation that is unintentional as occurred at the Chernobyl 
nuclear power plants. Intentional exposure threats are the result 
of military conflict or terrorism. With respect to the former, the 
two situations in which this occurred were in Hiroshima and 
Nagasaki in 1945.

In Hiroshima, the bomb (“little boy”) was only a 12.5- kiloton 
bomb, which killed an estimated 66,000 people and injured 69,000 
more. The bomb that fell at Nagasaki (“fat boy”) was a 22- kiloton 
plutonium implosion bomb, which killed between 39,000 and 
74,000 people with 75,000 people sustaining severe injuries. We 
learned from that experience that the majority of casualties are 
from the initial blast, from fire, and from the collapse of build-
ings. Radiation exposure subsequently killed many more. With 
any nuclear explosion, many individuals will be injured or die 
from the tertiary effect of the blast. Patients could have burn, 
crush, or radiation injury or any combination thereof.

More recently, we recognize that exposure to ionizing radia-
tion may be as a result of terrorism. The most likely event will 
be the use of a dispersion device such as a conventional weapon, 
that is, a bomb, surrounded with radionuclides such as cesium 
or strontium. In fact, in 1987, Iraq tested a 1-ton “dirty” bomb, 
and in 1996, Islamic terrorists in Chechnya placed a bomb packed 
with cesium-137 in a Moscow park that did not explode. While a 
radiation dispersion device remains the most likely event, terror-
ists could also target a nuclear power plant using commercial jet, 
munitions, or internal sabotage.

While a blast, crush, or thermal injury is readily apparent, the 
effects of ionizing radiation are usually not apparent. Individuals 
should be familiar with types of ionizing radiation, which include 
alpha particles, beta particles, gamma rays, x-rays, and neu-
trons. One also needs to understand how radiation is measured  
(Table 53-4). There are several methods which take into account 
not only the decay rate of a radioactive isotope (becquerel [Bq] or 
a curie [Ci]) or the dose absorbed usually quantified as the amount 
absorbed by any type of tissue or material. The radiation-absorbed 
dose (rad) = 0.01 Gray (Gy) which is the international system 
of units (SI) for denoting the amount of energy deposited in 
joules per kilogram. One Gy equals 100 rad. A sievert is the SI unit  
for measurement of human exposure to radiation in joules per 
kilogram, with 1 sievert = 100 rem (roentgen equivalent for man).

In a nuclear accident or catastrophe, patients could have sev-
eral types of radiation exposure such as external radiation from 
an x-ray–emitting device or from gamma rays or beta particles, 
they can be contaminated with debris emitting ionized radiation 
or they can inhale or ingest gaseous radioactive material,43 and 
some of this material can become incorporated into tissue such 
as with radioactive iodine isotopes. In order to protect individu-
als, the distance from the source or explosion is important, the 
amount of shielding, the time one is exposed, and the amount of 
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radioactive material to which one is exposed. Human tissue will 
block alpha particles (though if inhaled, alpha particles can pen-
etrate up to 50 microns into the pulmonary epithelium material 
leading to the development of lung cancer), but will not stop beta 
particles or gamma rays. Beta particles are stopped by aluminum 
shields, but gamma rays can penetrate even concrete walls and 
lead is required to shield for both gamma and x-rays.

The most likely injury from ionizing radiation is to those tis-
sues that have the greatest turnover rate, that is, the sensitivity 
of tissues to radiation from greatest to least is for lymphoid, GI, 
reproductive, dermal, bone marrow, and nervous system tissue. 
In reality, the response of lymphoid and bone marrow to ionizing 
radiation cause the greatest problems. The thrombocytopenia, 
granulocytopenia, and the GI injury lead to bleeding and bacte-
rial translocation across the GI epithelium, the net result of which 
is sepsis, bleeding—the hallmarks of acute radiation syndrome, 
which lead to death.

Because ionizing radiation is invisible, individuals may 
appear normal. Patients who present with nausea, vomiting, 
diarrhea, and fever are likely to have severe acute radiation 
syndrome. Hypotension, erythemia, and CNS dysfunction will 
manifest later. “Short-term” effects such as these, however, may 
not appear until days to weeks after the exposure, depending on 
the amount of exposure (as little as 0.75 to 1 Gy), whereas hema-
topoetic syndrome (severe lymphoid and bone marrow suppres-
sion) results from exposure to 3 to 6 Gy and may lead to death 
within 8 to 50 days. Long-term effects include thyroid cancer 
and psychological injury as has been documented many times in  
the past.

management

Should a radiation disaster occur, it would be followed by a huge 
coordinated local, state, and federal response which at the federal 
level would include the US Department of Homeland Security, 
the Department of Energy, the Department of Justice, FEMA, 
the Environmental Protection Agency, and the Nuclear Regula-
tory Commission. Of most importance, depending on the type 
of catastrophe, would be the immediate evacuation of the area. 
If evacuation is impossible, a safe place should be sought within 
the home or building. The principle of disaster management 
always involves containment (avoid bringing patients with mate-

rial emitting ionizing radiation to the hospital). Therefore, as 
part of the containment process, to the extent possible patients 
should be decontaminated at the site. Removal of clothing is criti-
cally important. Beta and gamma rays and neutrons will be gone 
unless there is still material emitting this radiation on a person’s 
clothing. Rather than guess, it is best to disrobe. In previous mass 
casualty situation, maintenance of casualties’ privacy has been a 
concern, but not one with an easy solution. Afterward, patients’ 
skin should be washed with warm soapy water. Depending on 
the number of casualties, and especially because individuals will 
arrive by private vehicles or on foot, decontamination areas may 
have to be set up outside of hospitals with care taken to isolate 
belongings, with the same consideration given to biologic fluids 
as for clothing including saliva, blood, urine, stool, as they may 
be contaminated with radioisotopes and may require special 
 handling precautions.

Potassium iodide can attenuate most of the radiation-induced 
thyroid effects, and but must be given as quickly as possible 
because after 24 hours, there is little protective effect. Treatment 
is largely supportive as these patients will develop acute radiation 
syndrome manifested by bleeding and sepsis. Treatment guide-
lines for management of post-irradiation sepsis have been devel-
oped and advocated by the military.44 The use of granulocyte-
colony–stimulating factor may be of benefit. Other treatments 
would include oral and GI decontamination using nasopha-
ryngeal lavage, oral lavage and brushing, early stomach lavage, 
or administration of emetic and osmotic laxatives. Blocking 
agents include potassium iodide and strontium lactate. Mobiliz-
ing agents include ammonium chloride, calcium gluconate, and 
diuretics, which may enhance renal excretion. Chelation therapy 
that has been recommended includes calcium diethylenetriamine 
pentaacetic acid (DTPA) as an initial dose and then zinc DTPA.45 
Granulocyte macrophage colony–stimulating factor and throm-
bopoietin or interleukin-11, though postulated, have not been 
proven to be of benefit. For individuals with a contaminated GI 
tract, selective decontamination may be helpful, though again has 
not been demonstrated to be of benefit in this situation.46

Unfortunately, because of the possibility of blast, thermal, 
and crush injuries, along with the radiation injury, the care of the 
injured may require the care of patients who have multiple com-
bined injuries. The initial response should be as per the advanced 
trauma life support (ATLS) guidelines, which include an assess-
ment of the airway, breathing, and circulation, and extent of 
trauma and then decontamination of the patient after which the 
patient is stabilized and further evaluated. Wounds must be con-
sidered contaminated. “Dirty wounds” should not be closed, but 
cleaned and debrided, excised, and observed. Unfortunately, in 
this situation, there is also the possibility that there may be the 
combined effects of a radiation-releasing event and either the use 
of chemical or biologic weapons.46 Because of the kinds of terror-
ism, some of it reportedly government sponsored, communities 
and the US government have had to plan for the unthinkable, that 
is, detonation of a nuclear device on US soil.47,48

ExpLOSIVE

Management of traumatic injury is covered in Chapter 52 (Anes-
thesia for Trauma and Burn Injury), but a chapter on disaster 
management would not be complete without mentioning the use 
of explosive devices by terrorists. As the media reports daily, par-
ticularly in Afghanistan, the use of improvised explosive device 
(IED) is the terrorist’s favorite weapon. Patients have burns, frac-
tures, lacerations, multiple shrapnel injuries, soft tissue trauma, 

TAbLE 53-4. radiation exPosure terms

• Becquerel (Bq): The International System of units (SI) 
measurement of radioactivity, defined as decay events  
per second. 1 Bq = 1 disintegration per second.

• Curie (Ci): The traditional measure of radioactivity, 
as measured by radioactive decay. 1 Ci = 2.7 × 1010 
disintegrations per second.

• Radiation-absorbed dose (rad): The energy deposited by 
any type of radiation to any type of tissue or material.  
1 rad = 0.01 Gy.

• Gray (Gy): The SI unit for the energy deposited by any 
type of radiation, in joules per kilogram. 1 Gy = 100 rad.

• Roentgen equivalent man (rem): The unit of human 
exposure to radiation. 1 rem = 0.01 Sv.

• Sievert (Sv): The SI unit for measurement of human 
exposure to radiation, in joules per kilogram. 1 Sv = 100 rem.
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and traumatic amputations. As the weapons have become more 
sophisticated and powerful, the extent of injuries has increased 
significantly. In 2012, US military personnel are experiencing 
more multiple than single traumatic extremity amputations.49

Patients with any evidence of burns to the face or airway will 
require appropriate airway management. Patients should be intu-
bated, awake if possible, as a significant number of these patients 
will have mild to moderate glottic edema at the time of intuba-
tion. Those patients with burns must be managed aggressively 
with respect to fluid resuscitation. With isolated total body surface 
injury, fluid resuscitation is aggressive. With polytrauma, and no 
third degree burns then “damage control resuscitation/surgery” is 
the norm.50 Patient’s body temperature is maintained (operating 
rooms maintained at >100 °F) and surgery is performed as soon 
as possible to stop the bleeding, thereby decreasing the need for 
blood products and the chances of developing a dilutional coagu-
lopathy. Patients who do develop a coagulopathy appear to benefit 
from a ratio of pRBCs to fresh frozen plasma to platelets of 1:1:1.51 
One study has demonstrated that tranexamic acid decreases the 
need for additional blood products. In patients with crush injury 
and markedly elevated creatine phosphokinase, alkalinization of 
the urine may attenuate renal failure from myoglobinuria.

CONCLUSION

While it could occur it is unlikely that an anesthesiologist would 
be at the initial site of a natural or intentional disaster, but it could 
happen. Most likely they will become involved if the hospital at 
which they work provides care for a number of these patients. As 
in the previous situations, anesthesiologists could find themselves 
being involved in triage, in the emergency room, operating room, 
or ICU.52 As suggested for several of these situations, airway man-
agement and ventilator management may be critical, as would the 
establishment of intravascular access and volume resuscitation.

Obviously, it is critical to have a high index of suspicion if you 
are managing the index case or two or more patients with present-
ing signs and symptoms that are suggestive of the use of a biologic 
weapon. The individual who is the point of contact for the index 
case should notify the hospital infectious disease specialist and the 
local and state health departments. Factors that might indicate 
the intentional release of a biologic agent would include unusual 
temporal or geographic clustering of cases, an uncommon age 
distribution, or a significant number of cases (more than one) of 
acute flaccid paralysis that might suggest use of botulinum toxin.

If called to the hospital to be involved in managing such a 
catastrophe, the anesthesiologist must review basic decontamina-
tion and isolation techniques and as commented previously, must 
follow those guidelines scrupulously.

What is clear is that the anesthesiologists have the requisite 
training and experience to be of vital importance in managing 
such casualties. However, based on their training, they may not 
be emotionally prepared to manage these patients. They must 
remember that unlike their normal practice, they may have to 
triage patients, accept the fact that the standard of care may be 
changed, and focus their efforts on interventions which will carry 
the greatest benefit for the greatest number of casualties.

This process begins when the anesthesiologist gets the call at 
home or in the hospital of an impending mass casualty. She or he 
must first report to the command and control center and, though 
most likely they may work in the operating room, they could 
also be used in the triage area in the emergency department or in 
the ICU. Of utmost importance is familiarity with the hospital’s 
disaster plan. One must also develop one’s own family care plan 

in anticipation of absence from the home for extended periods of 
time. Ensuring one’s own safety through the appropriate use of 
protective devices to serve as barriers against radiologic, biologic, 
and chemical weapons is also of vital importance.
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