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Introduction

Large-scale disasters force the human population to address 
complicated issues often never confronted before, in an 
attempt to address death and injuries and restore order. 

For decades, many countries have had in place national, 
regional, and hospital disaster management plans that 
focus on preparedness, immediate response, and recovery 
efforts. The objective of these plans is to minimize further 
injury or damage by optimizing the use of resources and 

KEY POINTS !"!  Natural disasters such as earthquakes, hurricanes, floods, tsunamis, and tornadoes have the 
ability to cause massive interruptions in the normal provision of health care.

!"!  Anesthesiologists possess a combination of knowledge and procedural skills that make them 
extremely valuable in the immediate and ongoing response to large-scale disasters; to do so, 
they and their colleagues must be willing to modify their traditional workflow in order to best 
meet the needs of victims while also serving the needs of other patients.

!"!  Anesthesiologists who travel from resource-rich to resource-limited environments to provide 
rescue medical care must cope with a number of unanticipated challenges, including lack of 
familiarity with infectious diseases which have been eradicated from first-world nations, and 
the management of these diseases.

!"!  Anesthesiologists who travel to disaster-ravaged areas are exposed to a variety of physical and 
mental stressors that can have an impact on them for months or years after an event.

!"!  Because of the very high early mortality following some natural disasters such as tsunamis, local 
healthcare systems can be overwhelmed and many local healthcare workers are either lost or 
displaced. As a result, anesthesiologists who are able to travel to victim countries and provide 
temporary aid can provide much needed support for the community.

!"!  Although hurricanes tend to have fewer immediate fatalities than earthquakes or tsunamis, 
their severity and the subsequent flooding can cripple the healthcare system and the physical 
plants, including clinical and educational facilities.

!"!  When disasters induce shortages of medications, fluids, and supplies, as resulted from Hurricane 
Maria in 2017, global conservation of existing supplies and avoidance of waste are essential.

!"!  Following a massive terrorism-induced disaster such as the September 11, 2001 attack on New 
York City, health systems were encouraged to develop more formal triage plans, with particular 
emphasis on clinical access centers in areas surrounding potential disaster sites.

!"!  In addition to natural disasters, mass shootings are also challenging the healthcare systems. 
In the United States, 1123 people have been killed by mass shootings since 1966. Accordingly, 
all anesthesiologists and other providers must be prepared to provide care in the aftermath of 
these heinous events.

!"!  As acts of terrorism have become more aggressive in recent decades, anesthesiologists may 
be more likely to provide care following a chemical, biological, radiological, or nuclear (CBRN) 
event. To do so, they must have an understanding of the implications of each of these disasters 
on the community and the providers, and be prepared to modify their practices to best meet 
the needs of patients and the community.

!"!  One of the highest priorities for healthcare workers after a CBRN event is to take precautions 
against becoming the next victim. Personal protective equipment (PPE) is of the greatest  
importance in these situations.

!"!  During an outbreak of a highly dangerous infectious disease, anesthesiologists must under-
stand the mechanisms of transmitting the disease and its management; they are often able to 
serve as consultants in the design of optimal care pathways to minimize risk to patients and 
healthcare workers.  
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personnel to respond to mass casualties resulting from both 
natural and human-induced disasters. Healthcare provid-
ers have a special role to play in all such events. Anesthesi-
ologists, because of their unique combination of skills and 
knowledge, are an extremely valuable part of the overall 
effort to optimize the health and recovery of disaster vic-
tims. In-depth knowledge of pharmacology and physiology, 
expertise in resuscitation, experience in critical care medi-
cine, and the ability to extinguish pain represent some of 
the critical knowledge and skills anesthesiologists are able 
to provide in response to these disasters.

In order to provide the support needed during and after 
these events, anesthesiologists must be prepared to modify 
their traditional role in patient care and apply their unique 
abilities to care for patients in a wide variety of scenarios. 
If, after a massive natural disaster, a given hospital system 
has adequate personnel to provide intraoperative anesthe-
sia care, but inadequate physicians to triage and provide 
resuscitation in the Emergency Department (ED) or in the 
field, anesthesiologists should volunteer to provide care in 
these settings. Similarly, for those victims requiring surgical 
interventions, during the postoperative phase of care, most 
hospitals will not have sufficient critical care physicians to 
care for all of the critically injured patients. Anesthesiolo-
gists are uniquely suited to temporarily assume the role of 
intensivist, as they so often do in the operating room. Draw-
ing from their training experiences as well as their back-
grounds in intraoperative management of complex surgical 
patients, all anesthesiologists, whether formally trained in 
critical care medicine or not, should expect to play a key 
role in the management of patients in the intensive care 
unit (ICU) and other settings following a disaster.

To address some of the opportunities and challenges 
associated with management during and after disas-
ters, this chapter is organized into four distinct sections. 
Whereas consistent themes exist among all of these realms, 
each section reveals unique roles for the anesthesiologist in 
addressing patient and community needs after each type of 
disaster. The four sections of the chapter are:
  

 1.  Natural Disasters
 2.  Acts of Terrorism
 3.  Chemical, Biological, Radiological, and Nuclear War-

fare
 4.  Epidemic and Pandemic Infectious Outbreaks!

Section 1: Natural Disasters

Natural disasters such as earthquakes, hurricanes, floods, 
tsunamis, and tornadoes can cause massive disruptions in 
communities, while also interfering with the normal pro-
vision of health care. Prehospital care can be completely 
disrupted due to damage to roads, and hospital care can be 
brought to a halt due to lack of water, oxygen, fuel, elec-
tricity, and other necessary utilities. Hospitals themselves 
can be damaged or destroyed by these types of events. Com-
munication can be difficult or impossible following natural 
disasters due to a combination of damage to telecommuni-
cation systems and simultaneous usage overload as fami-
lies and victims try to locate one another. In this section of 
the chapter, several historical examples of natural disasters 

will be examined in order to highlight the critical role of 
the anesthesiologist in the recovery from these devastating 
events.

EARTHQUAKES

Earthquakes are capable of inducing an incredible amount 
of damage in a very brief period of time. Resource-limited 
areas of the world, suffering from poor underlying infra-
structure at baseline, are particularly vulnerable to severe 
damage following an earthquake. The magnitude 7.0 
earthquake that struck Haiti on January 12, 2010 was 
one of the most devastating natural disasters in modern 
history, and was an example of how badly a nation’s 
healthcare system can be damaged by this type of event. 
The death toll in Haiti is difficult to calculate accurately, 
but nearly all analyses place the number of lives lost at 
more than 130,000, with 1.5 million people immediately 
displaced following the earthquake.1,2 More than 80% of 
Haitian schools and more than 50% of Haitian hospitals 
were destroyed.

Healthcare professionals from around the world recog-
nized that a resource-limited nation such as Haiti would 
require an incredible amount of assistance to recover from 
the earthquake. Surgeons, anesthesiologists, and  healthcare 
providers from the United States and other nations traveled 
to Haiti in order to provide initial trauma care, and subse-
quently to assist in backfilling the jobs of Haitian healthcare 
workers who were lost in the earthquake. Médecins Sans 
Frontières, or Doctors without Borders, stated in 2013 that 
its response to the Haitian earthquake was the largest relief 
operation in the history of the organization.

Hundreds of healthcare workers from around the world 
wanted to participate in the recovery effort from the earth-
quake, however a major limiting factor was the inability 
to access the sole airport in Haiti. The United States Air 
Force assumed leadership of the airport and provided air 
traffic control until Haitian authorities could recover ade-
quately to resume control.3 Additional immediate support 
came with the deployment of one of the two United States 
Navy Hospital ships, the USNS Comfort. The USNS Comfort 
and her sister ship, USNS Mercy, are enormous oil tank-
ers that have been converted to hospital ships designed to 
deliver health care to U.S. military personnel during war-
time. In reality, they are now more commonly deployed to 
provide humanitarian aid to disaster-ravaged areas of the 
world. In 2010, the USNS Comfort deployed to the coast of 
Haiti within 72 hours of the earthquake and subsequently 
embarked upon the largest disaster-relief operation in the 
history of these floating hospitals. More than 850 patients 
received care on the ship during the weeks following the 
earthquake, including 237 children and one premature 
newborn.4 The most common condition treated on the 
ship was musculoskeletal extremity injury, composing 
about 40% of the overall reasons for admission.5 The aver-
age length of stay was 8 days and surgery was performed 
843 times on 454 patients over the course of 5 weeks. 
Fifty-eight of the operations were amputations.6 Anes-
thesiologists from various U.S. hospitals provided care on 
the USNS Comfort, some as new volunteers and some with 
prior experience in military and disaster relief (Figs. 68.1 
and 68.2).
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Provision of medical and surgical care aboard the float-
ing hospital was relatively “normal” when compared 
with the task of providing care on the island of Haiti itself. 
Nearly all medical facilities in Port Au Prince were either 
damaged or destroyed by the earthquake, forcing volun-
teer healthcare teams to work in makeshift clinics, hos-
pitals, and tent facilities throughout the city. One of the 
largest such facilities was based out of the United Nations 
compound at the airport.7 In the initial days after the 
earthquake, surgical care was very limited because of a 
lack of supplemental oxygen, unsterile conditions, and a 
lack of resources to provide anesthesia. Amputations were 
performed under local anesthesia until a team of anesthe-
siologists skilled in single-shot block techniques arrived.7 
Following their arrival, these anesthesiologists were able 
to facilitate the performance of 1000 operations, includ-
ing major orthopedic surgery. They were also instrumen-
tal in the postoperative care and analgesia of the surgical 
patients (Fig. 68.3).

Anesthesiologists who travel from resource-rich to 
resource-limited environments to provide rescue medi-
cal care must contend with a lack of familiarity with 

infectious diseases that have been eradicated from first-
world nations. During the Haitian earthquake recovery, 
this situation confronted anesthesiologists who encoun-
tered patients suffering from tetanus. Although not 
completely eradicated from the United States, few anes-
thesiologists have any experience caring for patients with 
tetanus. Caused by the anaerobic bacterium Clostridium 
tetani, tetanus causes severe neck rigidity, trismus, and 
chest wall immobility. All of these problems create difficul-
ties for anesthesiologists in terms of airway management 
and maintenance of ventilation. The Haitian population 
is at an elevated risk to develop tetanus following con-
tamination of wounds because of relatively lower rates of 
tetanus vaccination compared with other nations. Anes-
thesiologists who provided care for surgical patients on 
the USNS Comfort reported two cases of tetanus that had 
impact on their anesthetic care.8 In one case, the patient 
was noted to have a small mouth opening as a result of 
trismus. Following induction of general anesthesia with 
inhaled sevoflurane, the patient’s total body rigidity was 
markedly improved. Unfortunately, after receiving mul-
tiple anesthetics with muscle relaxation, despite receiv-
ing appropriate care, the patient had persistent significant 
muscle weakness, retention of pulmonary secretions, and 
ultimately pneumonia resulting in his death. In another 
case, the patient received repeated general anesthetics, 
consisting of inhaled sevoflurane without neuromuscular 
blocking drugs. In this case, the patient fully recovered. 
The anesthesiologists involved in the care of these tetanus 
victims noted that though the mouth opening is limited, 
the nasal airway is unaffected by tetanus, so mask ven-
tilation is possible despite the trismus. They also empha-
sized the importance of conserving medications such as 
neuromuscular blocking drugs when one is practicing 
medicine in a severely resource-limited environment so 
that the drugs are available for the patients most in need. 
By applying their expertise in pathophysiology and phar-
macology, these anesthesiologists were able to safely and 
effectively deliver surgical anesthesia to high-risk patients 

Fig. 68.1 USNS Comfort off the coast of Haiti in 2010. (Photo cour-
tesy Dr. Paul G. Firth, Massachusetts General Hospital, Boston, MA.)

Fig. 68.2 Patient ward on board the USNS Comfort in Haiti in 2010. 
(Photo courtesy Dr. Paul G. Firth, Massachusetts General Hospital, Boston, 
MA.)

Fig. 68.3 University of Miami anesthesiologist working in a makeshift 
operating room on the island of Haiti following the 2010 earthquake. 
(Photo courtesy Dr. Ralf E. Gebhard, University of Miami Department of 
Anesthesiology, Miami, FL.)
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without the use of neuromuscular blocking agents by tak-
ing advantage of the neuromuscular blocking properties 
of potent inhaled anesthetic agents.

The Haitian earthquake response highlighted another 
critical issue associated with all major disasters: the 
psychological impact on healthcare workers caring for 
victims. After returning to the United States following 
humanitarian missions to Haiti, several anesthesiolo-
gists wrote thoughtful essays on the care that they had 
provided.9 Anesthesiologists who travel to disaster-
ravaged areas are exposed to a variety of physical and 
mental stressors that can have an impact on them for 
months or years after the event. Prolonged work hours, 
inadequate rest, exposure to gruesome traumatic inju-
ries, and witnessing the prolonged pain and suffering of 
children are some examples of what disaster responders 
endure. Despite these challenges, healthcare provid-
ers are expected to provide optimal medical care, while 
simultaneously providing psychological support to dev-
astated family members. During the busy hours and days 
of the immediate response to a disaster, healthcare pro-
viders stay focused on the call of duty, which allows them 
to keep personal emotions at bay. As the critical needs 
resolve, anesthesiologists and other healthcare providers 
are forced to deal with the physical, mental, and emo-
tional trauma that they themselves have sustained. One 
might wonder why healthcare providers would leave the 
safety of their home nation to purposely expose them-
selves to this kind of potential anguish. Consistent quali-
ties appear to be present among responders to massive 
natural disasters: they understand that all human beings 
have dignity, they sympathize with people who are suf-
fering, and they desire to be part of the healing process.!

TORNADOES

While tornadoes tend to be shorter in duration than 
other natural disasters, they are able to create horren-
dous damage within seconds to minutes. One of the most 
destructive storms in American history was the tornado 
rated EF-5 on the Enhanced Fujita scale that ravaged 
Joplin, Missouri on May 22, 2011. During the ensuing 
power outage, some hospitals’ backup generators failed, 
requiring anesthesia care and surgery to be performed by 
flashlight alone.10 When hospitals are directly destroyed 
by natural disasters, as occurred at St. John’s Mercy 
Medical Center in Joplin, one of the biggest challenges 
for the community is the need to restore the healthcare 
infrastructure, including access to the electronic health 
record. With proper disaster preparedness, including 
contingencies for complete losses of hospitals and clinics, 
normal patterns of care can be restored within a reason-
able timeframe.11

Opportunistic infections are another common down-
stream effect from all natural disasters, including tornadoes. 
Following the 2011 tornado in Joplin, a cluster of patients 
suffering from necrotizing cutaneous mucormycosis was 
observed and required extensive treatment.12 Anesthesia 
providers are critically important during “outbreaks” such 
as this since emergency surgeries to control rapidly expand-
ing infectious diseases are critical to patient survival (Figs. 
68.4 and 68.5).!

TSUNAMI

A tsunami is a very large sea wave that results from a sub-
marine earthquake, volcanic eruption, or other significant 
geologic movement. On December 26, 2004, a massive 
earthquake, magnitude 9.1 on the Richter Scale, occurred 
beneath the Indian Ocean and caused one of the deadli-
est natural disasters in recorded history. The tsunami that 
resulted from the earthquake created enormous waves that 
made their way to the shores of 14 countries, including: 
Indonesia, Sri Lanka, Malaysia, Bangladesh, India, Thailand, 
and Myanmar. Tsunamis produce a very high ratio of mor-
tality to injury. These waves result from the influx of water on 
the shores of victim countries causing the immediate death of 
many people secondary to drowning or the direct impact of 
waves or debris. The aftermath of a tsunami tends to have 
three phases. During phase 1, a high number of people are 
instantly killed. During phase 2, in the hours and days fol-
lowing the initial impact, relief healthcare workers are able to 
provide life- and limb-saving care to victims of blunt trauma 
and water exposure.13 During phase 3, recovery is impeded 
by a lack of healthcare personnel and a lack of  infrastructure 
needed to provide longer term posttrauma care.

The 2004 tsunami killed more than 230,000 people, 
injured tens of thousands, and was estimated to have imme-
diately displaced more than 5 million people. One factor in 
its extreme lethality was the fact that December is the peak 
tourist season for many of the beaches of Southeast Asia. As 
is the case with many tsunamis, there was essentially zero 
warning that deadly waves were about to make landfall. The 
Aceh province of the Indonesian island of Sumatra was by far 
the hardest hit area, with waves reaching greater than 25 m 
in height and with over 100,000 people killed. People on the 
beach at the time of the tsunami were killed directly, while 
people farther inland were killed as a result of drowning or 
impact with massive floating debris (Fig. 68.6).

While there is essentially no role for relief healthcare 
workers during phase 1 after a tsunami, healthcare 
workers from nearby regions can and should respond 
to care for patients during phase 2. Following the 2004 

Fig. 68.4 Necrotizing cutaneous mucormycosis of the flank follow-
ing the Joplin, MO tornado. (From Neblett Fanfair R, Benedict K, Bos 
J, et al. Necrotizing cutaneous mucormycosis after a tornado in Joplin, 
Missouri, in 2011. N Engl J Med. 2012;367[23]:2214–2215. Published by the 
Massachusetts Medical Society.)
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tsunami, a team of 17 surgeons, 6 anesthesiologists, and 
other healthcare workers traveled as part of the Thai Red 
Cross Society for humanitarian mission from Bangkok, 
Thailand to Phang-Nga, Thailand to provide care. The 
multidisciplinary team was led by one surgeon and one 
anesthesiologist. They arrived just 1 day after the tsu-
nami. Over the course of 3 days, the team provided sur-
gical care for 107 patients. The injury profile consisted 
predominantly of soft-tissue wounds and bone fractures. 
Halothane was the only inhalational anesthetic avail-
able, highlighting the need for anesthesiologists to be 
nimble in their ability to use older medications during 
disaster relief.

Most surgical procedures performed in Phang-Nga 
included general anesthesia following rapid sequence 
induction. Spinal anesthesia, regional anesthesia, and 
local anesthesia were also utilized for selected cases. The 
providers noted an increased incidence of intraoperative 

oxygen desaturation as compared with findings during 
other relief operations. The cause for the desaturation is 
thought to be related to aspiration of seawater and lung 
contusion secondary to direct impact of waves or debris. 
In addition to the challenges associated with performing 
procedures near sites of destruction, providing care can be 
challenging even if it is being provided remotely relative 
to the tsunami itself. One common problem is the lack of 
access to laboratory services. As in post-earthquake anes-
thetic care, the anesthesiologist may be required to rely on 
clinical judgment without additional laboratory data to 
guide decision making in the administration of fluids, elec-
trolytes, antibiotics, and blood products after a tsunami or 
other natural disaster (Fig. 68.7).

In addition to the regional response, a massive inter-
national relief effort was launched in response to the tsu-
nami. In January 2005, Operation Unified Assistance was 
started as part of the United States response to the catas-
trophe. Organized by Project HOPE and the U.S. Public 
Health Service, the USNS Mercy was sent from San Diego, 
California to the Aceh province in Sumatra, representing 
the first joint effort of military and civilian relief aboard 
a U.S. Navy ship.14 U.S. responders to Indonesia were 
required to demonstrate up-to-date vaccination records 
for all typical immunizations, receive vaccines for typhoid 
and hepatitis A, and take prophylactic medication to pro-
tect from malaria. Additionally, negative airflow pods 
were present on the ship to allow for safe care of patients 
with active tuberculosis. Prior to arrival, all staff mem-
bers were briefed on the differences in culture they would 
encounter, and the possible implications for providing 
care. More than 90% of Indonesian citizens are Muslim, 
and Islamic Law plays an important role in the day-to-day 
decision making, including consent for treatment, end-of-
life procedures, and other issues for many of the families 
impacted by the tsunami.

Another serious outcome after a tsunami is often the 
loss of life of healthcare workers. An estimated 60% of 
all  healthcare workers in the Aceh province died or were 

Fig. 68.5 Case locations of mucormycosis with relation to the Joplin tornado course. (Data are from the US Army Corps of Engineers and Esri. From 
Neblett Fanfair R, Benedict K, Bos J, et al. Necrotizing cutaneous mucormycosis after a tornado in Joplin, Missouri, in 2011. N Engl J Med. 2012;367[23]:2214–
2215. Published by the Massachusetts Medical Society.)

Fig. 68.6 Debris in the streets of the Aceh province after the December 
2004 tsunami. (Photo courtesy Dr. Michael G. Fitzsimons, Massachusetts 
General Hospital, Boston, MA.)
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missing following the tsunami. Thus, Operation Uni-
fied Assistance was prepared to backfill the roles of lost 
 healthcare workers in addition to providing care directly 
related to the effects of the tsunami. While the USNS Mercy 
was designed for enormous overall capacity, for this opera-
tion its clinical footprint consisted of staffing for 3 operating 
rooms and 50 inpatient beds.

Operation Unified Assistance provided surgical care for 
154 patients, but only 8.4% of these were in need of sur-
gery as a direct result of the tsunami.14 Because of the high 
mortality to injury ratio in a tsunami, the critical need in 
Aceh was to compensate for the loss of healthcare workers 
rather than require large numbers of providers to support 
patients needing surgical procedures. This differentiates 
the tsunami experience from the Haitian earthquake 
experience, with its higher relative incidence of survivable 
injuries.

For those patients requiring surgery, general anesthe-
sia with inhaled agents supplemented by opioids and neu-
romuscular blocking drugs was the anesthetic technique 
of choice. Although access to equipment appropriate 
for regional anesthesia was limited, one of the primary 
reasons for this approach was related to the significant 
language barrier between patients and anesthesiologists. 
In addition, the clinicians felt postanesthesia recovery 
from general anesthesia would be easier and safer than 
for neuraxial or regional, considering all of the circum-
stances. Another commonly needed and often limited 
resource includes blood and blood products. In this situ-
ation, a total of 122 units of packed red blood cells, 13 
units of plasma, and 4 units of cryoprecipitate were trans-
fused during the relief operation.14 While response to a 
tsunami has some similarities to the response to a large 
earthquake, the presence of a modern floating hospital 
allows the anesthesiologist to employ general anesthetic 
techniques much more readily than in a tent-based oper-
ating suite during inland recovery from an earthquake. 
At the conclusion of Operation Unified Assistance, a por-
table monitor and anesthetic medications were donated 
by the team to the local healthcare facility.!

HURRICANES

A hurricane is a tropical storm with maximum sustained 
winds of 74 mph (119 km/h) or higher. Hurricanes 
have the potential to disrupt the normal function of the 
healthcare system in a variety of ways. When hurricanes 
reach landfall, the high wind speeds and excessive rain-
fall make any outdoor movement unsafe, thus paralyzing 
emergency medical systems and preventing patients from 
seeking necessary care. With major hurricanes, extensive 
flooding is a common complication because of the large 
volumes of rainfall combined with seawater entrained 
onto land as part of the storm surge. These storms have 
fewer immediate fatalities than earthquakes or tsunamis, 
however the ability of hurricanes to cripple the provision 
of medical and surgical care has numerous downstream 
consequences. In this section, Hurricane Katrina will be 
examined as an example of the destructive forces of hur-
ricanes in general.

In August 2005, Katrina started as a storm over the 
Bahamas, then gained strength over Florida before reaching 
the Gulf of Mexico. Over the Gulf of Mexico, Katrina reached 
Category 5 status with top wind speeds of 175 mph. At the 
time of landfall, the storm was a category 3 hurricane. It 
produced 8 to 14 inches of rain over southern Louisiana, 
Mississippi, and Alabama. At some sites on the Mississippi 
coast, the storm surge was 25 to 28 feet higher than nor-
mal tide level and destroyed the majority of structures in 
its path. In New Orleans, Louisiana, the storm surge sent 
water over the levees protecting the city, causing flooding 
in 80% of the city and the need for widespread evacuation. 
Hurricane Katrina remains the costliest storm in the history 
of United States at greater than $100 billion in losses, and 
it was the deadliest hurricane since 1928 (Fig. 68.8; Table 
68.1).15

The flooding and subsequent displacement of thou-
sands of New Orleans inhabitants following Hurricane 
Katrina highlight one of the key elements of major nat-
ural disasters. In addition to the impact of the hurricane 
on the healthcare delivery infrastructure, a storm of this 
magnitude is capable of completely disrupting medical 
education at the undergraduate and postgraduate levels. 
New Orleans is home to two major medical schools with 

Fig. 68.8 Satellite photo of Hurricane Katrina over the Gulf of Mex-
ico. (Used with permission from the National Oceanic and Atmospheric 
Administration, National Environmental Satellite, Data, and Information 
Service. Available from www.nesdis.noaa.gov. Accessed October 26, 
2018.)

Fig. 68.7 Aceh, Indonesia operating room destroyed by December 
2004 tsunami. (Photo courtesy Dr. Michael G. Fitzsimons, Massachusetts 
General Hospital, Boston, MA.)
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accompanying academic and clinical enterprises. Immedi-
ately following Hurricane Katrina, the academic and clini-
cal buildings at Tulane University School of Medicine and 
Louisiana State University (LSU) School of Medicine were 
both badly damaged by flood waters.16 Tulane University 
collaborated with Baylor University College of Medicine 
in Houston, Texas to use facilities for its medical student 
programs. LSU utilized facilities on its flagship campus in 
Baton Rouge, Louisiana for preclinical classes. Housing for 
students was a challenge, and most Tulane students were 
hosted by members of the Houston community, while LSU 
students either found their own housing in Baton Rouge 
or stayed on a large ferry coordinated by the Federal Emer-
gency Management Agency. Remarkably, both Tulane 
and LSU were able to resume medical education within 4 
weeks of the hurricane.16

Relocating preclinical students proved to be easier than 
identifying suitable clinical education sites for third and 
fourth-year medical students. Both schools were forced to 
find new clinical sites within Louisiana and beyond. Com-
pounding the challenge was the closure of the damaged Vet-
erans Affairs Medical Center in New Orleans. This degree of 
disruption had an impact on the medical school admissions 
process for both schools, yet both schools were able to enroll 
incoming classes very much on par with prior years. With 
regard to the residency match process, Tulane did experi-
ence a slight increase in the number of unmatched medical 
school graduates, likely owing to the reduction in residency 
spots at Tulane after the hurricane.16 Despite all of these for-
midable challenges, both Tulane and LSU were able to keep 
their entire medical school enterprises alive, though with 
some impact on faculty needs. Both institutions were able 
to improve several physical and academic aspects of their 
campuses in the years following Katrina. In a sense, these 
two universities have provided other academic centers with 

a road map for how to continue to thrive following the har-
rowing experience of an all-encompassing natural disaster. 
Their perseverance was essential to the future health care of 
patients in Louisiana and beyond.

While the medical schools’ survival was a triumph, 
Hurricane Katrina and subsequently Hurricane Rita had 
a distinctly negative effect on the field of anesthesiology 
in Louisiana. The two largest teaching hospitals in New 
Orleans closed after Katrina, and the largest of these—
Charity Hospital—never reopened. These closures and 
other factors led to a decline in the number of anesthesi-
ologists, as documented by a 2006 statewide survey.17 
Statewide residency positions in anesthesiology fell from 
24 graduates per year in 2004 to 13 graduates per year 
in 2007. Like many states, Louisiana is fairly dependent 
on new anesthesiology graduates remaining in the state 
to take the place of retiring physicians. Of the respondents, 
37% of anesthesiologists reported that they had difficulty 
filling open positions within their group. In this setting, 
92% reported that they had experienced an increase in the 
number of daily cases, and that obstetric cases for patients 
with no prenatal care had risen out of proportion to other 
cases. This phenomenon likely represents a glimpse into 
the impact of natural disasters on all medical specialties: 
the same stresses experienced by anesthesiology programs 
were felt by other residency programs, including the obstet-
rics and gynecology program. Compared with the complete 
annihilation of medical infrastructure caused by the earth-
quake in Haiti, the plight of post-Katrina New Orleans may 
seem insignificant. Still, the fact that a large city within the 
wealthiest nation on earth can have its medical infrastruc-
ture completely disrupted for months after a storm attests to 
the impact of large-scale natural disasters.

In September 2017, Hurricane Maria struck Puerto 
Rico and effectively interrupted the island’s access to clean 

TABLE 68.1 Saffir-Simpson Hurricane Wind Scale

Category Sustained Wind Speeds Damage Potential

1 74-95 mph
119-153 km/h

Very dangerous winds will produce some damage: Well-constructed frame homes could 
have damage to roof, shingles, vinyl siding, and gutters. Large branches of trees will snap, 
and shallowly rooted trees may be toppled. Extensive damage to power lines and poles 
likely will result in power outages that could last a few to several days.

2 96-110 mph
154-177 km/h

Extremely dangerous winds will cause extensive damage: Well-constructed frame homes 
could sustain major roof and siding damage. Many shallowly rooted trees will be snapped 
or uprooted and block numerous roads. Near-total power loss is expected with outages 
that could last from several days to weeks.

3 111-129 mph
178-208 km/h

Devastating damage will occur: Well-built framed homes may incur major damage or 
removal of roof decking and gable ends. Many trees will be snapped or uprooted, blocking 
numerous roads. Electricity and water will be unavailable for several days to weeks after 
the storm passes.

4 130-156 mph
209-251 km/h

Catastrophic damage will occur: Well-built framed homes can sustain severe damage with 
loss of most of the roof structure and/or some exterior walls. Most trees will be snapped or 
uprooted, and power poles downed. Fallen trees and power poles will isolate residential 
areas. Power outages will last weeks to possibly months. Most of the area will be uninhab-
itable for weeks or months.

5 157 mph or higher
252 km/h or higher

Catastrophic damage will occur: A high percentage of framed homes will be destroyed, 
with total roof failure and wall collapse. Fallen trees and power poles will isolate residential 
areas. Power outages will last for weeks to possibly months. Most of the area will be unin-
habitable for weeks or months.

Adapted from the National Hurricane Center of the National Oceanic and Atmospheric Administration. Available from: www.nhc.noaa.gov accessed October 30, 
2018.
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water, electricity, telecommunications, and transporta-
tion. At the time Maria made landfall on Puerto Rico, it 
had slightly decreased in intensity from a Category 5 to a 
Category 4 hurricane, yet it damaged or destroyed nearly 
every structure in its path and the death toll is estimated 
by different agencies at between 1000 and 2800.18,19 Drug 
and fluid shortages in the continental United States follow-
ing Hurricane Maria exposed a major vulnerability of the 
overall healthcare system, and provided anesthesiologists 
with an opportunity to help lead the way out of a potential 
nationwide crisis.

Puerto Rico is a massive producer of pharmaceuticals 
and medical devices. Baxter, a large multinational com-
pany had factories in Puerto Rico, producing approxi-
mately 50% of all of the 0.9% normal saline bags used 
each day in U.S. hospitals.20 The shutdown of these fac-
tories, and all other major pharmaceutical factories in 
Puerto Rico, resulted in an immediate shortage of fluids 
and medications throughout the United States. The ini-
tial response at many mainland hospitals was to identify 
alternative sources for products in other countries. This 
approach simply expanded the shortages of fluids and 
medications internationally.

The experience with shortages of supplies and 
materials made healthcare leaders recognize the 

interdependence of all health systems and the impor-
tance of conservation of existing supplies and avoid-
ance of waste. In response to the shortages created by 
the events in Puerto Rico, anesthesiologists at many 
medical centers were asked to help create strategies to 
maximize the efficient use of fluids and medications. At 
the University of Nebraska Medical Center, anesthesi-
ologists worked with other physicians, pharmacists, and 
leaders in nursing and administration to cocreate robust 
strategies to avoid critical shortages of necessary fluids 
and medications. Figs. 68.9 and 68.10 offer a glimpse 
at some of these strategies. Note that intravenous fluids 
administered in the operating rooms were required to be 
on an infusion pump, a major change from the typical 
“gravity drip” employed by anesthesia providers. The 
shortages forced healthcare workers across the nation 
to (1) think more critically about every milliliter of fluid 
they give to patients, and (2) use different fluids and 
medications than what they use during times of non-
shortage. While the shortages induced by Hurricane 
Maria were problematic, their net effect has likely been 
toward positive changes within the U.S. healthcare sys-
tem. In the aftermath, many have come to realize that 
our excessive reliance on one U.S. territory for fluids and 
pharmaceuticals is neither wise nor sustainable.!
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Fig. 68.9 UNMC tracking utilization of lactated Ringers during crystalloid shortage from Hurricane Maria.
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Section 2: Acts of Terrorism

SEPTEMBER 11, 2001 ATTACKS

On September 11, 2001, an organized team of terror-
ists commandeered three U.S. airliners with the intention 
of crashing them into prominent buildings in New York 
City and Washington, DC. Two of the aircraft were flown 
directly into the twin towers of the World Trade Center in 
New York, causing massive fires and eventually causing 
both of the 110-story buildings to collapse. Nearly 3000 
people died as a result of the September 11th attacks, mak-
ing it the deadliest act of terrorism in recorded history.

An anesthesiologist-intensivist from New York Uni-
versity, Dr. J. David Roccaforte, was on duty at Bellevue 
Hospital 2.5 miles away from the site of the attack. Dr. Roc-
caforte’s paper describing the hours and days following 
the 9/11 attack remains essential reading for healthcare 
professionals in disaster preparedness.21 In the paragraphs 
that follow, the key points from this important paper are 
summarized.

Hospital phone lines were nonfunctional in the hours fol-
lowing the attack, prompting a recommendation that hos-
pitals be equipped with radio communication equipment 
and satellite-based communication devices. While cellular 
communication has clearly improved many-fold between 
2001 and 2018, it is difficult to predict the performance of 
modern networks in a situation where millions of users are 
simultaneously trying to connect with other users. Based on 
an assumption that hundreds of victims would be arriving 
rapidly to the operating rooms and EDs, thousands of dol-
lars worth of fluids, medications, and kits were opened and 

prepared, much of which went to waste. In retrospect, these 
resources should have been used only with confirmation of 
patient need. Considering the number of capable hospitals 
in New York outside of lower Manhattan, a pre-made plan 
to triage patients from Bellevue and other nearby hospitals 
out to other trauma centers would have been beneficial. 
A field hospital was set up in a warehouse near the World 
Trade Center, intended to be a site for emergency trauma 
surgery in the event that hospitals were overwhelmed. 
Unfortunately, the 100-bed field hospital lacked sufficient 
resources for the provision of anesthesia, and thus was not 
entirely usable.

Due to the lack of functional telecommunications, medi-
cal students were employed as runners and assigned to 
attending physicians. All workers were encouraged to wear 
a label on their shirt with name, specialty, and title, to expe-
dite face-to-face communication. While the 9/11 attack did 
not induce a major failure of the physical plant at Bellevue, 
the need for hospital engineers was noted. In the event of a 
failure of electrical or oxygen supply, head engineers would 
be needed to restore normal state or provide a contingency 
plan. A traditional triage system using color-coding was 
used effectively for incoming patients: green signified non-
urgent; yellow for potentially urgent; and red for immedi-
ate, life-threatening injuries. Any patient in the yellow 
category with potential need for airway management or 
sedation was assigned a senior anesthesiology resident or 
a critical care fellow. As the initial surge of patients slowed, 
the team at Bellevue wisely mandated a shift system, send-
ing healthcare workers home to rest and avoid the certain 
burnout that results from ongoing 24/7 care following a 
major disaster.!
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Fig. 68.10 Partial timeline of fluid conservation strategies at UNMC after Hurricane Maria.
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MASS SHOOTINGS

In the United States, mass shootings continue to increase 
in frequency and severity. The Centers for Disease Control 
and Prevention (CDC) has not been allowed to investigate 
gun violence as a matter of public health, which has ham-
pered high quality research on this topic. Using a definition 
of a mass shooting where four or more people are killed by 
a lone shooter, from 1966 through November 2018 there 
have been 158 mass shootings in the United States.22 No 
region appears to be safe from these events, as they have 
occurred in schools, churches, offices, and military bases in 
all parts of the country. The number of people killed in these 
mass shootings is 1135, with 186 of them being children 
or teenagers.22 Accordingly, all anesthesiologists must be 
prepared to provide care in the aftermath of these heinous 
events.

The lethality of these attacks appears to be increasing 
with each passing year, in part because more and more of 
these shootings are carried out with military-style semiau-
tomatic rifles as opposed to conventional guns. The AR-15 
has emerged as the weapon of choice for the criminals who 
perpetrate these senseless acts. Following the Parkland, 
Florida, shooting where 17 people were killed by a former 
student at Marjory Stoneman Douglas High School in Feb-
ruary 2018, a radiologist with many years of experience 
diagnosing gunshot wounds in a Level 1 trauma center 
penned an article about the drastically different injury 
pattern visualized with gunshot wounds from an AR-15 
versus those from a typical handgun.23 With a normal gun-
shot wound, the radiologist can trace a laceration through 
affected organs that is roughly the same width as the bul-
let itself. Following the Parkland shooting with an AR-15, 
radiologists and trauma surgeons observed that tissue had 
been destroyed in wide swaths near the pathway of bul-
lets. Organs were found to be “smashed” and “shredded,” 
where traditionally they are found to be merely lacerated 
following handgun injuries. This extensive damage to sur-
rounding structures occurs as a result of the much higher 
bullet velocities and thus higher energy levels transmitted 
by assault rifles as compared with typical handguns.

On October 1, 2017, the worst mass shooting in the his-
tory of the United States took place in Las Vegas, Nevada. 
A lone gunman armed with multiple rifles fired more than 
1000 rounds into a large music festival crowd on the Las 
Vegas strip. His position on the 32nd floor of a nearby hotel 
and his modification of semiautomatic weapons into auto-
matic weapons likely increased the terrible lethality of the 
attack. Fifty-eight people were killed and more than 400 
were injured by gunfire that night.

In the hours immediately following the mass shooting 
in Las Vegas, dozens of anesthesiologists were called to 
respond and provide care for the victims. A friend and col-
league, Dr. Devin Kearns, describes the harrowing night:

“I was at home on call for pediatric anesthesia for the 
Level 1 trauma center here in Las Vegas. Shortly after fall-
ing asleep I was awoken by the phone ringing and the famil-
iar voice of my partner. However, this call was anything 
but routine as he proceeded to say there had been a mass 
shooting.

The next thing I remember was jumping out of bed while 
telling my wife there had been a shooting on the strip. As I 
drove to the hospital I was listening to the radio for updates, 

not knowing what to expect. Upon arrival I was asked to 
go to OR 2 and set up for a critically injured, hemodynami-
cally unstable patient who would be arriving shortly. As I 
checked the machine and prepared medications the situ-
ation still seemed surreal. We see a lot of penetrating and 
non-penetrating trauma at our facility. It is simply part of 
what we do. But could anything have prepared me for a 
mass casualty shooting?

As I waited for this critical patient to arrive, the time con-
tinued to pass. About 5 or 10 minutes later I called the front 
desk for an update… the patient didn’t survive.

I then went to the preoperative area and as I entered I 
witnessed a scene I will never forget. It was a scene I had 
not prepared for, and a scene I never expected to witness on 
my soil as I am not a member of the military. I saw multiple 
fatally wounded patients with their loved one by their side 
hoping, praying, and longing for the moments prior to the 
terror and fear they experienced at this senseless act.

Additional victims were triaged as they arrived. We cared 
for many of them in the operating room and this continued 
for the days and weeks to follow. These victims were not 
merely wounded physically, but emotionally, and spiritu-
ally as well.”

Dr. Sher’s and Dr. Kearns’ personal accounts of caring for 
mass shooting victims serve as a reminder to all anesthesi-
ologists. We all must be prepared to provide optimal care for 
shooting victims with injury patterns that once were lim-
ited to military settings. Given the devastating tissue injury 
induced by assault rifles such as the AR-15, special consid-
eration should be given to obtaining additional vascular 
access before or during surgery, and to requesting addi-
tional blood products prior to losing the tamponade effect 
following the opening of the abdomen or the chest.!

BOSTON MARATHON BOMBING

On April 15, 2013, two homemade bombs made of pres-
sure cookers filled with pellets and nails were detonated 12 
seconds apart near the finish line of the Boston Marathon. 
The unusual nature of the bombs in this incident caused 
an unusual injury pattern: 3 victims were killed by the 
blasts and 264 were injured, 66 of whom sustained lower 
extremity injuries.24 The close proximity of multiple major 
trauma centers to the site of the bombing likely played a 
role in reducing the mortality rate of this event. Despite a 
collaborative effort among the Boston city trauma centers, 
EDs were overwhelmed when 78% of the patients treated 
at city trauma centers arrived within 90 minutes of the ini-
tial event. Of these high acuity patients, 45 were admitted 
directly to operating rooms, 11 to ICUs, and 12 required 
emergency airway management.25 Of the 127 patients 
receiving care at Boston’s trauma centers, over 100 likely 
had some facet of their immediate care provided by an 
anesthesiologist. The unique perspective and skills of the 
anesthesiologists allowed them to provide a wide variety of 
clinical services within what, in fact, served as the epicenter 
of terrorism disaster management.

Unlike other terror attacks in the United States, the 
bombs discharged in Boston caused injuries similar to 
those observed in the Afghanistan and Iraq wars, caused 
by improvised explosive devices (IEDs). This injury pattern 
in wars has prompted a resurgence of interest in the use 
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of tourniquets in the field to prevent exsanguination from 
major injuries of the extremities.

Of the 66 patients with extremity injuries, 29 of them had 
life-threatening bleeding at the point of injury.24 Twenty-
seven of these 29 had a tourniquet applied in an attempt to 
reduce bleeding. All of the 27 tourniquets were improvised, 
that is, they were not commercially produced tourniquets 
designed expressly for the purpose of arterial occlusion. 
The most common type used was rubber tubing wrapped 
around the extremity combined with a Kelly clamp. Sixty-
three percent of the tourniquets were applied by non-
emergency medical service (EMS) personnel, and several 
were not applied tightly enough to actually occlude arte-
rial flow. Experts in battlefield trauma care have discussed 
the use of tourniquets after the Boston Marathon bombing 
and have suggested an educational campaign to teach the 
correct technique for application of purpose-driven tour-
niquets, and suggested that all EMS providers be provided 
with these devices. Anesthesia providers have extensive 
experience with the proper application of arterial tourni-
quets, as a result of their widespread use during orthopedic 
operations, so their role is critically important in reducing 
blood loss and saving lives. In the event of another mass 
casualty event resulting from IEDs, anesthesiologists, cer-
tified registered nurse anesthetists, anesthesia assistants, 
and anesthesiology residents should instruct healthcare 
workers and volunteer first aid workers on the application 
of tourniquets. In the probable absence of purpose-driven 
commercially produced devices, emergency medicine, 
trauma, and anesthesia providers should inspect applied 
tourniquets to ensure they are applied in a manner that will 
occlude arterial flow.

The two perpetrators of this vicious crime were eventu-
ally apprehended and taken to a hospital with severe inju-
ries. One died from his injuries while the other survived. 
This scenario brings to light one of the challenges of work-
ing as an anesthesiologist following a terrorist attack: the 
physician must continue to provide the best care possible 
even when the patient has done tremendous harm to other 
human beings. In situations like this, the physician bene-
fits from focusing on the anatomic and physiologic data at 
hand, while ignoring the surrounding emotional elements. 
All physicians must remember their oath to “do not harm,” 
under any circumstances.!

Section 3: Chemical, Biological, 
Radiological, and Nuclear Warfare

In today’s global political environment the threat of a 
chemical, biological, radiological, or nuclear (CBRN) attack 
combined with massive casualties cannot be disregarded. 
Many people assume that sophisticated and organized indi-
viduals initiate these types of attacks; this is not generally 
the case. Breaking CBRN into two groups, we can see that 
chemical and biological are more common than radiologi-
cal and nuclear incidents, which in recent history have 
been a direct result of natural disasters. Regardless, medi-
cal professionals must address, prepare for, and train for 
these types of disasters and attacks to better care for those 
negatively impacted. After reviewing the history of CBRN 
warfare, this section will analyze, define, demonstrate, and 

outline the U.S. military’s approach to CBRN protocols, pro-
cedures, and standard operating procedures (SOPs). Using 
the structure, function, and focus of the U.S. military’s 
approach to CBRN will help delineate the anesthesiologist’s 
role in the civilian sector to help improve patient care while 
minimizing collateral damage and casualties.

The U.S. military has established a hierarchy, structure, 
and SOPs for CBRN situations. As acts of terrorism have 
become more aggressive in recent decades, civilians may be 
more likely to see the effects and aftermath of a CBRN act 
of terrorism. Figs. 68.11 and 68.12 outline the Department 
of Defense (DOD) strategy and hierarchical structure for 
CBRN attacks on domestic soil, military installations, and 
abroad.26 Attempting to adapt the military’s training proto-
cols may help reduce unrest and exemplify the vital role of 
the consultant anesthesiologist during a CBRN attack.

An increased public awareness of possible CBRN attacks 
by terrorist groups started in the fall of 2001, when the 
biological agent, anthrax powder, was mailed to two U.S. 
senators at their congressional offices in Washington, DC. 
Civilian medical responders were forced to deal with and 
experience the toxic effects. As these CBRN terrorist threats 
have become more apparent toward the civilian popula-
tions, anesthesia providers have become more involved 
with on-site and prehospital medical management. Under-
standing the toxic effects and pathophysiologic effects of 
CBRN agents can help reduce the collateral damage to first 
responders. Anesthesia providers are essential in resusci-
tation efforts at the scene of an attack and with continued 
life support measures during sustained CBRN and terrorist 
attacks.

HISTORICAL ASPECT OF CHEMICAL, 
BIOLOGICAL, RADIOLOGICAL, AND NUCLEAR 
WARFARE

Chemical, biological, radiological and nuclear warfare 
is deeply embedded in the history of world conflicts. The 
search for tactical wartime and war-fighting advantages 
have been documented since ancient Babylon. Chemi-
cal weapons can be traced back to 10,000 BC when the 
San society of Southern Africa used natural poisons from 
snakes on the tips of their spears to hunt antelope. One of 
the first suspected uses of chemical agents in war can be 
found between the Persians and Romans in the year 256.27 
According to archeologic evidence, the Persian military 
exposed Roman soldiers to a noxious gas, killing them 
before ever having to face them in battle. During the con-
flict between the Romans and Persians, it was noted that 
the Persians used a suspected sulfurous gas in a tunnel, 
quickly killing 20 Roman soldiers by asphyxiation. This 
primitive form of combusting sulfur crystals in a confined 
space may have been the very first chemical or biological 
material employed as an offensive weapon during a conflict. 
This was centuries before the indoctrination of the Geneva 
Protocols in 1925, which outlawed the use of weaponized 
chemicals during wartime.

Biological weapons, and eventually nuclear weapons, 
have evolved with advancing technologies. In fact, World 
War I saw the overutilization of chemical agents as offensive 
weapons. These chemical agents included phosgene gas, 
chlorine gas, and mustard gas during the infamous trench 
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warfare encounters between 1915 and 1918. Chemical 
weapons were very effective and the release of these gases 
during battle had substantial impact and accounted for a 
large number of casualties (Figs. 68.13 to 68.15). These 
heinous attacks against unprepared troops led to chemical 
and biological weapons being considered weapons of mass 
destruction by the British government, because they led to 
catastrophic and painful loss of life. During World War I, 
more technologically advanced chemical and biological 
weapons continued to be used, resulting in approximately 
1.3 million casualties related to these explosive devices.28 
This is why many historians consider World War I as the 
“Chemist’s War.” The toxic effects of chemical weapons dur-
ing World War I were compounded by the fact that many of 
these weapons were combined with ballistic explosive shells 
to increase lethality of the chemicals. The combination of 
toxin and ballistic injuries led to compounding casualties 
on and away from the battlefield, as a consequence of the 
crippling nature of the chemical weapons on those that sur-
vived the chemical attacks.

There have been historical attempts to prevent and out-
law these weapons of mass destruction due to a review of legal 
implications of chemical and biological weapons. It started 
in 1899 with the Hague Declaration Concerning Asphyxi-
ating Gases and again in 1907 at the Hague Convention 
on Land Warfare, which actually outlawed the use of poi-
son or poisoned agents during wartime.29 In this regard, 
the actions and implementation of chemical and biologi-
cal agents during World War I violated these regulations. 

However, the landmark international regulation of 1925 in 
Geneva outlined, outlawed, and made the use of chemical 
weapons a crime against humanity, which nearly led to a 
cessation of chemical and biological weapons development 
as history moved forward toward World War II.

Under very tight secrecy, a major discovery by the Ger-
man scientist Gerhard Schrader in 1936 led to the inven-
tion of anticholinesterase nerve agents. These nerve agents 
were not utilized in World War II, but they became more 
of a threat afterwards. In 1945, the former Soviet Union 
captured a major nerve agent manufacturing plant, subse-
quently giving the Soviet Union not only nuclear capabili-
ties but biochemical weapons for mass destruction.30 The 
most unfortunate aspect of the Soviet seizure of this manu-
facturing plant was that the Soviet military leaders began to 
see chemical, biological, and nerve agents as normal arma-
ments for war. This philosophy was contrary to the Geneva 
convention and the worldwide ban on chemical and bio-
logical weapons.

Several other countries have been implicated in secret 
development and advancement of chemical and biological 
weapons. Most notably, the Chinese and Japanese gov-
ernments denied reports of developing weapons of mass 
destruction, but since 1930 they have been suspected of 
researching and manufacturing chemical and biological 
weapons.31 Unfortunately, these biological agents were 
tested on prisoners and the general population with-
out proper consent, which is considered a crime against 
humanity under the Geneva Conventions.32 This secret 
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Fig. 68.11 U.S. Dept. of Defense CBRN Response table. (Adapted from Joint Publication 3-41, Chemical Biological, Radiological and Nuclear Response, 
September 9, 2016.)
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testing went on for years without notice by other world 
powers. Even though this is a vile and awful act against 
the general population, substantial research data were col-
lected. After the capture of one of the project leaders by the 
United States, considerable intelligence was passed to the 
federal government regarding this chemical and biological 
research. This formed the basis for the United States’ offen-
sive biological and chemical weapons research and devel-
opment as a response to other countries stockpiling these 
weapons. However, the Biological Weapons Convention 
in 1972 put an effective stop to worldwide research and 
stockpiling of chemical, biological, and nerve agents for 
weaponization.33

Despite the 1972 Biological Weapons Convention put-
ting an enormous price on continued chemical, biological, 
and nerve agent research, the Soviet Union continued to 

manufacture and stockpile weapons of mass destruction. 
The Soviet biological warfare program hit a peak in the mid-
1970s, when they developed a whole new type of biological 
weapon and weapon systems. The former Soviet Union’s 
government denied these programs existed and the fact 
that these weapons’ systems had been deployed around the 
world as a first strike weapon.34 Again, continued chemical 
and biological weapons research was considered an inhu-
mane act of war, but during the cold war some research 
actually focused on antidote-based chemical regimens to 
aid and manage wounded combatants. Unfortunately, with 
the deployment of chemical, biological, and nerve agents as 
offensive weapons around the world, it also contributed to 
these weapons being transferred to terrorist groups because 
of decreased accountability for these weapons by the end of 
the Cold War.
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Fig. 68.12 U.S. Dept. of Defense CBRN Response Graphic. (Adapted from Joint Publication 3-41, Chemical Biological, Radiological and Nuclear Response, 
September 9, 2016.)
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The 1980s saw a shift to chemical and biological weap-
ons as a true first-line offensive weapon. At this point in 
history, chemical and biological injuries could be treated 
more effectively on the battlefield and by first responders on 
the civilian side. The research into antidotes for chemical, 
biological, and nerve agents had finally caught up to their 
weaponization. The United Nations had documented the 
combined uses of vesicants and nerve agents, such as mus-
tard gas and tabun toxin to increase the lethality of chemi-
cal and biological weapons.35,36 These agents were not as 

effective as expected, and they accounted for only about 
27,000 Iranian casualties, or about 1% of the total casual-
ties of the Iran-Iraq war. The noted reason for the ineffec-
tiveness or decline in lethality of these chemical weapons 
can be accounted for by the research into antidotes and 
improved care on and around the battlefield. In contrast 
to the organized battlefield during the Iran-Iraq war, when 
this agent was released on a civilian population of Halabja 
in Iraqi Kurdistan, it accounted for more than 5000 deaths, 
or a large percentage of the Kurdish village population.37 
This contrast in lethality demonstrates the improvement 
to battlefield medicine as well as the effectiveness of the 
antidotes.

The last part of the 20th century saw several civilian 
attacks utilizing different combinations of chemical, bio-
logical, and/or nerve agents. In one of the most notorious 
nerve agent attacks in Tokyo, Japan, sarin gas was used in 
the subway system and was responsible for multiple fatali-
ties and injuries. Unfortunately, during this mass casualty 
experience, civilian medical personnel lacked knowledge, 
training, and understanding of appropriate medical treat-
ments and became casualties themselves.38,32 The lack of 
training for civilian medical providers and emergency staff 
brought home important lessons for all, especially anesthe-
sia providers. Box 68.1 outlines the lessons learned from 
this nerve agent attack.32

Despite the progressive weaponization of chemical, bio-
logical, and nerve agents over many decades, classifying 
them appropriately can be challenging. In the simplest 
terms, they can be classified as weapons of mass destruc-
tion, but the application of that term was short-lived 
because of the advancement of antidotes and improved 

Fig. 68.13 Tracheal injury caused by mustard gas. (Courtesy Her Maj-
esty’s Stationery Office, London, United Kingdom.)

Fig. 68.14 Eye injury caused by mustard gas. (Courtesy Her Majesty’s 
Stationery Office, London, United Kingdom.)

Fig. 68.15 Cutaneous vesication caused by mustard gas exposure. 
(Courtesy Her Majesty’s Stationery Office, London, United Kingdom.)
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medical treatment. By definition, weapons of mass 
destruction have to have a significant destructive impact 
on a society, such as the atomic bombs dropped on Hiro-
shima and Nagasaki, Japan. In regards to chemical, bio-
logical, and nerve agents, they are defined by their effects 
on the populations on which they have been released, 
and many of these devices lack the large explosive com-
ponent as compared to nuclear weapons: true weapons 
of mass destruction.31 In the 1950s, because of the Tiz-
ard report, chemical, biological, and nerve agents were 
to be included within the term “weapons of mass destruc-
tion.” In this report, the term weapon of mass destruction 
referred solely to the massive loss of life the weapon was 
capable of creating. Overall, regardless of the mechanism 
and explosive power of the weapon employed, chemi-
cal, biological, nerve agents, and nuclear isotopes are all 
considered very lethal threats to society. This holds true 
regardless of whether they are classified as weapons of 
mass destruction. The massive release of chemical, bio-
logical, or nerve agents among a very large population 
is possible in theory, but this would require a delivery 
modality such as a missile, rocket, or violent explosive 
vehicle.31!

CHEMICAL, BIOLOGICAL, RADIOLOGICAL, OR 
NUCLEAR HAZARDS DEFINED

Chemical
Historically, chemical agents were purely a military issue, 
because there were only a small number of people with 
access or knowledge to chemical agents or weapons. How-
ever, over the past 20 years the types of chemical hazards 
have expanded significantly because of the advanced use 
of toxic chemicals required for industrial manufacturing. 
Chemical hazards are chemicals that can cause death or 
harm because of their toxic properties. The characteristics 
of the most commonly talked about chemical agents are dis-
cussed in Table 68.2.

Most chemical agents, whether industrialized or wea-
ponized, have the ability to severely incapacitate a person 
or cause immediate or imminent death. Chemical agents 
begin their onset of physiologic symptoms when the body 
comes in contact with a concentration of agent that is more 
than one’s body can tolerate. As an anesthesiologist, trau-
matologist, or first responder, one must be able to rapidly 
identify the difference between mild and severe symptoms of 
chemical agent exposure, which are outlined in Table 68.3. 
The main categories of chemical agents are outlined here:
  

 1.  Blistering agents (vesicants)—Generally affect the eyes 
and mucous membranes. In addition, they damage the 
respiratory epithelium. Airway management in these 
patients can be cumbersome for anesthesia providers 
because of sloughing off epithelium and necrotic tissue 
occluding the glottic view and anatomy.40 Overall, the 
effect and toxicity depend on the type of agent, the con-
centration of the agent, the weather/weather patterns, 
and exposure time.

 2.  Blood agents (nerve agents)—Generally inhibit oxygen 
transfer from blood or hemoglobin to the cells of the body, 
or in another way causes tissue hypoxemia. Overall, the 
higher the concentration of blood agents, the more rapidly 
fatal these agents are. Most blood agents inhibit acetylcho-
linesterase activity, increasing the concentration of acetyl-
choline at the muscarinic and nicotinic receptors, causing 
cholinergic toxicity.41 This excessive acetylcholine in the 
body can cause a myriad of symptoms, but for the anesthe-
siologist airway interventions can be hindered because of 

Lesson 1 Military-grade chemical, biological, and nerve 
agents can be easily employed by terrorist 
groups

Lesson 2 HAZMAT and incidence management training 
for chemical, biological, and nerve agent mass 
causalities was not sufficient

Lesson 3 Lack of situational (scene) control, protection, 
and personnel decontamination contributed 
to additional casualties and fatalities

Lesson 4 Lack of resuscitation efforts at the site of 
chemical and biological release contributed to 
further casualties

Lesson 5 This incident lead to a significant database for 
medical management of patients exposed to 
nerve agents

BOX 68.1 Tokyo Sarin Gas Lessons Learned 
for First Responders

TABLE 68.2 Most Commonly Discussed Chemical Weapon Agents

Name Type Properties Mechanism of Action Physiologic Symptoms Onset of Action

Sarin gas Nerve Colorless, odorless,  
volatile

Anticholinesterase agent Choking, miosis, headache, 
nausea, respiratory distress, 
convulsions, death

Minutes

VX (VR) gas Nerve Colorless, odorless, oily 
liquid

Anticholinesterase agent Choking, miosis, headache, 
nausea, respiratory distress, 
convulsions, death

<30 min

Mustard gas Blister Garlic odor, oily liquid Vesicant, bone marrow 
suppression, alkylating 
agent, damages deoxy-
ribonucleic acid

Blisters skin, eyes, lungs #4-6 h

Cyanide gas Blood Almond odor, volatile Interferes with oxygen  
utilization at the  
cellular level

Hinders oxygen transfer, 
 respiratory paralysis

Minutes

Adapted from the Multi-Service Doctrine for Chemical, Biological Radiological and Nuclear Operations (FM 3-11, MCWP 3-37.1, NWP 3-11, AFTTP 3-2.42).
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significant airway occlusion from secretions and profound 
bronchospasm, which is why atropine should be adminis-
tered prior to any airway intervention.12,42,43 Higher con-
centrations of agent lead to more rapid physiologic decline 
proceeding to cardiopulmonary arrest.

 3.  Choking agents (pulmonary agents)—Generally cause a 
shift of fluid into the small airways at lower doses, while 
at higher doses all the major airways become irritated 
and dried out, causing choking, poor gas exchange, and 
ultimately, death. Rapid, shallow breathing, painful 
cough, and cyanotic skin are indicative of fluid filling the 
lungs and preventing oxygenation. Commonly, these 
patients will present with pulmonary physiology that 
mimics acute respiratory distress syndrome because of 
the fluid shifts, airway irritation, and inflammation.

 4.  Riot control agents—Generally cause lacrimation or vom-
iting. Unlike the choking agents, they are irritants that 
are used to cause a brief period of misery and harassment 
to subdue or incapacitate a threat or aggressive persons. 
Most of these agents inhibit multiple different enzymes and 
invariably increase bradykinin release.16 Overall, these 
agents do not require significant medical attention except 
flushing of the eyes and removal from the environment.!

Biological
Biological hazards are relatively easy to produce, especially 
since production facilities have very little environmental 
signature. Production of these microbes or organisms can 
pose a significant threat to human and animal welfare. Bio-
logical agents differ from chemical agents in that the agents 
are living organisms, viruses, toxins and/or microtoxins 
utilized to disable, disrupt, or kill other human beings or 
other organisms. While most biological agents are small, 
they have tremendous potential for lethality and applica-
tion to a large-scale attack. Most biological agents are acces-
sible throughout the world and are relatively inexpensive to 
produce compared to weaponization of chemical, radiologi-
cal, or nuclear agents. Today’s most commonly discussed 
biological agents are orders of magnitude stronger and 
more lethal than most chemical agents. These agents are 
outlined in Table 68.4. A common limitation of many bio-
logical agents is that they can be degraded by changes in 
the environmental conditions such as ultraviolet light, tem-
perature, and humidity.

Many of the initial symptoms of biological warfare and 
a biological attack are vague and nonspecific. However, in 
the event there is high index of suspicion for a biological 
attack, steps must be taken to protect first responders and 
medical personnel. Physical protective barriers and per-
sonal protective equipment (PPE) are essential primary pre-
ventive measures. In addition, for other hazard responders 
and personnel there are vaccinations and immunizations 
for certain biological agents. By protecting our primary 
responders and healthcare providers during biological 
attacks, they are more apt and readily able to care for those 
directly and immediately in danger. PPE and these concepts 
will be explored in more detail in the Epidemic and Pan-
demic Infectious Outbreaks section.!
Radiological and Nuclear Weapons and Effects
Radiological hazards include electromagnetic or particulate 
radiation capable of causing damage, injury, or destruction 
through ionizing effects of neutrons, $ rays, % particles, or 
& particles. Radiological damage can be dispersed in many 
ways, but ultimately causes destruction, damage, or injury 
to a large population of people, while exposing an even larger 
population to the lingering effects of ionizing radiation.

Nuclear weapons are a complete assembly of weapons 
capable of independently being armed, fired, fused, and deto-
nated to release a large-scale nuclear explosion capable of 
significant destruction to the land, environment, people, and 
animals within a large area. The intensity of nuclear weap-
ons is greater than that of chemical and biological weapons, 
and the deployment of a nuclear weapon will cause signifi-
cantly more death and destruction from the point of deto-
nation, outward. Short- and long-term devastation can be 
attributed to nuclear fallout, which is the residual radioac-
tive material that is propelled into the atmosphere following 
a nuclear detonation. Thus, nuclear and radioactive material 
is literally falling from the sky and is moved miles and miles 
away by winds within the atmosphere.44

Unlike chemical attacks or biological attacks, nuclear/
radiological attacks rarely induce the need for immediate air-
way intervention, even in the harshest of exposed patients. 
While nuclear warfare can devastate a large area, the imme-
diate impact can be considered similar to a high-grade explo-
sive device. The main difference between nuclear weapons 
and conventional explosives is that a nuclear weapon will 
do greater damage by orders of magnitude. Overall, acute 
management of the effects of high radiation doses is pru-
dent. Most commonly, supportive care of the hematological, 
gastrointestinal, neurologic, cardiovascular, and integu-
mentary systems are required. Following a major radiologi-
cal or nuclear attack, patients with significant nausea and 
vomiting may require intubation for airway protection.!
Mass Casualty Situations and Chemical, Biological, 
Radiological, or Nuclear Attacks
Overall, the structure, function, and focus of the U.S. mili-
tary’s approach to CBRN can be adapted to the civilian sec-
tor wherever feasible to help improve patient care while 
minimizing collateral damage. All CBRN incidents are 
emergency situations that require multi-system coordina-
tion and organization. Table 68.5 demonstrates the sources 
and types of CBRN hazards. There are three basic reasons 
why CBRN situations occur:

TABLE 68.3 Typical Chemical Agent Exposure 
Symptoms

Mild Symptoms* Severe Symptoms†

!"! !Runny nose
!"! !Sudden severe headache
!"! !Drooling
!"! !Blurry vision
!"! !Chest pain
!"! !Difficulty breathing
!"! !Sweating
!"! !Muscle twitching/cramps
!"! !Stomach cramps
!"! !Nausea

!"! !Sudden confusion
!"! !Wheezing, labored breathing
!"! !Miosis
!"! !Painful tearing eyes
!"! !Sudden profound vomiting
!"! !Severe muscle twitching/sei-

zures
!"! !Uncontrolled urination
!"! !Uncontrolled defecation
!"! !Profound respiratory difficulties

*Some symptoms of chemical agent intoxication can be confused with 
severe heat stroke.

†Adapted from the Multi-Service Doctrine for Chemical, Biological Radiologi-
cal and Nuclear Operations (FM 3-11, MCWP 3-37.1, NWP 3-11, AFTTP 
3-2.42).
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 1.  Intentional—This is a deliberate action to induce harm in 
the form of toxic agents, release of radiological agents, or 
the detonation of explosive material in an attempt to cause 
terror for political, religious, or ideological purposes.

 2.  Accidental—A human error–induced release of toxic 
agents, release of radiological agents into the environ-
ment, or detonation of explosive material.

 3.  Natural—Caused directly by or in response to a natu-
ral disaster, which leads to the release of toxic agents, 
release of radiological agents into the environment, or 
detonation of explosive material.

  

Currently the American Society of Anesthesiologists 
(ASA) has several suggested protocols for CBRN attacks, 
but to make these protocols most useful will require exten-
sive and ongoing training. Disaster preparedness and 
coordination is not simply an ED problem to manage. For 
anesthesia providers, it is critically important to reinforce 
clinical skills and practices so that, in the event of a massive 
casualty event, during a natural disaster, or during a poten-
tial CBRN attack they are prepared to respond immediately 
and appropriately. Box 68.2 outlines the basic CBRN rules 
all providers should follow during a CBRN attack. Many 
providers do not have the adequate training to support a 
mass casualty situation and this leads to increased unrest 
and disorder. In civilian hospitals, training for CBRN as an 

TABLE 68.4 Most Commonly Discussed Weaponized Biological Agents

Common Name Agent Physiological Effects Onset

Anthrax Bacillus anthracis Fever, fatigue, severe respiratory impairment, high fever, and exces-
sively rapid pulse rate.

Pulmonary anthrax is fatal more than 90% of the time.

1-5 days

Plague Yersinia pestis Fever, headache, and rapid heart rate, followed by pneumonia and 
hemorrhage of the skin and mucous membranes.

Untreated plague pneumonia fatalities approach 100%, but early 
treatment can reduce mortality to as low as 5%.

2-3 days

Tularemia Francisella tularensis Fever, chills, headache, and muscular pain.
Untreated tularemia can result in 30%-60% mortality; treated, mortal-

ity rate is reduced to 1%.

3-5 days

Botulism Clostridium botulinum Extreme weakness, nausea, headaches, and intestinal pain leading to 
respiratory paralysis that may cause death.

2-26 h

Adapted from the Multi-Service Doctrine for Chemical, Biological Radiological and Nuclear Operations (FM 3-11, MCWP 3-37.1, NWP 3-11, AFTTP 3-2.42).

TABLE 68.5 Chemical Biological, Radiological, or Nuclear Threats and Hazards

Chemical Biological Radiological Nuclear

WEAPONS OF MASS DESTRUCTION

!"! !Chemical weapons
!"! !Chemical agents
!"! !Nontraditional agents

!"! !Biological weapons
!"! !Biological agents
!"! !Nontraditional agents

!"! !Radiological dispersal devices
!"! !Radiological exposure devices

!"! !Nuclear weapons
!"! !Improvised nuclear device (impro-

vised explosive devices/IND)

TOXIC INDUSTRIAL MATERIALS

Toxic Industrial Chemicals Toxic Industrial Biologicals Toxic Industrial Radiologicals

Other Sources

Adapted from the Multi-Service Doctrine for Chemical, Biological Radiological and Nuclear Operations (FM 3-11, MCWP 3-37.1, NWP 3-11, AFTTP 3-2.42).

Rule 1 DO NOT become the casualty yourself
Rule 2 Always decontaminate the scene, situation, and 

patient prior to any movement to the Operat-
ing Room

Rule 3 Never assume ANY vaccine is 100% protective
Rule 4 “SAFE ZONES” should always protect them-

selves from contaminated “WALK-INS”
Rule 5 We all make mistakes, when in doubt call infec-

tious disease, the CDC or WHO
Rule 6 Always decontaminate the casualties, then 

immediately begin ACLS, ATLS, and resuscita-
tion measures to stabilize patients

Rule 7 Pay careful attention to sterile techniques, 
many patients will have compromised immune 
systems and/or already be neutropenic

Rule 8 Brain irradiation can cause all sorts of primary, 
secondary, and tertiary CNS symptoms

Rule 9 Ionizing radiation victims are less of a risk to 
providers compared to chemical/biological 
casualties

BOX 68.2 CBRN Basic Provider Rules and 
Guidelines for Safety

ACLS, Advanced cardiac life support; ATLS, advanced trauma life support; 
CDC, Centers for Disease Control and Prevention; WHO, World Health 
Organization.
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entire unit is extremely challenging, because it is almost 
impossible to shut down an entire hospital for a day or sev-
eral hours to properly practice, train, and prepare. The U.S. 
military, their military hospitals, and healthcare personnel 
have required unit, battalion, and command training exer-
cises on U.S. soil and abroad for CBRN attacks, which help 
maintain order, direction, and patient care during times of 
turmoil and civil unrest.!
Incident Management During a Chemical, 
Biological, Radiological, or Nuclear Attack and 
Personal Protective Equipment
In the face of a mass casualty event from a CBRN attack, 
panic and chaos are to be expected. Successful response to a 
CBRN attack requires command and control personnel and 
the medical providers to prioritize the following: personnel 
safety, personnel protection, command establishment, and 
site-wide communication. Similar to the U.S. military, the 
civilian sector has command control entities in the form of 
local, state, and federal response systems. Once the com-
mand structure is established for the incident in question, 
the commander is directly responsible for directing and con-
trolling all available resources.

The first rule for CBRN casualty treatment and mainte-
nance states, “Do not become the casualty yourself”. The 
incident commander or officer in charge is in charge of set-
ting the protection level to ensure maximal barrier protec-
tion and adequate PPE for all providers and first responders. 
Unfortunately, the appropriate PPE level to use may not be 
immediately known, so it is advantageous to err on the side 
of a higher protection during immediate decontamination 
and stabilization efforts. The U.S. military has adapted their 
PPE levels from the U.S. Environmental Agency’s Hazardous 
waste operations and emergency response protocols.45 At any 
time during intubation, exposure to bodily fluids, and/or 
airborne infection the minimum protection level should be 
C. In addition to this protection level, in an unknown CBRN 
attack all medical examinations for severe casualties or 
those severely and negatively impacted by the CBRN attack 
should be done per Table 68.6.

Protection is the key feature of incident management, 
and anesthesia providers should be familiar with several 
levels of PPE suits and masks, and the techniques of decon-
tamination in Table 68.7. Several levels of protection are 
used in the management of toxic releases, but the appropri-
ate level for medical intervention is level C, which allows 
reasonable tactile dexterity and contact with the patient to 
provide essential life support and antidote therapy onsite.46 
Level C protection is equivalent to that used by the military 
to provide protection against the most toxic chemical war-
fare agents and virulent biological warfare organisms.47!
Decontamination
In most situations the initial hazards are unknown, however 
protecting oneself is one of the major keys to on-scene and in-
hospital care of the afflicted patients. Many hazards are short-
lived or transient, but it should be assumed that the hazard 
released is persistent and transmissible through the on-scene 
decontamination zones. Immediately establishing the level 
of personal protection required for medical staff, paramed-
ics, and ancillary search and research personnel by the on-
scene commander is vital to preventing an increased number 

of casualties among medical and rescue personnel. To safely 
work on search and rescue and decontamination many on-
scene commanders immediately place a level C minimum for 
PPE for medical staff and paramedics, and upgrade or down-
grade based on situational changes onsite. Triage person-
nel and medical personnel are vital to providing immediate: 
(1) triage, (2) life-support measures (TOXALS—toxicology 
advanced life support), and (3) antidote and other pharma-
cologic support.

Early life-support measures in the decontamination zone 
are very important.48,49 A unique perspective to CBRN on-
scene decontamination and resuscitation was introduced 
in 1996, and was uniquely termed TOXALS (Toxicology 
Advanced Life Support) to be used in conjunction with 
advanced cardiac life support (ACLS), advanced trauma life 
support (ATLS), and basic life support (BLS) in the setting of 
chemical, biological, and/or radiological attacks. TOXALS 
protocol expands the on-scene and in-hospital resuscita-
tion efforts of trained medical personnel. and incorporates 

TABLE 68.6 Initial Workup for Severely Injured 
Casualties During Chemical Biological, Radiological, or 
Nuclear Attack

Investigation Lab Test/s

Urea and Electrolytes !"! !Arterial blood gas
!"! !Glucose
!"! !Lactate
!"! !Calcium/phosphorus/magne-

sium

Full Blood Count !"! !Store sample for later analysis
!"! !Consider coagulation/clotting 

studies

Urinalysis !"! !Store for later analysis

Electrocardiogram

Chest Radiogram

Store all blood samples in a safe containment area for personnel protection 
and for future analysis.

TABLE 68.7 Levels of Personal Protective Equipment in 
Chemical, Biological, Radiological, or Nuclear Incidents45

Level
Minimum Personal Protective Equipment 
Required

A !"! !Positive pressure SCBA
!"! !Fully encapsulated chemical-resistant suit
!"! !Double layer of chemical-resistant gloves
!"! !Chemical-resistant boots
!"! !Airtight seal between suit and gloves and boots

B !"! !Positive pressure SCBA
!"! !Chemical-resistant, long-sleeved suit
!"! !Double layer of chemical-resistant gloves
!"! !Chemical-resistant boots

C !"! !Full-face air-purification device (respirator)
!"! !Chemical-resistant suit
!"! !Chemical-resistant outer gloves
!"! !Chemical-resistant boots

D !"! !Equipment does not provide specific respiratory 
or skin protection and usually consists of regular 
work clothes

SCBA, Self-contained breathing apparatus.
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principles of ACLS, ATLS, and BLS, which can be expanded 
to the pneumonic ABCDDEE: airway, breathing, circula-
tion, disability, drugs, exposure, and environment.!
Summary of Chemical, Biological, Radiological, or 
Nuclear Section
CBRN attacks and natural disasters have similar elements 
to medical care on the battlefield. Population control, situ-
ational control, and on-scene containment are essential to 
maintaining order and functionality of the civilian emergency 
disaster system. As anesthesiologists, the main responsibility 
is to be present for operating room needs, but their advanced 
medical knowledge, advanced pharmacology knowledge, and 
advanced trauma-stabilization training makes them ideal to 
aid and support emergency triage physicians. Not all patients 
during CBRN attacks or natural disasters immediately go to 
the operating room for stabilization. Many of the emergency 
responders and providers will need support either in triage, for 
ED consultations, pain management, or intensive care support 
for stabilization, pharmacology expertise, and/or procedural 
skills. For example, a small roving team consisting of an anes-
thesiologist, a critical care/ED nurse, and a respiratory thera-
pist could manage a wide variety of critically injured patients 
following a CBRN massive casualty event.

An anesthesiologist’s primary role is to stabilize and 
ensure safe operating conditions for casualties of any CBRN 
attack, terrorist attack, or natural disaster. However, this is 
not limited to preoperative assessment and intraoperative 
management of CBRN victims. During times of crisis, anes-
thesiologists cannot remain sequestered in the operating 
room awaiting the arrival of injured patients. They must be 
proactive within the hospital system or emergency response 
system, providing triage and management of patients prior 
to arrival at the operating room or the ICU.!

Section 4: Epidemic and Pandemic 
Infectious Outbreaks

Until recently, the role of anesthesiologists in biological 
disasters, such as infectious epidemics and pandemics, had 
been discussed only in the most general terms. While the 
lifesaving application of positive pressure ventilation by 
Danish anesthesiologist Dr. Bjorn Ibsen probably saved 
hundreds if not thousands of lives during the Copenhagen 
polio epidemic of 1952, the role of North American anesthe-
siologists as critical members of the management team in 
biological disasters was not fully exploited until the severe 
adult respiratory syndrome (SARS) epidemic of 2003 and 
the West African Ebola epidemic of 2014.50-52 During both 
of these worldwide healthcare crises, anesthesiologists not 
only played critical roles as caregivers, but risked personal 
safety when functioning in their role as specialists in airway 
management and intensive care. Knowledge of the disease, 
management options, and importantly, infection-control 
measures necessary to protect oneself, are all critical for 
anesthesiologists to contribute maximally and mitigate per-
sonal vulnerability during the next epidemic or pandemic.53

Health emergencies in the form of regional epidemics and 
global pandemics have the capacity to kill more than 10 
million people across continents and around the world.54 
While this number sounds excessive and perhaps even 

alarmist, it is in fact a conservative estimate when com-
pared to pandemics over past centuries. Smallpox is the 
deadliest pandemic in human history. In the 20th century 
alone, estimates of deaths due to smallpox exceeded 300 
million people with 30% of all persons infected succumb-
ing to the disease.55 The causative agent, Variola virus, is 
thought to date back possibly as far as 3000 years to the 
time of the Egyptian Empire. Its global spread paralleled the 
advance of modern civilization, exploration, and expanding 
trade. Thanks to the success of worldwide vaccination, the 
last person to die of smallpox was in 1978 and on May 8, 
1980 the 33rd World Health Assembly officially declared 
the world smallpox free.56,57 Unfortunately, unlike viruses 
that have a human reservoir such as smallpox, polio, 
and measles, and hence are targets for eradication, the 
next pandemic is more likely to be the result of zoonotic 
transmission.58

PANDEMIC INFLUENZA A

Past influenza pandemics have occurred when genetic muta-
tions in an enzootic cycle result in re-assortment of gene seg-
ments creating what is functionally a novel infectious agent 
with major changes in surface proteins, capable of sustained 
human-to-human transmission in a global population with 
little existing herd immunity.59 Pathogenic influenza A 
viruses arising from this antigenic shift have been the source of 
influenza A pandemics for centuries. In fact, there have been 
no less than 10 pandemic influenza A events over the past 300 
years.60 In the preceding century alone, there were three epi-
sodes of pandemic flu. A recent analysis of the “Spanish Flu” 
H1N1 pandemic of 1918 to 1919 estimated that at least 50 
to 100 million people died worldwide. Less severe, but also 
with considerable mortality (approximately 1 million globally; 
100,000 in the United States), were the 1957, “Asian Flu” 
H2N2 and the 1968 “Hong Kong Flu” H3N2 (Fig. 68.16).60,61 
Such events underscore the pandemic threat posed by avian 
influenza viruses, emphasizing the need for advanced prepa-
ration necessary to augment both the clinical and research 
response to future global health emergencies. In fact, given the 
incidence and variety of influenza viruses circulating in zoo-
notic populations, a virus possessing the necessary properties 
to cause a pandemic can emerge any time.62

In 2009, the world experienced the first major influenza 
A event of the 21st century. This worldwide influenza out-
break has been described by the CDC as the 2009 H1N1 
Pandemic. The virus contained a unique combination of 
influenza genes not previously identified in animals or peo-
ple. The genes were most closely related to North American 
swine and Eurasian swine H1N1 influenza viruses. Because 
of this, initial reports referred to the virus as a swine influ-
enza virus. However, it quickly became apparent that this 
new virus was circulating among humans and not among 
U.S. pig herds. In the United States, there were over 60 mil-
lion cases over the course of a year from April 2009 to April 
2010. Fortunately, loss of life attributable to this event was 
relatively limited with an estimated 12,500 lives lost in the 
United States and 284,000 globally.63,64

Central to disaster planning for pandemic flu is an under-
standing of the strategies to minimize transmission of influ-
enza between patients and healthcare workers. Despite vast 
clinical experience, there is still debate over how influenza is 
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transmitted. Possible modes of transmission included in past 
discussions are airborne, droplet, and contact transmission. 
Each requires a different infection control approach and almost 
certainly different PPE. Recent analysis of multiple human 
and animal studies concluded that natural influenza transmis-
sion in human beings occurs over short distances primarily 
via droplet and contact routes.65 Transmission of influenza 
virus via large-particle droplets generated from the respira-
tory tract of infected individuals during coughing, sneezing, 
talking, or during procedures such as suctioning or bronchos-
copy requires close contact between the infected source and 
the recipient (6 feet or less). Large droplets do not remain sus-
pended in the air and hence special ventilation or airflow sys-
tems are not required since true aerosolization does not occur. 
Preferential airborne transmission has not been documented 
as a method of human-to-human influenza transmission.66 
However, many procedures such as intubation and bronchos-
copy have the potential to be aerosol-generating. The current 
literature does not define conditions under which influenza 
could become opportunistically airborne. Given the paucity of 
data in this regard, it may be reasonable to employ airborne 
precautions and higher levels of PPE such as N95 masks when 
such events are medically necessary. This is important infor-
mation for anesthesiologists caring for potential flu victims 
in the ICU or managing their airway in the emergency room, 
hospital ward, or operating room.!

SEVERE ACUTE RESPIRATORY SYNDROME

Severe acute respiratory syndrome (SARS) caused by 
a novel coronavirus, called SARS-associated coronavi-
rus (SARS-CoV), was first reported in Guangdong Prov-
ince in China in November 2002. The first case appears 
to be a businessman from the city of Foshan who subse-
quently died from the disease. However, it was 3 months 
later, when a physician from the same province became 
ill while staying in a hotel in Hong Kong, that SARS rose 
to international attention. Twelve guests staying at the 
same hotel subsequently became infected, including seven 
whose rooms were on the same floor as the physician. 
These hotel guests became the index patients transport-
ing the virus around the globe as they traveled home by 

airplane. While SARS was first identified in Toronto, Can-
ada, in March, 2003, because of the speed of international 
travel, in less than 4 months about 4000 cases and 550 
deaths from SARS could be traced to the guests infected 
in Hong Kong. Ultimately, a total of 8096 people in 29 
countries became infected with SARS-CoV, of which 774 
of them died (Table 68.8).67-69

Toronto was the epicenter of the disease in North Amer-
ica. The Ontario Ministry of Health reported 361 SARS cases, 
including 33 deaths (9%). Over half of those infected were 
healthcare workers including three anesthesiologists and 
one intensivist.10,27,53,70 Overall case fatality was approxi-
mately 15%, but over 50% for patients over the age of 65.9 
On July 4, 2003, the World Health Organization (WHO) 
announced the global SARS outbreak was contained.71

SARS, like influenza, is of zoonotic origin. The virus is 
ubiquitous and has been isolated from swine, cattle, dogs, 
cats, and chickens. In 2002, SARS-CoV was isolated from 
Himalayan palm civets found in Chinese live animal mar-
kets where demand for freshly killed meat and poultry served 
as the source of SARS-CoV crossing species (Fig. 68.17).72 
This led to culling of the animals, although subsequent 
studies have not validated infection in either farm-raised or 
wild civets. More recent data suggest that bats are the more 
likely natural reservoirs of SARS-like coronavirus.73

Spread largely by droplets and direct contact, the virus 
demonstrates tropism to multiple organs and has been 
found not only in the lung, but the liver, kidney, sweat 
glands, parathyroid, pituitary, pancreas, adrenal glands, 
and the brain. As such, the disease is considered a true 
systemic illness with both pulmonary and extrapulmo-
nary manifestations amplifying opportunity for healthcare 
worker exposure. This is important for anesthesiologists, 
intensivists, and other healthcare workers as viral shed-
ding may occur not only in respiratory secretions but stool, 
urine, and even sweat.72 Appropriate PPE providing protec-
tion beyond droplet and contact precautions is indicated 
when caring for SARS patients.!

MIDDLE EAST RESPIRATORY SYNDROME

Like SARS, Middle East respiratory syndrome (MERS) is caused 
by a novel coronavirus, MERS-CoV. The first two cases of 
MERS-CoV infection as a cause of community-acquired pneu-
monia were first identified in Saudi Arabia and reported to the 
WHO in September 2012. As of September 2018, laboratory-
confirmed cases of MERS number 2260 with 803 associated 
deaths (35.5%) in 27 countries across the globe.74,75 The 

Fig. 68.16 Mass care of patients during 1918 flu pandemic. (From 
Clements BW, Casani J, eds. Disasters and Public Health: Planning and 
Response, Second edition. Oxford: Butterworth-Heinemann (Elsevier); 2016.)

TABLE 68.8 Mortality of Severe Acute Respiratory 
Syndrome Based Upon Age

Age (Years) Mortality

<24 <1%

24-44 6%

45-64 15%

>65 >50%

Modified from Peng PW, Wong DT, Bevan D, et al. Infection control and anes-
thesia: lessons learned from the Toronto SARS outbreak. Can J Anaesth. 
2003;50(10):989–997.
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majority of cases have been reported in Saudi Arabia, United 
Arab Emirates, and the Republic of Korea (South Korea), 
although over 80% of reported cases to date have been linked 
to exposure in Saudi Arabia (Fig. 68.18).76

MERS-CoV, like SARS-CoV, is a zoonotic virus. Drom-
edary camels appear to be the major reservoir host and 
animal source of MERS infection in humans through either 
direct or indirect contact. The specific method of transmis-
sion remains unclear, but poorly cooked camel meat and 
unpasteurized camel milk remain suspect, and consump-
tion of raw or undercooked animal products carries a high 
risk of infection. Human-to-human contact in the non-
healthcare setting appears rare with little to no sustained 
human-to-human transmission documented.77

Human-to-human transmission through close contact 
within the healthcare setting accounts for the majority of 
reported cases to date. Outside of Saudi Arabia, the largest 
outbreak so far occurred in South Korea in 2015.77 In a 
hospital-associated cluster, a single infected person admitted 
to a hospital in South Korea led to 186 cases and 36 deaths 
across multiple healthcare facilities.78,79 This particular case 
highlights the consequences of substandard infection control 
practices and inadequate use of PPE, as the virus does not 
pass easily person to person unless there is close contact.76 
Healthcare workers must remain alert for the continued 
threat of MERS as global travel continues to accelerate.!

EBOLA VIRUS DISEASE

Ebola virus disease (EVD) is a zoonotic disease affecting peo-
ple and non-human primates. The presumptive enzootic res-
ervoir is believed to be African fruit bats, although this cause 
is still not definitive. Ebola is an RNA Filovirus and a member 
of the Filoviridae family. There are five species of Ebola virus, 
of which four are pathogenic to humans. The most common 
and possessing the highest case fatality rate (60%-90%) is 
the Zaire ebolavirus. Sudan ebolavirus, Taï Forest ebolavirus, 
Bundibugyo ebolavirus also are pathogenic to humans, but 

Fig. 68.17 Live animal markets are the interface where animal to 
human inter-species transmission of SARS-CoV occurred. Guang-
zhou government officers seize civets in Xinyuan wildlife market in 
Guangzhou to prevent the spread of SARS-CoV. (From Lau YL, Peiris JS. 
Pathogenesis of severe acute respiratory syndrome. Curr Opin Immunol. 
2005;17[4]:404–410.)
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Fig. 68.18 Global distribution of Middle East Respiratory Syndrome. (Data from World Health Organization. Available from http://www.who.int/eme
rgencies/mers-cov/epi-18-september-2018.png?ua=1.)
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at lower fatality rates. The Reston ebolavirus while known to 
cause disease in nonhuman primates and swine, has not been 
indicted as a cause of human disease.80 Marburg virus, the 
first known Filovirus was first described in 1967. Both viruses 
are known to cause viral hemorrhagic fever in humans with 
high fatality rates. The higher fatality rate of EVD makes it 
an important biothreat pathogen and, given the severity of 
recent outbreaks, worthy of more detailed discussion.81,82

Historically, the virus has been isolated to rural regions of 
Sub-Saharan Central Africa. EVD outbreaks have occurred 
relatively frequently over the past 30 years since the first 
outbreak in 1976 alongside the Ebola river in the village of 
Yambuku, Zaire, in what is now the northern Democratic 
Republic of Congo and South Sudan.83 Ultimately, two 
genetically distinct species of virus were isolated bearing 
the names of their respective geographic areas.81 In 2014, 
the beginnings of what would become the largest outbreak 

of EVD on record took hold in West Africa. On March 21, 
2014, the WHO was notified of a growing outbreak in 
southeastern Guinea. The disease spread quickly to its capi-
tal, Conakry, and then to the neighboring countries of Libe-
ria and Sierra Leone.82 West Africa had never experienced 
an EVD outbreak and given the socio-economic conditions 
of these nations, was poorly equipped to respond. By the 
time the outbreak was declared over in June of 2016, there 
were 28,610 cases and 11,308 deaths for a mortality rate 
of 39%. To put things in perspective, from 1976 to 2014 
there were fewer than 2500 cases reported worldwide 
(Table 68.9).84

The Ebola virus is transmitted through contact with 
infected secretions. Ebola has been identified in blood, 
saliva, vomit, feces, urine, sweat, nasal secretions, semen, 
and genital secretions. There is no evidence of airborne 
spread. Ebola enters the host through mucosal surfaces or 

TABLE 68.9 Number of Cases and Deaths During Ebola Outbreaks Worldwide 1976-2014

Country Year Town No. of Cases No. of Deaths Species

Democratic Republic of the Congo 2014 Multiple 66 49 Zaire ebolavirus

Uganda 2012 Luwero District 6* 3* Sudan ebolavirus

Democratic Republic of the Congo 2012 Isiro Health Zone 36* 13* Bundibugyo ebolavirus

Uganda 2012 Kibaale District 11* 4* Sudan ebolavirus

Uganda 2011 Luwero District 1 1 Sudan ebolavirus

Democratic Republic of the Congo 2008 Luebo 32 15 Zaire ebolavirus

Uganda 2007 Bundibugyo 149 37 Bundibugyo ebolavirus

Democratic Republic of the Congo 2007 Luebo 264 187 Zaire ebolavirus

South Sudan† 2004 Yambio 17 7 Zaire ebolavirus

Republic of the Congo 2003 Mbomo 35 29 Zaire ebolavirus

Republic of the Congo 2002 Mbomo 143 128 Zaire ebolavirus

Republic of the Congo 2001 Not specified 57 43 Zaire ebolavirus

Gabon 2001 Libreville 65 53 Zaire ebolavirus

Uganda 2000 Gulu 425 224 Sudan ebolavirus

South Africa 1996 Johannesburg 2 1 Zaire ebolavirus

Gabon 1996 Booue 60 45 Zaire ebolavirus

Gabon 1996 Mayibout 37 21 Zaire ebolavirus

Democratic Republic of the Congo§ 1995 Kikwit 315 250 Zaire ebolavirus

Côte d’Ivoire 1994 Tai Forest 1 0 Taï Forest ebolavirus

Gabon 1994 Mekouka 52 31 Zaire ebolavirus

South Sudan† 1979 Nzara 34 22 Sudan ebolavirus

Democratic Republic of the Congo§ 1977 Tandala 1 1 Zaire ebolavirus

South Sudan† 1976 Nzara 284 151 Sudan ebolavirus

Democratic Republic of the Congo§ 1976 Yambuku 318 280 Zaire ebolavirus

*Numbers reflect laboratory-confirmed cases only.
†Formerly part of Sudan.
§Formerly Zaire.
Table excludes 2014-2016 epidemic and 2017-2018 outbreaks in Democratic Republic of Congo.
Ebola, Ebola virus disease.
Source: CDC. Outbreaks chronology: Ebola virus disease. Atlanta, GA: CDC; 2015. http://www.cdc.gov/vhf/ebola/outbreaks/history/chronology.html
From Bell BP, Damon, IK, Jernigan, DB, et al. Overview, control strategies, and lessons learned in the CDC response to the 2014-2016 Ebola Epidemic. MMWR 

Suppl. 2016;65(3):4–11.
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breaks in the skin.82 This route of transmission reinforces 
the necessity of appropriate PPE use for all healthcare work-
ers. Once in the body, the incubation period is anywhere 
from 2 to 21 days. The mean incubation period in the 2014 
epidemic was noted to be 11.4 days and did not vary by 
country.85 The most common symptoms reported between 
symptom onset and case detection included fever (87.1%), 
fatigue (76.4%), loss of appetite (64.5%), vomiting (67.6%), 
diarrhea (65.6%), headache (53.4%), and abdominal pain 
(44.3%). The most prominent feature in the 2014 outbreak 
was the progression of the gastrointestinal symptoms and 
resultant dehydration, severe electrolyte disorders, acute 
kidney injury, hypoperfusion, systemic inflammatory 
response syndrome, and shock (Table 68.10).83,85 Capil-
lary leak syndrome becomes profound in the late stages 
of the disease and rarely can be associated with respira-
tory distress. Preterminal events include decreased level 
of consciousness, which can progress to seizure and coma, 
disseminated intravascular coagulation, hepatic necrosis, 
renal failure, and gastrointestinal hemorrhage. Nonsurvi-
vors succumb to multiorgan failure refractory to supportive 
care.82,83,85,86

During the West African Ebola outbreak, 11 people 
received treatment for EVD in the United States. A total of 
three patients brought from West Africa to the United States 
experienced multiorgan failure requiring mechanical ven-
tilation and renal replacement therapy. One patient lived 
and two died. Care was provided in specialized biocontain-
ment units (Fig. 68.19). Advanced life-sustaining therapy 
was managed at Emory University Hospital, Serious Com-
municable Disease Unit; at the University of Nebraska 
Medical Center—Nebraska Medicine, Nebraska Biocon-
tainment Unit; and at Texas Health Presbyterian Hospital 
Dallas. All three patients were male and presented with 
severe gastrointestinal symptoms including severe diarrhea 

and multiorgan dysfunction notable for respiratory, car-
diovascular, renal and hepatic insufficiency. Two patients 
were encephalopathic. All had extremely high viral loads. 
Of the two patients that died, the last 12 hours of life was 
characterized by refractory lactic acidosis and abdomi-
nal distension suggesting gastrointestinal perforation or 
ischemia.51,87

The 2014 West African Ebola outbreak is notable for 
the fact that approximately 27 patients with EVD have 
now been cared for in resource-rich settings. Signs and 
symptoms of EVD at the time of presentation to a hospital 
in the United States or Europe were similar to those pre-
senting to Ebola treatment centers in West Africa. Mortal-
ity when care was provided in Europe or the United States 
was 18.5%. This is significantly better than mortality of 
patients in the more resource-challenged environment of 
the West African Ebola treatment units (37%-74%) and 
the historic mortality of 66%.84,88 That said, EVD remains 
a fatal disease despite full access to advanced life support, 
modern diagnostic and laboratory support, and aggressive 
ICU care. Also notable is the fact that critically ill patients 
who have survived have presented early in the continuum 
of the disease. While no one can assume early support 
translates to better outcomes, the first-world experience 
with EVD suggests that early intervention may improve 
outcomes.87!

PERSONAL PROTECTION

The logistics of caring for patients with disease due to highly 
contagious pathogens is complex and outside of the scope 
of this chapter as is a detailed discussion of PPE. That said, 
it is relevant to note some consistencies which are likely to 
reduce human-to-human transmission whether patient-to-
patient or patient-to–healthcare worker. More important 
than the unique physical structure of the units located in 
the United States and Europe within which patients with 
highly communicable diseases receive care is the culture 
of safety and preparedness, including the critical impor-
tance of training healthcare workers to care not only for the 
patient, but for themselves as well.89 As noted, the Ebola 
virus is a highly infectious pathogen. The infectious dose is 
fewer than 10 virus particles. Given that blood viral titers 
can exceed 108 virus particles per milliliter, it is not sur-
prising that even highly trained healthcare workers have 
become infected.88,90

Those providers caring for patients on hospital wards, in 
the operating room, and in the ICU have the highest risk of 
contracting the disease themselves. This is reflected in the 
experience with the SARS-CoV, MERS-CoV, and, of course, 
the Ebola virus. In all situations, patients become infected 
and, in some cases, die as a result of lack of appropriate 
training and a lack of the critical knowledge specific to the 
pathophysiology of each disease as well as the logistics of 
caring for patients while protecting oneself.89

While adherence to standard infection control universal 
precautions is advisable when caring for all patients, anes-
thesia providers who have close contact to oral and respira-
tory secretions need to pay particular attention to elements 
of hospital protocols that apply to patients with respiratory 
infections or the risk thereof. In addition to precautions nec-
essary to prevent contact routes of transmission vis-à-vis 

TABLE 68.10 Most common clinical findings and 
interventions for 27 patients with Ebola virus disease 
during hospitalization in the United States or Europe.

Finding or Intervention Percentage of Patients

Diarrhea 100

Fever 93

Vomiting 74

Supplemental oxygen require-
ment

70

Central venous catheter 67

Indwelling urinary catheter 63

SIRS 59

Hypoxemia 52

Oozing from IV sites 52

Rectal tube 44

Pulmonary edema 44

EKG abnormalities 41

Respiratory failure 33

Uyeki TM, Mehta AK, Davey RT, etal. Clinical management of Ebola virus dis-
ease in the United States and Europe. N Engl J Med. 2016;374[7]:636-646.
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hand hygiene, gloves, and gowns, droplet precautions 
should be in place for all patients with suspected or con-
firmed influenza, SARS, or MERS. At a minimum, providers 
should be wearing a facemask when entering the room of 
a patient with suspected influenza, including perioperative 
areas such as the preoperative holding area or postanesthe-
sia care unit. When moving a suspected influenza patient 
on droplet precautions from one area of the hospital to 
another, having the patient wear a facemask during trans-
port is prudent. This would of course include transport to 

and from the operating room if deemed medically safe and 
appropriate.66

Anesthesiologists routinely perform medical proce-
dures that are aerosol-generating in patients with highly 
contagious pathogens such as discussed above. We should 
only perform procedures on patients with suspected or 
confirmed disease that are critical to optimizing care. 
As an example, for Ebola patients, centrally or peripher-
ally inserted catheters should not be placed for hemody-
namic monitoring, but rather only for critical vascular 

NEBRASKA
BIOCONTAINMENT
PATIENT CARE UNIT
Located on the seventh floor
of the Nebraska Medical
Center’s University Tower,
the 4,100-square-foot
facility was commissioned
by the U.S. Centers for
Disease Control and
Prevention and opened in
2005. The “dirty side” on
the map is where patients
are treated and gear is
considered contaminated.
The “clean side” is where
the uncontaminated gear
and staff are.
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Fig. 68.19 Nebraska Biocontainment Unit, where three patients with Ebola virus disease received care from anesthesiologist-intensivists in 2014. (Cour-
tesy Omaha World-Herald, Omaha, NB.)
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access from which to obtain blood samples without the 
need for repeated needlesticks and to administer fluids, 
electrolytes and vasoactive medications. Similarly, when 
considering respiratory support, early intubation may 
be preferable despite the inherent risk of aerosolization 
when compared to noninvasive positive pressure ventila-
tion (NIPPV) and the risk of vomiting, hematemesis, and 
or aspiration. NIPPV may also result in aerosolization of 
fluids containing viruses putting caregivers at excess risk 
not only from Ebola, but also from other highly conta-
gious diseases. Arterial lines should be placed in the upper 
extremity whenever possible and avoid placement in a 
femoral artery site due to the potential risk of fecal soil-
ing of the line (Fig. 68.20).51,80 If intubation is necessary, 
having a carefully predetermined plan for semi-elective 
non-emergent intubation is essential. Some of the issues 
to address to minimize complications associated with 
intubation include ensuring availability of all medications 
that may be required and access to all likely equipment 
that might be needed to secure the airway. In addition, 
depending on the level of biologic precaution necessary, 
providers must accommodate for the time necessary to 
don appropriate PPE prior to entering the patient-care 
environment.

Finally, all healthcare staff must be instructed to review 
and understand the guidelines for personal protection 
appropriate for each pathogen. Certainly, when caring for 
Ebola patients, the minimum level of PPE should include 
disposable water-resistant suit or coverall, including 
a hood; an N95 mask; a disposable full-face shield; two 
sets of gloves (appropriately sealed), and impermeable 
foot and leg coverings. It is highly recommended that the 
addition of a powered air purifying respirator be included 
when providers are doing any medical procedure with 
high risk of aerosolization.51,82 Doffing of PPE is perhaps 
the highest-risk moment for unrecognized contamina-
tion with Ebola virus. For this reason, the entire doffing 
process should be strictly supervised by a doffing partner. 
The doffing partner should have no other role besides 
supervising the healthcare worker who is removing PPE 
(Fig. 68.21).
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