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NOTICE

Medicine is an ever-changing science. As new research and clinical experience broaden our
knowledge, changes in treatment and drug therapy are required. The authors and the pub-
lisher of this work have checked with sources believed to be reliable in their efforts to provide
information that is complete and generally in accord with the clinical practices accepted at
the time of publication. However, in view of the possibility of human error or changes in
medical sciences, neither the authors nor the publisher nor any other party who has been
involved in the preparation or publication of this work warrants that the information con-
tained herein is in every respect accurate or complete, and they disclaim all responsibility for
any errors or omissions or for the results obtained from use of the information contained in
this work. Readers are encouraged to confirm the information contained herein with other
sources. For example and in particular, readers are advised to check the product informa-
tion sheet included in the package of each drug they plan to administer to be certain that the
information contained in this work is accurate and that changes have not been made in the
recommended dose or in the contraindications for administration. This recommendation is
of particular importance in connection with new or infrequently used drugs.
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This marks the 41st year of publication of our textbook, which began
as a compendium of “answers” to a massive set of questions developed
by members of the American College of Emergency Physicians (ACEP)
and the American Board of Emergency Medicine (ABEM) for the
Emergency Medicine Board Certification Examination. The first ACEP
edition was developed in 1978 as “The Study Guide,” and in 1985, it
matured into the first of 34 years of McGraw-Hill editions. This ninth
edition continues to expand in a scope and depth that we could not fore-
tell 41 years ago. We continue to provide clinically focused information
for all emergency medicine learners and practitioners, from students
and residents, to emergency medicine physicians, advanced practice
providers, emergency medical technicians, and paramedics. We believe
each subsequent edition demonstrates the vital contemporary role of
emergency medical care for individual patients as well as for the health
of the public.

This is much more than a book of emergency medicine content. It is
the result of contributions over the years by over 2000 authors commit-
ted to the education and practice of emergency medicine. I give special
thanks to Howard Werman, MD, Professor of Emergency Medicine at
Ohio State University, James Niemann, MD, Professor of Emergency
Medicine at David Geffen School of Medicine, and Joseph Stephen
Stapczynski, MD, Professor of Emergency Medicine at the University of

Preface

Arizona - Phoenix, for being the only authors who have contributed to
every single McGraw-Hill edition over its 41-year history!

The ninth edition is a component of a larger work,
AccessEmergencyMedicine.com, which blends the advantages of the
web version of the ninth edition of Tintinalli’s Emergency Medicine, with
the leading web-based clinical texts including Ma & Mateer’s Emergency
Ultrasound; Shah & Lucchesi’s Atlas of Pediatric Emergency Medicine;
Goldfrank’s Toxicologic Emergencies; Iserson’s Improvised Medicine; and
Knoop, Stack, and Storrow’s Atlas of Emergency Medicine. Audio posts of
each chapter are available as TNT (Tintinalli’s Necessary Takeaways, by
E. Paul DeKoning, Christina Shenvi, Timothy Buff, and Collyn Murray),
and monthly blogs are available as BoB (Best of the Blogs, by Alex
Koyfman and Brit Long). Procedure videos using traditional and ultra-
sound techniques are available through Multimedia. Videos are hyper-
linked in the web version of the ninth edition and are continually
developed at emergency medicine academic sites. Our goal is to con-
tinue to develop a set of exemplary educational tools to meet the needs
of today’s and tomorrow’s emergency physicians.

Judith E. Tintinalli, MD, MS

Editor-in-Chief
Chapel Hill, North Carolina
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Prehospital Care

CHAPTER

Emergency Medical Services
1 C. Crawford Mechem

INTRODUCTION

EMS is the extension of emergency medical care into the prehospital
setting. Today’s EMS systems have their roots in legislative and clinical
developments of the 1960s and 1970s. The 1966 report “Accidental
Death and Disability—The Neglected Disease of Modern Society” high-
lighted the deficiencies of prehospital care of trauma victims, attribut-
able to inadequate equipment and training. Until that time, more than
half of ambulance services were run by funeral homes because hearses
were among the few vehicles able to transport a stretcher. The National
Highway Safety Act of 1966 established the Department of Transporta-
tion and made it the lead agency responsible for upgrading EMS systems
nationwide.’

In 1967, J. E Pantridge began using a physician-staffed mobile coro-
nary care unit in Belfast, Northern Ireland, to provide prehospital car-
diac care.” Physician staffing of ambulances never gained popularity in
the United States. However, in the late 1960s and 1970s, nonphysician
personnel began learning advanced skills, including IV administration
of medications, cardiac rhythm interpretation, and defibrillation.’?

The U.S. EMS Systems Act of 1973 made available federal grants to
develop regional EMS systems. Approximately 300 EMS regions were
established. To receive funding, the Act required that EMS systems
address 15 key elements (Table 1-1). These elements form the founda-
tion of many EMS systems today.*

The 1970s became a Golden Age for EMS. The U.S. Department of
Transportation developed curricula for emergency medical techni-
cians, paramedics, and first responders. EMS communications systems
were formalized. In 1972, the Federal Communications Commission
recommended 9-1-1 be adopted as the emergency telephone number
nationwide. In addition, the concept of designated trauma centers was
introduced, with the idea being that EMS personnel would transport
injured patients preferentially to these facilities.

The Omnibus Budget Reconciliation Act of 1981 eliminated direct
federal funding for EMS. Instead, federal funds were distributed as block
grants. The result was a decrease in both EMS funding and coordination.
EMS systems took on a decidedly local flavor, with great variation between
systems. This trend has had long-term consequences for the field.!

In 2011, the American Board of Emergency Medicine recognized
EMS as its seventh subspecialty. The certification examination is based
on the Core Content of EMS Medicine with four major content areas:
Clinical Aspects of EMS Medicine, Medical Oversight of EMS, Quality
Management and Research, and Special Operations.’

EMS SYSTEM OVERVIEW

A review of the 15 elements of EMS systems identified by the EMS Sys-
tems Act of 1973 (Table 1-1) provides insight into the structure of EMS
systems and the challenges they face.

MANPOWER

In most urban areas, paid public safety and ambulance personnel
provide prehospital care. In contrast, suburban, rural, or wilderness

SECTION

EMS systems commonly use volunteers. Personnel fall into one of four
licensure levels in accordance with the National EMS Scope of Practice
Model, set forth by the National Highway Traffic Safety Administration.
These are emergency medical responder, emergency medical techni-
cian, advanced emergency medical technician, and paramedic. Each
type of provider must master a minimum set of skills. Emergency medi-
cal responders are often first on the scene of an emergency. They are
trained to perform CPR, spine immobilization, and hemorrhage control
and to use auto-injectors, automated external defibrillators, and other
basic interventions while awaiting an ambulance. Emergency medi-
cal technicians function as part of an ambulance crew. Their training
includes oxygen administration, CPR, hemorrhage control, and patient
extrication, immobilization, and transportation. They assist patients
in using some of their own medications and can administer certain
over-the-counter medications. Advanced emergency medical technician
training includes additional assessment skills plus placement of IVs
and supraglottic airway devices and administration of some medica-
tions. Paramedics have the highest skill level. Because of their advanced
level of training, paramedics function under a designated physician’s
supervision.®

TRAINING

Training includes initial provider training and continuing education. As
EMS call volume increases, providers often care for a disproportionate
number of patients with minor medical issues. Maintaining proficiency
in skills to manage critically ill patients may be difficult. Innovative
training methods to ensure skills retention must be sought. Use of com-
puterized human patient simulators is one option, both for reviewing
skills and learning new ones.

COMMUNICATIONS

The adoption of 9-1-1 as a nationwide emergency number has greatly
facilitated public access to emergency care. In many systems, the local
public safety answering point has software that provides the number
and location of a caller (enhanced 9-1-1). Widespread use of cellular
telephones has prompted the development of technology to identify and
locate these callers as well, in accordance with Federal Communications
Commission regulations. Emergency call takers are trained to collect
necessary information, dispatch appropriate resources, and offer first aid
or prearrival instructions while the ambulance is en route. Ambulance
personnel should also be able to communicate with the destination hos-
pital. Most EMS personnel operate under standing orders and protocols.
However, there are times when providers may require online medical
control, talking directly with a physician for direction.” Historically,
communications represent the weakest link in disasters. It is important
that EMS communication systems have built-in redundancy to ensure
uninterrupted service.

TRANSPORTATION

Ambulance design must enable EMS personnel to provide care such
as airway and ventilatory support while transporting the patient
safely. Basic life support ambulances carry equipment appropriate for
personnel trained at the emergency medical technician level, such as
automated external defibrillators, oxygen, bag-mask ventilation devices,
immobilization and splinting devices, and wound dressings. They carry
few medications and cannot transport patients requiring IVs or car-
diac monitoring. Advanced life support ambulances are equipped for
advanced emergency medical technicians or paramedics, including IV

1
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fluids and medications, intubation equipment, cardiac monitors, and
pulse oximeters. Ground transportation is appropriate for the major-
ity of patients, especially in urban and suburban areas. However, air
transport, generally by helicopter, should be considered for critically ill
patients when ground transport time would be long or if the terrain is
difficult to navigate.*

FACILITIES AND CRITICAL CARE UNITS

Patients are often transported to the closest appropriate hospital. In
recent years, the number of specialty hospitals has increased, including
pediatric hospitals, trauma centers, burn centers, stroke centers, and
centers with advanced cardiac or resuscitation capabilities.® Tertiary care
centers provide many of these services and may also have a large number
of critical care unit beds. The decision to bypass hospitals to go directly
to a specialty center, often at a greater distance, is not a simple one.
Although specialty hospitals often have more resources, transporting an
unstable patient past an ED to get to the specialty hospital is not without
risks. Furthermore, bypassing hospitals may have negative financial
consequences for bypassed facilities.! It is wise to solicit input from the
local medical community before developing destination policies involv-
ing specialty centers.

Due to ED overcrowding, even the largest hospitals may not always
have adequate resources to care for EMS patients. This may result in pro-
longed offload times of ambulance patients, long wait times for patients
to be seen, and ED boarding of admitted patients. Furthermore, some
EDs may request EMS divert elsewhere.” Because of these issues, regional
EMS systems should develop methods to monitor available resources
of their receiving hospitals. A secure, Internet-based website of hospital
resources, including ED and inpatient bed availability, is one option.

PUBLIC SAFETY AGENCIES

EMS systems should have strong ties with police and fire departments.
Many large EMS systems are run by fire departments. In addition
to providing scene security, public safety agencies can provide first
responder services because they are often first on the scene. Fire and
police automated external defibrillator programs are common.'*! Police
administration of naloxone to opioid overdose victims is also a growing
trend."? Such practices have been shown to improve patient outcomes.
Finally, EMS personnel often provide medical support to police and fire
departments in hazardous circumstances.

CONSUMER PARTICIPATION

Public support, both political and financial, is necessary for a good EMS
system. It is important that laypersons contribute to policymaking. One
way to accomplish this is to encourage representation of the public on

regional EMS councils. The public can also participate by volunteering
for local EMS agencies.

ACCESS TO CARE

Successful EMS systems ensure all individuals have access to care
regardless of ability to pay. The EMS system is often a patient’s primary
entry point into the healthcare system. There should be no barriers
preventing access. A more difficult problem exists when terrain or low
population densities result in longer response times for some citizens,
as in rural or wilderness areas. EMS telemedicine programs may be one
way to bring high-level medical expertise to patients in remote areas."

PATIENT TRANSFER

Patients are often transferred from one medical facility to another for a
higher level of care. Safe and seamless transfer is an important concept
and may be facilitated if transferring and receiving facilities develop
transfer agreements in advance. The Emergency Medical Treatment and
Active Labor Act of 1986 sets forth rules hospitals participating in the
Medicare program must follow. Under the Emergency Medical Treat-
ment and Active Labor Act, all patients must receive a medical screen-
ing exam and be stabilized before transfer. There must also be explicit
acceptance of the transfer by the receiving hospital."*

COORDINATED PATIENT RECORD KEEPING

Maintaining good medical records is important to any patient encoun-
ter. Prehospital medical records must be legible and readily accessible
to hospital providers. Standardization of EMS records among differ-
ent agencies within a region helps streamline transfer of information
between prehospital and hospital providers. The adoption of electronic
charting and cloud-based electronic medical record keeping by EMS
systems is a step toward this goal. Electronic charts can be printed out
in the receiving ED or downloaded from a secure Internet website.
Regardless of the system used, EMS agencies must comply with the
Health Insurance Portability and Accountability Act of 1996, designed
to protect the privacy of patient health information.'®

PUBLIC INFORMATION AND EDUCATION

EMS systems have a responsibility to train the public on how to access
EMS and use it appropriately. As EMS call volumes rise and available
resources decline, educating the public to use 9-1-1 for true emergen-
cies is an appropriate goal. However, given the obstacles that many
patients encounter in accessing office- or hospital-based care, convey-
ing this message is not simple. The public needs to know that EMS will
always be there when needed.

Another important message EMS can convey to the public is the
importance of learning CPR, first aid, and basic disaster preparedness.
Recent disasters have illustrated that, at times, the emergency response
infrastructure may be so seriously disrupted that it may take hours
or longer for help to arrive. A public that is adequately prepared and
trained will be in a better position to safely await help.'¢

REVIEW AND EVALUATION

To ensure proper functioning of an EMS system and high-quality care,
there must be a process for ongoing review and evaluation. This requires
input from EMS providers and active involvement of a physician medical
director. A continuous quality improvement program should be estab-
lished to assess system performance and formulate improvements."”
Routine audits of communications, response and scene times, and patient
care records should be performed. Focused audits of conditions such
as cardiac arrest and trauma are valuable. However, obtaining patient
outcomes may be problematic. An unforeseen consequence of the Health
Insurance Portability and Accountability Act is that hospitals are often
hesitant to release patient information, even to EMS services, for fear of
liability.

EMS research is invaluable in advancing prehospital care. It should
not be assumed that what works in the hospital will work in the



prehospital setting. Issues such as limited funding, barriers to getting
patient outcomes, and obtaining informed consent from critically ill
patients, or waivers of consent, can make prehospital research daunt-
ing. However, these barriers must be overcome if patients are to receive
quality care.'®

DISASTER PLAN

The EMS system is an integral part of disaster preparedness and should
be involved in planning with other agencies and the medical community.
The Omnibus Budget Reconciliation Act legislation of 1981 ended direct
federal block grants to EMS. Because EMS is often not considered to be a
public safety entity, emergency preparedness funding for EMS has fallen
behind that of police and fire services.! Despite this, EMS agencies must
maintain a high level of disaster preparedness. This involves written
policies and procedures, stockpiling supplies that may be depleted in
multicasualty situations, and participating in regional disaster drills with
other emergency response agencies and hospitals."”

MUTUAL AID

EMS services should develop mutual aid agreements with neighbor-
ing jurisdictions so care is available when local agencies are unable to
respond.”® Depending on the size and resources of the system, mutual
aid may be required frequently or only under extreme circumstances.
Addressing in advance details such as reimbursement, credentialing,
liability, and chain of command at incident scenes will streamline the
process.

CHALLENGES AND FUTURE TRENDS

The 2006 Institute of Medicine publication Emergency Medical Services
at the Crossroads' detailed many of the challenges facing EMS. These
include fragmentation and lack of interoperability between EMS sys-
tems, between EMS and other public safety agencies, and between EMS
and the rest of the healthcare infrastructure. These limit the efficiency of
EMS systems and may have serious consequences in disaster response.
In addition, the fallout from the Omnibus Budget Reconciliation Act
legislation of 1981 is still being felt. Funding for EMS continues to fall
behind other public safety agencies. Restructuring of Medicare payment
for advanced life support and basic life support services has impacted
reimbursement. The effect of the Affordable Care Act on EMS is unclear.
It has resulted in an increased number of individuals covered by Med-
icaid and a proliferation of high-deductible insurance plans, factors that
may affect EMS revenues. In the face of these uncertainties, many EMS
agencies may have to find other funding sources or cut services. This is
occurring at a time when call volumes are rising in many areas, in part
due to the aging of the population and limited access to health care.!

While demand for EMS steadily grows, in many parts of the country,
EMS staffing is not keeping pace. Many EMS systems are currently expe-
riencing paramedic shortages. Low pay, high stress, increased length of
training, and limited advancement opportunities may make alternative
careers in health care more appealing.”

As a consequence of funding and staffing constraints, many EMS sys-
tems routinely operate at full capacity. As a result, their surge capacity, or
ability to accommodate a sudden, large increase in demand for services,
is limited. To enhance surge capacity, EMS systems need additional
funding for personnel, vehicles, and supplies. They must also participate
in mutual aid programs and frequent training based on threats they are
most likely to encounter.”>*

Despite the many challenges EMS faces, the quality of care con-
tinues to improve, driven in part by EMS research. Some of the
advances involve regionalization of care, resuscitation of cardiac arrest
victims, and management of ST-segment elevation myocardial infarc-
tion (STEMI) patients. The quality of cardiac arrest studies has been
enhanced by adoption of the Utstein template for data reporting. The
Utstein style presents a systematic and standardized format for report-
ing cardiac arrest data, facilitating comparison of results of studies from
different EMS systems.” The importance of basic life support skills
in cardiac arrest and other emergencies is being rediscovered. Basic
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interventions in some cases can have a greater impact on outcome
than advanced life support skills. More widespread use of automated
external defibrillators by first responders and the public has the poten-
tial to increase cardiac arrest resuscitation rates. The emphasis on
high-quality, uninterrupted CPR, as set forth by the 2015 Guidelines
for CPR and Emergency Cardiovascular Care,”* is widely reflected in
EMS protocols.?**® Devices that provide instant feedback on the quality
of CPR are in use by many EMS services.” Prehospital use of 12-lead
electrocardiograms on patients with chest pain is now common.’**
Some systems transmit electrocardiograms to receiving EDs. Others
activate cardiac catheterization labs directly when a patient with STEMI
is identified on electrocardiogram.

EMS is maturing as an important subspecialty of emergency medi-
cine. Growing populations and increased urbanization are driving the
development of EMS systems worldwide.***” The aftermath of the 2004
Asian tsunami emphasized the need for organized and effective prehos-
pital care in developing countries, as well as for international coopera-
tion among EMS agencies.’®* Although EMS systems in some countries
are similar to those in the United States, in other countries, differences
in geography, healthcare system design, funding, and political structure
present unique challenges and the potential for novel solutions. These
developing systems have the advantage of not being encumbered by
decades of tradition and thus can take advantage of lessons learned else-
where. They also present the opportunity for collaboration on interna-
tional research initiatives that can lead to improved patient outcomes.*
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a8 Prehospital Equipment
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Andy Boggust
INTRODUCTION

To alarge extent, early EMS equipment began as hospital equipment that
was extrapolated to the field; it was assumed that if something worked
in the hospital, then it would work in the field. It soon became apparent
that hospital equipment did not always perform under the more rigor-
ous conditions of the prehospital environment. Over the past 30 years,
equipment has evolved specifically for EMS that is better adapted to field
use in terms of size, weight, and durability. This equipment is directed at
resuscitating and sustaining the patient during emergency or interfacil-
ity transport. As the science of EMS continues to mature, more equip-
ment will be scrutinized for effectiveness.! The four basic questions
regarding efficacy of EMS equipment are:

1. Does it do the job?

2. Is it safe?

3. Can it be applied to the field environment?

4. Can it be used effectively by prehospital personnel?

The nature of EMS equipment is changing due to the expanded scope
of practice by paramedics and the blurring of care levels between basic
life support (BLS) and advanced life support (ALS) personnel. Equip-
ment once considered only for ALS care is now being carried on some
BLS ambulances (e.g., defibrillators, vascular access adjuncts, and airway
adjuncts).

VEHICLES

The vehicles may be ground ambulances, helicopters, fixed-wing air-
craft, or a variety of first-response vehicles (fire engines, police cruisers,
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or sport utility vehicles). The most common vehicle used is the ground
ambulance, categorized into three common varieties:

Type I: A standard truck (e.g., pick-up) chassis with a separate modu-
lar box to carry personnel, patient, and equipment

Type II: An enlarged van-type vehicle

Type III: A van chassis with an integrated modular box on the back
for medical care and equipment

In types II and III, there is physical access between the driver’s and
patient care compartments, as opposed to type I, in which these spaces
are separate.

Ground vehicles typically have warning devices (lights and siren) as
part of their equipment. Unwarranted use of red lights and sirens is dan-
gerous for the EMS crew, the patient onboard (if present), and the general
public on the streets.>® Protocols or guidelines to limit the use of these
devices only to times when they are medically indicated are important.

COMMUNICATIONS

The two-way radio is an important piece of equipment carried by pre-
hospital providers. As the arena of wireless communication changes,
EMS systems will need to adapt their communications system to best
fit their needs. The spectrum of frequencies available for emergency
services is limited and shared with other industries that require wireless
communications. In the United States, EMS services may use specific
frequencies (channels) in the very-high-frequency (around 170 MHz),
ultra-high-frequency (around 460 MHz), and public safety (around
800 MHz) bands. In an attempt to create more channels for users, the
Federal Communications Commission (FCC) has decreased channel
spacing from 25 to 12.5 kHz, and there is an FCC mandate to continue
spacing down to 6.25 kHz. Although newer radio equipment can be
reprogrammed to allow for the change in channel spacing, older equip-
ment may not function correctly with this spacing.

Historically, EMS systems in rural or suburban settings have had broad
control over their communications systems; however, as they transport
patients into urban settings and attempt to communicate with urban pro-
viders, the problems of compatible frequencies and channel congestion
may develop. Trunked systems (typically used by urban EMS systems)
may be analog, very-high-frequency/ultra-high-frequency digital radio,
or 800-MHz digital radio. An 800-MHz digital trunked system is popular
because of the advantages of shared equipment between different provid-
ers (EMS, police, and fire), enhanced radio coverage, shared or lowered
cost, and wide-area communications. The main disadvantage with all
trunked systems is the cost necessary to upgrade the current system.*

The First Responder Network Authority (FirstNet) was created
under the Middle Class Tax Relief and Job Creation Act of 2012 as an
independent authority within the United States. FirstNet is charged
with establishing, operating, and maintaining an interoperable public
safety broadband network. To do this, Congress allotted $7 billion and
20 MHz of radio spectrum to build the network. FirstNet requires each
state to have a Radio Access Network connecting to FirstNet’s network
core. FirstNet is responsible for consulting with states, local communi-
ties, and tribal governments to develop the requirements for its Radio
Access Network deployment plan.’ FirstNet is creating the first nation-
wide high-speed broadband network providing a single interoperable
platform for law enforcement, firefighters, paramedics, and other public
safety officials in every state, county, locality, and tribal area.®

ELECTRONIC MEDICAL RECORD

Use of the prehospital electronic medical record has increased sub-
stantially over the past 10 years. As usage of these electronic systems
increases, bio-surveillance, research, and system quality assurance
analysis have become easier because of better data access.”!

Large systems with enough resources often have their own software
specifically written for that system. Smaller EMS systems often use
off-the-shelf alternatives. Using one of the latter products may require
either modification of a vendor’s product or modification of the EMS
system workflow to make the software fully functional. Many states are
in the process of generating or have already generated a common data

set and are collecting statewide data, which are submitted to the state
EMS agency.

One common difficulty with the prehospital electronic medical
record is incompatibility with the hospital electronic medical record.
This means that the ambulance record cannot be expeditiously trans-
ferred to the hospital database. Long-term solutions need to be devised
to ensure that all of these record systems are compatible.?

PERSONAL PROTECTIVE EQUIPMENT

Every EMS provider must be educated about the risks of occupational
exposure and protected against exposure to blood and other body fluids
from patients. Equipment such as masks, goggles, and gloves for routine
use should be carried on every EMS vehicle. On occasion, gowns or
sturdy gloves may be needed.”

Exposure to hazardous material or biologic or chemical weapons
of mass destruction requires more protective equipment. Minimum
personal protective equipment for such exposure should include a
high-efficiency particulate air filter mask that filters 99.97% of air-
borne particles 0.3 um in diameter (or an acceptable alternative for
the purpose, such as an M95 military gas mask), goggles, gloves, and
protective clothing. Protective clothing should be nonabsorbent and
puncture resistant (Figure 2-1)."

Some urban EMS providers wear soft body armor as a standard part
of the uniform. Suburban and rural providers can be placed in situa-
tions that necessitate similar protection. With advances in soft-armor
technology, there are now a variety of styles and levels of protection from
which to choose. Although each service must consider such variables
as comfort, heat, weight, and cost, for EMS providers, a combination of
ballistic/stab protection is optimal.”®

EQUIPMENT FOR STABILIZATION,
RESUSCITATION, AND TREATMENT

This section reviews defibrillators, ECGs, airway and ventilation
adjuncts, vascular access devices, spinal immobilization, and extremity
immobilization.

DEFIBRILLATORS

Defibrillators have been an essential part of prehospital care since
Pantridge showed that defibrillation could be done in the field on the
streets of Belfast in 1965. Because early defibrillation is the most
important factor in surviving a cardiac arrest,'® defibrillators have
become smaller, less costly devices that are more appropriate for the
prehospital setting.

ﬁ
X

FIGURE 2-1. Personal protective equipment: filtered (high-efficiency particulate
air, M95, N95, or chemical-specific) mask, goggles, gloves, and protective clothing.
[From Professional Paramedic Association of Ottawa, http://www.ottawaparamedics.ca/
special-ops/]
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An increasing percentage of BLS services carry automated external
defibrillators. These devices are shock advisory defibrillators. Auto-
mated external defibrillators analyze the patients rhythm by computer
algorithm, determine if the rhythm meets defibrillation criteria, inform
the operator that a shock is advised, charge the capacitor, and deliver a
defibrillation when the operator pushes the appropriate button. Auto-
mated external defibrillators are designed only to shock ventricular
fibrillation and very fast ventricular or supraventricular tachycar-
dias (usually >180 beats/min). Automated external defibrillators have
become so easy to use and are so effective that many health and medical
organizations are promoting these devices for first responder public
safety personnel and for public access defibrillation by laypersons.'”*

Automated external defibrillators are basic and relatively inexpensive.
They often do not have monitor screens that display the patient’s rhythm.
This actually may be better because a rhythm on the screen may serve only
to distract a non-ALS operator.” The device should have recording capa-
bilities so that the cardiac arrest can later be reviewed for medical oversight
and quality assurance reasons.! The medical director should be involved in
choosing such devices, training in their use, establishing protocols for their
use, and reviewing their use afterward for quality assurance.!”

Defibrillators used by ALS personnel are typically more sophisticated
devices, usually with additional functions. Defibrillation is facilitated
using hands-off combination monitoring/defibrillation adhesive pads
rather than with handheld paddles. Pads give better contact with the skin
and decrease skin resistance to allow for a higher success rate of rhythm
conversion. It is also safer for the operator who does not have direct
contact with the patient when the shock is delivered. The ALS defibrilla-
tor has a screen for interpreting rhythms and so is also used for ongoing
monitoring of patients’ rhythms. It may be used for cardioversion of
nonlethal rhythms or pacing bradyasystolic rhythms. Additional critical
care patient monitoring can be incorporated into an ALS defibrillator,
including noninvasive blood pressure, pulse oximetry, end-tidal partial
pressure of carbon dioxide in intubated patients, and other physiologic
parameters. ALS personnel can use these machines for closely monitor-
ing very ill patients during emergent calls or interfacility transfers.

Modern defibrillators use biphasic waveforms for shock delivery (as
opposed to the traditional monophasic waveform). Biphasic defibrilla-
tors defibrillate and cardiovert at lower energy levels and thus decrease
myocardial injury.>*

Prehospital 12-lead ECGs have become increasingly important
in the management of ST-segment elevation myocardial infarc-
tions. Both BLS and ALS ambulance services can perform ECGs in the
prehospital setting.*** Analysis of ECGs provided immediately by the
electrocardiograph has demonstrated limited sensitivity for detecting
ST-segment elevation myocardial infarction.> However, sensitivity can
be increased using serial prehospital ECGs, training paramedics to inter-
pret ECGs, and providing computer-assisted interpretation or remote
physician overread of the ECG.”? Irrespective of the method of inter-
pretation, patients with a prehospital 12-lead ECG showing ST-segment
elevation myocardial infarction arriving at a hospital with a dedicated
percutaneous coronary intervention team in place have reduced door-
to-balloon time and reduced mortality when compared with similar
patients arriving without a prehospital 12-lead ECG.**%

AIRWAY AND VENTILATION ADJUNCTS

In a patient with acute respiratory failure or arrest, these devices main-
tain a patent airway that otherwise would have to be maintained by the
paramedic. In addition, some airway adjuncts aid in preventing compli-
cations of airway management, such as gastric distention or aspiration.
See Chapter 28, “Noninvasive Airway Management and Supraglottic
Airways,” and Chapter 29A, “Tracheal Intubation” and Chapter 29B,
“Mechanical Ventilation,” for detailed discussions of these topics.

Oral and Nasal Airways The simplest devices for airway management
after manual airway maneuvers are the oropharyngeal and nasopharyn-
geal airways. These basic airway adjuncts usually are paired in the field
with a simple bag-valve mask device for ventilation and will work quite
well together.* Ventilation with the bag-valve mask can be difficult for a
single person to both attain a good seal with the mask and compress the
bag to produce an adequate tidal volume for the patient. It is probably
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1R E W Comparison of Combitube®, LMA®, and King LTS-D®
Device Use Comments

Combitube® | Adults Prevents/minimizes aspiration
Adolescents >48 in. tall or If inadvertently placed in trachea, will
age >14y still ventilate

Cannot use if gag reflex present
Sturdy balloon
LMA® Sizes for adults and children | May not prevent aspiration
(an cause respiratory obstruction if
incorrectly placed
(Cannot use if gag reflex present
King LTS-D® | Sizes for adults and children | Prevents/minimizes aspiration

If inadvertently placed in trachea, will
still ventilate

(Cannot use if gag reflex present
Sturdy balloon
Port for gastric decompression tube

Abbreviation: LMA® = laryngeal mask airway.

more effective (especially for first responder and ambulance personnel
who do not perform the skill often) to make this a two-person task
(one person to maintain the seal and one person to compress the bag
to maintain tidal volume). Along with these adjuncts, effective portable
suction devices are available to be carried to the patient’s side to help
clear the airway.

Supraglottic Airways More advanced airway devices are used if the
patient appears to need more prolonged airway management or is at
greater risk for aspiration.® At the BLS level, these airways include,
most commonly, the esophagotracheal Combitube® or King LTS-D®
airway or the laryngeal mask airway (LM A®) (Table 2-1). Each of these
is used in conjunction with a bag-valve mask for ventilation. Supraglottic
devices improve the airway seal to promote better ventilation than the
bag-valve mask with the oral airway and seal the airway off with a bal-
loon to reduce the risk of aspiration. Supraglottic airways may decrease
hands-off time during resuscitation, but there is limited prehospital
evidence to suggest that any advanced airway offers a neurologic survival
benefit compared to simple bag-valve mask use.” Previous in-hospital
evaluations of supraglottic devices have reported safety and efficacy.
Future prehospital evaluations of supraglottic devices will need to address
benefit, harm, and neurologic outcomes.

Although supraglottic devices are available for the pediatric popula-
tion, a review of pediatric alternative airway devices used in prehospital
care demonstrates the problems encountered in the field with airway
management of children.”® No clear benefit exists for endotracheal intu-
bation over simple bag-valve mask, and evidence of benefit for prehos-
pital supraglottic device use is very limited.***

Endotracheal Intubation Endotracheal intubation is the “gold stan-
dard” for airway management in all patients and is especially useful in
patients in whom the other airway adjuncts are not satisfactory.”
The majority of ALS systems use endotracheal intubation as the airway
of choice for patients in respiratory failure or with an unprotected air-
way. Numerous adjuncts to assist with endotracheal intubation can be
found in the ED as well as the prehospital setting. However, provider
procedural experience is a primary determinant for successful place-
ment. For further discussion, see Chapter 29A, “Tracheal Intubation”
and Chapter 29B, “Mechanical Ventilation.”

The basic emergency medical technician curriculum has an optional
module for endotracheal intubation training. Therefore, intubation
equipment may be found on some BLS ambulances. Increasing the
number of ambulance personnel in need of endotracheal intubation
training in an EMS system may cause logistic problems for the medi-
cal director. It is sometimes difficult to obtain adequate live intubation
opportunities for the personnel in an EMS system to maintain skills.
Some studies have shown that basic emergency medical technicians
do not maintain endotracheal intubation skills and have low rates of
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successful completion.*** This might suggest that intubation should
remain an ALS skill.***

Rapid-Sequence Intubation Another intubation-related modality
that has bearing on the equipment carried on an ambulance is rapid-
sequence intubation. Critical care transport services have been per-
forming rapid-sequence intubation for more than a decade, and now this
same level of care is provided in ALS systems as well. Rapid-sequence
intubation raises the level of training, judgment, and psychomotor skills
needed by the paramedic, but has the advantage of being able to secure
more difficult airways. In addition to the usual equipment required for
intubation, rapid-sequence intubation requires ALS services to carry
the medications needed for sedation and paralysis.* The technique
increases the need for oversight and vigilance by the medical director.
Numerous large EMS systems have all indicated difficulties with ALS
prehospital intubation, with or without the assistance of neuromuscular
junction blockade or sedation.”**” Intubation, especially rapid-sequence
intubation, is a training-intensive modality. Large systems with many
paramedics may have difficulties with training type and intensity.*
Smaller services, such as air medical services, which have a smaller
group to train, a smaller span of medical control, and more intubation
experience per provider, may be able to attain and maintain the complex
skills needed for rapid-sequence intubation.*®

CONTINUOUS POSITIVE AIRWAY PRESSURE AND BILEVEL POSITIVE
AIRWAY PRESSURE

Continuous positive airway pressure maintains a continuous level of
positive airway pressure throughout the respiratory cycle. Similarly,
bilevel positive airway pressure delivers continuous positive airway pres-
sure in a preset or measured inspiratory positive airway pressure phase
and expiratory positive airway pressure phase. BLS and ALS services
become competent in the use of this adjunct with additional training
and a broadened understanding of respiratory physiology.*' Use of
either modality in the ED and prehospital setting is lifesaving and cost-
effective in the treatment of the severely dyspneic patient.”>

VASCULAR ACCESS EQUIPMENT

The equipment used to establish IV access is the same as at hospital:
tourniquets, cleaning agent, IV catheters, IV fluid bags, and IV tub-
ing. ALS ambulances need IV access for fluid resuscitation and for
administration of medications. In general, vascular access for medica-
tion administration is completed as soon as possible after the patient is
assessed and it is determined that pharmacologic intervention is needed.
For fluid resuscitation, usually in trauma patients, vascular access usu-
ally is started en route to the hospital after the patient is immobilized,
unless there is prolonged scene time due to extrication. This is to avoid
prolonged scene times that may be detrimental to a trauma patient who
may need intervention in the operating room. In any event, the amount
of fluid that can be administered during transport is modest and may
not be physiologically significant. Some data show that aggressive fluid
resuscitation of hypovolemic trauma patients is detrimental, in that it
may increase morbidity and mortality by enhancing exsanguination
from vascular or organ injury requiring operative intervention.***
The difference between hospital and EMS usage of IV equipment is
that the medical director must provide guidelines for when and how
to institute vascular access to allow appropriate interventions at the
appropriate time. Use of vascular access should be examined in the
quality assurance process in an ongoing manner.

I0 access devices are important adjuncts for rapid vascular access in
the critically ill patient.® Multiple recent works document the ability of
ALS providers to quickly establish functional IO access.””*® Guidance
is provided in a position paper from the National Association of EMS
Physicians (http://www.naemsp.org).>>*

PREHOSPITAL ULTRASOUND

US is an important diagnostic tool in the practice of emergency medi-
cine. New diagnostic applications for bedside US in the ED are reported

Guidelines for Cervical Spine Clearance in the Field
« Absence of neck pain, tenderness, or discomfort
« Age between 11and 65y
+ No altered sensorium
« No intoxication
» No distracting injuries

Source: Data from Tatum JM, et al. Validation of a field spinal motion restriction protocol in a level |
trauma center. J Surg Res, 2017. 211: p. 223-227.

in emergency medicine literature almost monthly. Moving US into the
prehospital setting would seem like a logical next step. Multiple investi-
gations demonstrate the feasibility of prehospital US in the United States
and Europe. Some prospective observational data on prehospital US in
EMS systems is available.®¢*

SPINAL IMMOBILIZATION

Preservation of the integrity of the spinal column and spinal cord is
of paramount importance in the prehospital setting. The first person
to assess the patient should immobilize the cervical spine immediately
and, if necessary, simultaneously perform a modified jaw thrust to open
the airway. Manual stabilization of the neck is not released until the
patient has been transferred and securely strapped to a board. Short or
long boards, either alone or in combination, are used to immobilize the
spine depending on the initial position in which the patient is found by
the emergency medical technician or first responder.

Carrying boarded patients takes a physical toll on emergency medical
technicians and paramedics. Evaluation of the boarded patient is more
expensive and time consuming in the ED because of the need to clear
the cervical spine.® A reasonable approach is for the medical director to
develop protocols and guidelines for clearance of the spine in the field.®
A patient with no neck pain, tenderness, or discomfort (neck pain must
be defined liberally and include stiffness or “feels funny”); not in the
extremes of age (<10 years or >65 years); with no altered sensorium
(no drugs or alcohol present, no head injury); and with no distracting
injuries (long-bone fracture, abdominal or chest injury) may be cleared
in the field because there is an extraordinarily low probability of neck
injury (Table 2-2).

SPINAL BOARDS AND CERVICAL COLLARS

Long or short spinal boards are made from plastic or wood and pro-
vide a rigid surface to minimize movement of the cervical, thoracic, or
lumbar spine. Straps secure the patient to the board for transport. Some
boards are provided with firm rubber blocks on either side of the head
with straps to go across the blocks to keep the head steady. Blanket rolls
or sandbags secured to the board with tape are also effective head blocks.
A popular and effective variation of the short board is the Kendrick
Extrication Device® (KED®) (Figure 2-2), which consists of slats of rigid
material bound together by heavy cloth.

This board immobilizes the cervical spine, wraps partly around the
patient, and is then strapped the rest of the way around the thorax and
around the thighs for secure immobilization. If necessary, the patient
can be lifted by the straps, allowing for easier and safer upward extrica-
tion from the vehicle.®®

Rigid cervical collars are more accurately called cervical extrication
devices. Multiple types are used in the field, such as the Philadelphia®
collar, the Miami J® collar (Figure 2-3), the Stifneck® (Laerdal Medical,
Wappingers Falls, NY), and the Nec Loc® (Junkin Safety Appliance Co.,
Louisville, KY).

The collars come in two asymmetric pieces, which are used and
marked for back and front, or as a single piece that is folded into the
correct shape. By themselves, collars are not adequate for cervical
immobilization but require additional lateral support to avoid move-
ment in that direction. For adequate immobilization, the patient needs
to be strapped on the backboard and secured with head blocks and
head straps. Once the patient is well secured to the board, the collar
does not add a significant amount of stabilization and actually can
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FIGURE 2-2. Kendrick Extrication Device® (KED®) (Armstrong Medical Industries,
Lincolnshire, IL). [Reproduced with permission from Armstrong Medical Industries, Inc.]

be removed without compromise of the spine; however, it is often left
in place for added protection. Patients with mandible or soft tissue
neck injuries probably should not have a collar applied because of the
potential for airway compromise, which could be masked by the collar.
Newer collars have openings in the front to allow observation of the
trachea and jugular veins, but this may not be adequate for observing
other neck areas. Soft cervical collars are not adequate or appropriate
for prehospital care.

FIGURE 2-3. Miami J® collar. [Reproduced with permission from Ossur Americas, Foot
Hill Ranch, €0.]
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SEQUENCE OF SPINAL IMMOBILIZATION

Prehospital personnel are taught to have a high index of suspicion for
spine trauma. If the patient is sitting in a car after an accident and
is stable from respiratory and circulatory standpoints, a short spine
board and rigid cervical collar or Kendrick Extrication Device® are
first used to get the patient out of the vehicle safely and onto a long
spine board. If the situation at hand is a critical one because of the
patient’s condition or the threat of hazards, such as chemicals, fire, or
water, the patient can be extricated more rapidly using only the cervical
collar. After applying the cervical collar, the patient is carefully rotated
out and slid onto the waiting long board.

At a noncritical scene, when the patient is still sitting in the vehicle,
one emergency medical technician secures the neck with his or her hands
and applies the necessary airway maneuvers, while the second emergency
medical technician applies the rigid cervical collar. The short board is then
slid in behind the patient, and the patient is strapped to the short spine
board. (Short boards are not used if the patient is not seated in a vehicle.)
The first emergency medical technician maintains manual stabilization of
the neck until the patient is secured to the short board. The patient’s head
and trunk can then be rotated around as one unit and slid directly onto the
long board positioned on the car seat or on the ambulance cot. The patient
is then strapped to the long board and then to the cot. A properly boarded
patient can be turned on the board or even stood on end if necessary to
move the patient to the ambulance. If the patient vomits, for instance, the
board can be partly log-rolled up to prevent aspiration.

Because of the difference in relative size and positions of head and body,
adults and children need slightly different positioning on a backboard. An
adult needs more padding under the head, whereas a child needs more
padding under the body to maintain neutral neck position.

If a patient is walking at the scene when the paramedical personnel
arrive but complains of neck pain, the patient can be boarded from a
standing position. If the patient is lying on the ground when the emer-
gency medical technicians arrive, the patient can be carefully log-rolled
by several attendants onto a long backboard.

Immobilization on a rigid board produces midline cervical pain
and tenderness, so examination and radiographs should be performed
promptly on arrival. Radiographs can be done without difficulty
through short and long boards. In general, patients should not be
removed from immobilization until the spine has been cleared clinically
and radiographically. Transfer from the hard prehospital board to a pad-
ded board at the hospital is desirable if the patient may spend prolonged
time immobilized.*”

FOOTBALL HELMET REMOVAL

The National Athletic Trainers’ Association and the Inter-Association
Task Force for the Appropriate Care of the Spine-Injured Athlete devel-
oped guidelines for the prehospital care of athletes with potential spine
injury. These guidelines had recommended that the face mask of a
football helmet be removed at the earliest opportunity, before trans-
portation and regardless of respiratory status.”’ However, because a
properly fitted football helmet with shoulder pads holds the head in
a position of neutral spinal alignment, field removal of these devices
is no longer recommended by these guidelines, a tenet held in many
EMS systems. It is recommended that the helmet and shoulder pads
remain on as the athlete is immobilized and transported on a rigid
backboard.”>7* Simultaneous removal of the helmet and shoulder pads
should be done after clinical assessment and radiographs at the hos-
pital, although radiographs may have to be repeated after equipment
removal.

Removal of football shoulder pads and helmet requires several
individuals to maintain spinal alignment (Figure 2-4). One individual
stands at the head of the bed to stabilize the patient’s head, neck, and
helmet, while others stabilize the spine and body. All straps and laces
that secure the pads to the torso and arms are cut, not unbuckled or
unsnapped. The laces or straps over the sternum are cut, allowing the
right and left anterior portions to be spread open, exposing the chest.
The posterior portion of the shoulder pads is kept in place to maintain
spinal alignment with the helmet. Another individual cuts the chin
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Helmet Removal

The varying sizes, shapes, and configurations of
motorcycle and sports helmets necessitate some
understanding of their proper removal from victims
of motorcycle crashes. The rescuer who removes a
helmet improperly may unintentionally aggravate
cervical spine injuries.

The Committee on Trauma believes that physicians

who treat the injured should be aware of helmet Cg\;;;L;aze_
removal techniques. A gradual increase in the use of motorcgcle
helmets is anticipated, because many organizations - rei/cer’

are urging voluntary wearing of helmets, and some
states are reinstating their laws requiring the

wearing of helmets.
-

(>

~

2. A second rescuer cuts or
loosens the strap at the D-rings.

1. One rescuer maintains inline
immoblization by placing the
hands on each side of the helmet
with the fingers on the victim’s
mandible. This position prevents
slippage if the strap is loose.

6. After the helmet has been
removed, the rescuer at the top
replaces the hands on either
side of the victim’s head with the
palms over the ears.

5. Throughout the removal
process, the second rescuer
maintains inline immobilization
from below to prevent unnecessary
neck motion.

Types of Helmets

> @

Full face Partial face Light head Football
coverage— coverage— protection—
motocross motorcycle, auto  bicycle, kayak
racer

~
~

~
-

4. The rescuer at the top moves
the helmet. Three factors should
be kept in mind:

* The helmet is egg shaped and
therefore must be expanded
laterally to clear the ears.

* If the helmet provides full facial
coverage, glasses must be
removed first.

¢ If the helmet provides full facial
coverage, the nose may
impede removal. To clear the
nose, the helmet must be tilted
backward and raised over it.

3. The second rescuer places
one hand on the mandible at the
angle, the thumb on one side,
the long and index fingers on the
other. With the other hand,
pressure is applied from the
occipital region. This maneuver
transfers the inline immobilization
responsibility to the second
rescuer.

Summary

7. Inline immobilization is
maintained from above until a
backboard is in place and a
cervical immobilization device

The helmet must be maneuvered
over the nose and ears while the
head and neck are held rigid.
¢ Inline immobilization is first
applied from above.
¢ [nline immobilization is
applied from below by a
second rescuer with pressure
on the jaw and occiput.
¢ The helmet is removed.

¢ Inline immobilization is

(collar) is applied. .
reestablished from above.

FIGURE 2-4. Helmet removal technique. [Reproduced with permission from American College of Surgeons, Committee on Trauma Brochure, April 1997.]

strap from below while standing beside the patient’s chest. Accessible
internal padding should be removed from inside the helmet and any air
bladders deflated. The individual standing alongside the patient’s chest
then reaches up into the helmet to stabilize the head by placing a hand
with fingers and thumbs spread alongside the jaw, mastoid region, and
occiput. (See Video: Football Helmet Removal.)

Two additional individuals stand alongside the patients chest and
place their hands directly on the skin in the thoracic region. On com-
mand, the patient is lifted slightly, with all four individuals maintaining
spinal alignment. The individual standing at the head of the bed can
remove the helmet by a slight forward rotation to slide it off the occiput.
Slight traction or anteroposterior motion may be necessary, but care
should be taken not to move the head and neck unit. Attempting to assist
removal by pulling on the ear holes tightens the helmet in the forehead
and occipital regions and does not help. The posterior portion of the

shoulder pads is removed, and the patient is lowered. A rigid cervical
collar can then be placed.

TRACTION SPLINTS

Pelvic fractures and lower extremity fractures are potentially life and
limb threatening. Fractures of the femur can damage vessels and nerves
when bony fragments move. Stabilization in the field is important to
minimize blood loss and soft tissue damage. The femoral traction splint
is the preferred device for femur fractures.

Several leg traction splint variations are available for use. The two
most commonly used types are the Hare® splint (Dynamed, Westbury,
Tasmania) and the Sager® splint (Minto Research and Development,
Inc., Redding, CA). The underlying technique is the application of trac-
tion by a hitch on the ankle against resistance when the splint impinges
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FIGURE 2-5. Hare® traction splint. (Courtesy of Jan Smith, RN, MPH, NREMT-P; acknow!-
edgments to Kara Smith and Lucky Bruton, EMT-P.)

proximally on the pelvis. The padded proximal end of the Hare® splint
abuts the ischial tuberosity (Figure 2-5). The proximal end of the Sager®
splint rests against the pubic symphysis (Figure 2-6). These splints can-
not be used if a pelvic fracture is suspected because the pressure on
the pelvis may further displace a fracture and cause more bleeding.
Also, do not apply a traction splint if there is open fracture, hip dislo-
cation, suspicion for neurovascular injury to the extremity, or injury
about the knee, because a traction splint may exacerbate neurovascu-
lar or knee injury. (See Video: Hare Traction Splint.)

Leg traction splints also may be used for tibial shaft fractures. Traction
splints should not be used for fractures near the knee because longitudi-
nal traction may damage neurovascular structures in the popliteal region.
Traction splints for the tibia should be reserved for angulated or dis-
placed fractures; otherwise, an air splint or a pillow splint would suffice.

At the scene, clothing should be removed and the extremity assessed
for injury and distal neurovascular function. If the Hare® splint is used,
the proximal half ring is placed in the crease of the buttocks against the
ischial tuberosity. Traction is placed on the ankle with the padded ankle
strap by one rescuer while the splint is strapped to the leg. The ankle
strap is then attached to a ratcheting mechanism, and traction is tight-
ened. If a Sager® splint is used, the splint is placed on the medial side
of the limb up against the groin. The padded ankle hitch is applied, and
traction is applied until malalignment is reduced and pain is relieved.
Elastic straps are then applied to hold the splint to the leg.

The Hare® splint can be longer than an ambulance cot when fully
extended, and care needs to be taken when closing the rear door of the
ambulance. The Sager® splint is shorter than the Hare® splint, and one
Sager® splint can be used to splint both legs simultaneously. The Sager®

FIGURE 2-6. Sager Emergency Traction Splint; Model $304, Form IIl Bilateral, Applica-
tion step 3 “Secure.” [Used with permission from: Minto Research & Development, Inc.,
Redding, CA.]
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splint is less bulky and therefore takes up less room in an ambulance or
a helicopter.

PELVIC STABILIZERS

Unstable pelvic fractures can be immobilized to minimize the risk of
bleeding from patient movement and during transport.” A sheet wrap,
applied around the patient at the level of the trochanter and fastened
with a clamp or hemostat, is the simplest stabilization method. Com-
mercial devices, such as the SAM Pelvic Sling®, are also available.

PHARMACEUTICAL SUPPLIES

The basic emergency medical technician curriculum has modules that
teach emergency medical technicians to administer a patient’s personal
medication in specific circumstances. For example, modules are provided
for administering nitroglycerin for chest pain, inhaled B-agonists for
bronchospasm, glucagon for hypoglycemia, and epinephrine-preloaded
injections for anaphylaxis. Some states have gone beyond this and allow
BLS services to stock and provide the medications covered in these
modules.

The medications carried by ALS services are more extensive, but pre-
hospital pharmaceutical interventions are limited to the few that make
a real difference before or during transport.’*”” These include oxygen,
glucose, nitroglycerin, inhaled B-agonists, naloxone, parenteral narcotic
and nonsteroidal analgesics, benzodiazepines, furosemide, epinephrine,
lidocaine, magnesium, amiodarone, adenosine, diltiazem, calcium,
and sodium bicarbonate. In the system that provides rapid-sequence
intubation, neuromuscular junction-blocking agents (succinylcholine,
vecuronium) are also provided.
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The complete reference list is available online at www. TintinalliEM.com.
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Air Medical Transport

3 Keith C. Stone
Stephen H. Thomas

INTRODUCTION

Air medical transport consists of helicopter (or rotor-wing) and airplane
(or fixed-wing) transport and is an important component of EMS sys-
tems for prehospital care and interfacility transport. These specialized
vehicles offer fast speeds, ranging from 100 to 200 miles per hour for
helicopters to >500 miles per hour for airplanes. Although many ill and
injured patients can be transported safely by ground, air medical trans-
port provides added medical assessment and care capabilities beyond
those of the paramedic-staffed ground ambulance. Guidelines for the
use of air medical transport exist, but field EMS personnel and physi-
cians involved in transfer decision making should be able to consider
situational circumstances to determine the appropriate transportation
mode.

Weather can be an operational limitation, particularly for helicopters.
The radius of service differs between helicopters and fixed-wing craft,
but, as a general rule, fixed-wing transport is considered when weather
conditions are poor or when transport distances exceed 150 to 200 miles.

The complexity of air transport far exceeds the simple act of loading
a patient on an airborne vehicle. National organizations such as the
Air Medical Physician Association, the Committee on Accreditation of
Medical Transport Systems, and the National Association of EMS Physi-
cians have published texts, position statements, and guidelines covering
aspects of air medical transport. The Air Medical Physician Association
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(http://www.ampa.org) Air Medical Physician Handbook is a particularly
helpful resource for medical issues. The Committee on Accreditation of
Medical Transport Systems (http://www.camts.org) accreditation stan-
dards address medical, aviation, organizational, and operational issues.
The National Association of EMS Physicians (http://www.naemsp.org)
has created detailed position statements and guidelines addressing heli-
copter EMS trauma and nontrauma triage criteria, as well as training of
physicians involved as air medical crew or medical directors.

Rigorous training programs, covering both cognitive and proce-
dural skills, enable flight crews to provide a high level of intratrans-
port care. In-flight communications capabilities should include the
ability of the air medical crew to speak with medical control physicians,
as well as arrange for any change of plan (e.g., direct transport to the
operating suite) necessitated by patient condition.

HELICOPTER TRANSPORT
AVIATION ISSUES

Individual hospitals, hospital systems, or private for-profit enterprises
run most U.S. civilian air transport programs. Because helicopters are
expensive (ranging from $750,000 to more than $5 million each) and
other aviation needs (e.g., maintenance, pilot training) are also resource
intensive, most hospital-based programs lease their helicopters from
vendors. The air medical program typically provides and equips com-
munications and medical personnel, whereas the aircraft vendor sup-
plies the helicopters, pilots, and maintenance personnel. Although costs
vary depending on geographic region, patient case mix, equipment and
aircraft used, and even the methods used for their calculation, annual
operating costs for a rotor-wing service typically exceed $2 million.

Safety is an overriding consideration for air transport. Optimiza-
tion of safety begins well before an actual air transport, with training
of the flight crew and of those who interact with them at scenes and
hospitals. Training is especially important for scene responses, in which
the helicopter may be landing in an unknown area with more nearby
obstacles (e.g., wires, trees) than the hospital helipad. In addition to
providing training for referring agencies, helicopter EMS pilots and
medical crew should undergo both initial and recurrent safety training.
For added protection, most helicopter EMS programs have followed
the lessons of the military experience and adopted injury-prevention
maneuvers such as the use of helmets and fire-resistant clothing. As
another safety issue, the pilot should be “blinded” to the nature of the
call during mission planning; this eliminates the introduction of acuity-
related subjectivity as the pilot considers whether the mission should
be accepted.

Safety is partially behind the transition of helicopter EMS programs
from single-engine helicopters with visual flight rules capability to twin-
engine helicopters that can fly under instrument flight rules conditions.
The latter aircraft have greater lifting capacity, range, and speed and
usually can execute controlled landings in the event of failure of one
engine. A visual flight rules aircraft can fly only during good visibility,
whereas instrument flight rules aircraft operate safely in poorer condi-
tions; both comply with visibility limitations imposed by the Federal
Aviation Administration, but the instrument flight rules helicopter has
fewer restrictions. If the pilot unexpectedly encounters bad weather dur-
ing a flight, an instrument flight rules helicopter (as compared with a
visual flight rules aircraft) has a better chance of completing the mission
successfully and safely. Due to the complexity of instrument flight rules
operations, some programs (especially those with frequent bad weather
periods) have elected to use two-pilot instrument flight rules.

Air medical programs operate under rules established by the national
aviation authority—in the United States, the Federal Aviation Adminis-
tration. Additionally, the industry itself has set forth stringent standards
under the auspices of the Committee on Accreditation of Medical Trans-
port Systems. On request, the Committee on Accreditation of Medical
Transport Systems performs site visits of air medical programs to certify
that they comply with strict safety and operational (as well as clinical)
standards. As of September 2016, 183 U.S. transport programs were
accredited by the Committee on Accreditation of Medical Transport
Systems.

AIR MEDICAL CREW

The primary considerations regarding medical members of the flight
crew are crew configuration and training. Although there are few abso-
lutes with regard to optimal configuration, initial and recurrent training
is at least as important as the credentials of the flight team members.

The air medical team can have multiple compositions: nurse-
paramedic, nurse-nurse, nurse-physician, or nurse-respiratory
therapist. These differences may be one reason that the literature has
failed to answer definitively the seemingly simple question of whether a
physician should be on board the helicopter. Most U.S. programs agree
that physicians are not a necessary component of helicopter EMS crews,
and a recent survey showed that 92% of programs use nurse—paramedic
crews.!

The capabilities of most U.S. nonphysician crews represent an
extended scope of practice. For instance, flight paramedics and/or nurses
frequently are credentialed to perform such procedures as neuromus-
cular blockade-assisted endotracheal intubation and cricothyrotomy.
This example of extended practice scope is important, given the impor-
tance of prehospital airway considerations and the fact that flight crews
represent a highly trained group with particular expertise in this area.
Reported success rates for nonphysicians are as high as 94.6% for drug-
assisted and 97.7% for rapid sequence intubation-assisted endotracheal
intubation and 90.9% for surgical cricothyrotomy.?

At this time, the best recommendation with regard to crew configu-
ration is for programs to continue to do what works for them, as the
literature does not report the superiority of a particular model. Most
U.S. programs perform a variety of scene and interfacility missions for
trauma and nontrauma indications, so the nurse-paramedic configura-
tion, combining the complementary skills of prehospital and hospital-
based practitioners, meets their needs. Some transport population
heterogeneity can be addressed by the accommodation of extra crew
members (e.g., neonatal nurses, intra-aortic balloon pump technicians)
when logistics allow. Regardless of the background of the air medical
crew, initial and recurrent training in both cognitive and procedural
skills is necessary to ensure an optimal level of care.

ENVIRONMENTAL FACTORS OF AIR TRANSPORT

Patient care in any transport vehicle differs from that provided while the
patient is on a hospital stretcher. Vehicle vibrations, bumpy rides, noise,
physiologic stress, ergonomic constraints (Figure 3-1), and motion sick-
ness are among the factors that can affect monitoring and interventions.

The impact of most vehicle-related issues in helicopter EMS can be
eliminated, or at least reduced. Some solutions are easy (e.g., visual
rather than aural alarms on ventilators), but flight crews must learn
to “work around” other limitations (e.g., perform preflight intubation

FIGURE 3-1. The patient care compartment in a Dauphin Il helicopter.
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on patients who appear likely to deteriorate). Some problems will be
specific to a service’s particular aircraft, mission profile, or crew back-
ground. Individual program patient care protocols should take into
account the service’s equipment and personnel-related capabilities and
limitations.

One transport-related issue that cannot be avoided is the question of
altitude and its potential effects on the patient and the crew. In fact,
altitude considerations vary with location—a Denver-based program
has concerns that are different from those of a Miami service. Envi-
ronmental conditions also have an impact on altitude considerations,
because aircraft operating under instrument flight rules frequently fly at
higher altitudes than those operating under visual flight rules. Of course,
fixed-wing transports have more pronounced altitude considerations.

Helicopter (or fixed-wing) altitude and environment have potential
effects on patient pathology as well as the crew’s ability to monitor and
care for the patient. Helicopters generally transport patients at about
1000 to 3500 ft above ground level (not necessarily sea level), although
sometimes these altitudes are increased for instrument flight rules
flights or for clearing of obstacles or terrain. Therefore, altitude-related
problems such as hypoxemia, dehydration, and low temperature tend
to be mild or relatively easily to overcome. However, geographic differ-
ences are important. Some western U.S. programs fly with supplemental
oxygen for the medical crews.

Pressure-related problems related to Boyle’s law (the volume of a gas
increases when the pressure decreases at a constant temperature) may
represent the most important consideration for helicopter-transported
patients. For example, even the relatively low transport altitude range
for helicopter EMS may affect patients with certain diagnoses (e.g.,
decompression sickness, cerebral arterial gas embolism) or instrumen-
tation (e.g., tamponading devices for esophageal variceal hemorrhage).
Endotracheal intracuff pressures increase an average of 33.9 cm of water
at a mean altitude of 2260 ft.*> This could raise the cuff pressure above the
perfusion pressure of the tracheal mucosa, leading to injury. Hand-held
commercially available devices can be used to keep cuff pressure within
the target range of 20 to 30 cm of water. The devices are held in one hand
and connected to the cuff inflation port. An inflation bulb can be used
to further inflate the cuff, or an air-release button can be used to remove
air while the cuff pressure is simultaneously measured by the device.

In some cases, an understanding of altitude issues is important in
preventing complications. To minimize aspiration risk, gastric intuba-
tion should be performed for unconscious patients transported by air.
Alternatively, understanding of the relevant science can be used to
prevent overreaction to potential barometric risks. For example, not all
patients with small pneumothoraces who do not otherwise require tube
thoracostomy require pretransport chest decompression simply because
they are to be transported by air.

CLINICAL USE OF HELICOPTERS

While trauma still constitutes the majority of helicopter transports
for most programs, as more time-critical treatments develop, more
transports will be arranged for noninjured patients. There are many
schemes (age group, scene/interfacility mission type) for categorization
of helicopter EMS transports, but the simplest categorization is into
trauma and nontrauma. Logistical issues are important to both catego-
ries. Therefore, these are considered first.

LOGISTICS AND HELICOPTER EMS USE

Some logistic prompts for helicopter consideration include (1) lengthy
transport time for ground ambulances to reach the tertiary center,
(2) ground vehicle transport time to the local hospital exceeds the
time required for helicopter transport to the tertiary center, and (3)
for entrapped trauma patients, extrication time is expected to exceed
20 minutes. In some cases, helicopter EMS is used because local ground
EMS personnel lack the expertise to provide the indicated level of intra-
transport care. Another important consideration is whether a region’s
ground EMS system can provide transport to the receiving tertiary
center while maintaining the ability to cover its base area with appro-
priate advanced life support care. Questions that can assist healthcare
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Questions to Aid in Determining Need for Helicopter Transport

Is minimization of time spent out of hospital important?

Is time-sensitive evaluation and treatment involved, and is it available at the referring
facility?

Is the patient inaccessible to ground transport?

What are the transport route weather conditions?

Does the weight of the patient preclude air medical transport?

Are aircraft landing facilities available at or near the referring hospital?

Is critical-care life support required that is not available with ground transport?
Would ground transport leave the local area without adequate EMS coverage?

If local ground transport is not an option, are regional ground critical-care transport
services available?

providers in determining the appropriate transport modality for an
individual patient are listed in Table 3-1.

HELICOPTER EMS FOR TRAUMA PATIENTS

There is one group of trauma patients—those in traumatic cardiac
arrest—for whom air medical scene response has shown a very low rate
of resuscitation and essentially zero survival.* Most helicopter EMS pro-
grams have their crews accompany traumatic arrest patients by ground
to the nearest facility.

After the initial triage response decision, the larger issue is whether
helicopter EMS actually improves outcome for any injured patients.
There is disagreement over this question, but multiple studies have
shown improved outcomes.>*

The recent largest study to demonstrate improved outcomes after
traumatic injury related to helicopter transport analyzed 223,475
patients from the National Trauma Data Bank transported by helicopter
(28%) or ground EMS (72%). For trauma patients who were admitted
to level I or level II centers, patients transported by helicopter had a
significantly improved survival to hospital discharge compared with
patients transported by ground transport.® Another recent study of
14,440 trauma patients taken to a level I trauma center demonstrated
that patients transported by helicopter had a reduced overall mortality
and that patients transported by all other means were more likely to die
in the ED.#

The outcomes of rural trauma patients are thought to be worse than
those of urban trauma victims. After controlling for age, gender, and
Injury Severity Score, a Utah study® of helicopter transports from rural
and urban trauma scenes found no difference in mortality. This study
demonstrated that the helicopter scene transport of rural trauma victims
appears to be a mortality equalizer.

A shortcoming of the literature is that studies generally address only
the hard end point of mortality, with little emphasis on either mecha-
nisms for survival improvement or nonmortality end points. Regardless
of these shortcomings, the primary issue for trauma helicopter EMS is
not whether some patients benefit, but rather how well those patients
most likely to benefit from helicopter use can be identified by improved
triage criteria. Although definitive criteria are lacking, the National
Association of EMS Physicians has published guidelines for clinical situ-
ations that are appropriate for air transport (Table 3-2).

HELICOPTER EMS FOR NONTRAUMA PATIENTS

The reason that helicopter EMS trauma literature is (relatively) abun-
dant is that there are ready means for controlling for the differing acu-
ities of air- and ground-transported patients. Unfortunately, there is no
such easy methodology for patients with nontrauma diagnoses, and acu-
ity scales for nontrauma patients generally have not been accepted for
use in assessing the association between transport mode and outcome.
Some general guidelines are available (Table 3-3), and the logistic
considerations noted previously apply to nontrauma flights. In most
helicopter EMS programs, the largest single nontrauma diagnostic
category is cardiac. Patients in cardiac arrest should be transported
to the nearest hospital rather than loaded on an aircraft. Transport for
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Air Transport Indications for Scene Trauma
General and mechanism of injury

Trauma score <12

Unstable vital signs

Significant trauma in patients age <12 or >55y and pregnant patients

Multisystem injuries

Ejection from vehicle

Pedestrian or cyclist struck

Death in same passenger compartment

Penetrating trauma of the head, neck, chest, abdomen, or pelvis

Crush injury of the head, chest, or abdomen

Fall from height

Near drowning

Neurologic injuries

» Glasgow Coma Scale score <10

+ Mental status deterioration

+ Obvious skull fracture

« Spinal cord injury

Thoracic injury

« Major chest wall injury (e.g., flail chest)

+ Pneumothorax

+ Hemothorax

« Suspected cardiac injury

Abdominal/pelvic injuries

- Significant abdominal pain after injury

« Seatbelt sign or abdominal contusion

- Rib fractures below the nipple line

« Unstable pelvis

« Open pelvic fracture

« Pelvic fracture with hypotension

Orthopedic injuries

- Amputation of limb (partial or complete)

- Finger or thumb amputation when replantation is available

« Fracture/dislocation with associated vascular compromise

+ Limb ischemia

- Open long-bone fractures

« Two or more long-bone fractures

Thermal injury

« Burns of >20% body surface area

- Burns of face, head, hands, feet, or genitalia

« Inhalation injury

« Chemical or electrical burns

« Burns associated with other traumatic injuries

primary or rescue coronary intervention for ST-segment elevation myo-
cardial infarction is a frequent indication for helicopter use and can be
done rapidly and safely.'®"" Cardiac patients with pacemakers or those
who have received thrombolytic therapy can be transported safely and
effectively by helicopter EMS.

Another growing indication is the provision of lytic therapy or vas-
cular intervention for ischemic stroke.”” The American Stroke Associa-
tion (http://www.strokeassociation.org) Task Force on Development of
Stroke Systems' identified helicopter EMS as an important part of
stroke systems. However, a study of 122 patients transported to a stroke
center after receiving recombinant tissue plasminogen activator at the
referring hospital demonstrated no benefit in patient outcomes in air-
transported patients.'

Obstetric transports are a special consideration for air transport
because many high-risk patients are best delivered at tertiary care cen-
ters. The question for this population is primarily one of safety during

Air Transport Indications for Nontrauma Conditions
Cardiac
« Acute coronary syndromes
« (ardiogenic shock
» (ardiac tamponade
» Mechanical cardiac disease (cardiac rupture)
Critically ill medical or surgical patients
Pretransport cardiac arrest
Pretransport respiratory arrest
Mechanical ventricular assist
Continuous vasoactive medications
Risk of airway deterioration
Severe poisoning
Need for hyperbaric oxygen treatment
Emergent dialysis
Unstable Gl bleeding
Surgical emergencies (e.g., aortic dissection)
Obstetric

Delivery will require obstetric or neonatal care beyond the capabilities of the
referring facility

Active premature labor <34 wk or estimated fetal weight <2000 grams
Acute abdominal emergencies <34 wk or estimated fetal weight <2000 grams
Preeclampsia or eclampsia

Third-trimester hemorrhage

Fetal hydrops

Complicated maternal medical conditions

Predicted severe fetal heart disease

Neurologic

« (NS hemorrhage

- Spinal cord compression

- Status epilepticus

Neonatal

Gestational age <30 wk or fetal weight <2000 grams

Supplemental oxygen exceeding 60%, continuous positive airway pressure, or
mechanical ventilation

Extrapulmonary air leak, interstitial emphysema, or pneumothorax

Medical emergencies (e.g., congestive heart failure, disseminated intravascular
coagulation)

Surgical emergencies (e.g., diaphragmatic hernia, necrotizing enterocolitis)

transport. In-flight deliveries are a major resuscitation problem for both
mother and infant. Experience has provided some reassurance that the
use of helicopter EMS to transport high-risk obstetric patients did not
result in deliveries in the back of the helicopter, and neonatal outcomes
are not adversely impacted by transport.

FIXED-WING AIR MEDICAL TRANSPORT

Fixed-wing aircraft can serve a wide variety of missions, from urgent
to routine, over great distances. Because airplanes land only at airports,
they cannot respond to the scene, and fixed-wing transports need
ground ambulance connections at both ends of the flight to transport
the patient between the hospital and airport. Because of these factors,
fixed-wing flights generally take longer to arrange and are uncommonly
used for truly emergent patients.

Helicopters are virtually always dedicated as air medical transport
vehicles when used by U.S. EMS services, but fixed-wing airplanes used
for medical transport may have other roles. When fixed-wing aircraft
are used for air medical transport, cabins must be reconfigured. Ven-
dors have developed removable medical equipment modules that can be
placed relatively quickly in the aircraft cabin.
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On a per-mile basis, fixed-wing transports are less expensive than
helicopter EMS transports. However, the optimal transport radius for
fixed-wing triage varies with regional and patient-specific consider-
ations. The appropriate aircraft to use for any one mission depends on
many factors: distance, the nature of the airport at the patient’s pickup
point, the condition of the patient, the amount of equipment, and the
crew required in transport. A larger plane that can be pressurized can fly
above 3000 m (10,000 ft), which means that the aircraft can travel faster,
farther, and more comfortably. At these higher altitudes, flight crews
must have a deeper understanding of altitude physiology issues. Cabin
pressure (i.e., indicated altitude above sea level) should be recorded on
medical records because of the importance of pressure issues to physiol-
ogy, and crew safety training should include measures to take in case of
inadvertent cabin depressurization.

All fixed-wing services must comply with civil aviation authority rules
for airplanes. The Commission on Accreditation of Medical Transport
Systems has developed standards for air medical fixed-wing transport.
These standards, which are also a useful primer for more detailed
information about fixed-wing air medical transport, deal with aircraft
configuration, medical equipment requirements, medical crew configu-
ration and training, and medical director qualifications.

MEDICAL DIRECTION OF AIR MEDICAL SERVICES

Medical direction may be even more important with rotor- and fixed-
wing services than with ground services; it is certainly more complicated
because it involves most aspects of ground EMS in addition to vehicle-
specific and altitude- and acuity-related issues. The medical director
should be familiar with the physiology and stress of flight on patients and
should oversee the teaching of these and other applicable principles to the
air medical crew. Overall, a flight crew requires more initial and ongo-
ing training than do most ground EMS personnel due to the higher
patient acuity and extended practice scope. Because flight crews are
often far from their base of operations and may be out of voice contact,
they must be sufficiently trained so that they can act independently when
necessary. For nonphysician crew, standing orders or protocols (especially
for advanced procedures such as cricothyrotomy) are needed. Periodic
review and updating of these protocols, as well as close inspection of
every transport record, are among the many responsibilities of the medical
director. The Air Medical Physician Association and the National Associa-
tion of EMS Physicians have published information on the responsibilities
and function of the air medical program physician director.
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The complete reference list is available online at www. TintinaliEM.com.

(I4iil Mass Gatherings
4 Asa M. Margolis
Michael G. Millin
INTRODUCTION

Mass gathering medical care refers to the provision of medical services
to organized events or venues with relatively large numbers of people
in a defined geographic area. Typically, mass gatherings are considered
to be events that have at least 1000 people; however, this does not have
to be the case.’” In fact, large organizations including the World Health
Organization and the U.S. Federal Emergency Management Administra-
tion do not focus on the number of attendees when defining mass gath-
erings; rather, they recognize the impact on the surrounding resources.

There are several variables in event and crowd characteristics that
may affect patient presentation rates, thus resulting in demands on

CHAPTER 4: Mass Gatherings 13

Factors Affecting Planning for a Mass Gathering Event
« Venue entry and exit
+ Communication
« Environment
- Potential public health threats

the event medical staff and larger surrounding system that bear little
direct relationship to the number in attendance. Some of these variables
include weather conditions, presence of alcohol and/or illicit substances,
type of event, violent spectator behavior, and presence of potable water.
Further, events that are considered “bounded/focused” (stadium sport-
ing events) are associated with higher patient presentation rates than
those considered “unbounded/extended” (parades), likely due to the
leakage of patients in the unbounded events into the surrounding
healthcare system.* Event medical directors should also consider the
transport to hospital rate from the same or similar previous events when
planning their event. In conjunction with the patient presentation rate,
the transport to hospital rate can assist in estimating resources needed.*

Table 4-1 lists some of the major factors affecting planning for a mass
gathering event. Physical barriers may inhibit easy entry and exit from
the site. These barriers can make it difficult to get medical resources
into, and to get patients out of, the event location. Reliable communica-
tion between medical personnel, event organizers, and outside medi-
cal resources is key to a successful medical response. Finally, event
planners should consider possible public health threats of widespread
communicable disease and the potential for a terrorist attack with explo-
sive or other devices.

EPIDEMIOLOGY AND TYPES OF MASS GATHERINGS

The need for mass gathering medical care was first described after two
spectators collapsed and died during a University of Nebraska football
game in 1965.% The event organizers were not prepared to manage medi-
cal emergencies in the midst of the event, and consequently, when these
two patients needed medical care, the organizers were not able to meet
the need. Medical directors have become experienced in mass gathering
medicine, and case reports are described for sporting events, concerts,
expositions, and other large congregations of people.?

One of the largest global gatherings, the Islamic Hajj pilgrimage to
Mecca, Saudi Arabia, has required officials to manage threats to public
safety from outbreaks of infectious disease to major traumatic injuries
from stampedes. Other notable global mass gatherings include the 2010
World Expo in Shanghai, China, which attracted approximately 70 million
visitors,® and the Olympic and Paralympic Games in Rio de Janeiro,
Brazil, in 2016. More recently, music festivals, including electronic
dance events, are increasingly common. These events have predictable
risks and patient presentations. Studies suggest that appropriate on-site
healthcare resources may reduce significantly the impact on the prehos-
pital and emergency health resources in the surrounding community.”
As mass gathering events become more common, there is a need to
develop the science of mass gathering medicine. The growing field of
mass gathering medicine continues to be instrumental in exploring the
health risks of mass gatherings and providing strategies that contribute
positively to delivering care during these events.

Interestingly, despite the fact that mass gatherings are generally
attended by individuals in good health, these events tend to have a
higher incidence of illness and injury than that which would be found in
the general population.® The incidence of usage of medical care at mass
gatherings has been reported to range from 4 to 440 patients per 10,000.?
The wide variance in medical usage rate is a function of the variables
previously discussed.

COMPONENTS OF A MEDICAL ACTION PLAN

In preparing for a mass gathering event, medical directors should
develop an organized approach through the development of a medical
action plan.’


http://www.TintinalliEM.com

14 SECTION 1: Prehospital Care

PHYSICIAN MEDICAL OVERSIGHT

All mass gathering events should have an identified physician medical
director who is responsible for developing the medical action plan. The
objective of this plan, which should be a component of the overall inci-
dent action plan, is to describe the details about the organization and
delivery of medical care. The medical director is also responsible for
providing medical oversight before and during the event. This person
should be board certified in emergency medicine and have a current
medical license from the state(s) where the event will be located. The
medical director should also have experience in the medical direction
of EMS and the provision of medical care at mass gathering events. It is
becoming more common for the event medical director to be board cer-
tified in EMS. Experience and training in EMS provide an event medical
director with skills in field medicine, including creative thinking, the
ability to make diagnostic and treatment decisions purely on clinical
grounds, and an awareness of operational environments that are very
different from a typical ED.

The medical director is responsible for developing plans for indirect
medical oversight and ensuring a coordinated system of direct medical
oversight. Indirect oversight describes a system of written protocols
that provide the medical personnel with a standardized set of directions
for the care of a variety of traumatic and medical conditions that may
be encountered during the event. These protocols should always be
at least commensurate with local EMS protocols unless the medical
director has prior approval from the local jurisdictional EMS medi-
cal director to deviate from them. Direct medical oversight describes
a method of direct communication with medical providers during the
event to answer questions and provide medical direction in real time
during the event. Although direct oversight can be delegated to a team
of physicians for an event of long duration, ideally, the medical director
should plan to be on site during the event as much as possible.

COMMAND AND CONTROL

In addition to an event medical director, mass gathering plans should
have an organized system of command and control. Although many
systems exist for the command and control of resources at emergency
incidents or mass gatherings, one of the most well-tested and efficient
methods is the Incident Command System. The system can be used
for any type or size of emergency, disaster, or mass gathering, with the
purpose of allowing either a single agency or multiple agencies to com-
municate using common terminology and operating procedures.'

The purpose of establishing a command and control system like the
Incident Command System is to define clear lines of reporting and
communication among all major functioning components that may
coexist during an incident. The organizational structure develops in
a modular fashion from the top down. While the Command function
is always established, the other divisions, which include Operations,
Logistics, Planning, and Finance, form as needed (Figure 4-1)."" As will
be discussed later, the physician’s role within the Incident Command
System structure should be focused on direct oversight of patient care
and not involve the global issues that are the concern of the incident
commander.

Within a typical Incident Command System, the provision of medical
care to the public occurs within the Operations Section. Often referred

Command staff

Incident commander

Safety —1+— Information

— Liaison

[ |
Operations‘ ’ Planning ‘ ’ Logistics ‘ ’ Finance and administration

FIGURE 4-1. Incident Command System organizational chart."

to as the “doers,” it is the function of the Operations Section to complete
the primary tasks of the mission. Members of the medical branch in
Operations include, but are not limited to, emergency medical techni-
cians, paramedics, nurses, physician assistants, and physicians. It is not
required that the physician take the lead role of each medical team. In
fact, it may be more beneficial to have the individual with EMS or fire
service experience in the role of team lead, which ideally may be an
EMS physician. An agency’s medical director should be available for
direct medical oversight as needed and should ideally be on site as much
as possible. The medical director(s) should function as a commander
within the Operations Section and report back to the section head of
Operations who ultimately reports to the incident commander. Key to
the success of the Incident Command System is that every individual
abides by the established hierarchical ranks of command.

FORCE PROTECTION MEDICAL SUPPORT

It is well known that if a medical provider becomes sick or injured, the
provider will use resources intended for the public and distract other
providers from the ability to perform their duties. As such, a sick or
injured medical provider has the potential to dramatically disrupt the
overall medical mission for the event. While medical personnel are
always responsible for assessing and ensuring their own safety and those
with whom they work, it is imperative to have a well-designed plan for
the overall medical care and protection of the medical providers at the
event. The provision of dedicated force protection medical support can
be a critical factor toward enhancing individual law enforcement and
EMS/fire personnel health sufficient to maintaining effectiveness for the
duration of the event."

One of the duties of the event medical director is to be prepared
to provide care to the other medical and law enforcement providers
should the need arise. In addition, communication with law enforce-
ment personnel will help to ensure the overall protection of the medical
providers. Their support should be readily available and have the means
to immediately respond to any location should the situation become
unsafe. Depending on the type of event, threats could range from those
that are readily seen (e.g., crowds at a concert) to those that are hidden
(e.g., explosives and other weapons carried by an individual with the
goal of using mass gathering events to kill and injure).

EVENT RECONNAISSANCE

In the beginning stages of preparation, the medical director and assis-
tants need to assess the site to identify potential risks for morbidity
during the event. This should ideally be done with the dates and dura-
tion of the event in mind and should also account for the geographic
variants that will affect their ability to provide medical care to the
public. Adequacy of exits should be addressed, routes of ingress and
egress should be reviewed, and the geographic area the medical care
sector is responsible for should be identified. Backup plans should also
be developed. Planners should determine ideal locations for setting up a
base of operations, fixed medical care sites, and staging areas for mobile
units. Decisions should take into account the effects of predicted traffic
flow, predicted sites of high-volume medical need, natural geographic
barriers, and location of receiving medical facilities. Ideally, the event
medical director should meet with the jurisdictional 9-1-1 EMS medi-
cal director(s) to discuss planning and response should a mass casualty
response be required.

EVENT NEGOTIATIONS

The process of developing a medical plan for a mass gathering event
requires a cohesive teamwork approach with multiple interest groups.
First and foremost, the medical planners should develop a plan that
meets the needs of the public and the event planners. This first step may
require some negotiations with event planners in determining locations
for fixed and mobile medical units, level of care to be provided, and
resources provided to the medical units. Negotiations will determine
if the medical units will be paid under contractual terms by the event
planners or if they will volunteer their services to the event. This nego-
tiation stage should also resolve who will finance the purchase of needed



supplies and pay for other needed resources, such as costs of transporta-
tion and liability coverage.

Regardless of who pays for supplies, it is important that the medical
teams coordinate to ensure that equipment and supplies are readily avail-
able when needed. Similarly, regardless of who is responsible for acquir-
ing supplies, there is value to the event medical director having ultimate
control over the acquisition and maintenance of critical medical supplies,
as this will ensure that the medical needs of the public are met.

Medical planners should also establish communication and agree-
ments with other outside agencies that have a potential need to interact
with the medical response team for the event. Medical teams that are
formed outside the local jurisdictional EMS system should have an
agreement with local EMS that addresses transportation of patients out
of the event to local resource hospitals. Transfer and acceptance agree-
ments should be developed with the hospitals. Local law enforcement
should be contacted for assistance with traffic flow and security. Events
that have the potential to be affected by security issues on a national
scale may also require agreements with the U.S. Department of Home-
land Security for disaster and security response.

HUMAN RESOURCES, LEVEL OF CARE, AND TRAINING

The event medical director should determine the desired level of care for
the event based on the predicted medical need and available resources.
While there is no universally acceptable formula that can accurately pre-
dict staffing requirement, the number of medical providers should be a
balance between the number determined to be optimal based on recon-
naissance, statistical estimates, and review of previous similar events.
Emergency medical technician should be the minimum acceptable level
of care. However, depending on the event type and size and the number
of medical providers available to staff the event, there may also be a role
for the emergency medical responder to provide operational medical
support. Once the desired level of care and the predicted patient volume
are determined, the medical director will be able to develop a plan for
human resource needs. These resources may be acquired through the
local EMS system, area hospitals, medical training programs, or other
sources such as ski patrols and medical reserve corps.

Medical personnel should be licensed to practice at their level of
training in the local jurisdiction. Although the medical personnel
should be trained for their established level of care, the medical director
may want to have additional training sessions to address specific inju-
ries and medical conditions that are predicted to be encountered by the
medical personnel during the event. Using new or modified protocols
should be preceded by pre-event education of all relevant personnel and
close medical oversight. Regardless, it is important that the providers
work within a defined scope of practice as determined by level of train-
ing and any operational-specific protocols that may be authorized by
local authorities for mass gathering events.

EQUIPMENT

When considering equipment for a mass gathering event, planners
and medical directors should take into account the type of event, the
weather, and the skill level of the medical staff. Units with physicians
may elect to have on hand supplies to do simple suturing and advanced
resuscitation. However, thought should be given to the available time
needed to suture a wound in balance to the patient volume and the
availability of the fixed standing acute care centers. If available, it may
be more advantageous to refer patients needing procedures to acute
care hospitals. The appropriate way to manage the need for procedures
is dependent on the available resources and the overall mission of the
medical care at the event.

Often, a large proportion of time spent planning out supplies is
focused on generating a broad list and subsequently obtaining supplies
that would be necessary to provide medical care for a critical patient.
As discussed earlier, it is important to consider that rapid transport of
this patient away from the incident to the controlled environment of
an acute care hospital may be more beneficial for the patient and free
up the provider to care for other patients who would likely not receive
evaluation given the time-consuming nature of the critical patient. In
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addition, proportionally fewer critical patients are seen at a given event
compared with the vast majority who seek aid for minor complaints
such as scrapes, blisters, headaches, and sprains. Therefore, more effort
should be placed on obtaining supplies in highest demand. As suggested
by the number and type of complaints seen, those supplies in highest
demand typically include bandages, foam padding for blisters, ice for
sprains, fluids for oral rehydration, acetaminophen, and ibuprofen.

Data have demonstrated the incidence of cardiopulmonary arrest
and the need for major resuscitation at mass gathering events is low."?
However, medical units should, at the very least, have access to an
automated external defibrillator.

Event-specific protocols should address the use of advanced airway
equipment, including the possible use of medications for rapid-sequence
intubation. Plans for other resuscitation needs should also be addressed
prior to the event so that all providers manage these small numbers of
cases in a standard format (e.g., fluids for sepsis, postresuscitation care,
management of cardiac arrhythmia, status asthmaticus). Although it is
rare that there is a need for major resuscitation, there may be value to
having supraglottic airways and intraosseous needles.

In addition to the level of training of the medical staff, equipment
needs will be determined by the mobility of the unit. Some events may
need mobile medical units that are able to reach patients in difficult
locations or easily move through large crowds. Units on foot and other
nonmotorized means of travel will be able to carry fewer supplies than
those using motorized vehicles such as golf carts. For events using
nonmotorized mobile units, it will be important to design a means to
bring heavier supplies to a patient should the need arise. Units in fixed
locations will be able to stock a greater quantity of materials, possibly
including cots, shelter, and additional medical supplies.

Although the equipment needs are unique for each event, there are
some things that are universal. Tables 4-2 and 4-3 show suggested items
for both mobile and fixed units as well as suggested equipment based on
the skill level of medical personnel.

TREATMENT FACILITIES

Medical directors will need to determine if the scope of the event will
require fixed treatment facilities or if mobile units will be sufficient. Fac-
tors that contribute to this decision include, but are not limited to, the
predicted number of patients expected to seek medical care, length of the
event, distance to off-site medical care, and environmental factors. Fixed
treatment facilities can be set up in mobile tents or within a permanent
structure. Regardless, fixed treatment facilities should be set up in such
a way as to be able to withstand the predictable weather conditions that
may be encountered during the duration of the event. The location of the
facility should also be easily accessible and have a secure path for ingress
and egress. From a patient care perspective, it is important to have a facil-
ity that has environmental control to manage heat-related illness in warm
weather and cold-related illness in cold/wet weather. Off-site treatment
facilities should be arranged with local hospitals.

Staffing of both fixed treatment facilities and mobile units contributes
to the success of the overall event’s medical response plan. Appropriately
placed physicians can expand on-site definitive treatment, including
the use of chemical sedation, advanced wound care, and disposition of
high-risk cases who wish to sign out against medical advice. Further,
physicians on site have been able to affect ambulance transport rates,
thereby helping to preserve EMS and resources for the surrounding
community."*

TRANSPORTATION

Nonmedical and medical transportation is necessary, taking into
account the number, capacity, and staging location for transport
units. Nonmedical transportation units move personnel and resources
throughout the site. Medical transportation moves patients within the
event location and out to area hospitals. Ambulances are the mainstay
of ground transport from the venue to outlying medical facilities. They
should be dedicated to the event and prepositioned in an easily acces-
sible and known location. If the supply of event-dedicated ambulances
becomes depleted, there should be a plan in place to support emergency
medical transportation.
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1 IRE SN Equipment List for Mobile Units

Item

1.8 5 Equipment List for Fixed Units

Item

Automatic external defibrillator

(May alternatively place in a strategic location in the site venue)
Cervical collar

(May strategically place in the site venue a method for transport of a
patient requiring in-line spinal immobilization)

Airway adjuncts

Oxygen delivery devices (nasal cannula, nonrebreather mask,
bag-valve mask)

Oxygen and suction

(May be strategically placed in site venue)
Bandages (44, roller gauze)

Triangular cravats

Adhesive bandages

Nonlatex gloves

Splints

Stethoscope

Sphygmomanometer

Tape

Shears

Flashlight

Documentation forms

Hazardous waste bags

Compact foil space blankets

Petroleum jelly (used to prevent chaffing by marathon runners)
Oral fluids for hydration (water, sports drinks)

Basic
(BLS-level
EMS provider
and above)

Advanced
(ALS-level
EMS provider
and above)

Advanced airway equipment including laryngoscope with assorted
blades, endotracheal tubes, and cricothyrotomy kit

(May alternatively use a supraglottic airway device)
IV access devices and tubing

(May choose to carry an adult intraosseous set)
Normal saline in 1-L bags

Glucometer

Dextrose for IV administration

Advanced cardiovascular life support medications: epinephrine, atro-
pine, amiodarone, adenosine

Aspirin

Nitroglycerin

|V diphenhydramine

Parenteral benzodiazepine

Multidose inhaler albuterol

Epinephrine in 1:1000 concentration
Morphine

Airway medications: induction agent, paralytic

Abbreviations: ALS = advanced life support; BLS = basic life support.

Planners may also need to address nontraditional modes of trans-
portation, such as golf carts, all-terrain vehicles, boats, bicycles, horses,
snowmobiles, and toboggans.”* Operators must have experience in their
handling, and these resources should be dedicated for use throughout
the duration of the event. Protocols should also be developed that
address the appropriate use of air medical transportation, including
location and setup of a safe landing zone.

PUBLIC HEALTH

Public health concerns during a mass gathering event may be addressed
by the event managers or delegated to the local public health authority
or the medical director and EMS system. Even if these concerns are

Suture kits with absorbable and nonabsorbable sutures
Needles and syringes

Forceps

Scalpel

Normal saline for irrigation

Local anesthetics

(Otoscope

Analgesics: acetaminophen, ibuprofen, morphine
Antacids

Antiemetics

Prednisone

Antibiotics: ointment, oral

Activated charcoal

Airway management: induction agent, paralytic
Nonmedical equipment Cots

Shelter

Blankets

Chairs

Hazardous waste receptacle

Sharps box

Physician-level care (some of
these skills and/or medica-
tions may be available for use
by EMS providers with autho-
rized operational-specific
scope of practice for mass
gathering events)

not delegated to the medical response team, public health concerns can
affect patient care, and therefore, the medical director should be aware
of these issues. Table 4-4 lists some potential public health concerns.

ACCESS TO CARE

The event managers and medical director should develop plans to
ensure that the public will be able to access emergency care, if needed.
These plans should ensure that the locations of fixed treatment facilities
are well marked with signs and other visual aids and that there are lim-
ited barriers to access these facilities. Fixed treatment facilities should
be accessible to all members of the public, regardless of their ability to
actively seek care, and comply with guidelines that are in accordance
with the Americans with Disabilities Act. Mobile medical personnel
should also wear vests or other high-visibility clothing easily identified
by the public. Pamphlets or signage can alert the public about methods
for accessing emergency care.

COMMUNICATIONS

Successful management of any mass gathering event is contingent upon
an effective communication system. To maintain coordination and
control, the system must be tailored to the unique needs of the scenario.
The design is dictated by a variety of factors, including geography and
size of venue, number of participants, budget, and the systems of those
with whom providers will be interfacing. Consideration should also be
given to environmental factors including temperature extremes, water,

Public Health Concerns to Be Considered for a Mass Gathering Event
« Access to potable water
« Proper waste management for human waste
- Waste management for nonhuman waste
« Proper management of food service to prevent spread of foodborne illness
- Proper road/traffic management to prevent traffic-related injuries
- Qther considerations for injury prevention
- Large-scale natural or man-made disaster




and noise. Venues at music concerts and motor sports may require spe-
cial communication devices to allow for providers to communicate with
each other while in the presence of loud background noise.

Modalities can range from simple flag signals to sophisticated radio
networks and may include consumer Family Radio Service devices
(walkie-talkies), cellular systems, and landline phones. Each has their
strengths and weaknesses. Walkie-talkies have a multitude of channel
options but are typically limited to a 1- to 2-mile range. Cellular and
other phone systems may provide an inexpensive option but are easily
overwhelmed by large numbers of users during a crisis. Two-way radios
with more power and range than Family Radio Service systems may
be analog or digital, using very high frequency, ultra-high frequency,
or 800-MHz frequencies. Systems using a repeater antenna allow for
communication over greater distances and across rugged terrain. Large-
scale, trunked radio systems provide central control of end-user access
to selected channels, allowing a greater number of people to function
within a limited spectrum. These systems also allow for discrete groups
of responders to communicate among themselves without disturbing
other groups.

The communication center should be located in an area that affords
the greatest coverage for the event and is fully accessible to the medical
director. If situationally appropriate, it may be advantageous to have it
co-located in the event command center. This communications network
should be separate from the surrounding EMS jurisdiction and should
be solely dedicated to the event. Ideally, the communications center
should be linked by cell phone, landline, or radio to surrounding juris-
dictional services, which include, but are not limited to, public safety
answering point (PSAP), local emergency management, EDs, and public
health departments.

If the communications network is not linked to surrounding
resources, a protocol must be in place for making contact and for
relaying information as needed. In an urban environment, this may be
in the form of an on-site representative from the local EMS system or
an identified phone number or frequency designated for the activation
of additional resources. In a remote area, one or more people may be
tasked with relaying messages via radio or traveling to the nearest tele-
phone or area of cellular service to contact local authorities, or a specific
“communications tent” may be organized.

DOCUMENTATION

The medical director should develop a system for documentation
of patient encounters during the event. This system need not be as
extensive as that which would be found in the typical ED setting and,
instead, should be focused on the event to address specific components
of the patient encounter as outlined in Table 4-5. Medical documenta-
tion should be easy to complete and not exhaustive, such that it can
be quickly completed if large numbers of patients seek medical care
at the same time. Medical directors may want to consider a method of
electronic documentation. Paper documentation should ideally be on
a single sheet that can be used by all providers involved in the patient’s
care (Figure 4-2).

/.18 58 Documentation

Purposes of medical documentation for a mass gathering event

« Assist in transfer of care from the event site to off-site medical facilities

« Record medical interactions for the purposes of liability control

- Establish a means of data capture for continuous quality oversight and research
Essential components of medical documentation for a mass gathering event
- Patient’s name, contact information, sex, and age

- Vital signs

« Chief complaint

« Focused physical examination

« Suspected diagnosis

+ Medical care rendered

- Disposition
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LIABILITY

All members of the medical response team for a mass gathering event
should have medical liability coverage. Depending on the restrictions
of the carrier, liability coverage may be provided by the policy of one’s
primary employment or may need to be purchased as additional cover-
age. The medical director may want to arrange coverage for all mem-
bers of the medical response team as a group. This should be factored
into the cost of providing medical care for the event and should be
discussed with planners during the negotiation stage before the event.
It is important to note that, if the medical personnel will be reimbursed
for services in the form of legal tender or payment in kind (even in the
form of a free meal at the event), they may not be protected from liabil-
ity through Good Samaritan laws, depending on the state. In addition,
if the medical providers are advertising their medical services to the
public at an event even by setting up an established medical tent, the
providers have established a duty to act and are liable to the public to
provide care at an established standard. To mitigate untoward risk, the
medical director should review the laws that pertain to the local area
before the event.

CONTINUOUS QUALITY IMPROVEMENT

Unless an event is anticipated to be a one-time occurrence of a short
duration, the medical director should establish a method of continuous
quality improvement. The continuous quality improvement program
should begin with a review of the documentation for patient encounters
to identify elements of the system that are performing well and elements
that need improvement. The results of continuous quality improvement
review should then be used to improve upon the system of delivery of
care. The medical director may also consider having regular case reviews
with the medical personnel at the event to improve the care being deliv-
ered. In addition, an after-action report, which includes all aspects of the
event from planning through execution, can identify areas of improve-
ment for future events.

SPECIAL SITUATIONS
CARDIAC ARREST

In general, the incidence of cardiopulmonary arrest and the need for
major resuscitation at mass gathering events is low. However, cardiac
arrest has been shown to be particularly susceptible to successful inter-
vention in this type of setting.'® The foundational components of suc-
cessful resuscitation, CPR and early defibrillation, should be delivered to
a patient within 3 minutes of notification of collapse.!” Thus, staging of
medical personnel within an appropriate response radius and equipping
medical units with an automated external defibrillator should be a prior-
ity. Planners should also consider the placement of ambulances within
a location at the event for easy egress and the provision of advance life
support care.

MASS CASUALTY INCIDENT

In preparing for a mass gathering event, the event medical director
should contribute to and have full working knowledge of the action plan
in response to a mass casualty incident. Plans should include methods of
triage, coordination of the mass casualty with local EMS, and distribu-
tion of large numbers of patients as needed to area acute care facilities.
There should be predesignated communication channels so incom-
ing responders can communicate with the scene of the incident. The
medical teams should function seamlessly in the Incident Command
System structure. Success is partly predicated on predetermined roles
of the personnel at the event, which allows for immediate implementa-
tion of the Incident Command System. History has demonstrated that
mass gathering events can be targets for intentional acts of harm. Given
this possibility, the medical director should be involved, along with the
director of event security, in formulating an action plan should such an
event occur. This plan should include a contingent causality collection
area able to manage an influx of patients.
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Patient Encounter Form

Event:
DATE & TIME (24hr) CLINICAL IMPRESSION OF CARE PROVIDER
Last Name: [J Abrasion [ODental [OHypothermia
First Name: [OBlister [ODislocation  Olntoxication
Phone #: [OChest Pain  [IDizziness [Laceration
Age: [JFemale [1Male [J Transgender [OConcussion [Fracture [OSprain/Strain
DOB*: PHN*; OContusion  CIHyperthermia
Family Physician*; [ Other

PATIENT CATEGORY
(A=Athlete, E=Event Staff, P=Performer, S=Spectator, U=Unknown)
PARTICIPANT ID

MEDICATION or IV GIVEN

(Race/Bib Number) Time: | Medication/IV Provider Name:
TRIAGE ACUITY SCALE**
[OBlack (ORed [OYellow OGreen [JWhite
PRESENTING COMPLAINT
TREATMENT & SERVICES PROVIDED
HISTORY. [ Antacid [ Splint/Taping/Tensor
[ Counselling [ Stretching
O lbuprofen O Tylenol
O Immobilization [ Vaseline
OR.I.C.E. [0 Wound Management
: [ Sling [ Other,
Past history O Other O Other
Medications, DISCHARGE ACUITY SCALE*
OBlack [(ORed O Yellow CIGreen C0White
Allergies.
FOLLOW-UP DISPOSITION
[JEvent Medical Team [0 Returned to Event/work
Level of Consciousness VITAL SIGNS OER [ Left Event (private vehicle)
(AVPU) " 0 w O Family Physician/Clinic [ Left Event (taxi)
X [OOther [ Left Event (event staff)
Time _ O Ambulance Transport
R L R L Temp. [ Air Evacuation
Pulse OAMA
B.P. ] Other.
R.R. DISCHARGE INSTRUCTIONS
Sa02
Glucose ADDITIONAL NOTES
GCS
PHYSICAL FINDINGS
Did the care provided on site prevent a visit to another medical
facility (i.e. hospital, clinic, family doctor)? ~ [1Yes  [INo
LEVEL OF TRAINING OF CARE PROVIDER**
*DOB, PHN, Family Physician (Optional) MGM Pt. ID:
“Triage/Discharge Acuity Scale Level LOCATION CARE WAS PROVIDED
Black/Deceased — ob -survivable i
R:d/EmerZZz?— crﬂic‘gﬁ?:slzgi?e:lzxachﬁjsgn, collapse ——— DISCHARGE TIME
Yellow/Urgent — overdose no ABC compromise, SOB RA ID:

Green/Minor — assessment required, wound care, prescriptions
White/Dispensary — product requests, customer service

**Level of Training of Care Provider Signature of Attendant
PCP, SFA, OFA #, EMR, LPN, RN, NP, MD, Chiro, Physio,ete.

Name of Attendant (pl PRINT)

2011

FIGURE 4-2. Patient encounter form. (Used with permission from the Mass Gathering Medicine On-Line Registry, accessed at http://ubcmgm.ca/registry/.)

REFERENCES

The complete reference list is available online at www. TintinalliEM.com.
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Disaster Management

TN Disaster Preparedness
5 Robert G. Hendrickson
B. Zane Horowitz
INTRODUCTION

Disasters have claimed millions of lives and cost billions of dollars
worldwide in the past few decades. Examples of large-scale disasters
include the terrorist attacks of September 11, 2001; the 2004 Pacific
Ocean tsunami; the 2010 earthquake in Haiti; the 2011 earthquake and
tsunami in Japan; the 2015 earthquake in Nepal; Superstorm Sandy of
2012; and the refugee and civil war crises in Africa. Emergency physi-
cians frequently have extensive responsibilities for community and
hospital-level disaster preparedness and response. Planning for these
may include smaller-scale disasters such as active shooters, explosions,
building fires, or transportation accidents, and increased patient volume
from predictable events (e.g., storms, blizzards, floods, large gatherings
for major sporting events or music festivals, or protests of large scale
with anticipated violence). This chapter discusses the definition of a
disaster, disaster preparedness and planning, the hospital emergency
operations plan, field disaster response, and the ED disaster response.

DISASTER DEFINITION

The World Health Organization defines a disaster as a sudden ecologic
phenomenon of sufficient magnitude to require external assistance. A
disaster is an event that overwhelms the resources of the region or loca-
tion in which it occurs. Furthermore, a hospital disaster may similarly
be defined as an event that overwhelms the resources of the receiving
hospital. A hospital disaster may be of any size and is not limited to mass
casualty incidents. A single patient who ingested an organic phospho-
rous pesticide may overwhelm the resources of a hospital if that hospital
is not prepared to decontaminate external to the ED. A single patient
with suspected smallpox or a single influential patient (e.g., world leader
or a celebrity) may use so many ED resources that it affects the care of
other patients.

Whether an event is a disaster further depends on the time of day,
nature of the injuries, type of event, and the amount of preparation time
before the arrival of patients. The ED “surge capacity” (ability of the
ED to care for more patients than is typical) may be severely limited by
hospital overcrowding.

When it appears that the normal procedures of an ED may be inter-
rupted by an event, there must be policies and procedures in place to
activate a disaster response, direct the mobilization of personnel and
equipment, and permit the rapid triage, assessment, stabilization, and
definitive care of victims.

TYPES OF DISASTERS

Disasters are subdivided into several categories (Table 5-1). External
disasters occur at locations that are physically separate from the hos-
pital (e.g., transportation accident, industrial accident). An internal
disaster is an event that occurs within the confines of the hospital
(e.g., bomb scare, laboratory accident involving radiologic agents,
power failure). Disasters can be both internal and external (e.g., earth-
quake with mass casualties as well as damage to the internal hospital).
Further discussions of disasters are provided in the following chapters:

SECTION

Chapter 6, “Natural Disasters”; Chapter 8, “Chemical Disasters”; and
Chapter 9, “Bioterrorism.”

DISASTER CHARACTERISTICS

Regardless of the cause, most disasters have common characteristics
that are important for disaster preparedness and planning. In an acute
disaster, or a disaster with an identifiable time of onset that produces
casualties (e.g., explosion, chemical release, fire, earthquake), the event
is followed by a large number of minimally injured patients presenting to
the nearest hospitals, usually without prehospital triage or evaluation.?
This is typically followed by prehospital transport of the most affected
patients to the same hospitals.® Initial patients can be expected within
minutes, and peak volumes can be expected at 2 to 3 hours after the
event.>® The vast majority (~80%) of patients are not transported by
prehospital agencies, but instead self-transport by car, van, police
vehicle, cabs, foot, or any means available to the nearest ED.>* Even in
acute events, ED volumes tend to remain elevated for days to weeks after
events.’ In nonacute events, such as a pandemic of an infectious disease,
ED volumes have a slower onset of surge, but ED and hospital volumes
remain elevated for extended periods.

Based on previous events, common factors that may hinder ED
response are listed in Table 5-2.

DISASTER PREPAREDNESS AND PLANNING

Planning for any type of disaster consists of common elements. A hos-
pital disaster planning group is responsible for generating the hospital’s
emergency operations plan. Include a diverse membership of hospital
employees and decision makers. Table 5-3 lists some potential mem-
bers and their roles. The group should meet on a regular basis to assess
hazards, develop and update short- and long-term disaster plans, plan
exercises and training, and redesign the disaster plan based on evalua-
tions of exercises and real events.

The general components of the disaster plan include hazard vulnerabil-
ity analysis, hospital-community coordination, integration with national
response assets, and training and disaster exercises. Develop specific plans
(for radiation, explosions, mass casualties, decontamination) based on
an assessment of the potential disasters in the area as well as study of the
events that would cause the most disruption to the ED and hospital.

HAZARD VULNERABILITY ANALYSIS

The hospital planning group should address those disasters that are
most likely to occur in their community and geographic area. For
example, planners on the West Coast of the United States may make
earthquake planning a priority and those on the Gulf and Atlantic coasts
may prioritize hurricane planning. Give consideration to the proximity
of population centers to chemical release threats (military chemical
weapons depots, large industrial sites, or transportation hubs).® Indus-
trial sites that store large volumes of potentially harmful chemicals are
required by Title III of the Superfund Amendments and Reauthorization
Act to participate in local emergency planning committees. Industries
are required to report spills of potentially harmful chemicals, and the
approximate location of these sites may be found at http://toxmap.nlm
.nih.gov. Terrorist-related disasters may be prioritized in hospitals that
are in proximity to sites that may be significant terrorist targets. Include
factors such as proximity to transportation facilities (e.g., ports, airports)
as well as locations where large numbers of people collect (e.g., festivals,
stadiums, arenas) with the risk assessment.
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1. CIRSE B Types of Disasters

Disaster Type Definition Examples

1,85 Hospital Planning Group

Hospital Planner

Role in Disaster Planning and Response

Natural disaster Disaster caused by a

naturally occurring event

Earthquakes, tsunamis, tornadoes,
hurricanes/typhoons, volcanic erup-
tion, pandemic influenza

Man-made Nonnatural events that | Vehicle crashes (e.g., car, plane, bus),

disaster are not purposefully mass casualty events, explosions, fires,
produced industrial accident/chemical release

Terrorist-related Events that are purpose- | Events of September 11,2001, as well

disaster fully produced in an as intentional chemical, biological,
effort to cause terror radiologic, or toxin releases

Internal disaster | An event that occurs Hazardous materials spill in hospital

within the hospital laboratory, fire or explosion within

hospital, power failure

External disaster | An event that occurs Transportation accident, industrial
external to the hospital | accident

Acute disaster Disaster that occursina | Explosion, industrial release,
narrow and well-defined | earthquake

time frame

Disaster with no well-
defined start point or
continuous production of
casualties over a broad
time frame

Nonacute disaster Pandemic infectious disease, incre-
mental release of a biological or toxin

(e.g., anthrax sent through mail)

Public safety

Crowd control, hospital lockdown, and hospital access control

Facilities/engineering

Evaluate structural damage and advise on stability of facilities

Logistics/equipment
supply

Provide supplies/equipment; arrange for rapid ordering of
additional supplies

Pharmacy Provide pharmaceuticals, antidotes, and antibiotics; arrange
for rapid ordering of additional pharmaceuticals

Transportation Assist with patient transport

Clinical fields A wide array of clinical fields should be represented, includ-

ing representatives from the ED, primary specialties (internal
medicine, family medicine, pediatrics), and surgical specialties

Media/public relations

Act as single point of contact for media; liaise between media
and clinical areas, emergency operations center, and other
hospital resources

Communications officer

Coordinate communication to employees during a disaster
through e-mail, website, paging groups, phone, or social
media

Nonclinical patient care

Housekeeping and food services

Safety officer

Determine and ensure safe practices for employees
(e.g., appropriate personal protective equipment for
decontamination)

Radiation safety officer

Prepare plan for and respond to radiologic emergencies

The hazard vulnerability analysis can prioritize planning efforts
because different disasters are characterized by different morbid-
ity and mortality patterns and different challenges to the ED and
hospital. For example, earthquakes may cause severe traumatic injuries
requiring a concentration on surge capacity of the critically ill patient.
Rescue operations may last several days. Unique needs, such as dialy-
sis for renal failure for multiple crush injury victims, may need to be
considered. Natural disasters often cause large numbers of homeless or
displaced persons whose everyday medical needs are exacerbated by
limited access to usual health care, as occurred after Hurricane Katrina.
Chemical releases may require mass decontamination as well as large
numbers of ventilators, oxygen, and specific antidotes that are not typi-
cally available in large quantities.

HOSPITAL—COMMUNITY COORDINATION

Every hospital should integrate its emergency operations plan with those
of community disaster management agencies. This is especially impor-
tant regarding disaster notification and communications, transportation
of casualties, and provisions for dispatch of hospital medical teams to
a disaster site. Strong relationships with community agencies (e.g., fire
department, regional EMS system, local emergency management, or
public health agency) are important to ensure a coordinated disaster
response. There are a large number of community agencies that have
some responsibility for disaster planning and response (Table 5-4).
Other organizations that a hospital may interact with during the
disaster planning process include the military, local chapters of the

1. 5P Factors That May Hinder ED Response to Disasters
Poor communication between ED and disaster scene

Poor communication within the hospital (e.g., ED to emergency operations center,
emergency operations center to patient care areas)

Inability to control volunteer healthcare personnel who are unfamiliar with the ED
function and their roles in disaster response

Inability to engage and control convergence of media to the ED

Inability to engage, control, and direct visitors who are searching for loved ones
Inability to control large numbers of patients (i.e., crowd control)

Difficulty maintaining high staffing needs for extended periods

Infection control officer

Prepare for and respond to infectious disease emergencies

American Red Cross, local emergency planning committees, Citizen
Corps Councils, and other volunteer agencies, along with state and
federal agencies (e.g., National Disaster Medical System, Metropolitan
Medical Response System, Centers for Disease Control and Prevention).
Medical planning in a community is usually the responsibility of local
and state health departments and EMS councils.

INTEGRATION WITH NATIONAL RESPONSE ASSETS

Some of the important federal response resources are listed in Table 5-5.
During a response, these agencies may play pivotal roles and may inter-
face and coordinate with hospitals and emergency physicians.

LIRS RN Community Agencies Involved in Disaster Planning

Community Agency

Responsibilities

Federal Bureau of

Incident command if a federal crime may be involved

Investigation

FEMA Incident command in public health disaster

State governor Authority to declare health emergency; requests federal
assistance (e.g., FEMA); responsible for public safety

State health department | Authorized by governor to coordinate disaster response

State emergency man- | State-level equivalent of FEMA

agement association

City/county health May have jurisdiction for local disasters (variable); may be

department initial incident command for local health disasters

EMS Patient triage in field; decontamination in field (if necessary);
stabilization and transfer to definitive care facility

Fire service Overall scene command in an acute disaster; victim rescue

and hazard control

Police service

Traffic management and scene security in an acute disaster

Public works

Support equipment and personnel; structural safety expertise

Hazardous materials
(HAZMAT) teams

Initial incident command at scene of hazardous materials
spill/exposure

Abbreviation: FEMA = Federal Emergency Management Agency.
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Agency

Role

U.S. Public Health Service/Office of Emer-
gency Response; http://www.phe.gov/
preparedness/pages/default.aspx

Office within DHHS. Management and
coordination of federal health and medical
activities related to preparation, response,
and recovery from major emergencies or
presidentially declared disasters.

Metropolitan Medical Response System

For more information: www.nchi.nlm.nih
.gov/books/NBK220762/

Enhance local emergency preparedness sys-
tems by promoting coordination between
local responders (e.g., police, fire, hazard-
ous materials agencies, EMS, hospitals).

National Disaster Medical System; https://
www.phe.gov/Preparedness/responders/
ndms/Pages/default.aspx

Asset-sharing program between DHHS,
Federal Emergency Management Agency,
U.S. Department of Defense, U.S. Depart-
ment of Veterans Affairs, and public/private
organizations—developed to provide surge
capacity for natural disasters, wartime
military casualties, and large-scale bioter-
rorism events.

DMAT; https://www.phe.gov/preparedness/
responders/pages/default.aspx

Multidisciplinary teams that deploy in
response to federally declared disasters
and emergencies to support a local
jurisdiction’s response. Teams include
physicians, nurses, medics, pharmacists,
and logisticians.

National Disaster Medical System
Response Teams; https://www.phe.gov/
preparedness/responders/pages/default
.aspx

Specialty teams, based on the DMAT
concept, developed to respond to chemical,
biological, and radiologic events.

Disaster Mortuary Operational Response
Teams; https://www.phe.gov/preparedness/
responders/pages/default.aspx

Teams that respond to federally declared
disasters and emergencies to support a
local jurisdiction’s ability to process large
volumes of deceased patients.

Centers for Disease Control and Preven-
tion; http://www.cdc.gov

Centers within DHHS. Lead federal agency
in developing and applying disease
prevention and control. Advisory agency in
bioterrorism response.

(DC Outbreak Response Teams

Teams of (DC epidemiologists to assist
with local efforts in investigating potential
outbreaks, confirmation of cases and
exposures, and environmental clean-up.

Laboratory Response Network; https://
emergency.cdc.gov/Irn/index.asp

Network that links local and state public
health laboratories to advanced-capacity
laboratories, including military, chemical,
veterinarian, agricultural, water, and food
testing labs.

National Notifiable Diseases Surveillance
System; http://wwwn.cdc.gov/nndss/
script/nedss.aspx

National public health surveillance system.

Health Alert Network; http://emergency
.cdc.gov/han/

System that allows for rapid early warning
broadcast alerts to health departments for
potential emerging infectious diseases or
outbreaks.

Strategic National Stockpile; http://www
.cdc.gov/phpr/stockpile/stockpile.htm

Two-part system designed to provide local
jurisdictions with medications, vaccines,
and equipment during a disaster.
Prepackaged cache—delivered within 12 h
inthe U.S.

Situation-specific cache—delivered within
36 hintheU.S.

Federal Bureau of Investigation

Lead federal agency for crisis management.
Has authority to conduct law enforcement
investigations into acts of terrorism.

Abbreviations: (DC = Centers for Disease Control and Prevention; DHHS = Department of Health and
Human Services; DMAT = Disaster Medical Assistance Teams.
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TRAINING AND DISASTER EXERCISES

Regular training and exercises familiarize staff with their disaster roles
and responsibilities and identify weaknesses or omissions in the plans
that require additions or revisions. Exercises can range from full-scale,
community-wide simulations, with moulage (use of makeup or theater
techniques to represent injuries) victims, to tabletop triage scenarios,
mini-exercises that test only certain components of the disaster plan
(such as call-up of personnel), and tests of communications. The Joint
Commission requires two annual exercises at least one of which involves
the movement of patients. The scenarios should reflect incidents that
are likely to occur in the community as determined by the hazard vul-
nerability analysis.

HOSPITAL EMERGENCY OPERATIONS PLAN

The hospital emergency operations plan provides for an organized
response of the hospital from the time of notification of a disaster until
the situation normalizes (Table 5-6).

Functions include activation of the emergency operations plan,
establishment of an emergency operations center, assessment of hospital
capacity, surge capacity planning, communications, supply and resup-
ply, triage and treatment of casualties, establishment of support areas,
and termination of the disaster state to allow for recovery and the return
to normal activities.

ACTIVATE THE EMERGENCY OPERATIONS PLAN

Clearly delineate the roles and responsibilities of all employees in the ED
and any employees who may respond to the ED in the planning process;
those roles must be clearly listed and easily accessed in the event of a
disaster. Clarify the reasons for activation of the emergency operations
plan. Activation of the emergency operations plan should provide for
the immediate mobilization of supplies, equipment, and personnel.

ESTABLISH EMERGENCY OPERATIONS CENTER

The Incident Command System is a standard emergency management
system used throughout the United States to provide a flexible com-
mand and control structure upon which to organize a response.® The
Incident Command System is generally used when there is an identifi-
able single scene for a disaster event, such as the site of a plane crash. By
standardizing an organizational structure and using common terminol-
ogy, the Incident Command System provides a management system that

1. EECN Components of the Hospital Emergency Operations Plan
Component Function

Activate emergency opera- | Notify and mobilize personnel and equipment

tions plan
Set up emergency opera- Nerve center for hospital response and communication
tions center with outside agencies

Assess hospital capacity Determine safety of hospital itself; determine capabilities

of hospital in all units

(reate surge capacity Determine ways to handle the maximum number of

patients

Establish communication Develop multiple and redundant systems, including cel-

systems lular phones, satellite phones, two-way radios, runners
Provide supplies and Deliver available supplies to proper areas and plan for
equipment resupplying or obtaining other needed materials

Establish support areas

Establish decontamination,
triage, and treatment areas

Volunteer, media, and family information centers

Decontamination, triage, resuscitation, acute care, and
minor care areas; surgical triage and holding; psychiatric
area; morgue

Terminate disaster response
and provide for remediation

Return personnel and supplies to normal activity; provide
emotional support for caregivers; improve emergency
operations plan for future incidents
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is adaptable to incidents involving a multiagency or multijurisdictional
response. At the most basic level, there are five main components to
the organizational structure: (1) incident command, (2) operations, (3)
planning, (4) logistics, and (5) finance. With this type of organizational
infrastructure and the flexibility to expand and collapse as needed,
an orderly and efficient response to any incident can theoretically be
implemented.

The Hospital Emergency Incident Command System is modeled after
the Incident Command System. Upon declaration of a disaster, an emer-
gency operations center within the hospital should be established in a
predesignated area. This center should be able to communicate with the
ED and triage area and with external authorities (regional EMS, police,
fire, and public health agencies). There should be a primary emergency
operations center as well as a secondary site to be used in the event that
the primary site is damaged or inaccessible. Provisions for multiple
redundant modes of communication should be made. Other respon-
sibilities of the emergency operations center include opening up addi-
tional hospital wards or clinics, obtaining outside assistance, evacuating
endangered patients, assigning staff to treatment areas, and terminating
the disaster mode of operation.

ASSESS HOSPITAL CAPACITY

Before the hospital can receive casualties, it must be determined if the
hospital itself has sustained any structural damage or loss of use as a
result of a disaster. These include blocked passageways or inoperable ele-
vators; potential for fire, explosion, or building collapse; failure of utili-
ties; loss of equipment or supplies; contamination of water; and outside
access problems. This damage assessment is usually the responsibility of
the hospital safety officer or engineer. If the hospital’s structural integrity
has been compromised, it may be necessary to initiate the evacuation
plan to evacuate staff and patients.

Once it is determined that the hospital itself is safe, the hospital
should determine how many casualties from the disaster site it can
safely manage. This may be limited by available personnel, beds, oper-
ating room and intensive care unit capacity, and supplies, as well as by
the type of disaster and the availability of other community resources.
At the time of disaster notification, it is necessary to know the status
of many of the hospital’s capabilities: how many beds are available,
how much critical supplies and medications are available, how many
personnel are on duty, what structural damage has occurred, how many
operating rooms are in use, which clinicians are present in the hospital,
and so forth.

CREATE SURGE CAPACITY

Surge capacity is the ability to increase hospital bed capacity over nor-
mal limits. Intrahospital surge may include doubling patients in rooms,
converting an acute care ward to an intensive care level unit, opening
previously closed wards, or caring for patients in typically nonclinical
locations, such as the hallway or cafeteria. Interhospital or regional surge
may include discharging hospitalized patients to an external low acuity
unit, either mobile or fixed, and altering standards of care (typically
a role of the state governor and legislature and only during governor-
declared disasters).”® The standards of care should be altered only in
the most extreme circumstances, as patient surge has been linked to
somewhat worse outcomes for individual patients.’

ESTABLISH COMMUNICATIONS SYSTEMS

Establishment of good communications is critical in any disaster or
mass casualty situation. Even the best disaster plans fail without well-
established communications systems. Unfortunately, experience shows
that this essential function is difficult to achieve for a variety of reasons.
Many communication modes become inoperative during a disaster.
Cellular telephones, in particular, are often overwhelmed in disasters.
Disaster planning must include a multitiered plan for intrahospital
(blackboard, two-way radios, messengers/couriers) and interhospital
(citizen band groups, cellular telephones, satellite telephones, two-way
radios) communication.

SUPPLIES

During a disaster, necessary supplies and equipment must be ready for
immediate distribution to appropriate locations in the hospital. Each
hospital will need to estimate the amount of supplies that will be needed
in stock over and above their regular hospital supply. Unfortunately, due
to “just in time” stocking, most U.S. hospitals do not have a surge of sup-
plies that may be used in a disaster. The Centers for Disease Control and
Prevention has arranged a series of medication push-packs throughout
the United States that can be delivered to any area of disaster within
12 hours (https://www.cdc.gov/phpr/stockpile/index.htm). Once deliv-
ered, additional time is necessary to unpack the supplies and deliver the
supplies to individual hospitals. The regional/local disaster plan must
include a mechanism to unpack the push-packs, determine the hospitals
in greatest need of individual items, divide the push-pack contents, and
deliver the supplies to the hospital. This logistical issue makes it neces-
sary for most hospitals to rely on their own supplies for a period of at
least 96 hours.

ESTABLISH SUPPORT AREAS

Family Information Center During a disaster, families and friends
will arrive at the hospital seeking information about victims. This con-
vergence can seriously interfere with efforts of the hospital to respond
effectively to the situation. For this reason, predesignate a separate area
for family members seeking information. This area may also be used to
discharge in-hospital patients and treated disaster victims.

Volunteer Coordination Center In major disasters, anticipate the
potential for large numbers of volunteers, including those wishing to
donate blood. Although some of these people may have appropriate
clinical skills, they are unlikely to be familiar with the hospital functions
and could be more hindrance than help. A separate place should be
identified to handle these volunteers and, if appropriate, credential and
decide how they may best be used. This area should include all equip-
ment and personnel that are required to perform emergency credential-
ing (if appropriate and necessary).

Media Center Identify a single hospital spokesperson to relay informa-
tion to the media. This public information officer ideally should have
some training in handling media questions and making clear statements
to the press and public. Similar to the family information center, the
media briefing room should be set up away from clinical care areas so
that the press does not negatively impact on medical care while seeking
a story. Direct members of the media to this area, and closely supervise
their access to any treatment area by utilizing security personnel and
either the hospital administrator or public information officer.

DECONTAMINATION, TRIAGE, AND TREATMENT

Certain areas of the hospital must be designated for specific functions,
including decontamination, triage, care of major and minor casualties,
presurgical holding and surgical triage, psychiatric care, and morgue
facilities. The plan should be quite specific as to the function of these
areas, staffing requirements, and basic supplies to be used.

Decontamination Perform decontamination in an area that is out-
side of the clinical care area of the ED.* Typically, this area is located
external to the ED, but may be in internal locations. Use the decon-
tamination facility to remove clothing and cleanse the skin and hair of
patients exposed to a chemical or radioisotope (Table 5-7).° Provide
patient coverage and protection from the environment. Make sufficient
personal protective equipment available for hospital staff assisting with
decontamination.

Triage Restrict patient entry to only one location—the triage area.
The primary functions of a disaster triage area are rapid assessment of
all incoming casualties or ill patients, patient registration and identifica-
tion, the assignment of priorities for management, and distribution of
patients to appropriate treatment areas in the ED and hospital.

Treatment Patient care in disasters requires alteration of scale and

sometimes location of clinical care, but staff should perform the clini-
cal roles that are familiar to them. Several exceptions to this rule may
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Decontaminate patients exposed to solids, liquids, vapors, or mists.

Patients exposed only to a fully dispersed gas need to be assessed for pulmonary
symptoms and systemic toxicity and do not require decontamination. When uncer-
tain if a substance is a gas or actually a vapor or mist, decontamination should occur.

Hospital personnel should have the initial ability to decontaminate one patient at
a time with a shower or hose system while setting up a larger tent or a multiple-
person decontamination system.

Perform decontamination outside of the ED in a way that prevents patients from
entering the ED before decontamination.

Hospital personnel require level C personal protective equipment while performing
decontamination. Higher levels of protection are not necessary and should only be used
by hospitals that follow stringent training protocols and criteria, and use only person-
nel who have been specifically trained to use the equipment. Sufficient equipment
for multiple personnel and rotations of personnel in and out of the decontamina-
tion zone every 30 min are suggested.

The first and a very effective method for decontamination is to disrobe, brush off
solid dusts or powders, and wash and dry the face. Patient clothing and belongings
should be individually bagged and labeled. Watches, earrings, body piercings, jewelry,
and contact lenses should be removed. Hearing aids should be wiped with a moistened
cloth and may be returned to patients after the decontamination procedure because
the need to hear instructions outweighs any risk of wearing the hearing aid.

Warm water is the universal decontamination fluid. Hosing a patient from head to toe
(or showering) for 5 min will decontaminate most ambulatory patients.

Patients with adherent materials will need additional scrubbing of hair and affected
body parts with soap to remove these; medical assistance will be necessary in some
circumstances. An additional check to ensure the removal of all earrings and body
piercings should be done.

Young children need assistance and reassurance and should be decontaminated with
the aid of a parent or guardian who can hold and reassure the child while medical per-
sonnel perform the decontamination.

After the decontamination procedure, provide hospital clothing (cloth or paper gowns)
and triage patients to an area to await further assessment. Retriage patients with eye
pain after whole-body decontamination for individual irrigation of their eyes with
sterile normal saline. Patients with contaminated wounds will likely need additional
irrigation of debris in wounds.

Contain runoff water from the decontamination to prevent environmental contamination.

(ritical medical devices (infusion pumps, hearing aids, ostomy bags, etc.) may remain
with the patient unless a high-risk chemical has been identified. Wash canes and walkers
with soap and water or diluted household bleach and return to patients to ensure their
mobility.

At least one radiation survey meter (e.g., Geiger-Miiller counter) and staff that are
trained in its use are necessary for events that potentially involve radioisotopes. Patients
may need a radiation survey sweep before and after decontamination, and further
decontamination may be needed until levels reach background radiation levels.

Staff involved in the decontamination process and systems need annual training and
practice drills. Share an assessment of strengths and weakness learned from each drill
with hospital personnel to improve preparedness and performance.

exist (decontamination); however, in general, staff are more efficient
at performing typical tasks quickly than learning new tasks in real
time.

Organize patient care stations so that clinicians who are familiar with
the assessment and treatment of the clinical problems may staff them.
One suggested method of organizing patient care stations includes
“resuscitation” and “minor treatment” areas.

RESUSCITATION

From the triage location, most, if not all, of the seriously injured
patients will be sent to the resuscitation area (trauma and cardiac
resuscitation, treatment of hypovolemic or septic shock, severe respira-
tory distress). This is usually physically located in the ED and staffed by
emergency physicians. Other areas that may be used include direct to
operating room or postoperative recovery room triage.
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PRESURGICAL HOLDING AREA AND SURGICAL TRIAGE

Send trauma patients who are initially stabilized in the ED to the pre-
surgical holding area for preoperative preparation and observation. The
number of operating rooms that can be staffed is the main limit-
ing factor in the provision of definitive care for a large number of
severely injured casualties. The most experienced surgeon available
should take the responsibility to prioritize cases and to rapidly assign
surgeons to individual cases.

MINOR TREATMENT AREA

In most disaster situations, the majority of patients are not very seriously
injured. These low-acuity patients can be sent to an “urgent care” area
for definitive care, including splinting of fractures, primary closure of
lacerations, tetanus prophylaxis, and observation for delayed symptoms.
This minor treatment area can be established in the hospital’s outpatient
clinics and staffed by the clinic physicians.

MENTAL HEALTH

In the event of a disaster involving mass casualties, and even property
damage with loss of possessions, it is common for patients to present
with episodes of anxiety and depression, or exacerbations of their psy-
chiatric disorders."" Agitated patients, visitors, or staff can be extremely
disruptive to hospital disaster operations. Consider a separate isolated
area to receive individuals in need of psychological intervention. Include
consideration for assessing patients and hospital staff who are psycho-
logically affected by the disaster. Consider providing a critical stress
response team, including social workers and psychiatrists, to provide
support and critical stress debriefing.

MORGUE FACILITIES

Disasters can result in a large number of fatalities. Morgue capaci-
ties may need to be expanded to other areas of the hospital (medical
school anatomy area, auditorium), enhanced by mobilization of local
freezer trucks (this must be prearranged during the planning stage), or
enhanced by federal assets (Disaster Mortuary Operational Response
Teams). Viewing of deceased patients should take place here, not in
treatment areas.

TERMINATING DISASTER RESPONSE (RECOVERY)

As soon as appropriate, direct efforts toward returning the hospital to
normal operations. Besides restocking and cleaning, give consideration
to the emotional stress experienced by both the EMS and hospital staff.
Critical incident stress debriefing can reduce the psychological impact of
these events on medical responders and offer immediate emotional sup-
port to healthcare workers. Data from previous experiences suggest that
such intervention can assist providers in maintaining job performance
and satisfaction, resulting in improved patient care.” Provide all mem-
bers who participated in the disaster, not just medical personnel, the
opportunity to participate in critical incident stress debriefing.

Carefully record and review deficiencies in a hospital’s disaster plan
that are revealed during a disaster, and write an after-action report. Take
immediate steps to correct these flaws in the plan.

FIELD DISASTER RESPONSE

Elements of field disaster response are field triage and medical care,
communications, distribution of casualties, and management of on-site
disaster medical teams.

FIELD TRIAGE AND MEDICAL CARE

In the field, rescue personnel often use a simple triage and rapid treatment
technique that depends on a rapid assessment of respiratory status, perfu-
sion, hemorrhage control, and mental status. Patients are then triaged to
immediate care, delayed care, or dead/dying."*'* Subsequently, determining
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how much and what type of care to administer at the disaster site depends
on several factors. If the number of patients is small and there are sufficient
prehospital personnel and transportation resources available, on-site medi-
cal care can proceed in a fairly normal manner, with rapid stabilization and
transportation to nearby hospitals. When extrication will be prolonged,
interventions such as fluid resuscitation and pain control should be insti-
tuted in the field. On the other hand, early, rapid transportation with a
minimum of treatment should be practiced when there is danger to rescu-
ers and casualties from fire, explosion, falling buildings, hazardous materi-
als, and extreme weather conditions.

When patients are likely to have significantly delayed transport
from a scene (e.g., number of casualties exceeds transportation capac-
ity or damage to hospital infrastructure), the “Secondary Assessment
of Victim Endpoint” triage system may be helpful to identify patients
who are most likely to benefit from the care available under austere
field conditions.” The Secondary Assessment of Victim Endpoint tri-
age system is intended to triage patients into categories that reflect a
balance between resource use and probability of survival. Category 1
includes patients who will die regardless of how much care they receive.
Category 2 includes patients who will survive whether or not they
receive care. Category 3 includes patients who will benefit significantly
from austere field interventions.'

COMMUNICATION—DISASTER SITE TO HOSPITALS

The local emergency communications or emergency operations center
should alert hospitals in the affected area of possible mass/multiple casu-
alty situations or disasters. This report should include the total number
of injured, the number of seriously injured (who may need intensive care
unit capability), and the number for whom ambulatory treatment is suf-
ficient. Hospitals should report to the local emergency communications
center the following information: bed availability, number of casualties
received thus far, number of additional casualties that the hospital is
prepared to accept, and specific items in short supply.

DISTRIBUTION OF CASUALTIES TO RECEIVING HOSPITALS

Maintain good communication between hospitals and on-site EMS
command in order to minimize unequal distribution of victims. Alert
the on-scene incident commander immediately of a potentially over-
loaded hospital. In this situation, the less injured and more stable can
be sent a farther distance to outlying hospitals.

Casualties with special problems, such as major burns, carbon mon-
oxide poisoning, spinal cord injuries, or victims of chemical or biologi-
cal terrorism, may need to be transferred directly to specialized units,
although it may not be possible for these units to accept a large number
of ill or injured. For that reason, develop regional plans to allow for the
care of specialty patients in nonspecialty hospitals.

MANAGEMENT OF ON-SITE DISASTER MEDICAL TEAMS
FROM HOSPITALS

On-site disaster medical teams dispatched from local hospitals may
be of value in situations in which victims require prolonged extrica-
tion; transportation routes are blocked, preventing easy evacuation to
hospitals; or the number of casualties is of such magnitude that they
exceed transportation capacities. Dispatch such a team with great cau-
tion. Physicians and nurses function optimally in an in-hospital setting.
Few, however, are prepared to work under austere field conditions.
Such hospital-based teams should probably not come from the ED staff
until back-up staff has arrived to care for patients arriving from the
disaster site or who are already present. Explicitly describe how such
personnel are placed in action in the hospital emergency operations
plan and coordinate with state and local agencies through memoranda
of understanding.

Carefully map out the resources for such field response teams on a
regional basis. At least one institution from each region should maintain
an on-site triage team of physicians and nurses. The designated hospital
should store disaster triage kits containing essential resuscitation and
stabilization equipment for field use.

ED DISASTER RESPONSE
INITIAL RESPONSE

When a call is made to the hospital indicating the occurrence of a disaster
or potential mass casualty—producing event, the incident must be verified
by the appropriate predesignated official, who then puts the emergency
operations plan into effect. In some events, the first sign of a disaster
may be patients arriving at the hospital. In this case, contact the regional
emergency communications center to notify the regional hospitals of the
impending disaster and initiate the emergency operations plan.

This sets a series of activities into motion. The information obtained
from the call is given to the charge nurse; the nursing and medical
personnel in the ED are notified of the impending arrival of casualties;
and the ED’s plan for calling additional staff is activated. If hospital tele-
phone communications have been completely disrupted, ED personnel
may have to be reached by radio, cellular phone, e-mail, or television
announcement. In many disasters, cellular phone and text messaging
systems are quickly overwhelmed. Alternatively, a calling station remote
from the hospital, such as at the residence of an administrator, physician,
or nurse, may be able to handle this extensive calling job without taxing
the hospital’s phone system.

An initial needs assessment is conducted by the nurse and/or physi-
cian in charge, given the information available. They should evaluate
the current status of the patients in the ED and make the appropriate
disposition decisions. The ED physician or charge nurse becomes the
on-site incident commander until the plan-designated incident com-
mander arrives. Among the decisions to be made are those related
to the admission, discharge, or transfer of patients, and decisions
about the priority of patient care. Discharge all nonemergency
patients from the ED with responsible individuals.

Based on the initial assessment, the number of patients that the
department can receive is determined and communicated to the pre-
hospital disaster communications center. The nurse and the physician
in charge then assign staff to those areas in the department to be used
during the disaster.

Take all available litters and wheelchairs to the ambulance entrance
immediately on announcement of the disaster status. Patients from the
disaster site are met at the receiving area by hospital escorts who assist
the emergency medical technicians in transferring patients to wheel-
chairs or stretchers.

Place essential equipment, such as endotracheal tubes, IV fluids, cervi-
cal collars, splints, and bandages, near the ambulance entrance to permit
convenient restocking of the ambulance (when plans call for ambulance
restocking from hospitals) and rapid return to the disaster site.

SECURITY

Hospital security diverts nonessential vehicles and ensures a smooth,
one-way flow of traffic to the ambulance entrance. Once patients, family,
and media arrive, security is also responsible for protecting the treat-
ment areas and inhibiting unplanned entry into the hospital.*

TRIAGE

Triage establishes priorities for care and determines the clinical area
of treatment. Many seeking help will arrive independent of the EMS
system.>* Triage will need to be performed at the ED entrance even if
it was done at the scene.

Triage category is identified by use of a colored band or trauma/
disaster tag that is placed on the patient to document that triage has
been done.

The approach to patient evaluation and treatment is quite different
when dealing with disaster situations that result in high casualties.'® To
accomplish the most good for the most number of patients, the triage
team should evaluate all patients arriving at the ED and classify their
condition with regard to severity of injury and need for treatment. Some
principles of medical care must be altered to achieve the best overall
result. Patient care at triage should be limited to manually opening air-
ways and controlling external hemorrhage.
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Red
« First priority
« Most urgent

- Life-threatening shock or hypoxia is present or imminent, but the patient can likely be
stabilized and, if given immediate care, will probably survive.

Yellow

- Second priority

« Urgent

- The injuries have systemic implications or effects, but patients are not yet in life-
threatening shock or hypoxia; although systemic decline may ensue, given appropriate
care, patients can likely withstand a 45- to 60-min wait without immediate risk.

Green
« Third priority
« Nonurgent

« Injuries are localized without immediate systemic implications; with a minimum of care,
these patients generally are unlikely to deteriorate for several hours, if at all.

Black

- Dead

- No distinction can be made hetween clinical and biological death in a mass casualty
incident, and any unresponsive patient who has no spontaneous ventilation or circulation

is classified as dead. Some place catastrophically injured patients who have a slim
chance for survival regardless of care in this triage category.

The most common triage classification in the United States still
involves assigning patients to one of four color-coded categories (red,
yellow, green, or black), depending on injury severity and prognosis
(Table 5-8). In addition to the nature and urgency of the patient’s sys-
temic condition, triage decisions should be sensitive to factors affecting
prognosis, such as age, general health, and prior physical condition of
the patient, as well as the qualifications of the responders and the avail-
ability of key supplies and equipment.

Catastrophically injured patients who have a minimal chance for
survival despite optimal medical care should be classified as “expectant”
(“black” to include patients with burns involving 95% body surface area,
and patients in full cardiac arrest or septic shock). Devoting time and
resources to patients who are not likely to live jeopardizes other patients
who are truly salvageable. The goal with these “expectant” patients
should be adequate pain control and the opportunity to be with friends
and family.

TRIAGE TEAM

A team consisting of an emergency physician, an ED nurse, and medical
records or admitting clerks should receive every patient. In extraor-
dinary situations, several triage teams may be required to handle the
casualty load. Acknowledge the physician performing hospital triage
as being in command of the triage area (clearly identified by a specially
colored vest or other garment) and understanding all triage options.

Assign one member of the triage team (admitting or medical records
clerk) the job of recording the victim’s name on the disaster tag along
with the triage destination within the hospital. If identification of the
patient is not available, ethnicity, gender, and approximate age should
be noted on the tag. An initial diagnostic impression should also be reg-
istered on the tag. This information is entered into a department log or
into the electronic medical record, if possible. In some patient tracking
systems, a scan of the bar code on the disaster tag may allow for immedi-
ate registration by disaster tag number and open an electronic medical
record. Additional care can be recorded in the electronic medical record
or in a paper disaster chart and kept with the patient at all times and later
scanned into the electronic medical record.

ED DISASTER PATIENT CARE

Disaster care concepts often vary from the typical ED routine. Care
that is not immediately time sensitive can be provided the next day.
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For example, wounds may benefit from delayed closure after copious
irrigation due to delayed presentations or gross contamination. In the
event of prolonged extrication from rubble, assess for delayed signs and
symptoms, including cardiac dysrhythmias, hyperkalemia from crush
injury, renal failure, and pulmonary blast injury.

Terrorist-related or industrial explosive events may lead to medical
conditions or exposure to chemicals that are not familiar to clinicians.*
Patients may require prolonged observation (e.g., exposure to phosgene
or ricin) or unique testing. For infectious exposures, the Centers for
Disease Control and Prevention and local/state public health agencies
can guide testing, observation time, and treatment. Immediately contact
the local public health agency if a biological terrorist agent or a rare and
potentially fatal infectious disease is seen or suspected in the ED. In the
event of a chemical agent, the regional Poison Center (1-800-222-1222)
can provide information and guidance on whether decontamination is
necessary, as well as testing, observation time, and antidotal or support-
ive treatment. Fact sheets on biological, chemical, and radiologic agents
are available at http://www.cdc.gov.*"”

Use radiographic and laboratory studies sparingly, if at all, in a mass
casualty situation, and only if the results of such tests will change treat-
ment. For example, possible closed, nonangulated fractures can be
splinted, and radiographs can be safely delayed for 24 to 48 hours. A
chest radiograph may be appropriate in patients complaining of chest
pain, dyspnea, or abnormal chest wall motion, or who were potentially
exposed to blast waves secondary to bombs. CT imaging may be quicker
than plain radiographs in some injuries, and prioritization to CT may be
required. Ultrasonography to detect free intraperitoneal fluid, pericar-
dial fluid, and pneumothorax is time- and cost-effective and has been
used in earthquakes to triage operative care.'

With the exception of identification of biological and chemical agents,
there are few indications for laboratory testing in disaster medicine. If
testing will change management, use point-of-care testing to expedite
care. For example, obtain a baseline hematocrit and type and cross-
matching for blood in cases of hemorrhagic shock. Pulse oximetry
monitors may need to be used as spot assessments, rather than continu-
ous bedside monitoring of a single patient. Consider laboratory studies
to be accessory and ordered only in specific circumstances (carboxyhe-
moglobin in cases of smoke inhalation).

In a disaster situation involving many casualties, the blood bank
should have up to 50 units of blood available and should have access
to volunteer donors who can be rapidly mobilized. Potential donors
include friends and family members of patients, as well as mildly injured
patients.
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INTRODUCTION AND EPIDEMIOLOGY

Natural disasters continue to be an unpredictable source of worldwide
morbidity and mortality and present unique challenges for practitioners
of emergency care. The 2005 to 2014 annual average worldwide mortal-
ity rate was 76,416 deaths per year from natural disasters, with an aver-
age of 199.2 million worldwide victims per year during the same time
period and an economic cost of $70.3 billion in 2015." With the increase
in rapidly mobilized recovery teams, emergency physicians are at the
forefront of patient care after a natural disaster. It is here that we can
have the greatest impact in treating survivors and minimizing secondary
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1R Timing of Disease Presentation

Timing of Onset Presentation

Acute phase Trauma Stress reactions | Drowning Inhalational injury Burns

Immediate postevent | Infectious complications | Exacerbationof | Acute stress disorder Burns Inhalational injury

phase of trauma chronic disease

Recovery phase Trauma Communicable Infectious complications | Soft tissue infections | Exacerbation of Vectorborne | Posttraumatic
disease of trauma chronic disease disease stress disorder

morbidity and mortality, often in the setting of a significantly impaired
healthcare system. Research suggests that the burden of natural disas-
ters is likely to rise in the coming years, due to increasing population
density in high-risk areas and risks associated with expanding technol-
ogy (e.g., fires or earthquakes in larger and taller buildings or critical
infrastructure).”

Although the mechanics, warning period, and impact vary widely
between types of natural disasters, there is a predictable pattern
of events that occur and may be used to maximize the subsequent
response. Natural disasters result in a combined loss of resources—
infrastructure, economic, social, and health. Although this may be
tempered by pre-event preparedness and infrastructure strength,
this combination of resource loss has a synergistic impact on the
health of and the delivery of health care to the affected population.
Another commonality is the predictable pattern of pathology, seen in
the progression from the impact of the event itself, through the acute
aftermath, to the immediate postdisaster phase, and into the recovery
phase (Table 6-1). Perhaps most salient for emergency practitioners,
relief efforts can be implemented based on data from previous disaster
experience, while simultaneously being tailored to the type of disaster
(e.g., hurricane, earthquake, tornado, flood, tsunami, or snow) and
region affected. Finally, disaster responders should be prepared to face
the duty of management of dead bodies, on a scale otherwise seen only
in the setting of combat.

LOSS OF RESOURCES

Most natural disasters—whether by water, wind, fire, or snow—
cause some disruption of power, communication, and transportation
systems. In developed and developing nations, entire cities can be
destroyed instantly, overwhelming nearby healthcare facilities and
personnel. In such cases, the traditional triage system may not be
effective.® A Centers for Disease Control and Prevention posthurricane
assessment in 2012 determined that most of the resulting public health
emergencies were directly due to loss of public health infrastructure
and related to clean-up and repair activities. Because standard ameni-
ties, such as power, running water, and sanitation methods, may be
unavailable for extended periods of time, all medical disaster planning
must include practical, simple alternatives to technologies that are
likely to fail during a disaster.

Lack of communication is a common feature of both the impact and
delayed phases of a disaster. Even the most sophisticated equipment
may fail due to regionwide outages or loss of electricity for charg-
ing devices. In our experience during the active phase of Hurricane
Katrina, the only working means of communication within Charity
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Hospital was a single landline telephone. Difficulty in communication
has led to recent innovation with proposals for disaster-specific elec-
tronic medical records.’

Evidence suggests that the predisaster level of preparedness and
resources in a community has a significant impact on its response to
a catastrophic event. Analysis of four earthquakes in different regions
(developed and developing countries) found that regions with the least
preparedness and weakest preexisting medical infrastructure had the
highest number of deaths per patients injured.® Investment in targeted
disaster preparedness efforts before an event occurs, particularly for the
most vulnerable populations, is crucial in mitigating the effects of an
inevitable disruption in resources during a disaster.”

DISEASE BURDEN

Understanding of the likely health emergencies to be encountered in
the acute and postdisaster phases is crucial to any emergency response.
Although it is widely thought that outbreaks of rare and/or severe disease
inevitably follow many types of natural catastrophe, evidence does not
support this belief.** Common medical problems after natural disasters
include traumatic injury, infectious disease, exacerbations of chronic
medical conditions, and a surge in mental health issues (Table 6-2). In
addition to the common medical problems previously listed, the handling
of bodies has an additional unique impact on the health of the affected
population.

TRAUMA

Traumatic injuries frequently occur in the acute phase of a natural disas-
ter, commonly from direct trauma from collapsing structures or flying
debris. A second spike in trauma is seen during the recovery/clean-up
phase, mainly due to unsafe infrastructure. However, this secondary
spike in trauma may also include violent injuries, depending on the level
of civil unrest.!” Although most trauma is minor, management of severe
injuries by healthcare professionals can prove especially challenging
when resources are lacking, as they often require coordinated surgical
care. This necessitates adequate resources of anesthesia, blood prod-
ucts, surgical equipment and the ability to sterilize it, intensive care
capacity, and operating theaters. When these resources are unavailable,
limb amputation, nonunion, and missed injury rates are high, and lack
of safe blood products hampers surgical capability.'** Recommenda-
tions for adequate surgical capability include mobile blood banks with
adequate supply and well-trained staff, at least two units of blood avail-
able per operation, adequate supplies of appropriate anesthesia, strict
adherence to national or international quality and safety standards, and
functioning critical care units.>'>*

Trauma Communicable Disease Chronic Medical Conditions Infectious Disease Mental Health

Strains and sprains Respiratory infections Hypertension Soft tissue infections Stress reactions

Falls Gl infections Diabetes Open fractures Depression

Lacerations Renal failure Vectorborne disease Exacerbation of chronic condition
Burns Chronic obstructive pulmonary disease Local diseases

Fractures




INFECTIOUS DISEASE

Infectious diseases are commonly feared and should be anticipated after
natural disasters. Although popular media often focuses on the possibility
of rare disease epidemics, most postdisaster infections are directly related
to the usual pathogens of that region.*'* One exception to this was the
outbreak of cholera after the 2010 earthquake in Haiti, which is believed
to have been brought in by United Nations relief workers.”® Evidence
indicates that the combination of communicable disease and population
malnutrition is the major cause of morbidity and mortality in most disas-
ters. Infectious disease predominantly occurs in the extended postevent
phase.'® Infectious disease risks are heightened by certain characteristics
common to natural disasters: mass population movement and resettle-
ment; overcrowding; poverty; sanitation and waste issues, including water
contamination; absence of shelter, food, and healthcare access; and dis-
ruption of public health programs. Respiratory, GI, skin/soft tissue, and
vectorborne infectious diseases are most commonly analyzed in disasters.

Respiratory illnesses range from direct aspiration of contaminated
water (floods and tsunamis) to airborne droplet transmission to inhala-
tion injuries caused by excess dust, allergens, or debris. In both the acute
and postdisaster phases, reactive airway disease may be exacerbated. After
one thunderstorm in 2016, nine patients died and the EMS system was
overwhelmed in Melbourne, Australia, due to acute asthma exacerbations.

While infectious respiratory infections are mild, respiratory illness
may account for 20% of all natural disaster deaths in children <5 years
old.” In the acute phase of a flood or tsunami, inhalation of water with
polymicrobial contamination may cause aspiration pneumonia.'”” Most
respiratory infections emerge several weeks after disaster as disease
spreads through shelters and settlement camps. Both disaster victims
and rescue workers are at risk for respiratory illness due to crowded
conditions and compromised sanitation.'®" Some respiratory illnesses
(pertussis and measles) are preventable with adequate vaccination; thus,
knowledge of the predisaster vaccination status of a population and suf-
ficient vaccine stores may prevent severe outbreaks. Tuberculosis pres-
ents a special challenge for public health officials. To prevent outbreaks,
adequate stores of antimicrobials must be on hand, and strict adherence
to surveillance of known infectious cases is essential.’

GI illness—primarily diarrheal—is another common feature of post-
disaster health care. Approximately 40% of deaths in the acute postevent
phase (with 80% of these being children) can be attributed to diarrhea.
These diseases are mainly due to issues of water quality and availability,
sanitation, and cleaning materials; in one study, the mere presence of
soap decreased diarrhea by 27% in a refugee camp.'® As with respiratory
illness, the incidence of GI disease often peaks several weeks after the
disaster, and the infections are generally mild. With good health surveil-
lance and attention to typical endemic disease patterns, severe GI illness
outbreaks requiring extraordinary public health resources are rare.

Skin and soft tissue infections are seen in a variety of natural disas-
ters. Falling debris from wind, fire, or earthquake can cause traumatic
abrasions or lacerations. With a disrupted healthcare system or con-
taminated water exposure to the wound, the incidence of infection is
likely to increase. Although wounds are frequently seen in the acute
phase of a disaster, they are also often encountered during the clean-up
phase several weeks to months after an event.?** Severe infections are
not prevalent; however, organisms such as Vibrio vulnificus in water-
based disasters and gram-negative bacteria due to soil contamination
of wounds in tornadoes and earthquakes have the potential for severe
threats to life and limb.>?

Vectorborne illnesses, such as yellow fever, malaria, and dengue
fever, generally have a higher incidence during water-based disasters but
can occur after any event in a vulnerable population. Although rare, the
outbreak can occur up to 8 weeks after disaster."* Regions without predi-
saster populations of vectors or disease are not likely to suddenly acquire
such infections; thus, although there was intense media speculation of
the perceived risk of malaria, yellow fever, and other vectorborne ill-
nesses after Hurricane Katrina, these illnesses were not seen in the Gulf
Coast.’ In regions where these illnesses are endemic, vector control is
key, and initial postdisaster public health efforts should direct resources
toward appropriate programs.
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CHRONIC MEDICAL CONDITIONS

Management of the chronic health conditions of a displaced popula-
tion is a significant contributor to postdisaster morbidity. Separation
from medications or health technology products, removal from the
usual sources of care, and disruption of the healthcare infrastructure
after a catastrophic event can all contribute to exacerbations of patients’
chronic disease. In an analysis of patients presenting to one of the few
healthcare facilities available in the 2 months after Hurricane Katrina,
51% of all native patients had at least one preexisting medical condi-
tion, and half took at least one regular medication.”” Other studies have
shown that >25% of patients presenting after a variety of natural disas-
ters have chronic medical conditions, and “medication refill” or “chronic
medical problem” is frequently among the top five diagnoses made in
disaster relief health clinics.”"*

Inability to properly control chronic diseases, such as hypertension,
diabetes, asthma, or coronary artery disease, may well be the biggest
unanticipated health threat to a postdisaster population (Table 6-3).
Understanding of the common chronic diseases of a region is essential
for health relief efforts. In our experience, well-meaning donations of
medications for conditions not normally experienced by our population
(e.g., outdated psychiatric medications, older generation antiarrhyth-
mics) went unused. Conversely, we were unable to keep enough antihy-
pertensives or diabetic medications to supply the vast demand.

MENTAL HEALTH

An often-overlooked consequence of natural disasters is the psycho-
logical burden inflicted on survivors. Destruction of communities and
property, witnessing terrifying and often fatal events, and disruption of
normal life for days to years after the disaster can cause severe mental
health consequences in survivors. In one study of post-Hurricane
Katrina survivors, rates of posttraumatic stress disorder were 10 times
the expected population incidence and on par with rates in returning
Vietnam War veterans.?* Psychological disorders may be exacerbated by
lack of housing and illness or death of a close family member due to the
disaster.”” Disaster-related physical injury or illness may also contribute
to mental health comorbidity. The number of emergency amputations
due to the 2004 tsunami in an Indonesian surgical clinic quickly over-
whelmed the ability of the healthcare system to provide the necessary
psychological counseling for patients.”® Conversely, mental health
conditions, such as major depression, may exacerbate acute or chronic
physical ailments due to weakened immune systems, disconnection
with the larger community and healthcare systems, or attempts to cope
by using drugs or alcohol. Suicide rates may also be elevated years after
a significant disaster. Any appropriate healthcare response to disasters
must include sufficient resources to deal with the degree and severity of
psychological disorders suffered by survivors, including children, first
responders, and those who have endured severe trauma or loss.

HANDLING OF BODIES

Any natural disaster with a significant number of casualties requires effi-
cient and sanitary removal and proper burial of dead bodies. Although
the fear of disease outbreak from survivor or rescue worker exposure
to corpses is prevalent, such exposures are rare. Most initial victims of

Commonly Neglected Disaster Response Medications and Supplies
« Antihypertensives
- Tetanus prophylaxis
- Soap
» Analgesics—oral and parenteral
+ Insulin
« Oral hypoglycemics and sulfonylureas
- Antibiotics, especially for soft tissue infections
« Albuterol and ipratropium inhalers
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natural disasters die of traumatic injuries; few are likely to have acute,
communicable diseases, although the standard transmission risks of
chronic infectious diseases, such as human immunodeficiency virus,
tuberculosis, or hepatitis, to body-handling rescue workers are present.”
Universal precautions for protective coverings, hand washing, disposal
bags, and vaccinations should be followed by anyone working with dead
bodies; this includes having sufficient refrigerated trucks on standby
should morgue capabilities be overwhelmed.

HURRICANES

Hurricanes are among the most destructive natural disasters, particu-
larly in coastal areas. Morbidity in the acute phase may be due to wind
forces (collapsing buildings or flying debris) or water (storm surge or
rapid flooding). Hurricanes tend to cause more structural damage than
floods and therefore can disrupt infrastructure and population resettle-
ment more severely.?® Hospitals themselves are frequently damaged,
but even if structurally intact, they may be affected by loss of power.”
With catastrophic destruction of a densely populated region, such as
in Hurricanes Katrina, Sandy, and Maria, temporary medical facilities
may be needed months after a disaster. Indeed, hurricanes may be the
only natural disaster where more injury and death occur during the
recovery period than in the acute phase.*

Most posthurricane illness and injury falls into predictable categories.
Studies from eight different hurricanes over the past 15 years all list a
handful of patient diagnoses that compose the vast majority (up to 75%)
of visits to healthcare centers: infections (specifically respiratory, GI, and
skin); treatment of chronic medical conditions; wounds and lacerations;
musculoskeletal injury and trauma; and rashes.”?*?*3* In functioning
healthcare facilities, ED visits peak several days to weeks after the hurri-
cane as citizens are allowed reentry into the area; there may be an acute,
brief influx of several times the normal patient volume or a steady rise
in visits over time.>***!

Initial traumatic injury directly due to hurricanes is relatively uncom-
mon, and simple supplies for minor sprain, strain, and fracture care are
recommended. Although surgical units and personnel are an important
adjunct, basic supplies and some radiographic capability may provide
the best investment of limited resources.”* Unintentional injuries pre-
dominate; a post-Hurricane Katrina evaluation of injuries found that
only 2% were due to intentional trauma.’® Causes of traumatic death
in the acute period include falling objects, motor vehicle crashes, and
electrocution. In the recovery period (weeks to months after the hur-
ricane), clean-up-associated trauma predominates. One study after
Hurricane Hugo found that one-third of all wounds evaluated in an ED
were caused by chainsaw accidents.™

As with other disasters, infections are generally mild, are reflective
of the typical local disease burden, and occur several weeks to months
after the hurricane. Scattered outbreaks of mild respiratory and GI ill-
ness have been described, with overcrowding in shelters and sanitation
issues the main predictors of disease. Unless hurricanes are associated
with concomitant prolonged flooding in endemic areas, the risks of
waterborne disease are minor. Post-Hurricane Katrina incidence of
V. vulnificus skin infection was consistent with typical nondisaster rates.’

Individuals without transportation or with tenuous connection
to community resources are potentially more likely to be negatively
impacted by the effects of a severe hurricane. These individuals may
not be able to evacuate in advance of a storm and thus suffer greater
risks of direct trauma and water- or wind-related morbidity during the
initial impact. Effects may persist beyond the acute phase. A study of
Hurricane Mitch survivors noted that GI illness and emotional distress
were more likely months after the storm in those without access to
housing, food, or medical care.”” Other population concerns often seen
in hurricanes include the healthcare burden of relief workers (civilian
and military). Recovery efforts often require massive numbers of work-
ers whose living conditions are often on par with storm victims. In one
study, relief workers were nearly six times more likely than natives to use
nonhospital healthcare facilities, and a spike in respiratory illness was
attributed to transmission through a military battalion."® Our experience
found that although younger than the native population, nearly half of
relief workers seeking care had significant comorbidities that further

burdened the struggling medical system after Hurricane Katrina.”
Disaster planning should account for the needs of disenfranchised citi-
zens as well as the expected influx of relief workers, many of whom may
have chronic medical conditions.

EARTHQUAKES

Earthquakes are a unique disaster phenomenon in that there is no
technology to detect a pending earthquake and thus no opportunity to
provide a warning. Due to the lack of warning, supplies and a response
plan must be continuously available. As was evidenced by the Haiti
experience in January 2010, earthquakes can destroy water, electric,
communication, gas, and sewage lines and cause structural instabil-
ity. With no opportunity to evacuate before an earthquake, there is
increased potential for casualties. People are at increased risk for being
trapped in rubble or stranded. The first 1 to 14 days of response to an
earthquake are dedicated to recovery of the injured. After an earthquake,
the majority of fatalities occur within the first 3 hours.”®

Injuries after earthquakes are the result of falling structures and
debris. The most common injuries are fractures and crush injuries.***
One hospital that registered 2892 patients after an earthquake reported
that 37% of patients had musculoskeletal injuries. This hospital also
reported the frequent occurrence of scalp injuries with large tissue
defects.*® Another hospital that registered 1500 patients in the first
72 hours after an earthquake reported that 78.4% of patients had
extremity injuries; 50.4% of injuries were fractures, primarily closed.
This same study reported that 37% of injuries required extensive
debridement.”? After the Mansehra earthquake in Pakistan in 2005,
the medical equipment that the response teams found most useful was
“external fixators that are easily applied”*

As with all disaster areas, the most common “illnesses” are the
“regular medical needs of the people living in the earthquake zone** In
undeveloped regions recovering from large earthquakes, “preventable
diseases, such as measles, are on the rise””” With proper sanitary and
sewage techniques and adequate supplies of potable water, GI disease
remains uncommon.

People with compromised mobility, including some geriatric patients,
people with paralysis, amputees, people on ventilators, and people
in wheelchairs and walkers, will be less likely to evacuate before the
disaster and will have increased difficulty extracting themselves from
the ruins. These people are more likely to be stranded in debris and
to sustain crush injuries (see also Chapter 7, “Bomb, Blast, and Crush
Injuries”) by collapsing buildings. These populations are especially at
risk after earthquakes, because there will be no opportunity to evacu-
ate before the disaster. Rescue and health services coordinators should
make provisions for larger numbers of patients with increased needs
after earthquakes. One study analyzed a metropolitan area in the United
States and found that 31.6% of people >65 years old had a disability and
16.6% of people >65 years required assistance to evacuate. Planning for
and responding to earthquakes requires an estimate of the number of
citizens with special needs.*

TORNADOES

The continent of North America sustains more tornadoes than any other
location in the world.* Nationally, 800 tornadoes are sighted annually.
The annual human toll is estimated to be 80 deaths and 1500 injuries.*
Tornadoes cause focal damage to buildings and lines above ground. It is
unusual for entire regions to lose power and communications capacity.
It is unusual for multiple hospitals to be disabled by a single tornado.*>*
As a result, medical infrastructure in developed countries remains func-
tional. Surge capacity may be tested in the immediate aftermath, but
the provision of adequate chronic medical care is usually unhampered.
Most commonly, injuries from tornadoes result from being struck by
flying debris or being thrown by the force of the tornado. Patients who
were thrown or airborne as a result of the tornado sustain more severe
injuries than patients who are struck by debris.**** Additional risk fac-
tors for hospitalization or death include being struck by broken glass or
falling objects, having one’s home lifted off of its foundation, collapsed



ceiling or floor, or loss of walls of the shelter structure.**** Injuries are
commonly multisystem. Fractures and soft tissue trauma are the most
common injuries reported.***** In one study, most patients (91%) sus-
tained injuries to the extremities. Head, chest, and abdominal injuries
were also common, occurring in 45%, 45%, and 27% of patients, respec-
tively.* Head injuries are the more common cause of death.”*"* Death
from the impact after being thrown by the tornado is thought to most
often occur at the scene, rather than en route to or at the hospital.*!

Wound contamination is common among patients who are thrown
by the tornado. Polymicrobial contamination is common.** Gram-
negative organisms commonly infect the wounds of those injured by
tornadoes.® Studies that report low infection rates attribute this to
meticulous attention to open wounds.*

Where functioning tornado warning systems exist, injury and loss of
life are dramatically reduced.*”* People in mobile homes or outdoors
without cover are more likely to sustain severe and fatal injuries during
a tornado.*>*>** Deaths are more common in patients who are in mobile
homes or in rooms above ground with windows, who are “older,” or who
have less warning regarding the approaching tornado.**44% Use of a
tornado shelter is associated with a significant reduction in tornado-
associated injuries.™*

FLOODS AND TSUNAMIS

Water-based natural disasters, such as floods and tsunamis, can be
extremely destructive. Although floods can occur from a storm or
flowing body of water, tsunamis are formed when a massive force (e.g.,
an underwater earthquake, volcanic eruption, meteorite impact, or
landslide) displaces a large amount of water in a rapid period of time.
A spring flood of the Yangtze River in China in 1931 caused >3 million
deaths, and more recently, deaths from the Indian Ocean tsunami in
2004 approached 300,000. Factors that contribute to the catastrophic
nature of these events include the short (if any) warning period to vul-
nerable populations and their association with other natural events, such
as an oceanic earthquake resulting in a tsunami. Key challenges faced
by healthcare providers include severe and prolonged incapacitation of
physical buildings due to structural damage or persistent standing water;
handling and identification of large numbers of dead bodies; and the
chronic needs of a large, displaced population in temporary shelter.?**%

Acute injuries may be caused by sheer force of water, drowning, and
trauma from falling objects. A review of flood deaths from 1989 to 2003
found that morbidity and mortality after flood were related not only
to direct physical impact but also the socioeconomic conditions of the
affected area. Two thirds of fatalities were from drowning, mostly associ-
ated with motor vehicles in the acute phase (e.g., when floodwaters are
still high); low crossings and bridges were most dangerous. Only 12% of
deaths were from trauma, and the vast majority of cases occurred in the
initial impact phase of the disaster.®

Illnesses from water-based disasters generally occur after the acute
phase and are dominated by infectious disease. True epidemics are
rare, and respiratory illnesses predominate. These are generally minor
and self-limited, although uncommonly, severe pulmonary infections or
pneumonitis directly related to aspiration of floodwaters (e.g., “tsunami
lung”) may occur. As long as clean, safe, adequate supplies of potable
water are available, acute gastroenteritis and diarrheal illnesses are rela-
tively rare; a Sri Lankan refugee camp after the 2004 tsunami diagnosed
GI complaints in <1% of patients.?® Minor skin trauma is common and
has the potential to progress to infected wounds if prolonged exposure
to floodwaters and delayed access to care are present.

Certain population groups have been shown to have higher risks of
morbidity and mortality after floods and tsunamis. Women had three
times the risk of death compared with men after the 2004 tsunami due
to heavier clothes impeding escape, risking lives to save their children,
lack of swimming ability, and increased dangers in settlement camps.?
In a comprehensive study of flood deaths, however, men had more than
twice the mortality rate of women, which the authors surmised was
due to increased risk-taking behavior during the storm (attempting to
drive through flooded passages, traveling to unsafe areas in an attempt
to retrieve belongings).*® Public awareness of the rapidity and danger of
water, simple swimming instruction, and clear warnings of the dangers
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of driving during floods may prevent at-risk populations in flood-prone
areas from loss of life in future disasters.

BLIZZARDS AND SNOW DISASTERS

A blizzard is a winter storm with wind speeds of 35 miles per hour or
higher accompanied by significant falling or blowing snow. The Mid-
Atlantic, New England, Midwest, Plains, Rocky Mountain states, and
Alaska are affected by blizzards and snow disasters. Above-ground
power and communication lines are the primary resources lost during
winter storms. Traditionally, these are restored relatively quickly as com-
pared with the duration without resources after other natural disasters.”

Generally, ED volumes do not significantly increase after blizzards
and snow disasters. However, there is a shift in the presenting com-
plaints.>*¢! Injuries after winter weather disasters most commonly result
from slipping on the ice, falling from trees while clearing branches, and
injuries from clearing snow. The most common injuries are back injuries
and fractures.®* In one study, the incidence of fractures increased until
the sixth day after the storm.®

Carbon monoxide poisoning increases dramatically during and
following winter weather disasters.®**>¢¢ Most people presenting
with carbon monoxide poisoning report using a portable generator.®
A smaller group reported burning charcoal in the house to generate
heat.® In one study after a blizzard, the local hyperbarics services were
overwhelmed and unable to respond to the sudden surge in carbon
monoxide poisonings.*

One study documented an increase in the number of myocardial
infarctions and angina after a blizzard. This was primarily in association
with shoveling snow. The majority of these cases were in people who did
not have previously diagnosed coronary artery disease. One fourth of
these patients were women.”

RELIEF EFFORTS

Of particular importance to the emergency medical practitioner is the
experience and effect of postdisaster volunteer relief efforts. Although
well meaning, the literature is filled with examples of emergency
personnel who ended up burdening rather than assisting a fractured
community. Any emergency practitioner who truly wishes to provide
meaningful health care to a displaced and disenfranchised patient
population should be mindful of the lessons learned from a variety of
natural disasters.

Medical relief volunteers are often the first outside help to arrive in
the aftermath of a disaster, and although some are well coordinated,
many are not. Volunteers are often exuberant, expecting dramatic res-
cues and emergency interventions. They may be unwilling to provide
much-needed routine medical care, unfamiliar with the region or local
disease patterns, and unable to fully comprehend the loss of resources.”
Furthermore, the needs of rescue personnel often strain a fragile infra-
structure, with demands on housing, food, health care, and essential
resources; one analysis of relief efforts after the 2004 tsunami concluded
that “personnel who do not bring essential skills are often a burden—
much more should also be done to ensure that the right type of people
are sent on relief missions”’*

Embedding locals familiar with the language, culture, and healthcare
patterns of the affected region can significantly enhance the effective-
ness of relief efforts and promote cooperation between disparate vol-
unteer groups. Furthermore, appropriate anticipation by relief groups
of the true population needs can be crucial: reproductive hygiene kits
were distributed to women in a postflood refugee camp after an initial
spike in sexual assaults and were widely credited with improving patient
morale and health.

The National Disaster Medical System, a government agency respon-
sible for sending highly organized and often experienced teams to
disaster areas, recommends the following for disaster response: teams
with well-trained and organized support staff; the ability to be self-
sufficient for at least 72 hours; clear communication with area hospitals
and medical resources; individuals dedicated to transportation issues; a
designated coordinator of walk-in volunteers; and professional methods
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of record keeping, forms, and copy-making capability. Our experi-
ence during Hurricane Katrina also suggests that strong, coordinated
partnerships between local emergency personnel and formal military
medical units have great promise for sophisticated, expanded acute and
delayed postdisaster medical relief as well as continuance of medical
education and resident training programs in a devastated community.?
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CHAPTER

BOMB AND BLAST INJURIES
EPIDEMIOLOGY

Blast injuries using conventional weapons have emerged as the terror-
ist weapon of choice. In 2016, the National Counterterrorism Center
reported 11,072 terrorist attacks worldwide, with 33,800 people injured
and more than 25,600 deaths.! Total terrorist attacks decreased by 9%
and total deaths decreased by 13% compared to 2015. As a comparison,
in 2007, there were 14,000 terrorist attacks, with 44,000 injuries and
22,000 deaths, which was a 20% to 30% increase over 2006." Explosive
devices in military conflicts killed or injured more than 25,000 U.S. and
Coalition forces and more than 100,000 Iraqis.? Blast injuries are increas-
ing in the civilian setting, particularly suicide bombings, and emergency
personnel must be familiar with the management and treatment of blast
injuries and potential mass casualty incidents.*'° The United States is
not immune from intentional bombings, with about 36,000 bombing
incidents reported from 1983 to 2002 including explosive, incendiary,
premature, and attempted bombings.” There were 281 people injured in
the 2013 Boston Marathon bombing, with most injuries involving the
lower extremities and soft tissue.’ Blast injury is not a modern phenome-
non, and there are reports of flammable gases causing blast injuries from
volcanic eruptions and mining accidents dating back to 1316." Death,
survival, and hospitalization rates vary greatly, depending on the type
of explosive, distance from the explosion, and whether the explosion
occurred in an open or closed space. Although some victims die imme-
diately at the scene, the majority of injuries suffered by the immediate
survivors of bombings are potentially survivable. Blast injuries com-
monly occur not as isolated incidents, but as part of multiple-casualty
incidents of varying sizes. This pattern, combined with the fact that most
emergency physicians have never encountered a blast injury victim or a
true mass casualty incident, makes the care of often eminently salvage-
able victims contingent upon appropriate training and skill retention by
the individual emergency physician, along with appropriate institutional
leadership, planning, and preparation.

Terrorist bombings result in high injury scores for victims as well as
higher hospital resource use by victims than by victims of other trauma.
Blast victims have increased immediate scene mortality, greater hospital
mortality, more frequent need for surgical intervention, longer hospital
stays, and greater use of critical care.

PATHOPHYSIOLOGY

An explosion is the instantaneous transformation of a solid or liquid
into a gas, releasing tremendous kinetic and heat energy. Detonation of a
conventional high explosive generates a blast wave that spreads out from
the detonation point and displaces air, water, or anything in its path. The

FIGURE 7-1. Secondary blast injury to the chest and abdomen due to flying debris. It is
difficult to assess the degree of underlying internal organ injury without imaging and careful
clinical follow-up, especially if the patient is unconscious. [Image used with permission of Tel
Aviv Medical Center.]

blast wave consists of two parts: a shock wave of high pressure followed
closely by a blast wind, which is air mass in motion. The blast wave loses
its energy over distance and time.

There are four main types of blast effects. A primary injury is caused
by a direct effect of blast wave overpressure on tissue. Primary blast
injury mostly (but not exclusively) affects air-filled structures such as
the lungs, ears, and GI tract, by the following mechanisms: spalling,
shearing, and implosion. Spalling is displacement and fragmentation of
a dense medium into a less dense medium."” An example of spalling is
a blast wave causing the lung parenchyma to explode into the alveolar
space like a geyser. Shearing, sometimes called inertia, is a stress caused
by the blast wave traveling through different tissue densities at different
velocities. An example of shearing is the blast wave traveling through
the pulmonary vessels and air spaces, resulting in ruptured vascular and
bronchial pedicles. Implosion is the opposite of spalling, where the less
dense material is displaced into denser material. An example of implo-
sion is the blast wave causing the flexible air spaces to rebound to greater
than original size, sometimes causing air embolism from the alveoli into
the pulmonary vessels.”> A secondary blast injury is due to collateral
damage from flying objects and shrapnel (Figures 7-1 and 7-2). Tertiary
blast injury results from the victim being propelled through the air and
striking stationary objects. A quaternary blast injury is a result of burns,
smoke inhalation, or chemical agent release.

FACTORS AFFECTING BLAST INJURY

The effects of a bomb blast are difficult to predict in the individual vic-
tim, as well as in the group. However, a number of important principles
are known:

Distance of victim from explosion: The intensity of an explosion
pressure wave declines with the cubed root of the distance from
the explosion. A person 3 m (10 ft) from an explosion experiences
eight times more overpressure than a person 6 m (20 ft) away.
Proximity of the victim to the explosion is an important factor in a
primary blast injury.

Enclosed versus open space: The effects of an explosion in a closed
space, such as a room, bus, or train, are much greater than in an open
space. Injuries are more severe, and mortality is greater.
Surrounding environment: Blast waves are reflected by solid sur-
faces; thus, a person standing next to a wall may suffer increased
primary blast injury.

Quantity of explosive: A greater quantity of explosive produces
greater potential for damage at any distance.

Type of explosive: Explosives are commonly classified as either low-
order or high-order. Low-order explosives burn rapidly and produce


http://www.TintinalliEM.com

	Cover
	Title Page
	Copyright Page
	Dedication
	Contents
	Contributors
	Pharmacy Reviewers
	Preface
	SECTION 1 Prehospital Care
	1 Emergency Medical Services
	2 Prehospital Equipment
	3 Air Medical Transport
	4 Mass Gatherings

	SECTION 2 Disaster Management
	5 Disaster Preparedness
	6 Natural Disasters
	7 Bomb, Blast, and Crush Injuries
	8 Chemical Disasters
	9 Bioterrorism
	10 Radiation Injuries

	SECTION 3 Resuscitation
	11 Sudden Cardiac Death
	12 Approach to Nontraumatic Shock
	13 Approach to Traumatic Shock
	14 Allergy and Anaphylaxis
	15 Acid-Base Disorders
	16 Blood Gases, Pulse Oximetry, and Capnography
	17 Fluids and Electrolytes
	18 Cardiac Rhythm Disturbances
	19 Pharmacology of Antiarrhythmics and Antihypertensives
	20 Pharmacology of Vasopressors and Inotropes
	21 Hyperbaric Oxygen Therapy

	SECTION 4 Resuscitative Procedures
	22 Basic Cardiopulmonary Resuscitation
	23 Defibrillation and Electrical Cardioversion
	24 Cardiac Resuscitation
	25 Resuscitation in Pregnancy
	26 Post–Cardiac Arrest Syndrome
	27 Ethical Issues of Resuscitation
	28 Noninvasive Airway Management and Supraglottic Airways
	29A Tracheal Intubation
	29B Mechanical Ventilation
	30 Surgical Airways
	31 Vascular Access
	32 Hemodynamic Monitoring
	33 Cardiac Pacing and Implanted Defibrillation
	34 Pericardiocentesis

	SECTION 5 Analgesia, Anesthesia, and Procedural Sedation
	35 Acute Pain Management
	36 Local and Regional Anesthesia
	37 Procedural Sedation and Analgesia in Adults
	38 Chronic Pain

	SECTION 6 Wound Management
	39 Wound Evaluation
	40 Wound Preparation
	41 Wound Closure
	42 Face and Scalp Lacerations
	43 Arm, Forearm, and Hand Lacerations
	44 Thigh, Leg, and Foot Lacerations
	45 Soft Tissue Foreign Bodies
	46 Puncture Wounds and Bites
	47 Postrepair Wound Care

	SECTION 7 Cardiovascular Disease
	48 Chest Pain
	49 Acute Coronary Syndromes
	50 Cardiogenic Shock
	51 Low-Probability Acute Coronary Syndrome
	52 Syncope
	53 Acute Heart Failure
	54 Valvular Emergencies
	55 Cardiomyopathies and Pericardial Disease
	56 Venous Thromboembolism Including Pulmonary Embolism
	57 Systemic Hypertension
	58 Pulmonary Hypertension
	59 Aortic Dissection and Related Aortic Syndromes
	60 Aneurysmal Disease
	61 Arterial Occlusion

	SECTION 8 Pulmonary Disorders
	62 Respiratory Distress
	63 Hemoptysis
	64 Acute Bronchitis and Upper Respiratory Tract Infections
	65 Community-Acquired Pneumonia, Aspiration Pneumonia, and Noninfectious Pulmonary Infiltrates
	66 Lung Empyema and Abscess
	67 Tuberculosis
	68 Pneumothorax
	69 Acute Asthma and Status Asthmaticus
	70 Chronic Obstructive Pulmonary Disease

	SECTION 9 Gastrointestinal Disorders
	71 Acute Abdominal Pain
	72 Nausea and Vomiting
	73 Disorders Presenting Primarily With Diarrhea
	74 Constipation
	75 Upper Gastrointestinal Bleeding
	76 Lower Gastrointestinal Bleeding
	77 Esophageal Emergencies
	78 Peptic Ulcer Disease and Gastritis
	79 Pancreatitis and Cholecystitis
	80 Hepatic Disorders
	81 Acute Appendicitis
	82 Diverticulitis
	83 Bowel Obstruction
	84 Hernias
	85 Anorectal Disorders
	86 Gastrointestinal Procedures and Devices
	87 Complications of General Surgical Procedures

	SECTION 10 Renal and Genitourinary Disorders
	88 Acute Kidney Injury
	89 Rhabdomyolysis
	90 End-Stage Renal Disease
	91 Urinary Tract Infections and Hematuria
	92 Acute Urinary Retention
	93 Male Genital Problems
	94 Urologic Stone Disease
	95 Complications of Urologic Procedures and Devices

	SECTION 11 Obstetrics and Gynecology
	96 Abnormal Uterine Bleeding
	97 Abdominal and Pelvic Pain in the Nonpregnant Female
	98 Ectopic Pregnancy and Emergencies in the First 20 Weeks of Pregnancy
	99 Comorbid Disorders in Pregnancy
	100 Maternal Emergencies After 20 Weeks of Pregnancy and in the Peripartum Period
	101 Emergency Delivery
	102 Vulvovaginitis
	103 Pelvic Inflammatory Disease
	104 Breast Disorders
	105 Complications of Gynecologic Procedures

	SECTION 12 Pediatrics
	106 Emergency Care of Children
	107 Neonatal and Pediatric Transport
	108 Resuscitation of Neonates
	109 Resuscitation of Children
	110 Pediatric Trauma
	111 Minor Head Injury and Concussion in Children
	112 Cervical Spine Injury in Infants and Children
	113 Intubation and Ventilation of Infants and Children
	114 Vascular Access in Infants and Children
	115 Pain Management and Procedural Sedation for Infants and Children
	116 Neonatal Emergencies and Common Neonatal Problems
	117 Brief Resolved Unexplained Events and Apparent Life-Threatening Events
	118 Sudden Infant Death Syndrome
	119 Fever and Serious Bacterial Illness in Infants and Children
	120 Meningitis in Infants and Children
	121 Ear and Mastoid Disorders in Infants and Children
	122 Eye Emergencies in Infants and Children
	123 Nose and Sinus Disorders in Infants and Children
	124 Mouth and Throat Disorders in Infants and Children
	125 Neck Masses in Infants and Children
	126 Stridor and Drooling in Infants and Children
	127 Wheezing in Infants and Children
	128 Pneumonia in Infants and Children
	129 Congenital and Acquired Pediatric Heart Disease
	130 Syncope, Dysrhythmias, and ECG Interpretation in Children
	131 Vomiting, Diarrhea, and Dehydration in Infants and Children
	132 Fluid and Electrolyte Therapy in Infants and Children
	133 Acute Abdominal Pain in Infants and Children
	134 Gastrointestinal Bleeding in Infants and Children
	135 Urinary Tract Infection in Infants and Children
	136 Pediatric Urologic and Gynecologic Disorders
	137 Renal Emergencies in Children
	138 Seizures in Infants and Children
	139 Headache in Children
	140 Altered Mental Status in Children
	141 Pediatric Orthopedic Emergencies
	142 Rashes in Infants and Children
	143 Sickle Cell Disease in Children
	144 Hematologic Emergencies in Infants and Children
	145 Oncologic Emergencies in Infants and Children
	146 Metabolic Emergencies in Infants and Children
	147 Diabetes in Children
	148 The Child With Special Healthcare Needs
	149 Behavioral Disorders in Children
	150 Child Abuse and Neglect

	SECTION 13 Infectious Diseases
	151 Sepsis
	152 Soft Tissue Infections
	153 Sexually Transmitted Infections
	154 Serious Viral Infections
	155 Human Immunodeficiency Virus Infection
	156 Endocarditis
	157 Tetanus
	158 Rabies
	159 Malaria
	160 Food and Waterborne Illnesses
	161 Zoonotic Infections
	162 Global Travelers
	163 Occupational Exposures, Infection Control, and Standard Precautions

	SECTION 14 Neurology
	164 Neurologic Examination
	165 Headache
	166 Spontaneous Subarachnoid and Intracerebral Hemorrhage
	167 Stroke Syndromes
	168 Altered Mental Status and Coma
	169 Ataxia and Gait Disturbances
	170 Vertigo
	171 Seizures and Status Epilepticus in Adults
	172 Acute Peripheral Neurologic Disorders
	173 Chronic Neurologic Disorders
	174 Central Nervous System and Spinal Infections
	175 Central Nervous System Procedures and Devices

	SECTION 15 Toxicology
	176 General Management of Poisoned Patients
	177 Cyclic Antidepressants
	178 Atypical and Serotonergic Antidepressants
	179 Monoamine Oxidase Inhibitors
	180 Antipsychotics
	181 Lithium
	182 Barbiturates
	183 Benzodiazepines
	184 Nonbenzodiazepine Sedatives
	185 Alcohols
	186 Opioids
	187 Cocaine and Amphetamines
	188 Hallucinogens
	189 Salicylates
	190 Acetaminophen
	191 Nonsteroidal Anti-Inflammatory Drugs
	192 Methylxanthines and Nicotine
	193 Digitalis Glycosides
	194 Beta-Blockers
	195 Calcium Channel Blockers
	196 Antihypertensives
	197 Anticonvulsants
	198 Iron
	199 Hydrocarbons and Volatile Substances
	200 Caustic Ingestions
	201 Pesticides
	202 Anticholinergics
	203 Metals and Metalloids
	204 Industrial Toxins
	205 Vitamins and Herbals
	206 Antimicrobials
	207 Dyshemoglobinemias

	SECTION 16 Environmental Injuries
	208 Cold Injuries
	209 Hypothermia
	210 Heat Emergencies
	211 Bites and Stings
	212 Snakebite
	213 Marine Trauma and Envenomation
	214 Diving Disorders
	215 Drowning
	216 High-Altitude Disorders
	217 Thermal Burns
	218 Chemical Burns
	219 Electrical and Lightning Injuries
	220 Mushroom Poisoning
	221 Poisonous Plants
	222 Carbon Monoxide

	SECTION 17 Endocrine Disorders
	223 Type 1 Diabetes Mellitus
	224 Type 2 Diabetes Mellitus
	225 Diabetic Ketoacidosis
	226 Ketoacidotic Syndromes
	227 Hyperosmolar Hyperglycemic State
	228 Hypothyroidism and Myxedema Crisis
	229 Hyperthyroidism and Thyroid Storm
	230 Adrenal Insufficiency

	SECTION 18 Hematologic and Oncologic Disorders
	231 Anemia and Polycythemia
	232 Hemostasis
	233 Acquired Bleeding Disorders
	234 Clotting Disorders
	235 Hemophilias and von Willebrand's Disease
	236 Sickle Cell Disease and Hereditary Hemolytic Anemias
	237 Acquired Hemolytic Anemia
	238 Transfusion Therapy
	239 Thrombotics and Antithrombotics
	240 Emergency Complications of Malignancy

	SECTION 19 Eye, Ear, Nose, Throat, and Oral Disorders
	241 Eye Emergencies
	242 Ear Disorders
	243 Face and Jaw Emergencies
	244 Nose and Sinuses
	245 Oral and Dental Emergencies
	246 Neck and Upper Airway
	247 Complications of Airway Devices

	SECTION 20 Dermatology
	248 Initial Evaluation and Management of Skin Disorders
	249 Generalized Skin Disorders
	250 Skin Disorders: Face and Scalp
	251 Skin Disorders: Trunk
	252 Skin Disorders: Groin and Skinfolds
	253 Skin Disorders: Extremities

	SECTION 21 Trauma
	254 Trauma in Adults
	255 Trauma in the Elderly
	256 Trauma in Pregnancy
	257 Head Trauma
	258 Spine Trauma
	259 Trauma to the Face
	260 Trauma to the Neck
	261 Pulmonary Trauma
	262 Cardiac Trauma
	263 Abdominal Trauma
	264 Trauma to the Flank and Buttocks
	265 Genitourinary Trauma
	266 Trauma to the Extremities

	SECTION 22 Orthopedics
	267 Initial Evaluation and Management of Orthopedic Injuries
	268 Injuries to the Hand and Digits
	269 Wrist Injuries
	270 Elbow and Forearm Injuries
	271 Shoulder and Humerus Injuries
	272 Pelvis Injuries
	273 Hip and Femur Injuries
	274 Knee Injuries
	275 Leg Injuries
	276 Ankle Injuries
	277 Foot Injuries
	278 Compartment Syndrome

	SECTION 23 Musculoskeletal Disorders
	279 Neck and Back Pain
	280 Shoulder Pain
	281 Hip and Knee Pain
	282 Systemic Rheumatic Diseases
	283 Nontraumatic Disorders of the Hand
	284 Joints and Bursae
	285 Soft Tissue Problems of the Foot

	SECTION 24 Psychosocial Disorders
	286 Mental Health Disorders: ED Evaluation and Disposition
	287 Acute Agitation
	288 Mental Health Disorders of the Elderly
	289 Mood and Anxiety Disorders
	290 Psychoses
	291 Eating Disorders
	292 Substance Use Disorders

	SECTION 25 Abuse and Assault
	293 Female and Male Sexual Assault
	294 Intimate Partner Violence and Abuse
	295 Abuse of the Elderly and Impaired

	SECTION 26 Special Situations
	296 Injection Drug Users
	297 The Transplant Patient
	298 The Patient with Morbid Obesity
	299 The Transgender Patient
	300 Palliative Care
	301 Death Notification and Advance Directives
	302 Military Medicine
	303 Legal Issues in Emergency Medicine

	Index

