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1.1 Definitions of MCl and Related Concepts

The Pan American Health Organization (PAHO), which is the world’s oldest inter-
national public health agency (N/A), defines a Mass Casualty Incident (MCI) “as an
event which generates more patients at one time than locally available resources can
manage using routine procedures. It requires exceptional emergency arrangements
and additional or extraordinary assistance. For this reason, it can also be defined as
any event resulting in a number of victims large enough to disrupt the normal course
of emergency and health care services” [1].

These incidents are caused by a sudden and dramatic event, which can have a
varying degree of severity depending on the place where it happens. For example, a
bus crash in a small rural community with tens of injured survivors would fulfill the
PAHO definition, as would a major natural disaster, such as a severe earthquake,
affecting a heavily populated area. Both of these events can be considered MCls,
even if they pose very different challenges for the affected community and the emer-
gency personnel that have to respond to them.

Before going on, some terms, with their related concepts, should be clarified.

A hazard is an event which has the potential to cause harm or loss. It may be
natural or man-made.
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A disaster results from the interaction between a hazard and a community. This
is a natural or man-made, sudden or progressive event, resulting in serious disrup-
tion of the functioning of the society, causing human, material, or environmental
losses, exceeding the ability of the affected community to cope using its own
resources. If a hazard impacts an isolated area, not affecting a community in any
way, it will not cause a disaster [2].

The American College of Emergency Physicians (ACEP) focuses its attention on
the health care resources when defining what a disaster is, stating that it occurs
“when the destructive effects of natural or man-made forces overwhelm the ability
of a given area or community to meet the demand for health care.” Other definitions
exist, but the common denominator is the inability of the organization, infrastruc-
ture, and resources of a community to return to normal operations without external
assistance in the aftermath of the event [3].

The main features of a disaster are:

¢ Disasters interrupt the normal functioning of a community.

e Disasters exceed the coping mechanisms (capacity) of the community.

e External assistance is often needed to return to normal functioning of a commu-
nity [2].

The risk is the probability of harmful consequences (expected loss of lives, injuries,
property or environmental damage, disruptions in livelihood, and economic activity)
resulting from a particular hazard for a given area in a certain period of time [2].

Vulnerability is the extent to which a community (with its structure, services, and
environment) is likely to be damaged or disrupted by the impact of a hazard. For exam-
ple, if a community has a high risk to be exposed to a flood, it can decrease or increase
its vulnerability depending on the grade of preparedness that it develops. This is the
reason why disasters do not occur every time a community is exposed to a hazard.

Vulnerability is therefore the combination of two factors: susceptibility and resil-
ience. Susceptibility is the degree of exposure to a given risk (e.g., a community
built by a river is more susceptible to floods than one built far from any watercourse
is). Resilience is how well a community is able to face loss (e.g., a community that
in the aftermath of a flood reconstructs safe houses with all facilities for its popula-
tion in a small period of time is resilient).

To sum up, it is possible to express the relationship existing among risk, hazard,
and vulnerability using the following formula: Risk = hazard x vulnerability [2].

1.2 Classification of Disasters, Levels of MClI,
and Their Effects on Health and Hospitals

Disasters, and consequently the MCIs provoked by them, are generally classified
into natural and technological (or human-made). However, in some situations, this
distinction is not so neat, as there are frequent crossovers. Human actions can
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increase the risk of certain types of disasters (e.g., deforestation leading to
landslides).

For these reasons, the most efficient system to manage an MCI would be an all-
hazard approach, focusing on the level of MCI rather than on its causing event in
order to be able to address both natural and man-made disasters.

1.2.1 Natural Disasters
Natural disasters can be classified as follows:

— Geophysical (earthquake, mass movement, volcanic activity, etc.)
— Hydrological (flood, landslide, wave action, etc.)

— Meteorological (storm, extreme temperature, fog, etc.)

— Climatological (drought, glacial lake outburst, wildfire, etc.)

— Biological (animal accident, epidemic, insect infestation, etc.)

— Extraterrestrial (impact, space weather, etc.) [4]

Tornadoes may be quite lethal but are generally short-lived. Hurricanes are more
destructive than tornadoes; they tend to last longer and have more long-term recov-
ery effects. They are, however, more predictable than other types of natural disasters
thanks to modern technologies [5, 6].

Wildfires may persist for months and cause significant long-term damage.
Volcanic eruptions can lead to a high number of fatalities but, as well as hurricanes,
have become more predictable in recent years [2].

One of the most devastating natural phenomena are earthquakes. The number of
deaths and injuries mainly depends on three factors: (1) building type/construction
materials; (2) time of the day/night when the earthquake occurs; and (3) the popula-
tion density of the area. Earthquakes tend to remain unpredictable, and populations
have no time to evacuate or prepare for an impending event. In addition, local health
care structures and hospitals can be largely affected. Specialized training and opera-
tion plans have been advocated to reduce morbidity and mortality in earthquake-
prone regions [7].

Natural disasters may affect human health in many different ways. In fact, inju-
ries and deaths occur directly not only from the event itself but also from its envi-
ronmental consequences; malnutrition and increased morbidity and mortality from
both communicable and non-communicable diseases (including mental diseases,
e.g., posttraumatic stress disorder and psychological impairment) can be caused by
malfunctioning in sanitation and reduced accessibility to health care [2].

Only advanced warning systems, structural and design improvements, and disas-
ter planning may significantly decrease the devastation caused by many natural
disasters. However, as populations occupy and develop areas that are at greater risk
of specific types of natural disasters, the human and economic impact of these inci-
dents keeps being likely to rise [3].
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1.2.2 Technological (Man-Made) Disasters

Technological disasters tend to be more contained in terms of damages and losses
than natural ones, but can also deliver a significant impact on life and property.
Structural fires, toxic spills, and nuclear mishaps are included in this category of
disasters, the first ones having caused some of the largest numbers of casualties in
the USA.

In chemical, biological, radiological, or nuclear (CBRN) events, life or death is
often determined within the first few minutes of their onset. For this reason, even
before the detection and analysis of responsible agents can be undertaken, zoning,
triage, decontamination, and treatment should be initiated as soon as possible [8].

Major transportation accidents, such as train derailments and airplane crashes,
may quickly overwhelm the existing local emergency response system [3].

Other incidents having the potential to turn into mass casualties include war and
terrorism, with bombings and blast injuries increasing in frequency with larger num-
bers of injuries and fatalities. Blasts also have the potential to involve radiological
dispersion devices, the so-called dirty bombs. In these scenarios, chemical weapons
have emerged as a serious potential threat, along with biological agents [3].

1.2.3 Levels of MCls

MClISs are classified by levels, based on the number of potential victims generated by
the causing incident. The emergency service response should be tailored and
planned according to the level of the MCI:

— Level 1: 1-10 potential victims

— Level 2: 11-30 potential victims

— Level 3: 31-50 potential victims

— Level 4: 51-200 potential victims

— Level 5: More than 200 victims

— Level 6: Long-term operational period(s) [9]

Another way to classify MCIs is to consider the entity of the response—in terms
of resources—required to face them:

— Level I MCI—requires local emergency response personnel and organizations to
contain and deal effectively with the disaster and its aftermath.

— Level I MCI—requires regional efforts and mutual aid from surrounding
communities.

— Level III MCI—is of such a magnitude that local and regional assets are over-
whelmed, requiring national assistance.

— Level IV MCIl—sometimes included in Level III; this MCI is of such magnitude
that it requires international assistance and resources [2].
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1.2.4 Direct and Indirect Impact of Disasters on Hospitals

A hospital/health care institution can directly be affected by a disaster when it is
located in the impacted area, being damaged or destroyed. Hospitalized patients
have limited mobility, so they are more vulnerable than the general population and
may experience higher rates of morbidity and mortality; this must be taken into
account when redacting an MCI management plan [2].

Indirect impact of disasters on hospitals occurs when they are located in the
fringe of impact, triage, or organized aid area, as they will be inevitably called upon
to play an important role in the response. In this case, hospitals may be asked to
provide assistance in the form of manpower, materials supply, and logistics. Another
aspect that has to be taken into account is that people from the local community may
take shelter in the hospital [2].

During disasters, the points of care and the therapeutic strategies are completely
different from the ones of “normal emergencies.” This is well clarified in the follow-
ing ACEP statement: “emergency medical services routinely direct maximal
resources to a small number of individuals, while disaster medical services are
designed to direct limited resources to the greatest number of individuals.” This
shift in priorities may represent a challenge for emergency services and physicians
who are accustomed to dedicate all available resources to the most critical patients;
damage control procedures may be more valuable than definitive diagnostics and
treatments in these settings [3].

1.3  Epidemiology

According to historical data, the number of both natural and man-made recorded
disasters has increased since 1900. The same has been registered as regards the
number of victims [1].

According to the annual report of the Centre for Research on the Epidemiology
of Disasters (CRED), in 2015, 346 disasters have been reported, the majority of
which occurred in Asia (Fig. 1.1), with 22.773 million people dead and 98.6 million
people affected (Fig. 1.2). The economic damage was estimated at 66.5 billion US
dollars [4].

However, the MCIs that most countries experience more routinely are major
accidents with tens of victims, rather than disasters with a larger number of victims.
It will suffice to consider the example of September 11 attacks, which caused 2819
deaths; this number is only a small fraction of the 44,065 deaths from motor vehicle
accidents occurred in the United States in 2002 [10]. Moreover, for each disaster
listed in official disaster databases, about 20 other smaller emergencies with destruc-
tive impact on local communities are unacknowledged (Maskrey, cited in WHO
1999) [1].

As far as terrorism is concerned, some clarifications are needed. According to the
fifth edition of the Global Terrorism Index (GTI), in 2016, there was a global decline
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Fig. 1.1 Number of reported disasters per Country and Continent in 2015. The Countries indi-
cated were the most affected. EM-DAT (25th January 2016): The OFDA/CRED—International
Disaster Database www.emdat.be Université catholique de Louvain Brussels—Belgium
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Fig. 1.2 Human impact by disaster types in terms of deaths and total people affected, comparing
2015 with the period 2005-2014. EM-DAT (25th January 2016): The OFDA/CRED—International
Disaster Database www.emdat.be Université catholique de Louvain Brussels—Belgium

in the number of deaths from terrorism for the second successive year, with 25,673
people dead, which is a 22% improvement from the peak in 2014.

Over the last 15 years, South Asia experienced the majority of terrorist activity
and the MENA region (Middle East and North Africa, N/A) had the sharpest
increase in terrorism. The five countries most affected by terrorism are Iraq, Syria,
Pakistan, Afghanistan, and Nigeria, which accounted for three quarters of all deaths


http://www.emdat.be
http://www.emdat.be

1 Mass Casualty Incident: Definitions and Current Reality 7

from terrorism in 2016. It must be noted how, over the last 17 years, 99% of all ter-
rorist deaths occurred in countries that are either in conflict or have high levels of
political terror. Moreover, GTI shows how terrorist attacks are deadlier in conflict-
affected countries (2.4 fatalities per attack in 2016 compared to 1.3 fatalities in
non-conflict countries). This proves that the great majority of terrorism is used as a
tactic within an armed conflict or against repressive political regimes. It also dem-
onstrates the risks of political crackdowns and counterterrorism actions, which can
exacerbate existing grievances and the drivers of extremism and terrorism.

In Organization for Economic Cooperation and Development (OECD, N/A)
countries, there have been nearly 10,000 deaths from terrorism between 1970 and
2016, with 58% of these deaths occurred prior to 2000. ISIL is only the fourth most
deadly terrorist group and accounts for 4.7% of terrorist deaths in OECD countries
in the above-mentioned period of time. Separatist groups such as Irish separatists
(IRA) and Basque nationalists (ETA) have killed over 2450 people since 1970,
which is the 26% of the total deaths. OECD countries accounted for only 1% of
global deaths from terrorism in 2016. This is, however, an increase from 0.1% in
2010 [11].

1.4  Principles of MCl Management

The range and unpredictability of where, when, and how events can occur, with all
the possible variables that make each incident unique, including the number of vic-
tims, imply that planning and training to respond are extremely challenging.
Preparedness is therefore the key to success in the effective management of an MCI,
as endorsed by numerous resolutions passed by the World Health Assembly since
1981, when it first stated that “despite the undoubted importance of relief in emer-
gencies, preventive measures, and preparedness are of fundamental importance.”
Preparedness implies consciousness that risk and vulnerability exist, and awareness
by both government and local community of the benefit to plan and to have appro-
priate legislation.

In May 2007, the 60th World Health Assembly adopted a resolution that called,
among other things, for WHO to provide guidance for the creation and strengthen-
ing of mass casualty management systems [1].

Despite these indications and the vast unfortunate experience of many countries
around the world, preparedness toward MCI is not always institutionalized by
proper management plans and health care personnel is not always sufficiently
trained or updated, as showed for example by the World Society of Emergency
Surgery (WSES) survey conducted in 2015 [12] and the report of the National
Association of Emergency Medical Technicians (NAEMT) published in 2017 [13].
This outlines the paramount importance and the need to elaborate clear MCI man-
agement plans and promote courses—directed to all professionals involved in the
response to an MCI, including health personnel—aimed to fill the gaps in MCI
awareness and also to improve and optimize practical skills required in these
exceptional situations.
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An optimal MCl/disaster management should consider all four phases of the so-
called disaster cycle: mitigation, planning, response, and recovery [3]. Paying par-
ticular attention on certain aspects of the cycle to the detriment of others may
increase the harmful impact of events.

1. Mitigation: Some of the devastating effects of disasters can be reduced before
the actual event. In this sense, useful measures are evacuations orchestrated
before hurricanes and floods, as well as early forewarning from tornadoes and
approaching hurricanes, in order for population to seek shelter; sprinkler systems
in business and homes, to reduce the overall risk of total fire destruction; con-
struction of anti-seismic buildings in earthquake prone regions.

2. Planning: In addition to be written, realistic disaster plans involve exercise, prac-
tice, and eventually revision, if found faulty or unworkable when applied. As an
example, it must be considered that the initial search and rescue begin with vic-
tims and bystanders and not with trained rescue teams, and also the majority of
patients arrive at hospitals without the intervention of the EMS system, so with-
out having been triaged or decontaminated. Another important aspect to keep in
mind when preparing a management plan is that it is impossible to plan for all
contingencies: therefore, plans must be relatively general and expandable.
Mutual aid agreements or contracts among existing area associations and institu-
tions must be established before an actual event, in order to optimize the avail-
able resources as well as planning for funding and reimbursement.

3. Response: This phase of the disaster cycle tends to be considered the most impor-
tant one, but an effective and coordinated response actually depends on the other
three aspects of the disaster cycle. Response implies different aspects, which can
be summarized as follows:

— Activation, notification, and initial response: Organizations involved in disas-
ter response and the potentially affected populations are notified.

— Organization of command and scene assessment: Establishing a command
structure is one of the most crucial steps to take once the disaster occurs. This
must be prearranged and assembled almost immediately, as well as commu-
nication nets established. The Incident Command System (ICS) is an organi-
zational and management tool used during disaster situations and emergency
response operations (Fig. 1.3). Early assessment of the incident scene is also
important to correctly prepare the arriving aid.

— Search and rescue: Depending on the structure and function of the ICS, search
and rescue may fall under the direction of fire, emergency medical services
(EMS), police, or security forces. In large disasters, especially ones that are
ongoing or that involve terrorist activities, a cooperative approach is neces-
sary and the very act of search and rescue must be highly organized to ensure
adequate and complete coverage of all areas.

— Extrication, triage, stabilization, and transport. Extrication is performed by
fire departments in most of the countries. Triage involves providing the most
efficient aid to as many as possible and prioritizes treatment and transport of
victims. Many variables influence the manner in which patients are triaged,
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Incident command
Defines and directs the operational objectives of the response

Incident Commander
Safety Officer
Public Information Officer
Senior Liaison
Senior Advisors

Planning

Includes Incident
planning as well as
contingency, long-range
and demobilization
planning.

Establishes wich
resource are needed.
Avail itself of Technical
Specialists.

Operations

Establishes,
coordinates and
executes strategies and
tactics to accomplish
the goals and
objectives set by
Command.

Logqistics
Provides technical
activities to maintain the
function of operational
facilities and processes
(communication, medical
food)

Supports Command and
Operations in their use of
personnel, supplies and

Finance

Supports Command and
Operations with
administrative issues as

well as financial
accounting, tracking
and processing incident
expenses.

equipment.

Fig. 1.3 The Incident Command System (ICS) model

transported, and treated: the type of incident, the number of victims, the avail-
able resources, the capability of existing infrastructure, and the overall con-
text of the disaster. Patients must be reassessed during every step of the
process. There are several algorithms for triage in mass casualty incidents that
have been shown to have acceptable sensitivity and specificity in detecting
severely injured patients [14, 15]. Errors in triaging may cause misallocation
of valuable resources and may lead to worse outcomes among those affected.
It is extremely important for health care providers to be familiar and trained
in the triage system they are using. In some scenarios, such as extensive earth-
quakes, infrastructure may be damaged or destroyed to the extent that defini-
tive care, even from outside resources, is not available for several days. In this
case, dynamic treatment and recurrent triage of patients should be performed
until other sources of medical care become available.

Transport must be both organized and orchestrated to equitably distribute
victims to capable receiving facilities. Many of the less critically injured will
self-extricate and arrive at the nearest medical facility by their own means.
Often, the more critical patients arrive after the first wave of so-called walking
wounded, and it is important to distribute these patients to appropriate receiv-
ing facilities with the capacity to take care of them. This process lessens the
overwhelming impact a disaster may have on the closest hospital and improves
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4.

the effectiveness of medical care provided to the victims. Victims may require
decontamination prior to transport in order to prevent the spread of a hazard-
ous material or threat.
— Definitive scene management
Recovery: This last phase is crucial for the affected community: order is restored,
public utilities are reestablished, and infrastructure begins to operate effectively.
Rebuilding and restructuring may include mitigation measures, in order to pre-
vent or, at least, diminish the degree of damage in the case of a new event.
Treatment of the responders is also important during this phase for critical
stress debriefing. Debriefing may teach planners valuable lessons. It is of utmost
importance to obtain as much information as possible from all parties involved in
the disaster response. Without full disclosure, similar pitfalls may impede
improvements in future responses [3].
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