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Abstract
Purpose of Review Disaster and mass casualty events are
unpredictable and quickly overwhelm response systems.
Children are affected by disasters; however, pediatric-
specific disaster preparedness is lacking. Preparedness is re-
quired at the individual, physician, and hospitals/community
levels and constitutes material allocation, education, and com-
munication. Specifically, pediatricians, pediatric subspecial-
ists, and pediatric surgical subspecialists have important roles
during a disaster, mass casualty, or pandemic response; thus,
integration of both community and subspecialty physicians is
important. Disaster response is not limited to planning and
response; major efforts in recovery, reunification, community
health safety, and follow-up are required.
Recent Findings Events have highlighted the need for
improved preparation and execution of mass casualty
response. There is a need for training in the event of a mass
casualty disaster, and pediatric professionals have indicated
that they do not feel adequately prepared to care for children
during such events. Incorporation of pediatric-specific
simulation scenarios can help address this deficiency.

Summary Thus, efforts to incorporate pediatric-specific
education, disaster simulation, and preparation including a
multidisciplinary approach integrating families, physicians,
and hospital and community organizations are required.

Keywords Pediatric trauma . Disaster planning .Mass
casualty

Introduction

Disasters andmass casualty events are often unpredictable and
can quickly overwhelm any emergency system. Recent events
have highlighted the need for improved preparation and exe-
cution of mass casualty response [1–8]. Although trauma is
the leading cause of morbidity and mortality in the pediatric
population, and children make up 25 % of the population in
the USA, they are seldom taken to pediatric trauma centers
(PTC) due to distance and the lack of integration of pediatric
care into disaster planning [9–13]. Because care for the pedi-
atric patient is often omitted frommass casualty planning, it is
imperative that all healthcare professionals, from the first re-
sponders to the subspecialty physicians and hospital adminis-
tration, be versed in preparing and caring for children before,
during, and after a disaster [1, 14, 15••].

Children are inherently different than adults, and recogniz-
ing these differences is critical during emergencies since the
pediatric population is highly vulnerable, especially the youn-
ger age groups. These differences can be divided into
behavioral/developmental and anatomical/physiological fac-
tors [16]. Due to age or developmental delay, children may
not be able to speak, making it difficult to communicate their
identity, caregiver, or their injuries. They rely on others for
basic needs such as nutrition, shelter, and transportation; dur-
ing an emergency, children may not know which way to go,
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sometimes even approaching areas of danger due to curiosity,
or not recognizing contamination by hazardous substances.
Youth and immaturity can increase the child’s risk of expo-
sure, since substances can be absorbed quickly due to physi-
ologic differences: children have an increased respiratory rate,
heart rate, and metabolism; a relatively large body surface
area; very permeable skin and membrane barriers; and are
closer to the ground, where noxious substances may settle.
Increased exposure to toxins during a developmentally critical
period can have profound behavioral, neurologic, and physi-
cal consequences, including increasing the lifetime risk of
malignancy due to carcinogen and radiation exposure, and
long-term behavioral effects of trauma manifested in develop-
mental regression, attention and behavioral disorders, enure-
sis, or somatic complaints [15••].

Once children are transported to receiving facilities, per-
sonnel, medications, and equipment must be available for spe-
cific pediatric needs. Recent studies have highlighted the need
for adequate training in the event of a mass casualty disaster,
and pediatric professionals have indicated that they do not feel
adequately prepared to care for children during such events
[14, 17]. Incorporation of pediatric-specific simulation scenar-
ios has helped address this deficiency [1, 18–24].

In this review, we highlight recent literature pertaining to
preparation for families, healthcare professionals, and health
systems; elements of disaster response during the event; and
long-term needs of children after a disaster.

Preparation

Families and Community Disaster preparation begins in the
home. Planning requires self-assessment, communication and
information management, and contingency planning. Primary
care physicians including pediatricians are key resources in
helping families with children prepare and respond to threats.
For instance, the 2009 H1N1 influenza pandemic demonstrat-
ed that families rely heavily on pediatricians for trustworthy
and relevant information [15••]. However, despite disaster
preparedness public education efforts, it appears that the ma-
jority of American families are not aware and ill-prepared to
care for themselves for the recommended 3 days of self-suffi-
ciency, recommended by the Federal Emergency
Management Agency [25].

Children with special needs are especially vulnerable during
disasters and mass casualty events. Special needs children may
be technologically dependent or require specialized medica-
tions or support. Children with special health care needs often
require services and support beyond those of the general popu-
lation [26]. For instance, children with physical and emotional
disabilities or other medical conditions may require medica-
tions such as insulin for diabetes, intestinal rehabilitation for
short gut syndrome, or home oxygen for respiratory conditions.

In a recent survey study of rural families with children with
special health care needs, only 64–77 % of families were pre-
pared for a disaster [25]. Less than half of the families surveyed
had discussed or practiced disaster preparedness, and half had
an emergency plan. Families with high social support, self-ef-
ficacy, and family resilience sources were more likely to have
supplies and have overall preparedness. While a third of the
families anticipated a disaster happening in the next 5 years,
this did not correlate with increased preparedness. However,
preparedness was increased among families that had a child
with physical disability. The aforementioned physical disability
finding was similar to other studies which found that physical
disabilities are more easily planned for, while emotional and
mental disabilities are associated with poor preparation for
emergencies [27, 28]. Families with children followed in an
intestinal rehabilitation clinic are also ill-prepared in the event
of a disaster. A survey of families at a tertiary children’s hospital
with children requiring parenteral nutrition revealed that none
of the families had an emergency communication plan, and few
had an emergency supply kit [29]. Children requiring parenteral
nutrition are incredibly vulnerable during emergencies because
they require electricity sources for infusion pumps and refriger-
ation of their nutrition and need extra supplies for central line
dressings or gastrostomy tubing. This mixed-methods pilot
study highlighted the lack of preparation among intestinal reha-
bilitation families, and future work is needed to understand the
factors driving the lapses in preparation in this and other popu-
lations [30, 31]. One remedy may be for physicians and com-
munity organizations caring for children with special health
care needs to offer explicit guidance on emergency preparation.

Physicians Health care professionals are not only the source
for disaster preparation information for families. Families
should have their own plans in the event of a mass casualty
disaster. Physician preparation should include skills and knowl-
edge integral to minor trauma care of children, as well as other
personal preparations such as written contact lists and care
plans. In a recent study of pediatric healthcare employees at a
tertiary pediatric hospital, almost half the employees expressed
willingness to respond in the event of a disaster [32]. Those
without dependents, men, and single individuals were more
willing to respond, as well as those who had a shorter commut-
ing distance. They found no association between previous di-
saster experience, disaster training, or personal preparedness
and willingness to respond. Hospital systems can alleviate
some of these barriers to response by providing compensation
and childcare to employees, clearly outlining responsibilities in
hiring contracts, and integrating personal preparedness plans
with the institutional disaster plan [33•].

Physicians may have different roles during a disaster, de-
pending on their training and experience. Pediatric surgeons,
who are versed in pediatric trauma and pediatric emergency
medicine, will be called on to participate in committees for
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hospital preparedness and may be asked to make critical de-
cisions during a disaster event. While subspecialists may play
important roles in critical care management, community pedi-
atricians may assist with triage and oversee care for those who
are not critically injured. No matter what the current practice
entails, physicians who care for children will have an impor-
tant presence during mass casualty events.

The role of the community physician is often overlooked in
emergency preparedness simulations. Primary care physicians
and community pediatricians deliver the majority of pediatric
medical care and will be the ones families seek for information
on emergency preparedness [15••]. Furthermore, they will pro-
vide valuable triage and treatment for children who do not
require or cannot be transported to the nearest pediatric trauma
center [15••]. They are a valuable community resource that can
care for children with minor acute injuries, such as splinting
fractures or suturing lacerations, distributing medications and
medical countermeasures in the event of bioterrorism or mass
contamination, and provide fluid and nutritional resuscitation.
After a disaster, community physicians will be providing
follow-up care for children involved in disasters. Follow-up
care will include physical, mental, emotional, and social as-
pects, discussed below. Therefore, pediatricians must be in-
cluded in disaster response training as they are integral mem-
bers of the medical field with expertise in pediatric medicine,
public health, and as representatives of the greater community.

Hospitals and Systems Many hospitals use mass casualty
simulations to evaluate emergency preparedness efforts.
Despite the application of different training and education pro-
grams, readiness appears to be lacking. Tegtmeyer et al. de-
scribe two approaches to education for a pediatric emergency
mass critical care event: advance training and just-in-time train-
ing [34•]. Advance training includes seminars, grand rounds,
and simulation events, and these events afforded the advantages
of time, wide range of topics, and the ability to reach a wide
audience. Just-in-time training is not as comprehensive but pro-
vides concise, targeted information relevant to the task at hand.
Each have their advantages and disadvantages and, when
employed together, can synergistically improve hospital per-
sonnel preparedness. Even among tertiary care pediatricians,
only 35 % of surveyed responders in a recent international
study had disaster training, whereas 53 % felt it should be an
obligatory part of their curriculum [14]. Pediatric-specific train-
ing should be incorporated in all disaster plans, as even adult
centers will receive pediatric patients during a mass casualty.

Mortelmans et al. conducted an international survey of pedi-
atricians and pediatric emergencymedicine physicians at tertiary
care centers on the adequacy of hospital disaster planning. They
found that whereas 95 % of responders anticipated receiving
pediatric patients after a mass casualty event, only 44% of these
hospitals had specific emphasis on the pediatric patient as part of
their disaster plan [14]. Approximately 50% of the hospitals had

the ability to mobilize pediatric personnel, open pediatric inten-
sive care beds, acquire specific pediatric intensive care supplies,
accommodate for isolation, and have access to pediatric subspe-
cialty physicians. In regards to post-disaster arrangements, only
half of the hospitals had a plan for family reunification or post-
traumatic psychiatric assessment. This was reflected in the 2013
Pediatric Readiness Assessment: less than half of US hospitals
had a disaster policy in place that included the care of the pedi-
atric trauma patient [15••].

Recognizing need for engagement and education, a CHEST
Consensus Statement was published pertaining to the care of
critically ill patients during pandemics and disasters [33•].
Although not specifically targeted toward pediatric disaster
preparedness, the consensus provides 23 suggestions regarding
situational awareness, roles and responsibilities, education, and
community engagement. Specifically, they target the integra-
tion of critical care physicians into planning and response and
conclude that there must be a shift in operating systems—dur-
ing a disaster, physicians and hospital systems will require
departure from their regular operations as independent hospi-
tals, to becoming a site in a network of responders to a disaster.
The article highlights the need for robust information systems
that will allow for coordination among health care profes-
sionals, hospitals, and government organization.

In 2005, a commuter train crash resulted in a mass casualty
situation in Los Angeles and, after the event, the County im-
plemented of a trauma system performance improvement pro-
gram. After another crash in 2008, Cryer et al. analyzed the
distribution of patients to trauma centers versus community
hospitals [3]. They found that the majority of patients in the
2005 crash were transported to community hospitals, and this
shifted to 93% of patients transported to trauma centers in 2008
after a trauma system performance improvement program. The
change in trauma center destinations marked an improvement
resource management by triaging critically injured patients to
appropriate designated trauma centers, thus avoiding over-
whelming the community, non-trauma hospital with trauma
victims. This study highlighted the importance of a large trau-
ma system with a robust communication system. The Los
Angeles County disaster network underwent further simulation
testing with an earthquake drill in 2008 [35]. The drill was an
opportunity for hospitals to combine their independent disaster
response plans into a community-wide effort. Few disaster re-
source centers, which are designated medical institutions as the
central response for a catchment area, had a plan for pediatric
disaster patients, from triage to follow-up resources.
Additionally, institutions were often compartmentalized and
had little communication and coordination with other centers
or community entities. During an actual disaster event, the
surrounding hospitals and community institutions will become
vital in the care of the pediatric patient, and communication
between the pediatric trauma center and its regional network
will allow for patient and resource transfer. It is not only enough

218 Curr Trauma Rep (2016) 2:216–221



to have a hospital disaster preparedness plan; regional emer-
gency preparedness leaders must prepare to work together.

Disaster Response and Follow-Up

Despite the best planning efforts, disaster events result in chaos,
and casualties can quickly overwhelm a system. Pediatric trau-
ma centers are equipped to care for children during a disaster,
but they are not ubiquitous [12, 13, 36]. Previous investigators
compared outcomes between pediatric and adult trauma cen-
ters. Pediatric trauma patients brought to an adult trauma center
had acceptable outcomes compared to non-trauma centers, but
children who suffered significant blunt trauma were found to
have better outcomes if they were treated at a pediatric trauma
center. Overall, children treated at a pediatric trauma center may
have improved survival and functional outcomes [36–41].
These findings suggest that the disparity in pediatric trauma
care during routine events may extend to outcomes after mass
casualty events. Ongoing efforts should address improving pe-
diatric care at adult trauma centers to minimize this gap.

The role of a pediatric trauma center during a mass casualty
event depends on the location and scale of the event. If the
event occurs in proximity of a pediatric trauma center, the
medical and emergency management leadership should take
a lead triage and treatment efforts. Patient movement includes
reverse-triage, moving non-acute patients to outlying commu-
nity hospitals in order to increase pediatric bed capacity [12,
13, 42]. If the disaster occurs outside the pediatric trauma
center catchment area, hospital leadership may be consulted
for coordination, transportation, or other accommodations for
the pediatric surge. With the advent of wireless communica-
tion and technology, pediatric experts, far from the epicenter
of a mass casualty event, may use cellular and wireless capa-
bilities for telemedicine, use resource localization or just-in-
time training [19, 33•, 34•, 43, 44].

The ability to integrate electronic health records and patient
tracking into disaster response may exponentially improve
post-disaster follow-up. As highlighted by Barthel et al., re-
unification after Hurricane Katrina was a disaster in itself [12].
Approximately 75 % of children were still missing 2 weeks
after the storm flooded New Orleans. The integration of facial
recognition technology, global positioning software-
containing wristbands, and cellular devices may assist with
communication of important components of a patient’s med-
ical record, family, and minimize the psychological trauma
associated with surviving a mass casualty disaster.

Finally, long-term follow-up should be part of every emer-
gency preparedness plan. Mental health is an often overlooked
in planning but post-traumatic stress may evolve into a chronic
health problem if not dealt with after traumatic events.
Psychological trauma may be the result from events witnessed
during crisis, separation from family and community, or the

uncertainty of knowing if things will return to normal.
Adjustment reactions can range from depression, anxiety, de-
velopmental regression, and physical or somatic manifestations
[15••]. Displacement is often a part of the post-disaster reality
for many children, since children are the last members allowed
to return to areas ravaged by disasters. Separation from parents,
or sheltering outside the home in places such as school or with
extended family, can have lasting effects. During the recovery
process, community pediatricians can support the establish-
ment of a community infrastructure and continuity to children
otherwise living in a disruptive environment, administer vacci-
nations and medications to prevent secondary disease out-
breaks, spearhead public health efforts to provide access to
clean water and adequate nutrition, and monitor for long-term
effects of toxin or radiation exposure [15••, 45].

Conclusion

Children are a substantial part of most communities and they
have different responses and vulnerabilities than adults in di-
saster and mass casualty situations. Therefore, leaders crafting
all-hazard responses need to incorporate pediatric-specific ap-
proaches for education, mass casualty planning and recovery
in disaster plans. A community-participatory approach inte-
grating families, physicians, hospital, and community organi-
zations is required if we are to have a successful response and
recovery from mass casualty and other disaster events.
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