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Summary

Mass casualty incidents (MCIs) are diverse, unpredictable, and increasing in frequency, but preparation is possible and

necessary. The nature of MCIs requires a trauma response but also requires effective and tested disaster preparedness

planning. From an international perspective, the aims of this narrative review are to describe the key components

necessary for optimisation of trauma system preparedness for MCIs, whether trauma systems and centres meet these

components and areas for improvement of trauma system response. Many of the principles necessary for response to

MCIs are embedded in trauma system design and trauma centre function. These include robust communication net-

works, established triage systems, and capacity to secure centres from threats to safety and quality of care. However,

evidence from the current literature indicates the need to strengthen trauma system preparedness for MCIs through

greater trauma leader representation at all levels of disaster preparedness planning, enhanced training of staff and

simulated disaster training, expanded surge capacity planning, improved staff management and support during the MCI

and in the post-disaster recovery phase, clear provision for the treatment of paediatric patients in disaster plans, and

diversified and pre-agreed systems for essential supplies and services continuity. Mass casualty preparedness is a

complex, iterative process that requires an integrated, multidisciplinary, and tiered approach. Through effective pre-

paredness planning, trauma systems should be well-placed to deliver an optimal response when faced with MCIs.
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Editor’s key points

� Mass casualty incidents (MCIs) are diverse and un-

predictable but preparation is possible and essential.

The nature of MCIs requires a trauma response, but

this requires effective and tested disaster prepared-

ness planning.

� This narrative review describes the key components

necessary for optimisation of trauma system pre-

paredness for MCIs using established WHO guide-

lines, and considers whether trauma systems and

centres meet these components.
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Mass casualty incidents (MCIs) are diverse and unpredictable

but can be prepared for. Unlike pandemics, where case

numbers are low initially and followed by an exponential in-

crease, MCIs commence with a large surge in casualties in a

short time frame. MCIs spanmultiple causes including natural

disasters, transport collisions, terrorism, and armed conflicts,

and their frequency will increase because of climate change.1

In 2020, there were 389 natural disasters resulting in 15 080

deaths, 98.4 million people affected, and a global cost of

US$171 billion.2 MCIs are often devastating to communities

and have profound mortality and long-term morbidity

consequences.

Introduction of organised trauma systems has reduced

mortality rates and improved functional outcomes for injured

patients.3e7 Trauma systems are designed to provide an inte-

grated, multidisciplinary, and tiered response (including 24-h

capabilities), encompassing the entire patient journey.8

Learnings from armed conflicts were the precursor to mod-

ern trauma systems, embedding the principles necessary for

MCI response.9 Functional trauma systems are critical to

regional MCI responses.

Previous authors have shown better MCI preparedness and

outcomes where trauma systems are present.10,11 However,

there is wide variability in trauma system design12; most have

been established to manage routine caseloads and case-mix,

with contingency for minor variations. Healthcare and

trauma systems, in general, have finite capabilities that can be

quickly overwhelmed by MCIs, jeopardising the care of direct

casualties of the event, and the health andwelfare of the wider

community through disruption of usual healthcare services,11

as illustrated by the severe acute respiratory syndrome-

coronavirus 2 (SARS-CoV-2) pandemic. Despite the impor-

tance of trauma systems in MCI response, national and multi-

centre studies describing disaster preparedness of trauma

systems and centres are few.11,13,14 Most publications docu-

ment individual MCI responses, providing valuable insights

into the strengths and weaknesses of local disaster

response,15e32 but limited evidence of uptake of disaster pre-

paredness plans.

In this review, we describe the key components for

optimisation of trauma system preparedness for MCIs,

whether trauma systems and centresmeet these components,

and areas for improvement of trauma system response.

Guided by the WHO toolkit and checklist,33,34 the areas of

leadership and governance, communication, education and

training, safety and security, triage, surge capacity, continuity
of essential services and supplies, post-disaster recovery, and

the specific requirements for MCIs involving paediatric cases,

are covered.
Leadership and governance

Mature leadership structures and governance create the

foundation for optimal disaster preparedness.34 Effective

leadership is needed to prioritise disaster preparedness,

ensure commitment of adequate resources, and implement

relevant, evidence-informed policies, plans, and guidelines. In

their survey of US trauma centres, Trunkey and colleagues11

found that higher levels of funding for emergency prepared-

ness were associated with improved preparedness, high-

lighting the importance of leadership through investment.

Established leadership frameworks must review disaster

preparedness plans to address weaknesses in a timely fashion,

ensure simulation drills are performed at regular intervals,

and incorporate learnings from these simulations and others’

responses to MCIs into preparedness plans.18,35 Although

frameworks, such as theWHO ones, are a useful starting point

for leadership structures, they need to be tailored to suit spe-

cific trauma, healthcare, and wider disaster system environ-

ments. Individual locality plans are required to address threats

that aremost prevalent to their community and the intricacies

of their geography and the community they serve.14,34 Given

the need for region-specific approaches, the focus here is on

select examples and whether key components have been

enacted or not.

Well-organised leadership and governance committees are

crucial for creating a realistic and successful plan. For

example, the Israeli Ministry of Health implemented a robust

monitoring system that continually assesses the preparedness

of its designated trauma centres and uses these evaluations to

determine hospital accreditation status. Centres are formally

assessed every 2 yr by independent evaluators using an

objective measurement tool of parameters and indicators of

disaster preparedness.36 After assessment, missed bench-

marks are re-evaluated 3 months later and resulting modifi-

cations must be reported to the centre’s board and the

Ministry of Health.36 Using this state-run monitoring system,

disaster preparedness of Israeli trauma centres has

increased.36 Similar efforts in larger nations have not been

replicated. However, trauma centre verification by the Amer-

ican College of Surgeons and the Royal Australasian College of

Surgeons includes questions about disaster preparedness. In

addition, the US Health and Human Services Assistant Secre-

tary for Preparedness and Response is piloting a Regional

Disaster Health Response System as a framework for cooper-

ation between government and non-government agencies for

disaster response.37

Disaster preparedness leadership can be multi-tiered to

reflect national, regional and local responses, and commonly

requires dedicated, multidisciplinary disaster preparedness

committees. Gabbe and colleagues13 surveyed major (Level I)

trauma centres in Australia, Canada, England, and New Zea-

land (NZ) to ascertain their level of preparedness for disasters;

84% (n¼69) of eligible centres responded. Most (91%) centres

had a dedicated disaster preparedness committee. The local

trauma director was a member in only 61% of cases, and

almost a third of respondents expressed concern about com-

mittee representativeness.13 Notably, this was the second

survey of Canadian centres within a decade. Although the
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proportion of Canadian trauma centres with a disaster pre-

paredness committee rose from 83% to 100%, trauma director

representation had increased from half to 60%.38,39 Coordina-

tion of committees at different levels of response is required,

and the WHO recommends that committee members

comprise senior managers from operational departments.34

There is no explicit recommendation for trauma leadership

representation. Given the importance of trauma systems in

disaster response, this omission could be seen as an oversight.

Representation from trauma leadership at each level of

disaster planning could improve trauma system integration in

the disaster plan and response.
Communication

Efficient, clear, and centralised communication during an

MCI response is the ‘glue’ that ensures seamless enactment

of the disaster plan and key aspects of response. Early

establishment of pre-defined communication lines should be

a priority of the immediate response to an MCI, both within

and between organisations.11,18,20 Construction of a triage

communication network that incorporates information from

each step in the pathway is crucial, from the first responders

at the scene, to the Emergency Medical Services (EMS)

transporting patients, to the triage officers at trauma cen-

tres.20 Network integration allows for coordinated triage

and reduced likelihood that trauma centres will be

overwhelmed.18,20

Many advocate for a central communication and opera-

tions hub to improve triage decision-making and allow for

rapid inter-hospital transfers, or early diversion of transports,

in the event that the receiving hospital cannot provide defin-

itive treatment.20,40,41 Centralised communication should be

an existing trauma system feature, as not all trauma-receiving

hospitals will provide all services, and communication across

the system is needed to best match the patient to the optimal

hospital for treatment.35

In practice, many trauma systems rely on pre-hospital

trauma triage guidelines to direct patient flow from the

injury scene. Centralised communication may be limited to

inter-hospital transfers of trauma patients, where communi-

cation between referral, retrieval, and receiving services is

needed. Nevertheless, leverage from these existing commu-

nication networks would be critical in MCIs, as effective

communication systems are difficult to establish at short

notice with interim agreements.42 Centralised command

centres were used after Hurricanes Katrina and Rita,40 and

after the Boston Marathon explosions.18 Pre-hospital ‘com-

manders’, who coordinate with receiving hospitals to estab-

lish real-time capacity updates, may improve triage to

appropriate destinations. Electronic linkage of medical record

systems that demonstrate real-time capacity has also been

recommended as a way of improving central command

effectiveness.35

Notably, in anyMCI response, contingency plansmust be in

place if traditional modes of communication are compro-

mised.11,43,44 Standard communication networks can be

compromised through physical devastation to infrastructure,

overloading of existing systems in a time of crisis, and gov-

ernment shutdown of systems in response to an ongoing

threat.43,45,46 Some have resorted to the use of ‘runners’ e in-

dividuals designated to convey information between areas of

the hospital e whereas Wi-Fi-based communications were

used after the Arena bombing in Manchester when mobile
phone communications failed.47 Given their vulnerability, the

need for pre-planned communication strategies that do not

depend onmobile and other telephone phone networks is key.

Two-way radio, Wi-Fi communication apps, pagers, and sat-

ellite phones have been suggested as viable alternatives,

whereas provision for ‘runners’ should also be included as a

back-up.

Trunkey and colleagues11 reported high levels of commu-

nication preparedness of US trauma centres; more than 90%

reported robust communication strategies that included the

presence of non-traditional communication methods. Despite

reported high levels of communication preparedness, more

recent evidence from drills48 and real-life incidents24,49 in the

USA suggest that further improvement is warranted. After the

Boston Marathon bombings, law enforcement made the deci-

sion to shut down cellular phone towers, and hospital staff

resorted to landline and pager use.24 In 2020, a multi-national

survey of trauma centres found that 84% reported reliable and

sustainable back-up communication options (largely two-way

radio and web-based communication) but only 22% had sat-

ellite phones.13 These figures further support the need for

improvement on this critical aspect of disaster response. In

addition, disaster preparedness plans will need to adapt to the

new, and discontinuation of older (e.g. pager networks),

technologies.
Education, training, and simulation

Trauma system preparedness for MCIs requires that staff

undergo stringent, regular training programmes that ensure

competency.37 Basic emergency management and advanced

trauma care skills provide good baseline knowledge for anMCI

response.35 However, training in the management of injuries

thatmay be rarely encountered in usual practice in the civilian

context, or encountered commonly but in low volumes (e.g.

blast injuries), is needed. Education and training may also

include identification of specialists in these injuries, and

established means of engagement in a relevant MCI. The

engagement of military surgeons in the Manchester Arena

bombing provides an example of this approach.47 Some gov-

ernments have funded centres to support training, education

and response to disasters (e.g. Australia’s National Critical

Care and Trauma Response Centre [NCCTRC]). Targeted

training ensures that, in the event of an MCI, there are

personnel with foundational training who can respond

immediately. Only 74% of Australian, Canadian, English, and

NZ trauma centres surveyed reported the availability of

training for staff to prepare for an MCI.13

Furthermore, up-to-date records of trained staff are needed

in an MCI so that trauma centres can quickly mobilise trained

staff into appropriate roles. Gabbe and colleagues13 found that

less than half of major trauma centres surveyed had a data-

base of trained personnel to call upon in an emergency; this

was just 15% for Canadian centres.39 Placing the onus on in-

dividual centres to maintain these records is challenging as

junior medical staff rotate regularly, and local recordsmay not

reflect current staffing allocations. A regional or national

approach to training record keeping may better enable rapid

mobilisation of trained staff in an MCI.

In addition to staff training programmes, staff should have

the opportunity to regularly practise these skills in a simula-

tion environment.18,47,50 Tabletop drills and simulation games

are commonly used,13,51 are inexpensive, allow for many

personnel to complete a drill more frequently, and may be
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preferred in low resource settings.51,52 Repeated paper-based

mini-drills have been shown to increase participant knowl-

edge of institutional disaster policy and procedures, poten-

tially improving preparedness for MCIs.53 Nevertheless,

tabletop simulations cannot fully replace real-world multi-

centre, multi-organisational drills.48,54

Large-scale drills commonly include multiple trauma cen-

tres, regional hospitals, law enforcement, defence force, and

emergency services, and provide a unique opportunity to

stress and evaluate existing protocols.48,54 Real-world exer-

cises can address different scenarios, enabling adaptation to

regional or system needs and threats. Real-world exercises

can stress a system’s resources sufficiently to test disaster

response, but require multi-agency collaboration, which can

be challenging to organise, and expensive to conduct.55,56

Previous studies found that real-world exercises identified

logistical and knowledge gaps not detected through tabletop

exercises, justifying investment in these simulations.57

Regular conduct and review of disaster drills and MCI

exercises are important for gathering evidence about what

does and does not work, and for informing improved pro-

cedures.34,56,57 The definition of ‘regular’ and the required

timing of exercises varies by jurisdiction. No clear consensus

exists.53,57e59 Jurisdictional resourcing and capabilities will

likely dictate the choice and timing of disaster preparedness

exercises. The Australian AUSTRAUMAPLAN includes no

directive about the timing or type of exercises.58 In contrast,

the National Health Service England Emergency Prepared-

ness, Resilience, and Response Framework sets minimum

requirements of communications testing every 6 months,

tabletop exercises annually, and live and command exer-

cises at least once every 3 yr.60 Trunkey and colleagues11

reported that 97% of US trauma centres had conducted

tabletop drills or simulation exercises, and 81% had acti-

vated their preparedness plan in response to a real event.

Conversely, 58% of trauma centres in Australia, Canada,

England, and NZ had activated their disaster plan (32% in the

past 2 yr); 79% reported conducting a practice drill for an

MCI and 48% had completed a multi-agency real-world ex-

ercise in the past 2 yr.13

Regardless of methodological choice, recommendations

outlined as a result of training exercises should be acted upon

in a timely way and then tested to ensure that improvements

have been effective.18,53 Skryabina and colleagues57 found that

deficiencies in emergency plans, procedures, resources, and

communications identified through simulation exercises were

often not integrated into an updated emergency plan. Gabbe

and colleagues13 reported that most (50/52) centres in

Australia, Canada, England, and NZ that had undertaken a

practice drill had reported the findings, and 80% of the time,

the findings were incorporated in the revised disaster plan.
Safety and security

Outside of armed conflicts, trauma centres are not often the

direct target of man-made MCIs.61e63 Where they are, the ef-

fect on not only those directly, but also those who subse-

quently need health services can be profound.62,63 The ability

for a healthcare centre to ‘lock down’ whether because of a

direct threat, or to reduce the number of unnecessary people

disrupting clinical activities (e.g. influx of concerned relatives

and media),64 is crucial in ensuring high quality care.11 As

would occur on a ship in response to nuclear or biological

hazards,65 the ability to lock down specific areas is necessary
to contain the spread of contamination.11,66 Departmental-

level lockdown can also be used to ensure the safety of staff

and other patients in the circumstance where individuals

become violent or pose other threats to safety. Maintaining the

safety and security of each trauma centre, and possessing the

ability to lock down if required, ensures that receiving hospi-

tals can continue to manage the victims of MCIs, and patients

already under their care, as efficiently as possible.

Concerns for patient and staff safety were identified as key

themes in a qualitative study of the experiences of staff in

MCIs in the US.67 Most trauma centres would have the ability

to lock down a facility if required,13 and this has been

confirmed in nationwide and multi-national surveys of

trauma centres where 97% of US, and 89% of major trauma

centres in Australia, Canada, England, and NZ reported

established procedures for lockdown.11,13
Triage

The central doctrine of trauma systems focuses on ensuring

that every patient arrives at themost appropriate centre in the

shortest time possible.8 Advanced trauma systems have

effective triage processes that support this doctrine, which can

be leveraged in MCIs. MCIs test trauma system triage pro-

cesses that are otherwise designed to manage much smaller

volumes of critically injured patients.35 Gabbe and col-

leagues13 reported high rates of triage preparedness for MCIs,

with 97% of centres in Australia, Canada, England, and NZ

having a mass casualty triage protocol that followed interna-

tionally accepted principles and guidelines. In large-scale

natural disasters such as hurricanes19,68 and earthquakes,69

trauma centres in the area of the disaster can be compro-

mised, necessitating transport of a large number of victims to

nearby jurisdictions.11 These types of MCIs demonstrate the

importance of both region-wide and multi-region resource

management systems.

In general, the mass casualty triage response is completed

at two key time points: (1) at the scene when EMS must

determine which patients need urgent transfer to hospital;

and (2) on hospital arrival, where assessment of haemody-

namic status and the need for life-saving treatment in the

context of emergency, critical care, and surgical treatment

capacity is undertaken.70,71 Triaging patients in the immediate

aftermath of an MCI can be difficult. EMS may be operating in

an unsafe environment, and with limited access to reliable

information.72 There is a need to consider the situation as a

whole whilst still providing critical medical care to severely

injured patients. These EMS largely rely on guidelines and

triage tools such as the Modified Physiological Triage Tool

when determining the urgency of a patient transfer.73,74 Of the

more than 20 different triage systems for MCIs, there is no

clear consensus that any one system is superior to others,

although regional or jurisdictional consistency is beneficial for

outcomes.75

MCIs are generally considered to result in three ‘waves’ of

patients arriving at hospitals.70,76 The first wave differs most

from the normal trauma patient scenario and largely com-

prises patients who can mobilise themselves to the nearest

healthcare centre. These ‘walking wounded’ are rarely triaged

as high priority, but by virtue of their mobility, overwhelm the

nearest hospital to the incident.70 The second wave comprises

patients in critical condition, who have been triaged by EMS to

require immediate treatment and transport, followed by crit-

ical care and urgent surgery. The third wave involves patients,
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largely with lower acuity, who are triaged and treated at the

scene in a safe area.70 Triaging strategies and protocols must

incorporate common patient flow patterns to ensure appro-

priate resource allocation.

Seventy-six percent of major trauma centres in Australia,

Canada, England, and NZ had a contingency site for receipt

and triage of mass casualties. Tracking systems for casualties

were present in 75% of centres.13 Ninety-three percent of US

trauma centres reported an identified triage area for MCIs.14

Friemert and colleagues70 suggested a two-phase second-

ary triage process that involves an initial external receiving

area for first categorisation of patients, before in-hospital

triage (second phase). This first point of hospital triage en-

sures the safety of the trauma centre, and acts as a gateway

enabling the triage officer within the hospital to deal only with

patients with potentially life-threatening injuries.70 In MCIs

that involve a significant number of blunt and penetrating

trauma cases, the availability of operating theatres is para-

mount. Continuous re-triaging of patients is necessary to

ensure those requiring life-saving emergency surgery are pri-

oritised over less urgent cases.77

Several authors have suggested that the in-hospital triage

process should involve a senior trauma surgeon working on the

floor of the emergency department.47,50,70,77 This ‘surgeon com-

mander’ would be appointed within each centre’s emergency

plan as a roaming manager and triage officer whose sole re-

sponsibility could be to organise the theatre space and triage

appropriately47,77; 75% of US trauma centres reported they had

an identified triage officer.14 The rationale for this extends from

the military experience informing trauma system design and

disaster preparedness, and the anticipated needs of patients. In

the early stages of a disaster response, patients transferred to

theatre will require life-saving interventions; the presence of an

experienced trauma clinician whose role is to be in constant

contact with the surgeons in the operating theatres (but not

operate themselves) has been hypothesised to improve patient

flow into theatre and prioritisation of critical patients.47,70

Overall, whether this is a surgeon or other specialty will vary

according to local models of trauma care training and delivery,

and this rolewill likelybeperformed inconjunctionwithasenior

emergency or trauma care nurse with experience in triage and

trauma systems. Once patients are past the surgical and critical

care phase, a trauma specialist to coordinate the needs of pa-

tients through the remainder of their care, including discharge

planning and rehabilitation, has been recommended.47
Surge capacity

Despite the perpetual state of preparedness of trauma centres

and systems, an understanding of hospital resources neces-

sary for an MCI response is necessary to ensure even distri-

bution of patients and the optimal delivery of care under the

circumstances. Communications and command centres

require real-time knowledge of the status of key departments

in each trauma centre involved, in order to pre-empt and

prevent bottlenecks in patient flow.11

‘Surge capacity’ is used to describe the ability of a centre to

rapidly increase resource availability (supplies, equipment,

personnel, and space) in response to higher than normal

patient load,78 and represents a function of equipment,

staffing, and space.79 Bed capacity alone is insufficient for

calculating surge capacity; the rate of arrival of casualties

must be considered. Overall, there is little consensus on tar-

geted increases of available resources. In part, this is because
resource demand will be highly dependent on contextual

factors including the nature of the MCI, casualty types, and

specialties required. Figures of 5e35% above normal levels

have been considered achievable,78 whereas computer

simulation exercises have suggested that trauma centres

adopting disaster plan procedures could accommodate the

arrival of four to five critically ill patients per hour without

compromising quality of care.80

The proportion of patients requiring urgent surgical and

critical care, and common bottlenecks, will vary based on the

type of MCI. Innovative thinking and planning are needed to

maximise surge capacity.79 Strategies to increase surge capacity

include converting non-clinical areas (e.g. lecture theatres, car

parks) into treatment spaces,78 discharging patients with

appropriate functional status via reverse triage (i.e. identifying

patients where early discharge would have low risk of compli-

cations),75,78,81 cancelling future elective procedures,24,78 and

accessing additional equipment from storage and neighbouring

healthcare facilities.81 The capacity to operationalise surge

plans requires that relevant staff can be contacted and are

available to respond. Furthermore, tieredandstaggered systems

should be used to minimise staff fatigue. These requirements

reinforce the need for an up-to-date staff list that details rele-

vant capabilities.71,78,81 More than 70% of US trauma centres

reported the capability to stagger staff for 3e4 days.22

National andmulti-national surveys of trauma centres have

identified deficits in surge capacity planning. Fifty-four percent

of trauma centres in Australia, Canada, England, and NZ had a

surge capacity system that mostly involved tracking total bed

numbers, critical care, and emergency capacity.13 Few centres

considered monitoring of staff availability and patient move-

ments.13 Trunkey and colleagues11 found that 55%ofUS trauma

centres had protocols in place to ensure that critical staff could

be quickly cross-credentialed from nearby centres. Lewis and

colleagues,14 in their study of US trauma centres, reported that

83% of centres had protocols to call on additional staff and 41%

had plans in place to provide emergency training.

Provisions and guidelines for increasing surge capacity

should be clearly outlined in each centre’s disaster prepared-

ness plan.33 The ability to surge in response to an MCI will

differ depending on the pre-existing bed occupancy rate,40 and

surge capacity must be continuously monitored. Clear un-

derstanding of a centre’s capacity at all stages of care is crucial

in reducing mortality and morbidity. Open communication of

capacity and requirements with the command centre will

ensure appropriate allocation of staff and minimise the po-

tential for overwhelming individual centres.
Continuity of essential services and supplies

A key advantage of using trauma systems and centres for

response to an MCI is their perpetual state of readiness.11

Trauma centres normally operate close to capacity, with an

average capabilityof 3 daysof essential supplies.11WhenanMCI

occurs, there is need to manage the MCI casualties while

continuing to care for existing patients until arrangements for

transfer or discharge can be made. This requires an uninter-

rupted supply of staff, essential services, equipment, supplies,

and pharmaceuticals.11 In MCIs, supply can be compromised

because of the high volume of casualties and the need for

essential services outstripping usual supply lines. Previous

natural disasters have highlighted the vulnerability of supply

lines for essential resources and profound delays in restock-

ing.82,83 The inability to meet demand will compromise the
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response and potentially impact on care.81 As such, pre-

determined network mutual aid agreements and the capacity

for national coordination are important in minimising disrup-

tion and improving disaster response.

In the immediate aftermath of an MCI, it is essential that

access to water, food, power, and oxygen are secured and that

backup arrangements are in place should the primary supply

fail.11 In addition, it is important to ensure that the centre has

a large enough stockpile of medical supplies to cater for pa-

tients and staff for at least 72 h. Seventy-five percent of trauma

centres in Australia, Canada, England, and NZ reported having

stock to sustain maximum operations for 72 h13; only 42% of

US trauma centres reported this capability.22 Notably, Gabbe

and colleagues13 found that 28% of trauma centres in

Australia, Canada, England, and NZ had arrangements for

continued resupply for 3 or more days, representing a clear

point of vulnerability in an MCI response. Most recently, the

SARS-CoV-2 pandemic has exposed the vulnerability of med-

ical supply lines, highlighting the importance of contingency

plans and diversified supply lines in disaster situations.84

Contingency agreements with suppliers, and inventory

monitoring and tracking, are necessary to enable efficient

management of resources. In addition, trauma centres will

need a designated area to receive and assess the suitability

and safety of donated goods. Although most (89%) US trauma

centres reported the capacity to track expenditure on essential

supplies during an MCI, only 27% had a mechanism for

receiving donated goods.11 This finding was mirrored in the

multi-national survey by Gabbe and colleagues,13 who found

that 11% of trauma centres had an established mechanism for

accepting donated goods in an MCI.

Maintaining an updated database of staff information,

qualifications, and their level of training assists the hospitals

not only in the initial surge, but also to ensure adequate

staffing for the following days.13,85 It is also advantageous if

centres have contingency plans to accommodate and aid staff

to organise their personal affairs, including any necessary

support for their families.11 Only 20e40% of US trauma centres

reported this capability.11 Disaster plans inclusive of contin-

gencies specific to staff care needswould support continuity of

care for disaster responses extending beyond a few days.11
Post-disaster recovery

Planning for the post-disaster phase is needed to mitigate a

disaster’s long-term impact on trauma centre and systems

operation.33,86 The WHO recommends a post-action report to

hospital administration, emergencymanagers, andappropriate

stakeholders that includes an incident summary, a response

assessment, and an expenses report.33 Eighty-one percent of

major trauma centres in Australia, Canada, England, and NZ

included the need for a post-action report in their centres’

disaster plans.13 Without a post-action plan, the potential to

integrate learnings from a real-world disaster response into

updated disaster preparedness plans could be lost.

Staff debriefing and counselling, and employee assistance

programmes (EAPs) are recommended in the post-disaster

phase. Timely debriefing of staff experiences can contribute to

post-action plans and improve future disaster responses.67

Furthermore, a growing body of evidence describes the physical

and mental health toll of healthcare workers who respond to

MCIs.28,87 In their multi-national survey, Gabbe and colleagues

reported that 75% of participating trauma centres had a plan for

debriefing staff, and there were marked differences between
countries with regard to access to EAPs; 88% of Australasian

centres, but only 54% of Canadian centres and 36% of centres in

England, had EAPs. In addition, injuries sustained in MCIs often

result in prolonged treatment requirements and mental health

needs of patients.28 Learnings from hospital responses to the

SARS-CoV-2 pandemic could drive improved emotional and

psychological support initiatives in MCI responses.88
Trauma centre preparedness for MCIs
involving children and adolescents

Trauma and MCIs involve all age groups. Paediatric patients

represent specific and unique challenges, including different

patterns of injury and recovery, and the need for age-

appropriate treatment and equipment that may not be

readily available in all centres.89e91 Mature trauma systems

have integrated paediatric-specific guidelines, and designated

paediatric trauma centres, with an attributable survival

benefit for children and adolescents.90,92

Despite paediatric patients featuring significantly in

MCIs,47,93,94 most research has investigated the disaster pre-

paredness of trauma centres in the adult setting. Paediatric

patients have been considered at increased risk of adverse

outcomes because of their anatomy and physiology.93 In an

MCI, the low number of specialised paediatric trauma centres,

combined with the challenges of patient triage in a disaster,

may contribute to poorer outcomes in this group.

Assessing and improving preparedness to receive severely

injured paediatric patients in an MCI has been highlighted in

numerous government and institutional reports,93,95 yet many

trauma centres report a lack of provision for the treatment of

paediatric patients in their disaster plans and insufficient

training of their employees to equip them to respond to anMCI

with severely injured children.96e98 Evidence regarding the

availability of specialist paediatric staff in the event of an MCI

is limited. Mortamet and colleagues99 reported that a high

proportion of French trauma centres had paediatric surgeons

and anaesthetists on-call. However, details regarding the

number and level of training of these paediatric specialists

were limited, potentially jeopardising the true paediatric sur-

gical capacity for MCI response.99

Child-specific psychosocial factors must also be considered

in in any MCI response involving paediatric casualties.100,101

Children are at increased risk of post-traumatic stress disor-

der after an MCI,101 and this should be reflected in system-

wide disaster preparedness plans.93,102 Children may be

overwhelmed by a disaster, unable to follow evacuation in-

structions, and even afraid of emergency services, high-

lighting the importance of keeping children and parents

together where possible.93 Early reunification of children and

their families has been demonstrated to positively impact on

survival, reduced healthcare costs, and reduction of systemic

bed block.103 Co-location of adult and paediatric trauma cen-

tres has been highlighted as a positive with this challenge in

mind.47 Co-location of hospital facilities in the aftermath of

the 2017 Manchester bombings allowed for parents and chil-

dren to be treated in the same ward at the Royal Manchester

Children’s Hospital, reducing child and parent anxiety.47
Conclusions

Mass casualty preparedness is a complex, iterative process

that requires an integrated, multidisciplinary, and tiered
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approach. The nature and unpredictability of MCIs require a

trauma system response, highlighting the importance of

established and effective disaster preparedness planning.

Overall, for trauma systems to provide an optimal response to

MCIs, strong representation from trauma leaders at all levels

of disaster preparedness planning will be needed.
Authors’ contributions

Conception and design of the manuscript: all authors:

Acquisition of manuscripts for inclusion: BJG, WV, AM

Drafting of the manuscript: BJG, WV

Critical revision of the manuscript for important intellectual

content and approval of the final version to be published: all

authors.

All authors agree to be accountable for the work, ensuring that

questions related to the accuracy and integrity of any part of

the work are appropriately investigated and resolved.
Declarations of interest

The authors have no conflicts of interest to declare.
References

1. Sauerborn R, Ebi K. Climate change and natural disasters

e integrating science and practice to protect health. Glob

Health Action 2012; 5: 19295

2. Centre for Research on the Epidemiology of Disasters;

UN Office for Disaster Risk Reduction. 2020. The non-

COVID year in disasters d global trends and perspectives.

Brussels 2021

3. Cameron PA, Gabbe BJ, Cooper DJ, Walker T, Judson R,

McNeil J. A statewide system of trauma care in Victoria:

effect on patient survival. Med J Aust 2008; 189: 546e50

4. Gabbe BJ, Simpson PM, Sutherland AM, et al. Improved

functional outcomes for major trauma patients in a

regionalized, inclusive trauma system. Ann Surg 2012;

255: 1009e15

5. MacKenzie EJ, Rivara FP, Jurkovich GJ, et al. A national

evaluation of the effect of trauma-center care on mo-

rality. New Engl J Med 2006; 354: 366

6. Moran CG, Lecky F, Bouamra O, et al. Changing the sys-

tem d major trauma patients and their outcomes in the

NHS (England) 2008e17. EClinicalMedicine 2018; 2e3:

13e21

7. Nathens AB, Jurkovich GJ, Rivara FP, Maier RV. Effec-

tiveness of state trauma systems in reducing injury-

related mortality: a national evaluation. J Trauma Acute

Surg 2000; 48: 25

8. Cameron PA, Gabbe BJ, Smith K, Mitra B. Triaging the

right patient to the right place in the shortest time. Br J

Anaesth 2014; 113: 226e33

9. Committee on Military Trauma Care’s Learning Health

System and Its Translation to the Civilian Sector; Board

on Health Sciences Policy; Board on the Health of Select

Populations; Health and Medicine Division; National

Academies of Sciences, Engineering, and Medicine.

A national trauma care system: integrating military and

civilian trauma systems to achieve zero preventable deaths

after injury. Washington, DC: National Academies Press;

2016
10. Mann NC, MacKenzie E, Anderson C. Public health pre-

paredness for mass-casualty events: a 2002 state-by-

state assessment. Prehosp Disaster Med 2004; 19: 245e55

11. Trunkey DD. US trauma center preparation for a terrorist

attack in the community. Eur J Trauma Emerg Surg 2009;

35: 244e64

12. Lendrum RA, Lockey DJ. Trauma system development.

Anaesthesia 2013; 68: 30e9

13. Gabbe BJ, Veitch W, Curtis K, et al. Survey of major

trauma centre preparedness for mass casualty incidents

in Australia, Canada, England and New Zealand. EClini-

calMedicine 2020; 21: 100322

14. Lewis AM, Sordo S, Weireter LJ, et al. Mass casualty

incident management preparedness: a survey of the

American College of Surgeons Committee on Trauma.

Am Surgeon 2016; 82: 1227e31

15. Albert E, Bullard T. Training, drills pivotal in mounting

response to Orlando shooting. ED Manag 2016; 28: 85e9

16. Ammons MA, Moore EE, Pons PT, Moore FA,

McCroskey BL, Cleveland HC. The role of a regional

trauma system in the management of a mass disaster:

an analysis of the Keystone, Colorado, chairlift accident.

J Trauma 1988; 28: 1468e71

17. Bhattacharya AK, Fenerty S, Awan OA, et al. The 2015

Amtrak Philadelphia train derailment: after-action re-

view of the emergency radiology response at Temple

University Health System. J Am Coll Radiol 2019; 16: 370e9

18. Biddinger PD, Baggish A, Harrington L, et al. Be prepar-

eddthe Boston Marathon and mass-casualty events.

New Engl J Med 2013; 368: 1958e60

19. Brevard SB, Weintraub SL, Aiken JB, et al. Analysis of

disaster response plans and the aftermath of Hurricane

Katrina: lessons learned from a level I trauma center.

J Trauma 2008; 65: 1126e32

20. Cairns BA, Stiffler A, Price F, Peck MD, Meyer AA. Man-

aging a combined burn trauma disaster in the post-9/11

world: lessons learned from the 2003 West Pharmaceu-

tical plant explosion. J Burn Care Rehabil 2005; 26: 144e50

21. Cheatham ML, Smith CP, Ibrahim JA, et al. Orlando

regional medical center responds to pulse nightclub

shooting. Bull Am Coll Surg 2016; 101: 12e9

22. Femy F, Follin A, Juvin P, Feral-Pierssens A-L. Terrorist

attacks in Paris: managing mass casualties in a remote

trauma center. Eur J Emerg Med 2019; 26: 289e94

23. Goralnick E, Halpern P, Loo S, et al. Leadership during the

Boston Marathon bombings: a qualitative after-action

review. Disaster Med Public Health Prep 2015; 9: 489e95

24. Hemingway M, Ferguson J. Boston bombings: response to

disaster. AORN J 2014; 99: 277e88

25. Hojman H, Rattan R, Osgood R, Yao M, Bugaev N.

Securing the emergency department during terrorism

incidents: lessons learned from the Boston Marathon

bombings. Disaster Med Public Health Prep 2019; 13: 791e8

26. McGory M, Cryer HG, Chandler C, Cohen M, Hiatt JR. The

Santa Monica crash: an urban multicasualty event. Am

Surgeon 2004; 70: 886e9

27. Mekel M, Bumenfeld A, Feigenberg Z, et al. Terrorist

suicide bombings: lessons learned in metropolitan haifa

from september 2000 to january 2006. Am J Disaster Med

2009; 4: 233e48

28. Moran C, Webb C, Brohi K, Smith M, Willett K. Lessons in

planning from mass casualty events in UK. Br Med J 2017;

359: j4765

http://refhub.elsevier.com/S0007-0912(21)00718-2/sref1
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref1
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref1
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref2
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref2
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref2
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref2
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref2
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref3
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref3
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref3
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref3
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref4
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref4
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref4
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref4
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref4
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref5
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref5
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref5
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref6
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref6
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref6
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref6
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref6
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref6
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref6
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref6
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref7
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref7
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref7
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref7
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref8
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref8
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref8
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref8
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref9
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref9
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref9
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref9
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref9
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref9
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref9
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref9
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref9
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref10
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref10
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref10
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref10
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref11
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref11
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref11
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref11
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref12
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref12
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref12
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref13
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref13
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref13
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref13
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref14
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref14
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref14
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref14
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref14
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref15
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref15
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref15
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref16
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref16
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref16
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref16
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref16
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref16
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref17
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref17
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref17
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref17
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref17
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref18
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref18
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref18
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref18
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref18
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref19
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref19
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref19
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref19
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref19
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref20
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref20
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref20
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref20
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref20
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref21
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref21
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref21
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref21
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref22
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref22
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref22
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref22
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref23
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref23
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref23
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref23
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref24
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref24
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref24
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref25
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref25
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref25
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref25
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref25
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref26
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref26
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref26
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref26
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref27
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref27
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref27
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref27
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref27
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref28
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref28
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref28


Review of effective MCI preparedness for trauma systems - e165
29. Postma ILE, Winkelhagen J, Bloemers FW, et al. February

2009 airplane crash at Amsterdam Schiphol airport: an

overview of injuries and patient distribution. Prehosp

Disaster Med 2011; 26: 299e304

30. Smith RM, Dyer GSM, Antonangeli K, et al. Disaster triage

after the Haitian earthquake. Injury 2012; 43: 1811e5

31. Walls RM, Zinner MJ. The Boston Marathon response:

why did it work so well? J Am Med Assoc 2013; 309:

2441e2

32. Wild J, Maher J, Frazee RC, et al. The Fort Hood massacre:

lessons learned from a high profile mass casualty.

J Trauma Acute Care Surg 2012; 72: 1709e13

33. World Health Organization Regional Office for Europe.

Hospital emergency response checklist. Copenhagen, Denmark

2012

34. World Health Organization Regional Office for Europe.

Toolkit for assessing health-system capacity for crisis man-

agement. Copenhagen, Denmark 2012

35. Bachman SL, Demeter NE, Lee GG, Burke RV, Valente TW,

Upperman JS. The impact of trauma systems on disaster

preparedness: a systematic review. Clin Ped Emerg Med

2014; 15: 296e308

36. Siman-Tov M, Davidson B, Adini B. Maintaining pre-

paredness to severe though infrequent threatsdcan it be

done? Int J Environ Res Public Health 2020; 17: 2385

37. Berwick DM, Shine K. Enhancing private sector health

system preparedness for 21st-century health threats:

foundational principles from a national academies

initiative. J Am Med Assoc 2020; 323: 1133e4

38. Gomez D, Haas B, Ahmed N, Tien H, Nathens A. Disaster

preparedness of Canadian trauma centres: the perspective

of medical directors of trauma. Can J Surg 2011; 54: 9e16

39. Nantais J, Gabbe BJ, Nathens A, Gomez D. The current

status of disaster preparedness in Canadian trauma

centers. J Trauma Acute Care Surg 2020; 89: e78e83

40. Epley EE, Stewart RM, Love P, et al. A regional medical

operations center improves disaster response and inter-

hospital trauma transfers. Am J Surg 2006; 192: 853e9

41. Khajehaminian MR, Ardalan A, Boroujeni SMH, et al.

Criteria and models for the distribution of casualties in

trauma-related mass casualty incidents: a systematic

literature review protocol. Syst Rev 2017; 6: 141

42. Bravata DM, McDonald KM, Owens DK, et al. Regionali-

zation of bioterrorism preparedness and response:

summary. Evid Rep Technol Assess 2004; 1e7

43. Cid V, Mitz A, Arnesen S. Keeping communications

flowing during large-scale disasters: leveraging amateur

radio innovations for disaster medicine. Disaster Med

Public Health Preparedness 2018; 12: 257e64

44. Menon V, Pathop Pathrose J, Priya J. Ensuring reliable

communication in disaster recovery operations with

reliable routing technique. Mob Inf Syst 2016; 2016: 1e10

45. Aylwin CJ, Konig TC, Brennan NW, et al. Reduction in

critical mortality in urban mass casualty incidents:

analysis of triage, surge, and resource use after the

London bombings on July 7, 2005. Lancet 2006; 368:

2219e25

46. Khaled Z, Mcheick H. Case studies of communications

systems during harsh environments: a review of ap-

proaches, weaknesses, and limitations to improve qual-

ity of service. Int J Distrib Sens Netw 2019; 15

47. Craigie RJ, Farrelly PJ, Santos R, Smith SR, Pollard JS,

Jones DJ. Manchester Arena bombing: lessons learnt from

a mass casualty incident. BMJ Mil Health 2020; 166: 72e5
48. McElroy JA, Steinberg S, Keller J, Falcone RE. Operation

continued care: a large mass-casualty, full-scale exercise

as a test of regional preparedness. Surgery 2019; 166:

587e92

49. Dowd B, Boneva D, McKenney M, Elkbuli A. Emergency

preparedness in a level 1 trauma center: the 2018 Miami

bridge collapse. Am J Emerg Med 2020; 38: 1688e9

50. Ciraulo DL, Barie PS, Briggs SM, et al. An update on the

surgeons scope and depth of practice to all hazards

emergency response. J Trauma 2006; 60: 1267e74

51. McGlynn N, Claudius I, Kaji AH, et al. Tabletop applica-

tion of SALT triage to 10, 100, and 1000 pediatric victims.

Prehosp Disaster Med 2020; 35: 165e9

52. Achatz G, Friemert B, Trentzsch H, et al. Terror and

disaster surgical care: training experienced trauma sur-

geons in decision making for a MASCAL situation with a

tabletop simulation game. Eur J Trauma Emerg Surg 2020;

46: 717e24

53. Hollister LM, Zhu T, Edwards N, Good B, Hoeppner S.

Mass casualty mini drills on trauma surgery department

staff knowledge: an educational improvement study.

J Trauma Nurs 2021; 28: 135e41

54. Klima AD, Seiler HS, Peterson BJ, et al. Full-scale regional

exercises: closing the gaps in disaster preparedness.

J Trauma Acute Care Surg 2012; 73: 592e8

55. Bentley S, Iavicoli L, Boehm L, et al. A simulated mass

casualty incident triage Exercise: SimWars. MedEdPOR-

TAL 2019; 15: 10823

56. Briggs SM. Disaster preparedness and response. In:

Lim R, editor. Surgery during natural disasters, combat,

terrorist attacks, and crisis situations. Switzerland: Springer

International Publishing; 2016. p. 7e18

57. Skryabina E, Reedy G, Amlôt R, Jaye P, Riley P. What is the

value of health emergency preparedness exercises? A

scoping review study. Int J Disaster Risk Reduction 2017; 21:

274e83

58. Australian Health Protection Principal Committee. AUS-

TRAUMAPLAN: domestic response plan for mass casualty

incidents of national consequence. Department of Health and

Ageing. Canberra: Commonwealth Government of

Australia; 2011

59. World Health Organization. Mass casualty management

systems: strategies and guidelines for building health sector

capacity. Geneva, Switzerland: WHO; 2007

60. NHS England National Emergency Preparedness Resil-

ience and Response Unit. NHS England emergency pre-

paredness, resilience and response framework 2015

61. Tin D, Hart A, Ciottone GR. Hardening hospital defences

as a counter-terrorism medicine measure. Am J Emerg

Med 2021; 45: 667e8

62. Finucane DJ. Unhealthy complacency: the vulnerability

of US hospitals to direct terrorist attacks. J Healthc Risk

Manag 2018; 37: 8e12

63. De Cauwer H, Somville F, Sabbe M, Mortelmans LJ. Hos-

pitals: soft target for terrorism? Prehosp Disaster Med 2017;

32: 94e100

64. NSW Health Emergency Management Unit. Health Care

facility lockdown e a framework for developing procedures.

Available from: https://www1.health.nsw.gov.au/pds/

ActivePDSDocuments/IB2017_047.pdf. [Accessed 31

August 2021]

65. Okumura T, Suzuki K, Fukuda A, et al. The Tokyo subway

sarin attack: disaster management: Part 2. Hospital

response. Acad Emerg Med 1998; 5: 618e24

http://refhub.elsevier.com/S0007-0912(21)00718-2/sref29
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref29
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref29
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref29
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref29
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref30
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref30
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref30
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref31
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref31
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref31
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref31
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref32
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref32
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref32
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref32
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref33
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref33
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref33
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref34
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref34
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref34
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref35
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref35
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref35
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref35
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref35
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref36
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref36
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref36
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref36
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref37
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref37
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref37
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref37
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref37
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref38
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref38
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref38
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref38
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref39
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref39
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref39
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref39
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref40
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref40
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref40
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref40
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref41
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref41
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref41
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref41
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref42
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref42
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref42
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref42
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref43
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref43
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref43
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref43
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref43
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref44
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref44
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref44
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref44
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref45
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref45
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref45
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref45
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref45
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref45
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref46
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref46
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref46
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref46
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref47
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref47
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref47
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref47
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref48
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref48
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref48
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref48
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref48
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref49
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref49
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref49
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref49
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref50
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref50
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref50
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref50
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref51
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref51
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref51
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref51
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref52
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref52
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref52
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref52
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref52
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref52
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref53
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref53
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref53
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref53
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref53
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref54
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref54
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref54
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref54
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref55
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref55
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref55
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref56
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref56
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref56
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref56
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref56
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref57
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref57
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref57
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref57
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref57
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref57
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref58
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref58
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref58
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref58
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref58
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref59
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref59
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref59
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref60
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref60
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref60
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref61
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref61
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref61
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref61
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref62
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref62
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref62
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref62
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref63
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref63
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref63
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref63
https://www1.health.nsw.gov.au/pds/ActivePDSDocuments/IB2017_047.pdf
https://www1.health.nsw.gov.au/pds/ActivePDSDocuments/IB2017_047.pdf
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref65
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref65
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref65
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref65


e166 - Gabbe et al.
66. Tupper EC. Stability. In: Tupper EC, editor. Introduction to

naval architecture. 5th Edn. Oxford: Butterworth-Heine-

mann; 2013. p. 63e113

67. Moran ME, Zimmerman JR, Chapman AD, Ballas DA,

Blecker N, George RL. Staff perspectives of mass casualty

incident preparedness. Cureus 2021; 13, e15858

68. Cocanour CS, Allen SJ, Mazabob J, et al. Lessons learned

from the evacuation of an urban teaching hospital. Arch

Surg 2002; 137: 1141e5

69. Hess JR. Cascadia rising: thoughts on a Seattle earth-

quake disaster exercise. Transfusion 2018; 58: 2736e40

70. Friemert B, Achatz G, Hoth P, et al. Specificities of

terrorist attacks: organisation of the in-hospital patient-

flow and treatment strategies. Eur J Trauma Emerg Surg

2020; 46: 673e82

71. Khajehaminian MR, Ardalan A, Keshtkar A, et al.

A systematic literature review of criteria and models for

casualty distribution in trauma related mass casualty

incidents. Injury 2018; 49: 1959e68

72. Klassen AB, Marshall M, Dai M, Mann NC,

Sztajnkrycer MD. Emergency medical services response

to mass shooting and active shooter incidents, United

States, 2014e2015. Prehosp Emerg Care 2019; 23: 159e66

73. Vassallo J, Beavis J, Smith JE, Wallis LA. Major incident

triage: derivation and comparative analysis of the

Modified Physiological Triage Tool (MPTT). Injury 2017;

48: 992e9

74. Vassallo JM, Smith JE, Wallis LA. Investigating the effects

of under-triage by existing major incident triage tools.

Eur J Emerg Med 2019; 26: 139e44

75. Bazyar J, Farrokhi M, Khankeh H. Triage systems in mass

casualty incidents and disasters: a review study with a

worldwide approach. Open Access Maced J Med Sci 2019; 7:

482e94

76. Franke A, Bieler D, Friemert B, Kollig E, Flohe S. Preclin-

ical and intrahospital management of mass casualties

and terrorist incidents. Chirurg 2017; 88: 830e40

77. Einav S, Spira RM, Hersch M, Reissman P, Schecter W.

Surgeon and hospital leadership during terrorist-related

multiple-casualty events: a coup d’�etat. Arch Surg 2006;

141: 815e22

78. Sheikhbardsiri H, Raeisi AR, Nekoei-Moghadam M,

Rezaei F. Surge capacity of hospitals in emergencies and

disasters with a preparedness approach: a systematic

review. Disaster Med Public Health Prep 2017; 11: 612e20

79. Hammond J. Mass casualty incidents: planning implica-

tions for trauma care. Scand J Surg 2005; 94: 267e71

80. Hirshberg A, Scott BG, Granchi T, Wall Jr MJ, Mattox KL,

Stein M. How does casualty load affect trauma care in

urban bombing incidents? A quantitative analysis.

J Trauma 2005; 58: 686e93. discussion 94e5

81. Einav S, Hick JL, Hanfling D, et al. Surge capacity logistics:

care of the critically ill and injured during pandemics

and disasters: CHEST consensus statement. Chest 2014;

146: e17Se43S

82. Eastman A, Rinnert K, Nemeth I, Fowler R, Minei J.

Alternate site surge capacity in times of public health

disaster maintains trauma center and emergency

department integrity: hurricane Katrina. J Trauma 2007;

63: 253e7

83. Hauswald M, Richards M, Kerr N, Schmidt T,

Helderman T. The Haitian earthquake and academic

emergency medicine. Acad Emerg Med 2010; 17: 762e4
84. Miller FA, Young SB, Dobrow M, Shojania KG. Vulnera-

bility of the medical product supply chain: the wake-up

call of COVID-19. BMJ Qual Saf 2021; 30: 331e5

85. Hamele M, Neumayer K, Sweney J, Poss WB. Always

ready, always prepared-preparing for the next pandemic.

Transl Pediatr 2018; 7: 344e55

86. Nekoie-Moghadam M, Kurland L, Moosazadeh M,

Ingrassia PL, Della Corte F, Djalali A. Tools and checklists

used for the evaluation of hospital disaster prepared-

ness: a systematic review. Disaster Med Public Health Prep

2016; 10: 781e8

87. Sabbath EL, Shaw J, Stidsen A, Hashimoto D. Protecting

mental health of hospital workers after mass casualty

events: a social work imperative. Soc Work 2018; 63:

272e5

88. Wei E, Segall J, Villanueva Y, et al. Coping with trauma,

celebrating life: reinventing patient and staff support

during the COVID-19 pandemic. Health Aff (Millwood)

2020; 39: 1597e600

89. Acosta CD, Kit Delgado M, Gisondi MA, et al. Character-

istics of pediatric trauma transfers to a level 1 trauma

center: implications for developing a regionalized pedi-

atric trauma system in California. Acad Emerg Med 2010;

17: 1364e73

90. Deasy C, Gabbe B, Palmer C, et al. Paediatric and

adolescent trauma care within an integrated trauma

system. Injury 2012; 43: 2006e11

91. McCarthy A, Curtis K, Holland AJ. Paediatric trauma

systems and their impact on the health outcomes of

severely injured children: an integrative review. Injury

2016; 47: 574e85

92. Mitchell RJ, Curtis K, Testa L, Holland AJ, Sv

Soundappan S, Adams S. Differences in survival

outcome for severely injured paediatric trauma by type

of trauma centre. J Paediatr Child Health 2017; 53:

808e13

93. Hamele M, Gist RE, Kissoon N. Provision of care for crit-

ically ill children in disasters. Crit Care Clin 2019; 35:

659e75

94. Pape JW, Rouzier V, Ford H, Joseph P, Johnson Jr WD,

Fitzgerald DW. The GHESKIO field hospital and clinics

after the earthquake in Haitiddispatch 3 from Port-au-

Prince. N Engl J Med 2010; 362: e34

95. Save the Children US. Still at risk: U.S. Children 10 years

after hurricane Katrina. United States; 2015. Available

from: https://www.preventionweb.net/publication/still-

risk-us-children-10-years-after-hurricane-katrina.

[Accessed 31 August 2021]

96. Mortelmans LJ, Maebe S, Dieltiens G, Anseeuw K,

Sabbe MB, Van de Voorde P. Are tertiary care paediatri-

cians prepared for disaster situations? Prehosp Disaster

Med 2016; 31: 126e31

97. Blake N, Fry-Bowers EK. Disaster preparedness: meeting

the needs of children. J Pediatr Health Care 2018; 32:

207e10

98. Ferrer RR, Ramirez M, Sauser K, Iverson E, Upperman JS.

Emergency drills and exercises in healthcare organiza-

tions: assessment of pediatric population involvement

using after-action reports. Am J Disaster Med 2009; 4: 23e32

99. Mortamet G, Lode N, Roumeliotis N, et al. Disaster pre-

paredness in French paediatric hospitals 2 years after

terrorist attacks of 2015. Arch Dis Childhood 2019; 104:

322e7

http://refhub.elsevier.com/S0007-0912(21)00718-2/sref66
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref66
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref66
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref66
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref67
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref67
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref67
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref68
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref68
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref68
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref68
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref69
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref69
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref69
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref70
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref70
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref70
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref70
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref70
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref71
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref71
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref71
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref71
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref71
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref72
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref72
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref72
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref72
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref72
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref72
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref73
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref73
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref73
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref73
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref73
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref74
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref74
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref74
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref74
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref75
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref75
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref75
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref75
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref75
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref76
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref76
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref76
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref76
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref77
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref77
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref77
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref77
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref77
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref77
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref78
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref78
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref78
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref78
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref78
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref79
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref79
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref79
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref80
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref80
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref80
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref80
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref80
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref80
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref81
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref81
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref81
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref81
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref81
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref82
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref82
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref82
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref82
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref82
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref82
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref83
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref83
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref83
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref83
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref84
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref84
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref84
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref84
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref85
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref85
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref85
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref85
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref86
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref86
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref86
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref86
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref86
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref86
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref87
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref87
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref87
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref87
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref87
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref88
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref88
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref88
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref88
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref88
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref89
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref89
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref89
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref89
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref89
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref89
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref90
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref90
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref90
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref90
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref91
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref91
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref91
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref91
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref91
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref92
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref92
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref92
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref92
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref92
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref92
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref93
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref93
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref93
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref93
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref94
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref94
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref94
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref94
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref94
https://www.preventionweb.net/publication/still-risk-us-children-10-years-after-hurricane-katrina
https://www.preventionweb.net/publication/still-risk-us-children-10-years-after-hurricane-katrina
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref96
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref96
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref96
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref96
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref96
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref97
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref97
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref97
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref97
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref98
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref98
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref98
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref98
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref98
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref99
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref99
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref99
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref99
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref99


Review of effective MCI preparedness for trauma systems - e167
100. Ries M, Zielonka M, Ries N, Breil T, Garbade S, Mechler K.

Disasters in Germany and France: an analysis of the

emergency events database from a pediatric perspective.

Disaster Med Public Health Prep 2019; 13: 958e65

101. Schonfeld DJ, Demaria T. Disaster preparedness advisory

council and committee on psychosocial aspects of child

and family health. Providing psychosocial support to

children and families in the aftermath of disasters and

crises. Pediatrics 2015; 136: e1120e30
102. Gold PJI, Montano BAZ, Shields S, et al. Pediatric disaster

preparedness in the medical setting: integrating mental

health. Am J Disaster Med 2009; 4: 137e46

103. Barthel ER, Pierce JR, Speer AL, et al. Delayed family

reunification of pediatric disaster survivors increases

mortality and inpatient hospital costs: a simulation

study. J Surg Res 2013; 184: 430e7
Handling editor: Jonathan Hardman

http://refhub.elsevier.com/S0007-0912(21)00718-2/sref100
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref100
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref100
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref100
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref100
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref101
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref101
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref101
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref101
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref101
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref101
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref102
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref102
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref102
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref102
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref103
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref103
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref103
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref103
http://refhub.elsevier.com/S0007-0912(21)00718-2/sref103

	Review of the requirements for effective mass casualty preparedness for trauma systems. A disaster waiting to happen?
	Leadership and governance

	Editor's key points
	Communication
	Education, training, and simulation
	Safety and security
	Triage
	Surge capacity
	Continuity of essential services and supplies
	Post-disaster recovery
	Trauma centre preparedness for MCIs involving children and adolescents
	Conclusions
	Authors' contributions
	Declarations of interest
	References


