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AbsTrACT
It has been well- documented recently that 5 billion people 
globally lack surgical care. Also well- documented is the 
need to improve mass casualty disaster response. Many 
of the United Nations (UN) Sustainable Development Goals 
(SDGs) for 2030—healthcare and economic milestones—
require significant improvement in global surgical care, 
particularly in low- income and middle- income countries. 
Trauma/stroke centres evolved in high- income countries 
with evidence that 24/7/365 surgical and critical care 
markedly improved morbidity and mortality for trauma and 
stroke and for cardiovascular events, difficult childbirth, 
acute abdomen. Duplication of emergency services, 
especially civilian and military, often results in suboptimal, 
expensive care. By combining all healthcare resources 
within the ongoing healthcare system, more efficient 
care for both individual emergencies and mass casualty 
situations can be achieved. We describe progress in 
establishing mass casualty centres in Chile and Pakistan. 
In both locations, planning among the stakeholders 
(primarily civilian and military) indicates the feasibility 
of such integrated surgical and emergency care. We 
also review other programmes and initiatives to provide 
integrated mass casualty disaster response. Integrated 
mass casualty centres are a feasible means to improve 
both day- to- day surgical care and mass casualty disaster 
response. The humanitarian aspect of mass casualty 
disasters facilitates integration among stakeholders—
from local healthcare systems to military resources to 
international healthcare organisations. The benefits of 
mass casualty centres—both healthcare and economic—
can facilitate achieving the 2030 UN SDGs.

InTroduCTIon
Although global healthcare advances to 
date have been primarily due to sanitation, 
mosquito nets, vaccines and antibiotics, 
expansion of surgical services in low- income 
and middle- income countries (LMICs) is 
presently a major need.1–6 More deaths result 
from lack of surgery than from HIV/AIDS, 

tuberculosis or malaria by a factor of 10. The 
Lancet Commission on Global Surgery 2030 
and other recent publications document the 
need for—and benefit from—addressing 
conditions that depend on surgery.1–6 In addi-
tion to trauma, surgery is essential to reduce 
morbidity/mortality from non- communicable 
diseases (NCDs) and other conditions—
ranging from cancer to childbirth (caesarean 
section, congenital malformations) to ageing 
(cardiovascular, neurologic, orthopaedic 
conditions).

If one questions the cost to improve global 
surgical resources, the data argue we cannot 

summary box

 ► Globally, 5 billion people lack surgical care, resulting 
in one- third of all deaths, with lost gross domestic 
product (GDP) exceeding US$1 trillion by 2030.

 ► Disasters (both natural and man- made) typically re-
sult in 100 000 or more deaths per year, many of 
which could be avoided with improved emergency 
care.

 ► Trauma/stroke centres evolved in high- income 
countries (HICs) when it became clear that 24/7/365 
healthcare resources greatly reduced morbidity 
and mortality from trauma and other emergency 
conditions.

 ► Integration both of civilian and military emergency 
healthcare resources, and of HIC and low- income 
and middle- income healthcare personnel, improves 
response, reduces duplication and expands cost- 
effective quality healthcare.

 ► Mass casualty centres combine the trauma/stroke 
centre model with integration of healthcare person-
nel, technology and equipment to improve both daily 
and mass casualty care.

 ► Mass casualty centres are a practical and cost- 
effective mechanism to achieve the healthcare- 
related United Nations Sustainable Development 
Goals for 2030.
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Figure 1 Annual and cumulative gross domestic product 
(GDP) lost in low- income and middle- income countries from 
five categories of surgical conditions. Data are based on 
WHO’s Projecting the Economic Cost of Ill- Health (EPIC) 
model (2010 US$, purchasing power parity). Adapted from 
Meara et al.5

Figure 2 Annual economic welfare losses secondary to 
surgical disease, expressed as equivalent percentage of 
gross domestic product (GDP), by World Bank income 
classification, value of lost welfare approach. Adapted from 
Alkire et al.6

afford not to invest in such resources. The cumulative 
gross domestic product (GDP) lost in LMICs over the 
next 10 years if we do not address the morbidity/mortality 
of injuries and neoplasia in particular will be trillions 
of US dollars (figure 1).7 The worldwide economic loss 
in 2010 alone due to surgical conditions is staggering: 
over US$11 trillion in mortality and over US$3 trillion 
in morbidity.6 Annual economic losses from surgical 
conditions are greater in high- income countries (HICs) 
than in LMICs: 18% vs 13% equivalent percentage of 
GDP (figure 2).6 In both HICs and LMICs, healthcare 
costs are the primary cause of bankruptcy and poverty, 
respectively.6

A recent study analysing deaths from acute abdominal 
conditions and geographical access to surgery across 
India mapped the age- standardised death rates and high- 
mortality and low- mortality clusters.8 Low- mortality clus-
ters were more likely than high- mortality clusters to be 
closer to well- resourced district hospitals (ie, those with 
24 hours surgery/critical care); this was not true for prox-
imity to district hospitals with only basic resources.8 The 
authors conclude:

“Full access to well- resourced hospitals within 50 km by 
all of India’s population could have avoided about 50 000 
deaths from acute abdominal conditions, and probably 
more from other emergency surgical conditions.”

Similar geographic information system data—together 
with women’s perceptions regarding quality of care avail-
able—have been used to argue for improved access to 
appropriate levels of emergency obstetric services in 
Mozambique.9

Given the cogent humanitarian and economic argu-
ments for universal health coverage (UHC)—including 
both financial risk protection and universal access to 
essential surgical care—the question remains:

“How do we implement surgical care for those - the majori-
ty of the world’s population - who do not currently have it?”

We propose a practical option for expanding surgical 
care worldwide, particularly in LMICs. This option lever-
ages the universal humanitarian response evoked by a 
disaster to benefit both mass casualty disaster response 
as well as day- to- day healthcare by providing 24/7/365 
surgical services.

The morbidity/mortality, plus the social and economic 
consequences, of natural disasters have been well docu-
mented.10 Immediately following the 2010 Haiti earth-
quake, 20 000 people died daily who could have survived 
had basic surgery been available.11 Injuries such as soft- 
tissue wounds, long bone fractures, abdominal, brain 
and spine trauma are all amenable to emergency surgery. 
Natural disasters —both geological (earthquakes, volca-
noes) and hydrometeorological (hurricanes, floods)—
and man- made disasters (transportation/infrastructure 
failure, terrorism) can destroy the medical infrastruc-
ture, making the only option importation of outside 
healthcare resources. WHO recognised the benefit of 
local healthcare response for mass casualty disasters12:

“…the most timely and cost effective response to trauma is 
the one mobilised by the affected country itself…”

Mass casualty disaster response currently requires 
days to weeks before healthcare personnel are on- site. 
Some countries such as Israel and Chile have emer-
gency response ministries that can quickly devote mili-
tary emergency medical resources to disasters affecting 
civilians. Most countries, however, depend on interna-
tional organisations (United Nations (UN), WHO), and 
non- governmental organisations (NGOs, eg, Interna-
tional Committee of the Red Cross (ICRC), Médecins 
Sans Frontières (MSF)). None of these organisations 
can deploy to a mass casualty site on a moment’s notice. 
Bureaucratic approvals and lack of on- call personnel 
make such a belated mass casualty disaster response of 
minimal benefit for acute care. As seen in Haiti, medical 
personnel arriving days to weeks after the event result in 
massive numbers of victims who die or suffer permanent 
injury unnecessarily.

Following the 2008 Wenchuan earthquake, over 68 
000 people died and 374 000 people were injured.13 
The closest functioning hospital to the epicentre—
the People’s Hospital of Deyang City (1200 beds, with 
surgical subspecialty resources)—treated approximately 
1900 patients over the 3 weeks following the earthquake. 
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Figure 3 Timeline of key events in disaster management 
and global surgery policy since 1960. NSOAP, National 
Surgical, Obstetric and Anaesthesia Plan; UN, United 
Nations; WHA, World Health Assembly. Adapted from Pyda 
et al.14

It is estimated that the disability- adjusted life years 
(DALYs) loss totalled >10 000. The cost of DALYs lost 
(US$36.1 million) was reduced by US$15.2 million (42%) 
because of the surgical interventions.

Using the National Surgical, Obstetric and Anaes-
thesia Plan model, the 24/7/365 resources required 
for both emergency medical/surgical conditions and 
resilient mass casualty disaster response can be provided 
in LMICs. The parallel nature of key events in global 
surgery and disaster management since 1960 is illustrated 
in figure 3.14

Mass casualty disasters evoke a universal humanitarian 
response: government organisations and NGOs (both 
within country and across countries)—often at odds for 
economic, cultural or political reasons—unite for mutual 
aid in a disaster. The humanitarian response to disasters 
can catalyse change to benefit global health (and global 
economics) far beyond the welfare of the disaster victims 
themselves.

A network of mass casualty centres (MCCs) is a mech-
anism to achieve the UN healthcare- related Sustainable 
Development Goals (SDGs) for 2030.

MAss CAsuAlTy CenTres
Trauma/stroke centres evolved decades ago in HICs 
with evidence that having personnel available 24/7/365 
improved morbidity/mortality from trauma and 
strokes.15–18 Leaving emergency care to the whims of the 
clock and the calendar—immediate care during weekday 
working hours (when personnel were in hospital), but 
care delayed for hours or longer on nights, weekends 
or holidays (when personnel were not in hospital or ‘on 
call’)—resulted in unacceptable morbidity/mortality 
during ‘non- business’ hours.

The wider value of a trauma centre system has been 
appreciated19:

“A trauma system encompasses the entire spectrum of 
services that a country or region has in place: prehospital 
care, initial emergency care, definitive hospital care (care 
provided after initial resuscitation to definitively treat inju-
ries), and long- term rehabilitation of injured survivors. It 
also encompasses the information systems needed to mon-
itor and ensure quality of care along this spectrum.”

The argument for providing immediate care to mass 
casualty victims is the same as for providing immediate 
care to a single victim:

“Why should a person be penalised for being a mass casu-
alty rather than an individual casualty – merely because the 
number of victims overwhelms the emergency response 
system, or the disaster itself (by earthquake, flooding, or 
bombing) has incapacitated the healthcare infrastruc-
ture?”

In many countries, the only medical resources—if 
any—ready to respond to mass casualty situations are in 
the military. Military emergency medical resources are 
‘at the ready’ but rarely used. Yet military emergency 
response personnel require frequent training exercises 
to maintain readiness—not a cost- effective utilisation of 
precious healthcare resources when those exercises could 
include (as with civilian emergency response personnel) 
daily responses to care for actual victims.

Individual trauma/stroke centres—much less 
systems—are virtually non- existent in LMICs, contrib-
uting to global healthcare inequality. We propose MCCs 
that are not separate facilities, but rather are fully inte-
grated (like trauma/stroke centres) into the ongoing 
healthcare system. The trauma surgeon is a general 
surgeon when not performing emergency procedures; 
the stroke neurologist is a staff neurologist when not 
attending to a stroke victim. Similarly, a trauma oper-
ating room is used for surgery during non- trauma 
periods—augmenting the overall healthcare resources. 
For the region served, the MCC (1) augments the 
healthcare resources 24/7/365, (2) provides care other-
wise unavailable during mass casualties or periods when 
the existing healthcare infrastructure is incapacitated 
(power outage, earthquake, terrorism) and (3) improves 
prevention programmes, prehospital transport, rehabili-
tation, medical education, training and certification and 
research.

Some of the characteristics of MCCs are as follows:
 ► Location in an underserved area. Natural disasters 

disproportionately affect LMICs or specific regions 
(eg, the Pacific ‘Rim of Fire’).4 Both natural and 
man- made disasters disproportionally affect LMICs 
because of substandard infrastructure and/or preva-
lence of terrorist events. Since an MCC augments the 
healthcare resources at all times, the benefit will be 
greatest where that need is greatest.

 ► Location where there is a sustained political will for 
improving healthcare; governmental/societal conti-
nuity is essential, as is local support (medical admin-
istration, military).

 ► Location that allows ready mobilisation to sites where 
mass casualty disasters are common.

 ► Capability to mobilise promptly to a disaster site 
(transport by ambulance or helicopter of portable 
operating rooms, generators, personnel) 24/7/365—
ideally in <12 hours. If the disaster is near the MCC, 
the response would be in minutes rather than hours.
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Figure 4 Lack of access to an appropriate level of trauma 
care is associated with higher trauma patient mortality. 
Source: map provided by Charles Branas PhD, Professor of 
Epidemiology, University of Pennsylvania, 2016. Adapted 
from Berwick et al.26

 ► Initial staffing, where feasible, by both local (LMIC) 
and HIC healthcare personnel, including medical 
professional societies and NGOs, for example, ICRC 
and MSF. Local personnel gain exposure to up- to- date 
techniques; HIC personnel benefit from exposure to 
cost- effective and resource- effective solutions that 
local personnel can provide. The ‘twinning’ concept 
of pairing LMIC and HIC academic medical centres 
has been successful in LMICs.20–22

 ► MCCs are fully integrated into the ongoing health-
care system—from prevention through acute care to 
rehabilitation, from medical education and training 
to certification and licensure. Worldwide standardisa-
tion of care is one benefit of a global MCC network.

 ► Medical research (both clinical and basic science): 
MCCs provide a global research network for data 
on differences in conditions worldwide—and thus 
insights into more effective treatments.

 ► Incorporation of the latest technological advances—
from data acquisition and analysis to telemedicine 
to drones and robots—that also augment healthcare 
resources in the MCC region during non- disaster 
times. Technological and personnel resources 
for MCCs are described in the companion article 
(Aguilera S, Quintana L, Khan T, et al. Global health, 
global surgery, and mass casualties: II. Mass casualty 
centre resources, equipment, and implementation. 
Submitted to BMJ Global Health 2019.).

InITIAl MCC Models: CHIle And PAkIsTAn
The two initial MCC models are Iquique (northern 
Chile) and Peshawar (northwest Pakistan). Reasons for 
these sites include the following:

 ► Local need for mass casualty disaster response 
resources. The Iquique region has frequent earth-
quakes and tsunamis. Although Chile has dedicated 
resources to disaster response—having both military 

resources readily available for emergencies and a 
ministry for emergency response (Oficina Nacional 
de Emergencia del Ministerio del Interior y Seguridad 
Publica (ONEMI))23—these agencies are not seam-
lessly integrated into the local healthcare delivery 
system. However, the interaction among these organ-
isations makes the MCC concept more readily imple-
mented in Chile than elsewhere. In Peshawar, both 
natural and man- made disasters are common occur-
rences. The development of healthcare in Peshawar 
over the past decade is remarkable, and interaction 
between the Pakistani military and civilian healthcare 
is considerable.

 ► Geography. Both Iquique and Peshawar are medical 
hubs for regions with significant geographic chal-
lenges for healthcare. In Northern Chile, emergency 
care can be 1000 km away; Pakistan’s Khyber Pakh-
tunkhwa (population over 40 million) is challenged 
by extremely mountainous terrain and an underde-
veloped transportation network.

 ► Local support. The longstanding dedication of 
authors SA and LQ in Chile, and TK in Pakistan, has 
been essential for the MCC project.

ProjeCTs sIMIlAr To MCCs
The us national Trauma Care system (nTCs)
Concern in the USA regarding mass casualty disasters in 
the 1980s led to the National Disaster Medical System.24 
A proposal to unite civilian and military emergency 
medical services was made in 199125:

“…we recommend an organisation with one central com-
mand at the federal level, unencumbered by bureaucratic 
delays, that maximises use of our greatest resource, the lo-
cal EMS systems’ trauma centres.”

In 2016, a similar proposal (NTCS) evolved from data 
showing that trauma deaths were much higher if the 
injury occurred far from a trauma centre (figure 4).26 
Since trauma accounts for nearly one- half of all deaths 
among those under age 46 (cost approaching US$1 tril-
lion yearly), the economic incentives to reduce trauma 
morbidity/mortality are huge.

The NTCS programme parallels the MCC project on a 
US national, rather than global, basis.

Australian Medical Assistance Teams and Response 
Centre

Australian Medical Assistance Teams (AUSMAT) 
personnel—from physicians to firefighters—are trained 
to respond to disasters both national and international.27 
An integral part of AUSMAT is the National Critical Care 
and Trauma Response Centre (NCCTRC). NCCTRC is an 
essential link in the Australian Trauma Registry and regu-
larly deploys teams to mass casualty disasters throughout 
the Asia- Pacific region.

WHO Emergency Medical Teams initiative
WHO has established an international training and 

certification programme for healthcare professionals 
worldwide who wish to provide emergency care for 
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disasters—from earthquakes to Ebola outbreaks.28 The 
mission and composition of EMTs are similar to those of 
MCCs:

“The mission of the EMT initiative is to enhance prepared-
ness and promote the rapid deployment and efficient co-
ordination of Emergency Medical Teams adhering to mini-
mum standards in order to reduce the loss of life, alleviate 
suffering, and prevent long- term disability as a result of 
disasters, outbreaks and/or other emergencies…”29

“(EMTs) come from governments, charities (NGOs), mil-
itaries and international organisations such as the Inter-
national Red Cross/Red Crescent movement. They work 
to comply with the classification and minimum standards 
set by WHO and its partners, and come trained and self- 
sufficient so as not to burden the national system.”28

The WHO EMT initiative has developed minimum 
standards of training and equipment for aspects of emer-
gency medical response rarely addressed in detail, for 
example, rehabilitation.30

The healthcare benefit from improvement in day- 
to- day care is much greater than from improvement 
only in disaster care. The MCC project will meet WHO 
EMT certification requirements. As an implementation 
project, MCCs will extend the training and certification 
benefits of the WHO EMT initiative.

The Israeli Trauma/Mass Casualty Management System 
and Israeli Defense Forces Field Hospital (IDF- FH)

Integration of civilian and military emergency 
response is perhaps most developed in Israel, a country 
on constant high alert for mass casualty events.31 32 This 
includes injury prevention, prehospital care, acute care 
and posthospital care and rehabilitation.31 The IDF- FH 
was the first foreign medical team (FMT) to be awarded 
FMT type 3 designation (the highest level of emergency 
care) in 2016 by WHO.12 32

jusTIfICATIon for MAss CAsuAlTy CenTre neTwork
We propose expanding the trauma/stroke centre concept 
for emergency care to a network of MCCs that would 
combine the following to provide mobile and resilient 
healthcare for both daily and mass casualty situations:

 ► civilian and military healthcare resources;
 ► public, private, NGO and international agency (UN, 

WHO) healthcare resources;
 ► LMIC and HIC healthcare resources.
The MCC concept was initially proposed in an earlier 

publication.33

Man- made disasters are common worldwide: socio-
pathic individuals and terrorists possess the means to 
inflict mass casualties. The effects on families (and soci-
eties) are equally devastating whether the mass casualty is 
natural or man- made. An immediate medical response is 
essential to reduce the long- term consequences of both 
natural and man- made disasters.

Benefits of a network of MCCs include:
 ► 24/7/365 emergency care for the region around the 

MCC.

 ► Expansion of trauma/stroke centre services—blood 
bank, radiology, critical care, pathology—to condi-
tions beyond acute trauma: difficult (eg, caesarean) 
childbirth, neonatal disorders (prematurity, birth 
trauma, spinal bifida, hydrocephalus), cardiovascular 
events, acute abdomen, infections, neoplasia.

 ► Implementation: (1) prevention programmes (injury 
avoidance, diet and lifestyle optimisation, personal 
well- being) to reduce the burden of acute conditions 
and chronic disorders (eg, NCDs); (2) prehospital 
care (ground—and where feasible—air ambulance); 
(3) rehabilitation/follow- up programmes.

 ► Cost savings: integration of military and civilian 
resources—reduced duplication plus military day- 
to- day emergency response reduces training missions 
merely to ‘stay current’.

 ► Daily association of LMIC and HIC healthcare 
personnel affords educational and camaraderie bene-
fits in both directions: technical refinements flow 
from HIC to LMIC personnel; cost- effective solutions 
flow from LMIC to HIC personnel.

 ► Worldwide MCCs provide improved/standardised 
medical education and training.

 ► Worldwide MCCs provide a global research platform 
for disorders far beyond trauma/stroke—including 
NCDs and emergency conditions.

The essential nature of healthcare for improving poverty 
worldwide has been acknowledged by prominent interna-
tional organisations such as the World Bank and WHO.34 35

In 2015, the UN created the SDGs for 2030.36 Improved 
global healthcare (SDG 3: Ensure healthy lives…) is 
essential for attainment of other SDGs, including SDG 
1 (End poverty…), SDG 4 (Ensure inclusive and equi-
table quality education…), SDG 8 (Sustain per capita 
economic growth…), SDG 9 (Develop quality, reli-
able, sustainable and resilient infrastructure…), SDG 
10 (Reduce inequality within and among countries…), 
among others. Recent publications have documented 
progress in the economic needs for improved healthcare 
and indicators of UHC.37–39

The SDGs are laudable, but a major question remains:

“How can we realise the healthcare- related SDGs?”

Achieving the SDGs requires system- wide action, not 
merely piecemeal reform.40 Improved health systems would 
save over 8 million lives and US$6 trillion in economic 
losses yearly in LMICs.40 In figure 5, treatment for four of 
the six conditions responsible for the most deaths involve 
surgery—cardiovascular disease, neonatal death, road 
injuries and cancer.41 Additionally, trauma/stroke centres 
come with the metrics for ensuring the quality that is essen-
tial to realise the SDGs.40

Recent publications note the benefits of combining 
military and civilian healthcare resources, particularly in 
LMICs42–44:

“The notion that military forces are unsurpassed in specific 
capabilities related to disaster response is almost universal-
ly accepted… Militaries are often far better equipped to 
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Figure 5 Deaths from Sustainable Development Goal 
conditions due to poor quality care and non- utilisation in 137 
low- income and middle- income countries. External factor 
deaths are those due to poisonings and adverse medical 
events. Other infectious diseases deaths are those due to 
diarrhoeal diseases, intestinal infections, malaria and upper 
and lower respiratory infections. Adapted from Kruk et al.41

mobilise rapidly and provide transport, lift, and engineer-
ing capacities at a larger scale than other actors. Notably, 
militaries often have such exceptional capabilities because 
they typically have much larger budgets and more staff 
than civilian disaster response agencies.”

In Iquique, military confrontations are uncommon, 
natural disasters are common and integration of military 
and civilian capabilities for mass casualty disaster response 
benefits from Chile’s ONEMI. In Peshawar, terrorist events 
leading to military intervention are relatively common, as 
are natural disasters, but the interaction between military 
and civilian healthcare systems is advancing rapidly.

MCCs capitalise on military emergency medical 
resources currently underused in many countries to 
augment the healthcare system without additional 
economic burden, a true ‘win- win’ situation.

ConClusIon
The MCC concept unites existing resources within 
country, between countries and across LMIC and HIC 
healthcare systems. Conceptualisation and implementa-
tion both come from the combined input of LMIC and 
HIC healthcare personnel. MCCs address the continuum 
of healthcare: (1) from prevention to acute and emer-
gency treatment to intensive care to rehabilitation and 
(2) geographic access (ground and air ambulance) and 
resilience (self- contained facilities that function despite 
power outage or disasters). Thanks to economies of 
scale, reduction in resource duplication, technological 
advances (electronic records, telemedicine, robots/
drones, as presented in the companion article) and 
globalisation of medical care, education and research—
the MCC concept is an efficient and diplomatic means to 
achieve improved healthcare worldwide.

The MCC concept is a step towards realising the 
universal economic and quality of life goals that the SDGs 
for 2030 embody.

Author affiliations
1Chair, Neurotrauma Committee, World Federation of Neurosurgical Societies, Nyon, 
Switzerland
2Dean and Chair of Neurosurgery, Northwest General Hospital and Research Centre, 
Peshawar, Pakistan
3Neurosurgery, Valparaiso University School of Medicine, Valparaiso, Chile
4World Federation of Neurosurgical Societies, Nyon, Switzerland
5Neurosurgery, Almirante Nef Naval Hospital & Valparaiso University Hospital, Viña 
del Mar & Valparaiso, Chile
6Neurosurgery, Northwestern University Feinberg School of Medicine, Chicago, 
Illinois, USA
7Program in Global Surgery and Social Change, Harvard Medical School 
Department of Global Health and Social Medicine, Boston, Massachusetts, USA
8Chair, Department of Surgery, New York Medical College, Valhalla, New York, USA
9Founder & President, International Virtual eHospital Foundation, Hope, Idaho, USA
10Professor, School of Public Health and Administration, Universidad Peruana 
Cayetano Heredia, Lima, Peru
11Former Minister of Health, Peru
12Professor & Chair, Neurosurgery, University of Wisconsin Madison School of 
Medicine and Public Health, Madison, Wisconsin, USA
13Chair, Foundation for International Education in Neurological Surgery, Madison, 
Wisconsin, USA
14Senior Neurosurgeon, Alfred Hospital, Melbourne, Victoria, Australia
15Major General, Royal Australian Army Medical Corps, Melbourne, Victoria, 
Australia
16Professor Anesthesiology/Internal Medicine & Director e- Health, Westchester 
Medical Center, Valhalla, New York, USA
17Co- Chair, House of Lords Parliamentary Group on Global Health, London, UK
18Co- Chair, Nursing Now, London, UK
19Director, Center for Essential Surgical Network, Indus Health Network, Karachi, 
Sindh, Pakistan
20Center for Global Health Delivery Harvard Medical School, Dubai, United Arab 
Emirates
21Assistant Professor and Health & Social Justice Scholar, University of Louisville 
School of Nursing, Louisville, Kentucky, USA
22Neurosurgery, Azienda Ospedaliera Universitaria Senese, Siena, Toscana, Italy
23Neurosurgery, Aga Khan University, Karachi, Sindh, Pakistan
24Former Director General of Health Services, Government of Pakistan, Islamabad, 
Pakistan
25Nanotechnology & Smart Systems, NASA Ames Research Center, Moffett Field, 
California, USA

Twitter Haitham Shoman @haitham shoman

Contributors All authors contributed to project/concept development, literature 
search and writing. RJA and LQ contributed to figures.

funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient and public involvement statement Apart from the extensive experience 
of the 18 authors with patients and the public, patients and the public were not 
involved in this manuscript.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

data availability statement There are no data in this work.

open access This is an open access article distributed in accordance with 
the Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this work non- 
commercially, and license their derivative works on different terms, provided the 
original work is properly cited, appropriate credit is given, any changes made 
indicated, and the use is non- commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/.

orCId ids
Haitham Shoman http:// orcid. org/ 0000- 0003- 3408- 7020
Jeffrey V Rosenfeld https:// orcid. org/ 0000- 0003- 3827- 9898
Russell J Andrews http:// orcid. org/ 0000- 0003- 1771- 1768

https://twitter.com/haitham shoman
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3408-7020
https://orcid.org/0000-0003-3827-9898
http://orcid.org/0000-0003-1771-1768


Khan T, et al. BMJ Global Health 2019;4:e001943. doi:10.1136/bmjgh-2019-001943 7

BMJ Global Health

ReFeRences
 1 Chao TE, Sharma K, Mandigo M, et al. Cost- Effectiveness of surgery 

and its policy implications for global health: a systematic review and 
analysis. Lancet Glob Health 2014;2:e334–45.

 2 Hoyler M, Finlayson SRG, McClain CD, et al. Shortage of doctors, 
shortage of data: a review of the global surgery, obstetrics, and 
anesthesia workforce literature. World J Surg 2014;38:269–80.

 3 Kotagal M, Agarwal- Harding KJ, Mock C, et al. Health and economic 
benefits of improved injury prevention and trauma care worldwide. 
PLoS One 2014;9:e91862.

 4 Alkire BC, Raykar NP, Shrime MG, et al. Global access to surgical 
care: a modelling study. Lancet Glob Health 2015;3:e316–23.

 5 Meara JG, Leather AJM, Hagander L, et al. Global surgery 2030: 
evidence and solutions for achieving health, welfare, and economic 
development. Lancet 2015;386:569–624.

 6 Alkire BC, Shrime MG, Dare AJ, et al. Global economic 
consequences of selected surgical diseases: a modelling study. 
Lancet Global Health 2015;3:S21–7.

 7 Shrime MG, Dare AJ, Alkire BC, et al. Catastrophic expenditure to 
pay for surgery worldwide: a modelling study. Lancet Global Health 
2015;3:S38–44.

 8 Dare AJ, Ng- Kamstra JS, Patra J, et al. Deaths from acute 
abdominal conditions and geographical access to surgical care 
in India: a nationally representative spatial analysis. Lancet Global 
Health 2015;3:e646–53.

 9 Keyes EB, Parker C, Zissette S, et al. Geographic access to 
emergency obstetric services: a model incorporating patient 
bypassing using data from Mozambique. BMJ Glob Health 
2019;4:e000772.

 10 Centre for Research on the Epidemiology of Disasters (CRED). The 
human cost of natural disasters: a global perspective 2015. Brussels: 
CRED, Universite Catholique de Louvain, 2015: 68.

 11 CBS News. @katiecouric: Disaster in Haiti. Available: http://www. 
cbsnews. com/ videos/ katiecouric- disaster- in- haiti/ [Accessed 30 Mar 
2014].

 12 Norton I, von Schreeb J, Aitken P, et al. Classification and minimum 
standards for foreign medical teams in sudden onset disasters. 
Geneva: WHO Press, 2013: pp104.

 13 Rodriguez- Llanes JM, Hellman L, Wu Q, et al. Time to include 
burden of surgical injuries after disasters in the global surgery 
agenda? an assessment of DALYs and averted burden by 
surgery after the 2008 Wenchuan earthquake. BMJ Glob Health 
2018;3:e000909.

 14 Pyda J, Patterson RH, Caddell L, et al. Towards resilient health 
systems: opportunities to align surgical and disaster planning. BMJ 
Glob Health 2019;4:e001493.

 15 MacKenzie EJ, Rivara FP, Jurkovich GJ, et al. A national evaluation 
of the effect of trauma- center care on mortality. N Engl J Med 
2006;354:366–78.

 16 Evans DC. From trauma care to injury control: a people's history 
of the evolution of trauma systems in Canada. Can J Surg 
2007;50:364–9.

 17 Haas B, Stukel TA, Gomez D, et al. The mortality benefit of direct 
trauma center transport in a regional trauma system: a population- 
based analysis. J Trauma Acute Care Surg 2012;72:1510–7.

 18 Meretoja A, Roine RO, Kaste M, et al. Effectiveness of primary 
and comprehensive stroke centers: perfect stroke: a nationwide 
observational study from Finland. Stroke 2010;41:1102–7.

 19 Gosselin RA, Charles A, Joshipura M. Surgery and trauma care. In: 
Debas HT, Donkor P, Gawande A, eds. Essential surgery: disease 
control priorities. 3rd edn. Washington DC: The World Bank Group, 
2015: 41–60.

 20 Haglund MM, Kiryabwire J, Parker S, et al. Surgical capacity building 
in Uganda through twinning, technology, and training camps. World 
J Surg 2011;35:1175–82.

 21 Romach MK, Rutka JT. Building healthcare capacity in pediatric 
neurosurgery and psychiatry in a post- Soviet system: Ukraine. World 
Neurosurg 2018;111:166–74.

 22 Dempsey RJ. Editorial. Global neurosurgery: the role of the individual 
neurosurgeon, the Foundation for International Education in 

Neurological Surgery, and “service through education” to address 
worldwide need. Neurosurg Focus 2018;45:E19.

 23 Oficina Nacional de Emergencia del Ministerio del Interior y 
Seguridad Publica (ONEMI). Plan Nacional de Emergencia. Santiago: 
ONEMI, 2017: 41.

 24 Reardon JD, Sandwall S. National disaster medical system: medical 
manpower establishment. Federal Register 1988;53:12994–5.

 25 Pretto EA, Safar P. National medical response to disasters in the 
United States: are we prepared? JAMA 1991;266:1259–62.

 26 Berwick D, Downey A, Cornett E, et al. A national trauma care 
system: integrating military and civilian trauma systems to achieve 
zero preventable deaths after injury. Washington DC: The National 
Academies Press, 2016: pp530.

 27 Australian Medical Assistance Teams and National Critical 
Care and Trauma Response Centre. Available: https://www. 
nationaltraumacentre. nt. gov. au/ [Accessed 15 Dec 2018].

 28 World Health Organization. Emergency medical teams, 2019. 
Available: https://www. who. int/ hac/ techguidance/ preparedness/ 
emergency_ medical_ teams/ en/ [Accessed 15 Dec 2018].

 29 World Health Organization. Emergency medical teams strategic 
Advisory group meeting No. 8, 2018: 20.

 30 World Health Organization Emergency Medical Teams. Emergency 
medical teams: minimum technical standards and recommendations 
for rehabilitation (license: CC BY- NC- SA 3.0 IGO). Geneva: World 
Health Organization, 2016.

 31 Borgohain B, Khonglah T. Developing and organizing a trauma 
system and mass casualty management: some useful observations 
from the Israeli trauma model. Ann Med Health Sci Res 
2013;3:85–9.

 32 Alpert EA, Weiser G, Kobliner D, et al. Challenges in implementing 
international standards for the field hospital emergency 
department in a disaster zone: the Israeli experience. J Emerg Med 
2018;55:682–7.

 33 Andrews RJ, Quintana LM. Unpredictable, unpreventable, and 
impersonal medicine: global disaster response in the 21st century. 
Epma J 2015;6:e1–12.

 34 Kim JY, Chan M. Poverty, health, and societies of the future. JAMA 
2013;310:901–2.

 35 Kim JY. Opening address: the North American Launch of the Lancet 
Commission on global surgery. Boston, USA, 2015.

 36 World Health Organization (WHO). Health in 2015: from MDGs, 
millennium development goals to SDGs, sustainable development 
goals. Geneva: WHO, 2015: 216.

 37 Stenberg K, Hanssen O, Edejer TT- T, et al. Financing transformative 
health systems towards achievement of the health sustainable 
development goals: a model for projected resource needs in 67 
low- income and middle- income countries. Lancet Glob Health 
2017;5:e875–87.

 38 Hogan DR, Stevens GA, Hosseinpoor AR, et al. Monitoring universal 
health coverage within the sustainable development goals: 
development and baseline data for an index of essential health 
services. Lancet Global Health 2018;6:e152–68.

 39 Ng- Kamstra JS, Greenberg SLM, Abdullah F, et al. Global surgery 
2030: a roadmap for high income country actors. BMJ Glob Health 
2016;1:e000011.

 40 Kruk ME, Gage AD, Arsenault C, et al. High- Quality health systems 
in the sustainable development goals era: time for a revolution. 
Lancet Global Health 2018;6:e1196–252.

 41 Kruk ME, Gage AD, Joseph NT, et al. Mortality due to low- 
quality health systems in the universal health coverage era: a 
systematic analysis of amenable deaths in 137 countries. Lancet 
2018;392:2203–12.

 42 Thomson N, Littlejohn M, Strathdee SA, et al. Harnessing synergies 
at the interface of public health and the security sector. Lancet 
2019;393:207–9.

 43 Michaud J, Moss K, Licina D, et al. Militaries and global health: 
peace, conflict, and disaster response. Lancet 2019;393:276–86.

 44 van Dijk AJ, Herrington V, Crofts N, et al. Law enforcement and 
public health: recognition and enhancement of joined- up solutions. 
Lancet 2019;393:287–94.

http://dx.doi.org/10.1016/S2214-109X(14)70213-X
http://dx.doi.org/10.1007/s00268-013-2324-y
http://dx.doi.org/10.1371/journal.pone.0091862
http://dx.doi.org/10.1016/S2214-109X(15)70115-4
http://dx.doi.org/10.1016/S0140-6736(15)60160-X
http://dx.doi.org/10.1016/S2214-109X(15)70088-4
http://dx.doi.org/10.1016/S2214-109X(15)70085-9
http://dx.doi.org/10.1016/S2214-109X(15)00079-0
http://dx.doi.org/10.1016/S2214-109X(15)00079-0
http://dx.doi.org/10.1136/bmjgh-2018-000772
http://www.cbsnews.com/videos/katiecouric-disaster-in-haiti/
http://www.cbsnews.com/videos/katiecouric-disaster-in-haiti/
http://dx.doi.org/10.1136/bmjgh-2018-000909
http://dx.doi.org/10.1136/bmjgh-2019-001493
http://dx.doi.org/10.1136/bmjgh-2019-001493
http://dx.doi.org/10.1056/NEJMsa052049
http://www.ncbi.nlm.nih.gov/pubmed/18031634
http://dx.doi.org/10.1097/TA.0b013e318252510a
http://dx.doi.org/10.1161/STROKEAHA.109.577718
http://dx.doi.org/10.1007/s00268-011-1080-0
http://dx.doi.org/10.1007/s00268-011-1080-0
http://dx.doi.org/10.1016/j.wneu.2017.11.178
http://dx.doi.org/10.1016/j.wneu.2017.11.178
http://dx.doi.org/10.3171/2018.7.FOCUS18363
https://www.nationaltraumacentre.nt.gov.au/
https://www.nationaltraumacentre.nt.gov.au/
https://www.who.int/hac/techguidance/preparedness/emergency_medical_teams/en/
https://www.who.int/hac/techguidance/preparedness/emergency_medical_teams/en/
http://dx.doi.org/10.4103/2141-9248.109455
http://dx.doi.org/10.1016/j.jemermed.2018.07.019
http://dx.doi.org/10.1186/s13167-014-0024-9
http://dx.doi.org/10.1001/jama.2013.276910
http://dx.doi.org/10.1016/S2214-109X(17)30263-2
http://dx.doi.org/10.1016/S2214-109X(17)30472-2
http://dx.doi.org/10.1136/bmjgh-2015-000011
http://dx.doi.org/10.1016/S2214-109X(18)30386-3
http://dx.doi.org/10.1016/S0140-6736(18)31668-4
http://dx.doi.org/10.1016/S0140-6736(18)32999-4
http://dx.doi.org/10.1016/S0140-6736(18)32838-1
http://dx.doi.org/10.1016/S0140-6736(18)32839-3

	Global health, global surgery and mass casualties. I. Rationale for integrated mass casualty centres
	Abstract
	Introduction
	Mass casualty centres
	Initial MCC models: Chile and Pakistan
	Projects similar to MCCs
	The US National Trauma Care System (NTCS)

	Justification for mass casualty centre network
	Conclusion
	References


