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Abstract

Background 1t is increasingly understood that emergency care systems can be cost-effective in low- and middle-
income countries (LMICs). The development of such systems, however, is still a work in progress. This article
updates previous work in providing the most recent estimates of the burden of disease sensitive to emergency care,
the current state of knowledge on the feasibility of emergency care, effect on outcomes, and cost-effectiveness in
LMICs, and future directions for research, policy, and implementation.

Methods We calculated the potential impact of prehospital and emergency care systems using updated and revised
data based on the global burden of disease study. We then assessed the state of current knowledge and potential future
directions for research and policy by conducting a review of the literature on current systems in LMICs.

Results According to these newest updates, 24 million deaths related to emergency medical conditions occur in
LMICs annually, accounting for an estimated 932 million years of life lost. Evidence shows that multiple emergency
care models can function in different local settings, depending on resources and urbanicity. Emergency care can
significantly improve mortality rates from emergent conditions and be highly cost-effective. Further research is
needed on implementation of emergency care systems as they become a necessary reality in developing nations
worldwide.

Conclusions Emergency care implementation in LMICs presents both challenges and opportunities. Investment in
evidence-based emergency care, research on implementation, and system coordination in LMICs could lead to a
more cost- and outcome-effective emergency care system than exists in advanced economies.
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Introduction

Emergency medical systems encompass a spectrum of care,
beginning with laypersons at the scene and ending in
dedicated medical facilities. Connecting these two points
are critical systems such as pre- and inter-hospital trans-
port, health centers, and district hospitals. Reducing death
and disability requires coordination of the emergency
medical response at all stages, with effective facilities and
systems management oriented to the needs of the critically
ill.

Recently, there has been an increasing understanding
that emergency care systems can be cost-effective in low-
and middle-income countries (LMICs) [1]. This article
presents the most recent available data on the burden of
disease that can potentially be addressed by prehospital
and emergency care in LMICs, and the current state of
knowledge regarding feasibility, cost-effectiveness, and
outcomes of emergency care systems in LMICs. It also
provides recommendations regarding future directions
for research and policy on health care prioritization in
LMICs.

Burden of disease

The burden of disease that can potentially be addressed by
prehospital and emergency care in LMICs was derived
from the global burden of disease (GBD) study. Mortality
and disability-adjusted life years (DALYs) data initially
presented in the 2012 GBD Lancet papers [2, 3] were
adjusted based on newer country and regional estimates
from the Institute for Health Metrics and Evaluation
website [4].

These updates show that 24 million lives are lost each
year in LMICs due to conditions sensitive to prehospital
and emergency care (Fig. 1). This translates into
1,023 million DALYS lost, or 932 million years of life lost
(YLL) to premature mortality, and nearly 91 million years
lived with disability (YLD).

Figure 1 lists the burden of disease—clustered into
communicable and maternal conditions, chronic condi-
tions, and injuries—that can potentially be addressed by
prehospital and emergency care in LMICs. While ischemic
heart disease and cerebrovascular disease contribute the
largest number of deaths, unintentional injuries are the
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Fig. 1 Burden of disease potentially addressable by emergency
medical systems in low-and middle-income countries (LMICs) Cap-
tion: The figure shows deaths, disability-adjusted life years (DALY35),
years of life lost (YLL), and years lived with disability (YLD) that can
be addressed by emergency medical care in low-income countries,
stratified into three major categories of burden of disease—commu-
nicable diseases, chronic conditions, and injuries. The communicable
disease group includes diarrheal diseases (cholera, other salmonella
infections, shigellosis, E coli, campylobacter, amoebiasis, cryp-
tosporidiosis, rotavirus, typhoid, and paratyphoid fevers), lower

respiratory infections (influenza, pneumococcal pneumonia, haemo-
philus influenza pneumonia, respiratory syncytial virus pneumonia,
other lower respiratory infections), childhood conditions (diphtheria,
whooping cough, tetanus, measles), meningitis, malaria, and maternal
conditions (hemorrhage, sepsis, hypertensive disorders of pregnancy,
obstructed labor, abortion). Chronic conditions potentially amenable
include ischemic heart disease, cerebrovascular disease, hypertension,
asthma, and diabetes. Injuries include both intentional (self-harm,
interpersonal violence, force of nature, war, and legal intervention) and
unintentional (transport and non-transport injuries)
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Fig. 2 Regional distribution of
deaths addressable by
emergency medical systems in
low- and middle-income
countries (LMICs), data from
WHO 2013
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single largest contributor to DALYSs lost. The largest con-
tributors to YLL are unintentional injuries, lower respira-
tory infections, and ischemic heart disease.

Figure 2 depicts the regional variations in mortality.
Given their large populations, South Asia, East Asia, and
the Pacific account for 56 % of the addressable deaths.

Current state of knowledge
Feasibility

Laypeople trained in first aid have been shown to effectively
respond to emergencies in communities with high trauma
burdens [5]. Individuals who frequently encounter injury and
are informally called upon to transport patients—for example,
taxi drivers in Ghana—are well-positioned to provide pre-
hospital care and are effectively able to do so with first aid
training [6, 7]. In Madagascar, trainings on prehospital ser-
vices for taxi drivers were successful in empowering the
participants and providing basic knowledge and awareness
about prehospital emergency care [8]. A recent study from
northern Iraq has also shown a mortality benefit of first re-
sponder training [9], and a study of midwives and traditional
birth attendants in rural Cambodia found that a prehospital
training course could improve obstetric emergency care [10].

Trained paramedical personnel are also available to
render prehospital care throughout most middle-income

countries and in some cities in low-income countries. They
are often paid ambulance personnel (or sometimes spe-
cially designated cohorts of fire or police personnel who
desire more medical skills) who receive between 100 and
400 h of professional training [11]. These personnel fall
largely into two tiers: basic providers who are proficient in
scene management, rescue, stabilization, and transport of
injured patients, and advanced providers who offer more
complicated services (e.g., invasive airway techniques) and
generally involve systems including regional call man-
agement centers and integrated communication networks
[11].

In most of Sub-Saharan Africa and Asia, commercial
ambulances may not be available for prehospital transport,
resulting in a range of alternate options including private
vehicles [12, 13] and bicycles [14]. For example, non-
ambulance arrivals, either by private cars or public trans-
portation, constituted about 77 % of total arrivals to the
emergency center in the Ashanti region of Ghana [15].
Though often limited to transferring patients between
health facilities, rudimentary ambulances have been suc-
cessfully established in these regions, even in low-resource
settings such as Niger [16].

In middle-income countries, ambulances play a major
role in emergency care systems and can significantly re-
duce the interval between recognition of an emergency and
arrival at the hospital, improving patients’ likelihood of
survival [1]. For a response time of 4—6 min, the suggested
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ratio is one unit per 50,000 people [17]. Numerous middle-
income cities have shown strong response times; Monter-
rey, Mexico achieved an average 10-min response time
with one unit per 100,000 people, and Hanoi, Vietnam
averages a response time of 30 min with one unit per
3 million people [1]. Confounding factors such as distri-
bution of dispatch sites, population density, and infras-
tructure may affect results.

Urban centers posit a density of hospitals and benefit
from established telecommunications, transportation in-
frastructures, and coordinating capacity among community,
hospital, and civic emergency services, making them a
more conducive setting for professional paramedic per-
sonnel. Strategically placed dispatch sites with stationed
paramedical personnel and vehicles can optimize emer-
gency response times and resources in cities, while keeping
costs sustainable. Effective prehospital emergency care
should be integrated into the larger emergency response
system through centralized dispatch with a well-known
direct line from the community to request services, al-
liances with fire and police department emergency services,
and protocols for communicating with receiving hospitals.
Such systems must be evaluated with both metrics
assessing availability of services (e.g., number of units on
duty), and in terms of their cost-effectiveness.

In geographically dispersed regions, a tiered system may
improve response time, where a relatively larger number of
trained layperson first responders with a wider geographic
distribution supplement a smaller number of centrally lo-
cated, more highly trained paramedical personnel [18].
This system may benefit from centralized dispatch with
paramedical personnel and laypersons managed by the
same organizational unit.

Finally, provision of appropriate supplies is essential.
Previous studies have shown that educational interventions
for paramedics are less effective if equipment availability
limits their ability to implement their knowledge [19]. Fi-
nancial and supply-chain barriers often hinder the ability to
adopt intervention strategies and provide quality emer-
gency care [20].

Cost-effectiveness

There is a paucity of literature delineating the costs of
providing prehospital and emergency care in LMICs.
While some studies examine costs of specific components
of this system, none evaluate the cost of the entire system.

Perhaps the best exercise to date in estimating the sys-
tem-level costs of emergency care is by Kobusingye et al.
in their chapter ‘Emergency Medical Services’ for the
Disease Control Priorities in Developing Countries, second
edition [21]. Researchers modeled system costs of estab-
lishing and running two types of prehospital and
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emergency care systems in which (a) trained laypersons
and paramedics provide prehospital emergency care and
(b) staffed community ambulances provide such care. For a
population of 1 million, they assumed that the first system
would require 7,500 lay responders, with 2,500 trained on a
rolling basis, and 50 trained paramedics annually. System
costs included training and first aid kits. Trained laypersons
and paramedics would volunteer their services after train-
ing. Given these assumptions, their best cost estimate was
USD $62,923 (range $30,254-$126,475), amounting to
$170 per death averted, and $7 per life year gained for a
population of 1 million.

Jayaraman et al. built upon this framework to estimate
the costs of scaling up their layperson first aid training pilot
to cover Kampala [7]. Using Kobusingye et al.’s cost as-
sumptions, their base case scenario (training 9,000 trainees
over 3 years) resulted in an annual cost of $47,854 ($0.12
per capita); these costs increased to $143,854 annually
($0.36 per capita) when first aid kits ($16 each) were fac-
tored in [7]. As a result, mortality reductions were assumed
to be 15 % [22], resulting in a cost of $598 per death
averted, and $25 per life year saved. A more conservative
estimate (7.5 % mortality reduction plus supply costs of
$32) raised the cost to $3,596 per death averted and $150
per life year saved [7].

For a system reliant on ambulances, Kobusingye et al.
assumed that an ambulance unit with seven paramedic
drivers serves 30,000 people, with supervisors overseeing
three ambulance units per year. Ambulances can be pur-
chased and retrofitted locally; they are assumed to last nine
years if 20,000 km are driven each year. Under these as-
sumptions, they estimated annual costs for such a system in
an urban area to be approximately USD $1.27 million
(range $0.79-$2.15 million), with rural systems costing
three times more [21].

However, certain caveats should be kept in mind. The
Kobusingye et al. analysis based inputs on 2001 data and
the results are reported in 2001 USD, which may not be
reflective of today’s economic environment. For example,
the widespread availability and low costs of cellular phones
have revolutionized communications in many developing
countries, decreasing the need of dedicated communica-
tions equipment for emergency care. Kobusingye et al. also
assumed that trained laypersons and paramedics would
volunteer their services. Both studies applied the outcome
on a global basis without taking regional variations, sys-
temic costs, or the additional burden to the health care
system from increased visits into account. The Kobusingye
et al. analysis assumed that the ambulance system would
have the same effectiveness in rural and urban areas, and
the authors caution that “substantial uncertainty remains
over actual effectiveness of the interventions in emergency
medicine” [21].
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Outcomes

A growing body of literature exists on the effectiveness of
first responders and paramedics in LMICs. Although a
prehospital and emergency care system can respond to a
wide range of conditions, a majority of these studies focus
on trauma outcomes, with increasing evidence supporting
the benefits of a well-functioning prehospital care system.

Literature from high-income countries suggest that
trauma system implementation can significantly reduce
preventable trauma deaths [23]. For example, the imple-
mentation and expansion of trauma systems in North and
Central Iraq (consisting of trained laypersons, paramedics,
and two trauma referral centers) reduced the trauma mor-
tality rate from 17 to 4 % over 10 years [24]. Work done in
Cambodia and Northern Iraq demonstrates a 9 % reduction
in mortality among trauma victims after instituting a sys-
tem of first responders and trained paramedics [5]. A re-
view of studies on prehospital care in developing countries
found a 25 % reduction in risk of mortality due to injury
with the implementation of a prehospital system, with
treatment effects enhanced in rural settings [25].

For an ambulance-based system, Kobusingye et al.
modeled that such a system can potentially save 700 lives
annually (200 from ischemic heart disease, 200 from ob-
stetric emergencies, and 300 from trauma) when covering a
population of 1 million [21].

Providing basic life support (BLS) training to ambu-
lance personnel can reduce trauma mortality, as evidenced
by a decrease in mortality (15.7-10.6 %) in Trinidad when
such a system was established [26]. However, some LMICs
are gravitating toward providing advanced life support
(ALS) training to these personnel instead, partly due to
evidence from high-income countries that attribute trauma
mortality reduction to ALS training [27]. A meta-analysis
of 18 studies found that provision of ALS care to non-
traumatic cardiac arrest patients could increase their sur-
vival, but found no difference in survival in trauma patients
who had received ALS versus those receiving BLS [28].
Similarly, a Cochrane review did not find any differences
in mortality among trauma victims cared for by BLS-
trained versus ALS-trained personnel [29]. On the contrary,
some evidence suggests that care provided by ALS-trained
personnel might have resulted in worse outcomes [30].

This evidence suggests that the development of an ad-
vanced prehospital emergency care system should never be
at the expense of a broad base of basic prehospital care.
ALS interventions benefit a small subset of critically ill
patients who may require a large investment of resources
and whose prehospital treatment might be less cost-effec-
tive. Some experts recommend delaying the development
of these more advanced systems until they demonstrate
improved outcomes [19]. Another disadvantage of ALS

training for laypersons is poor retention of advanced skills
[19].

Future directions

As LMICs develop their prehospital and emergency sys-
tems, concurrent efforts are necessary to develop, investi-
gate, and implement evidence-based policy for continued
progress in achieving cost-effective emergency care in
these regions. There are several considerations relevant for
all phases.

First, the emergency medical system must be organized
so that its various components, from prehospital inter-
vention onward, are fully integrated and inclusive of all
necessary services [31]. A systems administrator should
be appointed to coordinate emergency care activities to
ensure that the system functions cohesively. The budget
for every emergency medical system must account for the
costs of coordination, such as the systems administrator’s
salary.

Second, to promote community buy-in and better rep-
resent the needs of the population, the systems adminis-
trator should chair a committee of representatives from the
various emergency medical care components and affected
communities. This form of stakeholder governance has
been successful; in a township outside Cape Town, South
Africa, the community governing board tailored the content
of the first aid training course to specific needs, including
penetrating injuries and drug overdoses, which enhanced
the system’s integration into the community [32]. The
systems administrator also needs to monitor the activities
of emergency medical systems to improve quality of care.
Simple steps such as periodic audits may be useful in re-
sponding to opportunities and shortcomings.

Third, resource-constrained regions must not serve the
interests of the privileged few at the expense of the ma-
jority. The cost of elite technologies and specialists cannot
be justified as essential according to the prevailing burden
of disease. Balancing investment into expanding the ca-
pacity and practice scope of primary and secondary health
facilities with funding for tertiary care referral and trans-
portation networks poses considerable challenges, the
resolution of which will be particular to each health
system.

Fourth, lack of funds presents a formidable barrier to
access for many individuals. In some cases, payment for
transportation and treatment precludes their use, while in
other cases, perceived future costs and fear of financial ruin
constrain how the poor interact with emergency medical
systems. However, there is evidence that when a service
such as ambulance transport is provided, families are
willing to pay. Various financing schemes, such as
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community financing or loan funds, may alleviate this
impediment to emergency care use [33, 34].

Finally, governments play a pivotal role in the provision
of emergency care. Public health officials, legal experts,
and policymakers must work together to draft legislation
regulating health facilities, protect trained and lay provi-
ders, and ensure quality and availability of emergency care
for the critically ill regardless of personal characteristics or
ability to pay.

Conclusions

Emergency medical systems are an essential but largely
underdeveloped component of health care for resource-
constrained regions and their implementation in LMICs
presents both challenges and opportunities. Systematic de-
velopment of emergency medical care that is evidence-based
and appropriate to local needs could define a more cost- and
outcome-effective emergency medical system than exists in
advanced economies. When internally coherent and properly
integrated, emergency medical systems can deliver acute
care to the critically ill, thereby reducing health disparities
and preventable deaths. Investing in emergency medical
systems can help achieve this end for many LMICs.
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