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Leveraging Opportunities for Critical Care in

Resource-Limited Settings

Vanessa B. Kerry*", sadath Sayeed®"!
Boston, MA, USA

Critical or intensive care is, in its simplest rendition, the
provision of medical care for the severely ill patient. In its
more advanced forms, critical care can provide needed
support to temporarily do the work of almost any vital end
organ, such as dialysis to mimic the actions of the native
renal system, or ventilation and oxygenation to mimic the
native actions of the respiratory system. In advanced health
systems, a critical care unit is often relied on to provide
escalated care for patients at risk of imminent death in order
to prevent an untimely demise. Critical care as a clinical
discipline in resource-rich settings is associated with high-
resource (financial, human, technological) intensity. For
this reason, among others, critical care has received far less
investment in resource-poor countries suffering from huge
epidemics of communicable diseases such as human im-
munodeficiency virus (HIV)/acquired immunodeficiency
syndrome, tuberculosis, and malaria. However, with
improved strategies and increased access to medications to
treat the major infectious disease killers in many if not most
countries, the need to turn attention to address the critical
care gap between rich and poor is clearer than before.
Although numerous challenges to scaling up high-quality
intensive care services present themselves, even more op-
portunities to creatively innovate in this field exist that hold
promise to move us closer to equity in global health care.

THE NEED

At the individual patient level, the need for critical care is
often unpredictable and can occur unexpectedly with any
number of initially discrete disease processes that lead to
acute end organ compromise or failure. Because death is
often attributed to antecedent pathologies, and because data
on the actual need for critical care services in resource-limited
settings is extremely difficult to collect, the exact contribu-
tion of critical care to the global morbidity and mortality is
not well characterized. A Lancet study in 2010 aimed to
provide epidemiological estimates of the global burden of
critical care morbidity and mortality [1]. The investigators
argued that existing data on critical illness prevalence to date
was incomplete because the data failed to provide accurate
population-based incidence of critical illness and over-
whelmingly did not include data from resource-limited set-
tings. To attempt to provide a more comprehensive picture of
the global burden of critical illness using “prototypical” ill-
nesses of sepsis, acute lung injury, and mechanical ventila-
tion, the investigators drew incidence and prevalence rates
from observational population-based studies in several
countries [2—8] and applied them to data on population and
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deaths from the Global Burden of Disease project by World
Bank regions [9]. The results demonstrated significant
burden across all regions, but especially in East and South
Asia and Sub-Saharan Africa (Table 1) [1].

Prevention and/or early treatment of common infec-
tious diseases remains the mainstay strategy to reduce the
burden of mortality in resource-limited countries; many
recent efforts have focused on piloting or scaling innovative
“delivery” strategies to large at-risk populations. However,
97% of all deaths from infectious diseases including from
HIV, diarrhea, meningitis, and pneumonia; 90% of all
deaths from trauma; and 81% of deaths from cardiovas-
cular causes occur in resource-limited countries because
cases present or advance beyond stages at which early
treatment is effective [10]. A South African survey of ad-
missions to a secondary-level hospital in South Africa
found that 25% of admitted patients were sufficiently ill to
merit intensive care unit (ICU)-level care [11,12]. It is
plausible that large proportions of hospital deaths could be
prevented with access to adequate but not necessarily
highly costly critical care services. Current quality of critical
care is often informal and absent [13], and, in many cases,
basic triage systems do not exist [14—16].

COST: A FALSE DEBATE

A decision to invest in critical care services in resource-
limited settings is often simplistically criticized as an
ineffective use of scarce resources. Simultaneously, agenda-
setting donors often insist that investments exclusively
follow a macroscopic public health model where commu-
nity health and primary care are seen as the only sustain-
able means to reduce disease burden. Putting aside larger
social justice questions about the geo-political-social-
economic-historical circumstances that have led some
“Northern” countries to have significantly more power and
resources than their “Southern” counterparts, these stereo-
typical responses miss the point that caring for critically ill
patients need not be prohibitively expensive. They also miss
the target in failing to acknowledge that some disease con-
ditions are not preventable or present beyond the point of
simple pill taking. As Riviello et al. [17] note in their review,

[Care for critically ill patients] may include oxygen
administration or frequent nurse monitoring.
Although these interventions may not be consid-
ered critical care in resource-rich settings, they are
nonetheless important aspects of caring for criti-
cally ill patients and not universally available.
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TABLE 1. Estimates of global burden of critical iliness by World Bank region

Estimated Potential Burden of Selected Critical
Number of Deaths in 2004 (x10°) llinesses per Year (x10%)
Patients
Population in Maternal Malignant Cardiovascular Mechanically  Acute Lung
2004 (x10%) Total Infection Conditions Neoplasms Diseases Injuries Ventilated Injury Sepsis
High-income 949,818 8,008 468 (6) 1(0) 2,146 (27) 2,978 (37) 490 (6)  2,000—3,000 170—820 2,300—2,800
countries
East Asia and 1,892,113 14,000 1,776 (13) 44 (<1) 2,284 (16) 4,439 (32) 1,678 (12) 3,900—5,900  340—1,600 4,500—5,700
Pacific
Europe and 476,096 5684 284 (5) 3(<1) 820(14) 3,248 (57) 604 (11)  990—1,500 85—410  1,100—1,400
Central Asia
Latin America and 549,187 3,499 474 (14) 16 (<1) 543 (16) 998 (29) 407 (12) 1,100—1,700 98—470 1,300—1,600
Caribbean
Middle-East and 324,542 2,114 299 (14) 15 (<1) 181 (9) 732 (35) 281 (13) 680—1,000 58—280 780—970
North Africa
South Asia 1,493,430 13,778 3,993 (29) 179 (1) 954 (7) 3,438 (25) 1,476 (11) 3,100—4,700 270—1,300 3,600—4,500
Sub-Saharan 749,269 11,662 6,475 (56) 269 (2) 493 (4) 1,232 (11) 847 (7)  1,600—2,400 130—650 1,800—2,200
Africa
World 6,436,826 59,772 13,777 (23) 527 (1) 7,424 (13) 17,073 (29) 5,784 (10) 13,000—20,000 1,150—5,500 15,000—19,000
Values are n, n (%), or ranges.
Adapted, with permission, from Adhikari et al. [1].
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Further, critical care could strengthen hospitals’ overall
ability to provide better care, which is essential to both
improving outcomes [13,18—20] and to increasing public
opinion to seek care in facilities. Currently, populations
often perceive hospitals in resource-limited settings as a
place where one goes to die.

The debate and scale-up of critical care should thus
center not on whether it is worth the investment writ
large, but instead on determining those aspects of critical
care that can be easily implemented in order to build a
foundation to grow more advanced capabilities over time.
Oxygen, a lifesaving therapy, for example, can cost little
[21], and studies have shown that the introduction of
oxygen and pulse oximetry can reduce fatalities from
pneumonia [22]. Adequate patient-to-nursing ratios are
an important prerequisite to close monitoring and timely
intervention. These inexpensive interventions do not
depend on advanced technology. Measured against the
World Health Organization definition of cost-effectiveness
[23], a number of studies have helped demonstrate that
critical care interventions are meritable and cost-effective
[17,24=27].

OPPORTUNITIES

There is an increasing amount of literature describing
critical care in resource-limited settings [15,17,28], the
demographics in particular ICUs [15,29—31], the chal-
lenges to scaling up ICU care [32,33], and recommenda-
tions [17,34,35]. Despite the challenges, there are many
readily available opportunities to change the quantity,
quality, and distribution of critical care in many resource-

limited settings. These opportunities can be broadly cate-
gorized as effective triage; equipment and resources;
training and human resources; task shifting and proto-
colized care; and affordable technology and research and
information dissemination.

Effective triage systems can help improve patient care
and mortality for admissions from ambulance and emer-
gency and outpatient units [16,36] and for management of
patients on the inpatient ward [13]. Yet, many sites lack
effective triage systems for either [13—16]. This can result
in delays in treatment, which can be the difference be-
tween life and death. Appropriate triage systems can be
instituted to be nurse- or medical-trainee—led to optimize
available human resources. Further, certain emergency
treatments can be administered before a specific diagnosis
is made [37]. Finally, movement of critically ill patients
to a dedicated unit can achieve 2 goals. First, it can ensure
more monitored care for a critically ill patient. Second,
clustering of critically ill patients together can help pool
available resources and ensure their more efficient
use [13,38].

The most severely ill patients need close monitoring to
assess cardiopulmonary function, including heart rate and
rhythm, blood pressure, and oxygen saturation. This can be
achieved by continuous electronic monitoring with pur-
chased or donated equipment. Frequent vital signs sup-
ported by spot echocardiograms can help yield important
information in the absence of electronic monitoring. Labo-
ratory monitoring is also essential with special attention to
electrolytes; hemoglobin; glucose; blood urea nitrogen;
creatinine; and, ideally, arterial blood gases, coagulation, and
lactate. Even though central labs are often rare or poorly
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equipped, there is a growing use of portable blood analyzers,
which provide point-of-care information [39—41]. Point-of-
care testing can provide bedside analysis with the fidelity of
most major laboratories, for example [42].

Most resource-limited settings are challenged by severe
staffing needs. The World Health Organization has iden-
tified more than 57 countries with critical health profes-
sional shortages [43]. These shortages are perpetuated by
loss of trained personnel to more resource-rich settings
[44], as well as poor training opportunities [45—48].
Trained intensivists are rare in resource-limited settings
where critical care is often managed by internal medicine,
anesthesia, or general surgery—trained physicians [32]. In a
recent survey of 13 hospitals on ICU resources, included in
this issue of Global Heart, 10 of the 13 responding hospitals
cited trained staff as a central, needed input for better ICU-
level care at their facility [49]. Appropriately trained phy-
sicians, nurses, and support staff are essential to scaling up
even the most modest critical-care services. There are
growing partnerships across institutions in resource-rich
countries that partner with institutions in resource-
limited countries, which can help expand training [48].
Ongoing professional development opportunities for local
staff can occur through dedicated mentorship, didactics
and focused courses, and teaching on new modalities.

Training needs to encompass both clinical education
and increased research and knowledge generation. It
should prioritize competencies over just knowledge. Yet,
many training programs are currently dominated by lec-
tures and didactics that fail to offer bedside clinical man-
agement of patients [50—52]. Increased faculty and staff
will be needed to provide the supervision and sustained
mentorship needed. Several training programs, academic
partnerships, and consortia are adopting this model both
broadly and in other clinical specialties [17,53—55].

Task shifting and empowering staff such as nurses to
initiate certain treatments before diagnosis or physician
evaluation can have an impact. Though both doctors and
nurses are in short supply, the vast majority of health care
is provided by nonphysicians in resource-limited settings.
The increase in protocols [56], checklists [57], and
bundled care [58—62] help facilitate both direct care and
task shifting by creating processes that rely less on
advanced knowledge than on adherence. They will reduce
variability of care across providers and institutions and can
help promote a culture of safety and accountability. Pro-
tocols have been implemented for sepsis [35], weaning of
ventilation [63—67], glucose control [68—70], and seda-
tion [71,72]. Recently, checklists have been implemented
effectively to help improve mortality and reduce compli-
cations in surgery in settings of both high and low re-
sources. This is promising for similar interventions in
critical care because both fields are complex, technical, and
multidisciplinary [57,73,74]. Care will be needed to adapt
these guidelines appropriately to resource-limited settings.
For example, blood gases or central venous oxygen satu-
rations may not readily be available. However, there are
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opportunities. Sepsis guidelines have been adapted to help
provide definition and recommendations on management
including fluid resuscitation, timely antibiotics, airway
protection, and source control [35,75].

Affordable technology is an underdeveloped opportu-
nity to transform critical care as well as global health broadly
[76]. Technology advancements can include pharmaceuti-
cals, vaccines, diagnostics, devices, and communications.
Examples include a negative pressure wound therapy device
that decreases the cost and energy reliance of traditional
wound pumps, increasing its applicability in resource-
limited settings. The new device costs approximately $2 to
manufacture [77]. Another example is an add-on device to
ventilation equipment to monitor and record resuscitation
performance, to provide real-time feedback on technique,
and to improve training and care [77]. The device measures
the rate and pressure of air entering an infant’s lungs and can
signal correct mask seal, need to augment or slow rate of
breath delivery, and other parameters. Such technologies
designed in resource-limited contexts can lead to reverse
innovation to help improve care and reduce costs in more
developed healthcare contexts. Further, adaptation and
leveraging of existing technology can have an impact. Smart
phones have been used with enough fidelity to reproduce a
detailed neurological exam [78]. Low-cost mobile devices
have been adapted in resource-limited settings to provide
diagnostic testing for HIV and then to synchronize results in
real time with electronic medical health records to expand
both care and epidemiological data collection [79].

Research and its dissemination are essential to broad-
ening the understanding of specific disease pathophysi-
ology and management. Knowledge gaps stem from
differences in acute disease burden depending on geogra-
phy, such as with Ebola, severe acute respiratory syn-
drome, or Middle East respiratory syndrome, as well as
from management in resource-limited areas where di-
agnostics and treatment modalities may not be readily
available or patients present in the community and not at
more centralized health facilities. Important areas for
mutual collaboration and scale-up include developing
research priorities, technical capacity building, mentorship,
and dissemination where local investigators should take
the lead with support from partners [48]. Research should
center on needs assessment, prognostic scoring, imple-
mentation and outcomes of appropriate management, cost-
effectiveness, and affordable technology solutions [17,80].

SUMMARY

Perhaps the most compelling rationale for building critical
care capacity in resource-limited settings is its power to
save younger lives. Whereas much of critical care in
resource-rich countries is in older populations who spend
longer periods in ICUs supported by complex technology,
in resource-limited settings, the majority of critically ill
patients are children and young adults [29,81]. In this
population, short-term interventions can be transformative
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and have a significant impact on not only the individual,
but also the community. For example, saving a young
woman’s life from peripleural sepsis will ensure her chil-
dren are more likely to live to the age of 2 years and less
likely to be socially or economically disadvantaged over
their lifetime [82]. Avoiding preventable death will not
only reduce mortality and disease burden, but it will help
improve life expectancy, decrease birth rates, increase
household productivity, and even have an impact on gross
domestic product [83]. Investments in critical care need
not be technology or cost intensive, but they should be
appropriate and effective. Such investments, though, will
have dividends across many clinical specialties as well as
have an impact on the health outcomes of a population.
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