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Pediatric critical care is an important component of reducing morbidity and mortality
globally. Currently, pediatric critical care in low middle-income countries (LMICs) remains
in its infancy in most hospitals. The majority of hospitals lack designated intensive care
units, healthcare staff trained to care for critically ill children, adequate numbers of staff,
and rapid access to necessary medications, supplies and equipment. In addition, most
LMICs lack pediatric critical care training programs for healthcare providers or certification procedures to accredit healthcare providers working in their pediatric intensive care
units (PICU) and high dependency areas. PICU can improve the quality of pediatric care
in general and, if properly organized, can effectively treat the severe complications of
high burden diseases, such as diarrhea, severe malaria, and respiratory distress using
low-cost interventions. Setting up a PICU in a LMIC setting requires planning, specific
resources, and most importantly investment in the nursing and permanent medical staff.
A thoughtful approach to developing pediatric critical care services in LMICs starts with
fundamental building blocks: training healthcare professionals in skills and knowledge,
selecting resource appropriate effective equipment, and having supportive leadership to
provide an enabling environment for appropriate care. If these fundamentals can be built
on in a sustainable manner, an appropriate critical care service will be established with
the potential to significantly decrease pediatric morbidity and mortality in the context of
public health goals as we reach toward the sustainable development goals.
Keywords: pediatric critical care, low resource settings, low middle-income country, pediatric intensive care,
partnership practice

Critical care is healthcare for the sickest patients. The concept of critical care developed during
the poliomyelitis epidemic in the 1920–1950s when the number of critically ill patients led to the
development of dedicated areas, “intensive care units,” that provided continuous care and monitoring. Critical care services, with focused attention and expertise provided by medical and nursing
staff for patients with multi-organ failure and life-threatening illness, quickly spread worldwide
(1). Critical care services were extended to pediatric patients in high income countries (HICs) by
the 1950s and early pioneers of critical care in low middle-income countries (LMICs) were only
15 years behind their HIC counterparts, opening the first African intensive care unit in 1969 (2).
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Nearly 50 years later, however, a huge gap has emerged between
the high quality pediatric critical care services available in most
HIC settings and the inadequate pediatric critical care services
available in most LMIC settings. Nearly 90% of the children who
die globally each year below the age of 5 are living in 42 of the
poorest countries. In these countries many illnesses and injuries
are preventable and treatable diseases are widespread. In a call
to action, Niranjan Kissoon described a journey of an African
mother seeking care for her ill child filled with fear and frustration (3). The journey elegantly demonstrated how “accident of
latitude” often determines whether one lives or dies (4).

nutritional support, breastfeeding, and immunizations (10). The
Integrated Management of Childhood Illness program was established to guide outpatient care. Based on these guidelines, an
estimated 20% of children seen in the ambulatory setting met
criteria for referral to a hospital for escalation of care (10).
Hospital case mortality rates have decreased only slowly from
the 1990s to early 2000s, highlighting the need for improved care
of the sickest hospitalized children, including triage, emergency,
and critical care services (8).
In response to the need for improved triage and emergency
care, the WHO developed the Emergency Triage, Assessment, and
Treatment (ETAT) guidelines (11). These guidelines emphasize the
tenets of pediatric critical care with early recognition of children
who needed immediate care and hospitalization. Implementation
of these guidelines in a Malawi hospital decreased the mortality
rate by half (10–18 to 6–8%) from 2001–2006 (12).
The WHO also published and updated The Pocketbook of
Hospital Care for Children for the Management of Common
Illnesses with Limited Resources (13), which provides many
appropriate clinical guidelines for nurses and physicians caring
for hospitalized children in these settings. The development
of these guidelines and improvements in staff training clearly
demonstrated that advances can be made in caring for critically
ill children in LMICs by appropriate triage and rapid treatment
using relatively inexpensive modalities, such as fluids, oxygen,
and antibiotics.

HISTORY OF PEDIATRIC CRITICAL
CARE IN HICs
The first pediatric intensive care units (PICU) were developed in
1955 in Sweden. This unit treated children with pneumonia and
sepsis by extending knowledge gained from the adult ICUs (5).
In HICs, PICUs developed rapidly over the subsequent decades
with innovations in care and equipment as well as specialization of nursing and medical staff. In the 1990s, the American
Academy of Pediatrics and the Pediatric Section of the Society
for Critical Care Medicine published guidelines for establishment of pediatric critical care units (6) and for PICU admission
criteria (7). The admission criteria were intentionally vague and
broad, recommending admission for severe or life-threatening
illness and/or illnesses requiring frequent monitoring or intensive intervention (8). The guidelines for establishing a PICU
focused on staff training, nursing-to-patient ratio, equipment,
and ancillary/support services needed to establish quality
critical care. As the specialty advanced, critical care in HICs
progressed from treating mostly curable acute, life-threatening
illness to provide technologically advanced interventions and
complicated coordination of care for patients with complex
medical conditions. The interventions provided also evolved
from relatively simple and inexpensive therapies, such as
fluid resuscitation, oxygen, and medications to complex and
expensive therapies, including organ transplantation, dialysis,
and extracorporeal membrane oxygenation. The evolution of
pediatric intensive care in HICs is a model for the development
of the same care in LMICs; starting with inexpensive, simple,
lifesaving care, and increasing capabilities as resources and
training become available.

CURRENT STATE OF PEDIATRIC
CRITICAL CARE SERVICES IN
LMICs SETTINGS
In LMIC settings, the burden of pediatric mortality remains high
and a largely undocumented burden of critical illness exists (14).
The “three delays” model, first developed to explain why maternal
deaths occur may be applied to identify factors that are significant
contributors to childhood mortality in LMICs (15). The three
delays are (1) delay in deciding to seek care, (2) delay in reaching
the appropriate facility, and (3) delay in receiving quality care at
the facility. Examples of the third delay, with regards to pediatric
critical care services in LMIC settings, are a lack of designated
intensive care units with adequate numbers of healthcare staff
trained to care for critically ill children, and rapid access to necessary medications, supplies, and equipments. Effective critical care
in HICs relies on having a dedicated area, where close observation and frequent monitoring of pediatric patients leads to the
provision of rapid, timely, appropriate interventions.
Despite the published guidelines for triage and fundamentals
of care described above, the recognition and ability to provide
rapid interventions still remains largely absent in many LMIC
settings. Infections, such as sepsis, pneumonia, and malaria
continue to have a high mortality and 90% of childhood trauma
deaths occur in LMICs (16).
There are also significant disparities in pediatric critical
care capabilities within regions of any given LMIC (8). In some
African countries, university and private hospitals are capable of
providing pediatric critical care comparable to PICUs in HICs

HISTORY OF PEDIATRIC CRITICAL
CARE IN LMICs
The details of the first PICU and the development of specialized pediatric critical care services in LMICs are not as well
documented as in HICs. A systematic review aimed at estimating
ICU capacity in low resource settings reported a lack of critical
care beds and pediatric intensive care services (9). Millennium
Developmental Goal Four (MDG4) targeted a two-thirds reduction in childhood mortality in children less than 5 years of age by
the year 2015. To achieve MDG4, UNICEF and WHO focused
on the outpatient/ambulatory setting, aiming to improve hygiene,
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(8). In large cities throughout China, India, South Africa, South
America, and the Middle East, emergency and intensive care
services are often similar to HIC settings (8). The majority of
hospitals in LMICs, however, do not have a designated PICU with
pediatric trained nursing staff, adequate nurse to patient ratios
to care for critical patients, appropriate equipment, monitoring
capability, or ancillary support (9). Most pediatric critical care
is performed in mixed adult-PICU and the majority of these
units would be considered the lowest level ICU (pediatric level 2)
(17). PICUs that are established in LMIC’s are typically staffed by
general pediatricians and lack specialized services.
Without a formal pediatric critical care training, curriculum,
or certification process, there is a wide variation in understanding skills and care provided. Finally, rural hospitals and clinics
in these same countries are not equipped with even the basic
resources, such as oxygen, resuscitation equipment, and medication to provide pediatric emergency care, and appropriately
trained staffs are rarely available (15).

make a significant difference in the outcomes of critically ill
children, supporting their use in LMICs.
Finally, a key argument for the provision of critical care services in resource-limited settings lies within an ideology that all
human beings belong to a single community, based on a shared
morality, and is based on three principles: the worth of individuals, equality, and the existence of obligations binding to all (8).

BASICS OF DEVELOPING A PICU
IN A LMIC: LESSONS LEARNED
Preparing to set up a pediatric critical care unit in a LMIC
setting requires planning, vision, specific resources, and most
importantly investment by the nursing and permanent medical
staff. While PICUs in LMIC settings may develop organically, led
by national experts within a country, experts from HICs may be
asked to provide focused training. It is essential that these visiting experts recognize the importance of collaboration with local
medical staff. A needs assessment performed in collaboration
with the local team provides important information to guide
appropriate establishment of medical services and ensures that
programs established are valued by the medical staff and community, making them more likely to be sustainable.
It is essential to recognize that preconceptions can be a barrier
to developing pediatric critical care in resource-limited settings.
An extreme example is one of “Medical Colonialism,” a term
first used by two medical students in 1987 to describe how they
were allowed to perform procedures in a LMIC that they would
not be allowed to perform in their home country (20). “Medical
colonialism,” as a concept, can be more subtle. Resentment and
distrust may develop if medical personnel from HICs present
themselves as knowing “what is best” for those in LMICs despite
being visitors. To avoid this undesirable situation, it is critical to
listen to, recognize and respect the expert guidance of the local
medical staff, nurses, and healthcare workers and form a true
partnership.
Borrowing from the work done by Dr. Paul Farmer and his
model of four components required to solve epidemics, we have
provided examples of lessons learned in developing pediatric
critical care services in resource-limited settings (21, 22). The
four S components of Dr. Farmer’s model are: (1) staff: properly
trained and compensated healthcare professionals; (2) stuff:
appropriate medical equipments; (3) space: a clean environment
to treat patients; and (4) systems: the infrastructure and logistical organization to provide the services. Although Dr. Farmer’s
model may not be fully applicable to development of sustainable
systems of health care, it provides a contextual framework for
discussion of the issues encountered and examples of pitfalls to
avoid when developing pediatric critical care services.

THE ARGUMENTS AGAINST AND
THE CASE FOR PICUs IN LMICs
Given the perceived high cost of developing and maintaining
critical care services, questions naturally arise regarding the
advisability or feasibility of establishing critical care units in
LMICs. Indeed, financial instability was reported in 35% of esta
blished PICUs in the LMICs vs 2.6% of the HICs (13). One could
argue that resources would be better employed in addressing the
most common primary public health problems facing these communities. In addition, since many of the essential aspects of basic
emergency care are not present in LMICs, provision of quality
intensive care can be difficult (15). Critical care services in HICs
involve a well-coordinated system including three components:
triage, emergency medical care and intensive care. Such a comprehensive system is largely unattainable in many LMICs. Yet,
despite the strain on resources and the difficulty in establishment
of complex systems of care, there is a need to manage children
with sudden, serious reversible disease in all settings (14).
An argument for developing critical care services is the
potential for these services to translate to improvements in
hospital care for all patients (18). Many of the conditions that
contribute to the burden of disease in LMICs, such as dehydration and respiratory distress, can be mitigated through prompt,
simple treatments (14). Pediatric emergency and critical care
services do not need to be expensive, nor excessively depen
dent on complex technology (19). Critical care services can
be utilized to improve outcomes if combined with a focus on
community recognition of serious illness, early access to care,
referral, and safe transport (15). A robust triage system, the
first component of critical care, is still formally lacking in many
hospitals in LMICs despite the WHO ETAT recommendations
(19). The South African Triage Scale (SATS), for example,
employs clinical signs and a triage early warning score to assist
in the early identification of acute illness. Use of the SATS has
led to better use of hospital resources and earlier discharge (8).
Implementing simple tools and interventions such as these, can
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Staff: Properly Trained and Compensated
Healthcare Professionals

Critical care depends on a team of dedicated, well-trained, and
compensated medical and nursing staff. The establishment of
a standardized pediatric critical care curriculum and certification for healthcare professionals greatly improves provision of
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appropriate care. A specialized certification is not currently
available in most low resource settings; however, standardized training should continue to be a focus of improving care.
Trained nurses are essential to providing appropriate critical
care services. Nurse roles in the intensive care unit include
patient evaluation, medication administration, data collection
and assessment, evaluation of the effectiveness of interventions, and communication with the health care team. There
are often obstacles to establishing stable critical care nursing
(see Table 1). It cannot be over-emphasized that recommended
nurse to patient ratios should be at least 1 nurse to every 3–4
patients in the PICU setting, which may be a dramatic change
from the 1:10–30 nurse to patient ratio (PC authors) in many
LMIC hospital wards.
Focused team-based training is essential in establishing a PICU.
Early in the partnership it is important to identify gaps in staff
knowledge or skills. Performing a need assessment can provide
a template to guide training and meet the objectives of the program.
A necessary first step is to establish a solid foundation of basic critical care knowledge and skills. Early training should focus on basic
life support skills, recognition of age-specific normal vital signs,
input/output fluid balance calculation, and continuous monitoring of the cardiorespiratory system. Recognizing abnormalities in
basic physiologic parameters is the first step in a chain of actions
to improve outcomes in the PICU. Nurses who typically work in
adult ICUs should receive pediatric-specific training focused on
how to care for infants and children, knowledge of age-dependent
vital signs, and the key differences in resuscitation of pediatrics
patients. Simple resources, such as posters or binders with age
appropriate vital signs, relevant assessments, and basic therapies
are useful while establishing a new PICU. Once basic skills are
mastered, it is natural to develop more advanced resuscitation
skills. Training can progress to include goal-directed therapy and
may include tracheal intubation, mechanical ventilation, use of
vasopressors, and placement of central lines. Regular mock codes,
critical cases review, and simulation not only reinforce training,
but also provide team training and establish the importance of
teamwork in the PICU.
A complementary set of skills and knowledge that can have
great impact on sustaining a program are those associated with
quality improvement (QI), teamwork and leadership. QI provides
essential skills to monitor and make adjustments to the program
over time as skills and knowledge change, equipment decisions

are made, and to continually improve outcomes. As skills in
caring for critically ill children are established, a parallel set of
skills in teamwork and leadership also become essential in the
development of pediatric critical care program. To complement
formal teaching, physicians, nurses, and other ICU staffs will benefit from the guidance of mentors to model and help to develop
effective teamwork and leadership skills. As critical care services
are established in LMICs, mortality rates may remain high while
quality care is developed. Therefore, providing emotional support
for staff where issues, such as staff turnover, emotional fatigue, and
burnout are at epidemic proportions is essential to the well-being
of those working in the PICU. Support might include developing
the capacity to provide services, such as event debriefing, when
mortality or morbidity occurs in the PICU.

Stuff: Appropriate Medical Equipment

In addition to staffing, medical equipment has an important role
in pediatric critical care. When developing critical care services
for children in LMICs, a step-wise approach to introducing equipment is an effective way to build a sustainable service without
overwhelming the system. Use of low cost, simple technologies
and techniques early in the development of critical care can be
lifesaving, and improve quality of care in a sustainable long-term
manner (19). Resuscitation kits containing an appropriate-sized
neonatal and pediatric bag valve mask systems, adrenaline, cannulas,
glucose containing fluids, and normal saline should be readily
available in the PICU. Respiratory support is an essential aspect of
pediatric care. Non-invasive positive pressure ventilation, including bubble CPAP, is likely a safer and more sustainable respiratory support option than ventilators. Non-invasive ventilation is
preferred for many reasons, including conservation of oxygen,
decreased need for sedation, decreased equipment/maintenance
cost, use of battery power sources, and less monitoring needs.
The use of “home” ventilators with internal compressors, instead
of “hospital” ventilators that rely on high pressure air and oxygen
sources to function, can conserve oxygen and resources. Since
oxygen may be supplied in tanks, knowing how much oxygen
is available is important. Some ventilators will deplete a large
oxygen tank in less than an hour.
Using inexpensive, but appropriate, substitutes for costly
medical equipment is a way to establish critical care services
without the excessive cost found in some HIC. Examples of low
cost medical equipment substitutes include adapting plastic
water bottles as spacers for inhaler therapy and the use of sterile
nasogastric tubes as umbilical vein catheters (19, 23, 24). When
purchasing equipment, the availability in the LMIC or region
should be considered, so that it may be maintained and repaired
locally (19). Additionally, buying equipment locally supports the
regional economy while providing a much-needed service to the
hospital.

Table 1 | Obstacles to establishing critical care nursing.
• Lack of hospital and nursing administration understanding of nursing role in
critical care
• Lack of funding for specialized training
• Inability to provide adequate staffing for ICU nurse to patient ratios
• The traditional role of nurses in the hospital including level of education,
experience in critical care, cultural norms, and comfort surrounding
communication with and respectfully challenging a physician’s orders
• Inadequate compensation to encourage retention
• Allowing nurses who are fully trained and invested to be allowed to remain in
the pediatric intensive care units without frequent rotation and reassignment
• The need for well-trained nurses to work as preceptors and mentors to new
staff
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Space: A Clean Environment to Treat
Patients

Providing critical care requires physical space in all settings.
Caring for critically ill patients requires more space than caring for
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non-critically ill patients due to the space needed for equipment and higher number of medical personnel needed per
patient.
Overestimating the number of patients that can be cared for
in a given space is common. Crowded care areas can create an
unorganized work environment that may promote infection,
cause difficulty locating necessary equipment, and limit medical personnel and family access to patients. Due to the lack of
infrastructure, such as pressurized gases and vacuum, more
space may be required in LMICs for equipment that is not
needed in HICs. Examples of extra equipment in LMICs may
include oxygen tanks, oxygen concentrators, air compressors,
and suction machines in addition to monitors, IV pumps, and
ventilators that are needed to support the critically ill child in all
environments.

treatments (19). Some examples of situations that may deplete
medical resources without benefit to the patient, include complex congenital heart disease in the absence of a cardiac surgery
program, malignancies without effective therapy, and patients
in persistent coma requiring mechanical ventilation. It is also
important to ensure families don’t utilize all of their resources,
financial, or otherwise, since the health status of many LMIC
individuals and families is closely tied to their ability to stay out
of poverty (19). Therefore, ensuring financial support is available
to a family should be part of the treatment plan for critically
ill children in LMICs. Finally, local medical personnel are
invaluable in understanding the limits of their system, knowing
when to stop or limit resuscitation, or limit the use of supplies
and medicines that might be considered unhelpful or wasteful.
Listening to local medical providers is an important aspect of
respecting their expertise and culture.

Systems: The Infrastructure and Logistical
Organization to Provide the Services

CONCLUSION

Having support to develop pediatric critical care services from
the local leadership, both within the organization and from
various levels of government, is essential to the success of the
program. Support is necessary to develop and retain trained
medical personnel.
Additionally, having a biomedical team that provides a reliable
way to replace and repair equipment and the infrastructure to
maintain the space and facility is invaluable. When supportive
leadership is absent, trained personnel may end up leaving for
other opportunities, equipment may fall into disrepair, and the
facilities will become unusable. Since no pediatric critical care
service works in isolation, relationships between the PICU
services and the rest of the organization must also be clarified.
Relationships are particularly essential between PICU and emergency medicine, anesthesiology, radiology, and surgery, but good
working relationships with all the medical and surgical services
that will interact with PICU are important.
Finally, in any medical environment that cares for critically
ill children, difficult decisions over the use of limited resources
will occur. The most difficult question is often the dilemma of
“what can be done, what should be done and what will be done.”
Those making the decisions in a resource-limited setting need
to be aware of anticipated outcomes for specific illnesses and
should avoid the use of limited resources on patients that have
a terminal illness (19). Additionally, long-term use of limited
resources, such as pumps and ventilators needs to be considered part of resource stewardship. As these difficult situations
are inevitable, admission and discharge guidelines should be
established early, based on local experience and outcomes, and
updated as outcomes change (20). When beds and supplies
are limited, PICU admissions should be limited to illness and
injury that are reversible or curable, such as shock secondary
to dehydration, anemia, or malaria, and survivable trauma.
Having admission criteria based on outcomes will prevent the
use of limited critical care resources for children with terminal
or untreatable conditions or for those unlikely to benefit from
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The principal goal of developing critical care services in LMICs
is to progressively improve the outcomes of children presenting
with a serious or life-threatening illness and to do it in a sustainable manner. This requires working together as partners with
LMIC healthcare providers in a respectful and nurturing environment. A thoughtful approach to developing pediatric critical
care services starts with fundamental skills and knowledge,
inexpensive, but effective equipment, and supportive leadership.
These fundamentals can be built on in a sustainable manner,
having the potential to significantly decrease pediatric morbidity
and mortality in LMICs through excellent, but appropriate critical care in the context of public health goals as we reach toward
the 2030 SDGs.
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