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introduction: There is need for more data on critical care outcomes and interventions 
from low- and middle-income countries (LMIC). Global research collaborations could 
help improve health-care delivery for critically ill children in LMIC where child mortality 
rates remain high.

Materials and methods: To inform the role of collaborative research in health-care 
delivery for critically ill children in LMIC, an anonymous online survey of pediatric critical 
care (PCC) physicians from LMIC was conducted to assess priorities, major challenges, 
and potential solutions to PCC research. A convenience sample of 56 clinician- 
researchers taking care of critically ill children in LMIC was targeted. In addition, the 
survey was made available on a Latin American PCC website. Descriptive statistics were 
used for data analysis.

results: The majority of the 47 survey respondents worked at urban, public teaching 
hospitals in LMIC. Respondents stated their primary PCC research motivations were 
to improve clinical care and establish guidelines to standardize care. Top challenges to 
conducting research were lack of funding, high clinical workload, and limited research 
support staff. Respondent-proposed solutions to these challenges included increasing 
research funding options for LMIC, better access to mentors from high-income coun-
tries, research training and networks, and higher quality medical record documentation.

conclusion: LMIC clinician-researchers must be better empowered and resourced to 
lead and influence the local and global health research agenda for critically ill children. 
Increased funding options, access to training and mentorship in research methodology, 
and improved data collection systems for LMIC PCC researchers were recognized as 
key needs for success.

Keywords: low- and middle-income countries, low resource settings, researchers, pediatric critical care, support 
of research, surveys and questionnaires, intensive care unit
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Table 1 | Survey respondents’ demographics, research background, and 
involvement.

survey respondents’ 
information

Total se 
asia

africa latin 
america

eastern 
europe

n = 47 
(%)

n = 5 
(%)

n = 12 
(%)

n = 29 
(%)

n = 1 
(%)

credentials
Pediatric intensivist 31 (66) 4 (80) 4 (33) 22 (76) 1 (100)
Pediatrician with ICU 
experience

11 (23) 1 (20) 5 (42) 5 (17) 0 (0)

Other 5 (11) 0 (0) 3 (25) 2 (7) 0 (0)
icU beds
Less than 7 12 (25) 0 (0) 5 (41) 7 (24) 0 (0)
7–12 16 (34) 3 (60) 4 (33) 8 (28) 1 (100)
More than 12 19 (40) 2 (40) 3 (25) 14 (48) 0 (0)
Protected research timea

None 18 (53) 3 (60) 4 (50) 11 (55) 0 (0)
<10 h/week 10 (29) 1 (20) 0 (0) 8 (40) 1 (100)
>10 h/week 5 (15) 1 (20) 3 (38) 1 (5) 0 (0)
research training
Research degree 5 (15) 0 (0) 0 (0) 4 (20) 1 (100)
University-level coursework 14 (41) 2 (40) 1 (13) 11 (55) 0 (0)
Research seminar 15 (44) 4 (80) 3 (38) 8 (40) 0 (0)
Research project 25 (74) 5 (100) 4 (50) 16 (80) 0 (0)
Potential research funding sources
International collaboration 9 (19) 0 (0) 5 (42) 4 (14) 0 (0)
Local hospital/foundation 19 (40) 3 (60) 2 (17) 14 (48) 0 (0)
Government 2 (4) 1 (20) 1 (8) 0 (0) 0 (0)
International grant 6 (13) 1 (20) 5 (42) 0 (0) 0 (0)
None 18 (38) 2 (40) 3 (25) 12 (41) 1 (100)
Currently funded research 7 (21) 1 (20) 3 (40) 3 (15) 0 (0)
Current research 
involvement

34 (72) 5 (100) 8 (67) 20 (69) 1 (100)

Clinical observational 27 (79) 5 (100) 6 (75) 15 (75) 1 (100)
Randomized controlled trial 14 (41) 2 (40) 3 (38) 9 (45) 0 (0)
Quality improvement 15 (44) 3 (60) 4 (50) 8 (40) 0 (0)
Research publication 18 (53) 3 (60) 5 (63) 10 (50) 0 (0)
research role
Principal investigator 20 (59) 4 (80) 6 (75) 9 (45) 1 (100)
Coinvestigator 10 (29) 1 (20) 2 (25) 7 (35) 0 (0)
Data collector 2 (6) 0 (0) 0 (0) 2 (10) 0 (0)
Local research network 12 (26) 2 (40) 4 (33) 6 (21) 0 (0)

SE, South East; ICU, intensive care unit.
aNine respondents were not actively involved in a research project at the time of survey 
participation and did not respond to this question.
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inTrODUcTiOn

The United Nations established Millennium Development Goal 4 
aimed to reduce the under-five mortality rate by 2/3 between 1990 
and 2015 based on the United Nations Millennium Declaration 
(1). Although overall progress was realized, only 58 of 138 coun-
tries achieved these targets with highest rates of childhood deaths 
concentrated primarily in low- and middle-income countries 
(LMIC) (2–4). For example, despite a 67% decrease in under 5 
mortality rates (U5MR) in Latin America (LA) over the last 
25  years, U5MR on average are still 10% higher in LA than in 
high-income countries (HIC) (5). Investment in resuscitation and 
critical care improves patient outcomes in LMIC (6–9). However, 
this health disparity is exacerbated by the “10–90 gap”: only 10% of 
health-care research expenditures worldwide address diseases that 
primarily affect the poorest 90% of the world’s population (10).

The high burden of child mortality in LMIC is egregious 
considering that many lives could be saved by proven, simple 
resuscitative, and critical care interventions despite austere 
environments and fewer pediatric critical care (PCC) resources 
compared with HIC (11–15). There is need for LMIC institu-
tions and researchers to conduct critical care research according 
to local resources and disease spectra, to disseminate results 
in-country, and influence policymakers, program managers and 
medical/public health practice (15, 16). Recent data from LMIC 
showed very clearly that we cannot translate critical care guide-
lines from HIC to LMIC, and in fact this practice, especially for 
sepsis, can be harmful (17–19). As such, the World Health Report 
2013 called for LMIC to be not only users, but also producers 
of health research (16). Such health research requires study of 
leading regional causes of death and disability, which will pro-
vide data necessary to inform allocation, determine health-care 
delivery strategy, and assess quality standards required for effec-
tive critical care (15, 20, 21). Therefore, we conducted a survey 
with the following objectives: (1) to assess major challenges and 
potential solutions to PCC research in LMIC; (2) to foster world-
wide research collaborations; and (3) to begin building a global 
research network to promote high quality research focused on 
improving outcomes for critically ill children.

MaTerials anD MeThODs

The Pediatric Acute Lung Injury and Sepsis Investigators (PALISI) 
Global Health (GH) subgroup (http://www.palisiglobalhealth.org),  
which includes PCC investigators from Canada and the United 
States (US), developed an online survey with input from leaders 
in PCC research in LMIC (Table S1 in Supplementary Material). 
Survey data were collected and managed using Research 
Electronic Data Capture (REDCap), an electronic data capture 
tool, hosted at the University of Washington in Seattle, United 
States (22). The survey was determined exempt by the Seattle 
Children’s Institutional Review Board (IRB). The anonymous 
survey was emailed four times between January and June 2016 to 
a convenience sample of 56 clinician scientists in LMICs. These 
clinician scientists were identified by leading PCC researchers 
from LMIC, and through the PALISI GH subgroup’s network.  
In addition, survey recipients were asked to forward the survey to 

LMIC colleagues in the field, and a survey recipient from LA placed 
this survey on the PCC website “Sociedad Latino Americana de 
Cuidados Intensivos Pediatricos.” Given that responses were 
anonymous, we cannot determine between responders from 
the original convenience sample and responses to the survey 
posted on the above website. A response rate can therefore not be 
determined. Descriptive statistics were used for data analysis with 
subgrouping into respondents’ geographic areas using STATA12.

resUlTs

survey respondent characteristics
Forty-seven clinician-researchers from LMIC responded to the 
survey, the majority from LA (62%) (Table 1). Sixty-six percent 
of respondents were trained pediatric intensivists, and 23% 
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Table 2 | Importance of challenges and solutions to pediatric critical care (PCC) 
research in LMIC.

research description, 
challenges and solutions

Total se 
asia

africa latin 
america

eastern 
europe

n = 47 
(%)

n = 5  
(%)

n = 12 
(%)

n = 29  
(%)

n = 1  
(%)

importance of Pcc research in lMic
Critical 18 (38) 3 (60) 5 (42) 9 (31) 1 (100)
Very important 20 (43) 1 (20) 4 (33) 15 (52) 0 (0)
Important 9 (19) 1 (20) 3 (25) 5 (17) 0 (0)
Most important reason to do research
Affect positive change  
in clinical care

24 (51) 3 (60) 6 (50) 14 (48) 1 (100)

Establish guidelines/protocols 13 (28) 2 (40) 3 (25) 8 (28) 0 (0)
Greater understanding of 
disease

2 (4) 0 (0) 0 (0) 1 (3) 0 (0)

Increase resource availability 3 (6) 0 (0) 2 (17) 1 (3) 0 (0)
Quality and safety 4 (9) 0 (0) 1 (8) 3 (10) 0 (0)
Key areas of research in lMic
Sepsis 18 (38) 2 (40) 3 (25) 12 (41) 1 (100)
Trauma 12 (26) 0 (0) 1 (8) 10 (34) 1 (100)
Invasive and non-invasive 
positive pressure ventilation

14 (30) 0 (0) 3 (25) 11 (38) 0 (0)

Quality improvement and 
patient safety

11 (23) 2 (40) 2 (17) 7 (24) 0 (0)

Health-care associated 
infections

9 (19) 3 (60) 2 (17) 4 (14) 0 (0)

ARDS/ALI 7 (15) 1 (20) 0 (0) 6 (21) 0 (0)
Cost-effectiveness 7 (15) 1 (20) 5 (42) 1 (3) 0 (0)
Education/capacity building 6 (13) 1 (20) 2 (17) 3 (10) 0 (0)
Nutrition 6 (13) 2 (40) 0 (0) 4 (14) 0 (0)
Mortality risk/severity  
of illness scores

5 (11) 1 (20) 0 (0) 4 (14) 0 (0)

Ethics and palliative care 5 (11) 0 (0) 1 (8) 4 (14) 0 (0)
Personal benefits of research
Research collaboration 33 (70) 3 (60) 6 (50) 23 (79) 1 (100)
Peer recognition 29 (62) 3 (60) 7 (58) 18 (62) 1 (100)
Career advancement 19 (40) 3 (60) 6 (50) 9 (31) 1 (100)
Salary 6 (13) 0 (0) 4 (44) 2 (7) 0 (0)
Other 4 (9) 2 (40) 1 (8) 1 (3) 0 (0)
research challenges
Lack of funding 28 (60) 4 (80) 8 (67) 16 (55) 0 (0)
High clinical burden 22 (47) 3 (60) 3 (25) 15 (52) 1 (100)
Limited research support staff 22 (47) 3 (60) 3 (25) 16 (55) 0 (0)
IRB issues 12 (26) 0 (0) 4 (33) 7 (24) 1 (100)
Lack of statistical support 12 (26) 2 (40) 0 (0) 9 (31) 1 (100)
Limited research training 
opportunities

10 (21) 1 (20) 3 (25) 6 (21) 0 (0)

Finding research mentor(s) 7 (15) 0 (0) 5 (42) 2 (7) 0 (0)
Difficulty with publications 8 (17) 1 (20) 2 (17) 5 (17) 0 (0)
Lack of reliable medical records 4 (9) 0 (0) 3 (25) 1 (3) 0 (0)
Study subject recruitment 4 (9) 0 (0) 1 (8) 3 (10) 0 (0)
research solutions
More funding for low  
resource settings

33 (70) 5 (100) 8 (67) 19 (66) 1 (100)

Access to mentors in HIC 24 (51) 3 (60) 8 (67) 13 (45) 0 (0)
Access to research training 21 (45) 0 (0) 4 (33) 16 (55) 1 (100)
Access to research network 18 (38) 2 (40) 3 (25) 13 (45) 0 (0)
Improved medical records 16 (34) 2 (40) 3 (25) 10 (34) 1 (100)
Opportunities to present 9 (19) 1 (20) 3 (25) 5 (17) 0 (0)
Streamlined IRB review 6 (13) 0 (0) 3 (25) 3 (10) 0 (0)
Protected research time 4 (9) 2 (40) 0 (0) 2 (7) 0 (0)
HIC research collaborations 27 (57) 4 (80) 8 (67) 14 (48) 1 (100)
importance of collaboration
Critical 4 (9) 0 (0) 3 (25) 0 (0) 1 (100)
Very 12 (26) 3 (60) 3 (25) 6 (21) 0 (0)

(Continued )
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were intensivists by experience gained through practice. The 
proportion of trained pediatric intensivists was lowest in Africa 
(33%). Most respondents worked in combined adult–pediatric 
intensive care units at urban, public teaching hospitals.

respondents’ research involvement  
and resources
Active research involvement was reported by 34 (72%) respond-
ents, all of whom had completed variable amounts of training 
in research methodology (Table  1). Fifty-eight percent were 
principal investigators (PIs) and 29% Co-PIs. Most respondents 
classified their research focus as clinical (82%), as compared 
with basic science (2%) and quality improvement (QI) (3%). 
Forty-seven percent had protected research time, and of those, 
29% reported no more than 10  h of dedicated research time 
per week (Table 1). Twenty-one percent of active researchers, 
mostly from Africa, had research funding, and 53% reported 
publishing their results in a peer-reviewed journal.

current research Priorities, challenges, 
and Potential solutions
Most respondents considered research of high importance 
(Table 2). Generating data that improved clinical care (51%) and 
establishing guidelines to standardize care (28%) were the most 
important reasons to perform research involving critically ill 
children. The main personal benefits cited were opportunities for 
research collaboration (70%), peer recognition (62%), and career 
advancement (40%).

Sepsis was the most common research area (38%), followed 
by invasive/non-invasive mechanical ventilation management 
(30%), trauma/traumatic brain injury (26%), and QI/patient 
safety (23%). Key research topics varied by region, with African 
respondents emphasizing cost-effectiveness, while South East 
(SE) Asian and LA respondents favored sepsis.

The highest-rated challenges to performing PCC research 
in LMIC were lack of funding (60%), few research support staff 
(47%), and high clinical workload (47%). A higher proportion 
of African researchers found it challenging to find mentors 
(42%); whereas LA researchers lacked statistical support (31%). 
The highest-rated solutions to these challenges were increasing 
research funding options for LMIC (70%), better access to men-
tors from HIC (51%), improved access to research training (45%), 
and better medical record keeping (34%).

Research networks were available to 26% of responders, 
to which LA researchers had the least access. Over half of the 
respondents collaborated with HIC researchers. These relation-
ships were critically important for 9%, very important or impor-
tant for 26 and 13% of LMIC clinician-researchers, respectively. 
The benefits of HIC collaborations included obtaining formal 
research training and experience (45%); gaining experience 
in manuscript preparation and publication (40%); and using 
established guidelines, protocols, and pathways to guide protocol 
development (34%). The top-rated benefits varied slightly by 
geographic region (Table  2). The primary challenges of HIC 
research collaboration were a lack of understanding of local set-
tings (38%), communication limitations (26%), and the inability 
to sustain benefits over time (26%). Overall, 62% of researchers 
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research description, 
challenges and solutions

Total se 
asia

africa latin 
america

eastern 
europe

n = 47 
(%)

n = 5  
(%)

n = 12 
(%)

n = 29  
(%)

n = 1  
(%)

Important 6 (13) 0 (0) 1 (8) 5 (17) 0 (0)
Less 3 (6) 1 (20) 0 (0) 2 (7) 0 (0)
Not 1 (2) 0 (0) 0 (0) 1 (3) 0 (0)
benefits of collaboration
Research training 21 (45) 0 (0) 6 (50) 14 (48) 1 (100)
Experience in manuscript 
preparation

19 (40) 2 (40) 4 (33) 12 (41) 1 (100)

Established guidelines 16 (34) 3 (60) 3 (25) 9 (31) 1 (100)
Financial support 13 (28) 0 (0) 5 (42) 8 (28) 0 (0)
Medical supplies 9 (19) 0 (0) 6 (50) 3 (10) 0 (0)
Other 5 (11) 1 (20) 2 (17) 2 (7) 0 (0)
Problems with collaboration
Lack of understanding  
of local setting

18 (38) 1 (20) 6 (50) 11 (38) 0 (0)

Lack of sustainable benefit 12 (26) 0 (0) 6 (50) 6 (21) 0 (0)
Communication limitations 12 (26) 0 (0) 3 (25) 1 (3) 0 (0)
Lack of data sharing 9 (19) 1 (20) 1 (8) 6 (21) 1 (100)
Lack of local research 
administration

7 (15) 2 (40) 3 (25) 2 (7) 0 (0)

Lack of proper 
acknowledgment

7 (15) 1 (20) 1 (8) 4 (14) 1 (100)

Dissimilar vision and goals 7 (15) 0 (0) 1 (8) 6 (21) 0 (0)
Ethical conflict 4 (9) 1 (20) 0 (0) 3 (10) 0 (0)
Political barriers 4 (9) 0 (0) 3 (25) 1 (3) 0 (0)
Lack of high tech equipment 1 (2) 0 (0) 1 (8) 0 (0) 0 (0)
Benefits of collaboration 
outweigh problems

29 (62) 4 (80) 8 (67) 16 (55) 1 (100)

LMIC, low- and middle-income counties; HIC, high-income countries; SE, South East; 
ARDS/ALI, acute respiratory distress syndrome/acute lung injury; IRB, Institutional 
Review Board.

Table 2 | Continued
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in LMICs thought the benefits of collaboration outweighed the 
difficulties.

DiscUssiOn

This study provides information on the vast needs and enor-
mous challenges facing PCC clinician-researchers in LMIC. 
Most respondents rated the importance of research in PCC to 
improving health outcomes very highly, but cited lack of funding, 
heavy clinical workload, and limited research staff as major dis-
incentives. Highest-rated solutions included increased funding 
opportunities and access to HIC mentors and research training.

Currently, no LMIC invests >1% of its gross domestic product 
on research and development, as compared with 2–4% in Korea, 
Japan, the US, and the United Kingdom (17, 23). HIC funders 
may insist that principal recipients of grants are based in donor 
countries, thus excluding LMIC institutions from receiving over-
head support. It is not surprising then that only 21% of respond-
ents were able to obtain funding and 60% lacked the financial 
support to conduct research. Lack of trained personnel is also a 
barrier; however, some solutions exist, such as the US National 
Institute of Health Fogarty Emerging Global Leader Award 
program, the NHLBI-UnitedHealth Global Health Centers of 
Excellence Program, and the World Health Organization/Special 

Programme for Research and Training in Tropical Diseases 
Career Development Fellowship, which support scientists 
from LMIC (24). These programs are promising and are partly 
facilitated in LMIC, but successful applicants need established 
mentorship and if locally not available, mentors will come from 
HIC. Global networking should not be daunting because frugal 
technology is ubiquitous, hence building research communities, 
and linking like-minded scientists is relatively easy and highly 
beneficial. Improving record keeping was also rated as one of the 
main solutions to research challenges. In low-income settings, 
there is considerable pressure to contain the cost of data acquisi-
tion and still implement effective data management frameworks 
that produce quality data while research staff and physician 
time are limited. Introduction of the data capture tool REDCap,  
a non-commercial software solution designed for rapid develop-
ment and deployment of electronic data, to a multi-site clinical 
information and research network in Kenya is now delivering 
quality pediatric data for clinical improvement and research use 
(25). This low-cost, sustainable and scalable program could be a 
solution for other resource-limited settings.

Physician-investigators in HIC face similar challenges as 
faculty in LMIC, which include securing funding for research 
programs; promotion or tenure systems not being responsive 
to the different needs of faculty working in both research and 
clinical care; and the increasing burdens of clinical care (26, 27). 
Problems with workload and burnout have been described for 
intensivists in HIC (28). Equivalent literature is lacking from 
LMIC, but given that most of sub-Saharan Africa has less than 
0.5 doctors, and a large portion of LA less than 1.5 doctors 
per 1,000 population, compared with 2.5 and 3–4 per 1,000 in 
North America and Western Europe, respectively (29), clinician-
researchers in LMIC are likely more stretched than in HIC. The 
contrast for numbers of PCC providers between LMIC and HIC is 
even more stark and likely plays into a PCC clinician-researchers 
workload dilemma: in LA the number of PCC physicians ranges 
between 2 in Honduras and 318 in Mexico, respectively; Kenya 
has a total of 3 PCC physicians serving more than 21 million 
people less than 18 years of age; compared with 1,805 PCC doc-
tors in the US for 78 million children and adolescents (30–32).

The vast majority of LMIC researchers involved in collabora-
tions with HIC rated these relationships as important for their 
research, emphasizing the value of nurturing and sustaining these 
partnerships. The main benefit of collaborations was the oppor-
tunity to be trained and gain experience in research, protocol, 
and guideline development. Mentoring was important, as well 
as the need for equal, mutually beneficial partnerships. Recent 
qualitative studies from LMIC highlight common themes of 
poorly distributed benefits from research involvement, and poor 
translation of research into local settings (21, 23).

Researchers in LMIC should have opportunities to obtain 
research funding to provide protected time for research. Research 
partnerships are often unequal; LMIC researchers should be 
included in research protocol development, grant applications, 
and investigation leadership. Funding often depends on success-
ful research track records; if LMIC researchers are not given the 
opportunity to be PIs or gain acknowledgment for their work, 
they will continue to be disenfranchised. Mentorship should be 
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complementary of expertise, experience, and understanding, and 
foster symbiotic relationships. Previous high-impact studies have 
proven that HIC–LMIC collaboration can successfully improve 
clinical care, directly benefit the participating communities and 
give career opportunities to local researchers (17, 33, 34). This 
should be the paradigm for PCC research study design in LMIC.

Association with experienced PALISI researchers and mentor-
ship in grant writing could help address the funding problems 
of LMIC PCC researchers. To help address barriers to research 
in LMIC identified in this survey, the PALISI GH subgroup has 
begun outreach to PCC researchers in LMIC. Specifically, some 
PCC researchers have presented research proposals (in-person 
and via webinar) for purposes of feedback and/or recruitment of 
sites, while others have identified mentors and collaborators. The 
PALISI-GH subgroup supports the development of PALISI-like 
groups in LMIC to increase growth of research collaborations 
and research investigator development. PALISI provides annual 
research training opportunities for North American PCC fellows, 
which could be modeled by LMIC countries or potentially be 
offered to LMIC researchers via remote participation or subsi-
dized for in-person attendance by grants.

Although this survey generated interesting data regarding 
PCC research in LMIC, it had several limitations. The low total 
number of survey responses limits the generalizability of the 
results, especially for SE Asia and Eastern Europe. Responses 
from LA were higher likely due to better local survey publicizing. 
A response rate cannot be determined given that respondents via 
original invitation versus website survey cannot be distinguished. 
Given some of the survey recipients were acquired through the 
PALISI GH subgroup’s network, responses may be biased. The 
term “local research network” was not specifically defined in the 
survey and could have been interpreted differently by responders, 
such as hospital, regional, country or continent-wide networks.

cOnclUsiOn

Since over 95% of the global under-five mortality still occurs in 
LMIC, researchers from these regions must play a role in set-
ting research priorities, developing clinical guidelines for their 
settings, informing national policy and improving care for their 
communities. Increased funding options; access to training and 
mentorship in research methodology, to research networks, and 
improved data collection systems are paramount for the success 
of LMIC PCC researchers. Even in the absence of independent 

funding mechanisms, HIC–LMIC collaborations as well as 
regional and international research networks such as PALISI GH 
can provide important support to colleagues around the world.
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This study was carried out in accordance with the recommenda-
tions of the Seattle Children’s Institutional Review Board, which 
determined the study to be exempt from IRB approval, since the 
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human subjects could be identified, directly or through identifiers 
linked to the subjects; and any disclosure of the human subjects’ 
responses outside the research could not reasonably place the 
subjects at risk of criminal or civil liability or be damaging to the 
subjects’ financial standing, employability, or reputation.

aUThOr cOnTribUTiOns

AA was involved in survey design, obtained IRB approval, 
distributed the survey, and participated in data analysis and 
manuscript writing. EF was involved in survey design, assisted in 
survey distribution, and participated in data interpretation and 
in manuscript writing. JA, NK, and EM were involved in survey 
design, data interpretation, and manuscript writing. NM was 
involved in manuscript writing. KN completed the data analysis 
and was involved data interpretation and manuscript writing. 
TK was involved in data interpretation and manuscript writing.

FUnDing

AA has received funding from the Seattle Children’s Center for 
Clinical and Translational Research Clinical Research Scholars 
Program while working on this manuscript. EF has received 
the following funding while working on this manuscript: NIH 
(NINDS) R01 NS096714 and NIH (NICHD) U10HD049983.  
JA has received funding from the Thrasher Research Fund and 
NIH (NHLBI) T32 HL0077873 while working on this manuscript.

sUPPleMenTarY MaTerial

The Supplementary Material for this article can be found online 
at http://www.frontiersin.org/articles/10.3389/fped.2017.00277/
full#supplementary-material.

reFerences

1. UN General Assembly. United Nations Millennium Declaration. New York:  
UN General Assembly (2000). p. 1–9.

2. Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, et  al. Global, regional, and 
national causes of under-5 mortality in 2000–15: an updated systematic anal-
ysis with implications for the sustainable development goals. Lancet (2017) 
388(10063):3027–35. doi:10.1016/S0140-6736(16)31593-8 

3. Global Burden of Disease Study 2013 Collaborators. Global, regional, and 
national incidence, prevalence, and years lived with disability for 301 acute 
and chronic diseases and injuries in 188 countries, 1990–2013: a system-
atic analysis for the global burden of disease study 2013. Lancet (2015) 
386(9995):743–800. doi:10.1016/S0140-6736(15)60692-4 

4. Bhutta ZA, Das JK, Walker N, Rizvi A, Campbell H, Rudan I, et al. Interventions 
to address deaths from childhood pneumonia and diarrhoea equitably: what 
works and at what cost? Lancet (2013) 381(9875):1417–29. doi:10.1016/
S0140-6736(13)60648-0 

5. You D, Hug L, Ejdemyr S, Idele P, Hogan D, Mathers C, et  al. Global, 
regional, and national levels and trends in under-5 mortality between 1990 
and 2015, with scenario-based projections to 2030: a systematic analysis by 
the UN inter-agency group for child mortality estimation. Lancet (2015) 
386(10010):2275–86. doi:10.1016/S0140-6736(15)00120-8 

6. Kesinger MR, Nagy LR, Sequeira DJ, Charry JD, Puyana JC, Rubiano AM.  
A standardized trauma care protocol decreased in-hospital mortality of 
patients with severe traumatic brain injury at a teaching hospital in a middle- 
income country. Injury (2014) 45(9):1350–4. doi:10.1016/j.injury.2014.04.037 

http://www.frontiersin.org/Pediatrics
http://www.frontiersin.org
http://www.frontiersin.org/Pediatrics/archive
http://www.frontiersin.org/articles/10.3389/fped.2017.00277/full#supplementary-material
http://www.frontiersin.org/articles/10.3389/fped.2017.00277/full#supplementary-material
https://doi.org/10.1016/S0140-6736(16)31593-8
https://doi.org/10.1016/S0140-6736(15)60692-4
https://doi.org/10.1016/S0140-6736(13)60648-0
https://doi.org/10.1016/S0140-6736(13)60648-0
https://doi.org/10.1016/S0140-6736(15)00120-8
https://doi.org/10.1016/j.injury.2014.04.037


6

von André-von Arnim et al. Challenges and Priorities for PCC Clinician-Researchers in LMIC

Frontiers in Pediatrics | www.frontiersin.org December 2017 | Volume 5 | Article 277

7. Reynolds TA, Stewart B, Drewett I, Salerno S, Sawe HR, Toroyan T, 
et  al. The impact of trauma care systems in low- and middle-income 
countries. Annu Rev Public Health (2017) 38:507–32. doi:10.1146/annurev- 
publhealth-032315-021412 

8. Baker T, Schell CO, Lugazia E, Blixt J, Mulungu M, Castegren M, et  al. 
Vital signs directed therapy: improving care in an intensive care unit in a 
low-income country. PLoS One (2015) 10(12):e0144801. doi:10.1371/journal.
pone.0144801 

9. Molyneux E, Ahmad S, Robertson A. Improved triage and emergency care  
for children reduces inpatient mortality in a resource-constrained setting.  
Bull World Health Organ (2006) 84(4):314–9. doi:10.2471/BLT.04.019505 

10. Research GFfH. The 10/90 Report on Health Research 2003–2004. Geneva: 
Global Forum for Health Research (2004).

11. Cheah IG, Soosai AP, Wong SL, Lim TO; Cost-Effectiveness NICU Study 
Group. Cost-effectiveness analysis of Malaysian neonatal intensive care 
units. J Perinatol (2005) 25(1):47–53. doi:10.1038/sj.jp.7211254 

12. Cubro H, Somun-Kapetanovic R, Thiery G, Talmor D, Gajic O. Cost effective-
ness of intensive care in a low resource setting: a prospective cohort of medical 
critically ill patients. World J Crit Care Med (2016) 5(2):150–64. doi:10.5492/
wjccm.v5.i2.150 

13. Profit J, Lee D, Zupancic JA, Papile L, Gutierrez C, Goldie SJ, et al. Clinical 
benefits, costs, and cost-effectiveness of neonatal intensive care in Mexico. 
PLoS Med (2010) 7(12):e1000379. doi:10.1371/journal.pmed.1000379 

14. Tripathi S, Kaur H, Kashyap R, Dong Y, Gajic O, Murthy S. A survey on the 
resources and practices in pediatric critical care of resource-rich and resource-lim-
ited countries. J Intensive Care (2015) 3:40. doi:10.1186/s40560-015-0106-3 

15. Fowler RA, Adhikari NK, Bhagwanjee S. Clinical review: critical care in the 
global context – disparities in burden of illness, access, and economics. Crit 
Care (2008) 12(5):225. doi:10.1186/cc6984 

16. WHO. World Health Report 2013: Research for Universal Health Coverage. Geneva: 
WHO press (2013).

17. Maitland K, Kiguli S, Opoka RO, Engoru C, Olupot-Olupot P, Akech SO,  
et  al. Mortality after fluid bolus in African children with severe infection.  
N Engl J Med (2011) 364(26):2483–95. doi:10.1056/NEJMoa1101549 

18. Andrews B, Semler MW, Muchemwa L, Kelly P, Lakhi S, Heimburger DC, 
et al. Effect of an early resuscitation protocol on in-hospital mortality among 
adults with sepsis and hypotension: a randomized clinical trial. JAMA 
(2017) 318(13):1233–40. doi:10.1001/jama.2017.10913 

19. Sankar J, Ismail J, Sankar MJ, Suresh CP, Meena RS. Fluid bolus over 15–20 
versus 5–10 minutes each in the first hour of resuscitation in children with 
septic shock: a randomized controlled trial. Pediatr Crit Care Med (2017) 
18(10):e435–45. doi:10.1097/PCC.0000000000001269 

20. Adhikari NK, Fowler RA, Bhagwanjee S, Rubenfeld GD. Critical care and the 
global burden of critical illness in adults. Lancet (2010) 376(9749):1339–46. 
doi:10.1016/S0140-6736(10)60446-1 

21. Joseph PD, Caldwell PH, Tong A, Hanson CS, Craig JC. Stakeholder views 
of clinical trials in low- and middle-income countries: a systematic review. 
Pediatrics (2016) 137(2):e20152800. doi:10.1542/peds.2015-2800 

22. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research 
electronic data capture (REDCap) – a metadata-driven methodology and 
workflow process for providing translational research informatics support. 
J Biomed Inform (2009) 42(2):377–81. doi:10.1016/j.jbi.2008.08.010 

23. United Nations Educational, Scientific, and Cultural Organization (UNESCO) 
Institute for Statistics. Research and Development Expenditure (% of GDP) (2015). 

Available from: http://databank.worldbank.org/data/reports.aspx?source= 
2&series=GB.XPD.RSDV.GD.ZS&country=#

24. Bloomfield GS, Xavier D, Belis D, Alam D, Davis P, Dorairaj P, et  al.  
Training and capacity building in LMIC for research in heart and lung diseases: 
the NHLBI-United Health Global Health Centers of Excellence Program.  
Glob Heart (2016) 11(1):17–25. doi:10.1016/j.gheart.2016.01.004 

25. Tuti T, Bitok M, Paton C, Makone B, Malla L, Muinga N, et al. Innovating to 
enhance clinical data management using non-commercial and open source 
solutions across a multi-center network supporting inpatient pediatric 
care and research in Kenya. J Am Med Inform Assoc (2016) 23(1):184–92. 
doi:10.1093/jamia/ocv028 

26. Hall AK, Mills SL, Lund PK. Clinician-investigator training and the need to 
pilot new approaches to recruiting and retaining this workforce. Acad Med 
(2017) 92(10):1382–9. doi:10.1097/ACM.0000000000001859 

27. Lingard L, Zhang P, Strong M, Steele M, Yoo J, Lewis J. Strategies for sup-
porting physician-scientists in faculty roles: a narrative review with key 
informant consultations. Acad Med (2017) 92(10):1421–8. doi:10.1097/ACM. 
0000000000001868 

28. Embriaco N, Papazian L, Kentish-Barnes N, Pochard F, Azoulay E. Burnout 
syndrome among critical care healthcare workers. Curr Opin Crit Care (2007) 
13(5):482–8. doi:10.1097/MCC.0b013e3282efd28a 

29. World Health Organization. Global Health Observatory – Density of Physicians  
(2017).  Available from: http://www.who.int/gho/health_workforce/
physicians_density/en

30. Campos-Mino S, Sasbon JS, von Dessauer B. [Pediatric intensive care 
in Latin America]. Med Intensiva (2012) 36(1):3–10. doi:10.1016/j.
medin.2011.07.004 

31. UNICEF. UNICEF Statistics (2015). Available from: https://www.unicef.org/
infobycountry/kenya_statistics.html

32. Pediatrics ABo. Pediatric Physicians Workforce Data Book, 2016–2017. Chapel 
Hill, NC: American Board of Pediatrics (2017).

33. Fink EL, Kochanek PM, Tasker RC, Beca J, Bell MJ, Clark RS, et  al.  
International survey of critically ill children with acute neurologic insults: 
the prevalence of acute critical neurological disease in children: a global 
epidemiological assessment study. Pediatr Crit Care Med (2017) 18(4):330–42. 
doi:10.1097/PCC.0000000000001093 

34. Molyneux E, Mathanga D, Witte D, Molyneux M. Practical issues in 
relation to clinical trials in children in low-income countries: experience 
from the front line. Arch Dis Child (2012) 97(9):848–51. doi:10.1136/
archdischild-2011-301476 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2017 von Saint André-von Arnim, Attebery, Kortz, Kissoon, Molyneux, 
Musa, Nielsen, Fink and The Pediatric Acute Lung Injury and Sepsis Investigators 
(PALISI) Network. This is an open-access article distributed under the terms of the 
Creative Commons Attribution License (CC BY). The use, distribution or repro-
duction in other forums is permitted, provided the original author(s) or licensor 
are credited and that the original publication in this journal is cited, in accordance 
with accepted academic practice. No use, distribution or reproduction is permitted 
which does not comply with these terms.

http://www.frontiersin.org/Pediatrics
http://www.frontiersin.org
http://www.frontiersin.org/Pediatrics/archive
https://doi.org/10.1146/annurev-
publhealth-032315-021412
https://doi.org/10.1146/annurev-
publhealth-032315-021412
https://doi.org/10.1371/journal.pone.0144801
https://doi.org/10.1371/journal.pone.0144801
https://doi.org/10.2471/BLT.04.019505
https://doi.org/10.1038/sj.jp.7211254
https://doi.org/10.5492/wjccm.v5.i2.150
https://doi.org/10.5492/wjccm.v5.i2.150
https://doi.org/10.1371/journal.pmed.1000379
https://doi.org/10.1186/s40560-015-0106-3
https://doi.org/10.1186/cc6984
https://doi.org/10.1056/NEJMoa1101549
https://doi.org/10.1001/jama.2017.10913
https://doi.org/10.1097/PCC.0000000000001269
https://doi.org/10.1016/S0140-6736(10)60446-1
https://doi.org/10.1542/peds.2015-2800
https://doi.org/10.1016/j.jbi.2008.08.010
http://databank.worldbank.org/data/reports.aspx?source=
2&series=GB.XPD.RSDV.GD.ZS&country=#
http://databank.worldbank.org/data/reports.aspx?source=
2&series=GB.XPD.RSDV.GD.ZS&country=#
https://doi.org/10.1016/j.gheart.2016.01.004
https://doi.org/10.1093/jamia/ocv028
https://doi.org/10.1097/ACM.0000000000001859
https://doi.org/10.1097/ACM.
0000000000001868
https://doi.org/10.1097/ACM.
0000000000001868
https://doi.org/10.1097/MCC.0b013e3282efd28a
http://www.who.int/gho/health_workforce/physicians_density/en
http://www.who.int/gho/health_workforce/physicians_density/en
https://doi.org/10.1016/j.medin.2011.07.004
https://doi.org/10.1016/j.medin.2011.07.004
https://www.unicef.org/infobycountry/kenya_statistics.html
https://www.unicef.org/infobycountry/kenya_statistics.html
https://doi.org/10.1097/PCC.0000000000001093
https://doi.org/10.1136/archdischild-2011-301476
https://doi.org/10.1136/archdischild-2011-301476
http://creativecommons.org/licenses/by/4.0/

	Challenges and Priorities for Pediatric Critical Care Clinician-Researchers in Low- and Middle-Income Countries
	Introduction
	Materials and Methods
	Results
	Survey Respondent Characteristics
	Respondents’ Research Involvement 
and Resources
	Current Research Priorities, Challenges, and Potential Solutions

	Discussion
	Conclusion
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References




