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OBJECTIVE The high global burden of traumatic brain injury (TBI) disproportionately affects low- and middle-income 
countries (LMICs). These settings also have the greatest disparity in the availability of surgical care in general and 
neurosurgical care in particular. Recent focus has been placed on alleviating this surgical disparity. However, most 
capacity assessments are purely quantitative, and few focus on concomitantly assessing the complex healthcare system 
needs required to care for these patients. The objective of the present study was to use both quantitative and qualitative 
assessment data to establish a comprehensive approach to inform capacity-development initiatives for TBI care at two 
hospitals in an LMIC, Cambodia.
METHODS This mixed-methods study used 3 quantitative assessment tools: the World Health Organization Personnel, 
Infrastructure, Procedures, Equipment, Supplies (WHO PIPES) checklist, the neurosurgery-specific PIPES (Neuro-
PIPES) checklist, and the Neurocritical Care (NCC) checklist at two hospitals in Phnom Penh, Cambodia. Descriptive 
statistics were obtained for quantitative results. Qualitative semistructured interviews of physicians, nurses, and health-
care administrators were conducted by a single interviewer. Responses were analyzed using a thematic content analysis 
approach and coded to allow categorization under the PIPES framework.
RESULTS Of 35 healthcare providers approached, 29 (82.9%) participated in the surveys, including 19 physicians 
(65.5%) and 10 nurses (34.5%). The majority had fewer than 5 years of experience (51.7%), were male (n = 26, 89.7%), 
and were younger than 40 years of age (n = 25, 86.2%). For both hospitals, WHO PIPES scores were lowest in the 
equipment category. However, using the NCC checklist, both hospitals scored higher in equipment (81.2% and 62.7%) 
and infrastructure (78.6% and 69.6%; hospital 1 and 2, respectively) categories and lowest in the training/continuing edu-
cation category (41.7% and 33.3%, hospital 1 and 2, respectively). Using the PIPES framework, analysis of the qualita-
tive data obtained from interviews revealed a need for continuing educational initiatives for staff, increased surgical and 
critical care supplies and equipment, and infrastructure development. The analysis further elucidated barriers to care, 
such as challenges with time availability for experienced providers to educate incoming healthcare professionals, issues 
surrounding prehospital care, maintenance of donated supplies, and patient poverty.
CONCLUSIONS This mixed-methods study identified areas in supplies, equipment, and educational/training initiatives 
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EvEry year an estimated 22.6 million patients suffer 
some form of neurological disease worldwide that 
warrants the expertise of a neurosurgeon. Patients 

who sustain a traumatic brain injury (TBI) specifically 
require a significant proportion of essential neurosurgical 
care.5,12 Of these 22.6 million patients, an estimated 13.8 
million require surgery,5 but the availability of surgical 
care globally is inadequate. According to the Lancet Com-
mission on Global Surgery, as many as 5 billion people 
lack access to safe, affordable surgical care and anesthe-
sia.9

Road traffic accidents with associated TBI are in-
creasingly a major cause of death and disability world-
wide,11 and low- and middle-income countries (LMICs) 
are disproportionately affected, with Western Pacific and 
Southeast Asian regions experiencing the greatest overall 
burden of disease.9,11,14,20 Cambodia is a nation in South-
east Asia, home to 16.01 million people, and considered 
an LMIC based on a gross national income per capita 
of $1230 US as of 2017.19 The average life expectancy is 
69.4 years.21 A study conducted between 2013 and 2016 
at Preah Kossamak Hospital in Phnom Penh, Cambodia, 
reported an increase over time in the number of patients 
with TBI, primarily due to road traffic accidents;14 road 
traffic accidents are ranked in the top 5 leading causes of 
death in the country.21

Optimal care for TBI requires complex processes 
across a healthcare system, including surgery, anesthe-
sia, and critical care.1,4 Studies of TBI outcomes in high-
income countries (HICs) have suggested a 26% increase 
in the mortality rate for trauma patients treated in gen-
eral intensive care units (ICUs) versus ICUs with neuro-
specialization.13 The Neurocritical Care Society (NCS) 
has recently established standards for neurocritical care 
units (NCCUs).10 However, these standards are based on 
HIC resources. LMIC health systems experience unique 
barriers to fulfilling these requirements based on their 
neurosurgical and neurocritical care capacity.17 Evaluation 
of critical care capacity is not reflected in current instru-
ments developed to assess surgical capacity, such as the 
World Health Organization Personnel, Infrastructure, Pro-
cedures, Equipment, Supplies (WHO PIPES) instrument,6 
its neurosurgery-specific counterpart, NeuroPIPES,16 and 
the Neurocritical Care (NCC) checklist recently published 
by NCS.10

To inform capacity-development initiatives for TBI in 
an LMIC setting, we conducted a mixed-methods study 
to assess capacity for neurosurgical care in general, and 
perioperative/nonoperative TBI care in particular, at two 
national hospitals in Phnom Penh, Cambodia. The mixed-
methods study design included administering quantitative 

survey instruments, together with qualitative interviews 
conducted with healthcare personnel at both hospitals. 
This assessment is the first application in an LMIC set-
ting of the NCC checklist, an assessment tool that incor-
porates nonoperative and perioperative requirements for 
caring for the TBI population. Using this mixed-methods 
design, our study provides an assessment of neurosurgical 
TBI care in these hospitals and creates the opportunity for 
native healthcare providers to articulate perceived needs 
as they articulate their visions for improvement that would 
otherwise not be given voice to through purely quantita-
tive assessments.

Methods
Study Setting and Participants

The two hospitals in Cambodia were selected for their 
features as large public tertiary referral centers with an 
over 1400-bed capacity between the two institutions. Both 
facilities provide subspecialty care, including neurosur-
gery, with a total of 10 practicing neurosurgeons across 
the two sites. Hospital 1 has a dedicated neuro-ICU, and 
hospital 2 has a general surgical ICU providing care for 
neurosurgical patients. Providers estimate that more than 
1500 operative procedures are performed per year be-
tween the two institutions and that there is an emergency 
department census averaging approximately 200 patients 
seen per day, with 15%–20% of these cases involving head 
injury.

Local Cambodian coinvestigators at both hospitals as-
sisted in the selection of study participants. Study partici-
pants included healthcare administrators, physicians, and 
nurses working in the emergency, neurosurgery, neurolo-
gy, neurological intensive care, and medical intensive care 
departments at hospital 1 and the emergency, neurosur-
gery, neurology, and surgical intensive care departments 
at hospital 2.

This study was determined to be exempt from human 
subjects review by the University of Washington Human 
Subjects Division, and approval by the Cambodia National 
Ethics Committee for Health Research was not required. 
Two hospitals in Phnom Penh participated in this study. 
Approval from the director of each hospital was obtained 
to conduct interviews with employees. At both hospitals, 
leadership supported completion of this project as a qual-
ity improvement initiative rather than human subjects re-
search. Consent to participate in the survey and interview 
was obtained from all participants.

Survey and Interview Data Collection
We utilized a mixed-methods study design incorpo-

as areas for capacity development for TBI care in an LMIC such as Cambodia. This first application of the NCC checklist 
in an LMIC setting demonstrated limitations in its use in this setting. Concomitant qualitative assessments provided 
insight into barriers otherwise undetected in quantitative assessments.
https://thejns.org/doi/abs/10.3171/2019.10.JNS192118
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rating quantitative survey questionnaires and qualitative 
semistructured physician and nurse interviews. Three sur-
vey instruments were used: 1) the WHO PIPES,6 2) the 
NeuroPIPES,16 and 3) the NCC checklists.10 The WHO 
PIPES and NeuroPIPES checklists have 105 and 126 com-
ponents, respectively, divided into categories of personnel, 
infrastructure, procedures, equipment, and supplies. The 
WHO PIPES checklist is embedded in the NeuroPIPES 
checklist. The NeuroPIPES checklist includes additional 
questions about a dedicated neurosurgery operating room, 
performance of various neurosurgery-specific basic pro-
cedures and neurosurgery-specific equipment such as cra-
nial drills. An index score for both tools is calculated by 
tabulating the total number of components present, divid-
ing by the number of items in the tool and multiplying by 
10. The NCC checklist consists of 261 items divided into 
5 main subdivisions to direct the establishment of Level 1, 
2, and 3 neurocritical care units (NCCUs).10 The main di-
visions consist of the following: infrastructure, personnel, 
equipment, processes, and training/continuing education/
research, with specifications for time limits on the avail-
ability of personnel, resources, laboratory results, and ed-
ucation requirements. The total number of items present 
were tabulated and compared to the number of total items 
in the checklist. A comparison of the 3 checklists is shown 
in Supplementary Table 1.

One interviewer administered the 3 assessment tools to 
all 29 study participants in a private meeting room during 
site visits to both hospitals. Surveys were administered in 
English, and answers were recorded in Microsoft Excel 
by the interviewer at the time of survey administration. 
Survey respondents were given the opportunity to provide 
clarification and expand on their responses, if desired. Ex-
panded responses were recorded as qualitative responses 
and were analyzed together with the qualitative interview 
data. Administration of surveys and interviews continued 
until saturation was reached, as demonstrated by repeti-
tion of similar themes and comments from multiple par-
ticipants across departments.

Qualitative interviews were conducted with all study 
participants in conjunction with or shortly after adminis-
tration of the quantitative surveys. Interviews were con-
ducted in English, and data collection by the interviewer 
was performed using extensive note-taking by hand and 
in Microsoft Excel. An open-ended interview guide struc-
tured around the PIPES subdivisions (personnel, infra-
structure, procedures, equipment, and supplies) was used 
for this project.

Statistical Analysis
For the quantitative analysis, survey data points were 

tabulated for WHO PIPES and NeuroPIPES, with indices 
calculated by dividing the total number of items reported 
by the total number of items on the checklist and multiply-
ing by 10. The total number of items present in the NCC 
survey was reported as a percentage of the total number of 
items in each category.

The qualitative interview data were analyzed using 
theoretical thematic analysis following the steps described 
by Braun and Clarke.2,3 Open coding was used to evalu-
ate the qualitative data collected through interview notes. 

Coding was conducted using a descriptive method to sum-
marize the primary communicated topic for each answer.8 
These coded themes were subsequently organized into the 
PIPES framework to facilitate reporting.

Results
Characteristics of Interviewees

Characteristics of study interviewees are shown in 
Table 1. At hospital 1, a total of 20 healthcare profession-
als were approached from the emergency department, 
neurology department, neurosurgery department, neuro-
logical ICU, and medical ICU, and 18 agreed to be in-
terviewed. At hospital 2, 15 healthcare professionals were 
approached from the emergency department, neurology 
department, neurosurgery department, and surgical ICU, 
and 11 agreed to be interviewed. The majority of inter-
viewees were ≤ 40 years of age (n = 25, 86.2%), male (n = 
26, 89.7%), and physicians (n = 19, 65.5%) with < 5 years 
of experience in their chosen fields (n = 15, 51.7%).

Quantitative Assessment Results
The results of the NeuroPIPES survey are shown in 

Table 2, and those of the WHO PIPES checklist, which 
is nested within the NeuroPIPES tool, are summarized 
in Table 3. According to the personnel and infrastructure 
scores on the NeuroPIPES survey, both hospitals had the 
required subspecialty healthcare providers and the infra-
structure to care for operative and nonoperative patients 
with TBI (Table 2). Hospital 1 reported access to all sup-
ply items listed, but the total index was decreased due to 
the lack of specified equipment and the capacity to provide 

TABLE 1. Characteristics of interviewees

Characteristic Hospital 1* Hospital 2† Total (%)

Age (yrs)   
 <30 9 2 11 (37.9)
 30–40 6 8 14 (48.3)
 >40 3 1 4 (13.8)
Experience (yrs)   
 <5 9 6 15 (51.7)
 5–10 7 3 10 (34.5)
 >10 2 2 4 (13.8)
Sex  
 Male 16 10 26 (89.7)
 Female 2 1 3 (10.3)
Degree  
 MD or equivalent 12 7 19 (65.5)
 RN or equivalent 6 4 10 (34.5)

* Hospital 1 subspecialties: emergency (3 physicians; group interview), neurol-
ogy (1 physician; individual interview), neurosurgery (2 residents, 2 physicians; 
individual interviews), neurological ICU (1 physician, 2 nurses; individual 
interviews), medical ICU (2 physicians, 2 nurses; both individual and a group 
interview), and administrative healthcare providers (1 physician, 2 nurses).
† Hospital 2 subspecialties: emergency (2 physicians; group interview), neurol-
ogy (1 physician; individual interview), neurosurgery (2 physicians, 1 nurse; 
individual interviews), and surgical ICU (2 physicians, 3 nurses; individual 
interviews).

Unauthenticated | Downloaded 05/23/23 11:23 PM UTC

https://thejns.org/doi/suppl/10.3171/2019.10.JNS192118


J Neurosurg Volume 134 • January 2021 247

Barkley et al.

general pediatric procedures. Hospital 2 offered general 
procedures in the pediatric population, thus raising the 
procedure score; however, it reported a lack of supply and 
equipment items, decreasing its index score. The separate 
WHO PIPES assessment is shown in Table 3.

As shown in Fig. 1 and Table 4, both institutions scored 
highest on the NCC checklist in the infrastructure and 
available equipment categories, with hospital 1 highest in 
equipment (81.3%) and hospital 2 highest in infrastructure 
(69.6%). Both hospitals 1 and 2 scored lowest in the train-
ing/continuing education category (41.7% and 33.3%, re-
spectively); the next lowest category for each hospital was 
processes (58.6% and 34.5%, respectively).

Qualitative Assessment
Qualitative assessment revealed capacity-development 

themes in 4 main categories: personnel, infrastructure, 
supplies, and equipment. Several themes specific to each 
category were identified.

Personnel Themes
Three personnel-related capacity-development themes 

emerged. The first theme identified was education. All in-
terviewees suggested that educational initiatives for nurses 
and new physicians on topics pertaining to TBI care were 
needed. One provider remarked, “We have some trainings, 
but not enough. Sometimes help [is] needed for [the] nurse 
to know to call [the] doctor for brain injury patient.” The 
top 4 commonly cited educational needs were conducting 
a bedside neurological examination, identifying signs that 
would warrant physician notification/intervention, ventila-
tion of a patient with TBI, and management of intracranial 
devices such as external ventricular drains. The second 
personnel-related theme identified at both hospitals cen-
tered on the limited availability of experienced personnel 
to provide a high level of professional teaching, given con-
flicts with high case volumes and clinical obligations. The 
third personnel-related theme centered on staffing during 
the day versus evening shifts. Both physicians and nurses 
across all departments, with the exception of the emer-
gency department, reported adequate staffing during the 

day. However, interviewees frequently mentioned the im-
portance of increasing evening staffing to similar ratios as 
during the day, given that evenings were particularly busy 
periods for both hospitals in general and TBI patients in 
particular.

Infrastructure Themes
Five different infrastructure themes emerged, some that 

were shared across subspecialties and others that showed a 
difference in emergency department versus ICU perspec-
tives. First, all interviewees discussed providers’ satisfac-
tion with the breadth of subspecialty care offered at their 
respective institutions. This satisfaction was rooted in a 
culture of professionalism and perseverance and was char-
acterized by camaraderie, collegiality, and creativity.

Second, participants identified inadequate unit size 
and bed capacity as significant barriers to providing high-
quality care in their facilities. In both the emergency and 
ICU departments of both hospitals, providers noted that 
the unit size was at times inadequate to meet the high pa-
tient volume, with both units commonly filled above ca-
pacity. At hospital 2 specifically, nurse-to-patient ratios 
were often reported as 1:6 given the high demand.

The third theme centered on prehospital admission 
care. Emergency department providers of both hospitals 
reported that many fatal injuries occurred in rural prov-
inces that would otherwise have been survivable if more 
definitive TBI care was available during the long hospital 
transport. In their view, capacity-development initiatives 
focused on developing pre–hospital admission care of 
patients suffering from trauma, or initiatives that would 
lead to faster hospital presentation for definitive treat-
ment, would lead to improvements in TBI outcomes; one 
interviewee said, “Sometimes the patient take too long to 
come; they maybe could live if they make it here fast, but 
there is trouble with this.” These providers also desired 
protocols to organize and triage assessment upon patient 
arrival in the emergency department as important to TBI 
care capacity development.

The fourth and fifth themes involved establishment of 
isolation rooms and improvement of equipment mainte-
nance systems. ICU personnel at both hospitals identified 

TABLE 2. Summary of scores on the NeuroPIPES assessment 
survey

Category Hospital 1 Hospital 2 Total Possible Score

Personnel 44 32 NA
Infrastructure* 24 23 15
Procedure 41 46 49
Supplies 25 17 25
Equipment 29 20 32
Total 163 138 NA
Index† 12.9 10.9 NA

NA = not applicable.
* There are 15 total infrastructure items; however, the number of operating 
rooms is added to this score, which is why the hospital scores exceed the total 
possible score.
† Calculated by taking the total score, dividing by the number of survey items 
(n = 126), and multiplying by 10: (total/126) × 10. 

TABLE 3. Summary of scores on the WHO PIPES assessment 
survey

Category Hospital 1 Hospital 2 Total Possible Score

Personnel 44 32 NA
Infrastructure* 22 22 13
Procedure 33 37 40
Supplies 25 17 25
Equipment 19 17 22
Total 143 125 NA
Index† 13.6 11.9 NA

* There are 13 total infrastructure items; however, the number of operating 
rooms available is added to this score, which is why the hospital scores exceed 
the total possible score.
† Calculated by taking the total score, dividing by the number of survey items 
(n = 105), and multiplying by 10: (total/105) × 10.

Unauthenticated | Downloaded 05/23/23 11:23 PM UTC



Barkley et al.

J Neurosurg Volume 134 • January 2021248

the development of standardized isolation rooms to enact 
infection protocols as a desired TBI capacity-development 
initiative. At hospital 2 specifically, ICU providers also 
frequently mentioned the need for improved equipment 
maintenance systems as important infrastructure devel-
opments that would contribute to improved TBI care. In-
terviewees from the neurology and neurosurgery depart-
ments of both hospitals echoed the infrastructure themes 
mentioned by both emergency and ICU providers.

Supplies and Equipment Themes
Supply and equipment themes varied between the two 

institutions. At hospital 1, although many supplies defined 
by the quantitative assessment tools were reportedly avail-
able, the rate-limiting factor expressed across all inter-
views in all departments was the patient’s ability to pay 
for the materials and procedures required. For example, 
intracranial pressure monitors were reportedly available 
but so expensive that families could not afford the ICU 
stay, effectively rendering them obsolete. When asked if 
intracranial pressure monitors were available, one partici-
pant responded, “Yes, we had, and use all the time, but so 

expensive, no family could stay in ICU [afford the ICU 
stay].”

Equipment limitations were also nuanced; although 
providers reported having access to the equipment listed 
in the quantitative assessment, further discussion revealed 
providers commonly lacked the quantity required to al-
low simultaneous operations or to accommodate patients 
when a device was unavailable while being repaired. These 
limitations influenced operating room time; for example, 
a decompressive craniotomy was subjectively reported to 
take 40–60 minutes with an electric drill versus 3–4 hours 
with a Hudson brace and Gigli saw.

At hospital 2, supply and equipment limitations were 
a predominant theme in all provider interviews. While 
providers expressed appreciation for donations of dispos-
able supplies and equipment, such as ventilators, defibril-
lators, and adjunctive respiratory tools from partnering 
institutions in HICs, they noted that there were inadequate 
working units to support the critical care demand; as one 
provider put it, “Sometimes no ventilator for our patient, 
so family have to [squeezes hand to signify bag masking]. 
Sometimes they fall asleep, tired, high [CO2] is bad.” Ad-

TABLE 4. Summary of NCC checklist items

Subdivision
Total No. 
of Items

No. of Items Present (%) No. of Items Absent (%) No. Unknown (%)
Hospital 1 Hospital 2 Hospital 1 Hospital 2 Hospital 1 Hospital 2

Personnel 65 41 (63.1) 34 (52.3) 24 (36.9) 28 (43.1) 0 3 (4.6)
Infrastructure 56 44 (78.6) 39 (69.6) 12 (21.4) 15 (26.8) 0 2 (3.6)
Processes 29 17 (58.6) 10 (34.5) 12 (41.4) 18 (62.1) 0 1 (3.4)
Equipment 75 61 (81.3) 47 (62.7) 14 (18.7) 25 (33.3) 0 3 (4.0)
Training/continuing education 36 15 (41.7) 12 (33.3) 21 (58.3) 24 (66.7) 0 0
Total 261 178 142 83 110 0 9

FIG. 1. Bar graph showing scores achieved on the NCC checklist by hospital 1 (black) and hospital 2 (light gray). Please see Table 
4 for individual assessment numbers.
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ditionally, frequently these machines were older models of 
various designs with replacement parts that were some-
times discontinued or more expensive than the device it-
self, making equipment maintenance especially challeng-
ing.

Discussion
Combining quantitative and qualitative assessments 

in this mixed-methods study demonstrated that supplies, 
equipment, and education/training initiatives were the top 
3 areas in which to focus capacity-development initiatives 
for neurosurgical care, and TBI care in particular, at two 
national hospitals in Phnom Penh, Cambodia.

Benefits of a Mixed-Methods Study Design
Although the quantitative assessments provided im-

portant insights, they did not fully capture the nuances or 
topics uncovered during the qualitative interview portion 
of the assessment, when native healthcare providers could 
directly voice areas they considered vital to capacity de-
velopment. The mixed-methods study design thereby em-
bodied the central tenet of the United Nations Capacity 
Development Primer that capacity development should fo-
cus on “empowering and strengthening endogenous capa-
bilities”18 to ensure that initiatives and growth are generat-
ed from within the LMIC. For example, WHO PIPES and 
NeuroPIPES assessments suggested that improvements in 
the number of supplies, equipment, and generalization of 
provided services to include pediatric care would inform 
capacity-development initiatives for neurosurgical care. 
Qualitative assessment, however, demonstrated that is-
sues of self-sustainability, maintenance, and affordability 
are critical for a lasting impact. The use of supplies and 
equipment was limited by the patient’s ability to afford 
the service and by maintenance challenges due to model 
age and variety, similar to results reported by Perry and 
Malkin, in which 40% of equipment in developing coun-
tries was out of service for similar reasons.15 Additionally, 
the importance of educational initiatives expressed during 
qualitative interviews would have been missed entirely if 
only PIPES assessments were utilized.

Applicability of the NCC Checklist
This study demonstrates the first application of the 

NCC checklist in an LMIC setting, and it provides insight 
into the applicability of definitions of a Level 1 NCCU in 
this setting. The NCS recognizes 3 levels of NCCU, with 
Level 1 units defined as “receiving centers for patients 
with complex neurological emergencies who require ad-
vanced interventions and provide the most comprehensive 
neurocritical care.”10 NCS requires Level 1 units to fulfill 
all checklist criteria except for 6 items that are optional: 
under the equipment category, brain tissue oxygen moni-
toring, cerebral blood flow monitoring, and microdialysis; 
under the training/research category, having a neurology 
residency and both a fellowship program and clinical rota-
tion in neurocritical care. By one definition, both hospitals 
in this study qualify as Level 1 units, since they are tertiary 
referral centers for complex cases requiring subspecialty 
care. However, based on the results of the NCC checklist, 

these hospitals lacked access to requirements that include 
EEG machines, helipads, neurointerventionalists, and 
NCCU pharmacists. Adjustment of these requirements in 
the NCC checklist to reflect resource limitations experi-
enced by LMICs would allow this classification scheme to 
remain relevant in these settings. As nations gain wealth, 
scaling requirements for a Level 1 NCCU based on a 
country’s World Bank classification might provide a use-
ful guide for capacity-development goals.

Since the NCC checklist does not significantly overlap 
with the WHO PIPES and NeuroPIPES tools, its coad-
ministration provided important additional information to 
assess the nonoperative and perioperative care of neuro-
surgical patients.10,16 Furthermore, the NCC checklist dem-
onstrated that training and education of staff reflected an 
important capacity-development initiative in this setting. It 
could be argued that this result is explained by specific cer-
tifications and schooling requirements listed on the NCC 
checklist and available in HIC institutions but that were 
otherwise unavailable in LMICs, such as the Emergency 
Neurological Life Support certification. However, qualita-
tive interview results demonstrated that native providers 
also noted a dearth of staff educational programs focused 
on neurological pathologies, and providers considered im-
provement in this category important to improving care 
for patients with TBI. “Twinning” an HIC with an LMIC 
to build technology capacity and provide training and edu-
cation has been reported as a useful strategy for building 
neurosurgical capacity in an LMIC.7 Further research on 
this approach is warranted.

Site-Specific Considerations
Despite similarities, each hospital was shown to have 

unique barriers to capacity development. For example, 
providers in hospital 1 mentioned the financial barrier of 
patients’ inability to afford expensive procedures, whereas 
hospital 2 providers emphasized the material barrier of re-
quiring more supplies and equipment. This, combined with 
the difference in the NCC checklist “processes” category 
comparing hospital 2 with hospital 1, suggests that differ-
ent prioritizations of capacity-development initiatives for 
each institution may be appropriate. Further evaluation 
will be necessary.

Limitations
This study has some limitations. The interviews were 

administered in English, a second or third language for 
all participants. The language barrier may have limited 
the number of available participants, thereby introducing 
a potential selection bias. Language differences may have 
prevented elucidation of nuances in perspectives among 
participants; however, efforts were made to ensure a satu-
ration of responses across themes and participants. Further 
research is also needed to validate comparisons between 
each assessment tool utilized.

Conclusions
In these two Cambodian hospitals, this study identi-

fied several opportunities for capacity development in the 
care of the TBI population within the assessed categories 

Unauthenticated | Downloaded 05/23/23 11:23 PM UTC



Barkley et al.

J Neurosurg Volume 134 • January 2021250

of supplies, equipment, and training/educational initia-
tives. This study also demonstrated that barriers unique 
to each institution may influence prioritization of imple-
menting capacity-development projects. The inclusion of 
the NCC checklist was particularly useful in identifying 
educational initiatives as an area in which to focus capac-
ity development; however, its use points out limitations in 
current NCCU classifications in the setting of LMICs. Al-
though time intensive, the mixed-methods study design al-
lowed the combination of quantitative and qualitative data 
to provide important insights into barriers verbalized by 
native healthcare professionals that would otherwise have 
remained undetected using a single methodology.
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