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Background Traumatic brain injury (TBI) is a significant cause of death 
and disability worldwide that disproportionately affects low- and mid-
dle-income countries where increasing injury rates are compounded by 
limited access to high quality care. Our study evaluated the impact of 
implementing TBI clinical practice guidelines (CPGs), a proven interven-
tion in high resource settings, on patient outcomes and health care pro-
vider knowledge at a low-resourced referral hospital in Moshi, Tanzania.

Methods We used a pre-post quasi-experimental design to assess the 
impact of TBI CPGs implementation. An interrupted time series was 
used to compare pre/post-implementation TBI outcome trends and our 
primary outcome of interest was poor recovery (death or severe disabil-
ity). Pre and post periods included 24 and 9 months respectively. Data 
was analyzed using segmented regression and an autoregressive integrat-
ed moving average (ARIMA) model. Healthcare providers were recruit-
ed to participate in pre/post surveys assessing knowledge of acute TBI 
management. Changes in pre/post scores were assessed using Wilcoxon 
signed-rank and McNemar’s test.

Results Pre-and post-implementation periods included 1438 and 448 
patients respectively. Age, gender, and average GCS were not signifi-
cantly different pre/post implementation. Poor recovery rate decreased 
from 15.4% to 12.1% after implementation. The segmented regression 
model found an increasing TBI poor recovery rate (PRR) prior to im-
plementing CPGs (P = 0.038) and a significant decrease in PRR after the 
implementation (P = 0.005). The ARIMA model estimated a 1.7% de-
crease in PRR per month after implementation. There was a significant 
improvement in provider knowledge scores post-intervention (Wilcox-
on signed-rank test, P < 0.001).

Conclusion In addition to improved patient outcomes, this study ob-
served significant improvement of health care provider knowledge re-
garding acute management of TBI patients following implementation of 
TBI CPGs. Findings provide encouraging results regarding the potential 
applicability and implementation capacity of TBI CPGs in resource-lim-
ited settings however more research is necessary to better understand 
the effects of implementing CPGs on health care delivery and patient 
outcomes.
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RH, Mmbaga BT, Vissoci JRN. Effectiveness of clinical practice guidelines for acute management of 
traumatic brain injury at a regional referral hospital in Tanzania. J Glob Health 2021;11:04046.
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Among all trauma-related injuries worldwide, traumatic brain injury (TBI) is the leading cause of death and 
disability. Each year, an estimated 69 million people suffer from TBI, with low- and middle-income countries 
(LMICs) bearing the greatest burden [1]. Individuals in LMIC have more than twice the probability of dying 
after severe TBI when compared to patients in high income countries (HICs) [2]. Improvements in trauma 
care in LMICs could save an estimated 1 730 000 to 1 965 000 lives [3]. TBI clinical practice guidelines (CPGs) 
represent a lost-cost intervention which could improve in-hospital care in low-resource settings.

A major reason for improved TBI patient mortality rates and functioning outcomes in HIC hospital settings 
has been the widespread adoption of CPGs for acute TBI management [4]. CPGs shift the medical decision 
making from an individual’s judgement to evidence-based treatment, ultimately improving the consistency 
and quality of care provided. TBI CPGs institute a systematic approach to TBI treatment, focusing on preven-
tion and early detection of secondary brain injury (such as from hypoxia and hypotension) and expediting 
definitive care. Evidence from middle-income countries (MICs) also supports the legitimacy of TBI CPGs as 
a strategy to improve patient outcomes [5,6]. Despite the growing support for TBI CPGs to improve care in 
HIC and some MICs, there remains little effort to investigate the potential for TBI CPGs to improve care in a 
low-income hospital setting [7,8].

The direct translation of a TBI CPG developed for a HIC to a low-income country (LIC) hospital presents 
challenges due to major differences between the emergency care settings [9-11]. TBI CPGs developed in HIC 
settings require resources (ie, cervical collars, anti-seizure medications), specialized providers (ie, neurosur-
geons), and technologies (ie, CT imaging and neurosurgical capabilities) that are not consistently available in 
LIC hospitals. When evaluating the applicability of standard CPGs used in the United States to a large teach-
ing referral hospital in Rwanda, researchers concluded that implementation was not appropriate [12]. These 
findings underscore the importance of developing and adapting CPGs with local diagnostic, monitoring, and 
therapeutic capacities in mind. In addition, TBI CPGs may also provide added benefit in effective resource al-
location for the low-resource setting [12].

To the best of our knowledge, the implementation of TBI CPGs has not been evaluated in a LIC. Given the 
burgeoning TBI burden in Sub-Saharan Africa, there is a critical need for cost-effective, easily scalable tools to 
optimize delivery of evidenced based TBI care [1,13]. As part of a quality care initiative, we collaborated with 
a zonal referral hospital in Tanzania to develop and implement TBI CPGs in the Emergency Department (ED). 
The aim of our study was to evaluate the impact of TBI CPG implementation on health care provider knowl-
edge, attitudes, and practices, and assess the effect of implementation on TBI patient outcomes.

METHODS

Study design

Our study included a pretest-posttest experimental design and an observational study component using a 
quasi-experimental design. The pretest-posttest portion examined the impact of TBI CPGs on hospital staff 
knowledge and attitudes using primary collected data. The quasi-experimental component assessed changes 
in hospital outcomes using time series analysis.

Ethical considerations
We received ethical approval from Kilimanjaro Christian Medical Center (KCMC) ethics review committee. 
The study was also found exempt by Duke University Institutional Review Board and Yale University Human 
Research Protection Program as a quality improvement project.

Setting

We conducted this study in the ED at the third largest hospital in the country, Kilimanjaro Christian Medical 
Center (KCMC) in Moshi, Tanzania. KCMC is a zonal referral center for the northwestern zone of Tanzania 
with a catchment of approximately 15 million people [14]. The hospital has a high burden of TBI, seeing an 
estimated 1000 TBI patients annually (approximately 6% of emergency visits [15]. The TBI mortality rate at 
KCMC is high at 47% for severe (Glasgow Coma Score (GCS)<9) TBI patients and 13% for moderate (GCS 
9-13) TBI patients [15]. At the time of the study, total ED staff consisted of roughly 20 nurses, eight physi-
cians, five to seven clinical officers or advanced medical officers, and two to five nursing assistants. The num-
ber of providers staffing the casualty department at any one time varied from two overnight to six during cer-
tain daytime hours. The department had access to basic laboratory services and radiological services (x-ray 
and computed tomography (CT)).
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In 2013, KCMC established a prospectively collected TBI registry as part of a quality improvement effort [16]. 
The registry enrolled all acute (presenting <24 hours from injury) TBI patients presenting to the ED. The reg-
istry captured injury details, acute care, hospitalization care, and condition at discharge. Details regarding en-
rollment methods, inclusion and exclusion criteria have been previously described [15].

CPG Development and Implementation

After examining the current treatment standards and potential quality improvement areas, a multidisciplinary 
team created evidence-based and resource appropriate acute TBI treatment guidelines for the KCMC casual-
ty department. The development of the guidelines was based on evidence-based trauma processes, the results 
of a systematic review of acute TBI management practice guidelines in high-, middle-, and low-resource set-
tings, and the resource capacity at KCMC. See Appendix for full KCMC TBI CPGs. Implementation consisted 
of weekly educational training sessions with an emphasis on a standardized trauma process (ABCDE), identi-
fying and addressing hypoxia, hypotension, and tachypnea, and using GCS to determine appropriateness of 
ICU admission, CT imaging and interventions such as seizure prophylaxis. Training sessions were held at the 
KCMC ED weekly for a total of 5 weeks to ensure all ED personnel participated in training. In addition, we 
installed posters displaying the CPG algorithm in the ED and distributed triage cards with CPG algorithm (in-
cluding Glasgow Coma Scale calculation guide) to staff.

Data collection

Knowledge and attitude

We conducted a baseline assessment of emergency health care provider knowledge and attitudes towards the 
treatment and management of TBI patients. The customized survey tool included a 20-item multiple choice 
questionnaire modeled after a questionnaire created by researchers evaluating a TBI treatment “evidenced-based 
care bundle” (equivalent to CPGs) for ED nurses in Thailand [6] (Appendix S1 in the Online Supplementa-
ry Document). The questionnaire was in English which is the language used at KCMC hospital in Tanzania. 
Since no language change was needed, we did not perform a formal question validation before implementa-
tion. However, to ensure the questions were understood and answered appropriately, we reviewed the ques-
tionnaire with our Tanzania research team at KCMC hospital. After their review and approval of appropriate-
ness, we implemented the questionnaire.

The key areas of emergency TBI management knowledge assessed included: the use of the GCS for triaging 
and guiding patient management, airway management and cervical spine protection, ventilation management, 
circulation management, patient reassessment, patient positioning, diagnostic imaging, seizure prophylaxis, 
admission to the ICU, and pain management. One point was given for each correct answer, resulting in a to-
tal possible score of 20. The survey also included a 10-item Likert Scale questionnaire concerning health care 
provider attitudes towards their perceived competence and comfort with the treatment and management of 
TBI patients (Appendix S2 in the Online Supplementary Document). The survey was administered in En-
glish and Swahili according to the fluency of individual KCMC staff. Prior to attending training sessions, staff 
completed pre-implementation assessments. The TBI CPG implementation and training took place in July of 
2016. Post-implementation assessments were done two weeks after implementation.

Practice and hospital outcomes

To track change in practice, we harvested five clinical practice metrics from the TBI registry. We selected seven 
other demographic and clinical variables from the registry to assess change in outcomes. The data extraction 
ran from July 2014 to March 2017, starting 24 months prior to CPGs implementation and ending 9 months 
after. We included all patients enrolled during this period with complete data for the analysis. We excluded 
61 patients with missing data.

The clinical practice metrics used to assess change in practice were: vital signs collected at ED presentation, 
IV fluids administered, CT scan performed, and oxygen given. For each patients, binary variables were creat-
ed for hypoxia (<94% pulse oxygen), hypotension (<100 mm Hg systolic blood pressure), tachycardia (≥100 
beats per minute) and tachypnea (>25 breaths per minute). We determined patient need for the five clinical 
practice metrics using the following protocol: a CT brain for patients presenting with a GCS<13 or if GCS>13, 
a CT brain if additional concerning factors present; fluids for hypotensive patients; and oxygen for patients 
who had hypoxia or a GCS<8. The low GCS requirement for oxygen was due to limitations in pulse oxime-
try and continuous pulse oximetry. Similarly, it is not standard at KCMC that TBI patients with a GCS of less 
than eight be intubated in the ED.
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The demographic and clinical variables used to assess hospital outcomes were: age, gender, alcohol use prior 
to injury, TBI surgery performed, GCS, hospital disposition and Glasgow outcome score (GOS). The primary 
outcome variable was discharge GOS [17,18] (Table 1). GOS ranges from one to five, each number represent-

ing a different level of recovery as described in Table 1. We dichotomized 
this variable into good outcome (GOS of 5) and poor outcome (GOS of 1 
to 4). We chose this cutoff, as compared to GOS of 4-5 representing good 
outcome, to improve the balance in the data set for the statistical analysis. 
About halfway through the data collection process, we switched from using 
GOS to using the Glasgow outcome scale extended (GOSe) to improve our 
descriptions of patients outcome disabilities. This scale ranges from one to 
eight. We converted those with a GOSe outcome to a GOS as shown in Ta-
ble 1. The registry did not include outcomes after discharge.

Data analysis

To assess the impact of the intervention, we conducted three sets of pre/post intervention statistical tests to 
test for significant changes in three areas: practitioner knowledge and attitudes, clinical practice, and patient 
outcomes. We used the R Language for Statistical Computing 3.4.1 for data management and statistical anal-
yses [19].

Knowledge and attitude

We used Wilcoxon signed-rank tests to compare overall pre/post assessment scores and McNemar’s test to com-
pare individual pre/post question scores. Wilcoxon and McNemar’s tests are nonparametric methods designed 
for paired data, and are appropriate given our small sample size and ordinal data [20].

Practice

We calculated descriptive statistics for the clinical practice metrics and compared the pre and post-interven-
tion groups using t tests.

Hospital outcomes

In this study, randomization of the CPG implementation was not an option and we did not have treatment and 
control groups. Interrupted time-series (ITS) and difference in difference (DID) are two quasi-experimental 
approaches to evaluate an intervention effect using observational, longitudinal data [21].

An ITS is a useful method to estimate causal effect through regression modeling. We used both segmented re-
gression models and Autoregressive Integrated Moving Average (ARIMA) for the ITS. The segmented regression 
model [22] produces easy-to-interpret pre-intervention outcome trends, change in trends immediately after 
the intervention and post-intervention trends. While a segmented regression model can account for possible 
confounders, such as seasonality, an ARIMA model is a more robust technique for an ITS [23]. An ARIMA 
model can account for non-stationarity (baseline increasing or decreasing trends), seasonality, and autocor-
relation (correlation of adjacent month data). The model output is the estimated monthly decrease in mortal-
ity after the intervention. For the ARIMA model, we performed the augmented Dickey-Fuller test to assess for 
stationary data. Two differences were needed to achieve stationary data (P < 0.01). Next, we compared Akaike’s 
Information Criterion (AIC) to identify the ARIMA model with the best fit.

We added the DID technique to strengthen our analysis of CPG intervention on outcomes. The DID leverages 
a historical control as a counterfactual. This counterfactual allows the test to obtain a causal effect using ob-
servational data. Additionally, this method can account for change due to factors other than intervention (ie, 
seasonality). We compared the difference in outcomes from the six months before (January-June 2016) and 
after (July-December 2016) the implementation to those same months of the previous year.

RESULTS

Participant characteristics

Of the 21 participants who completed the pre-intervention and post-intervention knowledge and attitude as-
sessments, 85.7% were female and the median age was 40 years (interquartile range IQR = 24-66). The partic-
ipants consisted of 12 nurses, three nurse assistants, three physicians, two advanced medical officers, and one 

Table 1. GOS – GOSe conversion

Outcome GOSe score GOS score
Death 1 1

Persistent vegetative state 2 2

Severe disability 3 or 4 3

Moderate disability 5 or 6 4

Good recovery 7 or 8 5

GOS – Glasgow outcome scale, GOSe – Glasgow outcome 
scale – extended
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medical student. The median number of years of post-primary school education was 7.5 years (IQR = 3-12) 
and the median number of years practicing was 12 years (IQR = 1-45). Seventy-one percent of subjects report-
ed having treated more than 20 TBI patients in their careers, while 14% reported treating 6-20 and 14% re-
ported treating 0-5.

Knowledge and attitude

Overall, there was a significant improvement in knowledge scores post-intervention (Wilcoxon signed-rank 
test, P < 0.001). For all but one question, the proportion of correct answers either stayed the same or increased, 
and McNemar’s test revealed that participants showed significant improvement in 6 out of 20 multiple choice 
questions. Specific areas that showed the largest improvements included questions pertaining to oxygen ad-
ministration based on TBI category or oxygen saturation and CT scan criteria of mild TBI patients with GCS<15 
(Table S1 in the Online Supplementary Document). Overall, there was a trend towards a greater proportion 
of participants answering positively (“Agree” or “Strongly agree”) on Likert scale questions indicating comfort, 
competence or adequate training regarding the treatment and management of TBI patients, although none of 
these changes were significant (Table S2 in the Online Supplementary Document.

Practice

When comparing pre- and post-intervention provision of care, we found a significant improvement in CT scan 
administration, fluids given for hypotensive patients, and vitals collected (Figure 1). There was an increase in 

administering oxygen to hypoxic patients, however, these 
findings were not significant (Table 2).

Hospital outcomes

Between July 2014 and March 2017, we enrolled 1886 TBI 
patients into the KCMC TBI registry. The majority of pa-
tients were males (N = 1561 [86%]) with a median age of 
30 years (IQR = 21-41) (Table 3). Of the 1886 TBI patients, 
433 (23%) received a surgery intervention for their head 
injury. Alcohol was found positive in 482 (26%) of the pa-
tients. The mean admission GCS was 13.2 (SD = 3.3). From 
the ED, 1643 (88%) patients were sent to the surgical ward, 
151 (8%) were sent home and 61 (3%) were sent to the ICU. 
Of the 1643 patients sent to the surgical ward, 243 (15%) 
were transferred to the ICU at some point during their in-
patient stay. The average poor recovery rate for the duration 
of the study was 14.6%.

Table 2. Proportion of patients receiving in-hospital clinical practice interventions including oxygen, head CT scan, flu-
ids, and recorded vital signs*

Proportion of those who received care practice metric if needed t-test
Care metric Pre-intervention (July 2014-June 2016) Post-intervention (July 2016-March 2017) P-value

Oxygen 0.24 0.30 0.327

CT-scan† 0.38 0.58 0.002

Fluids 0.47 0.72 <0.001

Vitals 0.79 0.99 <0.001

CT – computed tomography, CPG – clinical practice guideline
*Proportions were compared from before (July 2014-June 2016) and after (July 2016-March 2017) CPG implementation using a t test.
†No CT scanner data prior to August 2015 so data for pre-intervention is from Aug 2015-June 2016.

Figure 1. Comparative bar plot of clinical practice interventions and 
outcomes from the nine months before and after CPG implementa-
tion. Clinical practice interventions included oxygen administration, 
CT scans, fluids, and recorded vital signs. Outcome data included mor-
bidity and mortality for TBI patients.

The pre-intervention group consisted of 1438 patients and the post intervention group consisted of 448 pa-
tients. Demographic and clinical characteristics were not significantly different before and after the intervention. 
Comparing the pre and post-intervention study groups, the poor recovery rate decreased from 15.4% to 12.1%. 
The average admission GCS scores were nearly identical at 13.2 pre-intervention and 13.0 post-intervention.
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Interrupted time series

The segmented regression model revealed an increasing TBI poor recovery rate prior to implementing the in-
tervention (P = 0.038) (Figure 2). There was no significant increase or decrease in poor recoveries immediate-

ly after CPG implementation. In the months following the 
implementation, there was a significant decrease in poor re-
covery rate after the implementation (P-value = 0.005). The 
ARIMA supported the findings from the segmented regres-
sion with an estimated 1.7% decrease in poor outcomes per 
month after the CPG implementation (Table 4).

Difference in Difference (DiD)

The difference in difference estimate was negative (-0.0955) 
indicating a larger decrease in the poor outcome rate between 
July-December 2016 and Jan-June 2016 compared to the 
difference between July-December 2015 and Jan-June 2015 
(Figure 3). The findings were nearly significant with a P-val-
ue of 0.057.

DISCUSSION
To the best of our knowledge, this study is the first imple-
mentation and evaluation of locally adapted CPGs for acute 
TBI management in a low-income country. We evaluated 
the implementation using five clinical practice metrics and 
outcome data from a prospectively collected TBI registry. 
Following implementation, we observed significant increas-
es in three of the clinical practice metrics: collection of vital 
signs, the ordering of CT scans when indicated, and IV fluid 
administration when indicated. A significant change was not 
observed in the use of supplemental oxygen when indicated. 
Most importantly, our CPG implementation corresponded 
with improvements in hospital outcomes. Overall, this study 
provides a comprehensive evaluation of a TBI CPG imple-

Table 3. Demographic and clinical characteristics of pre- and post-intervention patients with TBI

Participants, N (%)
Variable Total July 2014-June 2016, 

before-intervention
July 2016-March 2017,  

post-intervention
P-value

Clinical volume:
TBI patients (per month) 1886 (57.2) 1438 (59.9) 448 (49.8)
Operations performed (per month) 433 (13.1) 317 (13.2) 116 (12.9)
Patient information:
Adult (%) 1561 (84) 1172 (83) 389 (88) 0.023
Pediatric (%) 296 (16) 241 (17) 55 (12)
Age median (25q-75q) 30 (21-41) 29.5 (21-41) 30 (22-42)
Male (%) 1561 (84) 1180 (82) 381 (85) 0.164
Alcohol positive on admission 482 (26) 436 (31) 46 (10) <0.001
Alcohol negative on admission 844 (45) 751 (53) 93 (21)
Alcohol unknown on admission 542 (29) 236 (17) 306 (69)
GCS mean (SD) 13.2 (3.3) 13.2 (3.3) 13 (3.3)
Disposition 0.010
ICU (%) 61 (3) 46 (3) 15 (3)
Surgical Ward 1643 (88) 1233 (86) 410 (92)
Home 151 (8) 130 (9) 21 (5)
Surgery to ICU 243 (15) 196 (16) 47 (12)
Outcome:
Poor recovery (%) 275 (14.6) 221 (15.4) 54 (12.1)

GCS – Glasgow coma scale, ICU – intensive care unit, TBI – traumatic brain injury, q – quartile

Figure 2. Monthly KCMC TBI poor recovery rate from July 2014 to 
March 2017. The dashed vertical line represents the implementation 
of CPG training at KCMC.

Table 4. Estimated coefficients of segmented regression model and 
ARIMA model for TBI poor recovery rate

Model parameters Segmented regression model
Estimate (SE) t P-value

Intercept 0.1152 (0.0209) 5.522 <0.001
Pre-implementation slope 0.0032 (0.0002) 2.176 0.038
Change in slope -0.0197 (0.0066) -3.009 0.005
Change in intercept 0.0066 (0.0409) 0.163 0.872

ARIMA (1,1,1) × (1,1,1)
12

 model output
Intervention -0.0165 0.0058 –

Difference in difference analysis
Intercept 0.1304 (0.0237) 5.508 <0.001
Time 0.0528 (0.0335) 1.576 0.131
Treatment 0.0482 (0.0335) 1.439 0.166
DID estimate -0.0955 (0.0474) -2.017 0.057

ARIMA – Auto Regressive Integrated Moving Average, DID – difference in dif-
ferences
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mentation on provider knowledge, attitudes, practice, and 
hospital outcomes in a low-resource setting.

Changed practice metrics

Following CPGs implementation, we observed increases in 
collection of vital signs, the ordering of CT scan when indi-
cated, and IV fluid administration when indicated. An in-
crease in these practices could be due to CPGs implementa-
tion training, a finding supported by research from high- and 
middle-income countries. The significant improvement in 
practice metrics corresponded to statistically significant in-
creases in post-assessment knowledge scores, strengthening 
our confidence in the causality of these changes in practice. 
We are cautious to ascribe our findings directly to the inter-
vention, as additional factors related to resource availability 
common to low-resource settings may have influenced ob-
served improvements. For example, the KCMC CT scanner 

was under maintenance for periods throughout our study but the frequency of those non-operational days be-
fore and after CPGs implementation was unknown.

Additionally, the CT scan cost per patient is relatively high ($250 000 Tz Shillings or US$125) and concerns 
regarding this cost burden may been communicated from patients and families to providers, influencing deci-
sion making regarding CT scan utilization. Fluctuations in the availability of IV fluids, Spo2 monitors, blood 
pressure monitors, and staff may also have influenced changes in practice metrics. Changes in ED leadership, 
staff incentives, and staff training outside of our CPGs implementation may also have influenced practice chang-
es. While vital sign recording improved significantly after CPGs implementation, vital sign recording was high 
(79% of patients) and appeared to be on an upward trend prior to CPGs implementation based on our time 
series analysis. Of note, this vital sign completion percentage was already higher than reports from similar set-
tings prior to CPG implementation.

Unchanged practice metrics

Following CPGs implementation, the use of supplementary oxygen did not significantly change. We suspect 
failure to see an improvement in supplemental oxygen is largely reflective of resource constraints rather than 
provider’s knowledge for two reasons. First, we found the greatest improvement on the post assessment knowl-
edge scores in this area. Second, at the time of the study, oxygen supplies were not always available and oxygen 
access points were not readily accessible in the KCMC ED. The limited availability of oxygen in emergency care 
settings and poor oxygen administration when indicated are consistent with other studies in the region [24,25].

Outcomes

In spite of implementing a time-limited educational intervention, we observed marked improvements in pa-
tient outcomes. The poor outcome rate steadily increased in the pre-implementation period. Over the nine 
months following implementation, the poor outcome rate decreased at an estimated 1.6% each month. To 
help account for possible spurious findings and mitigate the strong seasonality of these data, we performed 
two different models (segmented regression and ARIMA) using two different longitudinal data analysis tech-
niques (ITS and DID). Our findings of a CPG implementation improving outcomes are consistent with similar 
efforts in Columbia, India, Pakistan, and Thailand [26-28]. However, findings from similar hospital settings 
in Rwanda, Kenya, and Malawi show that ability to standardize care is heavily influenced by additional factors 
such as resource availability, functioning equipment, and prohibitive costs, which may also have been the case 
in our study [12,29]. Provided that additional, uncontrollable factors can influence standardization of care, 
and that our study included one hospital, we must acknowledge the context specific nature of our findings.

Limitations

There were several limitations to this study. First, this study focused on one zonal referral hospital in Tanzania 
which may reduce the generalizability of our findings. We did not implement the CPG guidelines at multiple 
hospitals and did not include another hospital as a control. To mitigate the lack of a control, we used multiple 
analytical techniques including historical controls and controlling for seasonal and other temporal trends. Also, 
by focusing on one hospital, we were able to develop a rigorous implementation from which we can now ex-

Figure 3. Difference in difference results comparing the pre and post 
implementation months of 2016 to the pre and post implementation 
months of 2015. The red line depicts the observed trend in outcomes 
for 2015. The blue line represents the expected trend in outcomes for 
2016. The green line represents the observed trend in outcomes for 2016.



Staton et al.
V

IE
W

PO
IN

TS
PA

PE
RS

2021  •  Vol. 11  •  04046 8 www.jogh.org •  doi: 10.7189/jogh.11.04046

Acknowledgements: This research would not have been possible without the dedication and support of the Duke/KCMC 
Collaboration team and the Casualty Department research team, Msafiri Pesambili, Sisters Amina, Elizabeth and Anna.

Funding: This project was made possible by the Mentored Research Training Program in collaboration with the HR-
SA-funded KCMC MEPI grant # T84HA21123-02; US National Institutes of Health and the Duke Division of Emergency 
Medicine. Samara Fox would like to acknowledge support from the Downs International Health Student Travel Fellow-
ship. Randi Griffin acknowledges funding support from the National Science Foundation Graduate Research Fellowship 
Program. Dr Staton would like to acknowledge salary support funding from the Fogarty International Center (Staton, 
K01 TW010000-01A1).

Author contributions: CAS – conceptualization, funding acquisition, investigation, project administration, writing – orig-
inal draft, writing – review & editing. SF – conceptualization, investigation, project administration, writing – original draft, 
writing – review & editing. CE – data curation, methodology, visualization, writing – original draft, writing – review & 
editing. SW – data curation, methodology, visualization, writing – original draft, writing – review & editing. MM - con-
ceptualization, supervision, writing – review & editing. FS – methodology, visualization, writing – original draft, writ-
ing – review & editing. MK – conceptualization, supervision, writing – review & editing. MMH – resources, supervision, 
writing – review & editing. RHG – data curation, methodology, visualization, writing – original draft, writing – review 
& editing. BTM - funding acquisition, supervision, writing – review & editing. JRNV – conceptualization, data curation, 
formal analysis, methodology, writing – original draft, writing – review & editing.

Competing interests: The authors completed the ICMJE Unified Competing Interest form (available upon request from 
the corresponding author), and declare no conflicts of interest.

Additional material
Online Supplementary Document

RE
FE

RE
N

C
E

S

1  Dewan MC, Rattani A, Gupta S, Baticulon RE, Hung Y-C, Punchak M, et al. Estimating the global incidence of traumatic brain 
injury. J Neurosurg. 2018:1-18. Online ahead of print. Medline:29701556

2  De Silva MJ, Roberts I, Perel P, Edwards P, Kenward MG, Fernandes J, et al. Patient outcome after traumatic brain injury in high, 
middle- and low-income countries: analysis of data on 8927 patients in 46 countries. Int J Epidemiol. 2009;38:452-8. Med-
line:18782898 doi:10.1093/ije/dyn189

3  Mock C, Joshipura M, Arreola-Risa C, Quansah R. An estimate of the number of lives that could be saved through improvements 
in trauma care globally. World J Surg. 2012;36:959-63. Medline:22419411 doi:10.1007/s00268-012-1459-6

4  Palmer S, Bader MK, Qureshi A, Palmer J, Shaver T, Borzatta M, et al. The impact on outcomes in a community hospital setting 
of using the AANS traumatic brain injury guidelines. Americans Associations for Neurologic Surgeons. J Trauma. 2001;50:657-
64. Medline:11303160 doi:10.1097/00005373-200104000-00010

5  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;45:1350-4. Medline:24861416 doi:10.1016/j.injury.2014.04.037

6  Damkliang J, Considine J, Kent B, Street M. Using an evidence-based care bundle to improve initial emergency nursing manage-
ment of patients with severe traumatic brain injury. J Clin Nurs. 2015;24:3365-73. Medline:26299272 doi:10.1111/jocn.12923

pand to other centers. An additional major limitation when assessing practice changes is the possible overlap 
of access challenges. For example, we did not capture dates when the CT scanner was broken or under main-
tenance. Hospital and patient resource constraints are other expected limitations given the study settings. Ad-
ditionally, the hospital’s limited supplies or patients who are unable to afford treatments could negatively bias 
our findings. In analyzing outcomes, we observed strong seasonality. There was an annual decrease in poor 
recovery rate during early fall and an increase during winter. One possible explanation for the increased mor-
tality during winter is that November marks the start of the school year for interns and residents. This period is 
when the student doctors have the least experience. We used an ARIMA model and DID technique to mitigate 
the observed seasonality. We also did not directly observe provider practice. We inferred change in practice 
based on what was recorded in the registry. Other limitations which could increase or decrease our observed 
findings include resource shortages, power outages, and cost-prohibitive metrics (eg, CT scans).

CONCLUSION
In this study, we have shown that locally relevant TBI CPGs can be developed, implemented and result in sig-
nificant improvements in TBI care in a low resource setting. We believe further research is needed on the causal 
effect of CPGs on TBI outcomes. Additionally, future research should assess the longevity of CPG implemen-
tation training on clinical practice and outcomes. Given the great and growing TBI burden in LMICs, low cost, 
highly scalable solutions like TBI CPGs represent a major opportunity to reduce undue morbidity and mortality.

jhttp://jogh.org/documents/2021/jogh-11-04046-s001.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29701556&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18782898&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18782898&dopt=Abstract
https://doi.org/10.1093/ije/dyn189
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22419411&dopt=Abstract
https://doi.org/10.1007/s00268-012-1459-6
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11303160&dopt=Abstract
https://doi.org/10.1097/00005373-200104000-00010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24861416&dopt=Abstract
https://doi.org/10.1016/j.injury.2014.04.037
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26299272&dopt=Abstract
https://doi.org/10.1111/jocn.12923


Effectiveness of CPGs for acute TBI management in a Tanzania hospital

V
IE

W
PO

IN
TS

PA
PE

RS

www.jogh.org • doi: 10.7189/jogh.11.04046 9 2021  •  Vol. 11  •  04046

 7  Patel A, Vieira MMC, Abraham J, Reid N, Tran T, Tomecsek K, et al. Quality of the development of traumatic brain injury clinical 
practice guidelines: A systematic review. PLoS One. 2016;11:e0161554. Medline:27583787 doi:10.1371/journal.pone.0161554

 8  Sitsapesan HA, Lawrence TP, Sweasey C, Wester K. Neurotrauma outside the high-income setting: a review of audit and da-
ta-collection strategies. World Neurosurg. 2013;79:568-75. Medline:23022982 doi:10.1016/j.wneu.2012.09.018

 9  Gerber LM, Chiu Y-L, Carney N, Härtl R, Ghajar J. Marked reduction in mortality in patients with severe traumatic brain in-
jury. J Neurosurg. 2013;119:1583-90. Medline:24098983 doi:10.3171/2013.8.JNS13276

10  Arabi YM, Haddad S, Tamim HM, Al-Dawood A, Al-Qahtani S, Ferayan A, et al. Mortality reduction after implementing a 
clinical practice guidelines-based management protocol for severe traumatic brain injury. J Crit Care. 2010;25:190-5. Med-
line:19592201 doi:10.1016/j.jcrc.2009.05.004

11  Dawes AJ, Sacks GD, Cryer HG, Gruen JP, Preston C, Gorospe D, et al. Compliance With Evidence-Based Guidelines and 
Interhospital Variation in Mortality for Patients With Severe Traumatic Brain Injury. JAMA Surg. 2015;150:965-72. Med-
line:26200744 doi:10.1001/jamasurg.2015.1678

12  Ramesh A, Fezeu F, Fidele B, Ngulde SI, Moosa S, Krebs E, et al. Challenges and Solutions for Traumatic Brain Injury Man-
agement in a Resource-Limited Environment: Example of a Public Referral Hospital in Rwanda. Cureus. 2014. doi:10.7759/
cureus.179

13  Eaton J, Hanif AB, Grudziak J, Charles A. Epidemiology, Management, and Functional Outcomes of Traumatic Brain Injury in 
Sub-Saharan Africa. World Neurosurg. 2017;108:650-5. Medline:28943422 doi:10.1016/j.wneu.2017.09.084

14  Kilimanjaro Christian Medical Centre. Available: https://kcmc.ac.tz/version1/. Accessed: 14 February 2021.
15  Staton CA, Msilanga D, Kiwango G, Vissoci JR, de Andrade L, Lester R, et al. A prospective registry evaluating the epidemiol-

ogy and clinical care of traumatic brain injury patients presenting to a regional referral hospital in Moshi, Tanzania: challenges 
and the way forward. Int J Inj Contr Saf Promot. 2017;24:69-77. Medline:26239625 doi:10.1080/17457300.2015.1061562

16  Kiwango G, Msilanga D, Hocker M, Gerardo C, Lester R, Mvungi M, et al. Epidemiology of traumatic brain injury patients at 
Kilimanjaro Christian medical centre, Moshi, Tanzania. Afr J Emerg Med. 2013;3:S6. doi:10.1016/j.afjem.2013.08.012

17  Teasdale GM, Pettigrew LE, Wilson JT, Murray G, Jennett B. Analyzing outcome of treatment of severe head injury: a re-
view and update on advancing the use of the Glasgow Outcome Scale. J Neurotrauma. 1998;15:587-97. Medline:9726258 
doi:10.1089/neu.1998.15.587

18  Jennett B, Bond M. Assessment of outcome after severe brain damage. Lancet. 1975;1:480-4. Medline:46957 doi:10.1016/
S0140-6736(75)92830-5

19  R: The R Project for Statistical Computing. Available: https://www.r-project.org/. Accessed: 14 February 2021.
20  Divine G, Norton HJ, Hunt R, Dienemann J. Statistical grand rounds: a review of analysis and sample size calculation con-

siderations for Wilcoxon tests. Anesth Analg. 2013;117:699-710. Medline:23456667 doi:10.1213/ANE.0b013e31827f53d7
21  Kontopantelis E, Doran T, Springate DA, Buchan I, Reeves D. Regression based quasi-experimental approach when randomi-

sation is not an option: interrupted time series analysis. BMJ. 2015;350:h2750. Medline:26058820 doi:10.1136/bmj.h2750
22  O’Keeffe AG, Geneletti S, Baio G, Sharples LD, Nazareth I, Petersen I. Regression discontinuity designs: an approach to the eval-

uation of treatment efficacy in primary care using observational data. BMJ. 2014;349:g5293. Medline:25199521 doi:10.1136/
bmj.g5293

23  Lagarde M. How to Do (or Not to Do) … Assessing the Impact of a Policy Change with Routine Longitudinal Data. Health 
Policy Plan. 2012;27:76-83. Medline:21278077 doi:10.1093/heapol/czr004

24  Zimmerman A, Fox S, Griffin R, Nelp T, Thomaz EBAF, Mvungi M, et al. An analysis of emergency care delays experienced by 
traumatic brain injury patients presenting to a regional referral hospital in a low-income country. PLoS One. 2020;15:e0240528. 
Medline:33045030 doi:10.1371/journal.pone.0240528

25  Kobusingye OC, Hyder AA, Bishai D, Hicks ER, Mock C, Joshipura M. Emergency medical systems in low-income and mid-
dle-income countries: recommendations for actions. Bull World Health Organ. 2005;83:626-31. Medline:16184282

26  Gupta M, Verma P, Rastogi R, Arora S, Elwadhi D. Randomized open-label trial of baclofen for relapse prevention in alcohol 
dependence. Am J Drug Alcohol Abuse. 2017;43:324-31. Medline:27808555 doi:10.1080/00952990.2016.1240797

27  Ratanalert S, Kornsilp T, Chintragoolpradub N, Kongchoochouy S. The impacts and outcomes of implementing head injury 
guidelines: clinical experience in Thailand. Emerg Med J. 2007;24:25-30. Medline:17183038 doi:10.1136/emj.2006.039974

28  Haque A, Enam A. Implementation of Brain Trauma Foundation guidelines in children with acute traumatic brain injury in 
tertiary-care hospital in Pakistan. The Indian Journal of Neurotrauma. 2009;6:111-4. doi:10.1016/S0973-0508(09)80003-8

29  Qureshi JS, Ohm R, Rajala H, Mabedi C, Sadr-Azodi O, Andrén-Sandberg Å, et al. Head injury triage in a sub Saharan African 
urban population. Int J Surg. 2013;11:265-9. Medline:23380244 doi:10.1016/j.ijsu.2013.01.011

RE
FE

RE
N

C
E

S

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27583787&dopt=Abstract
https://doi.org/10.1371/journal.pone.0161554
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23022982&dopt=Abstract
https://doi.org/10.1016/j.wneu.2012.09.018
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24098983&dopt=Abstract
https://doi.org/10.3171/2013.8.JNS13276
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19592201&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19592201&dopt=Abstract
https://doi.org/10.1016/j.jcrc.2009.05.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26200744&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26200744&dopt=Abstract
https://doi.org/10.1001/jamasurg.2015.1678
https://doi.org/10.7759/cureus.179
https://doi.org/10.7759/cureus.179
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28943422&dopt=Abstract
https://doi.org/10.1016/j.wneu.2017.09.084
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26239625&dopt=Abstract
https://doi.org/10.1080/17457300.2015.1061562
https://doi.org/10.1016/j.afjem.2013.08.012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9726258&dopt=Abstract
https://doi.org/10.1089/neu.1998.15.587
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=46957&dopt=Abstract
https://doi.org/10.1016/S0140-6736(75)92830-5
https://doi.org/10.1016/S0140-6736(75)92830-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23456667&dopt=Abstract
https://doi.org/10.1213/ANE.0b013e31827f53d7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26058820&dopt=Abstract
https://doi.org/10.1136/bmj.h2750
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25199521&dopt=Abstract
https://doi.org/10.1136/bmj.g5293
https://doi.org/10.1136/bmj.g5293
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21278077&dopt=Abstract
https://doi.org/10.1093/heapol/czr004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33045030&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33045030&dopt=Abstract
https://doi.org/10.1371/journal.pone.0240528
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16184282&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27808555&dopt=Abstract
https://doi.org/10.1080/00952990.2016.1240797
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17183038&dopt=Abstract
https://doi.org/10.1136/emj.2006.039974
https://doi.org/10.1016/S0973-0508(09)80003-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23380244&dopt=Abstract
https://doi.org/10.1016/j.ijsu.2013.01.011

