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ARTICLE INFO ABSTRACT

Keywords: Background: Global surgery research efforts have been criticized for failure to transition from problem identi-
GIPbal surgery fication to intervention implementation. We developed a context-appropriate trauma quality improvement (TQI)
Injury bundle to ameliorate care gaps at a regional referral hospital in Cameroon. We determined associations between
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bundle implementation and improvement in trauma resuscitation practices.

Methods: We implemented a TQI bundle consisting of a hospital-specific trauma protocol, staff training, a trauma
checklist, provision of essential emergency trauma supplies in the resuscitation area, and monthly quality
improvement meetings. We compared trends in target process measures (e.g., frequency and timing of vital sign
collection and primary survey interventions) in the six-month period pre- and post-bundle implementation using
Wilcoxon rank-sum and Fisher’s exact tests.

Results: We compared 246 pre-bundle patients with 203 post-bundle patients. Post-bundle patients experienced a
greater proportion of all vital signs collected compared to the pre-intervention cohort (0 % pre-bundle vs. 69 %
post-bundle, p < 0.001); specifically, the proportion of respiratory rate (0.8 % pre-bundle vs. 76 % post-bundle, p
< 0.001) and temperature (7 % pre-bundle vs. 91 % post-bundle, p < 0.001) vital sign collection significantly
increased. The post-bundle cohort had vital signs measured sooner (74 % vital signs measured within 15 min of
arrival pre-bundle vs. 90 % post-bundle, p < 0.001) and more frequently per patient (7 % repeated vitals pre-
bundle vs 52 % post-bundle, p < 0.001). Key primary survey interventions such as respiratory interventions
(1 % pre-bundle vs. 8 % post-bundle, p < 0.001) and cervical collar placement (0 % pre-bundle vs. 7 % post-
bundle, p < 0.001) also increased in the post-bundle cohort.

Conclusions: The implementation of a context-appropriate TQI bundle was associated with significant im-
provements in previously identified trauma care deficits at a single regional hospital. Data-derived interventions
targeting frontline capacity at the local level can bridge the gap between identifying care limitations and
improvement in resource-limited settings.

Background to non-communicable diseases. However, global trauma quality
improvement (TQI) practices remain limited by the gaps that exist be-

Global surgery has grown immensely as an academic discipline with tween the description of problems and the implementation of solutions
the shifting landscape of global health interventions from communicable [1]. Injury comprises a significant burden of morbidity and mortality in
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low- and middle-income countries (LMICs) [2,3]. Improvements in
trauma care systems in LMICs may save an estimated two million lives
each year [4]. Barriers such as prohibitive cost and incompatibility with
local capacities have limited the feasibility of implementing tools like
advanced trauma life support (ATLS) to improve the quality of trauma
care rendered in LMIC settings [5-7].

Cameroon is a majority Francophone lower-middle income country
in Central Africa with a high disease burden of injury and a median life
expectancy of 58 years of age, which is two years lower than sur-
rounding Central African countries [8-12]. A recent death review con-
ducted within a larger Cameroonian TQI initiative determined nearly
one-third of deaths to be preventable or potentially preventable [13].
Evaluation of Cameroon Trauma Registry (CTR) data found that many
deaths were associated with underperformance of timely and complete
primary survey assessments, as 11 % of in-hospital deaths had no vital
signs collected [13]. Likewise, indicated interventions to treat abnor-
malities found on primary survey, such as intubation, chest tube
placement, or cervical collar placement were performed less than 10 %
of the time [13]. Based on these findings, an intervention to improve the
quality of evaluation and treatment during the primary survey had the
potential to improve overall trauma care delivery and decrease pre-
ventable deaths. This study examined data regarding local clinical
practice patterns in Cameroon and worked with trauma care providers at
a regional referral hospital in Cameroon to design a TQI bundle. After
implementation of the TQI bundle at this hospital, we evaluated changes
in hospital primary survey assessment and intervention process mea-
sures as recorded by the CTR.

This TQI bundle intervention served as a first step towards devel-
oping a scalable, context-appropriate trauma care bundle throughout
Cameroon. We hypothesized that introduction of the TQI bundle would
increase the frequency of vital sign collection and improve treatment
clinical resuscitation priorities identified on primary survey. We evalu-
ated associations between bundle implementation and changes in
trauma resuscitation practices.

Methods
Study design

We conducted a pre- and post-intervention observational cohort
comparative study using prospectively collected CTR data from injured
patients who presented to a single regional hospital in the Littoral region
of Cameroon between October 2021 and November 2022.

Setting

We implemented the study intervention at a public regional referral
hospital in the Littoral region of Cameroon. The regional hospital in this
study collects trauma patient data for the CTR and serves a catchment
area of approximately 100,000 to 300,000 people [14]. The hospital is
located along Cameroon’s busiest highway that is a known
high-incidence road traffic injury (RTI) corridor. This regional referral
hospital contains about 100 beds and has an emergency department in
addition to an intensive care unit (ICU) and operating rooms. Medical
physicians, general surgeons, and orthopedic surgeons are available to
assess and treat injured patients. Anesthesia providers are available for
intubation and ventilation of injured patients, but there are no me-
chanical ventilators available. While blood transfusion is a theoretically
available treatment, Cameroon often lacks sufficient blood products due
to low blood donor participation rates [15-18]. Available on-site im-
aging capabilities for injured patients includes X-ray, ultrasound, and
computed tomography (CT) scan.

Participants and data sources

The CTR is a prospective, multisite trauma registry that collects data
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on patients who present with injury at affiliated facilities throughout
Cameroon [10,11,14]. The CTR collects injured patient data from pre-
sentation until hospital discharge. We extracted CTR data for patients of
all ages who presented to the single regional hospital during the study
period to evaluate data on clinical care patterns.

Study intervention

The TQI bundle components consisted of 1) a hospital-specific
trauma protocol 2) a bedside trauma checklist (Supplementary Mate-
rials [SM] 1), 3) staff training on protocol implementation, 4) reorga-
nization and provision of essential emergency trauma supplies for rapid
access in the resuscitation area (Full list of supplies in SM 2), and 5)
monthly meetings with trauma staff to review performance. We based
the bedside trauma checklist on the World Health Organization (WHO)
Trauma Care Checklist [19]. Additional principles derived from other
trainings including the Primary Trauma Care, Kampala Advanced
Trauma Care, and WHO Basic Emergency Care courses were incorpo-
rated into the checklist [20-22].

The TQI bundle was developed within a larger TQI study as a site-
specific intervention to improve overall quality of trauma care. Data
patterns specific to the regional hospital in this study were used to guide
selection of TQI bundle components. We used the capability, opportu-
nity, and motivation behavior system (COM-B) and its associated
behavior change wheel (BCW) framework in the design of the overall
TQI bundle and its components [23]. During this process, we outlined
the specific factors influencing provider behaviors during trauma care
and aimed possible interventions at each factor (SM 3). Prospective
bundle components were then presented to hospital trauma care
stakeholders such as surgeons, emergency department (ED) physicians,
and nurses. We then collected feedback regarding the utility of each
bundle component in group discussions. Iterative cycles of bundle
optimization based on stakeholder feedback were performed until we
reached majority consensus on each included bundle component. For
instance, we designed the bedside trauma checklist specifically to
remind providers about the aspects of care identified as deficient
through data analysis and regular audit meetings. Prior to imple-
mentation of the TQI bundle, patients who presented to the ED could
only receive care after the patient or the patient’s family purchased
necessary supplies such as intravenous fluid and/or bandages at the
hospital pharmacy and brought them to the ED. The hospital staff
identified this practice as a major barrier to receipt of timely patient
care. Thus, as part of the TQI bundle, the intervention organized sealed
bags of essential supplies needed for the emergency care of an individual
patient and securely stored them in the ED. Though these supplies hel-
ped streamline the process of procuring and utilizing supplies for injury
care, the cost of these supplies (approximately 5200 Central African
Francs, about $8.70 US dollars) was added to the patient’s hospital bill.
of equipment for providers. We used the Standards for Quality
Improvement Reporting Excellence (SQUIRE 2.0) guidelines in report-
ing the background, methods, results, and discussion of this quality
improvement intervention [24].

Statistical methods and data analysis

We compared patterns of clinical trauma care for CTR patients in the
six months before bundle implementation against CTR patients enrolled
in the six months following bundle implementation. The pre-bundle
period lasted from October 2021 until March 2022. During April and
May 2022, the TQI bundle iterative review process finalized the com-
ponents of the bundle. The TQI bundle was implemented in June 2022
and post-bundle data was collected until end of November 2022. Pri-
mary variables of evaluation included the completion of primary survey
assessment and performance of indicated medical interventions. We
examined additional CTR data such as patient demographics, injury
characteristics, and disposition outcomes including trauma death.
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Categorical variables were reported as frequencies and percentages
while continuous variables were reported as median and interquartile
range (IQR), respectively. Differences between pre- and post-bundle
cohorts were evaluated with the Wilcoxon rank-sum test for contin-
uous variables and 2 x 2 Fisher’s exact test for categorical variables,
respectively. We calculated probability of the two-tailed Fisher’s exact
test by doubling the exact one-tailed probability, as previously described
[25]. For all analyses, an alpha level of less than 0.05 was considered
statistically significant. Statistical analysis was performed using Stata
version 16 [26].

Ethics

Approval to conduct this study was granted by institutional review
boards (IRBs) (IRB #: #19-000086 and 2021/1506-07/UB/SG/IRB/
FHS) and the Cameroon National Ethics Committee (N°2018/09/
1094/CE/CNERSH/SP). Patients enrolled in the study were approached
by trained Cameroonian research assistants for informed verbal consent.
The need for written informed consent for adults and parents/guardians
was waived by the IRB. Parents and/or guardians provided verbal
consent for patients under the age of 18 years old. Research assistants
documented obtaining verbal consent on the registry form.

Results

The study collected data on 246 injured patients in the six months
prior to TQI bundle implementation and 203 patients after imple-
mentation (Table 1). Injured patients were usually young (median age
31 years pre-bundle vs. 34 years post-bundle, p = 0.006) and predom-
inantly male (75 % male pre-bundle vs. 78 % male post-bundle, p =
0.590). There were no significant differences in road traffic injury (RTI)
mechanism frequency and injury severity as measured by the highest
estimated abbreviated injury scale (HEAIS) [27] in the pre- and
post-bundle cohorts. A similar proportion of patients were admitted to

Table 1
Demographic and injury severity of pre- and post-bundle implementation
cohorts.

Pre- Post-
intervention intervention
(n = 246) (n = 203)
n (Percentage) n (Percentage) p-value
Age (median, IQR) 31 (22, 40) 34 (25, 48) 0.006*
Male sex 185 (75.2) 158 (77.8) 0.590
RTI mechanism 170 (69.1) 135 (66.5) 0.698
Missing 2(0.8) 3(1.5)
HEAIS 3(2,3) 3(2,3) 0.637
Missing 2 (0.8) 1 (0.5)
Complete set of vitals recorded 0 140 (69.0) <0.001
Time to vitals (mins, IQR) 5(2,8) 3(0,5) <0.001
Missing 25 (10.2) 10 (4.9)
Vitals taken within 15 mins 181 (73.6) 183 (90.2) <0.001
Missing 25 (10.2) 10 (4.9)
Initial measurement of HR and 189 (76.8) 188 (92.6) <0.001
SBP
Repeat measurement of HR and 17 (6.9) 106 (52.2) <0.001
SBP
Disposition
Admit to ward/ICU 73 (29.7) 65 (32.0) 0.736
Admit directly to OR 16 (6.5) 4(2.0) 0.030*
ED mortality 8 (3.3) 5(2.5) 0.818
Missing 7 (2.9 3(1.5)

Legend: n = number of patients, IQR = interquartile range, RTI = road traffic
injury, HEAIS = highest estimated abbreviated injury scale, ICU = intensive care
unit, OR = operating room, ED = emergency department, mins = minutes, HR =
heart rate, SBP = systolic blood pressure.

" p-value less than 0.05.

Injury xxx (xxxx) XXX

the ward or ICU after bundle implementation (30 % pre-bundle vs. 32 %
post-bundle, p = 0.736). However, a smaller percentage of patients in
the post-bundle cohort were admitted directly to the operating room (7
% pre-bundle vs. 4 % post-bundle, p = 0.030). ED mortality was 3 % (n =
8) before and 3 % (n = 5) after bundle implementation (p = 0.818).

Vital sign collection improved significantly in the post-bundle
cohort. While zero patients in the pre-bundle cohort had a complete
set of initial vitals (e.g., heart rate, blood pressure, respiratory rate, and
temperature) collected, 69 % (n = 140) of post-bundle patients had a
complete set of vitals recorded (p < 0.001) (Table 1). All vital sign
collection improved in the post-bundle cohort (Fig. 1). A greater pro-
portion of patients (96 %, n = 195) in the post-bundle cohort had heart
rate collected compared to 79 % (n = 194) of the pre-bundle patients (p
< 0.001). Similarly, a larger proportion of patients experienced blood
pressure measurements after the bundle implementation (86 %, n = 212
pre-bundle vs. 94 %, n = 190 post-bundle, p = 0.014). The collection of
both respiratory rate (0.8 %, n = 2 pre-bundle vs. 76 %, n = 154 post-
bundle, p < 0.001) and temperature (7 %, n = 17 pre-bundle vs. 91
%, n = 185 post-bundle, p < 0.001) vital signs increased with the TQI
bundle implementation. Additionally, median time to initial vital sign
measurement significantly decreased in the post-bundle cohort (5, IQR
2-8 min pre-bundle vs. 3, IQR 0-5 min post-bundle, p < 0.001). The
post-bundle cohort also experienced less delays in vital sign collection,
as over 90 % (n = 183) of patients had vital signs recorded within 15 min
of presentation compared to 74 % (n = 181) of pre-bundle patients (p <
0.001). Furthermore, serial measurement of heart rate and blood pres-
sure occurred in 52 % (n = 106) of post-bundle patients compared to
only 7 % (n = 17) of patients in the pre-bundle cohort (p < 0.001).

Moreover, the post-bundle cohort experienced significant improve-
ments in the recognition and treatment of key primary survey abnor-
malities such as airway (e.g., non-patent airway) problems (Table 2).
Patients in the post-bundle cohort experienced a greater than five-fold
increase in breathing interventions during the primary survey (1 %, n
= 3 pre-bundle vs. 8 %, n = 16 post-bundle, p < 0.001). Cervical spine
collars were placed more frequently in the emergency department
among post-bundle patients (0 % pre-bundle vs. 7 %, n = 14 post-
bundle, p < 0.001). The number of used pre-packaged trauma Kkits
ranged from O to 14 kits used per week (SM 4). The large variation in the
number of utilized was influenced by the inconsistent availability of
supplies in the hospital pharmacy each week.

Discussion

In this study, we evaluated the changes in practice patterns before
and after implementation of a context-appropriate, data driven TQI
bundle at a regional referral hospital in Cameroon. Implementing the
TQI bundle was associated with significant improvements in trauma
practice measures such as completeness and timeliness of vital sign
collection and frequency of primary survey breathing interventions.
Providers demonstrated sustained improvement in fundamental primary
survey practices over six months after TQI bundle implementation. We
expect these continued practices to result in earlier identification and
treatment of critical injuries, ultimately improving overall trauma out-
comes at the institution.

Trauma care interventions in LMICs that seek to mitigate poor out-
comes due to care gaps often are limited by cost constraints, resource
scarcity, and lack of protected time for qualified instructors [5-7,28,29].
The TQI bundle in this study collaborated with local partners and
stakeholder to focus on data review, training, and improving timely
access to existing resources. This study demonstrated that a low-cost
intervention that utilizes existing resources can result in measurable
improvements in fundamental trauma care delivery. However, the
intervention must be evidence-based and specific for the specific health
care context. Specifically, this project relied heavily on the inclusion of
hospital trauma care providers such as surgeons, emergency physicians,
and nurses to review quality improvement data and suggest possible
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Proportions of Vital Sign Collection by Study Month
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Study Month

Proportion SBP (86% to 94%, p=0.014)

------ Proportion RR (0.8% to 76%, p<0.001) = = = Proportion Temp (7% to 91%, p<0.001)

Fig. 1. Proportions of vital sign collection pre- and post-bundle intervention. The p-value in Fig. 1 refers to statistical significance in the difference of percentages of
patients who experienced individual vital sign (e.g., heart rate, blood pressure, respiratory rate, temperature) measurement in the 6 months before implementation
compared to the 6 months after implementation of the TQI-bundle. The differences in the percentages were compared via chi-square analysis. The gray area of the
figure represents the post-bundle implementation period. HR = heart rate, SBP = systolic blood pressure, RR = respiratory rate, Temp = temperature.

intervention strategies. This collaboration between the research team
and local stakeholders permitted the intervention to be administered in
a manner that maximized the likelihood of project acceptability and
success.

While existing academic training programs such as ATLS can assist in
care delivery standardization, the variability of LMIC trauma systems
may decrease the applicability of high-income country (HIC) trainings in
local LMIC communities [5,29]. For instance, teaching providers to
obtain a chest x-ray or focused assessment with sonography in trauma
(FAST) exam as part of the primary survey will only improve care out-
comes if these providers have access to functional diagnostic imaging
equipment. In a resource limited setting like Cameroon, diagnostic im-
aging is often not portable and located at a site far away from the trauma
bay. Adherence to diagnostic imaging recommendations used in HICs
would result in suboptimal trauma care as the patient would have to
move away from the site of care to undergo diagnostic imaging. Like-
wise, while the number of patients who received cervical collar place-
ment increased in the post-bundle cohort, about 85 % of patients
meeting indications for cervical collar placement (i.e., unconscious pa-
tients, patients with numbness/weakness, or patients with more than
one severe injury) still did not receive a cervical collar. This modest
increase in cervical collar intervention reflects the broader reality in
Cameroon that the limited availability of cervical collars can discourage
providers from commonly applying them. Furthermore, LMIC providers
may be limited by the compensation model of the local health system, as
care may not be performed in a fee-for-service system until the patient
pays out of pocket. The fee-for-service model in Cameroon is a signifi-
cant barrier to emergency care provision that will not be resolved easily
and organizing pre-packaged trauma kits in the ED works within exist-
ing compensation restraints to improve injury care. Though this incre-
mental step in reducing a care barrier increased the amount of some
interventions, there remains a great opportunity to further improve the
quality of trauma care administered at this facility. The TQI bundle in
this study does not represent a “one-size-fits-all” or replacement of

existing resources in Cameroon. Instead, the method used to design this
intervention leverages existing resources to adapt to the local context
and optimize its efficacy.

This study contains several limitations. First, the observational
cohort design using historical controls prevents the inference of cau-
sality between bundle implementation and outcomes. Rather, this
intervention intended to generate baseline data regarding intervention
efficacy to possible power a larger, multi-site bundle implementation
trial in the future. Additionally, this study cannot evaluate the relative
impact of the individual TQI bundle components on the associations
with trauma practice measures. Finally, the relatively short time frame
of this single-center study resulted in a small sample size. Thus, the study
is likely underpowered to demonstrate differences in rare trauma out-
comes, like emergency department death due to injury.

This intervention served as a first step in the development of a formal
quality improvement system at this regional referral facility. Establish-
ing a culture of quality improvement can allow this intervention to be
sustainably continued over time. As quality improvement education
increases and providers feel more empowered to provide quality care,
patient outcomes are likely to improve and spur more improvement
efforts. It was crucial to select a facility with administration and staff
open to exploring quality improvement interventions. Since we have
determined which interventions functioned well in this single-center
setting, we aim to expand this quality improvement intervention to
other hospitals affiliated with CTR data collection.

Conclusion

The implementation of a context-appropriate TQI bundle was asso-
ciated with significant improvements in previously identified trauma
care deficits at a single regional hospital. Data-derived interventions
targeting frontline capacity at the local level can bridge the gap between
identifying care limitations and improvement in resource-limited
settings.
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Table 2
Recognition and treatment of primary survey abnormalities.
Pre- Post-
intervention intervention
(n = 246) (n =203)
n (Percentage) n (Percentage) p-value
Patients with airway problem 1(0.4) 16 (7.9) <0.001
Missing 2(0.8) 0
Patients with breathing problem 8 (3.3) 16 (7.9) 0.054
Missing 3(1.2) 0
Patients with circulation 185 (75.2) 146 (71.9) 0.408
problem
Missing 2(0.8) 0
Patients with airway 7 (2.9) 11 (5.4) 0.240
interventions
Missing 0 1.53)
Types of airway interventions
Airway repositioning 6 (2.4) 8 (3.9 0.522
Airway suctioning 0 7 (3.5) 0.008*
Non-invasive airway 0 2(1.0) 0.408
placement
Endotracheal intubation 1(0.4) 0 1.000
Patients with breathing 3(1.2) 16 (7.9) <0.001
intervention
Missing 4(1.6) 4(2.0)
Types of breathing interventions
Oxygen via non-BVM 3(1.2) 15 (7.4) 0.002*
Oxygen via BVM 1 (0.4) 2(1.0) 0.856
Needle thoracostomy 0 2(1.0) 0.408
Patients with circulation 229 (93.1) 182 (89.7) 0.396
intervention
Missing 17 (6.9) 19 (9.4)
Types of circulation
interventions
Tourniquet placed 10 (4.1) 4(2.0) 0.318
Blood transfusion 17 (6.9) 13 (6.4) 0.986
IV crystalloid or colloid fluid 226 (91.9) 181 (89.2) 0.412
Patients with c-collar placement 0 6.9 (14) <0.001
in ED
Missing 2(0.8) 0
Patients with indications for c- 85 (34.6) 91 (44.8) 0.034*
collar

Please note that the number of interventions may be greater than the number of
patients because multiple interventions may have been performed on the same
patient.
Legend: n = number of patients, BVM = bag-valve-mask, C-collar = cervical
spine collar, mins = minutes.

" p-value less than 0.05.
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