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a b s t r a c t 

Introduction: Trauma registries in low- and middle-income countries (LMICs) are critical for improv- 

ing trauma care; however, while some registries have been established in low-income settings, few are 

sustained due to a lack of sustainable funding. In many LMIC institutions, funding is dependent on doc- 

umentation of trauma patients, but patient records may be of poor quality, missing, or incomplete. The 

development of a trauma registry and electronic patient registration system could be used to improve 

documentation of trauma patients in a low-income setting and lead to increased funding for trauma care. 

Methods: A retrospective chart review of trauma patients at Mbarara Regional Referral Hospital in Uganda 

was performed, documenting the monthly admissions from January 2015-July 2016 prior to the establish- 

ment of a trauma registry. A trauma registry and electronic patient registration system were established 

in 2017, and monthly admissions from February 2017-December 2019 were documented. A negative bi- 

nomial regression analysis was performed comparing the incident rate of admission pre-implementation 

of the registry compared to post-implementation, adjusting for month and year. Completeness of trauma 

patient records was also assessed. 

Results: Prior to the implementation of the trauma registry and patient registration system (2015-2016), 

there was a mean of 5.2 (SD 4.4) trauma records per month identified. Following the implementation 

of the trauma registry, a mean of 103.4 trauma records per month were documented (SD 32.0) for an 

increased incident rate ratio of 20.9 (95% CI 15.7-27.6, p < 0.001). There was also a significant increase in 

percentage of documents completed (OR 49.1, CI 12.4-193.7, p < 0.001). 

Discussion: Following the implementation of a trauma registry and electronic patient registration system 

at this low-income country hospital, an increase of 20.9 times completed trauma patient documentation 

was identified, and completion of the records improved. This more accurate documentation could be used 

to apply for increased government funding for trauma patients and sustain the trauma registry in the long 

term and could represent a means of long-term sustainability for other trauma registries in LMICs. 

© 2021 Elsevier Ltd. All rights reserved. 
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Trauma in low- and middle-income countries (LMICs) is a sig- 

ificant cause of global morbidity and mortality, and trauma care 

n these settings is often hindered by a lack of trauma care sys- 

ems [ 1 , 2 ]. As trauma care systems have been shown to reduce

rauma mortality, they are therefore an area of focus for mitigating 

he disparity in trauma outcomes between high- and low-income 

ountries [3] . One important component for the advancement of 
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rauma care systems and quality improvement in trauma is the 

rauma registry: a database of epidemiologic, process, and outcome 

ata of trauma patients seeking medical care [4] . 

Although several pilot trauma registries have been successfully 

stablished in low-income settings, few have been able to maintain 

heir operability in the long-term [ 5 , 6 ]. A few strategies have been

dentified for maximizing the potential for long-term sustainability, 

ncluding obtaining buy-in from local stakeholders to act as ‘cham- 

ions’ for the trauma registry and eliciting the support of local 

ospital administration and management [7-9] . However, securing 

 sustainable funding source for a trauma registry in a low-income 

etting remains an ongoing issue. While research grant funding or 

xternal partnerships with high-income countries can be used to 

upport the development of a pilot trauma registry, trauma reg- 

stries in LMICs are rarely able to rely on external support for the 

ong term [7] . Estimated maintenance costs of trauma registries in 

MICs may be as high as $2,500 to $15,000 USD annually, and per- 

onnel requirements for operating trauma registries can also incur 

ignificant costs [9-12] . Ideally, the most ethical approach should 

e to develop a sustainable funding source built into local institu- 

ions in LMICs, in order to build capacity into local trauma systems, 

ecrease reliance on external partnerships, and transition owner- 

hip of trauma registries to local partners [13] . 

It is possible that trauma registries can contribute to cost- 

avings in LMIC hospitals through ongoing quality improvement, 

owever, this can be difficult to quantify and enact. While some 

egions have mandated ongoing data submission to regulatory cen- 

res in order to receive ongoing funding, many LMIC trauma reg- 

stries are grassroots hospital-level initiatives, and this approach 

equires a top-down approach by government or other regulatory 

odies [14] . In many LMIC settings, resource allocation for trauma 

are is tied to data collection and documentation of trauma pa- 

ients [15] . Patient records in many low-income settings are often 

f poor quality, difficult to access, and often missing altogether 

s a consequence of severe systematic limitations and overbur- 

ened clinical staff [16] . By pairing trauma registry data collection 

ith the implementation of an electronic patient registration sys- 

em, improved documentation of trauma patients may occur, and 

ay result in an increase in funding to the institution. This in- 

reased funding to the institution could potentially be used to sus- 

ain the trauma registry and patient registration in the long-term, 

s well as fund other improvements in patient care. This study 

ims to address barriers to the long-term viability of trauma reg- 

stries in LMICs by demonstrating improvements in documentation 

o trauma patients following the implementation of a trauma reg- 

stry and patient registration system. 

ethods 

stablishing a pilot trauma registry and needs assessment 

A pilot trauma registry was established at the government- 

unded Mbarara Regional Referral Hospital (MRRH) in Mbarara, 

ganda, in February 2017 in collaboration with the Mbarara Uni- 

ersity of Science and Technology (MUST, Mbarara, Uganda), the 

niversity of Alberta (Edmonton, Canada), McMaster University 

Hamilton, Canada), and the non-profit organization Innovative 

anadians for Change (ICChange; Edmonton, Canada). A minimum 

ataset for the trauma registry was created with the involvement 

f local stakeholders (including researchers, hospital administra- 

ion, and members of the trauma team) and a literature review. 

Hospital patient records were identified as a concern during the 

nitial needs and workflow assessment of the hospital, as patient 

ata was documented using paper-based charting. In most cases, 

ew patient charts were created for each visit and not linked to 

xisting patient records. Documentation was noted to be incom- 
2673 
lete and difficult to locate within the records department; a pre- 

ious study done on surgical patients at the same institution found 

dmissions and discharge data to be missing on 41.3% of patients 

ho underwent an operation [17] . An opportunity was thus iden- 

ified with the implementation of a trauma registry to also im- 

rove documentation at the hospital. As trauma registries are by 

efinition anonymized or pseudonymized (with a ‘key’ file linking 

nonymized patient registry data to clinical records, stored sepa- 

ately from the registry data [18] ), an electronic patient registration 

ystem with dedicated personnel was established at the hospital 

ntrance to assign each patient a unique record number that could 

e linked to previous hospital records or trauma registry data. This 

nitiative gained the support of hospital administration as both a 

otential means of improving trauma care while also creating a 

egistration system that could be utilized by all hospital patients. 

ata collection 

A retrospective chart review of completed trauma patient charts 

rior to implementation of the trauma registry was completed. 

ates and numbers of monthly trauma admission records were 

ollected from January 2015 until July 2016, and the data fields 

hat would be included in the future trauma registry were ex- 

racted retrospectively from charts where possible. A trauma reg- 

stry and patient registration system were then established at 

RRH, and two part-time nurse data collectors were hired to col- 

ect data for trauma patients, available seven days a week. In- 

lusion criteria in the trauma registry included all pediatric and 

dult trauma patients presenting to the A&E department with a 

echanism of injury, and inclusion criteria for the retrospective 

hart review was the same. Trauma registry data from February 

017-December 2019 was included in the present study and was 

anaged using REDCap (Research Electronic Data Capture) tool—

 secure, web-based software platform designed to support data 

apture for research studies [19] . Trauma registry data were in- 

utted into the REDCap software at weekly intervals by data col- 

ectors. Data quality checks for completeness were performed on 

 monthly basis, and any missing data fields were cross-referenced 

rom paper trauma records. The majority of data fields consisted of 

ategorical or binary data to ensure standardization of responses, 

ith the exception of patient location and a description of mecha- 

ism of injury (see trauma registry data collection form in Supple- 

entary File 1). 

osts 

The major costs associated with establishing a trauma registry 

nd electronic patient registration system were the costs of hiring 

ata collectors ($333 United States Dollars [USD]/month) and the 

nitial software development and editing ($3170 USD). Other mate- 

ials and supplies (printer, computer server, binders, etc.) were es- 

imated to have a one-time cost of $2375 USD, with ongoing costs 

or upkeep and maintenance around $795 USD per year. This initial 

unding was provided by McMaster University Surgical Associates 

nnovation Grant, the University of Alberta Department of Surgery 

linical Research Grant, and the not-for-profit organization ICCha- 

ge. 

tatistical analysis 

Monthly trauma admission records were compiled for the ret- 

ospective period prior to implementation of the trauma registry 

nd electronic patient registration system (January 2015-July 2016) 

nd prospective data collection period after implementation of the 

rauma registry and patient registration system (February 2017- 

ecember 2019). A negative binomial regression analysis was per- 
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Fig. 1. Number of monthly documented trauma admissions at Mbarara Regional Referral Hospital by year. Data prior to the implementation of a trauma registry and 

electronic patient registration system took place from January 2015-July 2016. Data following the implementation of the trauma registry and patient registration system are 

available from February 2017-December 2019 
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ormed comparing the incident rate (IR) of trauma admissions pre- 

mplementation of the trauma registry and patient registration to 

ost-implementation incident rate, adjusting for month. A negative 

inomial regression analysis comparing each pre-implementation 

ears to each other (2015 to 2016) and post-implementation years 

o each other (2017 to 2018 to 2019) was also performed. 

Secondary endpoints of completeness of the trauma records 

as also obtained as a measure of data quality. An analysis of the 

umber of incomplete trauma records (as defined by missing at 

east one data point captured in the trauma registry for prospec- 

ive data; or one data point that would have been captured by 

he trauma registry for the retrospective data) was performed us- 

ng Fisher two-sample proportion testing. A negative binomial re- 

ression analysis comparing the number of incomplete fields per 

ach trauma medical record document was also performed using 

egative binomial regression analysis. Statistical analyses were per- 

ormed using Stata Statistics/Data Analysis software version 13.0 

rom StataCorp. 

esults 

Prior to implementation of the trauma registry and patient 

egistration system (2015-2016), the number of completed docu- 

ented trauma records that could be identified from paper charts 

vailable in MRRH’s hospital record department ranged from 1 to 

8 trauma patients per month, with a mean of 5.2 per month 

standard deviation [SD] 4.4). Following the implementation of 

he trauma registry and patient registration system, documented 

rauma records ranged from 39 to 163 trauma patients per month, 

ith an average of 103.4 trauma patients per month (SD 32.0). 

onthly changes are visualized in Fig. 1 . A total of 3614 adult and

ediatric trauma patients seen within 14 days of injury were en- 

olled into the trauma registry from January 2017 until December 

019 and collection is ongoing. 

A significantly higher number of trauma admissions were doc- 

mented following registry implementation with an incident rate 

atio (IRR) of 20.9 (95% Confidence Interval [CI] 15.7-27.6, p < 0.001) 

s calculated by negative binomial regression analysis ( Fig. 1 ). 

here were no significant effects of monthly variation on the 

nalysis, and no statistically significant difference within the pre- 
2674 
mplementation years (2015 and 2016; p = 0.2) or within post- 

mplementation years 2017, 2018, or 2019; p = 0.7). 

Prior to the implementation of the trauma registry, 98.1% of 

ecords were incomplete (missing at least one data point that 

ould have been captured by the trauma registry); while follow- 

ng the implementation of the trauma registry, only 5.6% of records 

ere incomplete (OR 49.1, CI 12.4-193.7, p < 0.001). The average 

ercent of data points that were missing in each individual medi- 

al record prior to the implementation of the trauma registry was 

.3%, compared to 0.1% of data points missing once the trauma reg- 

stry was implemented (IRR 1.09, CI 1.05-1.13 p < 0.001). 

iscussion 

While the feasibility of developing pilot trauma registries in 

MICs has been demonstrated in the short-term, strategies for sus- 

ainability need to be a key consideration going forward. In this 

tudy of a pilot trauma registry in Uganda, we demonstrate a po- 

ential means of self-sustainability for a trauma registry in a low- 

ncome country. By considering the implementation of the trauma 

egistry as an opportunity to improve overall trauma patient regis- 

ration and documentation for hospitals this could in turn be used 

o apply for an increase in funding for the hospital. 

In this case study in a public hospital in a low-income country, 

rauma patient registrations were poorly documented and difficult 

o identify in a paper-based charting system. Following the imple- 

entation of a trauma registry and concurrent electronic patient 

egistration system, we were able to demonstrate an increase of 

0.9 times in completed trauma patient documentations that could 

e identified, as well as a significant improvement in data quality. 

unding for the initial start-up costs of the trauma registry was 

rovided by research grants and not-for-profit development fund- 

ng, however, these sources of funding are not set up to support 

ecurring costs of the trauma registry, and therefore a more sus- 

ainable source of funding is required moving forward. As govern- 

ent funding for trauma care at MRRH is dependent upon doc- 

mentation of number of patients seen and treated, this signifi- 

ant improvement in patient documentation and registration fol- 

owing the implementation of a trauma registry could result in an 

ncrease in funding for trauma patients. This funding could then 



C.L. Grant, C. Tumuhimbise, C. Ninsiima et al. Injury 52 (2021) 2672–2676 

b

r

i

w

u

n

i

i

p

a

t

d

d

d

i

h

t

t

p

i

t

t

(

t

t

i

l

r

v

d

i

s

n

c

o

n

t

a

w

i

r

p

2

a

d

r

(

t

2

u

W

r

2

p

m

a

m

v

m

r

t

t

l

l

s

a

a

t

p

fi

s

H

t

m

A

s

p

a

t

h

r

A

p

t

m

m

t  

l

r

o

i

m

a

c

s

C

e

s

a

i

T

f

t

s

p

t

w

h

E

f

e

M

B

t

M

D

m

t

e used to justify and support the ongoing existence of a locally 

un trauma registry. A similar strategy could be considered for the 

mplementation of trauma registries in other low-income settings 

here funding is contingent on number of patients seen and doc- 

mented. 

When considering the data quality as expressed through the 

umber of medical records completed, a significant improvement 

n completion was seen after the implementation of a trauma reg- 

stry. It should be noted that the use of the trauma registry data- 

oints to define completion of retrospective charts was not merely 

rbitrary, as the minimum dataset in the trauma registry was de- 

ermined in conjunction with local stakeholders to represent the 

ata of highest value for trauma care in Mbarara. The lack of this 

ata in the retrospective medical records therefore represents a 

eficit of information that could be used for creating trauma qual- 

ty and process improvement most useful for this institution. The 

igher rates of data completeness in the trauma registry records 

herefore represent an improved repository of functional and prac- 

ical data for Mbarara Regional Referral Hospital. 

In addition to creating a functional database for quality im- 

rovement and potentially providing a sustainable source of fund- 

ng for the trauma registry at MRRH, the concurrent implementa- 

ion of a patient registration system created unique patient iden- 

ifiers for all patients seen in the A&E Department of the hospital 

including non-trauma patients). By creating identifiers for all pa- 

ients, it provided an opportunity to improve care for all patients at 

he hospital by reducing duplication of patient records and improv- 

ng accessibility of patient records by providing reliable means of 

inking records from repeated visits [20] . The inclusion of a patient 

egistration system with a trauma registry was an additional moti- 

ator for hospital administration to participate in a partnership to 

evelop a trauma registry. Future directions of study include the 

ncorporation of the trauma registry into a fully functioning open- 

ource mobile electronic medical record system for MRRH. 

There are a number of limitations to this study. The most sig- 

ificant limitation is that trauma documentations could have in- 

reased as a result of an actual increase in number of traumas 

ccurring in the district that were seen at the hospital. Unfortu- 

ately, there were no police records available to us to demonstrate 

he number of traumas encountered in the district, nor is there 

ny census information available after 2014 in Uganda to assess 

hether or not these changes are due to an increase in population 

n the district. However, given such a dramatic increase in patient 

ecords (an average increase of 98 patients per month from the 

re-registry period in 2015-2016 to post-registry period in 2017- 

019), it is unlikely that actual rates of trauma increased by such 

 substantial amount. Also, as we found no statistically significant 

ifference between trauma records documented between the pre- 

egistry years (2015 and 2016) or between the post-registry years 

2017, 2018, and 2019), any change in trauma rates would have had 

o reflected a dramatic shift between August 2016 and February 

017 while the registry was being implemented, which is highly 

nlikely given no significant event was noted by hospital staff. 

hile it is probable that neither data set represents a fully accu- 

ate picture of all trauma that occurred in Mbarara district from 

015-2019 (and this is, in fact, a recognized limitation of all hos- 

ital trauma registries), it remains most feasible that an improve- 

ent in documentation is responsible for the changes, rather than 

 sudden increase in trauma patients seen by the hospital. 

Another potential limitation is that the pre-registry trauma ad- 

issions represent the completed trauma patient files that in- 

estigators were able to identify in the hospital records depart- 

ent from January 2015 onwards. It is possible that further trauma 

ecords existed at the hospital pre-registry that could not be iden- 

ified by study investigators due to the structural and organiza- 

ional challenges inherent in the record keeping system. Regard- 
2675 
ess, the inability to identify further records indicates that it is un- 

ikely they are being used in the most efficient manner to demon- 

trate an accurate number of trauma patients actually being seen 

t the hospital. Finally, actual funding data was not available to the 

uthors of this paper at time of publication which represents a fur- 

her limitation; the presence of actual financial hospital data could 

otentially have strengthened the findings of this study. 

The results of this analysis demonstrate a potential means of 

nancial sustainability for a trauma registry in LMICs. By demon- 

trating improved documentation of trauma patients at Mbarara 

ospital with the implementation of a trauma registry and a pa- 

ient registration system, the hospital may be eligible to apply for 

ore governmental funding for trauma patients at this institution. 

s the initial startup costs of the trauma registry and registration 

ystem have been covered by research funding from an external 

artnership, the ongoing maintenance costs of the trauma registry 

nd registration system could be funded going forward by a por- 

ion of the increased funds from the improved documentation. The 

ospital also benefits from the improved quality of trauma patient 

ecords and the implementation of a patient registration system. 

lternatively, this could motivate government funding agencies to 

rioritize funding for trauma registries, patient registration sys- 

ems, and electronic health records in LMICs, as improved docu- 

entation allows the government to more accurately collect infor- 

ation for resource allocation while improving trauma care sys- 

ems and outcomes in the region [ 21 , 22 ]. Moving forward, the uti-

ization of this strategy to more sustainable funding for trauma 

egistries in LMICs can be incorporated with lessons learned from 

ther studies to promote the long-term maintenance of registries, 

ncluding a priori needs assessments, utilization of electronic and 

obile health technologies, identification of a local champion to 

dvocate for the ongoing use of the registry, involvement of lo- 

al hospital healthcare workers and administration, and respon- 

iveness to feedback [ 6 , 7 , 12 ]. 

onclusion 

The development of trauma registries is an important consid- 

ration for improving trauma care in low-income settings. While 

everal pilot trauma registries have demonstrated feasibility, there 

re few studies demonstrating long-term success of trauma reg- 

stries in LMICs, and most are limited by financial constraints. 

his study demonstrates a potential source of long-term funding 

or trauma registries in LMICs by linking the establishment of a 

rauma registry with an electronic patient registration system, re- 

ulting in significant improvements to documentation of trauma 

atients. This improved documentation can allow hospital institu- 

ions to apply for increased funding for trauma patients, funding 

hich can be used to support and sustain a trauma registry and 

ealth records system moving forward. 
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