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Background: Trauma remains a leading cause of death worldwide. The development
of trauma systems in low-resource settings may be of benefit. The objective of this
study was to describe operative procedures performed for trauma at a tertiary care
facility in Kigali, Rwanda, and to evaluate geographical variations and referral patterns
of trauma care.

Methods: We retrospectively reviewed all prospectively collected operative cases
performed at the largest referral hospital in Rwanda, the Centre Hospitalier Universi-
taire de Kigali (CHUK), between June 1 and Dec. 1, 2011, for injury-related diag-
noses. We used the Pearson y* and Fisher exact tests to compare cases arising from
within Kigali to those transferred from other provinces. Geospatial analyses were also
performed to further elucidate transfer patterns.

Results: Over the 6-month study period, 2758 surgical interventions were performed
at the CHUK. Of these, 653 (23.7%) were for trauma. Most patients resided outside
of Kigali city, with 337 (58.0%) patients transferred from other provinces and 244
(42.0%) from within Kigali. Most trauma procedures were orthopedic (489 [84.2%]),
although general surgery procedures represented a higher proportion of trauma sur-
geries in patients from other provinces than in patients from within Kigali (28 of 337
[8.3%] v. 10 of 244 [4.1%]).

Conclusion: To our knowledge, this is the first study to highlight geographical vari-
ations in access to trauma care in a low-income country and the first description of
trauma procedures at a referral centre in Rwanda. Future efforts should focus on
maturing prehospital and interfacility transport systems, strengthening district hospi-
tals and further supporting referral institutions.

Contexte : Les traumatismes demeurent 'une des principales causes de déces dans
le monde. La mise au point de systémes de traumatologie dans des milieux défavori-
sés pourrait toutefois contribuer a améliorer la situation. Notre étude avait pour
objectif de décrire les interventions chirurgicales pratiquées sur les victimes de trau-
matismes dans un établissement de soins tertiaires de Kigali, au Rwanda, et
d’évaluer les variations géographiques et les habitudes d’orientation des patients
dans le domaine de la traumatologie.

Méthodes : Nous avons évalué rétroactivement les données recueillies de fagon
prospective sur ensemble des interventions réalisées au plus grand centre hospita-
lier régional du Rwanda, le Centre hospitalier universitaire de Kigali (CHUK), du
1¢" juin au 1" décembre 2011 pour les diagnostics liés a des blessures. Nous avons eu
recours au test x? de Pearson et au test exact de Fisher pour comparer les cas issus
de la province de Kigali a ceux provenant d’autres provinces. Nous avons en outre
effectué des analyses géospatiales afin de mieux comprendre les habitudes
d’orientation des patients.

Résultats : Au cours des 6 mois de 1’étude, 2758 interventions chirurgicales ont été
pratiquées au CHUK, dont 653 (23,7 %) pour des traumatismes. La majorité des
patients résidaient a I’extérieur de la capitale : 337 (58,0 %) d’entre eux avaient été
transférés d’autres provinces, et 244 (42,0 %), d’ailleurs dans la province. Si la plu-
part des interventions chirurgicales étaient orthopédiques (489, soit 84,2 %), les
patients d’autres provinces ont plus souvent subi des interventions générales que
leurs compatriotes de la province de Kigali (28 sur 337, soit 8,3 %, par rapport a 10
sur 244, soit 4,1 %).
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Conclusion : A notre connaissance, il s’agit de la premiére étude mettant en
lumiére les variations géographiques de 'accés aux soins en traumatologie dans un
pays 2 faible revenu et de la premiere description des interventions chirurgicales
pratiquées sur des victimes de traumatismes dans un centre régional du Rwanda. Les
travaux a venir devraient étre axés sur le développement des systémes de transport
avant I'hospitalisation et entre les établissements, le renforcement des hopitaux de
district et "augmentation du soutien aux centres régionaux.

n estimated 5.8 million people die annually from

injury-related events, representing more than 10%

of deaths worldwide each year. The 3 most common
causes of injury-related deaths — road traffic crashes, homi-
cide and suicide — are expected to rise substantially in the
coming years, joining the top 20 causes of death by 2030.!
Not all groups are equally vulnerable to injuries. Trauma is
1 of the top 3 leading causes of death in people between the
ages of 5 and 44 years, the most productive portion of the
population. Moreover, approximately 90% of injury-related
deaths occur in low- and middle-income countries (LMICs).!

The development of trauma systems, including region-
alized trauma care and the utilization of referral trauma
centres, has been shown to significantly decrease injury-
related mortality in high-income nations.** There is evi-
dence that the development of trauma systems in LMICs,
specifically prehospital care, could yield similar results.”

Nonetheless, the vast majority of studies evaluating
trauma care in LMICs rely on evaluations of hospital-based
resources.”'* Although these studies provide valuable infor-
mation regarding the potential capacity to treat injuries,
there is a paucity of evidence regarding the actual utilization
of resources in trauma and barriers to access definitive care.
With the recent launch of the Lancet Commission on
Global Surgery,!! increasing attention is being paid to this
issue; however, primary data collection, particularly hospital-
based data, appears to be invaluable for advocacy efforts.?

In this context, the objective of our study was to describe
operative procedures performed for trauma at a tertiary
care facility in Kigali, Rwanda, and to evaluate geographical
variations and referral patterns of trauma care in Rwanda.

MEeTHODS
Context

The Centre Hospitalier Universitaire de Kigali (CHUK)
is the largest of 4 referral hospitals in Rwanda and is 1 of
the 2 referral hospitals located in Rwanda’s most popu-
lated and capital city, Kigali. The CHUK serves an esti-
mated population of more than 6.2 million.'*!"* With
approximately 513 beds, the CHUK provides the follow-
ing services: surgery, obstetrics/gynecology, internal med-
icine, pediatrics, radiology, ophthalmology, dermatology
and laboratory services. Critical care support is available,
but bed capacity is limited. The anesthesia program is well
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developed and has been described previously.”” The hospi-
tal contains a total of 14 operating rooms separated into
multiple distinct physical locations. The main operating
theatre has 6 operating rooms; 2 are used for urgent oper-
ations and the remaining 4 are used for elective proced-
ures by the departments of general surgery, orthopedics,
urology, otorhinolaryngology and neurosurgery. There
are separate theatres for minor surgery, oromaxillofacial
surgery and ophthalmology.

During off-hours, there is 1 operating room available in
the main operating theatre for nonelective cases. At the
time of the study, the CHUK employed 5 general sur-
geons, 3 orthopedic surgeons, 1 neurosurgeon, 1 urologist,
3 otorhinolaryngologists, 1 oromaxillofacial surgeon,
2 ophthalmologists and 5 obstetricians and gynecologists.
There is a fully supported surgery residency program asso-
ciated with the National University of Rwanda with
24-hour resident coverage under attending surgeon super-
vision. All operations are performed with surgical residents
and attending surgeons present.

Data collection

We retrospectively reviewed all operative cases performed
at the CHUK between June 1 and Dec. 1, 2011, for
injury-related diagnoses. All patients who underwent a
surgical procedure for nontraumatic acute care or who
underwent elective surgery were excluded. We obtained
ethics approval from the CHUK and McGill University.
The CHUK operating room case logs are prospectively
completed in a handwritten record by the circulating oper-
ating room nurse participating in the operative interven-
tion. The data collected for the purpose of this study
included basic patient demographics (age, sex, district of
residence in Rwanda), diagnosis, procedure performed, type
of anesthesia and booking category (urgent v. nonurgent).
Urgent operations were defined as any operation per-
formed with the patient transferred directly to the operat-
ing room from the Accident and Emergency Area. In addi-
tion, the type of anesthesia administered was recorded and
divided into 3 categories: local, regional and general. The
procedures were categorized based on the surgical special-
ties (general surgery, orthopedics, neurosurgery and urol-
ogy) originally transcribed into the logbooks. Similar meth-
ods have been described previously.'® For the purposes of
this study, general surgery was defined as any surgery



involving the thoracic or abdominal cavity (excluding the
genitourinary system), the head/neck (thyroid) and the
abdominal wall (including the inguinal region). Authors
with specialty training in general surgery (E.G.W, M.CR,,
M.D., M.W. and D.L.D.) retrospectively classified the
operations into traumatic, nontraumatic acute care and
elective surgery based on the diagnoses and the procedures
performed. Traumatic operations were defined as any pro-
cedure performed specifically for an injury.

Statistical analysis

Handwritten case logs were collected and transcribed into
an electronic database (Microsoft Excel). We initially used
descriptive statistics to tabulate patient, diagnosis and pro-
cedure characteristics. Comparisons between cases ori-
ginating from within Kigali city and from other provinces
were performed using the Pearson y? test and the Fisher
exact test for cells containing values of 5 or less. Statistical

analyses were performed using Stata IC software version
13.1 (StataCorp).
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In order to further evaluate geographical patterns, we
also performed geospatial analyses. We determined longi-
tude and latitude coordinates of the patients’ residences
using Batchgeocoding at www.findlatitudeandlongitude
.com (David B. Zwiefelhofer). We used ArcGIS mapping
software (Esri) to graphically represent the patients under-
going surgery for injuries at the CHUK from the different
districts and provinces of Rwanda.

REsuLTS

Over the 6-month study period, 2758 surgical interven-
tions were performed at CHUK, spanning all surgical
subspecialties and including both urgent and elective pro-
cedures. Of these, 653 (23.7%) were performed for
trauma. The geographical origins were available for 581
(90.0%) of these patients, whose cases were retained for
further analysis. Figure 1 illustrates the point of origin of
these patients. The majority of patients resided outside of
Kigali city, with 337 (58.0%) patients transferred from
other provinces and 244 (42.0%) from within Kigali.
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Fig. 1. Geographic mapping of origin of patients undergoing injury-related operations at the Centre Hospitalier Universitaire de Kigali

(CHUK) in Rwanda between June 1 and Dec. 1, 2011.
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Table 1 presents the patient, anesthesia and procedure
characteristics according to the geographical origin. Over-
all, 174 of the 581 (30.0%) patients were children, and pro-
portions were similar between patients from within and
outside Kigali. Significantly more patients from other
provinces than from Kigali were older than 50 years (84 of
337 [24.9%] v. 38 of 244 [15.6%]). Most patients were
between the ages of 18 and 49 years (285 of 581 [49.1%]).
Most patients who required operative treatment for trauma
were male (411 of 581 [70.7%]), and this proportion was
similar regardless of geographical origin.

Most of the 581 procedures were performed with the
patients under general anesthesia (348 [59.9%]), but some
patients received regional (214 [36.8%]) or local (12
[2.1%]) anesthesia. Most operations were performed in an
urgent fashion (307 [52.8%]). The proportions of anesthe-
sia modalities and urgent procedures did not differ signifi-
cantly between patients originating from within Kigali and
those from other provinces.

Overall, the vast majority of trauma procedures were
orthopedic (489 [84.2%]), followed by neurosurgery (53
[9.1%]), general surgery (38 [6.5%]) and urology (1
[0.2%]). When looking at differences in proportions based
on the geographical origins of patients, orthopedic pro-
cedures were more prominent in patients from Kigali than
in those from outside Kigali (227 of 244 [93.0%] v. 262 of
337 [77.7%]). Interestingly, general surgery procedures
represented a higher proportion of trauma surgeries in
patients from outside of Kigali than in those from within
Kigali 28 of 337 [8.3%] v. 10 of 244 [4.1]). In other words,
73.7% of general surgery operations for injuries were per-
formed on patients from other provinces.

All injuries requiring an operative intervention are
detailed in Table 2. The 2 leading indications were frac-
tures (444 [76.4%]) and dislocations (37 [6.4%]). Both of
these diagnoses were more common in patients from
Kigali (80.7% and 10.3%, respectively) than in patients
from outside Kigali (73.3% and 3.6%, respectively).
Although neurosurgical indications accounted for a minor-
ity of the total number of cases, epidural hematomas (17
[2.9%]) and intracerebral hemorrhages (12 [2.1%]) were
the 2 most common neurosurgical indications, and both
were more common in patients from other provinces
(4.2% and 3.3%, respectively) than in patients from within
Kigali (1.2% and 0.4%, respectively). Abdominal trauma
represented only 15 (2.6%) traumatic surgical indications
overall, but were more frequent in patients from other
provinces (13 of 337 [3.9%]) than in patients from within
Kigali (2 of 244 [0.8%]); therefore, the vast majority (13 of
15 [86.7%]) of abdominal trauma patients were transferred
from outside of Kigali.

Specific operative procedures performed for trauma
are displayed in Table 3. Fracture reduction and fixa-
tion predominated (416 [71.6%]), followed by wound
debridement, drainage or suturing (47 [8.1%]) and
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Table 1. Demographic and clinical characteristics of trauma
patients treated at the Centre Hospitalier Universitaire de

Kigali in Rwanda between June 1 and Dec. 1, 2011, by
geographical origin

Region; no. (%)

Characteristic Total Kigali Non-Kigali p value*

Age, yr 0.016
<18 174(29.9) 74 (30.3) 100 (29.7)

18-49 285 (49.1) 132 (564.1) 163 (45.4)
>50 122 (21.0) 38 (15.6) 84 (24.9)

Sex 0.36
Male 411 (70.7) 167 (68.4) 244 (72.4)

Female 140 (24.1) 61 (25.0) 79 (23.4)
Missing 30 (5.2) 16 (6.6) 14(4.2)

Anesthesia 0.91

General 348 (59.9) 148 (60.7) 200 (59.4)
Regional 214 (36.8) 87 (35.7) 127 (37.7)
Local 12(2.1) 6 (2.5) 6(1.8)

Missing 701.2) 3(1.2) 4(1.2)

Degree of urgency 0.75
Urgent 307 (62.8) 127 (52.0) 180 (53.4)

Nonurgent 274 (47.2) 117 (48.0) 157 (46.6)

Specialty < 0.001
General surgery 38 (6.5) 10 (4.1) 28 (8.3)
Neurosurgery 53 (9.1) 7 (2.9) 46 (13.7)
Orthopedics 489 (84.2) 227 (93.0) 262 (77.7)

Urology 1(0.2) 0(0.0) 1(0.3)

Total 581 (100.0) 244 (100.0) 337 (100.0)

*Pearson y? test or Fisher exact test, as appropriate, comparing characteristics according

to geographical origin.

Table 2. Operative indications for trauma at the Centre

Hospitalier Universitaire de Kigali in Rwanda between June 1
and Dec. 1, 2011, by geographical origin

Region; no. (%)
Indication Total Kigali Non-Kigali p value
Extremity fracture 444 (76.4) 197 (80.7) 247 (73.3) 0.037
Joint dislocation 37 (6.4) 25(10.3) 12 (3.6) 0.001
Epidural hematoma 17 (2.9) 3(1.2) 14 (4.2) 0.046
Abdominal trauma 15 (2.6) 2(0.8) 13 (3.9) 0.031
Intracerebral 12(2.1) 1(0.4) 11 (3.3) 0.017
hemorrhage
Burn 11(1.9) 4(1.6) 7(2.1) 0.77
Skull fracture 10(1.7) 0(0.0) 10 (3.0 0.006
Laceration 8(1.4) 2(0.8) 6(1.8) 0.48
Subdural 8(1.4) 2(0.8) 6(1.8) 0.48
hematoma
Tendon rupture 6(1.0) 4(1.6) 2(0.6) 0.24
Pneumothorax 4(0.7) 1(0.4) 3(0.9) 0.64
Hematoma/ 3(0.5) 2(0.8) 1(0.3) 0.58
contusion
Perianal/rectal 2(0.3) 0(0.0) 2(0.6) 0.51
trauma
Hemothorax 1(0.2) 0(0.0) 1(0.3) > 0.99
Compartment 1(0.2) 0(0.0) 1(0.3) > 0.99
syndrome
Missing 2(0.3) 2(0.8) 0(0.0) 0.18
Total 581 (100.0) 244 (100.0) 337 (100.0)




craniotomy or craniectomy (40 [6.9%]). Exploratory
laparotomy accounted for a minority (11 [1.9%]) of all
traumatic procedures. When comparing procedures
based on geographical origin, fracture reduction/
fixation represented a higher proportion of procedures
in patients from Kigali (202 of 244 [82.8%]) than in
patients from other provinces (214 of 337 [63.5%]).
Neurosurgical procedures, such as craniotomies or cra-
niectomies, were more prominent in patients trans-
terred from outside Kigali (34 of 337 [10.1%]) than in
patients from within Kigali (6 of 244 [2.5%]). We
observed the same pattern for exploratory laparotomies,
with 9 of 11 (85.0%) procedures performed on patients
transferred from other provinces.

Discussion

To our knowledge, this study was the first to evaluate
trauma caseloads at the largest referral centre in Rwanda
and the first to describe geographical variations in access
to operative trauma care. Surgical procedures for trauma
represented a large proportion of all operations per-
formed at the CHUK, and a vast majority of these were
orthopedic in nature. In fact, fractures and dislocations
were the most common indications for surgery, and frac-
ture reductions and fixations were the most commonly
performed procedures. Approximately 58% of trauma
patients were transferred from outside Kigali. Interest-

RESEARCH

ingly, almost three-quarters of general surgery pro-
cedures for trauma were performed on patients trans-
ferred from other provinces.

This study therefore has important implications. The
sheer volume of surgical procedures — more than 2700
performed within a 6-month period — is impressive by
any standard and attests to the surgical teams in this
resource-limited setting. Nonetheless, a countrywide sur-
vey of unmet surgical needs conducted in 2011 revealed
that 6.4% of the population had a current operative con-
dition.'” This implies that future efforts should continue
to augment hospital-based surgical capacity, even in the
largest tertiary care centre in the country. The predomin-
ance of orthopedic procedures provides a specific alley for
operative resource planning, ranging from mobilization
and training of human resources to improvement of the
material resource capacity. Ultimately, improved surgical
and trauma capacity will go hand in hand.

It is estimated that 17% of the Rwandan population
has experienced an extremity injury in their lifetime;'®
this, in addition to the fact that more than 80% of
trauma procedures at the CHUK were orthopedic,
points to an important selection bias. It is likely that
individuals with injuries affecting more life-threatening
anatomic regions do not survive transport to a definitive
care centre. Consequently, the finding that three-
quarters of patients who underwent a general surgery
procedure were transferred from outside Kigali is likely

Table 3. Operative procedures for trauma at the Centre Hospitalier Universitaire de Kigali

in Rwanda between June 1 and Dec. 1, 2011, by geographical origin

Region; no. (%)

Procedure Total Kigali Non-Kigali pvalue
Fracture reduction/fixation 416 (71.6) 202 (82.8) 214 (63.5) < 0.001
Wound debridement/drainage/suture 47 (8.1) 16 (6.6) 31(9.2) 0.25
Craniotomy/craniectomy 40 (6.9) 6 (2.5) 34 (10.1) < 0.001
External fixation 15 (2.6) 4(1.6) 11(3.3) 0.29
Prosthesis insertion 15 (2.6) 3(1.2) 12 (3.6) 0.1
Exploratory laparotomy 11(1.9) 2(0.8) 9(2.7) 0.13
Amputation 6 (1.0 2(0.8) 4(1.2) >0.99
Skull elevation 6 (1.0) 0(0.0) 6(1.8) 0.043
Tendon repair 6(1.0) 5(2.1) 1(0.3) 0.09
Chest tube insertion 5(0.9) 1(0.4) 4(1.2) 0.41
Bowel resection/anastomosis 2(0.3) 0(0.0) 2(0.6) 0.51
Fasciotomy 2(0.3) 0(0.0) 2 (0.6) 0.51
External ventricular drainage 2(0.3) 0(0.0) 2 (0.6) 0.51
Neurolysis 2(0.3) 2(0.8) 0(0.0 0.18
Arthroscopy 1(0.2) 0(0.0) 1(0.3) > 0.99
Burr hole 1(0.2) 0(0.0) 1(0.3) > 0.99
Gastrostomy 1(0.2) 0(0.0) 1(0.3) >0.99
Osteotomy 1(0.2) 1(0.4) 0(0.0) 0.42
Plate removal 1(0.2) 0(0.0) 1(0.3) > 0.99
Skin graft 1(0.2) 0(0.0) 1(0.3) >0.99
Total 581 (100.0) 244 (100.0) 337 (100.0)
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an underestimation of the surgical need required to
address injuries to the trunk outside of Kigali. This has
important implications in the development of trauma
systems, both at the prehospital level and in terms of
strengthening district hospitals. In fact, a systematic
review of barriers to surgical care in LMICs identified
geographical distance, absence of suitable transport and
lack of funds as the major obstacles.!” Recent evidence
from Rwanda shows that 77.0% of households lack the
funds for travel to the nearest referral hospital and
70.4% are located more than 2 hours away from the
nearest operative services.!” In the present study, the
selection bias leading to a predominance of orthopedic
procedures highlights the importance of strengthening
the prehospital and transfer system not only to better
manage orthopedic injuries, but also to expedite the care
of patients with trunk injuries who are likely not surviv-
ing the prolonged transfer times to definitive care. A
large proportion of prehospital transport and first aid in
LMIC:s is currently provided by commercial drivers and
layperson bystanders.?’ Training programs for layperson
first responders build on available resources and have
been successful in some settings.”’* Future efforts may
therefore focus on maturing the prehospital system by
expanding first responder training programs and trans-
port mechanisms between hospital centres and under-
served areas.

The role of district hospitals in the development and
regionalization of trauma systems cannot be overempha-
sized. A comprehensive review of emergency surgical
capacity in Rwanda revealed that, although 80% of oper-
ating theatres were located in district hospitals, 80% of
the surgical workforce was located in the capital city.'* A
recent review of district hospitals across 17 countries,
including Rwanda, reported that less than one-third were
capable of providing basic resuscitation and 39% were
not capable of performing laparotomies.” Deficiencies at
the district level inevitably translate into delayed presen-
tations at the referral hospitals. Strengthening district
hospitals, in terms of the care for orthopedic and thora-
coabdominal injuries for example, may improve outcomes
while freeing resources at the referral level. This is cor-
roborated by the finding that orthopedic procedures were
more common in patients from within Kigali city, which
is likely explained by geographical proximity rather than
provincial variations in mechanisms of injury. Moreover,
it is unclear why most general surgery procedures per-
formed for trauma at the CHUK were for patients trans-
ferred from other provinces; this may be explained by
deficiencies in human and material resources at the dis-
trict level for basic general surgery procedures, such as
laparotomies. As prehospital systems mature, valuable
resources at referral centres will be indispensable in
addressing the influx of salvageable patients. Ultimately,
hospital and trauma centre designations, such as those
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put forward by the American College of Surgeons’ Com-
mittee on Trauma,’* may contribute to better organizing
referral systems.

The provision of trauma care is therefore a complex
interplay of agencies, including prehospital, hospital
(both district and tertiary), and interfacility services. The
organization of this system will inevitably require input
at the ministry level. Several educational initiatives have
already been implemented, including the Trauma Team
Training (T'T'T) and Advanced Trauma Life Support
(ATLS) courses.”® The Human Resources for Health
initiative is an example of health care development on a
grander scale stemming from the Ministry of Health.?®
Although the evaluation of the impact of these interven-
tions is difficult given the multiagency and multifactorial
nature of trauma care, this study provides evidence that
deficiencies still exist and that specific future directions
include strengthening district facilities, maturing prehos-
pital and interfacility systems and further supporting
referral centres.

Limitations

This study does present limitations. It is a retrospective
review over a short period of time in a single institution.
As trauma volumes may vary over time and among insti-
tutions, the findings may not be generalizable. Moreover,
our study did not include other referral institutions, such
as the Centre Hospitalier Universitaire de Butare, the
Kanombe Military Hospital and the King Faisal Hospital,
and it remains unclear why patients originating from
regions closer to these hospitals were treated at the
CHUK. A better understanding of the referral patterns
among these institutions would be essential in regionaliz-
ing the trauma system. However, as the CHUK repre-
sents the largest referral centre in the country, its surgical
volume is central to the development of this system. In
select cases, geographical data may have limited validity if
the trauma occurred at a site distant from the patient’s
place of residence. This study does not include any out-
comes data, which would be an important next step in
evaluating and monitoring the trauma system. Neverthe-
less, our study provides an essential first step in describ-
ing the utilization of trauma resources at the CHUK.

CONCLUSION

To our knowledge, this is the first study to highlight geo-
graphical variations in access to trauma care in a low-
income country and the first to describe trauma pro-
cedures at a referral centre in Rwanda. Future efforts
should focus on maturing prehospital systems, strengthen-
ing hospitals at the district level and further supporting
referral institutions as they strive to address the plight of
injury in resource-limited settings.
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