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a b s t r a c t 

Background: There is conflicting evidence regarding the impact of human immunodeficiency virus 

serostatus on trauma outcomes in low-resource settings. This study sought to evaluate the impact of 

human immunodeficiency virus serostatus on mortality outcomes for Rwandan patients presenting after 

trauma. 

Methods: This retrospective review of the University of Rwanda trauma registry captured all adult trauma 

patients with known human immunodeficiency virus status presenting between March 2011 and July 

2015. Confirmed human immunodeficiency virus-positive cases were matched 1:2 with known human 

immunodeficiency virus-negative controls using a modified Kampala Trauma Score, sex, and district of 

residence or primary hospital. All-cause mortality was compared using multivariable logistic regression. 

Results: In total, 11,280 patients were recorded prospectively in the registry (169 human immunodefi- 

ciency virus positive; 334 human immunodeficiency virus negative matches). There was no difference in 

delay of hospital presentation or time until operation ( P = .50 and P = .57, respectively). Less than 30% of 

all patients underwent operation during admission ( n = 133), and the rate of operative intervention was 

independent of human immunodeficiency virus serostatus ( P = .946). There was no association between 

development of any complication and human immunodeficiency virus status ( P = .837). The overall mor- 

tality rate was 8.9% and 3.3% for human immunodeficiency virus-positive and human immunodeficiency 

virus-negative patients, respectively ( P = .010). Human immunodeficiency virus positivity was associated 

with increased 30-day mortality when controlling for potential confounders ( P = .016; odds ratio 3.60, 

95% confidence interval: 1.27–10.2, C statistic 0.88). 

Conclusion: Both human immunodeficiency virus and trauma pose substantial public health threats in 

sub-Saharan Africa. Known human immunodeficiency virus seropositivity in Rwandan trauma patients 

is associated with early mortality. Further investigation regarding testing, treatment, and outcomes in 

human immunodeficiency virus-positive trauma patients is warranted and provides an opportunity for 

leveraging human immunodeficiency virus global health effort s in trauma outcomes assessment. 
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Fig. 1. Flowsheet for case exclusion and inclusion. 
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Effort s to curtail mortality from the human immunodeficiency

irus/acquired immunodeficiency syndrome (HIV/AIDS) pandemic 

ver the past 20 years have resulted in unprecedented global

ealth and development aid initiatives. Since the HIV epidemic

eached its peak in 2006 with more than 2.2 million AIDS-related

eaths, the number of patients receiving highly active antiretrovi-

al therapy (HAART) has continued to rise as mortality has simul-

aneously fallen. 1,2 In 2015, 29.7% of $36.4 billion in development

id was directed at HIV/AIDS treatment and programs. 3 The Min-

stry of Health of the Republic of Rwanda has prioritized treatment

or individuals with HIV, which has resulted in an estimated HIV

revalence among adults 15 to 49 years of 2.9% in 2015 with only

n estimated 2,500 AIDS-related deaths among adults older than

5 years during the same year, a figure that has been relatively

table since 2010. 4,5 As recently as June 2016, the Rwandan gov-

rnment in conjunction with the World Health Organization im-

lemented the Treat All program, an initiative to begin all patients

ith a positive HIV test immediately on HAART. 6,7 Although rates

f HIV in Rwanda have been decreasing over the last 20 years, 8 

he impact of the disease on outcomes for patients presenting for

rauma care and potentially operative intervention has yet to be

ully elucidated. 9-12 

There is conflicting evidence regarding whether HIV status,

hich may or may not include a compromised CD4 count, in-

reases the likelihood of infection or other adverse perioperative

vents in patients undergoing elective operations. 13,14 The con-

ern may be greater for patients presenting in an emergent set-

ing given the potentially unstable nature of patients presenting

or a trauma indication. 15,16 An estimated 973 million individuals

orldwide presented with trauma-related injuries requiring treat-

ent in 2013, which accounted for more than 10% of the global

urden of disease for the same year. 17 Cherewick et al 18 recently

sed the Joint United Nations Programme on HIV/AIDS data to es-

imate that at least 1.5 million operations were needed to meet

he surgical needs of individuals living with HIV in sub-Saharan

frica in 2015. 18 A patient presenting in an emergent setting may

ot have had the benefit of prior HIV testing, and therefore, if the

atient is HIV positive, he or she will have not had the benefit of

AART. Very few studies have focused on operative outcomes af-

er trauma for HIV-positive patients, in large part because routine

esting is difficult in all settings but especially in low- and middle-

ncome countries (LMICs) where the burden is greater. 19 Because a

rowing number of LMICs focus on the provision of care for non-

ommunicable and surgically treatable diseases, understanding the

nteraction of common comorbidities and surgical outcomes is of

ver-increasing importance. 20 

The purpose of the present study was to assess the effects of

IV positivity on post-trauma morbidity and mortality in patients

resenting to referral hospitals in Rwanda for acute trauma. 

aterials and methods 

This was a retrospective, case-control study using a 1:2 match-

ng scheme and the University of Rwanda/University of Virginia

rauma registry. All entries between March 2011 and July 2015

ere reviewed for any patient with known HIV serostatus. Patients

ith a known HIV status were matched in a 1:2 ratio with known

IV-negative patients using a modified Kampala Trauma Score

KTS), sex, and district of residence or primary hospital, whenever

ossible. If only one control was available for a given case, the

ase was matched 1:1 ( Fig. 1 ). Briefly, Weeks et al 21 reported

hat a modified KTS can be useful in estimating risk of trauma

ortality. The modified score uses age, systolic blood pressure,

eurologic status, and number of serious injuries, but it excludes
espiratory rate. 21 Cases missing age were matched using an

dditional component—hospital of principal admission. If a case

as missing 2 or more of the previously identified variables, the

atient was excluded. Matching was employed to eliminate the

ariables used for matching as confounders. Increasing the ratio of

he match from 1:1 to 1:2 was used to increase both the efficiency

nd the power of the study. The trauma registry is housed at 2

rimary referral and teaching hospitals in Rwanda: Centre Hos-

italier Universitaire Kigali in the capital city of Kigali, Rwanda,

nd Centre Hospitalier Universitaire Butare, which is in Butare,

wanda. Details related to data collection for the trauma registry

ave been described previously by Petroze et al. 22,23 In brief, the

egistry used in Rwanda was adapted from regional trauma reg-

stries for local use and collects 31 items related to demographic

haracteristics, prehospital care, initial physiologic parameters, 

arly interventions, comorbid conditions, and outcomes for up to

0 days of an inpatient admission. Trained data managers entered

ll data into a password-protected database (Microsoft Access,

icrosoft Corp, Redmond, WA). Ethical approval to conduct this

tudy was obtained from the University of Virginia Health Sciences

esearch Institutional Review Board and the Ethics Committee at

he Centre Hospitalier Universitaire Kigali. 

tudy population characteristics and outcome definitions 

We collected peritrauma characteristics for all patients, includ-

ng age, sex, comorbid conditions, cause of injury, alcohol use,

rocedures performed, and disposition. All variables, including ma-

or comorbidities and postoperative outcomes, were gathered via

etrospective data entry from the registry. The primary outcome of

he study was 30-day trauma-related mortality, which was defined

s any patient dead on arrival, any death occurring on arrival to the

ccident and emergency department, and any death that occurred

ithin 30 days of trauma admission. HIV status was defined as

nown HIV-positive, known HIV-negative, or unknown status. Sec-

ndary outcomes included determination of 30-day complications

nd occurrence of any surgical procedure. Complications included

urgical site infection (SSI), urinary tract infection, pneumonia,

nplanned reintubations, bleeding requiring transfusion, decubitus 

lcer or pressure sores, or reoperation, which were abstracted

etrospectively from the medical record. Furthermore, a KTS was

alculated for each patient. The KTS is an injury severity measure-

ent that has been validated in a developing country, Uganda,

ut has also been found to be correlated with trauma outcomes in

S settings. 21,24 We also calculated a modified KTS for our patient

opulation, which excludes respiratory rate. Less than 15% of our

ata set had missing variables that precluded calculation of the
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Table 1 

Study population demographic characteristics and 30-day outcomes ( N = 503). 

Variable HIV-positive cases ( n = 169) HIV-negative controls ( n = 334) P 

Age (y), median (IQR) 39 (30-51.5) 38 (30-50.5) .488 

Male sex, n (%) 112 (66.3) 226 (67.7) .753 

Hospital, n (%) 

CHUK (Kigali) 90 (53.3) 186 (55.7) 

CHUB (Butare) 79 (46.8) 148 (44.3) .604 

Mechanism of injury, n (%) 

Road traffic injury 76 (45.2) 158 (47.7) 

Burn 9 (5.4) 11 (3.3) 

Fall 53 (31.6) 106 (32.0) 

Blunt force 19 (11.3) 37 (11.2) .552 

Alcohol use, n (%) 

Confirmed/suspected 22 (13.8) 29 (9.5) 

Unknown use 4 (2.5) 15 (4.9) 

None 134 (83.8) 263 (85.7) .192 

Disposition from A&E, n (%) 

Home 35 (21.7) 81 (25.2) 

Referred 6 (3.7) 9 (2.8) 

Died 12 (7.5) 4 (1.2) 

Admitted 108 (67.1) 225 (69.9) 

Direct to operating theater 22 (20.4) 77 (34.2) 

General ward 80 (49.7) 129 (57.3) 

High-care unit 4 (3.7) 17 (7.6) 

Intensive care unit 2 (1.9) 2 (0.89) .001 

Serious injury, n (%) 

One serious injury 141 (83.4) 290 (86.8) 

More than 1 serious injury 19 (11.2) 32 (9.6) 

No serious injury 9 (5.3) 12 (3.6) .532 

Systolic blood pressure (mm Hg), median (IQR) 121 (110-134) 123 (111-135) .583 

Heart rate (beats/min), median (IQR) 84 (72.5-97) 84 (74-95) .826 

Modified KTS, median (IQR) 12 (11-12) 12 (11-12) .750 

Overall 30-day mortality, n (%) 15 (8.9) 11 (3.3) .008 

Any operation, n (%) 45 (26.6) 88 (26.4) .946 

Overall 30-day complications, n (%) 2 (1.2) 6 (1.8) .604 

A&E, accident and emergency; CHUB, Centre Hospitalier Universitaire Butare; CHUK, Centre Hospitalier Universitaire Kigali; 

IQR, interquartile range. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 

Operations received among patients presenting for trauma ( n = 503). 

Operation HIV positive ( n = 169) HIV negative ( n = 334) 

Craniotomy 3 1 

Laparotomy 1 4 

Open fracture reduction 30 49 

Operative wound debridement 14 37 

Total operations 48 91 
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modified KTS. For these patients, alternative characteristics were

used for matching (see details earlier in Methods section). 

Statistical analyses 

Patient characteristics were aggregated to report demographic

and peritrauma factors. The distributions of demographic and clin-

ical variables were analyzed to compare patients based on HIV sta-

tus using bivariable analysis. Distributional characteristics of cat-

egorical variables are expressed as frequencies and percentages

for categorical values. The statistical significance of differences in

the proportional distribution of categorical variables was assessed

using Fisher exact test or χ2 test, as appropriate. The distribu-

tional characteristics of continuous variables are expressed using

the median and interquartile range, and the statistical significance

of differences in medians was assessed using the Mann-Whitney U

test. Univariable and multivariable logistic regression analyses were

used to test the effect of clinical covariates on the primary study

outcome of 30-day mortality. A multivariable model testing the as-

sociation between covariates and 30-day mortality was performed.

Stata Version 14.2 software (Stata Corporation, College Station, TX)

was used for data management and statistical analysis. 

Results 

Review of the University of Rwanda/University of Virginia

trauma registry indicated that there were 11,280 patients with an

acute trauma admission during the nearly 4.5-year study period.

Of these, most patients had an unknown or missing HIV status

( n = 6,709, 59.5%). Of the remaining patients with a known HIV sta-

tus ( n = 4,571, 40.5%), 170 were HIV positive (1.51% of the registry

population) and 4,400 were HIV negative (39.0% of the registry
opulation). One of the known HIV-positive patients was excluded

ecause of missing data precluding a match. For 4 known HIV-

ositive patients, there was only 1 available control HIV-negative

atch, and these patients were matched 1:1. The final cohort in-

luded 503 patients, 169 HIV-positive cases and 334 HIV-negative

atched controls. Demographic and clinical variables were similar

etween HIV-positive cases and HIV-negative controls, as described

n Table 1 . Patients in both groups were well matched for age, sex,

ospital where initial care received, and mechanism of injury ( P >

488). In total, 333 patients were admitted to the hospital (66.2%).

atients who were HIV-negative were more likely to be admitted

o the hospital ( n = 225, 69.9%, vs n = 108, 67.1%; P = .001) and were

lso more likely to receive admission to the high care or intensive

are units ( n = 19 vs n = 6). Physiologic parameters, including sys-

olic blood pressure and heart rate obtained on admission, were

ot statistically different between HIV-positive and HIV-negative

atients (all P > .583). Median modified KTS scores were similar

etween HIV-positive patients and HIV-negative patients ( P = .750).

Just under one-third of all patients in our cohort underwent

ny operative procedure. Operations received included craniotomy,

aparotomy, open fracture repair, and operative wound debride-

ent ( Table 2 ). There was no significant difference in receipt of
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Table 3 

Outcomes among patients still admitted at 30 days ( n = 72). 

Variable HIV positive (n = 38) HIV negative (n = 151) P 

Any 30-day complication, n (%) 1 (10.0) 5 (8.1) .837 

Any operation, n (%) 6 (60.0) 25 (40.3) .244 

30-day inpatient mortality, n (%) 0 (0) 0 (0) n /a 

n/a, Not applicable. 

Table 4 

Independent association between 30-day mortality and perioperative fac- 

tors. 

Variable Odds ratio 95% CI P ∗

HIV-positive status 3.60 1.27–10.2 .016 

Age (y) 1.02 0.99–1.05 .244 

Glasgow Coma Scale score (3–15) 0.56 0.47–0.66 < .001 

Any operation 0.17 0.021–1.42 .102 

∗ P value < .05 considered significant by multivariable logistic 

regression. † C statistic for model is 0.88. 
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perative intervention based on HIV status ( P = .946). Among pa-

ients admitted to the hospital, 72 patients remained in-hospital

or at least 30 days ( n = 72 of 333, 21.6%). The 30-day complica-

ion rate for patients still admitted at 30 days was similar for HIV-

ositive cases ( n = 1, 10%) and HIV-negative controls ( n = 5, 8.1%,

 = .837). The only complication among HIV-positive cases was

n SSI ( n = 1) compared with SSI ( n = 2) and other complication

 n = 2), which were the most common complications among HIV-

egative controls. In addition, HIV-positive cases and HIV-negative

ontrols were equally likely to undergo any operation ( n = 6, 60% vs

 = 25, 40.3%, P = .244 [ Table 3 ]). No patients remaining in-hospital

t 30 days experienced an inpatient mortality. 

The primary outcome of interest, 30-day mortality, was investi-

ated in relation to relevant clinical covariates using both univari-

ble and multivariate logistic regression analyses ( Table 4 ). Overall

ortality for the patient population was 5.2% ( n = 26/503); mor-

ality rate was 8.9% ( n = 15) and 3.3% ( n = 11) for HIV-positive and

IV-negative patients, respectively ( P = .010). The primary diag-

oses for HIV-positive patients who died included 8 patients with

ead injury, 2 with burn injuries, and 2 with chest trauma; 5

ustained multisystem trauma. Among HIV-negative patients who

ied, primary diagnosis included 8 patients whose injuries in-

luded head trauma and 4 whose injuries involved chest trauma;

nly 3 total patients sustained multisystem trauma. There was

o statistical difference in mechanism of injury (ie, falls, burns,

oad traffic injury, blunt force) between HIV-positive patients who

ied and HIV-negative patients who died ( P = .655). One HIV-

ositive patients who ultimately died underwent an operative pro-

edure compared with no HIV-negative patients ( P = .382). When

ontrolling for potential confounders, including receipt of a per-

trauma operation, patients with HIV-positive status were 3.60

imes more likely to experience any 30-day mortality event com-

ared with HIV-negative controls (95% confidence interval [CI]:

.27–10.2, P = .016). The multivariable model also revealed that pa-

ients with a lesser Glasgow Coma Scale (GCS) score on admission

ere more likely to experience a 30-day mortality event (odds ra-

io [OR] 0.56, 95% CI 0.47–0.66, P < .001). A C statistic of 0.88 indi-

ates a good capacity of the multivariable logistic regression model

o discriminate between patients who did and did not experience

 30-day mortality event. 

iscussion 

Using short-term data from a trauma registry and multivari-

te analysis, we found that HIV-positive patients were 3.60 times
ore likely to experience a mortality compared with their HIV-

egative counterparts. There are minimal data regarding outcomes

or HIV patients presenting for trauma care—indeed, most prior

ata examined outcomes for elective orthopedic indications only. 11 

indings from the present study have clinically important implica-

ions for the triage and planning of care for patients living with

IV in Rwanda and underscore the importance of the Treat All

pproach mandate currently being implemented in-country. 6,7 The

.51% HIV-positive rate for our study population is well under the

nown population prevalence of HIV, particularly in the capital city

f Kigali, where the best estimate of HIV positivity is currently

3%. 4 This may be because seropositive status in our study reflects

nly patients with a known status and not those who had been

ested prospectively. In Rwanda there is ample funding for HIV,

nd total HIV spending in fiscal year 2011–2012 was USD $234.6

illion. This massive funding effort resulted in greater than 90% of

ligible adults and children receiving antiretrovirals in 2013. 4 In

wanda there is increased access to medical care for HIV-positive

atients; although we suspect known HIV-positive patients in our

tudy may be a subset who are on HAART, this figure is un-

nown because of limitations of our study design as a retrospec-

ive analysis. An important caveat to understanding HIV treatment

n Rwanda is that virus genotype and drug susceptibility are not

ested before commencement of HAART. In general, first-line drugs

re used for new diagnoses and viral load is checked at 1 year. At

hat time, depending on response to treatment, the cycle of geno-

ype testing may begin and subsequent second-line or third-line

rugs initiated. Therefore, if trauma patients have a new diagnosis

ithin the past year, they may be more susceptible to HIV-related

ortality if they are on a resistant HAART regimen. 

Given the high percentage of eligible patients receiving treat-

ent in Rwanda, we hypothesized that a large proportion of pa-

ients in our cohort with known HIV-positive status were likely re-

eiving antiretroviral therapy, but despite this possibility, we found

 robust association with increased overall and inpatient mortality

mong this group. Unlike the ample funding for HIV care, there is

ittle funding for trauma and other related noncommunicable dis-

ases. 25 In 20 0 0, mortality from HIV/AIDS was growing by nearly

0% per year in LMICs. After the creation of the Millennium Devel-

pment Goals in 2001, an unprecedented global aid effort has un-

olded, with $10.8 billion USD, or 30% of development assistance

or health, being directed toward HIV/AIDS care in 2015. At the

ame time, only 1.3% of funding was directed toward noncommu-

icable disease. 

This is true despite the fact that trauma is the most common

ause of surgically treatable disease in LMICs. 3 Since the year

he trauma registry was initiated in 2011, multiple studies have

eported the cost-effectiveness of tackling surgically treatable

llnesses in LMICs. 25,26 Building HIV status into future trauma or

eneral surgical registries could be a bridge to linking efforts that

arget both communicable diseases, like HIV and noncommunica-

le diseases. Linking funding for these seemingly disparate issues

nhances communication and collaboration with the existing

takeholders in global health who have previously been skeptical

egarding funding for efforts targeting operations performed in

MICs. Furthermore, findings of our present study are in line with

hose of prior authors from Malawi who investigated barriers
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to implementing universal HIV testing and counseling (HTC) on

surgery wards using existing infrastructure and found that it

was feasible, despite a much greater recent HIV rate of 11%. 27,28 

Rwanda’s HIV rate is much less with a smaller overall population,

which would ease implementation of such a program. 

We found no difference in overall complications or in compli-

cations among patients still admitted to the hospital at 30 days.

This observation is consistent with previous research investigating

outcomes for HIV-infected and noninfected individuals in both

low- and high-income countries. 29 We found that patients with

lesser GCS scores are significantly more likely to experience a

30-day mortality event. This is consistent with previous analysis

from the Rwanda trauma registry, which found that an initial GCS

score of 3 to 8 had the greatest association with mortality. 30 In

one of the largest studies comparing outcomes among patients

undergoing various general surgery procedures, Horberg et al 12 

reported increased complications only for individuals with a CD4

cell count less than 50/ μL. Their study did not include patients

presenting for trauma indications. Unfortunately, data on out-

comes for this population in LMICs are mostly limited to patients

undergoing operations for orthopedic indications rather than an

overall trauma population. 

Finally, patients who are HIV negative may be more likely than

those who are HIV positive to require complex post-trauma care in

the intensive care unit (ICU) or high-dependency unit (HDU), given

a greater likelihood of survival among HIV-negative patients. It is

possible that patients had equivalent need for ICU/HDU admission

regardless of HIV status, but there was a reason that HIV-positive

patients were admitted at a lesser rate to the ICU/HDU. If so, this

could have contributed to their morbidity and mortality. We must

ask the following question: How does being HIV positive in an

acute trauma setting influence clinical decision-making? 31,32 Prac-

titioners caring for patients in Rwanda have reported rare instances

where HDU/ICU admission was refused for HIV-positive patients

even when the HIV disease was well-controlled, and this serves as

a potentially confounding factor for the present study. It should be

noted that delayed care for HIV-positive patients has not been re-

ported or studied among trauma patients in Rwanda. Future stud-

ies should focus on this aspect of patient care and added barriers

to care for HIV-positive trauma patients. 

Although we believe that HIV is an important factor to examine

for trauma patients in Rwanda, we also acknowledge the high rate

of in-emergency department mortality. In total, 16 patients died

in the emergency department, which represents just more than

60% of total mortalities in the current data set. Furthermore, the

most common primary diagnosis for patients who died regardless

of HIV status included head trauma, raising the possibility that se-

vere traumatic brain injury or hemorrhage played a primary role in

hospital mortality. Despite the association between HIV status and

mortality, there are likely many other factors related to early mor-

tality in this study population, and therefore this outcome should

not be attributed to HIV alone. To incriminate HIV, one would need

more clinical, biologic, and virologic parameters, such as CD4, vi-

ral load, or clinical stigmata of self-neglected disease such as oral

thrush, Kaposi sarcoma, tuberculosis, and so on, which is not avail-

able for the present study. 

Our study had several limitations, the first of which is that

HIV status was self-reported by patients or found in prior chart

documentation, such as insurance records from an NGO providing

HIV care. In fact, HIV status was initially added to the registry

to provide background information for eventual prospective HIV

testing and to provide opportunities for grant funding within the

better funded HIV realm. Unfortunately, at present, the trauma

registry is unfunded. Additional limitations of the present study

include a lack of data on comorbidities, such as hepatitis C, HAART

therapy, and CD4 counts, for HIV-positive patients. Although there
s limited information regarding short- and long-term outcomes

or HIV-positive patients experiencing trauma in LMICs, studies

xamining outcomes for an overall ICU-admitted population of

IV-positive patients have reported only weak associations be-

ween CD4 counts and worse outcomes for these patients. 13 , 33-35 

egardless, the need for inclusion of HIV-specific variables in

uture registries is of the utmost importance to aid in increasing

ccuracy of risk stratification and prediction. In addition, most

egistry patients did not know their HIV serostatus, which places

hem at greater risk for disease transmission regardless of their

verall risk of experiencing a trauma event. 36 

In conclusion, although there is no association between HIV

erostatus and delayed presentation or likelihood of operative in-

ervention among trauma patients in this study, there is a defi-

ite association with early mortality. Further investigation regard-

ng testing, treatment, and outcomes in HIV-positive trauma pa-

ients in low-resource settings is warranted. Studies investigating

IV seropositivity in trauma patients in LMICs provide a unique

pportunity for collaboration in global health funding and a way

o potentially leverage HIV/AIDS development assistance for non-

ommunicable diseases such as trauma. 

cknowledgments 

The authors would like to acknowledge Viateur Muhirwa, Reg-

stry Coordinator and Assumpta Muzayire, Registrar. 

eferences 

1. World Health Organization WH . Global HIV/AIDS response: epidemic update and

health sector progress towards Universal Access . Geneva, Switzerland: World
Health Organization; 2011 . 

2. Harries AD , Suthar AB , Takarinda KC , Tweya H , Kyaw NTT , Talyer-Smith K ,
et al. Ending the HIV/AIDS epidemic in low- and middle-income countries by

2030: is it possible? F10 0 0Res . 2016;5:2328 . 

3. Dieleman JL , Schneider MT , Haakenstad A , Singh L , Sadat N , Birger M , et al. De-
velopment assistance for health: past trends, associations, and the future of in-

ternational financial flows for health. Lancet . 2016;387:2536–2544 . 
4. HIV/AIDS JUNPo. UNAIDS Global AIDS Update 2016. Joint United Nations Pro-

gramme on HIV/AIDS, URL: http://www.unaids.org , (Accessed: 17 May 2017). 
5. UNICEF Rwanda. Prevention and mitigation of HIV [Internet]. [cited 2017 May

17]. Available from https://www.unicef.org/rwanda/hiv _ aids.html . 

6. World Health Organization. Progress report 2016: Prevent HIV, test, and
treat all . Geneva, Switzerland: World Health Organization; 2016 Available

from http://apps.who.int/iris/bitstream/10665/251713/1/WHO- HIV- 2016.24- eng.
pdf . (Accessed 18 May 2017) . 

7. Mbabazi D. New initiative to increase access to ARVs. The New Times 2 July
2016. 

8. Kayirangwa E , Hanson J , Munyakazi L , Kabeja A . Current trends in Rwanda’s

HIV/AIDS epidemic. Sex Transm Infect . 2006;82(Suppl 1):i27–i31 . 
9. Bowa K , Kawimbe B , Mugala D , Musowoya D , Makupe A , Njobvu M , et al. A

review of HIV and surgery in Africa. Open AIDS J . 2016;10:16–23 . 
10. Izadmehr S , Leapman M , Hobbs AR , Katsigeorgis M , Nabizada-Pace F , Jaza-

yeri SB , et al. Clinical characteristics and outcomes of HIV-seropositive men
treated with surgery for prostate cancer. Int Urol Nephrol . 2016;48:1639–1645 . 

11. Kigera JW , Straetemans M , Vuhaka SK , Nagel IM , Naddumba EK , Boer K . Is

there an increased risk of post-operative surgical site infection after orthopaedic
surgery in HIV patients? A systematic review and meta-analysis. PLoS One .

2012;7:e42254 . 
12. Horberg MA , Hurley LB , Klein DB , Follansbee SE , Quesenberry C , Flamm JA ,

et al. Surgical outcomes in human immunodeficiency virus-infected patients in
the era of highly active antiretroviral therapy. Arch Surg . 2006;141:1238–1245 . 

13. Cacala SR , Mafana E , Thomson SR , Smith A . Prevalence of HIV status and CD4

counts in a surgical cohort: their relationship to clinical outcome. Ann R Coll
Surg Engl . 2006;88:46–51 . 

14. Biccard BM , Madiba TE South African Surgical Outcomes Study I. The South
African Surgical Outcomes Study: a 7-day prospective observational cohort

study. S Afr Med J . 2015;105:465–475 . 
15. Pretell-Mazzini J , Subhawong T , Hernandez VH , Campo R . HIV and or-

thopaedics: musculoskeletal manifestations and outcomes. J Bone Joint Surg Am .
2016;98:775–786 . 

16. Duane TM , Sekel S , Wolfe LG , Malhotra AK , Aboutanos MB , Ivatury RR . Does HIV

infection influence outcomes after trauma? J Trauma . 2008;65:63–65 . 
17. Haagsma JA , Graetz N , Bolliger I , Naghavi M , Higashi H , Mullany EC , et al. The

global burden of injury: incidence, mortality, disability-adjusted life years
and time trends from the Global Burden of Disease study 2013. Inj Prev .

2016;22:3–18 . 

http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0001
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0002
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0003
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0003
http://www.unaids.org
https://www.unicef.org/rwanda/hiv_aids.html
http://apps.who.int/iris/bitstream/10665/251713/1/WHO-HIV-2016.24-eng.pdf
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0005
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0006
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0007
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0008
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0009
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0010
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0011
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0012
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0013
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0014
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0014


A.N. Martin et al. / Surgery 165 (2019) 4 4 4–4 49 449 

 

 

 

2  

 

 

2  

 

 

2  

 

2  

2  

2  

 

 

 

2  

 

 

2  

3  

 

 

 

3  

 

3  

 

3  

 

 

3  

 

3  

 

 

18. Cherewick ML , Cherewick SD , Kushner AL . Operative needs in HIV + popula-
tions: an estimation for sub-Saharan Africa. Surgery . 2017;161:1436–1443 . 

19. Mayala V , Mshana SE , Chalya PL , Dass RM , Kalluvya SE . Prevalence of HIV in-
fection among trauma patients admitted to Bugando Medical Centre, Mwanza,

Tanzania and its influence on outcome. Tanzan J Health Res . 2010;12:222–228 . 
0. Citron I , Chokotho L , Lavy C . Prioritisation of surgery in the National Health

Strategic Plans of Africa: a systematic review. World J Surg . 2016;40:779–783 . 
21. Weeks SR , Stevens KA , Haider AH , Efron DT , Haut ER , MacKenzie EJ , et al. A

modified Kampala trauma score (KTS) effectively predicts mortality in trauma

patients. Injury . 2016;47:125–129 . 
2. Petroze RT , Byiringiro JC , Kyamanywa P , Ntakiyiruta G , Calland JF , Sawyer RG .

Infectious outcomes assessment for health system strengthening in low-re-
source settings: the novel use of a trauma registry in Rwanda. Surg Infect

(Larchmt) . 2014;15:382–386 . 
3. Petroze R , Mumararungu A , Ndayiragije V , et al. Patterns of injury at two uni-

versity teaching hospitals in Rwanda: baseline injury epidemiology using the

Rwanda Injury Registry. Rwanda Med J . 2014;71:5–8 . 
4. Kobusingye OC , Lett RR . Hospital-based trauma registries in Uganda. J Trauma .

20 0 0;4 8:4 98–502 . 
5. Ozgediz D , Riviello R . The "other" neglected diseases in global public health:

surgical conditions in sub-Saharan Africa. PLoS Med . 2008;5:e121 . 
6. Chao TE , Sharma K , Mandigo M , Hagander L , Resch SC , Weiser TG , et al. Cost-ef-

fectiveness of surgery and its policy implications for global health: a systematic

review and analysis. Lancet Glob Health . 2014;2:e334–e345 . 
27. Haac BE , Charles AG , Matoga M , LaCourse SM , Nonsa D , Hosseinipour M . HIV

testing and epidemiology in a hospital-based surgical cohort in Malawi. World J
Surg . 2013;37:2122–2128 . 
8. Kendig CE , McCulloch DJ , Rosenberg NE , Samuel JC , Mabedi C , Shores CG ,
et al. Prevalence of HIV and disease outcomes on the medical and surgi-

cal wards at Kamuzu Central Hospital, Lilongwe, Malawi. Trop Med Health .
2013;41:163–170 . 

9. Jones S , Schechter CB , Smith C , Rose DN . Is HIV infection a risk factor for com-
plications of surgery? Mt Sinai J Med . 2002;69:329–333 . 

0. Petroze RT , Byiringiro JC , Ntakiyiruta G , Briggs SM , Deckelbaum DL , Razek T ,
et al. Can focused trauma education initiatives reduce mortality or improve re-

source utilization in a low-resource setting? World J Surg . 2015;39:926–933 . 

31. Greeff M , Uys LR , Holzemer WL , Makoae LN , Dlamini PS , Kohi TW , et al. Experi-
ences of HIV/AIDS stigma of persons living with HIV/AIDS and nurses involved

in their care from five African countries. Afr J Nurs Midwifery . 2008;10:78–108 . 
2. Mill J , Harrowing J , Rae T , Richter S , Minnie K , Mbalinda S , et al. Stigma in

AIDS nursing care in sub-saharan Africa and the Caribbean. Qual Health Res .
2013;23:1066–1078 . 

3. Kwizera A , Nabukenya M , Peter A , et al. Clinical characteristics and short-term

outcomes of HIV patients admitted to an African intensive care unit. Crit Care
Res Pract . 2016;2016 . 

4. Vincent B , Timsit JF , Auburtin M , Schortgen F , Bouadma L , Wolff M , et al. Char-
acteristics and outcomes of HIV-infected patients in the ICU: impact of the

highly active antiretroviral treatment era. Intensive Care Med . 2004;30:859–866 .
5. Rusine J , Ondoa P , Asiimwe-Kateera B , Boer KR , Uwimana JM , Mukabayire O ,

et al. High seroprevalence of HBV and HCV infection in HIV-infected adults in

Kigali, Rwanda. PLoS One . 2013;8:e63303 . 
6. Centers for Disease Control and Prevention. The importance of HIV testing

[Internet] . Atlanta (GA): Centers for Disease Control and Prevention; 2015
[cited 2017 May 27]. Available from https://www.cdc.gov/healthcommunication/

toolstemplates/entertainmented/tips/hivtesting.html . 

http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0015
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0016
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0017
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0017
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0017
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0017
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0018
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0019
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0020
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0021
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0021
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0021
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0022
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0022
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0022
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0023
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0024
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0025
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0026
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0026
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0026
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0026
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0026
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0027
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0028
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0028
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0028
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0028
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0028
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0028
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0028
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0028
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0029
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0030
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0031
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0032
http://refhub.elsevier.com/S0039-6060(18)30497-5/sbref0032
https://www.cdc.gov/healthcommunication/toolstemplates/entertainmented/tips/hivtesting.html

	Assessing the impact of HIV status on injury outcomes: A multicenter study of trauma patients in Rwanda
	 Introduction
	 Materials and methods
	 Study population characteristics and outcome definitions
	 Statistical analyses

	 Results
	 Discussion
	 Acknowledgments
	 References


