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Abstract: Introduction: Cutaneous injection-related infections (CIRI) are a primary reason injection drug users (IDU) 

access the emergency department (ED). 

Methodology: Using Cox proportional hazard regression, we examined predictors of ED use for CIRI, stratified by sex, 

among 1083 supervised injection facility (SIF) users. 

Results: Over a four-year period, 289 (27%) visited the ED for CIRI, yielding an incidence density for females of 23.8 

(95% confidence interval (CI): 19.3 – 29.0) and males of 19.2 per 100 person-years (95% CI: 16.7 – 22.1). Factors 

associated with ED use for CIRI among females included residing in the Downtown Eastside (DTES) (adjusted hazard 

ratio [AHR] = 2.06 [1.13 – 3.78]) and being referred to hospital by SIF nurses (AHR = 4.48 [2.76 – 7.30]). Among males, 

requiring assistance with injection (AHR = 1.38 [1.01 – 1.90]), being HIV-positive (AHR = 1.85 [1.34 – 2.55]), and being 

referred to hospital by SIF nurses (AHR = 2.97 [1.93 – 4.57]) were associated with an increased likelihood of an ED visit 

for CIRI. 

Conclusion: These results suggest SIF nurses have facilitated referral of hospital treatment for CIRI, highlighting the need 

for continued development of efficient and collaborative efforts to reduce the burden of CIRI. 
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INTRODUCTION 

 Cutaneous injection-related infections (CIRI), abscesses 
and cellulitis are a primary reason why people who inject 
drugs (IDU) access the Emergency Department (ED) [1-4]. 
Dramatic increases of hospital admissions for CIRI have 
been reported in several settings [5, 6]. For example, in the 
United Kingdom, from 1997-1998 to 2003-2004, the number 
of abscess cases increased 566%, while the number of 
cellutitis cases increased 469% [5]. A recent study by Hope 
et al. highlighted that health care costs associated with these 
infections is high, conservatively ranging from £15.5 to 
£30.0 million annually [7]. Collectively, there is increasing 
awareness that improvement in treatment paradigms for 
CIRI is warranted [7]. 

 In order for relevant and appropriate improvements in 
treatment of CIRI at the ED to occur, an understanding of the 
population using the ED for CIRI care is required. The 
present study was conducted to examine predictors of ED 
use for CIRI among IDU using a supervised injection facility  
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(SIF) in Vancouver, Canada. Since one of the objectives of 
the evaluation of the SIF was to assess the impact of the SIF 
on uptake of various treatment services [8-11], we also 
sought to assess whether the SIF is facilitating treatment for 
CIRI. Further, it has been previously shown that female IDU 
are more likely to develop CIRI [2, 12] and to be 
hospitalized [13, 14] and so we also sought to compare the 
incidence and risk factors for ED use for CIRI between 
female and male IDU. 

MATERIALS AND METHODS 

Study Setting 

 The SIF provides a service whereby IDU can inject pre-
obtained illicit drugs under the supervision of medical staff 
[15, 16]. Within SIF, individuals are provided with sterile 
injecting equipment, emergency intervention in the event of 
an overdose, plus routine primary medical care as well as 
addiction treatment, either on site or through referral [17]. 
North America’s first government-sanctioned SIF opened in 
Vancouver, Canada, in September 2003. The SIF is located 
in the Downtown Eastside (DTES), which is home to many 
of Vancouver’s IDU and is one of the poorest urban postal 
zones in Canada. The SIF has been designed to minimize 
barriers to medical care utilization among attendees, 
including onsite nursing care and referrals to other health 
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and detox services [17]. St. Paul’s Hospital is a public, acute 
care hospital with approximately 550 beds. It is the hospital 
in Vancouver that is in closest proximity to the DTES and is 
characterized by serving this high-risk population. 

Study Sample 

 In Vancouver, the SIF is being evaluated through the 
Scientific Evaluation of Supervised Injection (SEOSI) 
cohort, which has been described previously in detail [17]. 
Briefly, the cohort was assembled through random 
recruitment of IDU from within the SIF. Since 1 January 
2004, 1083 participants had been recruited to the SEOSI 
cohort. Our period of analysis was from 1 January 2004 to 
31 January 2008. 

Data Collection and Measures 

 SEOSI participants are asked to provide a venous blood 
sample for human immunodeficiency virus (HIV) and 
hepatitis C virus (HCV) testing and to complete an 
interviewer-administered questionnaire at baseline and at 
semi-annual follow-up visits. For the diagnosis of HIV, 
enzyme immunoassay (EIA) technology was used. First, 
detection of antibodies to HIV was tested by enzyme-linked 
immunosorbent assay (ELISA). All positive tests were 
confirmed by Western Blot. For the diagnosis of HCV, EIA 
technology was also employed, where the detection of 
antibodies to HCV was first assessed by the ELISA test. All 
positive tests were confirmed by polymerase chain reaction 
(PCR). The questionnaire takes approximately 45 minutes to 
complete and collects information on a range of topics, 
including socio-demographics, drug use patterns, personal 
history and the uptake of social services. 

 Since health service use may be over-reported by IDU [2, 
12], informed consent that was obtained from all participants 
included a request to perform linkages with administrative 
health databases. In this study, a linkage to St. Paul’s 
Hospital ED database was performed to track patient use. St. 
Paul’s Hospital is considered to serve the majority of IDU 
residing in Vancouver’s DTES. To be considered an ED visit 
for a CIRI, the following International Classification of 
Disease (ICD) 9 codes (Abscess and/or Cellulitis: 682.9) and 
the ICD 10 codes (Abscess: G061, G062, L020, L021, L022, 
L024, J851 and Cellulitis: L0300, L0310, L0311, L032, 
L0335, L038) from a patient’s hospital records were used. 
The ICD is a World Health Organization endorsed 
international standard for classification of diagnoses of 
disease that is of use for epidemiological and clinical 
research and healthcare management [18, 19]. 

 In addition, a linkage to the SIF database was performed 
to examine nurse contact and referrals issued. For this task, 
we conducted a record linkage to each participant’s record in 
the SIF database to examine whether the nurse placed an 
entry in the SIF database indicating that they referred the 
participant to hospital prior to the censor or event date. We 
also examined whether individuals who were referred by 
nurses were more likely to be subsequently hospitalized 
within three days using in-patient hospital record linkage. 
We did not examine nurse-identified CIRI at the SIF in this 
analysis. The Research Ethics Board at the University of 
British Columbia approved this study. 

 

Statistical Analysis 

 The endpoint for these analyses was an ED visit for a 
CIRI. Since females are known to display different patterns 
of health care utilization [10, 11], as well as CIRI 
development [20], we examined baseline characteristics 
stratified by sex and factors associated with an ED visit for a 
CIRI in two separate models also stratified by sex. Variables 
considered included: age, sex (female vs male), currently 
residing in the DTES (yes vs no), requiring assistance with 
injection (yes vs no), living in unstable housing (yes vs no), 
daily cocaine injection (yes vs no), daily heroin injection 
(yes vs no), daily crack injection (yes vs no), daily speedball 
injection (yes vs no) and being HIV-positive (yes vs no). 
Variables refer to behaviour during the last six months 
unless otherwise specified. Living in unstable housing refers 
to living in a single room occupancy (SRO) hotel, shelter, 
recovery or transition house or having no fixed address. We 
also examined whether, at the SIF, a nurse referral to 
hospital was associated with an increased likelihood of ED 
use for a CIRI. In subanalyses, we undertook an additional 
comparison where we investigated gender further and 
stratified males into men who have sex with men (MSM) and 
non-MSM. 

 Variable selection was based on previously published 
literature on CIRI or hospitalization among IDU in our 
setting [1, 2, 10]. Variables associated with an increased risk 
of ED visit for a CIRI were examined using unadjusted and 
adjusted Cox proportional hazard regression analyses. All 
behavioural variables were time-updated based on semi-
annual follow-up. Time zero was defined as the date of 
recruitment into the SEOSI study for all participants, and 
participants who had not attended the ED at St. Paul’s 
Hospital were censored as of 31 January 2008. The 
multivariate model was fit using a fixed model that we 
adjusted for all variables that were statistically significant at 
the p < 0.050 level in the univariate analyses. We ran two 
separate models, one for males and one for females, because 
the variable sex interacted with the variable HIV serostatus. 
All statistical analyses were performed using SAS 9.1 and all 
p-values were two-sided. 

RESULTS 

 A total of 1083 individuals were recruited into the SEOSI 
cohort. Fifteen persons had missing data on HIV serostatus 
and were excluded from Cox proportional hazard analyses. 
Female participants comprised 315 (29%) of the sample. The 
median age among SEOSI participants was statistically 
different (p <0.001) between females and males, 35.1 years 
(interquartile range [IQR]: 28.7 – 41.5) and 39.7 years (IQR: 
33.7 – 45.3), respectively. Median duration of follow-up 
after recruitment into the cohort was 18.6 months and was 
not statistically different between the males and females (p = 
0.200). During the study period, 289 (27%) participants used 
the ED for a CIRI. Of those with at least one visit, 81 (28%) 
visited the ED for a CIRI once only during the study period, 
54 (19%) twice, 39 (13%) three times, 32 (11%) four times, 
83 (29%) five or more times for a total of 1213 identified 
visits. Individuals with an ED visit who were referred by a 
nurse were more likely to be hospitalized within three days 
(p = 0.011). 
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 The incidence density of first ED visit for CIRI among 
females was 23.8 per 100 person-years (95% confidence 
interval [CI]: 19.3 – 29.0) and among males 19.2 per 100 
person-years (95% CI: 16.7 – 22.1). The difference between 
these densities did not reach statistical significance (p = 
0.090). 

 Baseline characteristics, stratified by sex, among IDU at 
a SIF are provided in Table 1. Unadjusted odds ratios 
indicate that females are more likely to be younger (0.94 
[95% CI: 0.93 – 0.96]), require assistance with injection 
(2.27 [95% CI: 1.73 – 2.97]), be daily heroin injectors (1.46 
[95% CI: 1.12 – 1.90]), be daily crack users (2.29 [95% CI: 
1.74 – 3.00]), be daily speedball injectors (1.76 [95% CI: 
1.23 – 2.52]), be HIV-positive (1.42 [95% CI: 1.01 – 1.99]) 
and be referred to hospital by a nurse at the SIF (2.16 [95% 

CI: 1.31 – 3.54]). In our subanalyses, females compared to 
MSM were not significantly more likely to be HIV-positive 
(OR = 1.01 [95% CI: 0.61 – 1.67]). Females compared to 
non-MSM were significantly more likely to be HIV-positive 
(OR = 1.54 [95% CI: 1.08 – 2.20]). 

 According to baseline information, those who used the 
ED for a CIRI were more likely to be female (odds ratio 
[OR] = 1.71 [95% CI: 1.18 – 2.47]), be daily heroin injectors 
(OR = 1.44 [95% CI: 1.00 – 2.07]), be daily speedball 
injectors (OR = 1.77 [95% CI: 1.12 – 2.79]), be residing in 
the Downtown Eastside (OR = 1.51 [95% CI: 1.00 – 2.28]), 
be HIV-positive (OR = 1.59 [95% CI: 1.03 – 2.47]), require 
assistance with injection (OR = 2.01 [95% CI: 1.40 – 2.89]) 
and be referred to hospital by a nurse at the SIF (OR = 4.69 
[95% CI: 2.76 – 7.97]) (data not shown). 

Table 1. Baseline Characteristics, Stratified by Sex, Among Injection Drug Users at a Supervised Injection Facility (n = 1083) 

 

 Odds Ratio (OR) 

Variable 
Females 

n (%) 

Males 

n (%) 
OR (95% CI) p-value 

Age      

Median 

Interquartile range 

35.1 

(28.7–41.5) 

39.7 

(33.7 – 45.3) 

0.94 (0.93 – 0.96) <0.001 

Unstable housing*      

Yes 

No 

166 (53) 

149 (47) 

425 (55) 

343 (45) 

0.90 (0.69 – 1.17) 0.460 

DTES residence       

Yes 

No 

216 (69) 

99 (31) 

518 (67) 

250 (33) 

1.05 (0.79 – 1.40) 0.775 

Require assistance inject*      

Yes 

No 

146 (46) 

169 (54) 

212 (27) 

556 (72) 

2.27 (1.73 - 2.97) < 0.001 

Cocaine injection*      

Daily 

Not daily 

102 (32) 

213 (68) 

241 (31) 

527 (69) 

1.05 (0.79 – 1.39) 0.749 

Heroin injection      

Daily 

Not daily 

180 (57) 

135 (43) 

367 (48) 

401 (52) 

1.46 (1.12 – 1.90) 0.005 

Crack use *      

Daily 

Not daily 

208 (66) 

107 (34) 

353 (46) 

415 (54) 

2.29 (1.74 – 3.00) <0.001 

Speedball injection*      

Daily 

Not daily 

59 (19) 

256 (81) 

89 (12) 

679 (88) 

1.76 (1.23 – 2.52) 0.002 

HIV serostatus      

Positive 

Negative 

62 (20) 

244 (80) 

116 (15) 

646 (85) 

1.42 (1.01 – 1.99) 0.046 

Hospital referral
†
      

Yes 

No 

31 (10) 

284 (90) 

37 (5) 

731 (95) 

2.16 (1.31 – 3.54) 0.002 

Note: *Behaviours refer to activities in the last six months. †Indicates data derived from SIF database and by a study nurse. CI = confidence interval; DTES = Downtown Eastside. 
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 The univariate and multivariate Cox proportional hazard 
analyses of ED use for a CIRI among females is displayed in 
Table 2. In the multivariate model for females, residing in 
the DTES (adjusted hazard ratio [AHR] = 2.06 [95% CI: 
1.13 – 3.78]) and being referred by a study nurse to hospital 
(AHR = 4.48 [95% CI: 2.76 – 7.30]) were risk factors 
independently and positively associated with ED use for a 
CIRI. 

 For males, the univariate and multivariate Cox 
proportional hazard analyses of ED use for a CIRI is shown 
in Table 3. The factors associated with an increased risk of 
ED use for a CIRI among males were requiring assistance 
with injection (AHR = 1.38 [95% CI: 1.01 – 1.90]), being 
HIV-positive (AHR = 1.85 [95% CI: 1.34 – 2.55]) and being 
referred by a nurse at the SIF to hospital (AHR = 2.97 [95% 
CI: 1.93 – 4.57]). 

DISCUSSION 

 Close to one-third of SEOSI participants visited the ED 
for a CIRI, yielding incidence densities of ED use for CIRI 
of 23.8 per 100 person-years and 19.2 per 100 person-years 
for females and males, respectively. The most significant 
predictor of ED use for a CIRI for both females and males, 
and in the combined Cox proportional hazard model, was 

being referred to hospital by a nurse from the SIF. Other 
determinants of ED use for a CIRI differed between female 
and male IDU. For females, ED use for a CIRI was also 
associated with residing in the DTES. For males, requiring 
assistance with injection and being HIV-positive were also 
associated with an increased risk of an ED visit for a CIRI. 

 Among females, residing in the DTES was a determinant 
of ED use for a CIRI. Females residing in the DTES can lead 
chaotic and unstable lifestyles that place them at an elevated 
risk of developing both acute and chronic health conditions 
[20]. A recent study by Shannon et al., found that females in 
the DTES frequently require emergency care, with 39% of 
female participants reporting an ED visit in the last six 
months [21]. These dynamics are complicated by the fact 
that outpatient or neighbourhood health clinic hours are 
limited and often coincide with work hours among females 
in this setting [1], which may result in a heavy use of the ED 
for health concerns. Further, this finding may reflect the 
close proximity of the DTES to St. Paul’s Hospital [1, 2], but 
otherwise it is unclear why neighbourhood status would be 
associated with females and not males. 

 Male participants who were HIV-positive visited the ED 
for a CIRI significantly more often than HIV-negative 
participants. This is not surprising given previous reports of 

Table 2. Univariate and Multivariate Cox Proportional Hazard Analyses of Time to Emergency Department Use for a Cutaneous 

Injection-Related Infection Among 306 Female Injection Drug Users 

 

 Unadjusted Hazard Ratio (HR) Adjusted Hazard Ratio (AHR) 

Variable HR (95% CI) p-value AHR (95% CI) p-value 

Age       

(per year older) 1.00 (0.97 -1.02) 0.738    

Unstable housing*       

(Yes vs No) 1.68 (1.09 – 2.61) 0.020 1.12 (0.69 – 1.82) 0.647 

DTES residence        

(Yes vs No) 2.46 (1.41 – 4.28) 0.001 2.06 (1.13 – 3.78) 0.019 

Require assistance inject*       

 (Yes vs No) 1.56 (1.03 – 2.37) 0.038 1.40 (0.92 – 2.13) 0.122 

Cocaine injection*       

(Daily vs Not daily) 1.37 (0.88 – 2.11) 0.163    

Heroin injection*       

(Daily vs Not daily) 1.55 (1.01 – 2.37) 0.044 1.22 (0.79 - 1.90) 0.361 

Crack use*       

(Daily vs Not daily) 1.42 (0.90 – 2.24) 0.131    

Speedball injection*       

(Daily vs Not daily) 1.61 (0.97 – 2.65) 0.064    

HIV serostatus       

(Positive vs Negative) 1.01 (0.62 – 1.66) 0.958    

Hospital referral
†
       

(Yes vs No) 5.06 (3.14 – 8.17) <0.001 4.48 (2.76 – 7.30) <0.001 

Note: *Behaviours refer to activities in the last six months. †Indicates data derived from SIF database and by a study nurse. Model was fit adjusted for all variables p < 0.05 in 
unadjusted analyses. CI = confidence interval, DTES = Downtown Eastside. 
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increased hospital use among HIV-positive IDU in this 
setting [22, 23]. An increased susceptibility to bacterial 
infections [1] and other opportunistic infections among HIV-
positive individuals may contribute to the greater risk of ED 
use for a CIRI observed among HIV-positive males during 
the study period [24]. It is possible that this study was under-
powered to detect this association among females. In 
addition, these males may have continued high risk injection 
practices [25, 26], as indicated by our finding that requiring 
assistance with injecting was also a predictor of ED use for a 
CIRI among males. Requiring assistance with injecting has 
been reported to be related to an elevated risk of HIV [20, 
25, 26]. 

 Importantly, the strongest predictor of ED use for a CIRI, 
which was also the only significant predictor for both 
females and males, was being referred to hospital by a nurse 
working at the SIF. This finding is of significance given that 
a goal of the SIF is to provide assessment and referral of 
CIRI onsite and given that the ED provides unique CIRI 
treatment that is not available at the SIF (e.g., incision and 
drainage or intravenous antibiotic therapy). Findings from 
this study demonstrate that nurses at the SIF play a critical 
role in referring individuals who use the SIF to the ED. 
Further, results indicate that individuals referred to the ED 
were more likely to be hospitalized within three days. This 

suggests that nurses are referring individuals to the hospital 
who have severe infections requiring hospitalization. 
Infectious complications among IDU that may require 
hospitalization include osteomyelitis and endocarditis [2]. 
However, if timely referrals are made before an infection has 
escalated to a point of requiring a lengthy and expensive 
hospitalization and if individuals can avoid hospitalization or 
are hospitalized for a shorter period of time, then these 
referrals may ultimately result in saving healthcare dollars. 
However, future analyses are needed to confirm the effect of 
SIF nurse referral on hospital costs, as well as the impact of 
larger SIF programs on the incidence of CIRI. 

 There were limitations to this analysis that need to be 
considered when interpreting these data. We only included 
ED data from one hospital in this study, which would have 
resulted in an underestimation of ED use as some 
participants would have accessed the ED in other hospitals. 
However, St. Paul’s Hospital serves the majority of the IDU 
in this setting [2]. Although there were differences between 
males and females in our study, some trends were similar, 
and there may have been inadequate numbers of females to 
produce statistically significant differences. Also, our study 
relies on self-report to obtain drug use and other behavioural 
variables. However, self-report among IDU related to drug 
use and behavioural factors is considered to be generally 

Table 3. Univariate and Multivariate Cox Proportional Hazard Analyses of Time to Emergency Department Use for a Cutaneous 

Injection-Related Infection Among 762 Male Injection Drug Users 

 

 Unadjusted Hazard Ratio (HR) Adjusted Hazard Ratio (AHR) 

Variable HR (95% CI) p-value AHR (95% CI) p-Value 

Age       

(per year older) 0.99 (0.97 – 1.01) 0.287    

Unstable housing*       

(Yes vs No) 1.60 (1.18 – 2.17) 0.002 1.37 (0.98 – 1.92) 0.063 

DTES residence        

(Yes vs No) 1.52 (1.10 – 2.11) 0.012 1.19 (0.83 – 1.72) 0.342 

Require assistance inject*       

(Yes vs No) 1.59 (1.16 – 2.17) 0.004 1.38 (1.01 – 1.90) 0.043 

Cocaine injection*       

(Daily vs Not daily) 1.18 (0.87 – 1.60) 0.296    

Heroin injection*       

(Daily vs Not daily) 1.13 (0.85 – 1.51) 0.385    

Crack use*       

(Daily vs Not daily) 1.46 (1.10 – 1.94) 0.008 1.30 (0.97 – 1.74) 0.079 

Speedball injection*       

(Daily vs Not daily) 1.28 (0.82 – 2.02) 0.281    

HIV serostatus       

(Positive vs Negative) 1.90 (1.38 – 2.61) <0.001 1.85 (1.34 – 2.55) <0.001 

Hospital referral
†
       

(Yes vs No) 3.28 (2.14 – 5.04) <0.001 2.97 (1.93 – 4.57) <0.001 

Note: *Behaviours refer to activities in the last six months. †Indicates data derived from SIF database and by a study nurse.  Model was fit adjusted for all variables p < 0.05 in 

unadjusted analyses. CI = confidence interval, DTES = Downtown Eastside. 
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valid [17], and ED use and nurse referrals were accessed 
directly from databases within the ED and the SIF, 
respectively. Further, inconsistencies in ICD reporting may 
have affected our results; however, ICD reporting is 
considered to be a valid method of disease classification 
[18], and there is no reason to suggest that this reporting bias 
would be different between groups in this study. The SEOSI 
cohort was randomly recruited from within the SIF and 
therefore is representative of IDU using Vancouver’s SIF; 
results from this study may not be appropriate to generalize 
to IDU in other settings. An additional limitation is that we 
did not have any information on the particular role of nurses 
in terms of assessment of CIRI or severity of CIRI; 
therefore, further research is required to improve our ability 
to elucidate the role that nurses play in referral to emergency 
departments for CIRI treatment. 

CONCLUSION 

 In summary, we found high levels of ED use for CIRI 
among both female and male IDU who use the SIF. Residing 
in the DTES and being referred to hospital by a nurse at the 
SIF was associated with an increased risk of an ED visit for a 
CIRI among females. For males, requiring assistance with 
injection, being HIV-positive and being referred to hospital 
by a nurse at the SIF was associated with an increased risk of 
an ED visit for a CIRI. Results from this study support the 
need for a better understanding of how health care workers 
in different settings may work together to provide more 
efficient, streamlined and cost-effective treatment for CIRI. 
Moreover, our findings suggest that the SIF could play a 
more intensive role in providing primary and secondary level 
services that could reduce both ED and in-hospital utilization 
for CIRI treatment. 
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