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BACKGROUND: Current literature reports that outpatient paren-
teral antimicrobial therapy (OPAT) programs improve cure rates, and
reduce length of hospitalization and costs. OPAT programs are still
relatively new in Canada.

OBJECTIVE: To evaluate the benefits of an OPAT program initiated
at a multispecialty tertiary care facility in Toronto, Ontario, compared
with the previous standard of care.

METHODS: The present retrospective observational study was con-
ducted using data from a group of surgical patients who were treated
for active infections. Between February 1, 2010 and November 30,
2010, a total of 108 surgical patients were enrolled in the OPAT pro-
gram. Patients were matched 1:1 with historical controls discharged
between January 1, 2001 and January 1, 2010 according to age, sex,
type of surgery, infection and comorbidities (Charlson Comorbidity
Index). Cure rate, 30-day rehospitalization and length of stay were
evaluated as primary end points.

RESULTS: Of 108 eligible OPAT patients, 21 were matched to the
control group using the prespecified criteria. For this cohort, the
OPAT program was associated with improved cure rates (OPAT 61.7%
versus control 57.1%; P>0.10), reduction in rehospitalization rate
(14.3% versus 28.6%; P>0.10) and reduced length of stay (10.7 versus
13.9 days, P>0.10) compared with the control group.
CONCLUSIONS: For this cohort of surgery patients, the OPAT pro-
gram demonstrated a trend toward improved outcomes but did not
achieve statistical significance. Due to the lack of statistical power,
further evaluation is required to determine the full benefit of OPAT to
patients and the health care system.
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Lantibiothérapie parentérale ambulatoire pour les
patients opérés : comparaison avec les normes de
soins passées

HISTORIQUE : D’apres les rapports bibliographiques actuels, les pro-
grammes d’antibiothérapie parentérale ambulatoire (ATPA) amé-
liorent les taux de guérison et réduisent la durée d’hospitalisation et les
cofits. Les programmes d’ATPA sont encore relativement nouveaux au
Canada.

OBJECTIF : Evaluer les avantages d’un programme d’ATPA lancé
dans un centre de soins tertiaires multidisciplinaire de Toronto, en
Ontario, par rapport aux normes de soins antérieures.
METHODOLOGIE : Les chercheurs ont mené la présente étude
d’observation rétrospective a l'aide des données d’un groupe de
patients opérés traités en raison d’infections actives. Entre le 1°7 février
et le 30 novembre 2010, 108 patients opérés ont été inscrits au pro-
gramme d’ATPA. Les patients ont été jumelés 1:1 avec des sujets
témoins historiques qui ont obtenu leur congé entre le 1°7 janvier 2001
et le 1°7 janvier 2010 d’apres leur Age, leur sexe, le type d’opération,
l'infection et les comorbidités (indice de comorbidité de Charlson).
Les parametres principaux étaient le taux de guérison, la réhospitalisa-
tion au bout de 30 jours et la durée d’hospitalisation.

RESULTATS : Sur les 108 patients du programme d’ATPA admissi-
bles, 21 ont été jumelés au groupe témoin au moyen des critéres pré-
définis. Dans cette cohorte, le programme d’ATPA s’associait a un
meilleur taux de guérison (61,7 % pour ’ATPA par rapport a 57,1 %
pour le groupe témoin; P>0,10), & une réduction du taux de réhospitali-
sation (14,3 % par rapport a 28,6 %; P>0,10) et a diminution de la
durée d’hospitalisation (10,7 par rapport a 13,9 jours, P>0,10) que
dans le groupe témoin.

CONCLUSIONS : Aupres de cette cohorte de patients opérés, le
programme d’ATPA démontrait une tendance vers de meilleures
issues, sans pour autant avoir de signification statistique. En raison de
’absence d’efficacité statistique, il faudra approfondir I’évaluation afin
de déterminer les avantages du programme d’ ATPA pour les patients et
le systeme de santé.

utpatient parenteral antimicrobial therapy (OPAT) is officially

defined as at least two doses of an intravenous (IV) antibiotic on
different days without hospitalization, and was first introduced in the
United States in the 1970s (1). OPAT programs usually involve a team
comprised of an infectious diseases physician, an infectious diseases or
antimicrobial stewardship pharmacist, and a registered nurse (1,2).
Other stakeholders may also be involved on an ad hoc basis (1,2). After
determining patient eligibility, the OPAT team ensures the appropriate
selection and dosing of antimicrobial(s), as well as administration and
storage of the drug(s) for the patient on discharge and throughout the
duration of therapy (3). The OPAT pharmacist is responsible for helping

with the selection of the appropriate antimicrobial(s) and vascular
access device (VAD), as well as providing patient education and appro-
priate monitoring for safety and efficacy of drug therapy (1,4).

Due to evidence of cost savings, reductions in hospitalization, simi-
lar or improved efficacy and safety compared with inpatient therapy,
and improvements in quality of life, OPAT programs have grown
worldwide, including in Canada (1-3,5-10). However, minimal
Canadian data on the efficacy and safety of an OPAT program have
been published in the current literature.

The OPAT program at the University Health Network (UHN)
(Toronto, Ontario) was initiated at two of its hospital sites (Toronto
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General Hospital and Toronto Western Hospital) in February 2010 as
part of the Antimicrobial Stewardship Program following the identifica-
tion of patients developing significant nephrotoxicity while continuing
IV vancomycin after hospital discharge. The purpose of the program was
to optimize antimicrobial therapy for patients discharged on parenteral
antimicrobials, with an emphasis on patient safety. The program
included patients who were medically stable for discharge, and accepted
by ambulatory care centres province-wide. The OPAT team monitored
the patient’s clinical status, laboratory values and drug levels, and
performed regular follow-up as defined by existing guidelines (1). The
program had more than 200 patients in its roster with six to eight new
patient referrals per week, with the majority from priority surgery pro-
grams (cardiovascular, vascular, orthopedic and neurosurgery) as well
as general internal medicine. The present study aimed to compare the
clinical outcomes of patients discharged on the UHN OPAT program
with patients discharged with the previous standard of care.

METHODS

A retrospective chart review was conducted using a pre-post study
design from the OPAT perspective for surgery patients who received
more than two doses of a parenteral antimicrobial for more than one
day, as per the definition. The project focused on surgery patients as
the most prevalent users of the OPAT program and also to minimize
confounders. The project received approval from the UHN Research
Ethics Board. Patients in the standard of care group were monitored,
discharged and followed up by their surgical team at approximately six
weeks post discharge, while patients in the OPAT group were given
one predischarge counselling session plus follow-up of laboratory val-
ues and clinical status at approximately weekly to biweekly intervals
throughout the duration of therapy.

Patients from the pre-OPAT period were derived from the
Radiology Information Service (RIS) database for VAD insertions,
because no database stratifying patients discharged on parenteral anti-
microbials existed before the OPAT program. The pre-OPAT period
evaluated was nine years (January 1, 2001 to January 1, 2010) due to
limitations of the data storage system. Patients from the OPAT group
were derived from the OPAT database. The OPAT period evaluated
was from February 1, 2010 to November 30, 2010.

To minimize confounders, patients were matched within their sur-
gery type according to age, sex, comorbidities as defined by the
Charlson Comorbidity Index and type of infection (11). Patients with
multiple courses within the OPAT group and patients who were admit-
ted both before and after OPAT program implementation were also
eligible for inclusion. Patients with more than one course followed by
the OPAT team or in the control group only had the initial course
included in the outcome analysis.

Clinical status at the end of therapy (cure versus improved or con-
trolled versus failure) was the major primary end point. Cure was
defined as clinical signs and symptoms resolved at the end of therapy,
and either no further antimicrobial treatment or a finite period of oral
step-down therapy was required after parenteral therapy. Controlled/
improved was defined as partial resolution of clinical signs and symp-
toms, and/or need for additional therapy or change in therapy at the
end of the initial course due to the above reasons, or suppression of
signs and symptoms with current antimicrobial therapy and indefinite
oral step-down antimicrobial therapy was required. Failure was defined
as no change in clinical status, or worsening signs and symptoms, or
need for additional therapy or change in therapy due to the above
reasons. Other primary end points included primary length of stay and
all-cause 30-day rehospitalization at one of the two UHN sites
included in the present study. Secondary end points included inci-
dence of device-related complications and adverse drug reactions.

Based on a hypothesized difference in cure rate of 5% to 10% com-
pared with the standard-of-care group, with the OPAT cure rate esti-
mated at 90%, a sample size of 37 pairs, with a minimum sample size of
12 pairs, was needed, to achieve 80% power and type I error of 0.05.
Due to the matched nature of the study, the paired ¢t test was used to
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Figure 1) Screening process. Due to the very large initial term of deriva-
tion (11,291 wascular access device [VAD] courses) for control patients,
Excel (Microsoft Corporation, USA) was used for filtering the initial steps.
Patients were determined to be using the VAD for antimicrobial purposes by
the reported descriptions in the database. Once antimicrobial courses were
determined, the rest of the screening process was performed manually. Feb
February; IV Intravenous; Jan January; OPAT Outpatient parenteral
antimicrobial therapy

compare the means of continuous variables for baseline characteristics
as well as the means of continuous variable end points, and the
McNemar’s y? test was used for discrete end points. All tests were two-
tailed, with P<0.05 considered to be statistically significant.

RESULTS

OPAT group

Two hundred thirty-three courses were recorded for OPAT patients
discharged between February 1, 2010 and November 30, 2010, with
111 patients from the surgical programs of interest (23 cardiovascular
surgery, 29 neurosurgery, 17 vascular surgery and 42 orthopedic sur-
gery). Three patients were excluded from the orthopedic surgery group
— one patient initiated OPAT therapy on an outpatient basis, one
patient was switched to oral therapy before discharge and one patient
was diagnosed with gout. In total, 108 patients were eligible for match-
ing (Figure 1).

Control group

The RIS database yielded a total of 11,291 VAD procedures from
January 1, 2001 to January 1, 2010. From these, 254 patients
(76 cardiovascular surgery, 51 neurosurgery, 33 vascular surgery and
94 orthopedic surgery) were discharged on IV antimicrobials with
outcome data available (Figure 1).

Matching
From the 108 OPAT patients eligible for matching, 21 were able to be
matched using all four criteria (Figure 2). The distribution of patients

75



Yang et al

254 Control 108 OPAT
patients patients
Feb — Nov 2010
33 Vascular 2 MATCHED 17 Vascular
surger surger
gery Age gery
Sex
Co-morbidities
Infection
94 8 MATCHED 39
Orthopedic Orthopedic
surgery Age surgery
Sex
Co-morbidities
Infection
51 5 MATCHED 29
™ Neurosurgery Age Neurosurgery i
Sex
Co-morbidities
Infection
76 CV 6 MATCHED 23CV
surgery Age surgery [
Sex
Co-morbidities
Infection

Figure 2) Schematic diagram of the matching process undertaken. Due to
the stringent matching criteria, only 21 of the 108 outpatient parenteral
antimicrobial therapy (OPAT) patients had a matched control. CV
Cardiovascular; Feb February; Nov November

TABLE 1
Population characteristics
Factor Control group OPAT group
n 21 21
Age, years, mean * SD 59.1+17.3 58.8+17.2
Female sex 9 (42.9) 9 (42.9)
Procedure
Neurosurgery 5(23.8) 5(23.8)
Vascular surgery 2(9.5) 2(9.5)
Cardiovascular surgery 6 (28.6) 6 (28.6)
Orthopedic surgery 8(38.1) 8(38.1)
Infection
Osteomyelitis 7 (33.3) 7 (33.3)
Joint (endogenous) 1(4.8) 1(4.8)
Joint (prosthetic) 7 (33.3) 7 (33.3)
Vascular graft 1(4.8) 1(4.8)
Endocarditis/pacemaker 4 (19.0) 4 (19.0)
Brain abscess 1(4.8) 1(4.8)
Charlson Comorbidity Index, mean 1.33 1.33
Source control achieved 17 (81.0) 19 (90.4)
Treatment duration, days, mean + SD 39.0+6.9 42.745.4

Data presented as n (%) unless otherwise specified. OPAT Outpatient paren-
teral antimicrobial therapy

according to surgery type was similar to the entire OPAT population.
Patients were similar between the two groups, with the majority of
infections being osteomyelitis and prosthetic joint infections (Table 1).
Despite not being matching parameters, the non-Charlson Comorbidity
Index comorbidities and antibiotic use were similar.
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Figure 3) Clinical status at the end of therapy for both groups. OPAT
Outpatient parenteral antimicrobial therapy
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Figure 4) Rate of 30-day rehospitalization for both groups. OPAT
Outpatient parenteral antimicrobial therapy

Primary end points

The OPAT group had a better overall cure rate than the control group
(61.9% versus 57.1%, P=1.00), as shown in Figure 3, but this did not
achieve statistical significance. For a composite primary end point of
clinical successes (ie, combined cures and controlled/improved cases),
the results were 95% (OPAT) versus 86% (control), P=0.62. For three
patients who experienced treatment failure in the control group, the
reason was documented to be previous source control measures; for
one patient in the OPAT group, treatment failure was due to drug
therapy complicated by an occluded peripherally inserted central cath-
eter line. The incidence of 30-day rehospitalization in the OPAT
group was also nonsignificantly reduced by 50% compared with the
control group (Figure 4, P=0.51). The mean hospital length of stay was
shorter in the OPAT group than the control group by 3.2 days (Figure 5,
P=0.36).

Secondary end points

On the basis of similar antimicrobial use, the total incidence of adverse
drug reactions and VAD-related complications were similar between
the two groups (Table 2). In the control group, 60% of patients experi-
encing an adverse event required a change or discontinuation of anti-
microbial therapy compared with 20% of patients in the OPAT arm
(Table 2, P=0.62). There were no rehospitalizations for adverse drug
reactions or VAD-related complications in the OPAT group, while
there was one case of each in the control group.

DISCUSSION
Our cure rate of 62% in the OPAT program was lower than the 80% to
90% reported in the literature (3,5,12-20). However, the majority of
these studies were published more than five years ago, and the inter-
vention arms included all enrolled OPAT patients versus a stringently
selected surgical population. The lower cure rate may also be explained
by the increasing complexities of patients being managed on an out-
patient basis. Our results showed less frequent failures due to source
control, possibly due to greater involvement of the OPAT team in
decisions involving optimal source control.
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Figure 5) Mean hospital length of stay for both groups

Our rehospitalization rate of 14.3% for the OPAT group was within
the range of approximately 7% to 18% reported in the literature
(3,19,21-23). No patients in the OPAT group were rehospitalized for
adverse drug reactions or complications, while there were such cases in
the control group (eg, rehospitalization for peripherally inserted cen-
tral catheter line change for a suspected line infection). The mean
length of stay for the OPAT group was similar to the 12 days reported
in a Canadian OPAT cost analysis, which evaluated a more general
population and compared with inpatient controls (21).

The incidences of adverse drug reactions for the two groups were
both within the range of 5% to 35% reported in the literature
(3,12,13,19,21-23). For the OPAT group, two patients experienced
abnormal serum drug levels while none was observed in the control
group. This may reflect the fact that the OPAT program provided more
frequent therapeutic drug monitoring.

The present study reflected our OPAT program experience at a
single centre and may also represent the OPAT experience within
Ontario. To our knowledge, the present study was the first to attempt
a comparison with the current ambulatory centre standard of care
model in Canada rather than with inpatients or no control groups.
This was also one of the few studies that attempted to minimize base-
line differences using a matched study design.

Our results were affected by program limitations and study design.
While our program attempted to maximize quality and efficiency in its
first year, a significant amount of time was devoted to successful
coordination with community infrastructure, reducing the time avail-
able for direct patient care activities, which could have influenced our
results. Given project feasibility, the timeframe of collected data was
only 10 months, compared with a minimum of 12 months in previous
published reports. The duration may be insufficient in reflecting the
true steady state outcomes of the program.

The greatest challenge of the present study involved patient
matching, due to the size ratio of the OPAT group to the control
group being only 1:2.4. While a size ratio of at least 1:5 would have
been ideal, we were hindered by the lack of a standardized database
at UHN tracking patients discharged on IV antimicrobials before
this program, and attempted to circumvent this challenge by using
the RIS database. However, eligible patients may still have been
omitted, which resulted in our smaller-than-optimal sample size and
our study being underpowered. Other limitations included a heavy
reliance on accurate documentation of outcomes, and results were
only applicable for surgery patients and rehospitalizations were lim-
ited to our institution.

Finally, there were factors we were unable to account for, eg, clin-
ician differences and changes in practice over time. All decisions
regarding source control and initial choice of antimicrobials were left
to the discretion of referring physicians. It was beyond the scope of the
present study to determine whether best practice was being followed.
All of the above may have affected the observed clinical outcomes.
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TABLE 2

Secondary end points

Secondary end point Control group OPAT group P

Patients with reported adverse drug 5(23.8) 5(23.8) 0.72
reactions, n (%)

Allergic reaction 2 1
Hematological 0 1
Renal/liver toxicity 1 1
Gastrointestinal 0 1
Neurological 1 0
Abnormal drug level 0 2
Other 1 0

Total reported adverse drug reactions 5 6

Patients with therapy stopped/ 3(60.0) 1(20.0) 0.62
switched due to ADR, n (%)

VAD-related complications, n (%) 2(9.5) 2 (9.5) 0.62

Data presented as n unless otherwise specified. ADR Adverse drug reaction;
OPAT Outpatient parenteral antimicrobial therapy; VAD Vascular access
device

CONCLUSION

The results at the 10-month point of the OPAT program in this ter-
tiary teaching hospital in Canada demonstrated that for surgery
patients with similar age, sex, comorbidities, types of infection and
antimicrobial therapy, there was a trend toward improved cure rate,
reduced primary length of hospital stay and reduced 30-day rehospital-
ization rate in the OPAT group compared with the previous standard
of care. The above results may suggest more confidence in discharging
patients on the appropriate antimicrobial treatment earlier, given the
availability of the OPAT program to provide consistent follow-up and
measures to manage complications and adverse drug reactions on an
outpatient basis. Future studies focusing on a more general group of
patients and on provincial health care system usage as a broader out-
come measure would better evaluate applicability and utility.
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