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BACKGROUND: Bloodstream infections (BSls) in hospitalized patients represent sentinel events requiring timely and responsive
antimicrobial prescribing. These infections represent an attractive but seldom-evaluated stewardship opportunity. METHODS:
Retrospective pre-post study design, with review of patient charts 18 months before and after initiation of a hospital Bloodstream
Infection Stewardship Program (BSISP). Pre-intervention, the ward and attending physician were notified of all positive blood
cultures. Post-intervention, an infectious disease (ID) pharmacist collaborating with an ID consultant was also notified. RESULTS:
Two hundred twenty-six eligible BSIs were identified pre-intervention and 195 post-intervention. The urinary tract was the most
common source of infection; most common bloodstream isolates were Escherichia coli, Staphylococcus aureus, beta-hemolytic
streptococci, and Klebsiella pneumoniae; 71.7% of infections were community acquired. Empiric therapy was not givenin 17.3%
of cases and inadequate in 16.4% of patients. Therapy was altered on the basis of Gram stain results (‘directed therapy’) in 54.6%
of episodes and was inadequate in 3.5%. Compared to pre-intervention, the post-intervention cohort received directed therapy
on average 4.36 hours earlier (p = 0.003), was more likely to receive appropriate definitive therapy (99.0% post versus 79.1%
pre, p <0.001), stepped down to oral therapy earlier (6.0 versus 8.0 days, p = 0.031), and received fewer directed prescriptions
(214 per 100 cases post versus 260 per 100 cases pre; p = 0.001), including fewer prescriptions of quinolones and clindamycin.
CONCLUSIONS: A BSISP could be an effective strategy forimproving antimicrobial prescribing in hospitalized patients with a BSI.
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HISTORIQUE : Chez les patients hospitalisés, les infections sanguines sont des événements sentinelles qui exigent des prescriptions
antimicrobiennes opportunes et adaptées. Ces infections représentent une possibilité de gestion attrayante, mais rarement éva-
luée. METHODOLOGIE : Les chercheurs ont utilisé une méthodologie d’étude avant-aprés comportant I'analyse des dossiers des
patients 18 mois avant et aprés un programme de gestion des infections sanguines (PGIS) en milieu hospitalier. Avant l'intervention,
le médecin du service a été avisé de toutes les cultures sanguines positives. Aprés l'intervention, un pharmacien infectiologue qui
collaborait avec un consultant en infectiologie a également été avisé. RESULTATS : Au total, les chercheurs ont relevé 226 infections
sanguines admissibles avant l'intervention et 195 apres l'intervention. Les voies urinaires étaient la principale source d'infection
et les principaux isolats sanguins, I'Escherichia coli, le Staphylococcus aureus, les streptocoques béta-hémolytiques et le Klebsiella
pneumoniae; 71,7 % des infections étaient d'origine communautaire. Dans 17,3 % des cas, les patients n‘ont pas recu de traitement
empirique et chez 16,4 % des patients, le traitement n'‘était pas approprié. Il était modifié en fonction des résultats de la coloration
de Gram de base (« thérapie dirigée ») dans 54,6 % des épisodes et n'était pas approprié dans 3,5 % des cas. Par rapport a celle
d’avant l'intervention, la cohorte d’aprés l'intervention a recu une thérapie dirigée en moyenne 4,36 heures plus t6t (p = 0,003) et
était plus susceptible de recevoir un traitement définitif approprié (99,0 % aprés par rapport a 79,1 % avant, p <0,001), de passer a
un traitement par voie orale plus rapidement (6,0 jours plutét que 8,0, p = 0,031) et de recevoir moins d'ordonnances dirigées (214
sur 100 cas aprés, par rapport a 260 sur 100 cas avant; p =0,001), y compris moins d'ordonnances de quinolones et de clindamycine.
CONCLUSIONS : Un PGIS pourrait étre une stratégie efficace pour améliorer les prescriptions d'antimicrobiens chez des patients
hospitalisés atteints d'une infection sanguine.

MOTS-CLES : gestion des antimicrobiens, infections sanguines
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Bloodstream infections (BSIs) are associated with significant
morbidity, mortality, and prolonged length of stay (1,2).
Population-based data for the United States shows an increase
in BSIs over time, with an estimated incidence of 536,000 to
628,000 cases per year, ranking among the top seven causes
of death (3). Further increases in morbidity and mortality
can be expected due to an increase in the relative proportion
of BSIs caused by multi-drug resistant gram-negative bacilli
in numerous jurisdictions (4,5).

Antimicrobial therapy for these infections requires a
complex four-stage process of care beginning with the rapid
initiation of an appropriate therapy (‘empiric therapy’),
followed by re-evaluation of that therapy once preliminary
microbiology results are made available (‘directed therapy’),
with further modification once final identification and
susceptibility results are obtained (‘definitive therapy’),
and eventual transition to oral therapy in many cases
(‘step-down therapy’). Facilitation of outpatient parenteral
antimicrobial therapy is also a frequent requirement in
this population.

BSIs are managed in most hospitals in North America by
the attending physician, who is called by the microbiology
laboratory with Gram stain results when a positive blood
culture is first identified. Several studies have documented
that 40%-50% of patients with BSI receive inadequate empiric
antimicrobial therapy and 8%-20% still receive inadequate
definitive therapy (6-10). ID consultation is only sought in
a minority of patients despite data indicating that this leads
to improvements in both the process and outcome of care
for patients hospitalized with infectious diseases in general,
as well as for specific patient subgroups (eg, Staphylococcus
aureus bacteremia, enterococcal bacteremia, candidemia)
(6,8-16).

Although many hospitals in North America monitor
BSIs, most do not have an established team to respond to
these events in a timely fashion on a dedicated basis. Given
the time-sensitive and complex process of care required
for optimal antimicrobial delivery in these patients, we
developed a BSISP whereby an interdisciplinary team was
called at the same time as the attending physician when
positive blood cultures were first identified. The primary
objective of this study was to measure the impact of a
BSISP on the process of care in hospitalized patients with
newly identified BSI.
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METHODS

Study population and design

The study population was comprised of patients hospitalized
with BSI at The Moncton Hospital, a 380-bed tertiary care
teaching hospital located in New-Brunswick, Canada. Patients
were identified retrospectively by microbiology laboratory BSI
records. The pre-intervention cohort consisted of BSI cases
identified over an 18-month period from October 1, 2009
to March 31, 2011. The post-intervention cohort consisted
of BSI cases identified from October 1, 2011 to March 31,
2013. Cases were excluded from both cohorts if the patient
was palliative, died within 48 hours of admission or was
less than 14 years of age. For patients with multiple separate
BSIs, only the first BSI was included in the study. Patients
were also excluded from the second cohort if they were not
assessed by the BSISP team.

The two cohorts were compared using a pre-post study
design, with a primary objective to explore the impact of a
BSISP on processes of care. Six process of care outcomes were
identified as primary outcomes: adequacy of directed antimi-
crobial therapy, time to first-dose of directed antimicrobial
therapy, adequacy of definitive therapy, time to step-down
to oral antimicrobial, duration of antimicrobial therapy, and
total antimicrobial expenditures. Three outcomes of care were
identified as secondary outcomes: duration of BSI, length
of stay, and total and BSI-related mortality. Analysis of the
impact of obtaining an ID consultation was added when it
was found that the intervention increased the frequency of
ID consultation.

The study was approved by the Research Ethics Board for
the Horizon Health Network.

Intervention

The pre-intervention cohort was managed as per standard
of care. Notification of all positive blood cultures were called
to the patient’s ward and the attending physician, with an
ID consultation at the discretion of the attending physician.

The intervention consisted of a BSISP interdisciplinary
team (an ID pharmacist collaborating with an ID consul-
tant, the medical laboratory technologist, and the medical
microbiologist) that was active from 8:00 a.m.-4:00 p.m.
Monday to Friday. Surveillance on Monday morning also
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included a review of any positive bloodstream cultures that
were identified over the weekend.

Post-intervention, notification of positive blood cultures
was called to the ward, the attending physician, and to the ID
pharmacist, who reviewed the chart and laboratory data and
interviewed the patient. Bedside assessment was carried out
by the ID consultant if the case was not straight-forward, with
a recommendation for full consultation in complex cases (eg,
S. aureus bacteremia, risk factors for endocarditis or other deep
space infection). A note was made describing the infectious
syndrome with recommendations regarding investigation
and treatment. If an immediate change in therapy or an ID
consultation was indicated, then the attending physician was
called to seek collaborative approval. Patients were generally
followed by the BSISP team until their clinical status improved
with a clear treatment plan delineated.

Definitions

BSI and source

BSI was defined as per Centers for Disease Control guidelines
(17). A BSI was declared if a recognized pathogen was isolated
from one or more blood culture vials or if a skin commensal
was identified from at least two separate blood culture vials
drawn at different time periods in association with sepsis
symptoms or signs without an alternative focus. A bloodstream
contaminant was designated if a skin commensal species
was only identified in one set of blood cultures. Community
acquired BSI was defined as any BSI identified <48 hours
post-admission; hospital-acquired BSI was defined as any
positive blood culture identified >48 hours post-admission.
The source of infection was determined according to attend-
ing physician chart documentation supplemented by chart
review by an ID consultant.

Microbiology laboratory processing

All blood cultures were processed using an automated system
(BACT/ALERT 3D™; bioMérieux), with continuous agitation.
Micro-organisms were identified using standard procedures.
Clinical and Laboratory Standards Institute (CLSI) breakpoints
were utilized for determining antimicrobial susceptibility.
This study was performed prior to the introduction of mo-
lecular rapid diagnostic testing for bloodstream isolates in
our laboratory.

Antimicrobial therapy

Empiric therapy was defined as antimicrobial therapy
administered for fever or other signs of systemic infec-
tion less than 72 hours before the first positive blood
culture was reported. Directed therapy was defined as any
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modification to empiric therapy less than 48 hour after
the first positive blood culture was reported. Definitive
therapy was defined as all antimicrobial therapy delivered
more than 48 hours after the positive blood culture was
first reported, by which point susceptibility results were
usually available. Step-down therapy was defined as any
switch from intravenous (IV) to oral therapy delivered for
the BSI. Time to directed therapy was calculated from the
time the positive blood culture was reported until directed
therapy was given. Empiric and directed therapy were defined
as adequate if the pathogen was susceptible to the chosen
therapy regardless of other measures of appropriateness.
Definitive therapy was defined as appropriate if the chosen
therapy was active according to in vitro susceptibility test-
ing, with an appropriate guideline-concordant spectrum,
route, dose, and duration.

Antimicrobial resistance for gram-negative micro-or-
ganisms was defined as any resistance to aminoglycosides,
third-generation cephalosporins, quinolones, extended
spectrum penicillin or carbapenems. Antimicrobial resis-
tance for gram-positive micro-organisms was defined as
any resistance to oxacillin or vancomycin. Antimicrobial
cost was calculated from the time of BSI notification until
the time of discharge.

Statistical analysis

All tests of significance were two-tailed. For continuous
variables, comparisons between the two cohorts were
performed using the Welch’s t-test for symmetrically
distributed variables and the Mann-Whitney U test for
non-symmetrically distributed variables. For dichotomous
variables, the Fisher exact test was used. For non-dichotomous
qualitative variables, the chi-square was used (or its Monte
Carlo simulated version if there were several cells with low
frequencies).

The distribution of costs and of some time durations (eg,
length of stay) were approximately lognormal (ie, the dis-
tribution of the logarithm of the values was approximately
normal). In such cases, the geometric means (which can be
interpreted as the median), as well as the ordinary (arithmetic)
means are reported.

For lognormal variables, some analyses were carried out
on the logarithm of the values. Where a p-value has been
associated with two geometric means, it came from a Welch
t-test applied to the log of the values.

Analysis of the number of antimicrobials for directed
therapy was carried out using a Poisson regression on that
number minus one.

Step-wise logistic regression was performed to explore
the impact of multiple factors on mortality.
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RESULTS

During the pre-intervention study period, 371 BSI cases were
identified with positive blood cultures. Seventy-two cases
were excluded (36 patients were never admitted, 18 patients
died or were deemed palliative within the first 48 hours, 12
charts were incomplete, 6 BSI cases were the patient’s second
or later BSI). This left 226 patients with verified BSI and 73
bloodstream contaminants.

During the post-intervention period, 348 patients were
identified with positive blood cultures. One hundred and
five patients were excluded (37 were not seen by the BSISP
due discharge prior to evaluation or stay less than 48 hours,
29 were not admitted, 24 died or were deemed palliative
within the first 48 hours, 10 charts were incomplete, and
5 BSI cases were the patient’s second or later BSI). This
left 195 patients with verified BSI and 48 bloodstream
contaminants.

Cohort characteristics

There was no significant difference in baseline characteris-
tics between the two cohorts (Table 1). BSI was community
acquired in 71.7% of cases and 35.4% were either already
in the ICU or required ICU admission at the time of their
bacteremic event.

There was no significant difference in the BSI source
between cohorts (Table 2). The urinary tract was the most
common source, occurring in 26.4% of cases.

There was no significant difference in BSI microbiology
between cohorts (p = 0.078; Table 3). Escherichia coli, S. aureus,

beta hemolytic streptococci, and Klebsiella pneumoniae were
the most common bloodstream isolates.

Polymicrobial infection was observed in 48 cases (pre:
12.4%; post: 10.3%; p = 0.809). Antimicrobial resistance was
identified in 38 of the 192 Enterobacteriaceae cases (pre:
18.7%; post: 21.2%; p = 0.717), in 4 of the 82 S. aureus cases
(pre :7.1%; post: 2.4%; p = 0.616), and in 29 of the 186 ‘other
isolates’ cases (pre: 16.8%; post: 14.1%; p = 0.687).

BSISP activity

In the post-intervention group, the BSISP team made 373
therapeutic recommendations for 173 (88.7%) cases (Figure 1).
Three hundred and seventy (99.2%) recommendations were
accepted for 170 (98.3%) cases. The most frequent recom-
mendation was to change the duration of therapy. The BSISP
team initiated therapy in 14 bacteremic cases that were
untreated when the positive culture was first identified. All
patients in the post-intervention cohort received parenteral
antimicrobial therapy at some point during treatment; seven
bacteremic patients in the pre-therapy cohort received no
parenteral antimicrobials (p = 0.02). The ID consultation
rate was 25.9% higher post-intervention (pre: 84/226 [37.2%]
post: 123/195 [63.1%]; p <0.001) even though the BSISP
team recommended an ID consultation in only 24 (12.3%)
of the cases.

Process of care outcomes

Administration and adequacy of empiric therapy was
similar in both cohorts (Table 4). The post-intervention

Table 1: Baseline characteristics for pre- and post- implementation bloodstream infection cases

Variable Pre-intervention; n = 226 Post-intervention; n = 195 p-value
Age, y, mean (SD) 66.3(17.0) 63.9(17.1) 0.49
Male, no. (%) 122 (54.0) 110 (56.4) 0.63
Charlson Index, mean (SD) 55(3.4) 5.0(3.4) 0.14
ICU admission, no. (%) 78 (34.5) 71 (36.4) 0.68
ICU length-of-stay n=78 n=71 0.07
Mean days (SD) 20.0 (31.1) 12.9 (14.6) 0.26
Geometric mean days (SD") 9.7 (x/+3.1) 8.0 (x/+ 2.6)
Mechanical ventilation, no. (%) 31(13.7) 26(13.3) 1.00
Surgery, no. (%) 52 (23.0) 53(27.2) 0.37
Dialysis, no. (%) 8(3.5) 11(5.6) 0.35
Community acquired, no. (%) 167 (73.9) 135(69.2) 0.33

“Fora geometric mean, the variability is multiplicative; for example, 10 (x/+2) indicates a range from 5 to 20, which would include
approximatively 86% of the observations if the distribution is lognormal
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Table 2: Source of the bloodstream infection for pre-and post-intervention cases

Pre-intervention, Post-intervention,
Infection source no. (%); n =226 no. (%); n =195 Total, no. (%); n=421 p-value
Urinary tract 1(22.6) 60 (30.8) 111 (26.4) 0.08
Intra-abdominal 25(11.1) 29 (14.9) 4(12.8)
Biliary 31(13.7) 14 (7.2) 45(10.7)
Endovascular 19 (8.4) 19 (9.7) 8(9.0)
Skin/soft tissue 18 (8.0) 17 (8.7) 5(8.3)
Line sepsis 17 (7.5) 17 (8.7) 4 (8.1)
Pneumonia 20 (8.8) 9 (4.6) 9(6.9)
Neutropenic sepsis 13 (5.8) 8 (4.1) 21 (5.0)
Bone and joint 7 (3.1) 8 (4.1) 5(3.6)
Surgical site 5(2.2) 7 (3.6) 2(2.9)
Central nervous system 2(0.9) 2(1.0) 4(1.0)
Unknown 15 (6.6) 5(2.6) 20 (4.8)
Miscellaneous 3(1.3) 0(0.0) 3(0.7)
Total 226 (100.0) 195 (100.0) 421 (100.0)
Table 3: Bloodstream infection microbiology

Pre-intervention, Post-intervention,

Species no. (%) no. (%) Total, no. (%) p-value
Escherichia coli 78 (30.2) 53(23.8) 131 (27.2) 0.078
Staphylococcus aureus 42 (16.3) 40 (17.9) 82(17.0)
Beta-hemolytic streptococci 21(8.1) 19 (8.5) 40 (8.3)
Klebsiella sp 19(7.4) 18 (8.1) 37(7.7)
Other Enterobacteriaceae 11 (4.3) 21(9.4) 32(6.7)
Enterococcus faecalis 11 (4.3) 13 (5.8) 24 (5.0)
Viridans group streptococci 12 (4.7) 11 (4.9) 23 (4.8)
Other enterococci 5(1.9) 10 (4.5) 15(3.1)
Pseudomonas aeruginosa 12 (4.7) 3(1.3) 15(3.1)
Coagulase negative staphylococci 7(2.7) 8(3.6) 15(3.1)
Candida sp 9(3.5) 5(2.2) 14 (2.9)
Bacteroides sp 8(3.1) 5(2.2) 13(2.7)
Other anaerobes 4(1.6) 9 (4.0) 13(2.7)
Streptococcus pneumoniae 9(3.5) 2(0.9) 11(2.3)
Clostridium sp 4(1.6) 1(0.4) 5(1.0)
Other 6(2.3) 5(2.2) 11(2.3)
Total* 258(100.0) 223(100.0) 481 (100.0)

*Total is greater than number of cases due to polymicrobial infections
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Figure 1: Frequency of recommendations from the bloodstream infection stewardship program team

Table 4: Antimicrobial therapy

Variable Pre-intervention; n = 226 Post-intervention; n = 195 p-value

Empiric therapy, no. (%)

None 38(16.8) 35(17.9) 0.79
Adequate 155 (68.6) 136 (69.7)
Inadequate 33(14.6) 24 (12.3)

Directed therapy, no. (%)

None 110 (48.7) 81 (41.5) 0.128
Adequate 110 (48.7) 112 (57.4)
Inadequate 6(2.7) 2(1.0)

Time to first dose directed therapy, mean hours (SD) 13.4(12.5) 9.0 (8.9) 0.003

Appropriate definitive therapy, no. (%) 178 (79.1) 193 (99.0) <0.001

Parenteral antimicrobial therapy, no. (%)

No IV therapy 7 (3.1) 0(0.0) 0.02
IV to oral step down 67 (29.6) 51(26.2)
No oral therapy 152 (67.3) 144 (73.8)

Time to IV-PO step down, d 8.0 (6.7) 6.0 (2.9) 0.031
Mean (SD) 6.2 (x/+ 2.1) 5.3 (x/+1.7) 0.190
Geometric mean

Antimicrobial duration, d
Mean (SD) 12.8(10.3) 15.0(12.6) 0.059
Geometric mean 9.6 (x/+2.1) 11.7 (x/+ 2.0) 0.014

Total antimicrobial cost, CANS
Mean (SD) 323(931) 275 (515) 0.50
Geometric mean 117 (xX/+4.17) 126 (x/+ 3.53) 0.21

Total antimicrobial cost after report of positive

blood culture, CANS
Mean (SD) 306 (924) 260 (511) 0.516
Geometric mean 83 (x/+ 5.5) 105 (x/+ 4.3) 0.121
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Table 5: Number of directed antimicrobials

Pre-intervention;n=116

Post-intervention; n =114 Change

Antimicrobial prescription Number  Number/100 cases Number Number/100 cases Number/100 cases
Penicillin 40 345 41 36.0 1.5
Beta-lactam/beta-lactamase inhibitor 47 40.5 36 31.6 -89
Cephalosporin 1st generation 25 21.6 28 24.6 3.0
Cephalosporin 2nd generation 5 43 0 0.0 -43
Cephalosporin 3rd generation 34 29.3 40 35.1 5.8
Quinolones 38 3238 19 16.7 -16.1
Sulfamethoxazole/trimethoprim 1 0.9 3 2.6 1.8
Carbapenem 15 129 17 14.9 2.0
Clindamycin 12 10.3 3 2.6 -7.7
Aminoglycoside 17 14.7 7 6.1 -8.5
Vancomycin 40 345 36 31.6 -29
Macrolide 1 0.9 0 0.0 -0.9
Fluconazole 5 43 2 1.8 -2.6
Caspofungin 3 2.6 3 2.6 0.0
Metronidazole 17 14.7 9 7.9 -6.8
Daptomycin 1 0.9 0 0.0 -0.9
All antimicrobials 301 259.5 244 214.0 -45.4*

* The total number of different antimicrobials prescribed per patient was less post-intervention than pre-intervention (p = 0.001)

cohort received directed therapy on average 4.36 hours
earlier than the pre-intervention cohort (p = 0.003) and
was more likely to receive appropriate definitive therapy
(99.0% versus 79.1%, p <0.001). For the 118 patients stepped
down from IV therapy to oral therapy, patients in the post-
intervention cohort were stepped down to oral therapy two
days earlier (pre: 8.0 days; post: 6.0 days, p = 0.031); only
one (0.5%) post-intervention patient stepped down after
more than 12 days of IV therapy versus 11 (4.9%) patients
pre-intervention.

While there was a trend toward longer antimicrobial
duration for treatment of BSI post-intervention, treatment
durations were shorter for bloodstream contaminants
(5.4 days versus 1.9 days, p <0.0001).

For patients receiving directed therapy, the mean num-
ber of directed antimicrobial prescriptions was 214.0 per
100 cases post-intervention compared with 259.5 per 100
cases pre-intervention (p = 0.001 (Table 5); the decrease in
geometric mean was 45.4%. The proportion of cases pre-
scribed more than two directed antimicrobials was lower.
There were remarkable decreases in prescription rates for
quinolones (pre: 32.8 prescriptions per 100 cases; post: 16.7
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prescriptions per 100 cases), beta-lactam/beta-lactamase
inhibitors, aminoglycosides, and clindamycin.

Clinical outcomes

Post-intervention patients experienced a shorter duration of
fever (pre: 2.9 days; post: 2.3 days, p = 0.043) (Table 6). The
duration of fever was greater than 5 days for 13.4% of cases
pre-intervention and 5.3% post-intervention.

The combined hospital mortality rate for the two cohorts
was 22.7% (105/463), before excluding patients who were
made palliative or died in the first 48 hours of the hospital
stay. There was a trend toward an association of 14-day
mortality with inadequate therapy in 13/17 (76.5%) of
cases pre-intervention and 4/11 (36.4%, p = 0.05), post-
intervention, mostly due to absent or inadequate empiric
therapy.

Impact of ID consultation

The intervention led to a much higher ID consultation
rate (pre: 37.2%; post: 63.1%). Accordingly, we explored
the impact of ID consultation in more detail. Longer fever
duration was associated with an increased likelihood of an
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Table 6: Clinical outcomes

Impact of a bloodstream infection stewardship program in hospitalized patients

Variable Pre-intervention; n = 226 Post-intervention; n = 195 p-value
Presence of fever, no. (%) 127 (56.7) 152 (77.9) <0.001
Duration of fever, d

Mean (SD) 2.9 (2.6) 2.3(1.8) 0.043

Geometric mean 2.1 (x/+2.1) 1.8 (x/+ 1.9) 0.098
Presence of hypothermia, no. (%) 107 (47.8) 113 (57.9) 0.040
14-day mortality attributed to BSI, no. (%) 17 (7.5) 11 (5.6) 0.56
Overall mortality, no. (%) 35(15.5) 28 (14.4) 0.78
Length of stay, d

Mean (SD) 38.5(68.2) 42.8 (82.9) 0.56

Geometric mean (SD) 17.0 (x/+ 3.3) 19.5 (x/+ 3.3) 0.23
Length of stay: survivors only, d n=191 n=167

Mean (SD) 32.6 (56.7) 40.6 (85.7) 0.307

Geometric mean (SD) 15.0 (x/+ 3.2) 17.8 (x/+ 3.3) 0.180

BSI = Bloodstream infection

ID consultation. When ID consultation was obtained, fever
duration was relatively shorter post-intervention. Without
an ID consultation, fever duration was similar pre- and post-
intervention (Table 7).

For cases without ID consultation, total antimicrobial
costs were similar pre- and post-intervention (Table 8). For
cases with an ID consultation, total costs were lower post-
than pre-intervention; (p = 0.025). Comparing cases with
and without ID consultation, the ratio of geometric means
is CAD$234.00/CAD$45.00 = 5.2 pre-intervention and
CAD#$152.00/CAD$57.00 = 2.7 post-intervention.

Predictors of mortality

The impact of patient characteristics, acquisition setting
(community versus hospital), microbiology, infection source,
and therapy on mortality were analyzed by logistic regression
(Table 9. Due to the presence of multicollinearity, a downward,
step-wise selection procedure was applied to identify a set of
mortality predictors. Patient age, Charlson class, mechani-
cal ventilation, nosocomial acquisition, presence of MRSA,
presence of antimicrobial resistant Enterobacteriaceae, and
source of infection were retained in the model. Consulta-
tion with ID and adequacy of empiric or directed therapy
were not retained, suggesting that these were not important
predictors of mortality.

DISCUSSION

The role of a comprehensive BSISP serving all hospitalized
patients with BSI at all levels and stages of care has seldom
been studied; only two similar comprehensive BSISP have

been described (18,20). The first differed from our program,
as blood cultures were only reviewed once per week, all
initial management was made by the attending physician
and bedside assessment did not occur. The second included
pharmacist notification of all positive blood cultures but
the intervention was only targeted at the appropriateness
of directed therapy with no further follow-up. In addition,
outcome data was only analysed for patient’s not receiving
antimicrobial therapy at the time of notification of positive
blood cultures. Most BSI stewardship research has focused
on specific high-risk populations (eg, critically ill) (19), a
specific intervention (eg, time to first antimicrobial dose)
(20), or organism (eg, S. aureus) (13,14).

The present study targeted all admitted patients with
BSI from the time of first positive blood culture as a
stewardship intervention, with a primary objective to
improve the process of care. This objective was met, with
multiple process improvements identified. We identified
a high rate of inadequate empiric therapy (not given or
inadequate in 24% of patients), confirming previous
research (8,12). A non-significant trend toward improve-
ment in the adequacy of directed therapy was observed
even while the number of antimicrobials deployed per
case was significantly lower. A significant improvement
may not have been observed because directed therapy was
defined as adequate as long as the bloodstream isolate was
susceptible, in order to capture the impact of ‘bug-drug’
mismatch. This minimal standard for adequacy and the
low level of antimicrobial resistance in our locale likely
explains why 95% of patients received adequate directed
therapy pre-intervention.
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Table 7: Impact of infectious diseases (ID) consultation on duration of fever

Cohort
Parameter Pre-intervention Post-intervention
n=72 n=>56
Without Duration of fever, days* mean (SD) 1.94 (1.45) 2.09 (1.40)
Geometric mean (SD) 1.59 (x/+ 1.82) 1.73 (x/+ 1.82)
) Duration of fever > 5 days', no. (%) 4 (5.6%) 2 (3.6%)
ID consultation
n=>55 n=96
With Duration of fever, days mean (SD) 4,09 (3.28) 2.44 (2.04)
it Geometric mean (SD) 3.06 (x/+ 2.19) 1.89 (x/+ 1.97)
Duration of fever > 5 days', no. (%) 13 (23.6%) 6 (6.2%)

Note: Tests * and ' are not independent
* Linear regression on log scale: p < 0.0001; interaction: p < 0.001
T Logistic regression: Cohort: p = 0.005; ID consultation: p = 0.007

Table 8: Impact of infectious diseases (ID) consultation on total antimicrobial costs

Intervention

Parameter Pre-intervention Post-intervention
n=142 n=72
Without Total antimicrobial costs*
mean (SD) $104 (187) $126 (260)
) Geometric mean (SD) $45 (x/+4.8) $57 (x/+3.6)
ID consultation
n==84 n=123
With Total antimicrobial costs*
mean (SD) $649 (1437) $338 (600)

Geometric mean (SD)

$234 (x/+4.0) $152 (x/+4.3)

* Linear regression on log scale: pre versus post p = 0.093; ID consultation with versus without P < 0.0001; interaction p = 0.025

The above contrasts with the significant improvement
observed for definitive therapy, which was inappropriate
in 21% of cases prior to the intervention but only 1% post.

Despite significant improvements in the process of care,
there was no improvement observed in duration of antimi-
crobial therapy, length of stay, or antimicrobial cost. This
may be due in part to the frequency of inappropriately short
treatment durations observed in the pre-intervention cohort,
accounting for inadequate definitive care. Routine ID or
medical microbiology consultation for BSI has been associated
with longer duration of therapy, with no decrease in length of
stay or antimicrobial cost (6,14). Recommendations regard-
ing treatment duration were the most common intervention
made by the BSISP post-intervention. The lack of impact on
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antimicrobial cost may also be related to the fact that cost
was influenced by multiple non-modifiable patient factors
(age, comorbidity, illness severity), antimicrobial resistance
and the frequency of intra-abdominal gram-negative septi-
cemia, where source control determines cost and outcome.
Costs were significantly reduced post-intervention when an
ID consult was obtained.

Urosepsis and intra-abdominal infection were the most
common sources of BSI, accounting for the predominance
of Enterobacteriaceae as the most common isolates. This has
been shown in other recent studies documenting a relative
increase in BSI secondary to drug-resistant gram-negative
rods and a decline in methicillin-resistant S. aureus (MRSA)
(5,18,21).
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Table 9: Logistic regression of mortality predictors

p-value
Variable df (chi-square)
Gender 1 0.544
Age class 4 0.004
Charlson class 4 0.000
Dialysis 1 0.001
Surgery 1 0.004
Mechanical ventilation 1 0.000
Acquisition environment 1 0.005
(community or hospital)
Enterobacteriaceae (susceptible) 1 0.328
Enterobacteriaceae (resistant) 1 0.502
Other bloodstream isolates 1 0.702
(susceptible)
Other bloodstream isolates 1 0.978
(resistant)
MSSA 1 0.427
MRSA 1 0.253
Infection source 12 0.002
ID consultation obtained 1 0.197
Empiric therapy status 2 0.177
Directed therapy status 2 0.438

MRSA = Methicillin-resistant S. aureus; MSSA = Methicillin-
suseptible S. aureus

Mortality was a secondary outcome in this study, with no
difference identified in the two cohorts, a finding observed
in a similar BSISP study (18). This may be due to the low
14-day mortality rate, observed in 28/421 (6.7%) of patients
(excluding patients who died in the first 48 hours), reflecting
the large proportion of patients with community-acquired
urosepsis, which has low mortality risk. Lack of impact on
14-day mortality may also be related to the fact that empiric
therapy tended to have a greater influence on mortality in
this study. Our intervention would be expected to have no
impact on empiric therapy but would have significant po-
tential to impact directed and definitive therapy. This may
explain why no process of care interventions were identified
as risk factors for mortality by logistic regression analysis.

ID consultation was obtained more often in patients with
longer duration of fever, a result consistent with the hypoth-
esis that ID consultation occurred more often in complicated
cases. Without an ID consultation, fever duration was similar
pre- and post-intervention. When an ID consultation was
obtained, fever duration was shorter post-intervention. This
may indicate that the BSISP increased the effectiveness of
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an ID consultation by accelerating the response time. Ac-
celerated ID consultation provided through a BSISP was also
associated with reduced antimicrobial costs. The increased
rate of ID consultation associated with this BSISP may have
driven other differences in process of care post-intervention.

The inherent limitations of retrospective analyses apply
to this study. Although there is always potential for period
effect, there were no other major changes in the process of
care, (aside from the intervention), or laboratory investiga-
tion in our hospital during the two time periods. Although
this study was conducted 10 years ago, the criteria used in
this study to define a bloodstream infection and its source,
remain compliant with recent updates made by the National
Healthcare Safety Network. Molecular rapid diagnostic testing
was introduced by our microbiology laboratory after the study
was completed, an advance which has improved our ability to
make timely stewardship decisions. This does not diminish
the relevance of this study, given that molecular rapid testing
has only been effective at improving outcomes when paired
with an antimicrobial stewardship program (22). Reviewer
bias was minimized through use of well-defined, objective
definitions of process and outcome; however, outcome analysis
was not blinded. The impact of the intervention may be an
under-estimate, given that the BSISP was not active during
holidays and weekends and the study phases were limited to
18-month time periods. Thirty-seven patients were excluded
post-intervention, as they were rapidly discharged before they
could be seen by the BSISP. This population would not have
been excluded in the pre-intervention cohort. This selection
bias would have increased the complexity and length of stay
in the post-intervention cohort, and again would tend to
underestimate the impact of a BSISP.

Since complete cohorts were used, p-values can only be
used as an indication of the impact of a BSISP in a larger
similar context.

In conclusion, a hospital BSISP is associated with improve-
ment in the process of care for patients admitted with BSI and
could be an effective stewardship strategy, with significant
potential to improve the management of BSI over the current
standard of care.
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