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Background: Antimicrobial stewardship teams play an important role in assisting with the optimization of
antimicrobial use in acute care settings. We aimed to determine whether a rapid review by a multidisciplinary
antimicrobial stewardship team would improve the timeliness of optimal antimicrobial therapy for patients
with positive blood cultures.

Methods: This prospective randomized controlled trial was undertaken in two Australian hospitals. Patients
received either standard care (a clinical microbiologist, registrar or laboratory scientist communicating the
positive blood culture by phone to the treating doctor) or intervention (standard care plus rapid review by a multi-
disciplinary antimicrobial stewardship team). Outcomes included time to appropriate and/or active antimicrobial
therapy and in-hospital mortality. The trial was registered on the Australian New Zealand Clinical Trials Registry
(ACTRN12614000258651).

Results: A total of 160 patients were enrolled in this study: 81 in the standard care arm and 79 in the intervention
arm. Patients in the intervention arm were commenced earlier on active (HR 8.02, 95% CI: 2.15–29.91) and
appropriate antimicrobials (HR 1.95, 95% CI: 1.13–3.38), with a higher proportion of patients allocated to the
intervention arm receiving active therapy at 48 h (96% versus 82%) and appropriate therapy at 72 h (70% versus
54%). The majority of patients where the blood culture was a contaminant were not started on antimicrobial
therapy, and there were no significant differences in time to cessation of antimicrobial therapy.

Conclusions: Antimicrobial stewardship team review of patients with pathogenic positive blood cultures
improved the time to both active and appropriate antimicrobial therapy.

Introduction
Antimicrobial resistance is a threat to public health, and is a con-
sequence of antimicrobial use. Antimicrobial stewardship (AMS)
aims to improve the appropriateness of antimicrobial use to
reduce resistance generally, but also to benefit individual patients.
A number of models of AMS exist, including pre-prescription edu-
cation and training, point-of-prescription restrictions and decision
support, and post-prescription review and feedback.1 Where
activity is focused on post-prescription review and feedback, a

review can be triggered by the prescription of a broad-spectrum
antimicrobial, microbiological test (such as a positive or negative
blood culture) or clinical syndrome, such as sepsis or pneumonia.

There has been intense interest in improving the timeliness of
treatment for patients with sepsis.2 One difficulty for patient man-
agement is that the sepsis syndrome may not be easily recog-
nized. Although not all patients with positive blood cultures
have sepsis, and not all patients with sepsis have positive blood
cultures, we hypothesized that the AMS team (AST) may have a
role in improving care for this group of patients.
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In this clinical trial, we aimed to determine whether rapid
review by a multidisciplinary AST, compared with standard care,
would improve the timeliness of optimal antimicrobial therapy
for patients with positive blood cultures.

Patients and methods

Patients and setting
This randomized controlled trial was conducted at The Alfred Hospital and
Monash Medical Centre, two metropolitan referral centres in Melbourne,
Australia where AMS programmes were formally established in 2008
and 2013, respectively. Since 2011, at The Alfred Hospital, a multidisciplin-
ary AST consisting of infectious diseases clinicians and pharmacists has
reviewed inpatients who are prescribed a broad-spectrum antimicrobial
through the use of a web-based antimicrobial approval system.3 At
Monash Medical Centre, a similar review process had been in operation
since 2014, although patients are identified for review through broad-
spectrum antimicrobial dispensing rather than a web-based antimicrobial
approval system. Owing to resource limitations, patients at Monash
Medical Centre were only enrolled during a 2 month period in 2015. Both
hospitals routinely use MALDI-TOF MS for identification of blood culture
organisms.

Interventions and treatment allocation
Adult patients with positive blood cultures were randomly assigned to one
of two groups. Those patients randomized to intervention (AST group) had
a review of their medical records, previous microbiology results and other
relevant pathology by a team including an infectious diseases physician
and a senior pharmacist. Where a change to treatment was deemed
appropriate by the team, this advice was communicated to the treating
doctors and documented in the medical record, but the final responsibility
for implementing clinical decisions remained with the treating team.
Those patients randomized to the control arm received standard care
for positive blood cultures, which routinely involves a clinical microbiolo-
gist, registrar or laboratory scientist communicating positive Gram’s
stain results (but not routinely organism identity or susceptibility results)
by phone to a doctor on the treating team.

Patients were identified at routine microbiology laboratory meetings
held on weekday mornings (11:30 am) and immediately prior to the
AMS ward round (3 pm) at The Alfred Hospital, and through generation
of a daily list of positive cultures at the Monash Medical Centre (9 am).
AMS rounds at The Alfred Hospital occur at �3:30 pm on weekdays only,
and at variable weekday times at Monash Medical Centre (depending on
resource availability). At this time eligible patients were randomly allo-
cated (1:1) by pre-prepared sealed opaque envelopes, filled by a research
assistant not associated with the project to receive the AST review or
standard communication. Permuted block randomization, stratified by
enrolment site, was performed using a computerized list generated by
the Stata module ‘ralloc’. The median time from positive blood culture
to study randomization was 20 h at The Alfred Hospital and 19.6 h at
the Monash Medical Centre.

Inclusion and exclusion criteria
All adult inpatients at the participating hospitals with positive blood cul-
tures (including both pathogens and contaminants) were included in the
study. Patients were excluded if they were already under the care of an
infectious diseases physician, if they were admitted to another hospital
with a known positive blood culture prior to transfer to a study site, if
they had already been entered into the web-based antimicrobial approval
system (considered ‘standard care’) or were being treated by a team
where formal infectious diseases liaison services already exist (including

the ICU, haematology, burns and lung transplantation services). In
these units, an infectious diseases registrar and/or consultant attends
the daily microbiology meeting and actively communicates relevant posi-
tive Gram’s stain results, organism identification and susceptibility results
to treating clinicians.

Outcome measures
The timeliness of antimicrobial treatment was assessed using three mea-
sures, all taken relative to the time of the blood culture draw:

(1) time between when the blood culture was taken until the commence-
ment of active antimicrobial treatment;

(2) time between when the blood culture was taken until the commence-
ment of appropriate antimicrobial treatment; and

(3) time to cessation of antimicrobials in patients with positive blood cul-
tures deemed contaminants.

Antimicrobial therapy was considered active if an antimicrobial was used
for treatment that would be expected to exhibit clinical activity against the
pathogen isolated from the blood culture based on antimicrobial suscep-
tibility testing, with effective antimicrobial concentrations achieved by the
dose and route administered. For example, ceftriaxone would be consid-
ered active for pneumococcal bacteraemia.

Antimicrobial therapy was considered appropriate if an antimicrobial
was used for treatment that was expected to be active based on anti-
microbial susceptibility testing but with the narrowest spectrum with
effective antimicrobial concentrations achieved by the dose and route
administered. The determination of the narrowest spectrum took into
account other potential indications (other than bacteraemia) for anti-
microbial therapy and documented antimicrobial allergies. For example,
ceftriaxone would be not deemed appropriate for pneumococcal bacter-
aemia (where benzylpenicillin would be a narrower spectrum treatment)
unless the patient had a concurrent urinary tract infection with an
ampicillin-resistant Escherichia coli. Where contaminants were isolated,
appropriate therapy was considered no treatment, so the time to appro-
priate therapy was the time until antimicrobials were ceased. Optimal
therapy was defined as appropriate therapy if blood cultures were positive
for a pathogen or no therapy if the blood cultures were positive for a
contaminant.

Antimicrobials used for the treatment of bacteraemia were distin-
guished from those used for the treatment of other infections unrelated
to the bacteraemia. Assessment of outcomes was performed by two inde-
pendent infectious diseases physicians blinded to the treatment alloca-
tion, with disagreements resolved by discussion and a third physician
opinion.

Severity of illness was assessed using the Mortality in Emergency
Department Sepsis (MEDS) score.4

Statistical approach
We used cumulative distribution graphs to describe the data, and reported
the following outcomes:

† proportion of all patients on optimal treatment (appropriate treatment
where blood cultures grew a pathogen, or no treatment where blood
cultures grew a contaminant).

† proportion of patients on active antimicrobials at 24, 48 and 72 h after
taking blood cultures where cultures grew a pathogen.

† proportion of patients on appropriate antimicrobials at 24, 48 and 72 h
after taking blood cultures where cultures grew a pathogen.

† for patients with contaminants, the proportion of patients not on anti-
microbials at 24, 48 and 72 h.

Because our primary hypothesis was that the delay to optimal treatment
based on blood culture results was shortened in the AST review group, we
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tested the null hypothesis based on time to appropriate therapy from 24 h
after the blood culture was taken. At this timepoint, the blood culture is
usually flagged as positive, but identification to species level and suscep-
tibility test results are not yet known. Therefore, antimicrobial prescribing
prior to this time reflects the adequacy of empirical prescribing, and after
this time reflects the timeliness of de-escalation to directed therapy. To
perform this analysis, we subtracted 24 h from the time to appropriate
therapy (setting negative times to zero) and performed a Cox proportional
hazards regression with treatment allocation as the independent variable.
In a sensitivity analysis, we performed a Cox proportional hazards model
using the time from when the blood culture was taken. In these statistical
models, a higher hazard ratio would be indicative of a shorter delay to
commencement/cessation of antimicrobials. We also examined second-
ary endpoints, including the length of hospital stay after the positive
blood culture, and in-hospital mortality.

We estimated statistical power assuming that in 80% of the control
group and 90% of intervention patients would be on appropriate therapy
at 48 h. This difference could be demonstrated with 80% power at the 0.05
significance level with 160 participants. An interim analysis was performed
after the enrolment of 50 patients to review assumptions; at this point, an

early stopping boundary (based on the O’Brien–Fleming method calcu-
lated using the Lan–DeMets approach) was not crossed and the study
continued to completion as planned.

Ethics
Ethics approval for this study was obtained from The Alfred Health
Research Ethics Committee, Monash Health Research Ethics Committee
and the Monash University Human Research Ethics Committee. The trial
was registered on the Australian New Zealand Clinical Trials Registry
(ACTRN12614000258651). As both the AST interventions and standard
communication of positive blood cultures were regarded as routine care,
and because both interventions were associated with minimal risk to
patients, we were granted a waiver from the need to obtain written
informed consent. Patients that participated in this study were provided
with a patient information sheet by a clinical pharmacist not associated
with the project. This sheet explained the nature of the interventions
and that clinical information was being collected, and contained contact
details for investigators if they wished to opt out of the study.

Assessed for eligibility (n = 1732)

Excluded (n = 1559)
® Existing infectious diseases input (n = 915)
® Offsite/discharged/outpatients/off ward (n = 295)
® Already notified to stewardship team (n = 143)
® Duplicate blood cultures (n = 139)
® Palliative/deceased (n = 33)
® No AST round (n = 27)
® Unable to consent (n = 4)
® Transferred in with positive culture (n = 3)

Analysed (n = 79)

Lost to follow-up (n = 4)

       Withdrew consent (n = 4)

Allocated to intervention (n = 87)

® Received allocated intervention (n = 83)
® Did not receive allocated intervention

       Positive blood culture prior to admission (n = 3)

       Existing ID input (n = 1)

Allocated to control (n = 86)

® Received allocated intervention (n = 84)
® Did not receive allocated intervention

       Duplicated enrolment (n = 1)

       Positive blood culture prior to admission (n = 1)

Lost to follow-up (n = 3)

       Withdrew consent (n = 3)

Allocation

Analysis

Follow-Up

Randomized (n = 173)

Enrolment

Analysed (n = 81)

Figure 1. Flow chart of participants.
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Results
Between February 2014 and December 2015, 160 patients were
enrolled, with 79 allocated to AST intervention and 81 allocated
to no intervention (control). Of these, 149 were enrolled at The
Alfred Hospital and 11 were enrolled at Monash Medical Centre.
A flow chart is shown in Figure 1.

Baseline characteristics

Participants allocated to the intervention and control groups had
a similar age distribution, with the majority of patients (60%) aged
.65 years (see Table 1). A similar proportion had evidence of
systemic inflammation at the time of blood culture. The severity
of illness was similar in both groups; a minority of patients
had moderate or higher MEDS score [36% (57/160)]. A higher
proportion of patients that would later have contaminants
grown in blood cultures were not on antimicrobials at the time
of the blood culture draw (control 64%; 52% intervention). A simi-
lar proportion of patients in both groups were on active treatment
and only one patient (in the control group) was on appropriate
treatment at the time of the blood culture draw. The median
time from positive blood culture to randomization in the control
group was 19.6 h (IQR 8.9–33.9) and to randomization/interven-
tion in the AST group was 20.1 h (IQR 8.8–39.4). The organisms
identified in blood cultures are included in Table 2. Two patients

had polymicrobial blood cultures where both organisms were con-
sidered pathogenic.

Primary outcomes

At 48 and 72 h after the blood culture was taken, a higher propor-
tion of patients in the intervention arm were on optimal treatment
(i.e. no antimicrobial therapy in the presence of contaminants and
appropriate therapy for pathogens; see Figure 2). The median time
to optimal treatment was 6.8 h shorter in the intervention arm
(Table 3), but in a Cox regression, this difference was not statistic-
ally significant (Table 4).

At 48 and 72 h, a higher proportion of patients with pathogens
in the intervention arm were on active treatment. By 48 h, 96% of
patients in the intervention arm were on active treatment, com-
pared with 82.7% of patients in the control arm (P¼0.052,
Table 3). The median time to active treatment was similar in the
control and interventions arms (Table 3) and this difference in
time from blood draw was not statistically significant (Table 4).

At 48 and 72 h, a higher proportion of patients with pathogens
in the intervention arm were on appropriate treatment. By 72 h,
70% of patients in the intervention arm were on appropriate treat-
ment, compared with 54% of patients in the control arm (P¼0.11,
Table 3). The median time to appropriate antibiotics was 20 h

Table 1. Characteristics of patients

Variable Control
AST

intervention Total

Number of patients 81 79 160

Age (median and
IQR), years

72 (57–82) 76 (60–84) 74 (58–83)

Female 32 (39.5) 32 (40.5) 64 (40.0)

Characteristics of illness
febrile (≥38.58C) 47 (58.0) 41 (51.9) 88 (55.0)
WCC .11×109/L 48 (59.3) 51 (64.6) 99 (61.9)
CRP .100 mg/L 54 (66.7) 45 (57.0) 99 (61.9)

MEDS score
very low 29 (35.8) 20 (25.3) 49 (30.6)
low 23 (28.4) 31 (39.2) 54 (33.8)
moderate 25 (30.9) 22 (27.8) 47 (29.4)
high 4 (4.9) 5 (6.3) 9 (5.6)
very high 0 (0.0) 1 (1.3) 1 (0.6)

Treatment at baseline
on optimal treatment 19 (23.5) 15 (19.0) 34 (21.3)
on active treatment 6/52 (11.5) 2/50 (4.0) 8/102 (7.8)
on appropriate
treatment

0/52 (0.0) 0/50 (0.0) 0/102 (0.0)

appropriately not on
treatment

19/29 (65.5) 15/29 (51.7) 34/58 (58.6)

Values shown are n (%), unless otherwise specified. WCC, white cell count;
CRP, C-reactive protein.

Table 2. Organisms isolated in blood culturesa

Control
AST

intervention

Pathogens
Streptococcus spp. 6 7
Staphylococcus aureus 5 11
Staphylococcus aureus (methicillin resistant) 0 1
Enterococcus spp 2 3
Enterococcus spp. (VRE) 1 0
Clostridium sporogenes 1 0
Escherichia coli 25 17
Escherichia coli (ESBL) 3 0
Klebsiella spp. 4 3
Klebsiella spp. (ESBL) 1 0
Proteus spp. 2 3
Pseudomonas spp. 3 2
Enterobacter cloacae complex 3 0
other Gram-negatives 1 6

Contaminants
CoNS 16 23
Propionibacterium spp. 6 1
Bacteroides 0 1
Bacillus spp. 2 0
Corynebacterium 2 1
Brevundimonas 1 0
mixed anaerobes 1 0
Streptococcus mitis group 1 1
Micrococcus 0 2

aMore than one bacterial species may be identified from blood cultures
(two patients had two pathogens identified). If a pathogen was
identified, any contaminants are not reported.

Impact of an AMS team on positive blood cultures

3279

JAC
D

ow
nloaded from

 https://academ
ic.oup.com

/jac/article/71/11/3276/2462049 by guest on 22 M
ay 2023



shorter in the intervention arm and this difference was statistically
significant (Table 4).

For patients with contaminants, the proportion of patients not
on antimicrobials at 24, 48 and 72 h was similar in the interven-
tion and control arms. There were no statistically significant differ-
ences in the time to cessation of antimicrobials (Table 4).

Other outcomes

The median length of hospital stay after positive blood cultures
was the same in both groups (6 days, Mann –Whitney test
P¼0.72). There were seven deaths, all in the intervention group
compared with none in the control group (P,0.01). Of these
deaths, the cause of death was considered related to infection
in three patients; two of these patients received active antimicro-
bial treatment at 1.9 and 3.3 h after the blood culture was taken
(ceftriaxone for susceptible E. coli and piperacillin/tazobactam for
MSSA/Enterococcus faecalis infections, respectively); the third
patient with MSSA received ceftriaxone within 20 min and cefazo-
lin at 22.8 h after the blood culture was taken. Of the four patients
where the cause of death was not considered related to infection,
one had a contaminant in blood cultures, one died 5 days later
from a recurrent cardiac arrest and two died .3 weeks later
attributed to underlying chronic disease.

Discussion
In this study, we found that an active review of patients by a
multidisciplinary team improved the timeliness of appropriate
treatment in patients with pathogens in blood cultures. The

patients included in this study were all located outside of the
ICU, which represents a novel area of study and suggests a new
role for ASTs in shepherding medical teams through the early
management of bacteraemia when microbiological data are pro-
gressively unfolding. We hypothesized that the intervention might
have resulted in an earlier appropriate response to the finding of
both pathogens and contaminants. However, because so few
patients with contaminants were started on antimicrobials due
to engrained AMS practices within both institutions, we did not
find any benefits in reviewing this group of patients.

We performed a sensitivity analysis that reflects the progres-
sive availability of clinical information relevant to prescribing deci-
sions. Typically, early prescribing (,24 h) represents empirical
therapy before blood cultures become positive, with the aim of
having the patient on active treatment. Treatment after this initial
period is guided first by organism identification, then later anti-
microbial susceptibility testing, with the aim of de-escalating ther-
apy to the narrowest spectrum agent to minimize impact on the
microbial ecology. When considering time to active therapy, a
statistical difference was only evident when excluding patients
not already on active therapy at 24 h, which we interpret as a
more timely intervention in patients where there were unexpected
results. Therefore, the value of this intervention may be greater in
settings where antimicrobial resistance is more common. While it
may appear surprising that only 80% of patients were on an active
antimicrobial by 24 h, it should be noted that the severity of illness
was not high and at the time of the blood culture being taken, pre-
scribers were not aware that the blood culture would later
become positive. All patients in this study were located on general
wards (and not ICU, as ICU-specific AST rounds already exist in this
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Figure 2. Time to optimal, active, appropriate and cessation of antimicrobials in control and intervention groups (results of statistical tests are detailed in
Table 4).
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patient population) and only 6% of patients had a high MEDS
score (corresponding to an expected mortality of 20%).

The finding that almost a fifth of patients never received appro-
priate treatment reflected disagreement between the panel of

assessors. Appropriateness was assessed by each independent
physician nominating an agent, dose and interval with disagree-
ments resolved by discussion following the conclusion of the
study. Whilst assessing the appropriateness of antimicrobial
therapy, the panel generally followed national guidelines, with
the most common disagreements reflecting areas of clinical
uncertainty, including the use of cefazolin versus ceftriaxone for
ampicillin-resistant E. coli or Klebsiella species, the appropriate
dose of ampicillin for particular indications and dose adjustment
for b-lactams in the presence of renal impairment.

The models of AMS at our institutions are heavily focused on
post-prescription review and feedback. In this model, an informed
discussion of antimicrobial choices with junior medical staff not
only results in a benefit for the individual patient, but also provides
a case-based ‘teachable moment’. In a Cochrane review of inter-
ventions to improve antibiotic prescribing practices, persuasive
interventions were more effective than restrictive or structural
interventions,5 and we have demonstrated a reduction in broad-
spectrum antimicrobial use at our institution.3 While, typically, we
have relied on identification of patients for review by clinical phar-
macists, we were keen to explore other models that might be
associated with improvements in the quality of prescribing. It
should be noted that we excluded units where infectious diseases

Table 3. Outcomes of patients

Control AST intervention Total
All patients n¼81 n¼79 n¼160

Time (h) to optimal treatment, median (IQR) 41.0 (0.1–99.0) 34.2 (0.5–71.3) 36.5 (0.3–91.6)
,24 h 32 (39.5) 30 (38.0) 62 (38.8)
24–48 h 9 (11.1) 18 (22.8) 27 (16.9)
48–72 h 12 (14.8) 12 (15.2) 24 (15.0)
.72 h 18 (22.2) 11 (13.9) 29 (18.1)
never 10 (12.3) 8 (10.1) 18 (11.3)

Patients with pathogens n¼52 n¼50 n¼102

Time (h) to active treatment, median (IQR) 2.9 (0.6–15.8) 2.5 (0.4–22.6) 2.6 (0.5–16.1)
,24 h 40 (76.9) 37 (74.0) 77 (75.5)
24–48 h 3 (5.8) 11 (22.0) 14 (13.7)
48–72 h 4 (7.7) 0 (0.0) 4 (3.9)
.72 h 3 (5.8) 0 (0.0) 3 (2.9)
never 2 (3.8) 2 (4.0) 4 (3.9)

Time (h) to appropriate treatment, median (IQR) 63.1 (17.3–146.2) 42.5 (19.5–85.5) 52.5 (19.5–119.3)
,24 h 13 (25.0) 14 (28.0) 27 (26.5)
24–48 h 6 (11.5) 14 (28.0) 20 (19.6)
48–72 h 9 (17.3) 7 (14.0) 16 (15.7)
.72 h 14 (26.9) 7 (14.0) 21 (20.6)
never 10 (19.2) 8 (16.0) 18 (17.6)

Patients with contaminants n¼29 n¼29 n¼58

Time to cessation (median, IQR) 0.0 (0.0–41.0) 0.0 (0.0–62.4) 0.0 (0.0–51.5)
,24 h 19 (65.5) 16 (55.2) 35 (60.3)
24–48 h 3 (10.3) 4 (13.8) 7 (12.1)
48–72 h 3 (10.3) 5 (17.2) 8 (13.8)
.72 h 4 (13.8) 4 (13.8) 8 (13.8)

Values shown are n (%) unless otherwise specified.

Table 4. Relative hazard of receiving optimal, active, appropriate and no
treatment in intervention group relative to control

Outcome
HR and 95% CIs
(versus control) P value

From the time of blood culture draw
optimal therapy 1.72 (0.76–3.88) 0.191
active therapy 1.42 (0.92–2.18) 0.11
appropriate therapy 1.58 (1.01–2.47) 0.046
cessation therapy 0.85 (0.36–1.97) 0.699

From 24 h after blood culture draw
optimal therapy 1.45 (0.93–2.27) 0.101
active therapy 8.02 (2.15–29.91) 0.002
appropriate therapy 1.95 (1.13–3.38) 0.017
cessation therapy 0.77 (0.33–1.83) 0.561
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physicians routinely performed frequent rounds, including inten-
sive care, haematology and lung transplantation. Arguably, the
benefit of timely antimicrobial therapy may be greater in these
patient groups in centres where the level of involvement with
infectious diseases physicians is less frequent.

We are aware of a number of studies that have identified
patients for AMS review based on positive blood cultures, but all
have used a historical control group. In contrast to our findings,
Wong et al.6 found that pharmacist review of patients with positive
cultures for CoNS resulted in an earlier discontinuation of antimicro-
bials. In separate studies, Huang et al.7 and Perez et al.8 found that
the multidisciplinary team review resulted in a more timely anti-
microbial therapy and decreased the length of hospital stay,
although in both studies the intervention also included the intro-
duction of MALDI-TOF in the microbiological laboratory, resulting
in more timely identification of organisms. Bauer et al.9 also
found that the timeliness of antimicrobial therapy was improved
in patients reviewed by a pharmacist, although the study only
included patients with Staphylococcus aureus bacteraemia. Buss
et al.10 showed no difference in time to active antimicrobial ther-
apy, hospital length of stay or 30 day mortality following the imple-
mentation of AMS intervention with MALDI-TOF in a centre with

reportedly low antimicrobial resistance rates. Pogue et al.11 demon-
strated a reduction in time to active antimicrobial therapy and hos-
pital length of stay in patients with Gram-negative bacteraemia
following AMS pharmacist intervention; however, there was no
change to infection-related mortality.

Of note, all of these published studies included direct notifica-
tion of the AMS team (or pharmacist) of positive blood culture
results. This study, designed to fit within the existing resources of
our hospital to ensure ongoing sustainability, did not involve direct
notification at the time of a positive culture result (however, stand-
ard of care for all blood cultures in this study included notification to
the treating team by the microbiology laboratory). Whilst the time
from AMS team notification to patient randomization is not avail-
able, the median time from positive blood culture to randomization
was noted to be 20 and 19.6 h at The Alfred Hospital and Monash
Medical Centre, respectively. Where additional resources are avail-
able, the involvement of an AMS team at the time of notification of
positive blood cultures may reduce this time.

Although we did not expect to see any differences in secondary
outcomes, the statistically significant increase in mortality asso-
ciated with the intervention arm was an unexpected finding but
did not appear to be related to the study intervention. On review
of these deaths, we only identified one patient where death was
attributed to infection, where active empirical treatment was not
started within hours of the blood culture draw. We also note that
based on the observed mortality in previous studies of MEDS
scores, we expected about seven to nine deaths in each group,
so it might be concluded that the case fatality ratio in the control
group was unusually low.12

There were a number of limitations to this study. This study
was set in an environment with a relatively low rate of resistance
in Gram-negatives. As shown in Table 2, 12 of the 160 blood cul-
tures (7%) were considered resistant Gram-negative organisms
(ESBL E. coli, ESBL K. pneumoniae, P. aeruginosa or E. cloacae com-
plex). Table 5 summarizes the treatment received by patients
where the blood culture was considered pathogenic, further high-
lighting the low levels of antimicrobial resistance observed in this
patient population. Both of these limit the applicability of the
study findings to those settings with higher rates of antimicrobial
resistance, particularly in Gram-negative organisms. Further lim-
itations to this study include the relatively small number of
patients with positive blood cultures considered contaminants,
the majority of which were appropriately not started on antimi-
crobials. These results may not be generalizable to settings
where there is a different model of follow-up by clinical microbiol-
ogists. While the timeliness of antimicrobials has only been shown
to improve patient outcomes in severe sepsis,2 it is likely that
patients with positive blood cultures would benefit from timely
antimicrobial treatment. While the absolute differences in out-
comes were similar, the proportion on appropriate therapy was
lower than anticipated. Therefore, the statistical power to detect
smaller differences in the time to appropriate therapy was lower
than in our sample size calculation.

In conclusion, our study suggests that the active review of
patients with pathogens in blood cultures improves timeliness of
active and appropriate therapy, and therefore might be a useful
strategy to complement other interventions to improve anti-
microbial prescribing. Following the results of this study, the AST
review of patients with a positive blood culture has been imple-
mented as standard practice within The Alfred Hospital.

Table 5. Antibiotics used to treat positive blood cultures considered
pathogenica

Antibiotic related to
positive blood culture

Antibiotic no yes

Amoxicillin 14
Ampicillin 14
Amoxicillin/clavulanate 1 23
Azithromycin 7
Benzylpenicillin 9
Cefepime 3
Ceftazidime 1 4
Cefuroxime 1
Cefalexin 7
Cefazolin 19
Ciprofloxacin 15
Clindamycin 1
Ceftriaxone 1 68
Doxycycline 8
Ertapenem 2
Flucloxacillin 18
Gentamicin 20
Lincomycin 1
Meropenem 17
Metronidazole 9 1
Norfloxacin 2
Teicoplanin 1 2
Trimethoprim 1
Piperacillin/tazobactam 1 29
Vancomycin 27
Total 29 298

aPatients may have received more than one antimicrobial agent.
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