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Background: ICU-specific tables of antimicrobial susceptibility for key microbial species (‘antibiograms’),
antimicrobial stewardship (AMS) programmes and routine rounds by infectious diseases (ID) physicians are
processes aimed at improving patient care. Their impact on patient-centred outcomes in Australian and New
Zealand ICUs is uncertain.

Objectives: To measure the association of these processes in ICU with in-hospital mortality.

Methods: The Australian and New Zealand Intensive Care Society (ANZICS) Adult Patient Database and Critical
Care Resources registry were used to extract patient-level factors, ICU-level factors and the year in which
each process took place. Descriptive statistics and hierarchical logistic regression were used to determine the
relationship between each process and in-hospital mortality.

Results: The study included 799 901 adults admitted to 173 ICUs from July 2009 to June 2016. The proportion
of patients exposed to each process of care was 38.7% (antibiograms), 77.5% (AMS programmes) and 74.0%
(ID rounds). After adjusting for confounders, patients admitted to ICUs that used ICU-specific antibiograms had
a lower risk of in-hospital mortality [OR 0.95 (99% CI 0.92–0.99), P = 0.001]. There was no association between
the use of AMS programmes [OR 0.98 (99% CI 0.94–1.02), P = 0.16] or routine rounds with ID physicians [OR 0.96
(99% CI 0.09–1.02), P = 0.09] and in-hospital mortality.

Conclusions: Use of ICU-specific antibiograms was associated with lower in-hospital mortality for patients
admitted to ICU. For hospitals that do not perform ICU-specific antibiograms, their implementation presents a
low-risk infection management process that might improve patient outcomes.

Introduction

Processes of care describe evidence-based systems, strategies and
interventions that institutions employ to standardize and optimize
best clinical practice. After implementation, these processes need
to be evaluated to ensure they improve desired patient-centred
outcomes.

Several infection management processes have been developed
in response to climbing rates of MDR organisms associated with
increased antibiotic prescribing.1,2 The complex pathways that
allow microbial resistance to develop require multidisciplinary

input from a wide range of specialists including infectious diseases
(ID) physicians, clinical microbiologists, pharmacists, infection con-
trol and relevant admitting specialty services.3,4 The Australian
Commission on Safety and Quality in Health Care 2018 recom-
mended the implementation of antimicrobial stewardship (AMS)
programmes for patient care. As a component of an AMS pro-
gramme it advises the development of regional antibiograms.5

Antibiograms describe tables of data that show the relative preva-
lence of key microbial species and corresponding rates of anti-
microbial susceptibility of all isolates collected from a defined
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source. Within the ICU, additional interventions targeting the
management of infections have been designed.

These include the routine involvement of ID physicians in the
evaluation of culture results on clinical decision-making and the
formulation of targeted ICU-specific, in addition to regional/hos-
pital-wide, antibiograms. The impact of ICU-specific antibiograms,
AMS programmes and routine input from ID physicians on patient-
centred outcomes has not been extensively examined in Australia
and New Zealand.6,7 We hypothesized that patients admitted to
ICUs in Australia and New Zealand that use these processes of
infection management would have lower adjusted in-hospital
mortality than patients admitted to ICUs that did not.

Materials and methods

Ethics

Access to data was granted by the Australian and New Zealand Intensive
Care Society (ANZICS) Centre for Outcome and Resource Evaluation (CORE)
Management Committee in accordance with standing protocols. The pro-
ject was approved by The Alfred Human Research and Ethics Committee
and due to the retrospective de-identified nature of the data used, patient
consent was not required (reference number 566/19).

Study design and oversight
We conducted a retrospective cohort study using data from the ANZICS
Adult Patient Database and the Critical Care Resources Registry.8 The
ANZICS Adult Patient Database collects de-identified data submitted on a
quarterly basis for benchmarking purposes from approximately 90% of the
ICUs in Australia and New Zealand and presently contains more than 2.5
million individual ICU admission episodes. Australian and New Zealand
ICUs are also surveyed each year for the Critical Care Resources Registry
about the provision and utilization of critical care resources. Between 2009
and 2016, the following three questions were asked about each ICU for
each financial year (July to June):

1. Does the unit regularly obtain antibiograms specific to ICU (rather
than hospital-wide antibiograms)?

2. Does the unit have an ongoing AMS programme?
3. Does the unit have routine rounds with an ID physician and/or

microbiologist?

Study population
All patients admitted to an ICU that reported to both the Adult Patient
Database and the Critical Care Resources Registry between July 2009 and
June 2016 were included. Patients were excluded if their survival outcome
was missing or they were admitted for palliative care/potential organ dona-
tion. To avoid double counting of the primary outcome, patients transferred
to another ICU (i.e. an unknown survival outcome) and readmission epi-
sodes to ICU within the same hospital stay were excluded.

Exposures and outcomes
The characteristics and outcomes of patients within ICUs each year under-
taking each of the three processes above were compared with patients in
ICUs that did not. We examined the number of ICUs reporting each process
and changes in proportionate patient numbers within these ICUs over time.
Patient demographics recorded included age, ICU admission diagnosis, in-
vasive mechanical ventilation, elective surgical status, severity of illness
assessed by APACHE II and III scores and the Australian and New Zealand
risk of death (ANZROD). ANZROD is a bi-nationally derived mortality predic-
tion model, which includes age, acute physiological disturbance, elective

surgical status, chronic comorbidities and the presence of treatment limita-
tions. It employs separate regression equations for each major diagnostic
group and adjustments for each specific admission diagnosis within each
group. It provides accurate mortality prediction for Australian and New
Zealand ICU patients, is well calibrated and highly discriminatory, with an
area under the receiver operating characteristic curve (AUROC) of >0.9
when applied to the overall ICU population.9,10 ICU-level factors included
type of hospital (rural/regional, metropolitan, tertiary and private). The pri-
mary outcome examined was in-hospital mortality. Other outcomes
included mortality in ICU, readmission to ICU, length of stay in ICU and
hospital.

Statistical analysis
Univariable comparisons were performed using chi-squared tests for cat-
egorical data, t-tests for normally distributed data and Wilcoxon rank-sum
and Kruskal–Wallis tests for non-parametric data, with results reported as
percentages and counts, mean/SD or median/IQR, respectively.

Hierarchical logistic regression was used to determine associations with
the primary outcome (in-hospital mortality) with patients nested within
sites and sites treated as a random effect. Other independent variables
were entered as fixed effects. Individual patient factors adjusted for
included severity of illness (estimated using ANZROD) and year of admis-
sion to ICU. Hospital-level factors included region/hospital type as well as
the three processes as exposures of interest in the same regression model.
Model discrimination was assessed using the AUROC. Brier scores were
reported to describe overall model performance including calibration.

Sensitivity analyses were undertaken examining only ICUs that consist-
ently reported to both the Adult Patient Database and the Critical Care
Resources Registry every year throughout the study period, by examining
ICUs that did not report to the databases consistently throughout the study
period, by adding time spent in ICU as an independent variable to the re-
gression models to control for potential duration of exposure, by repeating
regression models for each individual process of care and by examining
pre-specified subgroup pairs, which included ventilated versus non-venti-
lated patients and patients admitted to ICU with a primary diagnosis
related to infection (Table S1, available as Supplementary data at JAC
Online) versus those admitted with non-infective diagnoses.

Given the large sample size and multiple comparisons undertaken, a
two-sided P value of <0.01 was considered significant to increase the ro-
bustness of the study. Results were reported as OR with 99% CI. Statistical
analyses were performed using Stata 16.1 (College Station, TX, USA) and
SAS software version 9.4 (SAS Institute, Cary, NC, USA), with multivariable
logistic regression models constructed using the melogit command in
Stata.

Results

The study cohort consisted of 799 901 (85% of all admissions
reported to the Adult Patient Database) patients admitted be-
tween July 2009 and June 2016 to 173 ICUs in Australia and New
Zealand (Figure S1). The least frequently reported process was the
use of ICU-specific antibiograms, with 96 (55.5%) ICUs reporting
their use in at least 1 year and 17 (9.8%) ICUs reporting their use
every year. This was followed by routine rounds with ID physicians,
with 68 (39.3%) ICUs reporting their use in at least 1 year and 46
(26.6%) ICUs reporting their use every year. The most common
process measure reported was an AMS programme, with 99
(57.2%) ICUs reporting their use in at least 1 year and 58 (33.5%)
ICUs reporting their use every year. All three processes were gener-
ally more commonly undertaken in tertiary and metropolitan hos-
pitals than in regional or private hospital ICUs (Table 1). Over the
study period, there was a progressive increase in the number of
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sites (Figure 1) and an increase in the proportion of overall patient
admissions to sites reporting each process (Figure 2).

The demographics of patients admitted to all ICUs overall and
for each site designation have been included in Table S2.

ICU-specific antibiograms

In-hospital mortality was lower in the ICU-specific antibiogram
group (8.7% versus 8.9%, P < 0.001) despite having a greater level
of acute physiological disturbance (as evidenced by higher acute
physiology subscores) (Table 2). After adjusting for confounders,
admission to ICUs reporting the use of ICU-specific antibiograms

was independently associated with a reduced in-hospital mortality
[OR 0.95 (99% CI 0.92–0.99) P = 0.001] (Table 3).

AMS programmes

Observed in-hospital mortality was higher in the AMS group
(9.2% versus 7.5%, P < 0.001), which corresponds to the greater
level of acute physiological disturbance seen in this group
(Table 2). After adjusting for confounders, there was no signifi-
cant association with the use of AMS programmes in ICU and
in-hospital mortality [OR 0.98 (99% CI 0.94–1.02), P = 0.16]
(Table 3).

Table 1. Proportion of sites reporting each process of care over the course of the study

Hospital classifications Total Regional Metropolitan Tertiary Private

Number of sites 173 41 36 40 56

Antibiograms, n (%)

Never 58 (33.5) 14 (34.1) 16 (44.4) 8 (20.5) 20 (36.4)

Every year 17 (9.8) 1 (2.4) 4 (11.1) 6 (15.4) 6 (10.9)

�1 yeara 96 (55.5) 26 (64.4) 16 (44.4) 25 (64.1) 29 (52.7)

AMS programme, n (%)

Never 14 (8.1) 1 (2.4) 3 (8.1) 0 10 (18.2)

Every year 58 (33.5) 11 (26.8) 11 (30.6) 25 (64.1) 11 (20)

�1 yeara 99 (57.2) 29 (70.7) 22 (61.1) 14 (35.9) 34 (61.8)

Rounds with ID physician, n (%)

Never 46 (26.6) 18 (43.9) 2 (5.6) 0 26 (47.3)

Every year 67 (38.7) 8 (19.5) 18 (50) 35 (89.7) 6 (10.9)

�1 yeara 68 (39.3) 15 (36.6) 16 (44.4) 14 (35.9) 23 (41.8)

aExcluding sites reporting the use of these processes every year.
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Figure 1. The total number of sites reporting the use of these processes of care each year. Change over time for all three groups, P < 0.001.

Fitzpatrick et al.

1922

D
ow

nloaded from
 https://academ

ic.oup.com
/jac/article/76/7/1920/6202985 by guest on 25 April 2024

https://academic.oup.com/jac/article-lookup/doi/10.1093/jac/dkab103#supplementary-data


0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

An�biograms AMS programme ID physician rounds

2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16

Figure 2. The annual proportion of total ICU admissions to units that reported the use of each process of care. Change over time for all three groups,
P < 0.001.

Table 2. The reported use of processes of care in ICU and their corresponding patient demographics

Interventions
Antibiograms AMS programme Rounds with ID physician

Yes No Yes No Yes No

Demographics

Patient admissions, n 301 346 477 744 606 695 176 157 584 212 205 464

Age, years, median (IQR) 63.3 (47.7–74.0) 64.7 (49.7–75.5) 63.5 (48.0–74.4) 66.1 (52.2–76.5) 63 (47.5–74) 67 (53.3–77.2)

�2 chronic comorbidities, % (n) 6.6 (19 917) 7.1 (33 755) 6.7 (40 751) 7.4 (13 113) 7.2 (42 146) 6.0 (12 261)

Elective surgical admissions, % (n) 44.5 (134 110) 42.5 (202 430) 41.1 (248 743) 51.1 (89 953) 39.2 (228 273) 55 (112 977)

Admission diagnosis related

to infection, % (n)

11.5 (34 992) 12.7 (60 666) 12.8 (77 490) 10.5 (18 556) 13.0 (75 749) 10.4 (21 423)

Patients ventilated on Day 1

of ICU admission, % (n)

43.1 (129 273) 35.7 (170 569) 40.7 (247 075) 30.6 (53 519) 43.1 (251 457) 24.6 (50 494)

Illness severity scores

APACHE II score, mean (±SD) 15.6 (±8.0) 15.5 (±7.7) 15.8 (±7.9) 14.8 (±7.4) 16.0 (±8.0) 14.2 (±7.2)

APACHE III overall score,

mean (±SD)

54.1 (±26.4) 53.2 (±25.9) 54.3 (±26.4) 50.6 (±24.7) 55.0 (±26.7) 48.9 (±23.7)

APACHE III acute physiology

subscore, mean (±SD)

42.3 (±25.1) 41.4 (±24.1) 42.7 (±25.0) 38.4 (±22.6) 43.5 (±25.2) 36.6 (±21.4)

Predicted risk of death,

ANZROD (%),

mean, median (IQR)

8.6, 1.7

(0.5–7.1)

8.4, 1.8

(0.6–7.3)

8.9, 1.9

(0.6–7.8)

7.0, 1.4

(0.5–5.4)

9.3, 2.0

(0.6–8.3)

6.1, 1.3

(0.4–4.5)

Outcomes

Died in hospital, % (n) 8.7 (26 215) 8.9 (42 662) 9.2 (55 868) 7.5 (13 299) 9.7 (56 628) 6.4 (13 097)

Died in ICU, % (n) 5.7 (17 143) 5.7 (27 089)* 6.0 (36 294) 4.6 (8124) 6.3 (36 968) 3.8 (7785)

ICU length of stay, days,

median (IQR)

1.7 (0.9–3.1) 1.8 (0.9–3.5) 1.8 (0.9–3.5) 1.7 (0.9–3.0) 1.8 (0.9–3.6) 1.7 (0.9–2.9)

Hospital length of stay, days,

median (IQR)

8.3 (4.7–15.2) 8.4 (4.6–15.5) 8.5 (4.7–15.8) 8.1 (4.5–14.3) 8.7 (5.0–16.4) 7.5 (4.1–13.0)

Readmission to ICU, % (n) 4.5 (13 567) 4.5 (21 593)** 4.6 (27 909) 4.2 (7349) 4.8 (27 789) 3.7 (7667)

*P = 0.52; **P = 0.72. P < 0.001 for all other differences between patients exposed to antibiograms, an AMS programme or ID physician rounds.
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Routine rounds with ID physicians

Observed in-hospital mortality in the group reporting routine
rounds with ID physicians was higher (9.7% versus 6.4%,
P < 0.001), consistent with the greater level of acute physiological
disturbance seen in this group (Table 2). After adjusting for con-
founders, there was no significant association between the
reported use of routine rounds with ID physicians and in-hospital
mortality [OR 0.96 (99% CI 0.90–1.02), P = 0.09] (Table 3).

Sensitivity analyses

Similar findings were obtained when length of stay in ICU was
included in the regression model to adjust for time exposed to
each specific process; antibiograms were still associated with
improved in-hospital mortality [OR 0.96 (99% CI 0.92–0.99),
P = 0.002] whereas AMS programmes and routine rounds with ID
physicians were not [OR 0.98 (99% CI 0.94–1.02), P = 0.16 and 0.96
(0.90–1.02), P = 0.1, respectively] (Table S3).

When analyses were restricted to only those hospitals that
reported consistently to both databases every year, similar trends
were observed but mortality benefit associated with antibiograms
[OR 0.97 (99% CI 0.93–1.01), P = 0.028] and AMS programmes [OR
0.94 (99% CI 0.87–1.02), P = 0.045] did not reach the significance
level set for this study (Table S4).

When analyses were restricted to hospitals that did not consist-
ently contribute data for the whole study period, the findings were
consistent with the overall findings, showing an in-hospital mortal-
ity benefit associated with antibiograms [OR 0.91 (99% CI 0.83–
0.998), P = 0.009] (Table S5). When each process of care was mod-
elled individually the results remained consistent with the overall

findings. The use of antibiograms was associated with improved
in-hospital mortality [OR 0.96 (99% CI 0.92–0.99), P = 0.002] and
there was no difference in outcomes with the use of AMS pro-
grammes [OR 0.97 (99% CI 0.93–1.01), P = 0.06] or rounds with ID
physicians [OR 0.96 (99% CI 0.90–1.02), P = 0.05] (Tables S6–S8).

Subgroup analyses (ventilated and non-ventilated,
infective and non-infective admission diagnoses)

Patients who were ventilated on Day 1 of admission had lower
adjusted in-hospital mortality if they were admitted to ICUs that
used ICU-specific antibiograms. There was no association between
mortality and the use of AMS programmes or rounds with ID physi-
cians (Table 4 and Table S9). For inpatients who were not venti-
lated on Day 1 of admission, there was no association between
adjusted in-hospital mortality and the use of any of these proc-
esses (Table 4 and Table S10). For inpatients admitted with diag-
noses related to infection, there was no association between
adjusted in-hospital mortality and the use of any of these proc-
esses (Table 4 and Table S11). Patients admitted with diagnoses
unrelated to infection had a lower adjusted in-hospital mortality if
they were admitted to ICUs that used ICU-specific antibiograms or
AMS programmes. There was no association identified in this group
with routine rounds by ID physicians (Table 4 and Table S12).

Discussion

Summary of findings

In this retrospective cohort study of almost 800 000 patients
admitted to 173 ICUs in Australia and New Zealand we observed a
consistent increase in the number of sites reporting the use of all
three infection management processes over the study period. The
implementation of ICU-specific antibiograms was the least com-
monly reported intervention. AMS programmes and routine rounds
with ID physicians were reported by the majority of sites. We
observed lower adjusted in-hospital mortality for patients admit-
ted to ICUs who reported the use of ICU-specific antibiograms.
There was no significant association found between the use of ei-
ther AMS programmes or routine rounds with ID physicians and
adjusted in-hospital mortality.

Relation to published literature

Geographically distinct ICUs within a single hospital have been
reported to yield unique microbial flora and resistance patterns
when antibiogram data are collected and evaluated separately by
source of origin. Similar findings have been observed between ICU-
specific and hospital-wide antibiograms.11,12 Formulating empiric-
al antimicrobial strategies on location-specific antibiograms has
been shown to improve times between clinical diagnosis and the
surrogate marker ‘adequate antibiotic coverage’ in the therapy of
ICU patients.13 Delay in correct antimicrobial coverage of patients
with sepsis has been associated with increased mortality.14 We
examined whether the performance of ICU-specific antibiograms
would translate into overall improvements in patient-centred out-
comes such as in-hospital mortality.

AMS programmes have been shown to improve guideline
adherence and reduce antibiotic prescribing, course duration,
antimicrobial drug resistance rates, costs and length of stay but

Table 3. Hierarchical logistic regression model for factors associated
with in-hospital mortality

OR (99% CI) P value

Exposure

Antibiograms 0.95 (0.92–0.99) 0.001

AMS programme 0.98 (0.94–1.02) 0.16

Rounds with ID physician 0.96 (0.90–1.02) 0.09

Severity

Predicted risk of death (ANZROD) 1.07 (1.07–1.08) <0.001

Site

Rural/regional 1.0 (reference value)

Metropolitan 1.08 (0.89–1.32) 0.30

Tertiary 1.11 (0.91–1.34) 0.18

Private 0.58 (0.48–0.70) <0.001

Year

2009/2010 1.0 (reference value)

2010/2011 0.96 (0.91–1.01) 0.03

2011/2012 0.91 (0.86–0.96) <0.001

2012/2013 0.87 (0.83–0.92) <0.001

2013/2014 0.83 (0.79–0.88) <0.001

2014/2015 0.85 (0.81–0.89) <0.001

2015/2016 0.81 (0.78–0.86) <0.001

Number of observations = 762 356; AUROC = 0.90; Brier score = 0.055;
variance (site) = 0.072 (99% CI 0.052–0.1).
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without a clear impact on mortality in the general hospital popula-
tion.6,15–17 Several studies show that consultation of ID physicians
for highly specific patient subpopulations in hospital, such as those
with blood culture-proven candidaemia and Staphylococcus
aureus bacteraemia, improves compliance with evidence-based
treatment and investigations, with an associated improvement in
hospital length of stay and patient mortality.18–20 Routine collab-
oration with ID physicians in critical care settings in small single-
centre studies has been shown to improve guideline adherence,
optimize antimicrobial use and reduce costs, while patients benefit
from a lower number of days ventilated, shorter hospital length of
stay and improved in-hospital mortality.21,22 Our study evaluated
the impact associated with these processes on in-hospital mortal-
ity of a large population of ICU patients, encompassing all ICU
admission diagnoses at 173 sites and adjusted for relevant
confounders.

Interpretation

Our findings suggest that improved outcomes for ICU patients
may be achieved with formulation of ICU-specific antibiograms
that represent the unique patterns of flora and resistance from
each ICU. Having access to this information may aid decision-mak-
ing for antimicrobial prescribing and the formulation of empirical
regimens to optimally manage infections in the ICU. Since ICU-
specific antibiograms were the least commonly reported process
in our study, this represents an opportunity for improvement that
is not available with other more ubiquitous strategies such as AMS
programmes. While our study suggests findings are applicable
to all ICUs we recognize that ICU-specific antibiograms may be
difficult to implement and less reliable in smaller ICUs with lower
numbers of infections.23

The lack of a difference in mortality with the use of AMS pro-
grammes and routine rounds with ID physicians is still an import-
ant finding. It shows that previously proven benefits of these
processes such as reduced costs and microbial resistance rates
do not come at any increased risk to the overall ICU patient
population.

The subgroup that appeared to benefit most from being in an
ICU that performed ICU-specific antibiograms or had an AMS pro-
gramme was those admitted with a diagnosis unrelated to infec-
tion. Although this may initially seem counterintuitive, patients
with causes of admission related to infection, such as pneumonia,
would have developed these infections in the community and
should have received diagnosis-specific guideline-based treat-
ments built on community antibiograms, which could explain the
lack of benefit observed with ICU-specific antibiograms in this
group. ICU-specific antibiograms and AMS programmes may have
led to shorter times before adequate antimicrobial coverage and
quicker response to therapy for infections developed after admis-
sion to ICU thereby contributing to better outcomes. There is also
potentially an increased incidence of referrals to ID physicians and
their involvement in ongoing patient care under these circumstan-
ces, which cannot be accounted for in this study.

Strengths and weaknesses

The large sample size, representing the majority (85%) of total
admissions reported to the Adult Patient Database, is likely repre-
sentative of the true ICU patient population and the findings
widely applicable in ICUs in Australia and New Zealand. Accurate
clinical data allowed robust risk adjustment for available con-
founders that might have influenced the association between
each process and in-hospital mortality. The findings were similar
across all sensitivity analysis.

Table 4. Hierarchical logistic regression model for factors associated with in-hospital mortality subgroup analysis summarya

Subgroup and process
Observed mortality
(process present)

Observed mortality
(process absent) Adjusted OR (99% CI) P value

Ventilated (total = 304 725), % (n/N)

Antibiograms 13.2 (17 128/129 273) 14.3 (24 428/170 569) 0.949 (0.904–0.997)b 0.007

AMS programme 14.2 (35 083/247 075) 12.3 (6628/53 519) 0.96 (0.88–1.05) 0.29

Rounds with ID physician 14.3 (36 203/251 457) 11.4 (5745/50 494) 0.99 (0.93–1.05) 0.55

Not ventilated (total = 494 028), % (n/N)

Antibiograms 5.3 (9035/170 947) 5.9 (18 233/307 153) 0.96 (0.90–1.01) 0.047

AMS programme 5.8 (20 783/359 851) 5.4 (6620/121 529) 0.97 (0.90–1.06) 0.38

Rounds with ID physician 6.1 (20 372/331 620) 4.7 (7352/154 957) 0.98 (0.92–1.04) 0.44

ICU admission diagnosis related to infection (total = 98 542), % (n/N)

Antibiograms 16.3 (5692/34 992) 15.6 (9494/60 666) 1.00 (0.93–1.08) 0.97

AMS programme 15.9 (12 323/77 490) 15.7 (2907/18 556) 1.08 (0.96–1.21) 0.1

Rounds with ID physician 16.5 (12 482/75 749) 13.6 (2918/21 423) 0.99 (0.91–1.08) 0.77

ICU admission diagnosis not related to infection (total = 701 359), % (n/N)

Antibiograms 7.7 (2918/21 423) 7.9 (33 168/417 078) 0.94 (0.90–0.99) 0.001

AMS programme 8.2 (43 545/529 475) 6.6 (10 392/157 601) 0.930 (0.868–0.997)b 0.007

Rounds with ID physician 8.6 (44 146/508 463) 5.5 (10 179/184 041) 0.97 (0.92–1.02) 0.08

aThe full multivariable analyses tables for the four cohorts summarized, including corrections for predicted risk of death (ANZROD), site and year of
admission, can be found in Tables S4–S7.
bReported to three decimal places for clarity.
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This is a retrospective cohort study, which can only demon-
strate association not causation. There is wide variation in clinical
practice associated with the use of each of these processes across
different sites. We cannot ascertain which specific processes in-
dividual patients received. Nor can we determine what other
treatments patients received, only that they were in an ICU that
reported the use of these processes during that time period.
While the performance of ICU-specific antibiograms could the-
oretically allow the generation of more targeted empirical regi-
mens, minimizing time until appropriate antibiotic coverage
and minimizing unnecessary broad-spectrum therapy, man-
agement of individual patients was not reported and cannot be
assumed.

In addition, ICUs that implement ICU-specific antibiograms
may also have other unrelated factors that impact on patient out-
comes that were not assessed in this study. By examining all ICU
admissions, it is possible that the inclusion of patients who were
unlikely to either benefit from or who were unlikely to be signifi-
cantly exposed to these processes (e.g. overnight admissions for
elective surgery) may have ‘dampened’ the treatment effect. The
lack of a detectable overall association between mortality and
AMS programmes or routine rounds with ID physicians may have
been influenced by the fact that almost all sites were already per-
forming them.

Implications for future research

More in-depth research is required to determine how anti-
biograms, AMS programmes and routine ID physician rounds
(independently or in combination) influence treatment deliv-
ered to individual patients. Prospective analysis to measure
improvements before and after the introduction of these
process measures should be performed, including cost–benefit
analysis.

Conclusions

Use of ICU-specific antibiograms was associated with lower in-
hospital mortality for patients admitted to ICU. For hospitals that
do not perform ICU-specific antibiograms, their implementation
presents a low-risk infection management process that might
improve patient outcomes.
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