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Summary
Background Sepsis bundles, promulgated by Surviving Sepsis Campaign have not been widely adopted because of
variability in sepsis identification strategies, implementation challenges, concerns about excess antimicrobial use,
and limited evidence of benefit.

Methods A 1-hour septic shock and a 3-hour sepsis bundle were implemented using a Breakthrough Series Collabo-
rative in 14 public hospitals in Queensland, Australia. A before (baseline) and after (post-intervention) study evalu-
ated its impact on outcomes and antimicrobial prescription in patients with confirmed bacteremia and sepsis.

Findings Between 01 July 2017 to 31 March 2020, of 6976 adults presenting to the Emergency Departments and
had a blood culture taken, 1802 patients (732 baseline, 1070 post-intervention) met inclusion criteria. Time to antibi-
otics in 1-hour 73.7% vs 85.1% (OR 1.9 [95%CI 1.1-3.6]) and the 3-hour bundle compliance (48.2% to 63.3%, OR 1.7,
[95%CI 1.4 to 2.1]) improved post-intervention, accompanied by a significant reduction in Intensive Care Unit (ICU)
admission rates (26.5% vs 17.5% (OR 0.5, [95%CI 0.4 to 0.7]). There were no significant differences in-hospital and
30-day post discharge mortality between the two phases. In a post-hoc analysis of the post-intervention phase, sepsis
pathway compliance was associated with lower in-hospital mortality (9.7% vs 14.9%, OR 0.6, 95%CI 0.4 to 0.8).
The proportions of appropriate antimicrobial prescription at baseline and post-intervention respectively were 55.4%
vs 64.1%, (OR 1.4 [95%CI 0.9 to 2.1]).

Interpretation Implementing 1-hour and 3-hour sepsis bundles for patients presenting with bacteremia resulted in
improved bundle compliance and a reduced need for ICU admission without adversely influencing antimicrobial
prescription.

Copyright � 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
Introduction
Sepsis affects 55 million patients worldwide and causes
11 million deaths annually.1 The Surviving Sepsis Cam-
paign guidelines advocate time-based sepsis bundles to
facilitate early recognition, timely antimicrobials, source
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control and supportive treatments.2 Several publications
report significant risk adjusted improvement in mortality
with bundle compliance,3,4 although few report compari-
sons pre and post-bundle implementation. A 2018
update of the SSC guidelines combined the 3-hour and
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Research in context

Evidence before this study

We searched Pubmed (date of search June 1, 2021) for
English language articles using the terms “Sepsis” and
“bundles”. Sepsis affects 55 million patients worldwide
and causes 11 million deaths annually. The Surviving
Sepsis Campaign (SSC) guidelines advocate time-based
sepsis bundles to facilitate early recognition, timely anti-
microbials, source control and supportive treatments.
The original SSC guidelines in 2012 recommended a 3-
hour and 6-hour bundle. Although several publications
report significant risk adjusted improvement in mortal-
ity with bundle compliance, there are few studies com-
paring bundle compliance and outcomes pre and post
bundle implementation. A 2018 update of the SSC
guidelines combined the 3-hour and 6-hour guidelines
into a 1-hour bundle with the explicit intention of
beginning resuscitation and management
immediately. However, these bundles have not been
widely adopted owing to the lack of strong evidence
supporting certain elements of the bundle, challenges
of implementation, variability in sepsis identification
strategies, concerns about unnecessary testing, placing
demand on ICU resources, and excess antimicrobial use.

Added value of this study

We evaluated the efficacy of 1-hour and 3-hour sepsis
bundle implementation for septic shock and sepsis
respectively in a pre and post-study by screening 6976
patients across 14 public hospitals in the State of
Queensland in Australia as a quality improvement initia-
tive over a 3 year period. We used a Breakthrough Series
Collaborative approach for the education and training
of staff at each site. To improve the specificity of the
diagnosis of sepsis, we specifically studied patients who
had confirmed bacteraemia. We also assessed the
appropriateness of anti-microbial prescription as part of
bundle implementation. Compliance with the 3-hour
bundle for sepsis improved from 48% to 63% and anti-
biotic administration in 1-hour for septic shock
improved from 74% to 85%. We observed a 10% reduc-
tion in the need for ICU admission post bundle imple-
mentation. The proportions of appropriate
antimicrobial prescription remained similar across both
phases without adversely influencing antimicrobial
prescription.

Implications of all available evidence

These results provide evidence for 1-hour septic shock
and 3-hour sepsis bundles in specific contexts. We pro-
vide a key piece of evidence highlighting that sepsis
bundle implementation reduces the need for ICU
admission without adversely influencing antimicrobial
prescription. As sepsis is a global health priority, these
findings are important for understanding sepsis bundle
implementation and for strategic planning worldwide
to improve patient outcomes.
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6-hour guidelines into a 1-hour bundle with the explicit
intention of beginning resuscitation and management
immediately.5 However this 1-hour bundle has not been
well received owing to the lack of strong evidence sup-
porting certain elements of the bundle and challenges of
implementation in the emergency department.6 Con-
cerns voiced by clinicians about the bundles include the
variability in sepsis identification strategies7, conflation
of sepsis and septic shock, and the potential for excess
antimicrobial use,8 although this has not been studied in
detail. Moreover, not all centres using these bundles
report a consistent improvement in patient centred
outcomes.9,10

Ensuring uniform implementation of existing guide-
lines at individual hospital level, and educating a high
turnover workforce in emergency departments, where
the bulk of the patients with sepsis present,11 has been a
challenge. Consequently, the bundles have not been
widely adopted in clinical practice.12

We used a before-and-after study to test the hypothe-
sis that implementing an evidence-based sepsis bundle
-1 hour bundle for patients with septic shock and a
3-hour bundle for patients with sepsis - no shock, using
a Breakthrough Series Collaborative approach devel-
oped by the Institute for Healthcare Improvement
(IHI),13 would result in improved process of care and
patient outcomes. To improve the specificity of the diag-
nosis of sepsis, we only studied patients who had con-
firmed bacteremia. In a nested cohort, we also assessed
the appropriateness of antimicrobial prescription.
Methods
The Collaborative “Could this be Sepsis?” program was
a before-and-after study launched by Queensland
Health’s Clinical Excellence Queensland (CEQ) involv-
ing emergency departments (ED) in 16 major public
hospitals (Table S1 and Figure S1 and S2− Supplemen-
tary Appendix) to reduce mortality, intensive care
admission and hospital length of stay by improving
early recognition and treatment of sepsis. The program
incorporated a sepsis screening tool, and a treatment
bundle. Prior to the Collaborative, CEQ facilitated a pilot
project at Gold Coast University Hospital ED to develop
and test the delivery of the screening tool, treatment
bundle, data collection tools, and testing and measuring
changes aimed at improved screening and treatment.

CEQ provided operational support, including a data
capture system and provision of Improvement Advisors
trained by the IHI (Boston, MA, USA). Trained coordi-
nators collected data at each site and entered the infor-
mation into a web-based database.. Statistical analysis
was performed by an independent team of statisticians
from The University of Queensland. Data analysis was
performed on data collected for patients who presented
to EDs both before (baseline) and after (post-
www.thelancet.com Vol xx Month xx, 2021
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intervention) implementation of the bundle. The
authors vouch for the accuracy of the data and statistical
analyses.
Site selection and training
All Queensland Health hospitals with EDs assessed at
Level 4-6 according to the Clinical Services Capability
Framework (CSCF) were eligible for inclusion. Clinical
services are categorised into up to six capability levels with
Level 1 managing the least complex patients and Level 6
managing the highest level of patient complexity (Table
S2- Supplementary Appendix). The site selection and indi-
vidual training are described in Tables S3 and S4- Supple-
mentary Appendix). All sites had access to sepsis online
learning and instructions on how to use the screening tool
and pathway (Figure S3, Supplementary Appendix).

Study population
Inclusion criteria: The criteria for inclusion were

a) Adult Patients (≥18 years old) and

b) presenting to the ED with symptoms and signs sug-
gestive of an infection or fever or hypothermia or
signs of clinical deterioration and

c) who had blood cultures collected in the ED which
were subsequently reported to be positive and

d) Required admission to the hospital and

e) an ICD 10 coded diagnosis of sepsis at admission
into the hospital. (Table S5 − Supplementary
Appendix).

Patients were excluded if they met any of the follow-
ing criteria

a) <18 years of age

b) pregnant or post-delivery,

c) retrieved from other hospitals with sepsis bypassing
the emergency department and directly admitted to
ICU at participating sites;

d) If a pathogen in a positive blood culture was
deemed likely to be a contaminant by the microbiol-
ogy laboratory

Patients meeting the above criteria for inclusion in
the study were deemed to have septic shock during their
stay in the ED if they had a systolic blood pressure of <
90 mmHg AND a plasma lactate concentration ≥
2 mmol/L AND despite a fluid bolus14 OR where data
on fluid bolus response was not available, a plasma lac-
tate ≥4 mmol/L was required for inclusion.
Interventions
The interventions consisted of a sepsis screening tool
and a treatment bundle. These included collection of
www.thelancet.com Vol xx Month xx, 2021
two sets of blood cultures with at least one prior to
administration of antimicrobials, measurement of the
serum lactate concentration, and antibiogram adjusted
antibiotic guidelines15 for the administration of broad-
spectrum antimicrobials within three hours for patients
with sepsis and one hour for those with septic shock
and a fluid bolus of 20ml/kg for hypotension defined as
a systolic blood pressure of less than 90 mm Hg.

In the post-intervention phase, it was required that
where clinical care of patients utilised the sepsis path-
way a copy of the pathway was affixed in the chart as evi-
dence of use of the pathway.
Data collection and reporting
Baseline data (pre-intervention) was collected retrospec-
tively (Table S6-Supplementary Appendix). Post-inter-
vention data was collected prospectively following
implementation of the sepsis pathway. Each site was pro-
vided with a weekly list of all patients from the Queens-
land Health Pathology System, who had presented to ED
who had blood cultures collected that were positive.

Patient level data included data on demographic
characteristics, co-morbidities, and characteristics of
sepsis or septic shock. Date and time stamps for proto-
col initiation and the elements of 3-hour bundled care
were required for patients in whom a sepsis protocol
was initiated. Time zero for sepsis was defined as the
time of triage in the ED. Time zero for septic shock was
defined as the time that the first systolic blood pressure
of < 90 mmHg was recorded. In both phases, compli-
ance with the sepsis treatment bundle was recorded. In
addition, in the post-intervention phase. evidence of use
of the pathway was documented.

In a nested cohort sub-study from 3 participating
sites, which had electronic medical records, the appro-
priateness of empirical first antibiotic prescriptions16

were scrutinised by antimicrobial pharmacists and
infectious disease physicians based on blood culture
and other laboratory results (Table S7-Supplementary
Appendix).

Data were collected from patient medical records and
laboratory systems and entered into a secure online
database, Research Electronic Data Capture (REDCap,
Vanderbilt University, USA).17 Data was sourced both
from the REDCap Sepsis Collaborative audit database,
and Queensland Health Admitted Patient Data Collec-
tion (QHAPDC) and linked prior to analysis.

Data monitoring and source data verification were
conducted over the course of the Collaborative (Table S8
Supplementary Appendix). The study oversight was pro-
vided by the Queensland Sepsis Steering Committee
and designed by the project working groups and clinical
experts.and the Governance Structure is described in
Figure S4, Supplementary Appendix). This study was
approved with a waiver of informed consent by the
3
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Metro North Human Resource Ethics Committee LNR/
2019/QPCH/5089.
Outcomes
The process measures included proportion of eligible
patients screened, had evaluation of plasma lactate, col-
lection of two sets of blood cultures, had broad-spec-
trum antimicrobials administered within 3-hours for
patients with sepsis and 1-hour for those with septic
shock, patients with fluid bolus administered less than
1 hour of shock, and proportion of patients in whom
there was compliance with 1 hour and 3-hour bundles.
These are defined in Table S9 − Supplementary
appendix

The clinical outcome measures were in-hospital
mortality, combined in-hospital and 30-day post hospital
discharge mortality, proportion of patients requiring
ICU admission, length of stay in ICU and non-ICU
length of stay. ICU admission was defined as patient
admitted to the ICU at any time during the hospital
admission

Appropriateness of antimicrobial prescription was
assessed using the National Antimicrobial Prescribing
Survey tool criteria16 (Figure S5, Supplementary Appen-
dix).
Statistical analysis
The primary unit of analysis was the patient. Three key
subgroups were defined to best represent the popula-
tions required to assess each of the measures:

� All Sepsis - sepsis (shock and non-shock) defined as
patients with positive blood culture and an ICD sep-
sis code

� Septic shock only

� Sepsis only (not shock)

The primary comparison of interest was baseline ver-
sus post-intervention; secondary comparisons were: evi-
dence of sepsis pathway utilisation versus no evidence
of pathway utilisation (post-intervention phase only),
bundle compliance achieved versus not achieved, and
time to antibiotics achieved versus not achieved. Bivari-
ate analyses (logistic regression for binary outcomes;
Cox regression for length of stay) were performed for
these comparisons with each of the outcomes to deter-
mine the unadjusted relationship, within each sub-
group. Multivariable models were then created to
quantify the relationship between the exposure variable
(comparison group) controlling for demographics,
admission features and comorbidities. The following
covariates were included in the adjusted models based
on clinical and statistical significance: season, admis-
sion time (7am−3pm, 3pm−11pm, 11pm-7am), age,
Indigenous status, triage category, regionality and
comorbidity (Charlson Comorbidity Index). Due to low
prevalence rates, triage categories four and five were
combined, as were Remote, Very Remote and Outer
Regional categories. In addition, a random intercept for
hospital, as well as other hospital level variables, was
explored in the adjusted models, however, these effects
were not related to the outcome and resulted in poor
model convergence, and were subsequently not
included.

The unadjusted and adjusted odds ratios (aORs)
(hazard ratio for length of stay outcomes) and 95% con-
fidence intervals (CIs) are reported for each of the main
comparison groups, within each subgroup.

The times to death in the baseline and post-interven-
tion phases and with and without pathway use were
described with the use of Kaplan−Meier plots with
results censored at 30 days after triage.

StataSE version 14.1 (StataCorp Pty Ltd, College Sta-
tion, Texas) and Python were used to undertake the
analyses. As this was a quality improvement initiative,
an a priori sample size calculation was not undertaken;
therefore, all statistical comparisons are interpreted
with caution. Corrections for multiple comparisons
were not undertaken, however multiplicity was taken
into account when interpreting the results. There was
no missing data points for any of the reported outcomes
and less than 10% for covariates of interest; therefore,
complete-case analysis was undertaken.
Role of the funding source
The funding source did not have a role in data analysis,
interpretation or in the writing of the manuscript or the
decision to submit to publication.
Results
The Collaborative commenced in August 2018. The
pathway implementation date varied for each site with
the earliest implementation date being 03 December
2018. Of 21 eligible sites, sixteen hospitals (14 adult, 2
paediatric) opted to participate. (Data from paediatric
sites not reported). Only one of the participating sites
had an alternative sepsis pathway in the baseline phase.
Baseline data was collected retrospectively at 13 hospitals
between 01 July 2017 to 30 June 2018. The post-inter-
vention phase commenced in July 2018, was imple-
mented in the various hospitals between July 2018 and
June 2019 and data collected prospectively till March
2020. Post intervention data from participating hospi-
tals was only included from the date the pathway was
introduced. The COVID-19 pandemic led to the prema-
ture conclusion of the project.

During the study period, a total of 6976 patients
who presented to the participating hospitals and had a
blood culture collected in the ED were screened. Of
these there were 1802 patients (732 in the baseline
www.thelancet.com Vol xx Month xx, 2021



Characteristic All Patients (N = 1802)

Baseline Post
(N = 732) (N = 1070)

Age [years], Median (IQR) 72.0 (62.0, 81.0) 72.0 (60.0, 82.0)

Gender [M/F], N (%) 421/311 (57.5,42.5) 581/489 (54.3,45.7)

Indigenous

Status [Y/N], N (%)

45/683 (6.1,93.3) 72/989 (6.7,92.4)

Admission Characteristics

Triage Category

Category 1 46 (6.3%) 47 (4.4%)

Category 2 330 (45.1%) 623 (58.2%)

Category 3 326 (44.5%) 371 (34.7%)

Category 4 30 (4.1%) 28 (2.6%)

Triage Time

12am-6am 84 (11.5%) 141 (13.2%)

6am-12pm 207 (28.3%) 264 (24.7%)

12pm-6pm 242 (33.1%) 378 (35.3%)

6pm-12am 199 (27.2%) 287 (26.8%)

Time from triage to ICU admission

Time [hours] 9:01 (5:57, 19:13) 9:23 (6:36, 19:41)

New Onset Organ Dysfunction

CNS 187 (25.5%) 274 (25.6%)

CVS 269 (36.7%) 364 (34.0%)

Articles
phase and 1070 in the post-intervention phase) who met
the study criteria for sepsis or septic shock (Figure S6-
Supplementary appendix). The status of infection or the
diagnosis of sepsis were unclear in the remaining 5174
patients (Table S10 − Supplementary Appendix). Of
these 600 patients had a negative blood culture and a
positive sepsis ICD code on admission, 931 patients had
a positive blood culture and a negative sepsis ICD code
and the remainder had both a negative blood culture
and a negative ICD code.

The characteristics of the patients were similar in the
baseline and the post-intervention phases overall
(Table 1) and in the subgroups of sepsis and septic
shock (Table S12 − Supplementary Appendix). The
median (IQR) age of the patients was 72.0 years (62.0-
81.0) and 72.0 years (60.0-82.0), the percentages of
male patients 57.5% and 54.3%, and the percentages of
Indigenous patients 6.1% and 6.7% in the baseline and
post-intervention groups respectively. The triage cate-
gory, the time of triage, distribution of co-morbidities
the time from triage to ICU admission or the proportion
of patients deemed palliative in the two phases (Table 1)
and primary sites of infection (Table S13 − Supplemen-
tary Appendix) were similar in the two groups.
Renal 154 (21.0%) 146 (13.6%)

Haematology 59 (8.1%) 93 (8.7%)

Respiratory 112 (15.3%) 202 (18.9%)

Hepatobiliary 32 (4.4%) 31 (2.9%)

>2 Organs affected 226 (30.9%) 304 (28.4%)

Co-morbidities

Charlson Comorbidity

Index

1.0 (0.0, 2.0) 1.0 (0.0, 2.0)

Infectious disease 329 (44.9%) 508 (47.5%)

Neoplasms 81 (11.1%) 110 (10.3%)

Endocrine, metabolic or

immune diseases

372 (50.8%) 591 (55.2%)

Diabetes 231 (31.6%) 348 (32.5%)

Blood Disorders 130 (17.8%) 163 (15.2%)

Mental Disorders 71 (9.7%) 83 (7.8%)

Drug or alcohol use 89 (12.2%) 114 (10.7%)

Diseases of the nervous

system or sense organs

43 (5.9%) 50 (4.7%)

Eye disease 24 (3.3%) 33 (3.1%)

Diseases of the circulatory

system

244 (33.3%) 326 (30.5%)

Diseases of the respiratory

system

148 (20.2%) 224 (20.9%)

Diseases of the digestive 139 (19.0%) 218 (20.4%)
Process measures
There was a significant improvement in the use of sep-
sis bundles in the post-intervention phase with respect
to measurement of plasma lactate OR 2.6 [95%CI 1.9-
3.5], collection of blood cultures prior to antibiotic
administration OR 1.9 [95%CI 1.4-2.5], collection of two
sets of blood cultures OR 6.0 [95%CI 4.8-7.4], antibiotic
administration within three hours of the diagnosis of
sepsis OR 1.3 [95%CI 1.1-1.7] and one hour of septic
shock OR 1.9 [95%CI 1.1-3.6] and the three-hour bundle
compliance in patients with sepsis OR 1.7 [95%CI 1.4-
2.1] (Figure 1 and Table 2). “The median times from tri-
age to antibiotics in the baseline and post-intervention
phases for sepsis were 106 and 109 min, and for septic
shock were 15 and 13 min.”

In the subgroup of patients with septic shock, there
were no significant differences with regards to the use
of one-hour bundle compliance or administration of
fluid bolus for hypotension. There was a significant
trend towards a greater compliance with process meas-
ures when there was evidence of pathway utilisation
(Table 2).
system

Chronic renal disease 145 (19.8%) 179 (16.7%)

Diseases of the

genitourinary

system

316 (43.2%) 433 (40.5%)

Chronic skin ulcer 2 (0.3%) 5 (0.5%)

Diseases of the

musculoskeletal

47 (6.4%) 84 (7.9%)

(continued )
Outcomes
There were no significant differences in the in-hospital
[Adjusted OR 1.1 [95%CI 0.8-1.5]) and 30-day post dis-
charge mortality rates [Adjusted OR 1.0 [95%CI 0.8-
1.4]) between the baseline and the post-intervention
phases overall or in the subgroups of sepsis and septic
shock (Table 3, Figure 2a).
www.thelancet.com Vol xx Month xx, 2021 5



Table 1 (Continued)

Characteristic All Patients (N = 1802)

Baseline Post
(N = 732) (N = 1070)

system and

connective tissue

Other 146 (19.9%) 201 (18.8%)

Patients deemed palliative

Beginning of

hospitalisation

3 (0.4%) 7 (0.7%)

End of hospitalisation 32 (4.4%) 79 (7.4%)

Table 1: Demographic characteristics.
IQR: Interquartile range.

CNS: Central Nervous system.

CVS: Cardiovascular.

6
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In the post-intervention phase, the pathway utilisa-
tion rates varied across the 14 hospitals ranging from
32.5% to 86%. A subgroup analysis of the post-interven-
tion phase revealed that in-hospital mortality rate (9.7%
vs 14.9%, adjusted OR 0.6, [95%CI 0.4-0.8] was signifi-
cantly lower in the overall cohort and in the subgroup of
septic shock in whom there was evidence of compliance
with sepsis pathway. (Table 3, Figure 2b).

The proportion of patients requiring ICU admission
was significantly reduced in the post-intervention phase
after adjustment for covariates from 26.5% vs 17.5%
(aOR 0.5, 95%CI 0.4-0.7)]. (Table 3)

There were no differences in ICU (median [IQR] 2.3
[0.9-4.2] vs 2.3[1.1-4.9]) days or non-ICU length of
Figure 1. A Forest plot demonstrating a comparison of process
hospital stay (median [IQR] 5.4 (2.7-10.3) vs 5.2[2.9-9.8])
in the overall cohort between the two phases. (Table 3).

In the subgroup of 600 patients with negative blood
cultures and a positive ICD code, the use of the pathway
was associated with trends in reductions in ICU and 30-
day post discharge mortality and need for ICU admis-
sion, although these results were not statistically signifi-
cant. (Table 3)

Across the study duration, timely administration of
antibiotics and bundle compliance were associated with
lower mortality and ICU admission rates in patients
with sepsis (Table S13-Supplementary Appendix)

Although the proportion of appropriate antimicro-
bial prescription increased in the post-intervention
phase (55.4% vs 64.1%, OR 1.4 [95%CI 0.9-2.1]) this
was not statistically significant. (Table S14 - Supplemen-
tary appendix)
Discussion
The implementation of the Collaborative resulted in sig-
nificantly improved process measures with all elements
of the 3-hour sepsis bundle and antibiotic administra-
tion in the 1-hour septic shock bundle in the post-inter-
vention phase. There was a significantly reduced need
for ICU admission. Although there were no significant
differences in mortality between baseline and post-inter-
vention phases, evidence of pathway utilization in the
post-intervention phase was associated with improved
mortality. The use of a sepsis bundle did not adversely
impact on the appropriateness of antimicrobial prescrip-
tion.
measures between baseline and post-intervention phases.

www.thelancet.com Vol xx Month xx, 2021



PROCESS MEASURES

Measure Baseline a Post-Intervention Adjusted effect
size & (95% CI):
Baseline vs
Post-intervention

All b No
Pathway c

With
Pathway d

Adjusted effect size #

(95% CI): No pathway
vs with pathway

Lactate Measurement 607 (82.9) 997 (93.2) 357 (87.1) 640 (97.0) 4.5 (2.7, 7.8) ** 2.6 (1.9, 3.5) **

Blood cultures before antibiotics 596 (81.4) 956 (89.3) 342 (83.4) 614 (93.0) 2.6 (1.7, 3.8) ** 1.9 (1.4, 2.5) **

Two sets of blood cultures 232 (31.7) 782 (73.1) 237 (57.8) 545 (82.6) 3.6 (2.7, 4.8) ** 6.0 (4.8, 7.4) **

Antibiotics within 3 hours of

triage (sepsis alone)

380 (61.5) 630 (69.8) 195 (55.6) 435 (78.9) 3.0 (2.2, 4.1) ** 1.3 (1.1, 1.7) **

Antibiotics within 1 hour of

shock (septic shock)

84 (73.7) 143 (85.1) 50 (84.7) 93 (85.3) 1.0 (0.4, 2.6) 1.9 (1.1, 3.6) **

IV fluid bolus within 1 hour

(septic shock)

50 (43.9) 71 (42.3) 25 (42.4) 46 (42.2) 1.0 (0.5, 2.0) 1.0 (0.6, 1.6)

Compliance with 3-hour sepsis

bundle (sepsis alone)

298 (48.2) 571 (63.3) 157 (44.7) 414 (75.1) 3.8 (2.8, 5.1) ** 1.7 (1.4, 2.1) **

Compliance with 1-hour septic

shock bundle (septic shock)

48 (42.1) 79 (47.0) 24 (40.7) 55 (50.5) 1.7 (0.9, 3.4) 1.2 (0.8, 2.0)

Table 2: Process measures.
CI confidence interval; IV intravenous; ICU intensive care unit.

n (%), effect estimate = odds ratio;

# post-intervention no pathway vs with pathway.
& baseline vs post-intervention;
a N (Baseline) All Sepsis = 732; Septic Shock = 114; Sepsis Alone = 618.
b N (Post-Intervention) All Sepsis = 1070; Septic Shock = 168; Sepsis Alone = 902.
c N (No Pathway) All Sepsis = 410; Septic Shock = 59; Sepsis Alone = 351.
d N (With Pathway) All Sepsis = 660; Septic Shock = 109; Sepsis Alone = 551.

** - 95% Confidence limits indicate a significant change.

Articles
Despite a significant reduction in the need for Inten-
sive Care admission, we did not observe a significant
difference in in-hospital or 30-day post discharge mor-
tality overall in the post-intervention phase. An explana-
tion for the lack of a beneficial effect on mortality may
be inadequate statistical power. It is also possible that
early intervention may influence hemodynamic stability
and organ function to reduce the need for ICU admis-
sion, but may not influence the trajectory and progres-
sion of sepsis. It is noteworthy that in the post-
intervention phase, pathway utilisation was associated
with improved process measures and outcomes; how-
ever as this is a post hoc analysis, this finding must be
considered exploratory. The results of our study accord
with data from previous single centre studies 18−22, mul-
ticentre quality improvement programs23,24 and ran-
domized trials of protocolised early goal directed
therapy.25

However, it differs from previously published
reports of sepsis bundles in several respects. The
strengths of our study include the use of the IHI Collab-
orative Methodology, and incorporating a before and
after study design and therefore able to assess compli-
ance with the care bundle. Although the bundle
www.thelancet.com Vol xx Month xx, 2021
elements were similar to the Surviving Sepsis Cam-
paign Guidelines, we used different time windows for
sepsis and septic shock, avoiding conflation of the two
syndromes. A high proportion of patients received the
bundle intervention and few patients were lost to follow
up. We not only evaluated in-hospital but also 30-day
post-discharge mortality as patient-centered outcomes
and specifically targeted a population of patients with
positive blood cultures to improve the diagnostic accu-
racy of sepsis in the emergency department. In contrast
to the study by Seymour et al,4 we did not observe a rela-
tionship between increased time to antibiotic adminis-
tration and achievement of bundle compliance and
worsening mortality in septic shock. Our results are
also at variance with those reported in a recent study by
Barbash et al where they reported an increase in the
need for ICU and no changes in mortality following
SEP-1 sepsis bundle implementation.26 This may be
due to differences in patient populations, the use of dif-
fering criteria for identifying patients with septic shock
and different time bundles. We also incorporated an
antimicrobial prescription assessment to assess the
impact of the sepsis bundle on antimicrobial usage. All
sites were provided with online relevant documents and
7



OUTCOME MEASURES

Measure Baseline a Post-Intervention Adjusted effect
size & (95% CI):
Baseline vs
Post-intervention

All b No
Pathway c

With
pathway d

Adjusted effect
size # (95% CI):
No pathway
vs with pathway

In-hospital

mortality^

All 81 125 61 64 0.6 1.1

Sepsis (11.1) (11.7) (14.9) (9.7) (0.4, 0.9) ** (0.8, 1.5)

Septic Shock 29 50 26 24 0.3 1.3

(25.4) (29.8) (44.1) (22.0) (0.2, 0.7) ** (0.7, 2.2)

Sepsis Alone 52 75 35 40 0.6 1.0

(8.4) (8.3) (10.0) (7.3) (0.4, 1.1) (0.7, 1.5)

Suspected Sepsis - 61 30 31 0.5 -

(10.2) (12.7) (8.5) (0.3, 1.0)

30-day post

discharge

mortality^

All Sepsis 124 (16.9) 184 (17.2) 79 (19.3) 105 (15.9) 0.8 (0.5, 1.1) 1.0 (0.8, 1.4)

Septic Shock 35 63 29 34 0.4 1.4

(30.7) (37.5) (49.2) (31.2) (0.2, 0.9) ** (0.8, 2.5)

Sepsis Alone 89 121 50 71 0.8 0.9

(14.4) (13.4) (14.2) (12.9) (0.6, 1.3) (0.7, 1.3)

Suspected Sepsis - 92 40 52 0.7 -

(15.3) (16.9) (14.3) (0.4, 1.1)

ICU admission^ All 194 (26.5) 187 68 119 1.1 0.5

Sepsis (17.5) (16.6) (18.0) (0.8, 1.6) (0.4, 0.7) **

Septic Shock 50 67 19 48 1.7 0.8

(43.9) (39.9) (32.2) (44.0) (0.9, 3.5) (0.5, 1.4)

Sepsis Alone 144 120 49 71 0.9 0.5

(23.3) (13.3) (14.0) (12.9) (0.6, 1.4) (0.3, 0.6) **

Suspected Sepsis - 113 57 56 0.7 -

(18.8) (24.2) (15.4) (0.4, 1.0)

Length of ICU

stay (days)*

All Sepsis 2.3 (0.9, 4.2) 2.3 (1.1, 4.9) 2.5 (0.9, 5.4) 2.3 (1.2, 4.5) 1.1 (0.8, 1.5) 0.9 (0.7, 1.0)

Septic Shock 2.6 (1.1, 4.5) 2.6 (1.5, 4.0) 2.3 (1.6, 3.2) 2.7 (1.5, 4.4) 0.6 (0.3, 1.1) 1.1 (0.8, 1.6)

Sepsis Alone 2.2 (0.8, 4.2) 2.3 (1.0, 5.4) 2.8 (0.8, 6.0) 2.3 (1.1, 4.5) 1.1 (0.8, 1.7) 0.8 (0.6, 1.0)

Suspected Sepsis - 2.9 (1.7, 5.1) 3.3 (1.8, 5.1) 2.8 (1.5, 5.0) 1.1 (0.8, 1.7) -

Length of non-ICU

hospital stay

(days)*

All Sepsis 5.4 (2.7, 10.3) 5.2 (2.9, 9.8) 5.8 (3.0, 10.4) 4.9 (2.7, 9.3) 1.1 (1.0, 1.2) 1.0 (0.9, 1.1)

Septic Shock 4.6 (1.7, 9.5) 5.1 (1.8, 9.7) 4.4 (1.9, 10.1) 5.3 (1.5, 9.3) 1.0 (0.8, 1.4) 0.9 (0.7, 1.1)

Sepsis Alone 5.4 (2.8, 10.5) 5.4 (3.0, 9.8) 6.0 (3.2, 10.4) 4.9 (2.8, 9.4) 1.1 (1.0, 1.3) 1.0 (0.9, 1.1)

Suspected Sepsis - 4.1 (2.0, 7.8) 5.0 (2.3, 9.8) 3.7 (1.9, 6.7) 1.3 (1.1, 1.5) ** -

Table 3: Outcome measures
CI confidence interval; IV intravenous; ICU intensive care unit.

^ n (%), effect estimate = odds ratio; # post-intervention no pathway vs with pathway.
& baseline vs post-intervention; * median (IQR), effect estimate = hazard ratio.
a N (Baseline) All Sepsis = 732; Septic Shock = 114; Sepsis Alone = 618.
b N (Post-Intervention) All Sepsis = 1070; Septic Shock = 168; Sepsis Alone = 902.
c N (No Pathway) All Sepsis = 410; Septic Shock = 59; Sepsis Alone = 351.
d N (With Pathway) All Sepsis = 660; Septic Shock = 109; Sepsis Alone = 551.

** - 95% Confidence limits indicate a significant change.
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Articles
training manuals and there was participation from 14
hospitals representing tertiary, metropolitan and provin-
cial hospitals.

Our study had limitations. Our study was a before
and after observational study and therefore there was
potential for bias by residual confounding. The high
turnover workforce in emergency departments may
have impacted on the level of staff awareness of the bun-
dle and pathway during the post-intervention phase.
The pathway filed in the notes was used as evidence
www.thelancet.com Vol xx Month xx, 2021



Figure 2a. A Kaplan-Meier plot of survival analysis between baseline and post-intervention phases Figure 2b A Kaplan-Meier plot of
survival analysis in the post intervention phase comparing evidence of pathway use versus no evidence of pathway use.
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that a clinician providing care for the patient was aware
of the sepsis bundle intervention. The premature termi-
nation of the Collaborative may have resulted in fewer
enrollments in the post-intervention phase, potentially
reducing the power of the study. We did not use Sepsis-
3 criteria for the diagnosis of sepsis and the initiation of
the bundle in the ED. Whilst the Sepsis-3 definition rep-
resents a better risk stratification tool it is not recom-
mended as a trigger for initiation of treatment. We used
a modified Sepsis-3 definition to identify patients with
septic shock. Collection of detailed physiological data
and additional propensity matched analysis adjusting
for receipt of pathway would have been useful for rigor-
ous risk adjustment but was not undertaken as this was
a quality improvement project. Data on vasopressor use
in the ED was not collected as patients are often trans-
ferred to intensive care for such therapies. Evaluation of
antimicrobial usage was confined to a nested cohort pre-
dominantly amongst patients who had confirmed blood
culture positivity thus limiting extrapolation to patients
with blood culture negative sepsis. These data were col-
lected in hospitals in one state in Australia and there-
fore limits the generalisability of our findings. The
differing patient populations, bundle timings, choice of
antibiotics have been highlighted in a recent position
paper as another factor which limit the applicability of
sepsis bundles.27

Our study provides evidence about the role of sepsis
bundles in the management of patients presenting to the
emergency department with bacteremia and sepsis.
Important patient centred outcomes such as reduced
need for ICU intervention were better in the post-inter-
vention phase. These have important implications for
ICU resources and triage. A detailed cost−benefit assess-
ment of these results was not done, but such an analysis
may inform clinicians about the overall cost-effectiveness
of bundles in the management of patients with sepsis.

In conclusion, the use of a Breakthrough Collabora-
tive for Sepsis management resulted in improved
uptake of a 1-hour septic shock and a 3-hour sepsis bun-
dle and a reduced need for intensive care admission in
patients presenting to the emergency department with
bacteremia and sepsis. There was no adverse impact on
antimicrobial use.
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