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Abstract

Objective: To determine effects of
implementing a sepsis alert response
system in the ED that included early
intervention by emergency medicine
(EM) pharmacists.
Methods: A prospective cohort
(8 February 2016 to 28 February
2018) of patients after implementa-
tion of a sepsis alert response system
in an Australian ED was compared
to a retrospective cohort (3 January
2015 to 7 February 2016) of patients
with sepsis who presented during
EM pharmacist working hours and
were admitted to the ICU.
Results: There were 184 patients,
including 80 patients pre- and
104 patients post-implementation. The
post-intervention cohort was triaged at
a higher acuity, had higher quick Sepsis-
related Organ Failure Assessment
(qSOFA) scores and higher initial lac-
tate measurements. After the interven-
tion, antimicrobial agents were
administered to patients within 60 min
of presentation more often (21 [26.3%]
to 85 [81.7%], P < 0.001). After

adjusting for presenting triage category,
admission lactate and presenting
qSOFA scores, this association
remained significant (adjusted odds
ratio 9.99; 95% confidence interval
4.7–21.3). Significant improvements
were observed for proportion of
patients who had intravenous fluids ini-
tiated within 60 min (47.5% vs
72.1%); proportion of patients who
had serum lactate measured within
60 min (50.0% vs 77.9%) and propor-
tion of patients who had blood cultures
performed within 60 min (52.5%
vs 85.6%).
Conclusion: Implementation of a
sepsis alert response that included
early involvement of the EM pharma-
cist was associated with improvement
in time to antimicrobials and other
components of the sepsis bundle. An
upfront, multidisciplinary approach to
patients presenting to the ED with
suspected sepsis should be considered
more broadly.

Key words: medicines management,
pharmacists, sepsis.

Introduction
Early identification and management
of patients with sepsis have been
shown to improve outcomes.1–3 The
Surviving Sepsis Campaign guidelines
for the treatment of patients with sep-
sis and septic shock recommend the
initiation of broad-spectrum antimi-
crobials within 60 min of recognition.
This is primarily driven by evidence
demonstrating an association between
timely antimicrobial administration
and mortality in patients with septic
shock.3–6 In the ED, recognition of
patients presenting with sepsis allows
for timely initiation of the sepsis bun-
dle of care. There are no other
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Key findings
• Introduction of an ED sepsis

alert response driven by EM
pharmacists improved time to
antimicrobial administration
for patients with sepsis requir-
ing transfer to ICU.

• Improvements in the propor-
tion of patients who received
other components of the sep-
sis bundle of care within 60
min also improved post-
intervention.

• An upfront, multidisciplinary
approach with the inclusion
of EM pharmacists in sepsis
management should be
considered.
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disease-modifying therapies for sepsis
and septic shock besides timely anti-
microbial administration and imple-
mentation of a sepsis bundle of care
that have consistently been associated
with improved outcomes.7–9

Compliance with timely antimicro-
bial administration for patients pre-
senting with sepsis in the ED remains a
challenge.1,10 A number of factors have
been identified as contributors to
delays, including vague presenting
symptoms, a lower acuity triage score,
difficult intravenous access, deferred
antimicrobial decision-making and pre-
scribing and ED overcrowding.1,10–13

Emergency medicine (EM) clinical
pharmacists are increasingly involved
in the early management of critically
unwell patient presentations.14–19 The
benefits of early involvement of the
EM pharmacist in these scenarios are
likely multifactorial with emerging
evidence demonstrating improve-
ments in time to medication prescrib-
ing and administration, and a
reduction in medication errors.12,15,20

The implementation of sepsis per-
formance improvement programmes
which includes education, screening,
measurement of sepsis bundle perfor-
mance, patient outcomes and actions
for identified opportunities is associ-
ated with better sepsis bundle perfor-
mance and a reduction in mortality.1

The potential integration of the phar-
macist into the sepsis alert response as
routine care has not been thoroughly
investigated. The EM pharmacist is
uniquely positioned to improve sepsis
performance. As recognised experts in
antimicrobial stewardship, pharmacists
can provide a comprehensive review of
patient allergies, medical and medica-
tion history, previous microbiology cul-
tures, and identify risk factors for
multi-resistant pathogens. In addition,
their thorough knowledge of medica-
tion administration may support effi-
cient antimicrobial ordering and
administration.
The aim of this study was to evalu-

ate the impact of the introduction of
a sepsis performance improvement
programme in the ED which included
the implementation of a sepsis alert
response with early involvement of
the EM pharmacist in an Australian
adult major referral hospital.

Methods
Study design and setting

This was a pre-post interventional
study, with the post-intervention
cohort recruited prospectively
between 8 February 2016 and
28 February 2018, compared to a ret-
rospective cohort between 3 January
2015 and 7 February 2016.
The study was conducted at an adult

major referral hospital in metropolitan
Melbourne, Victoria, Australia with an
annual attendance of approximately
70 000 patients. The Emergency and
Trauma Centre (E&TC) is staffed by
emergency physicians between 07.00–
02.00 hours, Tuesday–Thursday, and
24 h a day, Friday–Monday. The hos-
pital provides Victorian state services
for major trauma, burns, haemophilia,
cystic fibrosis, heart and lung trans-
plants, HIV, adult haematological
malignancies, and has one of
Australia’s leading intensive care units
(ICUs), with capacity for advanced
interventions including extracorporeal
membrane oxygenation and more than
3000 ICU admissions per year.

Intervention

From 8 February 2016, a sepsis alert
response system was introduced with
the aim to improve time to adminis-
tration of the sepsis bundle of care
for patients presenting with sepsis,
or suspected sepsis. The bundle of
care includes taking a minimum of
two sets of blood cultures, measur-
ing a serum lactate, administering
a bolus of intravenous fluid (250–
500 mL) with more fluid as appropri-
ate and intravenous antimicrobials in
accordance with the Surviving Sepsis
Campaign, national and hospital
guidelines.1,21

Pre-arrival notification and early
communication at triage of all
patients presenting with suspected
sepsis were delivered to all members
of the sepsis alert team. The mem-
bers of the sepsis alert team include
the primary nurse, nurse-in-charge,
emergency physician and registrar
and the EM pharmacist. Education
to medical and nursing staff around
sepsis recognition, the sepsis alert
response and timely administration

of the sepsis bundle of care was con-
ducted prior to implementation, and
regularly throughout the post-
intervention period. The EM phar-
macists attending sepsis alerts have
at least 2 years of clinical experience
and are required to complete formal
training prior to involvement. Suc-
cessful sepsis credentialing includes
completion of an in-house online
sepsis module for pharmacists, the
Partnered Pharmacist Medication
Charting (PPMC) credentialing,22

Therapeutic Drug Monitoring of
Aminoglycosides and Vancomycin
credentialing23 and Stroke thrombol-
ysis credentialing.17

A hospital-wide programme for
monthly auditing of time to comple-
tion of the sepsis bundle of care was
implemented in February 2016 with a
focus on the E&TC and inpatient
units. Results were reviewed at a ded-
icated sepsis working group meeting
with representation from the hospital
executive, ICU, EM, inpatient medi-
cal and nursing teams as well as anti-
microbial stewardship and relevant
senior pharmacists. The working
group identified barriers and solu-
tions to completion of the sepsis bun-
dle, established a hospital sepsis
guideline that included consensus
agreement on empiric antimicrobials
for common sepsis presentations and
provided monthly feedback to the
E&TC and inpatient units on sepsis
bundle performance both during phar-
macist working hours and after hours.
The local consensus-based criteria

for activation of a sepsis alert in the
E&TC requires a patient to have
known or suspected infection with
two or more of the following: oral
temperature <36�C or >38�C or core
temperature <36.4�C or >38.4�C,
heart rate >95/min, respiratory
rate >22 breaths per minute, systolic
BP <100 mmHg, change in mental sta-
tus or white cell count <4 or
>12 � 109/L. Other risk factors
include neutropenia or recent
chemotherapy.
The EM pharmacist responds to

all sepsis alerts immediately upon
activation. Specific responsibilities in
the sepsis alert are to facilitate rapid
bedside decision-making and pre-
scribing of empiric antimicrobials
after discussion with the treating
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doctor on suspected source of infec-
tion and determination of previous
medication allergies and microbiol-
ogy cultures, and any relevant past
medical history and medications.
Prescribing of empiric antimicrobials
is performed either directly by the
pharmacist via the PPMC model of
care22 or medical staff in the sepsis
alert. The PPMC model is an alter-
native to medical prescribing. It
involves a credentialed pharmacist
taking an early medication history,
having a face-to-face discussion with
the treating medical staff about the
current medical and medication-
related problems following which a
medication management plan is
agreed upon. Appropriate medica-
tions are then charted by the phar-
macist on the inpatient medication
record from which nurses administer
medications.
The pharmacist also assists with

rapid access to and drawing up
appropriate antimicrobials for imme-
diate administration by the primary
nurse. Other components of the sep-
sis bundle (taking two sets of blood
cultures, measuring a serum lactate
and administering an intravenous
fluid bolus) are also expedited by the
EM pharmacist.

Selection of participants

The post-intervention cohort was
identified prospectively until the
required sample size was reached.
All patients who presented to the
E&TC, had a sepsis alert activated
on arrival and were admitted to ICU
during the study period with sepsis
within EM pharmacist working
hours (07.00–21.00 hours, 7 days a
week) were included. Patients were
excluded if no sepsis alert response
was activated, if antimicrobials were
given pre-arrival, or if patients dete-
riorated and developed sepsis after
arrival in the E&TC (Fig. 1). The
pre-intervention (comparator) con-
sisted of a retrospective cohort con-
taining all patient presentations to
the E&TC with sepsis or septic
shock requiring transfer to ICU and
identified via the Australian and
New Zealand Intensive Care Society
(ANZICs) database coding between
EM pharmacist working hours. The

cohorts were restricted to patients
admitted to ICU as, presumably,
these patients have the greatest bene-
fit from early intervention with the
sepsis bundle of care.
All data for both arms were

extracted and calculated retrospec-
tively using explicit medical record
review by a research assistant who
was not part of the study team.
A random sample of 10% of records
were verified by a study investigator.
Exposure variables included patient
baseline characteristics such as age,
sex, past medical history, Australasian
Triage Scale (ATS) category, presumed
initial source of infection and associ-
ated quick Sepsis-related Organ Fail-
ure Assessment (qSOFA) score.24

Outcomes

The primary outcome was the pro-
portion of patients who received anti-
microbials within 60 min of arrival to
the E&TC. Time of arrival was
defined as the time of patient registra-
tion. Administration time was defined
as the time the first antimicrobial
medication prescription was signed
off by the administering nurse on the
patients’ medication chart, implying
that the medication was administered
at that time. Secondary outcomes
were time to antimicrobial administra-
tion, proportion of patients receiving
each of the remaining components of
the sepsis bundle of care within
60 min of arrival (intravenous fluids,
two sets of blood cultures and a serum
lactate), and the proportion receiving
the entire bundle of care within
60 min of arrival (intravenous fluids,
two sets of blood cultures, a serum
lactate and empiric antimicrobials).
The proportion of patients who were
prescribed empiric antimicrobials by
the EM pharmacist post-intervention,
median length of stay in the E&TC,
ICU and hospital, as well as death at
hospital discharge were reported.

Analysis

The sample size calculation was based
on previous local data demonstrating
26% of ICU patients with sepsis
received antimicrobials within 60 min
of presentation to the E&TC. A target
of 50% of patients receiving

antimicrobials within 60 min of pre-
sentation was considered a clinically
significant improvement. With 80%
power and an alpha of 0.05,
77 patients were required in each arm.
Continuous data were summarised
using means and standard deviation if
near-normally distributed, or medians
with interquartile range (IQR) if
skewed. Categorical variables were
summarised using proportions.
The primary outcome variable was

reported using odds ratio (OR) and
adjusted OR (aOR) with 95% confi-
dence intervals (CIs). The association
between the intervention and primary
outcome was adjusted for differences
in baseline characteristics between the
cohorts using multivariable logistic
regression. Time to antimicrobial
administration was displayed using a
Kaplan–Meier survival graph.
A P value of <0.05 was defined to

be statistically significant. All ana-
lyses were performed using Stata
v15.0 (StataCorp, College Station,
TX, USA).
The study protocol was reviewed

and approved by The Hospital
Research and Ethics Committee
(Project ID 505/16).

Results
There were 184 patients included for
analysis with 104 patients included
after intervention, and 80 patients
were in the pre-intervention compar-
ator arm (Fig. 1). Additional patients
were included to allow for loss of
patients based on the exclusion
criteria (Fig. 1). The cohorts were
similar for baseline characteristics
such as age, sex, and co-morbidities,
but not for serum lactate, qSOFA
and triage category (Table 1). There
were a total of 30 individual phar-
macists trained and involved in sep-
sis alerts activated in the
intervention arm.
The proportion of patients who

received empiric antimicrobials within
60 min of arrival improved from
21 (26.3%) to 85 (81.7%)
(P < 0.001) patients post-intervention
(OR 12.6, 95% CI 6.2–25.4). After
adjusting for presenting triage cate-
gory, admission lactate and pre-
senting qSOFA scores, this
association remained significant (aOR

© 2023 Australasian College for Emergency Medicine.
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9.99, 95% CI 4.7–21.3;
Appendix S1). The median time to
antimicrobials was 91 min (IQR
59.5–163.5) and 38 min (IQR 27–54)
pre- and post-intervention
(P < 0.001) (Table 2). A comparison
of time to antimicrobial administra-
tion between the two periods is illus-
trated in Figure 2.
The proportion of patients who

received the individual components
of the sepsis bundle of care within
60 min significantly improved post-
intervention: intravenous fluids
(47.5% vs 72.1%; P = 0.002), blood
cultures (52.5% vs 85.6%;
P < 0.001), serum lactate (50.0% vs
77.9%; P < 0.001). The proportion
of patients who had all four compo-
nents of the sepsis bundle of care
significantly improved post-interven-
tion, 8 (10.0%) versus 52 (50.0%)
(P < 0.001). There was no significant
difference in median length of stay in
E&TC, ICU or hospital. Death at
hospital discharge did not change
post-intervention (Table 2).

The EM pharmacist attended all
sepsis alerts activated during work-
ing hours in the intervention arm
and prescribed antimicrobials in
28 patients (27%) via the PPMC
model of care. In the post-
intervention period, when the phar-
macist prescribed antibiotics,
25 (89.3%) patients received antibi-
otics within 60 min compared to
60 (79%) when antibiotics were pre-
scribed by medical practitioners
(P = 0.23). Median times to antibi-
otics being prescribed by pharma-
cists was 34.5 min (IQR 26–49.5)
and 40 min (IQR 27–57) when char-
ted by medical practi-
tioners (P = 0.36).

Discussion
Following introduction of a sepsis
alert response system driven by the
EM pharmacist, significant improve-
ments were observed in time to anti-
microbial administration and other
components of the sepsis bundle of

care. A multidisciplinary approach
to assessment and management of
patients with suspected sepsis is
therefore indicated.
The improvements align with

recent recommendations from the
first Australian Commission on
Safety and Quality in Health Care
Sepsis Clinical Care Standard and
the Surviving Sepsis Campaign25 and
the Australian Commission on Safety
and Quality in Health Care National
Sepsis Program for patients with sep-
tic shock1 suggesting these results
are feasible and achievable through
structured programmes. Further-
more, the proportion of patients
who received empiric antimicrobials
and the sepsis bundle of care within
60 min of presentation was higher
than results reported from sepsis
improvement programmes which did
not include a pharmacist from
97 Australian EDs where the propor-
tion of patients who received empiri-
cal antibiotics within 60 min of
triage or recognition of sepsis
improved from 29.3% to 52.2%.26

These findings are consistent with
those based in North America by
Weant et al. who were the first to
report on EM pharmacist roles of
providing dosing advice for empiric
antimicrobials in the ED.27 Further-
more, Moussavi et al. showed
involvement of an EM pharmacist in
patients with sepsis admitted to ICU
was associated with reductions in
administration time for antibiotics
(median 0.61 vs 0.88 h; P = 0.001)
and initial antibiotics were more
often appropriate.28 Similarly,
Yarbrough et al. reported an
improvement in time to completion
of the 3 h bundle (51 min vs 71 min;
P = 0.013) when a pharmacist was
present in ED sepsis alerts.29 This is
the first Australian sepsis alert
response that includes an EM phar-
macist. Our model of care also
includes a system-wide approach
incorporating regular education,
monthly auditing, and feedback.
The EM pharmacist’s presence at a

sepsis alert enables advocacy for
timely and appropriate initiation of
antimicrobials. The EM pharmacist
could be dedicated to investigation of
the most appropriate antimicrobial
options based on patient history,

Excluded (n= 267)
• No sepsis alert activated post 

intervention (n= 42)
• Antimicrobials pre-arrival (n= 13)
• Deterioration to sepsis (n=20)
• After hours presentation (n=192)

Pre intervention (n=80) Post intervention (n=104)

All sepsis 
presentations admitted to ICU

Included for analysis
(n=184)

All sepsis presentations admitted to ICU
3/1/2015- 28/2/2018

(n=451)  

All sepsis presentations admitted to 
hospital

3/1/2015- 28/2/2018
(n=3166)  

All sepsis presentations admitted to 
hospital

3/1/2015- 7/2/2016
(n=887)  

All sepsis presentations admitted to 
hospital

8/2/2016- 28/2/2018
(n=2279)  

Figure 1. Inclusion and analysis flow chart for patients with sepsis.
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allergies, and previous microbiology,
whereas the remaining team can
focus on initial patient history taking,
examination, intravenous access and

initiation of fluid resuscitation and
urgent investigations. Indeed, as med-
ication experts, the EM pharmacist is
well placed to make antimicrobial

recommendations in accordance with
national and local guidelines, thus
ensuring that treatment options are
also aligned with antimicrobial

TABLE 1. Baseline characteristics of ED patients with sepsis transferred to ICU

Pre-intervention (n = 80) Post-intervention (n = 104) P-value

Age, years, mean (SD) 60.1 (15.5) 59.7 (17.0) 0.86

Sex, n (%) 0.96

Male 48 (60) 62 (59.6)

Female 32 (40) 42 (40.4)

Initial presumed infection source, n (%) 0.043

Respiratory 43 (53.8) 38 (36.5)

Extremities 4 (5.0) 7 (6.7)

Abdominal 2 (2.5) 6 (5.8)

Urinary tract 10 (12.5) 6 (5.8)

Central nervous system 3 (3.8) 3 (2.9)

Other 1 (1.3) 6 (5.8)

Unknown 17 (21.3) 38 (36.5)

Australasian Triage Scale, n (%)† 0.001

1 7 (8.75) 6 (5.8)

2 38 (47.5) 78 (75.0)

3 33 (41.3) 18 (17.3)

4 2 (2.5) 2 (1.9)

Systolic blood pressure (mmHg)

On arrival, mean (SD) 109.9 (29.7) 108.7 (27.2) 0.77

Lowest in ED, mean (SD) 87.9 (21.7) 86.0 (19.2) 0.18

Respiratory rate

On arrival, mean (SD) 25.0 (7.9) 27.8 (8.3) 0.02

Glasgow Coma Scale, median (IQR) 15 (14–15) 15 (14–15) 0.75

Presenting serum lactate (mmol/L), mean (SD) 2.6 (2.0) 3.7 (2.2) 0.003

Presenting qSOFA score, median (IQR) 1 (1–2) 2 (1–2) 0.019

Past medical history, n (%)

COPD/asthma 19 (23.7) 30 (30.6) 0.31

Heart failure 12 (15.0) 7 (7.1) 0.09

End stage renal failure 6 (7.5) 4 (4.1) 0.32

Intravenous drug use 11 (13.7) 11 (11.2) 0.33

HIV 3 (3.7) 2 (2.0) 0.91

Malignancy 18 (22.5) 17 (17.3) 0.39

Organ transplant 7 (8.7) 6 (6.1) 0.50

Nursing home resident, n (%) 3 (3.7) 3 (3.1) 0.99

†Australasian Triage Scale is a clinical tool used to establish the maximum waiting time for medical assessment and treatment
in the ED, from category 1 which requires immediate simultaneous assessment and treatment to category 5, a chronic or minor
condition which can be assessed and treated within 2 h. COPD, chronic obstructive pulmonary disease; HIV, human immuno-
deficiency virus; IQR, interquartile range; qSOFA, quick Sepsis-related Organ Failure Assessment; SD, standard deviation.

© 2023 Australasian College for Emergency Medicine.
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stewardship principles. Although not
assessed in the present study, this is
consistent with previously published
evidence surrounding EM pharma-
cists from North America and
Australia.27,28,30,31

A unique feature of the interven-
tion was that all pharmacists were
credentialed to prescribe empiric
antimicrobials in consultation with
medical staff, which occurred in
30% of patients via the PPMC
model of care. PPMC is an

alternative to individual medical pre-
scribing for hospitalised patients. It
has been shown to reduce the rate of
medication errors.22 Early prescrib-
ing may contribute to improved time
to medication administration; how-
ever, the present study was not
powered to detect a difference in
time to prescribing by pharmacists
compared to medical practitioners.
The criteria for activation of a sep-

sis alert locally have similarities with
previously published data for

activation of sepsis response sys-
tems.32,33 A deliberate decision was
made to avoid limiting the alerts to
only patients with organ dysfunction
in order to capture a broader group
of patients identified at triage using
basic clinical parameters. This group
of patients may subsequently be iden-
tified as having organ dysfunction or
may deteriorate and develop sepsis
while in the ED. Using this approach
led to activation of sepsis alerts for
patients who eventually did not
require an ICU admission – whether
this was because of the sepsis alert
system and aggressive early interven-
tion remains to be determined. A for-
mal process for standing down sepsis
alert activations that did not require
urgent antibiotics was developed to
ensure sustainability of the pro-
gramme. This included discussion
with the emergency physician, EM
pharmacist and treating doctor and
was documented in the patient’s medi-
cal record by the EM pharmacist.
Regular audits indicate most patients
with a sepsis alert activated in the
E&TC have a final diagnosis of
infection.
Many EDs have adopted automated

systems within electronic medical
records that alert clinicians of poten-
tial sepsis and in some cases this can
also trigger electronic sepsis care

TABLE 2. Primary and secondary outcomes of ED patients with sepsis transferred to ICU

Pre-intervention (n = 80) Post-intervention (n = 104) P-value

Antibiotics within 60 min, n (%)† 21 (26.3) 85 (81.7) <0.001

Median time to antibiotics (IQR) 91 (59.5–163.5) 38 (27–54) <0.001

Intravenous fluids within 60 min, n (%) 38 (47.5) 75 (72.1) 0.002

Serum lactate within 60 min, n (%) 40 (50.0) 81 (77.9) <0.001

Blood cultures

Within 60 min, n (%) 42 (52.5) 89 (85.6) <0.001

Before antibiotics, n (%) 60 (75.0) 71 (68.9) 0.37

All four indicators within 60 min, n (%) 8 (10.0) 52 (50.0) <0.001

LOS in ED, median hours (IQR) 6 (4–8) 6 (5–8.5) 0.45

LOS in ICU, median hours (IQR) 82.5 (40–120) 82 (50.5–143.5) 0.24

Death at hospital discharge, n (%) 9 (11.2) 15 (14.4) 0.27

LOS in hospital, median (IQR) 234.5 (142–463) 269.5 (162.5–487.5) 0.36

†Primary outcome. IQR, interquartile range; LOS, length of stay.

Figure 2. Kaplan–Meier for time to antibiotics. ( ), Pre-intervention; ( ), post-
intervention.
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pathways.25,34 Our sepsis alert
response was developed prior to the
introduction of electronic medical
records and has been maintained as a
manual process of activation based on
clinical judgement. Automation of the
sepsis response in addition to the use
of the current manual activation pro-
cess is a challenging balancing act
between alert fatigue and identifying
additional patients with sepsis, as
many of the automated systems have
high sensitivity but low specificity.
Despite both cohorts of patients

having similar demographics, com-
orbidities and source of sepsis, there
was imbalance between the cohorts
with regards to ATS category, qSOFA
scores and initial serum lactate mea-
surements. We postulate that these
observed differences could have been
an effect of improved education and
recognition of sepsis, rather than dif-
ferences in patient cohorts. Allocation
of higher ATS categories for suspected
sepsis has been previously suggested.11

Similarly, observation of higher serum
lactate could be a reflection of reduced
time to lactate measurements. How-
ever, it is also possible that patients in
the intervention arm may have been
more unwell as demonstrated in the
higher qSOFA score, higher acuity tri-
age category and serum lactate.

Limitations

Several limitations must be acknowl-
edged. This was a single-centre study
using retrospective data to collect the
primary and secondary outcomes.
The introduction of hospital-wide
monthly auditing on sepsis perfor-
mance, education, as well as specific
training of the EM pharmacists or the
sepsis alert itself may have had a
direct impact in the results, but this
was difficult to adjust for. It is possi-
ble that the results may have less
external validity and generalisability.
In addition, there was potential for
selection bias because of EM pharma-
cist availability to only attend sepsis
alerts during working hours. The
post-intervention cohort was
restricted to patients who had a sepsis
alert. Delayed recognition of sepsis is
a major contributor to worse out-
comes and this cohort could have

been biased towards better outcomes
through early recognition. However,
all patients included in the present
study were admitted to the ICU,
reflecting high disease severity. The
improvements observed in the present
study reflected the entire bundle of
care, rather than any individual
component.
Future research should aim to

examine the impact of such a model
of care across all patients including
those not requiring ICU admission
and in multiple centres in a prospec-
tive study, powered to detect a differ-
ence on mortality and length of stay.

Conclusion
Implementation of a sepsis alert
response that included early involve-
ment of the EM pharmacist was
associated with improvement in time
to antimicrobials in the ED. An
upfront, multidisciplinary approach
with the inclusion of EM pharma-
cists in the management of patients
with sepsis could be considered as
part of standard patient care.
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