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Abstract

Introduction: Sepsis is a life-threatening medical emergency and a leading cause of morbidity 

and mortality worldwide. Reductions in time to antibiotics in patients presenting with sepsis or 

septic shock are associated with reduced mortality, and Surviving Sepsis Campaign guidelines 

recommend antibiotics within one hour of recognition. Pharmacists are well-equipped to help 

navigate the therapeutic and operational challenges associated with achieving this goal.

Objectives: To assess the association of pharmacist involvement in sepsis response with time to 

antibiotics in hospitalized patients with sepsis and septic shock.

Methods: A systematic review of the following databases was conducted: PubMed/MEDLINE, 

Embase, Cumulative Index to Nursing and Allied Health Literature (CINAHL), and Web of 

Science. Studies must have included a designated role of an individual pharmacist in the 

management of sepsis or septic shock and not be considered an operational change. The primary 

outcome of interest was time to antibiotic administration, with secondary outcomes including 

intensive care unit (ICU) and hospital length of stay as well as in-hospital mortality.

Results: We identified 10 studies including 1772 patients with sepsis or septic shock that 

evaluated a sepsis response in which a pharmacist was included. Studies included patients in the 

ICU, emergency department, and hospital ward setting. Seven studies demonstrated a significant 

reduction in time to antibiotics, with two other studies supporting this conclusion in extrapolation 

or sensitivity analysis. There was not a consistent reduction in ICU or hospital length of stay 

nor in-hospital mortality between those interventions involving a pharmacist compared with their 

defined control groups.
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Conclusion: Pharmacist involvement in sepsis response, often as part of a multi-professional 

team-based approach to sepsis care, is associated with a reduced time to antibiotic administration 

for hospitalized patients with sepsis or septic shock.
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Sepsis is a leading cause of death in hospitalized patients with mortality ranging from 

27–42% depending on severity, and is a leading cause of death worldwide responsible 

for up to 20% of all global deaths.1, 2 Although there is no targeted therapy for sepsis, 

early recognition and treatment are paramount to improving clinical outcomes. Delays in 

antibiotic therapy are associated with increasing mortality,3 including an estimated decrease 

in survival of 7.6% for every hour delay of antibiotics in patients with septic shock.4 This 

recognition has prompted the Surviving Sepsis Campaign to offer a strong recommendation 

to administer antimicrobials immediately (ideally within one hour of recognition) in adults 

with possible septic shock or a high likelihood for sepsis.5

Many institutions have implemented sepsis treatment bundles and other quality improvement 

initiatives aimed at improving the recognition of sepsis and time to appropriate triage and 

antibiotics. However, ensuring the ordering of antibiotics leads to timely administration 

of antibiotics continues to be a challenge for health-systems,6 leading some to suggest 

antibiotic order-to-infusion time as a potential quality metric in septic shock.7 Potential 

challenges to this include staff shortages, drug shortages, patient transport, and other 

potential operational barriers, as well as attempts to balance the need for early recognition 

and antibiotics with appropriate antimicrobial stewardship. Given the focus on optimizing 

antimicrobial selection for the appropriate suspected pathogens as well as navigating the 

institutional logistics of medication preparation and delivery, pharmacists are uniquely 

suited to participate in these medical emergencies.5 Thus, we conducted a systematic 

review of interventions that included pharmacist involvement in sepsis response and time 

to antibiotics.

METHODS

Our objective was to evaluate the published literature to determine if pharmacist 

involvement, including participation in a sepsis response team, was associated with a 

reduced time to antibiotics in patients presenting with sepsis or septic shock. Adult patients 

with a diagnosis of sepsis or septic shock represented the population of interest. For the 

purpose of this review, we defined pharmacist involvement as inclusion of a pharmacist 

with a defined role in the sepsis response. Furthermore, we focused on specific activities 

requiring participation of an individual pharmacist in sepsis response rather than operational 

changes (e.g., stocking antibiotics in automated dispensing cabinets, change of an order 

set making all antibiotics STAT). Comparator groups were study specific and were not 

strictly defined for inclusion into this review. The primary outcome of interest was time to 

antibiotics. The review protocol was registered on the International Platform of Registered 

Systematic Review and Meta-analysis Protocols8 and reported according to the guidelines 
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set forth by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) criteria.9

Search Strategy

With the assistance of an experienced medical librarian, we performed a systematic literature 

search using combinations of controlled vocabulary, title, and abstract keywords using 

Boolean operators. We searched the following databases from inception to June 28, 2022: 

PubMed MEDLINE (PubMed.gov), Embase (Elsevier), Cumulative Index to Nursing and 

Allied Health Literature – CINAHL (EBSCO), and Web of Science Core Collection 

(Clarivate Analytics). The complete search strategy employed is presented in Supporting 

Information, Table 1. Bond University’s Polyglot Search Translator tool was used to assist 

in translating the PubMed MEDLINE search into the syntax of the other databases.10 

Reference lists of relevant articles were also reviewed for pertinent literature. Studies were 

sorted and duplicates removed using EndNote X9 (Clarivate Analytics, London, United 

Kingdom).

Study Selection and Outcome of Interest

We included cohort studies (retrospective or prospective) and randomized controlled trials 

or other randomized initiatives. To be considered further for inclusion, studies focused 

on sepsis and time to antibiotics must have clearly defined an active, intentional role for 

the pharmacist in the sepsis response. This required the attention of a unique, individual 

pharmacist rather than an operational change to how antibiotics were ordered or stocked in 

the hospital. We excluded conference abstracts, reviews, and editorials. Two authors (PEA 

and AHF) independently screened articles at the title and abstract level with full text review, 

if necessary. Any discrepancies were resolved through detailed discussion with consultation 

from a third author (MLTB), if necessary.

Data Extraction, Outcome Definitions, and Quality Assessment

Two authors (PEA and AHF) independently extracted identified data elements from included 

studies. The following data points were extracted from each included article: study author, 

publication year, study design, time period study was conducted, patient population, bundle 

elements of the intervention group, specific role of the pharmacist as described, and 

definitions of the comparator group. If pertinent data were not reported, corresponding 

authors of published manuscripts were contacted via e-mail with requests for additional 

information, if available.

The primary outcome was time to antibiotic administration as defined by each study. Due 

to variations in the quantitative reporting of this outcome (mean vs. median vs. proportion), 

a meta-analysis was not performed. Secondary outcomes included intensive care unit (ICU) 

length of stay, hospital length of stay, and in-hospital mortality. Any additional findings 

deemed notable by the data extractors regarding the pharmacist response were recorded as 

well during data extraction.

Two authors (MLTB and MEL) independently performed a quality assessment for each 

study. Discrepancies were resolved via consultation with a third reviewer (AHF). Given the 
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types of study designs anticipated for this research question, we used the Newcastle-Ottawa 

Scale for observational cohort studies.11 This scale assesses eight different components of 

study design among three main categories: selection of patients, comparability of cohorts, 

and outcome assessment. Points were totaled for each study and studies scoring 7–9 were 

assessed as low risk of bias, those scoring 4–6 assessed as high risk of bias, and those 

scoring 0–3 as very high risk of bias.

RESULTS

Studies Included

After removal of duplicates, the search strategy yielded 2107 citations from the databases 

searched. Following the application of inclusion and exclusion criteria, 9 studies were 

retained for inclusion. An additional study was identified from the review of bibliographies 

of these previously retained studies for a total of 10 studies included in this systematic 

review (Figure 1).12–21 These 10 studies include 1772 patients with sepsis or septic shock, 

were conducted during 2006–2019, and published during the time period of 2008–2022.

Study Characteristics

An overview of included studies is presented in Table 1. Six studies were retrospective, 

observational cohorts,12, 14, 15, 17–19 three studies were prospective, observational 

cohorts,13, 16, 21 and a single study was a randomized, controlled, quality improvement 

initiative.20 All of the studies occurred in hospitalized, adult patients. Eight of the identified 

studies were conducted in academic medical centers12–16, 18–20 while two were performed 

at community hospitals.17, 21 Three studies evaluated septic patients in the emergency 

department,18, 20, 21 three studies were performed in a single intensive care unit,13, 16, 17 

two studies were performed in non-critically ill patients,12, 19 and two studies were not 

restricted by location in the hospital.14, 15 The quality assessment for each study is shown 

in Supporting Information, Table 2. Two studies were assessed as low risk of bias (score 

of 7–9),16, 20 while the remaining eight studies were assessed as high risk of bias (score of 

4–6).12–15, 17–19, 21 No studies were assessed as very high risk of bias (score of 0–3).

Pharmacists were specifically identified as key participants in all included studies per the 

inclusion criteria of the systematic review. Eight studies specifically noted a pharmacist 

responding to the bedside and interacting with other members of the health care team 

to consult and facilitate antibiotic order placement and verification,13–19, 21 one study 

described pharmacists “huddling” with providers when notified of a sepsis notification,20 

and one study described pharmacists calling the nursing unit if no antibiotics were placed 

after 15 minutes of a sepsis alert and facilitating antibiotic ordering if needed, including 

a protocol which allowed for the pharmacist to select antibiotics if the provider was 

engaged in other aspects of care.12 Six studies compared a sepsis bundle response or sepsis 

quality improvement initiative which included a pharmacist in some capacity, with the 

comparator group representing prior or concurrent care of sepsis patients without the bundle 

or quality improvement initiative (e.g., historical control).12–14, 16, 17, 19 Two studies more 

directly compared the presence or involvement of a pharmacist as the sole intervention (the 

control group was theoretically similar care only without a pharmacist present),18, 21 while 
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pharmacist involvement was one of two defined interventions (in addition to an icon change 

on a status board in the emergency department) in one study.20 A single study included no 

comparator group.15 Complete details of pharmacist intervention and comparator groups are 

provided in Table 1.

The definition of “time to antibiotics” was defined by each study and represented the 

time interval between a specific index event and documented antibiotic administration. The 

index events which initiated the antibiotic timing measurement were a combination of: time 

of patient arrival with sepsis (4 studies),16, 17, 20, 21 time of sepsis response triggered (4 

studies),12–15 or time of antibiotic order placement (2 studies).18, 19 Eight studies reported 

the time to antibiotics as a continuous measurement (mean or median)12–15, 18–21 and two 

studies as a proportion meeting a defined timing threshold.16, 17 Complete information for 

this measurement and study outcomes are provided in Table 2.

Time to Antibiotics

Seven of the ten studies included in our review reported a significant reduction in time 

to antibiotics with sepsis response teams or protocols which included a pharmacist with 

defined involvement in sepsis resuscitation.12, 14, 16, 18–21 One study did not find a difference 

in any outcomes assessed, and considered variable education and use of the alert for all 

participating groups as a potential explanatory factor.17 In a study by Chanas and colleagues, 

a reduction in time to antibiotics was not observed; however, pharmacists only responded 

to 67% of sepsis notifications.13 In a secondary analysis, the authors reported when a 

pharmacist responded and significantly more patients received antibiotics within 1 and 3 

hours of the sepsis notification compared with sepsis alerts without a pharmacist present (see 

Table 2 for further details), providing support for the pharmacist’s role in particular rather 

than the sepsis notification system as a whole.13 A study by Laine and colleagues did not 

include a comparator group to assess a baseline time to antibiotics.15 This was a follow-up 

study (years evaluated: 2012–2014) of a different cohort of patients than described by Flynn 

and colleagues in the same institution (years evaluated: 2008–2011).14 While no control 

group was included in Laine and colleagues, the median time to first dose of antibiotics was 

43 minutes, which is a numeric reduction when compared with the control group from Flynn 

and colleagues (2.4 hours) at the same institution.14, 15

In addition to improving the time to administration, two studies reported the pharmacist 

intervention was associated with improved selection of antimicrobial therapy.15, 18 In 

Moussavi and colleagues, pharmacist interventions were associated with an improved 

proportion of patients receiving appropriate initial antibiotics in sepsis per guidelines (97% 

vs. 81%; p=0.0008).18 Laine and colleagues showed that at the time of sepsis bundle 

activation, the antibiotics ordered would have covered the eventual pathogen isolated 66% 

of the time. However, after documented pharmacist intervention, this was increased to 80% 

(p=0.04).15

Secondary Outcomes

Of the 10 included studies, 6 reported on ICU and hospital length of stay.13–15, 17, 18, 20 Of 

those 6 studies, 4 included a comparator group for ICU and hospital length of stay. There 
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were no significant differences reported in ICU or hospital length of stay in any of these four 

studies.14, 17, 18, 20 Of the 10 included studies, 7 reported on in-hospital mortality.13–18, 20 Of 

those 7 studies, 5 included a comparator group for in-hospital mortality. Of these 5 studies, 

one study found an association with reduced in-hospital mortality16 while 4 other studies 

did not.14, 17, 18, 20 Of note, with a slightly different measurement, Beardsley and colleagues 

noted a reduction in their institution’s adjusted mortality index for sepsis.12

DISCUSSION

Our systematic review found a majority of studies which included a pharmacist as part 

of sepsis response improved the time to antibiotics in hospitalized patients with sepsis 

or septic shock. This improvement in time to antibiotics did not necessarily carry over 

to other outcomes consistently, such as length of stay or in-hospital mortality, although 

these outcomes were not reported by all studies and the individual studies may have been 

underpowered to assess these clinical outcomes.

The metric of time to antibiotics in sepsis and septic shock has been widely debated for 

years, and readers are referred elsewhere to detailed critiques of this metric in sepsis.22, 23 

Nevertheless, guidelines from the Surviving Sepsis Campaign recommend immediate 

antimicrobial administration for patients with possible septic shock or a high likelihood 

for sepsis, ideally within one hour of recognition (strong recommendation, low quality of 

evidence for septic shock; strong recommendation, very low quality of evidence for sepsis 

without shock).5 Upon specific review of data presented in Table 2, many studies were not 

only able to improve the time to antibiotics with inclusion of a pharmacist in the sepsis 

response, but also were able to meet this lofty, often difficult to obtain, one-hour metric as 

assessed by the mean/median time to antibiotics. Although the Surviving Sepsis Campaign 

guidelines includes a provision that “…application of pharmacokinetic/pharmacodynamic 

principles can be aided by clinical pharmacists”,5 results from this systematic review 

suggest pharmacists can play an even more fundamental role in sepsis response in terms 

of operationalizing correct and rapid antibiotic administration. Patients included in this 

systematic review spanned the geography of the hospital environment, and pharmacists 

maintain practice settings in a diversity of areas such as hospital wards, ICUs, and EDs, and 

are available to navigate nuances of medication use in specific environments of the hospital.

Due to their extensive medication knowledge, including specific therapeutic as well as 

logistic knowledge of medication ordering and dispensing in the hospital environment, 

pharmacists are well-equipped to help teams expedite antibiotics for these high-risk 

patients. This is in many ways analogous to pharmacists’ documented role in improving 

time to other critical therapies, such as thrombolytics in ischemic stroke and reversal 

agents in bleeding.24, 25 Ascertaining which specific steps in the medication use process 

were impacted by pharmacists is difficult to assess from the studies included, however, 

a few studies provide insight. For example, in a study by Beardsley and colleagues 

which involved pharmacists making contact when antibiotics were not ordered within 

15 minutes, pharmacists ordered antibiotics in 28% of cases. This supports the notion 

that while other health care providers acknowledge the importance of early antibiotics, 

this patient population is high acuity and often has competing priorities for care (i.e., 
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patient transport, procedures, diagnostics) that may detract from antibiotics being ordered 

in a timely fashion.12 This reduction in time to ordering antibiotics was similarly 

demonstrated by Tarabichi and colleagues,20 who also showed what other included studies 

reported:18, 19 pharmacists improve the time interval from antibiotic order placement to 

administration in sepsis. This is likely to be a combination of awareness of the urgency 

for antibiotics in a sepsis patient, increased attention to rapid order verification, and 

facilitating antibiotic product into the hands of nursing for rapid administration. Further, 

operational improvements in pharmacy dispensing and workflow continue to be important in 

improving time to antibiotics.12, 26–29 Of equal if not greater importance, pharmacists also 

have a documented impact on improving the appropriate selection of antimicrobials, thus 

optimizing the chance patients receive not only rapid, but appropriate antimicrobial coverage 

in this medical emergency, particularly septic shock.15, 18 Inappropriate initial antimicrobial 

therapy is associated with increases in mortality, particularly for bacterial infections, but 

supporting data for fungal infections exist as well.30–32 Pharmacists are well-equipped to 

assess important factors involved in this selection such as recent infectious episodes, prior 

culture results, risk factors for resistant organisms, and patient allergies, as well as assist 

with other aspects of sepsis management such as assisting the team with the assessment and 

initiation of fluids and vasopressors. In addition, delays in the second dose of antibiotics 

in patients admitted from the emergency department are an increasingly recognized issue 

and associated with worse clinical outcomes, including mortality.33 Although not formally 

evaluated in this review, pharmacists are naturally positioned to reduce or eliminate these 

delays in further doses during a patient’s transition of care.

This is the first systematic review of pharmacist involvement in sepsis response and 

association with an important metric in time to antibiotics. The review is strengthened 

by a comprehensive search strategy and assessment of pharmacist involvement on other 

related outcomes, such as appropriate antibiotic selection. There are also noted limitations 

important to recognize. First and foremost, only two studies evaluated the pharmacist as the 

sole intervention in comparison to a defined control group. In the other studies, pharmacists 

were included to varying degrees as part of larger interventions and sepsis response teams. 

Control groups were often different between studies and included historical or concurrent 

controls, depending on the study. Given the retrospective nature of the majority of the 

studies, we are unable to dissect the contribution of pharmacist participation while holding 

the effect of other team members as part of the sepsis response team constant. Given 

that early recognition is the rate-limiting step to early antibiotic administration, pharmacist 

interventions in sepsis care as described in this review are likely optimized when there 

is a coordinated sepsis response within the institution. Second, only one study included 

randomization while the remainder were cohort designs, often of smaller sample size, 

indicating residual confounding or selection bias may still be present. Most of the studies 

were classified as high risk of bias when formally assessed, primarily for lacking definitive 

assessments of comparability and follow-up. Third, time to antibiotics was defined uniquely 

by each study, which may influence how the findings are interpreted. In addition to this 

and variations in the metric reporting time to antibiotics (mean vs. median vs. proportion), 

we were unable to conduct a formal meta-analysis. Fourth, publication bias may be present 

given the relative lack of “neutral” studies observed. Lastly, the majority of studies were 
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conducted at academic medical centers. Translating the benefit of pharmacist involvement in 

sepsis response to other types of hospitals and health care systems deserves further research.

CONCLUSION

Pharmacist involvement in sepsis response, often as part of a multi-professional team-based 

approach to sepsis care, is associated with a reduction in time to antibiotics. This reduction 

appears to be driven by a combination of reduction in time to ordering antibiotics, time to 

verifying ordered antibiotics, and facilitating antibiotic delivery to the bedside. In addition, 

pharmacist participation may improve the appropriate selection of antibiotics in this high-

risk patient population.
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Figure 1. 
Study inclusion and exclusion. CINAHL = Cumulative Index to Nursing and Allied Health 
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