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Background. The objective of this study is to evaluate the impact of an ED sepsis protocol on the time to antibiotics for emergency
department (ED) patients with severe sepsis. Methods. Quasiexperimental prospective study was conducted at the emergency
department. Consecutive patients with severe sepsis were included before and after the implementation of a sepsis protocol. The
outcomemeasures were time from recognition of severe sepsis/septic shock to first antibiotic dose delivery and the appropriateness
of initial choice of antibiotics based on the presumed source of infection. Results. There were 47 patients in preintervention
group and 112 patients in postintervention group. Before implementation, mean time from severe sepsis recognition to delivery
of antibiotics was 140 ± 97 minutes. During the intervention period, the mean time was 68 ± 67 minutes, with an overall reduction
of 72 minutes. The protocol resulted in an overall improvement of 37% in the compliance, as 62% received appropriate initial
antibiotics for the presumed source of infection as compared to 25% before the start of protocol. Conclusion. Implementation of
ED sepsis protocol improved the time from recognition of severe sepsis/septic shock to first antibiotic dose delivery as well as the
appropriateness of initial antibiotic therapy.

1. Background

Mortality from sepsis remains unacceptably high despite
recent advances in diagnostic procedures, antimicrobial
treatment, and supportive care [1]. While there are no
prospective outcome trials to support early administration
of antibiotics, prompt institution of antimicrobial therapy
that is active against the causative pathogen(s) is crucial in
the treatment of patients with severe sepsis [2]. In fact, the
Surviving Sepsis Campaign strongly recommends initiating
antibiotic therapy within the first hour of recognition of
severe sepsis, after suitable cultures have been obtained [3]. It
further recommends that the initial selection of antimicrobial
therapy should be broad enough to cover all likely pathogens.
There is ample evidence that failure to initiate appropriate
therapy (i.e., therapy with activity against the pathogen that

is subsequently identified as the causative agent) has adverse
consequences on patient outcome [4–6]. Prior studies in
severe sepsis have demonstrated improved outcomes when
adequate empiric antimicrobial agents are initiated in a timely
manner [7].

Despite strong evidence for the efficacy and cost-effect-
iveness of systematic implementation of the SSC guidelines,
translation of the guidelines into clinical practice has been
slow, incomplete, and delayed [8, 9]. An analysis of data
from 165 hospitals of more than 15,000 patients submitted to
the Surviving Sepsis Campaign demonstrated that only 68%
of patients received broad-spectrum antibiotics within 3 hrs
of ED presentation and found reduced hospital mortality
in patients that were compliant to the recommendations on
antibiotics timing [10].
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Given the challenges in many EDs, administration of
antimicrobial therapy within this 1 hr time frame is difficult,
and several specific interventions/protocols are implemented
to streamline ordering and delivery of antibiotics [11–17].
Antimicrobial treatment guidelines have been developed
for effective treatment and to decrease treatment diversity,
prevent treatment delay, and reduce the unnecessary use of
broad-spectrum antimicrobials to avoid antimicrobial resis-
tance.We developed an empiric antibiotic guideline based on
the suspected source of infection to improve the antibiotic
selection. Our hypothesis was that the use of this guideline
would decrease the time to first dose antibiotic for patients
with severe sepsis at our institution.

2. Methods

The detailed methods of the study have been described [18].

2.1. Design and Setting. Quasiexperimental study was
designed, included before- and after-intervention groups,
to measure the impact of the protocol on the mean time
to antibiotics administration and the appropriateness of
antibiotic selection. The study was conducted at the
Emergency Department (ED) of King Abdulaziz Hospital,
with 65,000 patient visits yearly.

The preprotocol period began from Jan, 2008, and con-
cluded on Mar, 2009; the postprotocol period began from
July 2009, and concluded on June 2011. Consecutive patients
presented to ED with severe sepsis and septic shock was
included. The intervention was introduced over a 3-month
period during which no patient data were collected.

2.2. Eligibility. Patients aged 18 years or older, who met
criteria for severe sepsis in the ED, presented with suspected
infection and ≥2 SIRS criteria.

Studywas approved by the Regional Scientific Committee
and Institutional Review Board, with waiver from informed
consent.

2.3. ProtocolDevelopment and Implementation. At the time of
study conception, there was nowrittenmanagement protocol
for patients with severe sepsis or septic shock in the hospital,
and antibiotics were selected at the discretion of treating
physician.

The ED sepsis protocol was developed by a multidisci-
plinary team, based on perceived need within the institution.
It included physicians from the emergency department (ED),
the intensive care service, the ID consultant, and pharmacy
staff. During the brainstorming sessions, we found the mean
time to antibiotics delivery from the time criteria for severe
sepsis were met was 140 minutes along with the reasons that
influenced the time to antibiotic delivery. First, our infectious
disease (ID) service had exclusive prescribing privileges for
certain broad-spectrum antibiotics. Before initiating any of
these antibiotics, clinicians were required to take the consent
of the on-call ID consultant to use the antibiotics empirically.
The pharmacy also required verbal confirmation from the ID
consultant before dispensing the antibiotics. There was also
a substantial delay in processing the antibiotic orders and

delivery through our automated pneumatic tube system. We
also found that there was no real urgency among the ED staff
for early initiation of antibiotics.

The protocol package consisted of an early recognition
patient screening tool for sepsis and appropriate diagnos-
tic and therapeutic interventions including initial empiric
antibiotic selection guidelines according to the suspected
source of sepsis, based on the institution’s specific bacterial
resistance patterns. Table 1 is a summary of the empiric antibi-
otic guidelines during the study period. Pharmacy was
engaged in the process to ensure that appropriate antibiotics
were sent to the emergency department within 30 minutes.
The multidisciplinary team that developed the protocol
agreed that the use of recommended antibiotic therapies
would substitute for the preordering ID approval.

Before implementing the protocol, an educational pro-
gram in the form of lectures was also designed for the
physicians and nursing and respiratory colleagues. After the
implementation of protocol, antibiotics were prescribed in
accordance with the recommended guidelines.

2.4. Data Collection and Outcome Measures. The following
variables are abstracted from patients with sepsis: triage
time, bed assignment time, physician assigned to patient,
time when criteria for severe sepsis met, time of initiation
of antibiotics, initial choice of empiric antibiotic based on
source of infection, and the emergency physician’s diagnosis.
In addition, clinical and demographic characteristics of all
patients, along with ED volume, were recorded. The visit
timeline data was used to calculate the time from the criteria
for severe sepsis met to first antibiotic dose delivery [CTA].

The time zero was defined as the time when severe
sepsis or septic shock was recognized and sepsis resuscitation
bundle initiated.

Our primary outcome was the mean time to antibiotic
administration in the ED in patients meeting criteria for
severe sepsis before and after the implementation of an ED
sepsis protocol. Our secondary outcome was in compliance
with the published Surviving Sepsis Campaign guidelines
for time to antibiotics in severe sepsis and appropriateness
of initial empiric antibiotic therapy in severe sepsis based
on locally published guidelines. Appropriate therapy was
defined as receipt of any combination of the recommended
antibiotics. Partially appropriate therapy was defined as the
receipt of only one of a recommended combination of
antibiotics, and inappropriate therapy was defined as not
having received any of the recommended antibiotics.

2.5. Statistical Analysis. The pilot data suggested that mean
time of antibiotic administration was approximately 140
minutes. To become clinically important after the proto-
col implementation, we defined 50% reduction in time to
antibiotics delivery. A sample size of 38 achieves 95% power
to detect a difference of 50% between the null hypothesis
mean of 140.0 and the alternative hypothesis mean of 70.0
with an estimated standard deviation of 97.0 and with a
significance level (alpha) of 0.05 using a two-sided Wilcoxon
test assuming that the actual distribution is normal.
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Table 1: Empiric antibiotic therapy for cases of severe sepsis or septic shock.

Suspected source of infection Antibiotic guidelines
Lung

Community acquired Moxifloxacin + cefotaxime or ceftriaxone or ceftazidime
Hospital acquired Imipenem or meropenem or cefepime

Abdomen
Community acquired Imipenem or meropenem or piperacillin/tazobactam ± aminoglycoside

Hospital acquired Imipenem or meropenem or piperacillin/tazobactam ± aminoglycoside
(consider amphotericin B)

Skin and soft tissue
Community acquired Vancomycin + imipenem or meropenem or piperacillin/tazobactam
Hospital acquired Vancomycin plus Cefepime or piperacillin/tazobactam

Urinary tract
Community acquired Ciprofloxacin or ampicillin and gentamycin
Hospital acquired Vancomycin and cefepime or carbapenem

Meningitis
Community acquired Vancomycin + ceftriaxone or cefepime
Hospital acquired Vancomycin + cefepime or ceftazidime

Neutropenic

Community acquired Carbapenem or cefepime or ceftazidime or piperacillin/tazobactam + aminoglycoside + Vancomycin
(if having CVC catheter)

Hospital acquired Same as above
Undetermined

Community acquired Vancomycin + imipenem or meropenem or cefepime
Hospital acquired Same as above

Recommended starting antibiotic dosage for treating sepsis (normal renal function): imipenem: 0.5 gm IV; meropenem: 1.0 gm IV; piperacillin/tazobactam:
3.375 gm IV; cefepime: 1.2 gm IV; ciprofloxacin: 400mg IV;moxifloxacin: 400mg IV; vancomycin: 1 g IV; ceftriaxone: 2 gm IV; cefotaxime: 2 gm IV; ceftazidime:
2 g IV.

Frequencies and means (±SD) were used to describe
the sample, and differences in baseline characteristics and
potential confounders between the two study groups were
examined using chi-squared test and 𝑡-test as appropriate.
All data was entered into a Microsoft Access 2000 database
(Microsoft Corp., Redmond, WA). Statistical analysis was
done with the Statistical Package for the Social Sciences
(SPSS), version 18.0. Statistical significance was set at the 5%
level, and all tests were two-tailed.

3. Results

3.1. Comparison of Intervention Group with Preintervention
Group. The preintervention group included 57 cases; ten
patients were excluded because of acute pulmonary edema
and acute coronary syndrome. The mean age of the patients
was 72 years, 51% were male and 55% had the septic shock.
The major sources of infection were urinary tract (30%) and
chest (28%).

The intervention group included 124 cases; 12 patients
excluded because of acute pulmonary edema and acute
coronary syndrome. The mean age of the patients was 66
years, 55%weremale and 71%had the septic shock.Themajor
sources of infection were again chest (36%) and urinary tract
(24%).

The baseline patients’ characteristics and co-morbid of
the study cohort were similar (Table 2), with no statistically
significant differences in age, sex, or APACHE II score. The
main sources of sepsis were pneumonia and urinary tract
infections in both periods.

3.2. Pattern of Antibiotic Coverage. The pattern of antimi-
crobial coverage prescribed was significantly altered by the
antibiotic guidelines. Compared with the before-guideline
group, patients in the after-guideline group more fre-
quently received broad-spectrum coverage of both Gram-
positive and Gram-negative pathogens (63% versus 24%,
𝑃 = 0.01). The use of combination Gram-negative therapy
also increased, although the difference was not significant
(42% versus 23%; 𝑃, not significant).

3.3. Time to Antibiotics in Patients with Severe Sepsis. We
observed a statistically significant decrease in time to antibi-
otics from the time criteria for severe sepsis were met (CTA),
after implementation of the ED sepsis protocol, 𝑃 value =
0.0001 (Table 3). The mean CTA time for the presepsis-
protocol group was 140 (95% CI 102–180) minutes. The
implementation of protocol led to a mean CTA time of 68
(95% CI 35–102) minutes.
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Table 2: Patients characteristics and clinical data.

Variables Results
𝑃 value

Preintervention group 46 Postintervention group 108
Age 71.7 ± 18.9 66.2 ± 18.8 0.13
Sex (male) 24 (51) 61 (55) 0.31
Septic shock 26 (55) 80 (71) 0.06
Sepsis screening

Mean arterial pressure (mmHg) 60.4 ± 16.3 56.9 ± 9.9 0.71
Heart rate (beats/min) 109 ± 22.0 104 ± 23.7 0.09
Respiratory rate (breaths/min) 24.0 ± 6.0 24.8 ± 7.2 0.74
Temperature (∘C) 36.9 ± 1.2 37.2 ± 1.2 0.66
Lactate mmol/L 3.6 ± 2.5 3.5 ± 2.5 0.66

Severity of illness
APACHE II 20.4 ± 7.4 20.7 ± 5.6 0.29

Comorbid conditions
Diabetes mellitus 31 (66) 72 (64) 0.72
Hypertension 33 (70) 76 (68) 0.6
Chronic kidney disease 7 (15) 16 (14) 0.8
Malignancy 6 (13) 13 (11) 0.6

Source of infection
Urinary tract 14 (30) 27 (24) 0.36
Pneumonia 13 (28) 40 (36) 0.14
Abdomen 7 (15) 13 (12) 0.12
Soft tissue and skin 3 (7) 9 (8) 0.87
Others, with undetermined source 5 (11) 9 (8) 0.64
Mixed (>one source) 4 (9) 14 (12) 0.79

Results expressed as mean ± SD or 𝑛 (%); APACHE: acute physiology and chronic health evaluation.

Table 3: Outcome measures.

Outcome variables Results
𝑃 value

Preintervention group Postintervention group
Primary outcome

CTA 140 minutes 68 minutes 0.0001
Secondary outcome

Appropriate antibiotic coverage 11 (25.0%) 67 (62.0%) 0.009
Partially appropriate antibiotic coverage 17 (37.5%) 26 (24.0%) 0.013
Complete inappropriate antibiotic coverage 17 (37.5%) 15 (14.0%)

Results in mean or numbers (%).
CTA: time from severe sepsis/septic shock criteria met to first antibiotic dose delivery.

Patients receiving antibiotics within 1 hour of recognition
of severe sepsis as outlined by the SSC guidelines increased
from 12.0% (95% CI, 9.5% to 24.0%) in preimplementation
group to 52.0% (95% CI, 41.6% to 63.3%) in postimplementa-
tion group (𝑃 = 0.01).

3.4. Appropriateness of Initial Empiric Antibiotic Coverage. As
shown in Table 3, appropriate initial empiric antibiotics as
described in the guidelines were received in 11 (25%) patients.
Partially appropriate antibiotic coverage was administered
in 16 (36%) and inappropriate coverage in 17 (39%). After
the implementation of protocol, appropriate initial empiric
antibiotic therapy was received in 55 (62%) patients. Partially
appropriate coverage was administered in 21 (24%) and

inappropriate coverage in 13 (14%). The protocol, therefore,
resulted in an improvement of 37% in the number of patients
initially receiving appropriate antibiotics.

4. Discussion

Survival from severe sepsis/septic shock depends on rapid
recognition, resuscitation, and treatment with appropriate
antibiotic therapy. Early goal-directed therapy in the first 6
hours after presentation of severe sepsis has shown to improve
mortality with a number needed to treat 6 patients to prevent
1 death [19].

Observational studies have shown a significant reduction
in mortality when antibiotics are administered within the
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first 4 to 8 hours of hospital presentation [20, 21]. We found
that our intervention to increase recognition of severe sepsis
resulted in earlier administration of appropriate antibiotic
therapy. Similar to earlier study [17], implementation of our
ED sepsis protocol appears to have significantly decreased
the time from recognition of severe sepsis to antibiotic
administration. With a statistically and clinically significant
improvement in time to antibiotics in severe sepsis, an
ED-based protocol has the potential to markedly improve
morbidity andmortality in this patient population presenting
to the ED.

We found a significant improvement in the time to
delivery of antibiotics. Our time to first dose was 68 minutes,
72 minutes faster than before protocol implementation.
As demonstrated [22, 23], earlier delivery of antibiotics to
patients with septic shock dramatically improves outcomes.
The earlier studies revealed that time to effective antimicro-
bial therapy in septic shock had the strongest associationwith
outcome [22], and a delay in antibiotics until after shock
recognitionwas independently associatedwithmortality [13].
It is shown that in patients with severe sepsis and septic
shock, the risk of in-hospital mortality was 8 times greater in
patients receiving inadequate therapywithin the first 24 hours
compared with those receiving adequate empiric antibiotic
therapy [24].

There are many reasons for the decrease in time to
first dose of antibiotic. Following a written sepsis protocol
increased the recognition of sepsis and septic shock by ED
providers. In addition, the protocol offered more access to
broad-spectrum antibiotics without the involvement of ID
service. Similarly, the involvement of pharmacy services also
expedites delivery of antibiotics to ED. Finally, the increased
awareness by educational sessions that were carried out
before the start of the protocol (the “Hawthorne effect”) could
have accounted for this improvement [25].

We believe that the delays seen in initiation of antibiotics
in severe sepsis and septic shock are often a product of
poor early recognition. The time to antibiotic therapy can be
used as a surrogate marker of early recognition and prompt
management. In an effort to streamline the recognition and
management of these patients, we devised a sepsis protocol
that included a patient screening tool that could be activated
at triage or at the bedside, as well as a data order set including
recommended initial empiric antibiotics based on suspected
source of infection.

Previous studies have found that an inappropriate antimi-
crobial agent is received by 35% of cases where the physician
chooses the agent based on clinical judgment alone [26]. Our
data support this finding. Patients in the before-intervention
group received single antibiotic that covered only part of the
bacterial spectrum, whereas patients in the after-intervention
group frequently received combination therapy that covered
the entire bacterial spectrum. It is found that the use of
localmicrobiological data increases the likelihood of effective
therapy [27]. Our results also revealed significant improve-
ment in the adequacy of empiric antimicrobial therapy by
the use of an institution-specific antibiotic guideline. In a
previous study of similar design and similar intervention,
using an antimicrobial guide on the severe sepsis order sheet

resulted in improved adequacy of antibiotic therapy [28].
Despite the multidisciplinary education, the guidelines were
either not followed or only partially followed in 38% of cases.
We hypothesize that personal preferences and not practicing
evidence based medicine could be the reasons for the poor
adherence.

We also found that although the protocol had a significant
improvement on the time severe sepsis criteria were met to
time of antibiotic administration, the real benefit in time
to antibiotics administration occurred once the sepsis was
recognized early. At the start of the project, we were hoping
that the protocol would be initiated at triage for the earlier
identification of these patients; however, we found that it was
activated only after being seen by the physicians.

There are few limitations to this study. First, it is a single
center study, which may not reflect care provided at all
hospitals. Furthermore, we did not design this study to detect
a difference in outcome of patients treated for sepsis before
and after the implementation of protocol.

5. Conclusions

This study demonstrates that the potential beneficial effects
of the development and implementation of a sepsis protocol
that emphasized on early broad-spectrum antibiotic based
on the presumed source of infection can improve the time
to antibiotic and the appropriateness of empiric antibiotic
therapy.

Further protocol modification is in place, “to activate the
sepsis protocol at the triage” to further reduce the time to first
dose of antibiotic.
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