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Objectives: We sought to systematically review and meta-analyze 
the available data on the association between timing of antibiotic 
administration and mortality in severe sepsis and septic shock.
Data Sources: A comprehensive search criteria was performed 
using a predefined protocol.
Study Selection: Inclusion criteria: adult patients with severe sep-
sis or septic shock, reported time to antibiotic administration in 
relation to emergency department triage and/or shock recogni-
tion, and mortality. Exclusion criteria: immunosuppressed popula-
tions, review article, editorial, or nonhuman studies.
Data Extraction: Two reviewers screened abstracts with a third 
reviewer arbitrating. The effect of time to antibiotic administration 
on mortality was based on current guideline recommendations: 
1) administration within 3 hours of emergency department triage 
and 2) administration within 1 hour of severe sepsis/septic shock 
recognition. Odds ratios were calculated using a random effect 
model. The primary outcome was mortality.
Data Synthesis: A total of 1,123 publications were identified and 
11 were included in the analysis. Among the 11 included studies, 
16,178 patients were evaluable for antibiotic administration from 
emergency department triage. Patients who received antibiotics 
more than 3 hours after emergency department triage (< 3 hr ref-
erence) had a pooled odds ratio for mortality of 1.16 (0.92–1.46; 
p = 0.21). A total of 11,017 patients were evaluable for antibi-
otic administration from severe sepsis/septic shock recognition. 
Patients who received antibiotics more than 1 hour after severe 
sepsis/shock recognition (< 1 hr reference) had a pooled odds 

ratio for mortality of 1.46 (0.89–2.40; p = 0.13). There was no 
increased mortality in the pooled odds ratios for each hourly delay 
from less than 1 to more than 5 hours in antibiotic administration 
from severe sepsis/shock recognition.
Conclusion: Using the available pooled data, we found no signifi-
cant mortality benefit of administering antibiotics within 3 hours of 
emergency department triage or within 1 hour of shock recogni-
tion in severe sepsis and septic shock. These results suggest that 
currently recommended timing metrics as measures of quality of 
care are not supported by the available evidence. (Crit Care Med 
2015; XX:00–00)
Key Words: antibacterial agents; antibiotics; septic shock; severe 
sepsis; shock recognition; timing of antibiotics

Severe sepsis and septic shock remain a major cause of 
emergency department (ED) visits and ICU admissions 
and are associated with significant morbidity, mortality, 

and healthcare costs (1, 2). Previous studies have suggested 
improved outcomes with the implementation of a structured 
resuscitation, focusing largely on IV fluid resuscitation, timely 
broad-spectrum antibiotics, and vasopressor therapy (3–7). 
Although some authors have suggested the primacy of timely 
antibiotics administration for improved mortality in severe 
sepsis and septic shock (8, 9), previously published research 
evaluating the association of the time to antibiotic administra-
tion on outcomes has produced disparate results.

In 2006, Kumar et al (10) reported a 7.6% increase in 
mortality in patients with sepsis for each hourly delay after 
the onset of shock. Although subsequent studies have failed 
to demonstrate such substantial results, several studies have 
reported increased mortality associated with delays in anti-
biotic administration either from shock recognition or time 
from ED triage (8–10). Other studies have not demonstrated 
any increase in mortality with delay of antibiotic administra-
tion based on triage time (11, 12).

The most recent Surviving Sepsis Campaign (SSC) guide-
lines include specific recommendations regarding the timing 
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of antibiotics: “The administration of effective IV antimi-
crobials within the first hour of recognition of septic shock 
(grade 1B) and severe sepsis without septic shock (grade 1C) 
should be the goal of therapy” (13). Additionally, the SSC 
recommends a “sepsis bundle,” which requires administra-
tion of broad-spectrum antibiotics within 3 hours from ED 
triage. The authors of the SSC guidelines note that achiev-
ing these goals may not be operationally feasible in some 
cases and acknowledge that previous research has shown 
that compliance with guidelines regarding antibiotic admin-
istration frequently is not achieved (12–14). Despite these 
limitations, time to antibiotics administration has gained 
increasing focus as a potential metric for the quality of care 
of patients with severe sepsis and septic shock (15).

To our knowledge, no previous study has pooled the avail-
able data to evaluate the impact of time to antibiotics on sepsis 

outcomes. Our objective was to perform a systematic review 
of the published literature and to meta-analyze the available 
data on the association between the timing of antibiotics and 
mortality in severe sepsis and septic shock.

METHODS
We developed and followed a comprehensive protocol and data 
collection instrument that followed Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (16) recommendations 
prior to the start of the study. As this was not a study of human 
subjects but rather a synthesis of the previously published litera-
ture, it was exempt from institutional review board approval.

Search Strategy
A comprehensive literature search was performed using a pre-
defined, written protocol of The Cochrane Database, CINAHL, 

PubMed, and Scopus databases 
with no start date to January 
2015. The search criteria, devel-
oped with the help of a medi-
cal librarian, used the following 
Medical Subject Headings terms:

1.   Septic shock OR Severe sep-
sis OR Sepsis AND

2.   Antibacterial agents OR 
Antibiotics

Inclusion and Exclusion 
Criteria and Outcomes
Articles were eligible for inclu-
sion if they evaluated human 
patients with severe sepsis or 
septic shock, reported timing of 
antibiotic administration from 
ED triage and/or septic shock/
severe sepsis recognition, and 
reported mortality data. Stud-
ies involving nonhumans, those 
involving patients less 18 years 
old, and those focused solely 
on neutropenic or immuno-
compromised subjects were 
excluded. Review articles, edi-
torials, case studies, and letters 
to the editor were excluded, 
although bibliographies were 

TABLE 1. Scoring Criteria for Included Articles in Systematic Review

Score Study Design
Identification of  

Patients With Sepsis
Population  
Sampling

Data on Timing of  
Antibiotics

2 Implementation Standard, consensus definition Consecutive or random Prospectively entered

1 Prospective Nonstandard criteria Convenience Described record extraction

0 Retrospective Not defined or unknown Not specified or unknown Not described or unknown

Maximum score of 8: 0–3 low quality, 4–6 moderate quality, and > 6 high quality.

Figure 1. Flowchart for inclusion in systematic review and meta-analysis.
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evaluated for relevant articles. Given an anticipated limited avail-
ability of high-quality clinical trials evaluating our stated objective, 
all study types, except those previously mentioned, were eligible 
for inclusion. If the time to antibiotics or mortality was not explic-
itly reported, the study was potentially eligible for inclusion pend-
ing author contact. The primary outcome was mortality.

Study Selection
Two authors (S.A.S., J.P.) independently reviewed abstracts of all 
relevant studies yielded from the initial search. In cases of dis-
agreement, a review of the full article was conducted and inclu-
sion determined by a third reviewer (A.E.J.). The full article of each 
study passing the relevance screen was independently reviewed for 
eligibility by two authors (S.A.S., W.R.M.). In cases of disagree-
ment, a third reviewer (A.E.J.) determined inclusion. Data abstrac-
tion was performed using a standard data collection form for each 
study identified for final inclusion. For articles that did not include 
complete data for inclusion in the meta-analysis portion, corre-
sponding authors were contacted for additional information.

Quality Assessment
Though there is limited validity of scoring nonrandomized 
control trials for quality (17), we elected to utilize a scoring 
system to determine study quality, given the anticipated inclu-
sion of multiple study types. Therefore, we developed prede-
termined a scoring system for all included studies based on 
commonly excepted measures of quality, with four categories 
were scored between 0 and 2 (Table 1).

Timing of Antibiotic Administration and  
Statistical Analysis
The effect of time to antibiotic administration on mortality 
was assessed in two ways based on the SSC guideline recom-
mendations (13): 1) antibiotic administration within 3 hours 
of hospital presentation/ED triage and 2) antibiotic adminis-
tration within 1 hour of severe sepsis/septic shock recognition.

To assess the association between mortality and the time to 
antibiotics from triage, the antibiotic timing was categorized as 
within 3 hours of triage or 3 hours and longer from triage with 
the former used as the reference group. To evaluate association 
between mortality and the time from septic shock/severe sepsis 
recognition to antibiotic administration, the antibiotic timing 
was categorized as within 1 hour or more than 1 hour from 
shock/severe sepsis recognition. We also performed a sensi-
tivity analysis of the effect of time to antibiotics from severe 
sepsis/shock recognition in hourly increments (1–2, 2–3, 3–4, 
4–5, > 5 hr) using less than 1 hour as the reference group. Odds 
ratios (OR) and 95% CIs were calculated using a random effect 
model (18). Publication bias was assessed using funnel and 
L’Abbe plots. Heterogeneity was assessed using Cochran Q test.

RESULTS

Study Inclusion
Our comprehensive literature search yielded 1,123 publications 
for possible inclusion. Of these, 36 were deemed relevant and 

eligible for full review with good interrater agreement (98.5%) 
in those identified. After full review and adjudication, 18 articles 
were deemed potentially eligible for inclusion. Of these, nine 
contained data for meta-analysis and nine required author con-
tact for clarification of the data. After author contact, two articles 
provided additional data, leaving 11 articles for the full meta-
analysis (Fig. 1). A summary of reasons for exclusion at each stage 
of the analysis is shown in Table 2. Of the 11 included articles, 
three contained only data for timing from triage, five contained 
only data for timing from severe sepsis/septic shock recognition, 
and three contained data for both time points. All of the studies 
included in the meta-analysis were considered  moderate-to-high 
quality (> 4 points) by our quality score (Table 3).

Study Descriptions and Analyses
A list of 18 studies potentially eligible for inclusion were system-
atically reviewed and summarized in tabular format for the study 
characteristics, main findings, justification for inclusion/exclusion 
in meta-analysis, and quality assessment and listed in Table 3.

Six of the 11 included studies contained the necessary data 
on 16,178 patients for inclusion in the analysis of the effect 
of time to antibiotic administration from triage on mortality.  

TABLE 2. Summary of Reasons for Exclusion 
at Each Stage of Search

Reason for Exclusion No. of Reports

After relevance screen

    No antibiotic timing 131

    Mortality data 10

    Wrong focus/wrong group 608

    Editorial, Letter, Conference articles 104

    Neutropenic/immunocompromised 64

    Nonhuman study 73

    Pediatrics 10

    Non-English 4

    Antibiotic prophylaxis 83

    Total 1,087

After article review

    Wrong focus/wrong group 9

    Review/abstract 3

    Mortality data 5

    Non-English 1

    Total 18

After author contact

    Failed author contact 5

    Positive author response but unable  
to use data

2

    Total 7
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A total of 10,208 patients receiving antibiotics within 3 hours 
of triage of whom 2,574 died and 5,970 patients receiving anti-
biotics in 3 or more hours after triage of whom 1,793 died. As 
seen in Figure 2, the pooled OR for patients who received anti-
biotics 3 or more hours after triage was 1.16 (95% CI, 0.92–
1.46; p = 0.21) as compared to those that received antibiotics 

within 3 hours of triage. No statistical heterogeneity (p = 0.09) 
or publication bias was observed.

Eight of the 11 studies contained the necessary data on 
11,017 patients for inclusion in analysis of the effect of time to 
antibiotics administration from severe sepsis/septic shock rec-
ognition. A total of 3,335 patients were included in the within 

TABLE 3. Summary of Included Studies

Authors
Patient  

Location
Primary  

Outcome Study Sites Years Conducted
No. of  

Patients Timing of Antibiotics
Quality Scoring 
(Maximum = 8)

Reason for  
Exclusion Primary Finding

Bloos et al (29) ICU 28-d mortality Multicenter, German 2010–2011 1,011 Sepsis recognition 6 Included No significant association between TTA 
and survival

Bruce et al (30) ED 3 hr Surviving Sepsis 
Campaign targets,  
in-hospital mortality

Single center, United States 2011–2012 195 Triage 4 Included Protocol implementation reduced TTA 
but did not significantly improve 
mortality

Cullen et al (31) ICU TTA Single center, Australia 2005–2008 89 Sepsis recognition 4 Mortality data Median TTA and time to appropriate 
antibiotics exceeded 1 hr

Ferrer et al (34) ICU In-hospital mortality Multicenter, Europe 2005–2007 2,796 Sepsis recognition 8 Included Early antibiotic treatment was 
associated with improved mortality

Ferrer et al (8) ED/ICU In-hospital mortality Multicenter United States, 
Europe, South America

2005–2010 17,990 Sepsis recognition and 
triage

5 Included Delay in antibiotic associated with no 
increased mortality in unadjusted 
analysis but increased mortality in 
adjusted analysis

Gaieski et al (9) ED In-hospital mortality Single center, United States 2005–2006 261 Sepsis recognition and 
triage

5 Included No significant association from triage 
TTA and mortality. Significant 
association with mortality and 
appropriate antibiotics in < 1 hr

Gurnani et al (32) ICU TTA and appropriate fluid 
resuscitation

Single center, United States 2006–2007 118 Sepsis recognition 8 Mortality data A sepsis protocol emphasizing early 
antibiotics and adequate fluids 
improved clinical outcomes

Hitti et al (33) ED TTA from order Single center, United States February 2008 to May 2008 110 Triage 5 Mortality data Storing antibiotics in the ED reduces TTA

Hutchison et al (19) Not specified Discharge status, hospital/
ICU LOS, TTA, cost

Single center, United States 2008–2009 119 Triage 6 Mortality data Significant reduction in TTA, but no 
difference in mortality

Joo et al (35) ED In-hospital mortality Single center, Korea 2008–2012 591 Triage 4 Included Antibiotics within 3 hr of ED arrival 
associated with improved mortality

Kumar et al (10) ED/ward/ICU In-hospital mortality Multicenter, United States, 
Canada

1989–2004 2,731 Sepsis recognition 5 Included Antibiotics in 1st hr of hypotension 
increased survival

Mok et al (36) Ward/ICU TTA Single center, Canadian 2009–2010 100 Sepsis recognition 5 Mortality data Median TTA exceeded 1 hr time frame

Puskarich et al (11) ED In-hospital mortality Multicenter, United States 2007–2009 291 Sepsis recognition and 
triage

7 Included No increase in mortality with hourly 
delays from triage or sepsis 
recognition

Ryoo et al (37) ED 28-d mortality Single center, United States 2010–2012 426 Sepsis recognition 4 Included Mortality did not increase with hourly 
delays to antibiotics

Tipler et al (38) ED/ICU TTA from physician order Single center, United States 2008–2010 209 Sepsis recognition 5 Mortality data A sepsis protocol improved TTA, but TTA 
still > 1 hr time frame

Venkatesh et al (12) ED Time to septic shock 
recognition

Single center, United States 2006–2008 267 Sepsis recognition and 
triage

5 Mortality data TTA from triage would misclassify 
performance on a large number of pts

Vilella and Seifert (14) ED TTA, appropriate antibiotics Single center, United States 2010–2011 184 Triage 5 Included Times to 1st and last antibiotics were 
not associated with survival

Yokota et al (39) ICU Bundle compliance, 
appropriate antibiotics

Single center, Brazil 2005–2012 1,279 Sepsis recognition 5 Included Appropriate antibiotics improved 
mortality

ED = emergency department, TTA = time to antibiotic, LOS = length of stay.
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1 hour of recognition group of whom 1,174 died and 7,682 
patients received antibiotics in 1 or more hours after severe 
sepsis/shock recognition of whom 3,581 deaths. The pooled 
OR for patients who received antibiotics in more than 1 hour 
of severe sepsis/shock recognition was 1.46 (95% CI, 0.89–
2.40; p = 0.13) compared with those who received antibiotics 

within 1 hour of severe sepsis/septic shock recognition (Fig. 2). 
Although we did find statistical heterogeneity (p < 0.001), 
there was evidence of no publication bias. The total number of 
included patients from each study is listed in Table 4.

In the sensitivity analysis, four of the 11 studies contained 
complete data at every time point between less than 1 hour 

TABLE 3. Summary of Included Studies

Authors
Patient  

Location
Primary  

Outcome Study Sites Years Conducted
No. of  

Patients Timing of Antibiotics
Quality Scoring 
(Maximum = 8)

Reason for  
Exclusion Primary Finding

Bloos et al (29) ICU 28-d mortality Multicenter, German 2010–2011 1,011 Sepsis recognition 6 Included No significant association between TTA 
and survival

Bruce et al (30) ED 3 hr Surviving Sepsis 
Campaign targets,  
in-hospital mortality

Single center, United States 2011–2012 195 Triage 4 Included Protocol implementation reduced TTA 
but did not significantly improve 
mortality

Cullen et al (31) ICU TTA Single center, Australia 2005–2008 89 Sepsis recognition 4 Mortality data Median TTA and time to appropriate 
antibiotics exceeded 1 hr

Ferrer et al (34) ICU In-hospital mortality Multicenter, Europe 2005–2007 2,796 Sepsis recognition 8 Included Early antibiotic treatment was 
associated with improved mortality

Ferrer et al (8) ED/ICU In-hospital mortality Multicenter United States, 
Europe, South America

2005–2010 17,990 Sepsis recognition and 
triage

5 Included Delay in antibiotic associated with no 
increased mortality in unadjusted 
analysis but increased mortality in 
adjusted analysis

Gaieski et al (9) ED In-hospital mortality Single center, United States 2005–2006 261 Sepsis recognition and 
triage

5 Included No significant association from triage 
TTA and mortality. Significant 
association with mortality and 
appropriate antibiotics in < 1 hr

Gurnani et al (32) ICU TTA and appropriate fluid 
resuscitation

Single center, United States 2006–2007 118 Sepsis recognition 8 Mortality data A sepsis protocol emphasizing early 
antibiotics and adequate fluids 
improved clinical outcomes

Hitti et al (33) ED TTA from order Single center, United States February 2008 to May 2008 110 Triage 5 Mortality data Storing antibiotics in the ED reduces TTA

Hutchison et al (19) Not specified Discharge status, hospital/
ICU LOS, TTA, cost

Single center, United States 2008–2009 119 Triage 6 Mortality data Significant reduction in TTA, but no 
difference in mortality

Joo et al (35) ED In-hospital mortality Single center, Korea 2008–2012 591 Triage 4 Included Antibiotics within 3 hr of ED arrival 
associated with improved mortality

Kumar et al (10) ED/ward/ICU In-hospital mortality Multicenter, United States, 
Canada

1989–2004 2,731 Sepsis recognition 5 Included Antibiotics in 1st hr of hypotension 
increased survival

Mok et al (36) Ward/ICU TTA Single center, Canadian 2009–2010 100 Sepsis recognition 5 Mortality data Median TTA exceeded 1 hr time frame

Puskarich et al (11) ED In-hospital mortality Multicenter, United States 2007–2009 291 Sepsis recognition and 
triage

7 Included No increase in mortality with hourly 
delays from triage or sepsis 
recognition

Ryoo et al (37) ED 28-d mortality Single center, United States 2010–2012 426 Sepsis recognition 4 Included Mortality did not increase with hourly 
delays to antibiotics

Tipler et al (38) ED/ICU TTA from physician order Single center, United States 2008–2010 209 Sepsis recognition 5 Mortality data A sepsis protocol improved TTA, but TTA 
still > 1 hr time frame

Venkatesh et al (12) ED Time to septic shock 
recognition

Single center, United States 2006–2008 267 Sepsis recognition and 
triage

5 Mortality data TTA from triage would misclassify 
performance on a large number of pts

Vilella and Seifert (14) ED TTA, appropriate antibiotics Single center, United States 2010–2011 184 Triage 5 Included Times to 1st and last antibiotics were 
not associated with survival

Yokota et al (39) ICU Bundle compliance, 
appropriate antibiotics

Single center, Brazil 2005–2012 1,279 Sepsis recognition 5 Included Appropriate antibiotics improved 
mortality

ED = emergency department, TTA = time to antibiotic, LOS = length of stay.
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and more than 5 hours for further assessment of the effect of 
hourly delays to antibiotic administration from severe sepsis/
shock recognition. The groups contained 848 deaths of 2,318 
patients in the less than 1-hour group, 471 deaths of 1,298 
patients in the 1- to 2-hour group, 323 deaths of 853 patients 
in the 2- to 3-hour group, 245 deaths of 615 patients in the  
3- to 4-hour group, 193 deaths of 453 patients in the 4- to 5-hour 
group, and 1,537 deaths of 2,386 patients in the more than 
5-hour group. We observed no statistical significant increased 

mortality in the pooled ORs 
for each hourly incremental 
delay in antibiotic administra-
tion from severe sepsis/shock 
recognition (Table 5).

DISCUSSION
The SSC international guide-
lines for the management of 
severe sepsis and septic shock 
recommend administer-
ing antibiotics within 1 hour 
of recognition and within 
3 hours of ED triage (13). 
Using the available published 
data, our results indicate that 
in patients with severe sepsis 
and septic shock, antibiotic 
administration within 3 hours 
of ED triage and/or within 1 
hour of shock recognition is 
not associated with significant 
improvement in mortality. 
Our findings do not support 
the SSC guideline recommen-
dations on timing of antibi-
otic administration and raise 
concern about the use of time 
to antibiotic administration 
as currently recommended as 
a specific metric of treatment 
quality in sepsis care (13).

The recognition and treat-
ment of severe sepsis and septic 
shock remain a complex and 
challenging burden for clini-
cians with a persistently high 
mortality rate (1, 2, 12). In the 
past 15 years, research has sug-
gested that an early structured 
approach to recognition and 
treatment of sepsis improves 
outcomes likely due to a com-
bination of factors includ-
ing heightened recognition 
or awareness, early reversal of 
microcirculatory or endothe-

lial dysfunction, reversal of hypoperfusion, and/or eradication 
of infectious nidus (3–5, 7). However, the results of studies 
focusing on the impact of timing of antibiotic administration 
have been inconsistent (8, 9, 11, 14, 19).

While it is recognized that failure to administer effective 
antimicrobial therapy will at some time point be detrimental to 
patient outcomes, the exact time frame when this shift begins 
to occur remains unknown. Furthermore, no randomized clin-
ical trials examine the impact of the timing of antibiotics on 

Figure 2. Summary of forest plots. A, Pooled odds ratios for mortality and time to antibiotics in less than or 
more than 3 hr from triage time. B, Pooled odds ratios for mortality and time to antibiotics in less than or more 
than 1 hr from severe sepsis/shock recognition.
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outcomes directly (20), and for obvious reasons, it is unlikely 
any direct experimental investigation will be planned in the 
near future given current guideline recommendations and 
ethical concerns regarding patient safety of such a design 
(13). Thus, our results represent the most comprehensive and 
robust analysis of the differentiation and true impact of tim-
ing of antibiotic administration on outcome during the earliest 
phases of sepsis care.

There are multiple potential explanations for our findings 
of no mortality benefit when antibiotics are given within 3 
hours of triage or 1 hour of severe sepsis/septic shock recogni-
tion. First, given the complexity of the pathophysiologic insult 
of sepsis and resulting organ dysfunction, it is unlikely that 
a limited single point in time intervention, such as adminis-
tration of a single dose of antibiotics, would have a profound 
and singular impact on survival. In fact, no other therapeutic 

agent has ever been shown to provide this effect despite many 
decades of research. As recently found in the Protocolized Care 
for Early Septic Shock trial, many of the aggressive interven-
tions targeted over the last several years may not be as impact-
ful as initially reported (21). Second, it is plausible that in some 
patients, the initiation of resuscitation prior to the administra-
tion of antibiotics provides the most ideal circumstance for the 
host to have a sustained and robust hemodynamic response 
to the propagation of the inflammatory cascade and resultant 
insult that can be instigated by release of components during 
bacterial lysis (22–25).

Time to antibiotic administration is a logical and tempting 
metric to target when considering the quality of sepsis care. 
Venkatesh et al (12) examined whether using the SSC recom-
mendation metric of 3 hours from ED triage to antibiotic 
administration could adequately characterize what is realized 
in practice. In this study, the triage-based metric performed 
poorly, misclassifying 23.4% of patients, likely due to the vari-
able progression and clinical course in severe sepsis and septic 
shock. Furthermore, Villar et al (26) found that 15% of patients 
with documented severe sepsis and septic shock do not meet 
diagnostic criteria until more than 3 hours after hospital arrival. 
Both studies concluded that a triage-based metric was inade-
quate to evaluate ED performance in severe sepsis and septic 
shock and suggested that time to antibiotics from triage is not a 
reliable quality metric (12, 26). Our results provide quantitative 
data to support these conclusions in that we found no mortality 
benefit when antibiotics were administered within 3 hours of 
triage or 1 hour of severe sepsis/septic shock recognition.

We believe that an incorrect interpretation of this report 
would be that early administration of antibiotics is not of sub-
stantial importance. Antimicrobial administration is largely 
considered the cornerstone therapy for bacterial infections and 
a mandatory component of the management of severe sepsis 
and septic shock. Rather, our results should serve to highlight 
the importance of data-driven and evidence-based metrics for 
measuring quality in the care of acute critical conditions, such 
as sepsis, rather than empiric, arbitrary, or nonevidence-based 
metrics that do not have patient-oriented outcome benefit, are 
not operationally feasible, and/or cannot be practically achieved 
in a comprehensive individual and systems change approach.

As a systematic review and meta-analysis of previously pub-
lished literature, our results are limited by the inherent flaws 

TABLE 4. Total Number of Patients Included 
in Meta-Analysis From Each Study

Author No. of Patients

Meta-analysis based on triage time

    Ferrer et al (8) 14,639

    Puskarich et al (11) 308

    Gaieski et al (9) 261

    Vilella and Seifert (14) 184

    Joo et al (35) 591

    Bruce et al (29) 195

Meta-analysis based on severe sepsis/shock recognition

    Ferrer et al (8) 5,062

    Puskarich et al (11) 172

    Gaieski et al (9) 261

    Ferrer et al (34) 1,737

    Kumar et al (10) 2,174

    Yokota et al (39) 358

    Ryoo et al (37) 426

    Bloose et al (29) 827

TABLE 5. Odds Ratios for Mortality From With Each Hourly Incremental Delay in Antibiotic 
Administration From Severe Sepsis/Septic Shock Recognition

Author < 1 Hr 1–2 Hr 2–3 Hr 3–4 Hr 4–5 Hr > 5 Hr

Ferrer et al (8) Reference value 0.94 (0.80, 1.12) 0.89 (0.73, 1.08) 0.92 (0.73, 1.15) 0.97 (0.75, 1.25) 1.38 (1.18, 1.61)

Gaieski et al (9) Reference value 1.65 (0.84, 3.20) 1.38 (0.44, 3.96) 1.72 (0.42, 6.36) 4.13 (0.45, 50.6) 0.92 (0.02, 11.82)

Kumar et al (10) Reference value 1.67 (1.10, 2.53) 2.59 (1.67, 4.01) 3.01 (1.94, 4.67) 3.98 (2.45, 6.47) 15.23 (11.1, 21.1)

Ryoo et al (37) Reference value 0.91 (0.47, 1.75) 1.31 (0.62, 2.71) 1.17 (0.39, 3.14) 1.10 (0.30, 3.39) 1.30 (0.34, 4.13)

Pooled odds ratio 
(95% CI)

Reference value 1.21 (0.84, 1.72) 1.42 (0.76, 2.67) 1.53 (0.72, 3.28) 1.90 (0.72, 5.01) 2.47 (0.46, 13.36)
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and shortcomings of the included parent studies. Also, no 
randomized clinical trials have directly examined the effect of 
time to antibiotic administration on outcomes; our data were 
derived from cohort studies and different patient populations. 
While a randomized trial of immediate versus delay antibi-
otic administration would be difficult to design and imple-
ment, given the current variability of associative data, such a 
trial would be a substantial contribution to the current evi-
dence base. Third, there was evidence of statistical heterogene-
ity among the included studies evaluating time to antibiotic 
administration from severe sepsis/shock recognition. While 
this is a limitation, given the large sample size in this study, the 
findings appear to be robust and maintain validity.

Several publications appeared to have patient populations 
that had the potential to be included in our analysis but did 
not contain data that would allow for inclusion and analysis. 
We attempted author contact in these cases on three different 
occasions. We received responses in half of these requests and 
no response, either positive or negative, in half of requests. 
Although we followed recommended methodology for mak-
ing valiant attempts to obtain all potential data for inclusion, 
it remains possible that their inclusion could have altered the 
results of this study and the lack of their inclusion heightens 
the possibility of information bias in our report.

Finally, we did not limit our study to appropriate or effec-
tive antibiotics (defined as an identified organism with in vitro 
sensitivity to an administered antibiotic). This was an a priori 
decision and viewed by the authors as the most clinically rel-
evant and valid approach. Our rational for this decision were 
as follows: 1) our primary aims were to evaluate the antibiotic 
recommendations of the SSC guidelines, which recommend 
that broad-spectrum antibiotics that are likely effective based 
on patient history and local antibiogram-resistant patterns, 
but do not specify that the antibiotics should be “appropriate” 
(i.e., sensitive to the subsequently cultured microbe); 2) includ-
ing appropriateness of antibiotic choice into a meta-analysis 
would introduce irreconcilable clinical heterogeneity because 
undoubtedly the standard definition of appropriateness would 
vary greatly between articles, including deciding on which cul-
tures to include, what constitutes a positive culture, and how to 
handle conditions in which cultures are expected to be nega-
tive (such as cellulitis); 3) half or more of sepsis cases are cul-
ture negative and information on the offending organism and 
sensitivities are almost never available to treating clinicians at 
the time of antibiotic choice and administration, often taking 
between 12 and 120 hours for bacterial speciation and sensi-
tivities using traditional blood culture techniques (27, 28). In 
a post hoc review of the studies included in the meta-analysis, 
several studies mentioned appropriate antibiotics, but only 
one contained usable population-level data on the effect of 
appropriate or effective antibiotics on mortality. Among the 
studies that mentioned appropriate antibiotic therapy, there 
were vast differences in definitions for appropriate or effec-
tive antibiotics, highlighting the clinical heterogeneity with 
this definition. Following are the some examples of the various 
definitions: a) One study included culture-negative shock, but 

guideline-adherent broad-spectrum antibiotics and for culture-
positive patients, in vitro activity against causative organism. 
This article only evaluates those with appropriate antibiotics 
administered within 6 hours of first antibiotic treatment; b) one 
study reported only culture-positive patients, with appropriate-
ness of antibiotics determined within 24 hours of diagnosis, not 
the initial dose of antibiotics; c) one study discussed but never 
defined appropriate antibiotics; d) one study defined local insti-
tutional antibiotic guideline adherence as appropriate regard-
less of culture results. Although we recognize that the impact of 
appropriate or effective antibiotics in the early resuscitation of 
severe sepsis and septic shock remains an important question, 
there do not appear to be data available for meta-analysis of 
this subgroup, and we suggest that future investigations should 
address this question with standard definitions and approaches.

CONCLUSION
In this comprehensive analysis of pooled data from the avail-
able literature in patients with severe sepsis and septic shock, 
administration of antibiotics within 3 hours of ED triage or 
within 1 hour of recognition of severe sepsis/septic shock did 
not confer mortality benefit. These results suggest that cur-
rently recommended specific timing metrics in international 
guidelines are not supported by the currently available evi-
dence. Future stakeholders should consider these data when 
developing metrics to measure quality of care in severe sepsis 
and septic shock.
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Timing of Appropriate Antibiotics in Sepsis: 
How Much Does Each Hour Matter?

To the Editor:

In a recent issue of Critical Care Medicine, we read with 
interest the report by Sterling et al (1), who performed 
a meta-analysis on the effect of antimicrobial timing on 

mortality outcomes in severe sepsis and septic shock. Sterling 
et al (1) acknowledge the heterogeneity of data currently avail-
able in the literature, but found in their analyses that time to 
antimicrobial therapy did not correlate with mortality. They 
uphold early appropriate antimicrobial therapy as a tenet of 
sepsis care, while cogitating about the inflection point of mor-
tality with respect to antimicrobial timing. Their findings are 
contradictory to the most recent guidelines for management 
of sepsis (2).

We have recently published a retrospective analysis of 
Enterobacteriaceae sepsis, severe sepsis, and septic shock among 
patients who all received appropriate antibiotic therapy within 
12 hours of the time that a positive blood culture was collected. 
In that cohort, we found no correlation between 30-day mor-
tality and timing of antibiotic therapy (3). The strengths of our 
study include the homogeneous pathogen population and the 
elimination of inappropriate therapy as a confounding vari-
able for mortality. We have taken data from our prior study 
and analyzed mortality within each sepsis classification with 
respect to timing of appropriate therapy. As seen in Figure 1, 
there was no difference in time to appropriate antimicrobial 
therapy between survivors and nonsurvivors among sepsis 
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The authors reply:

Ms. Knight (1) asserts that our findings recommend 
achieving a ratio of 2.5 patients per nurse and 14 
patients per physician to decrease mortality in the 

ICU. Instead of a “recommended ratio,” we have proposed a 
maximum threshold, above which insufficient staffing may 
endanger patient safety (2). Hence, we argue that the opti-
mal patient-to-caregiver ratio would be less than this upper 
threshold, which was rarely exceeded during time shifts in our 
study. Although the usual standard of care in a French ICU 
is probably closer to Australian guidelines than such a maxi-
mum threshold, we agree that there is a significant variability 
in ICU staffing patterns around the world. Certainly, larger 
studies involving different countries will be needed to validate 
these findings.

Patient-to-caregiver ratio is a proxy that reflects indirectly 
the combination of individual and collective phenomenon. 
As suggested by Ou and Hua (3), detailed investigations in the 
specific context of each ICU would be helpful to determine 
how human factors can modulate this ratio. Beyond optimal 
ratio, how ICU teams are structured may be critical in emer-
gency situations. Achieving a better understanding of what 
drives the dynamics of an ICU team will allow for the devel-
opment of solutions to maintain performance even in case 
of suboptimal patient-to-caregiver ratios. For example, team 
continuity based on turnover rate of healthcare staff and the 
accumulation of duty hours in the past between nurses and 
intensivists could significantly affect patient care. The accumu-
lation of team experience has been found to improve outcomes 
in operating rooms (4) or outside the healthcare realm (5). 
Furthermore, several characteristics of healthcare workers may 
affect the generalizability of a predefined ratio, including indi-
vidual background and skills, previous experience, and length 
of service in the ICU. The physical and mental conditions on 
a given day are also essential, and a sudden or more insidious 
fatigue related to excessive workloads could reduce personnel’s 
vigilance and increase the risk of errors. Better identification 
of factors contributing to the relationship between patient-to-
caregiver ratio and ICU team performance is key to adjusting 
staffing with workload. Finally, it should be mentioned that 
observational data only show the association between covari-
ates and outcome that does not imply causal relationships 
between these.
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