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Abstract

Rationale: Prior sepsis studies evaluating antibiotic timing have
shown mixed results.

Objectives: To evaluate the association between antibiotic timing
andmortality among patients with sepsis receiving antibiotics within
6 hours of emergency department registration.

Methods: Retrospective study of 35,000 randomly selected
inpatients with sepsis treated at 21 emergency departments between
2010 and 2013 in Northern California. The primary exposure was
antibiotics given within 6 hours of emergency department
registration. The primary outcome was adjusted in-hospital
mortality. We used detailed physiologic data to quantify severity of
illness within 1 hour of registration and logistic regression to estimate
the odds of hospital mortality based on antibiotic timing and patient
factors.

Measurements and Main Results: The median time to antibiotic
administration was 2.1 hours (interquartile range, 1.4–3.1 h). The
adjusted odds ratio for hospital mortality based on each hour of delay
in antibiotics after registration was 1.09 (95% confidence interval
[CI], 1.05–1.13) for each elapsed hour between registration and
antibiotic administration. The increase in absolute mortality
associated with an hour’s delay in antibiotic administration was 0.3%
(95% CI, 0.01–0.6%; P = 0.04) for sepsis, 0.4% (95% CI, 0.1–0.8%;
P = 0.02) for severe sepsis, and 1.8% (95% CI, 0.8–3.0%; P = 0.001)
for shock.

Conclusions: In a large, contemporary, and multicenter sample of
patients with sepsis in the emergency department, hourly delays
in antibiotic administration were associated with increased
odds of hospital mortality even among patients who received
antibiotics within 6 hours. The odds increased within each sepsis
severity strata, and the increased odds of mortality were greatest in
septic shock.
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At a Glance Commentary

Scientific Knowledge on the Subject: Prior work
evaluating antibiotic timing in sepsis has shown mixed results
and focused on more severely ill patients, often including
patients with long delays in antibiotic administration. This has
resulted in clinical equipoise regarding timing thresholds for
antibiotic administration in sepsis.

What This Study Adds to the Field: We evaluated 35,000
patients treated within a contemporary multicenter sepsis
quality improvement program using granular data including
vital signs, laboratory values, and severity of illness indices.
Although increased time to antibiotics after emergency
department presentation was associated with increased
mortality in all sepsis severity groups, the increase in the odds
of mortality was greatest in septic shock.
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It is widely accepted and biologically
plausible that giving antibiotics as early as
possible to patients with sepsis should
improve their outcomes (1, 2). This has
motivated international guidelines and
quality benchmarks in sepsis care (1, 3, 4).
It is further motivating several planned
clinical trials of administering antibiotics
to suspected patients with sepsis even in
prehospital settings and before full
hospital evaluation (5–7).

However, the desire to shorten the
time to antibiotic administration may also
incur potential harms and costs (8–10).
Such harms might arise from a greater
proportion of patients receiving antibiotics
unnecessarily because less time is available
for clinicians to evaluate alternate
etiologies for the patient’s presentation (9).
Unnecessary antibiotics can result in
adverse patient-specific and community-
level consequences (11, 12). Within
resource-constrained settings like the
emergency department (ED), the focus on
antibiotic timing could also result in
decreased attention to, and investment in,
other time-sensitive patient needs (13).
Prior efforts to mandate and report
antibiotic timing in pneumonia were
challenged for several reasons, including
antibiotic overuse, and subsequently
withdrawn (8–10).

In the absence of a randomized clinical
trial to evaluate the benefits of early
antibiotic administration, the current
evidence remains mixed (14–32). Although
no one disputes the need for prompt
antibiotic therapy in patients with
sepsis, additional study is necessary.
Specifically, the availability of granular
data from the electronic medical
record now permits asking whether
administering antibiotics within 1 hour
provides more benefit than antibiotics
given at 2 or 3 hours. Differences in
outcomes related to decision-making in
these very early intervals of care could
have an important impact on clinical
practice, care guidelines, and reporting
metrics. We sought to examine data
drawn from a multicenter setting to
quantify the association between
antibiotic timing and mortality among
patients with sepsis of all severity
levels. Some of the results of these
studies have been previously reported in
the form of an abstract at the American
Thoracic Society International Conference
in 2016 (33).

Methods

This study was approved by the Kaiser
Permanente Northern California
Institutional Review Board.

Subjects
We conducted a retrospective study of
patients with sepsis aged greater than
or equal to 18 years hospitalized through
the ED at the 21 hospitals in the Kaiser
Permanente Northern California
integrated healthcare delivery system
between July 1, 2010, and December 31,
2013. We based our sepsis definitions
on prior international consensus
definitions of sepsis because they were
in clinical use during the period in
which this study was conducted (34).
We included patients with sepsis
based on previously described
methods including the presence of
inpatient International Classification
of Disease Clinical Modification ninth
edition diagnosis codes of 038 and
subtypes 995.91, 995.92, and/or 785.52
(35–37); and their receipt of antibiotics
(i.e., antibacterial agents) within 6 hours
of ED registration time. We randomly
selected 5,000 patients hospitalized in
2010 and 10,000 patients hospitalized
in each year between 2011 and 2013;
we selected fewer cases from late 2010
because a regional sepsis quality
improvement program was completing
implementation.

Hospitalization Data
We linked patients with sepsis with
corresponding electronic databases based on
methods described in prior studies using
electronic medical record flowsheet,
laboratory, diagnosis, and treatment data
(38–41), incorporating composite comorbid
disease burden (Comorbidity Point Score 2)
and acute severity of illness (Laboratory
Acute Physiology Score 2 [LAPS2])
scores. We determined predicted hospital
mortality with an automated hospital risk
prediction model that demonstrated
good discrimination in this population
(C statistic, 0.80). We assessed intensive
care unit admission from the ED using bed
history records and determined patients’
resuscitation care order status at hospital
admission as “full code” versus “not
full code” (42). We ascertained hospital
mortality from inpatient records (38–41).

ED Data
To minimize confounding and to optimize
risk-adjustment of patients at the very
beginning of their treatment course, we
characterized patients’ ED clinical
status based on detailed patient data
from their first hour after registration.
By including vital signs and treatment
patterns within the first hour, we sought
to digitally recapitulate, and adjust for,
the clinical context that motivated
decisions about antibiotic timing by
emergency providers. In the first hour,
we quantified the total number of vital
signs recorded (heart rate, respiratory
rate, systolic blood pressure, diastolic
blood pressure, temperature) and the
number of instances with patients’
respiratory rate greater than or equal to
22 breaths per minute, systolic blood
pressure less than or equal to 90 mm Hg,
and heart rate greater than or equal to
100 beats per minute. We then calculated
the mean systolic blood pressure,
heart rate, and respiratory rate values
in the first hour. We also determined
whether patients required invasive or
noninvasive ventilation and counted
the number of intravenous vasopressors
required at 1 and 6 hours. Finally, we
used illness acuity ratings assigned at
the time of ED presentation based on
the Emergency Severity Index
(including resuscitative, emergent,
urgent, less urgent, or nonurgent
categories).

To further quantify sepsis-related
organ dysfunction, we evaluated patient
laboratory data within their first 6 hours
after ED registration within binary
categories, including band forms
greater than or equal to 10%, platelets
less than or equal to 100,000/ml,
serum creatinine greater than or equal to
2 mg/dl, total bilirubin greater than or
equal to 2 mg/dl, and international
normalized ratio greater than or equal
to two; missing values (ranging from
1.9% for creatinine to 71.2% for band
forms) were imputed as normal. We
used each patient’s first serum lactate
value if collected within 6 hours; missing
lactate values (n = 1,144; 3.3%) were
imputed to the median based on
severity strata. Finally, we determined
abnormal mentation based on prior
methods for evaluating ED Glasgow
Coma Scores and/or nursing flowsheet
entries (41).
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Sepsis Severity Strata
We grouped patients into three levels of
sepsis severity based on prevalent
definitions in 2013: (1) septic shock, (2)
severe sepsis, and (3) sepsis. We classified
patients as having septic shock if they
required vasopressors or had a first
serum lactate value greater than or
equal to 4 mmol/L. In the remaining
sample, we classified patients as having
severe sepsis if they had a lactate value
greater than or equal to 2 mmol/L, had
greater than or equal to one instance
of hypotension, required invasive or
noninvasive mechanical ventilation, or
had laboratory-determined organ
dysfunction (as described previously).
We classified the remaining patients as
having sepsis. We selected all variables
describing clinical, organ failure, and
severity strata characteristics a priori.

Antibiotic Administration
We calculated the time from ED
registration to the administration of
the first intravenous or enteral antibiotic
in hours. We also determined the
number of unique antibiotics administered
within the first 6 hours. For multivariable
regression analyses, we grouped
patients’ antibiotic administration times
within 30-minute increments from 0–6
hours after ED registration. For the
purposes of graphical demonstration,
we grouped antibiotic administration
within hourly increments over the
6-hour interval.

Statistical Analysis
Continuous data are presented as mean6 SD
or median (interquartile range).
Categorical data are presented as number
(%). We compared characteristics between
patients based on sepsis severity strata
with analysis of variance or chi-square
tests. We displayed time to antibiotic
administration using kernel density plots
and compared time to antibiotics
between sepsis severity strata with the
Kruskal-Wallis rank test.

We estimated the impact of antibiotic
timing on risk-adjusted hospital mortality
using logistic regression based on the
clinical variables described previously. We
assessed for collinearity between variables
and removed those with a correlation
coefficient greater than or equal to 0.6
(predicted hospital mortality and vital

sign counts). Our fully adjusted model
included patient characteristics and
severity of illness (age, sex, LAPS2,
Comorbidity Point Score 2, Emergency
Severity Index category, code status),
treatments (vasopressors, invasive
ventilation, or noninvasive ventilation at
1 h), mean vital sign values, sepsis
severity strata, the presence of abnormal
laboratory values, and hospital facility.
To assess how the association between
the timing of antibiotics and mortality
differed across sepsis severity groups, we
assessed the fully adjusted model within
each severity strata subgroup separately.
To evaluate how potential antibiotic
appropriateness impacted outcomes, we
conducted a post hoc subgroup analysis
of two cohorts determined based on the
administration of a broad versus a
narrow first antibiotic (see Table E1 in
the online supplement). We conducted
analyses using STATA/SE version 13.1
(StataCorp, College Station, TX) and
considered a P value less than or equal
to 0.05 to be significant.

Results

Of the 35,000 patients in our sample, 13.3%
(n = 4,668) met criteria for septic shock
and 52.0% (n = 18,210) met criteria for
severe sepsis (Table 1). Observed
mortality was 3.9%, 8.8%, and 26.0% in
patients with sepsis, severe sepsis, and
septic shock, respectively. Including
only full code patients, mortality was
2.4%, 8.5%, and 21.6%, respectively. All
comparisons between groups were highly
significant. For example, the frequency
of elevated band forms was 10.1%
(n = 1,229) in sepsis compared with
31.4% (n = 1,466) in septic shock. The time
to the first lactate value was shortest in
septic shock (0.8 [0.5–1.7] h); shock
patients also had the highest mean
lactate value (4.6 [4.0–5.9] mmol/L).
Among patients with septic shock, 2.4%
and 43.4% had vasopressors initiated
within 1 and 6 hours, respectively.
Among patients with septic shock who
were full code at admission, 81.3%
were admitted directly to the intensive
care unit.

Antibiotic Timing and Use
Overall, the median time to antibiotic
administration was 2.1 hours (interquartile

range, 1.4–3.1 h) (Figure 1); this timing did
not differ across years. The median time to
antibiotics was shortest in patients with
septic shock (1.7 h) and longest in patients
with sepsis (2.3 h; P, 0.001). Patients
receiving earlier antibiotics had greater
severity of illness compared with those
receiving later antibiotics based on acuity
level, acute severity of illness (LAPS2), vital
signs, and laboratory values (see Table E1).
They also had the highest unadjusted
mortality (11.4% and 9.5% for Hour 1 and
Hour 2 patients, respectively). In total,
42.2% of patients received one antibiotic
and 42.5% received two antibiotics (Table
2). The frequency of receiving two or more
antibiotics increased as sepsis severity
increased (52.0% in sepsis vs. 71.7% in
septic shock; P, 0.01). The most common
antibiotic used in all groups was
ceftriaxone, and the second most common
antibiotic varied among azithromycin
(sepsis), vancomycin (severe sepsis), and
pipercillin-tazobactam (septic shock).

Hospital Mortality
The fully adjusted odds ratio for hospital
mortality based on antibiotic timing was
1.09 (95% confidence interval [CI],
1.05–1.13) per elapsed hour after ED
presentation (Table 3). The odds ratios
were similar in patients with sepsis (1.09;
95% CI, 1.00–1.19; P = 0.046) and severe
sepsis (1.07; 95% CI, 1.01–1.24; P = 0.014),
whereas they were increased in septic shock
(1.14; 95% CI, 1.06–1.23; P = 0.001). The
absolute increase in mortality associated
with an hour’s delay in antibiotic
administration was 0.3% (95% CI,
0.01–0.6%; P = 0.04) for sepsis, 0.4% (95%
CI, 0.1–0.8%; P = 0.02) for severe sepsis,
and 1.8% (95% CI, 0.8–3.0%; P = 0.001) for
shock. Figure 2 displays the adjusted odds
ratios based on hourly increments of
antibiotic administration time each
compared with the reference value of less
than 1 hour. In subgroup analysis, delays in
broad antibiotic administration were
associated with an increased effect size
(1.08; 95% CI, 1.01–1.16; P = 0.02)
compared with delays in narrow antibiotic
administration (odds ratio, 1.05; 95% CI,
1.01–1.10; P = 0.03).

Discussion

In this study, we used a large, multicenter,
and contemporary sample of patients with
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sepsis to evaluate the association between
early antibiotic timing and hospital
mortality. We found that each elapsed hour
between ED registration and antibiotic
administration was associated with a 9%
increase in the odds of mortality. This
relative effect was similar for patients with
sepsis and severe sepsis, whereas it was
largest for patients with septic shock.

Although no one recommends delaying
antibiotics for patients with sepsis, the
existing evidence supporting the mortality
benefits of earlier antibiotic administration
is mixed (14–30, 32). In a frequently cited
study, Kumar and coworkers (19)
retrospectively evaluated 2,154 critically ill
patients with septic shock between 1989
and 2004. After controlling for measures of
illness severity and management decisions,
they found that increasing time intervals
between the first episode of persistent
hypotension and the administration of

effective antibiotics was associated with
increased mortality. Notably, however, the
median time from hypotension to antibiotic
administration was 6 hours after the
recognition of shock and the overall
mortality rate was 56.2%, likely
representing the much less aggressive
approach to sepsis care from a prior era and
heavy selection criteria to enter the cohort.

More recently, Ferrer and coworkers
(20) conducted a retrospective analysis
of Surviving Sepsis Campaign data
including 17,990 patients from 165
intensive care units between 2005 and 2010.
The adjusted odds of hospital mortality
increased as the time from patient triage or
sepsis identification to antibiotics increased.
This international study also captured a
more contemporary approach to sepsis
care, with only 12% of patients receiving
antibiotics greater than 6 hours after
presentation and a 29.7% overall mortality

rate. Although one of the study’s strengths
was that it considered patients with sepsis
identified in a variety of different hospital
settings, it was nonetheless limited to
patients eventually admitted to the
intensive care unit. As a result, the study
only addresses antibiotic timing in the most
severely ill patients with sepsis, who
make up a modest fraction of all sepsis
inpatients (35).

In a recently published metaanalysis of
11 studies by Sterling and coworkers (15),
the authors found no significant association
between early antibiotics and improved
mortality. Including data drawn from more
than 16,000 patients in six studies, the
authors found that the odds ratio for
mortality among patients receiving
antibiotics more than 3 hours after triage
time was 1.16 (P = 0.21) compared with
patients receiving antibiotics in less than
3 hours. However, the lack of patient-level

Table 1. Clinical Characteristics, Stratified by Sepsis Severity Level

Overall (n = 35,000)

Sepsis Severity Strata

Sepsis (n = 12,122) Severe Sepsis (n = 18,210) Septic Shock (n = 4,668)

Age, yr 73 (60–83) 72 (56–83) 74 (62–83) 73 (61–83)
Male 16,961 (48.5) 5,235 (43.2) 9,322 (51.2) 2,404 (51.5)
Full code (42) 25,671 (73.4) 9,133 (75.3) 13,130 (72.1) 3,408 (73.0)
LAPS2 value 100 (74–129) 80 (59–104) 104 (81–129) 149 (122–177)
COPS2 value 56.96 51.1 46.36 45.5 63.56 52.9 58.86 53.3
Predicted mortality, % 9.06 12.3 4.46 6.3 8.66 10.6 22.26 19.2
ED acuity level
Resuscitative 1,086 (3.1) 84 (0.7) 478 (2.6) 524 (11.2)
Emergent 14,248 (40.7) 3,766 (31.1) 7,743 (42.5) 2,739 (58.7)

No. of instances in 1 h
Vital signs recorded 15 (9–19) 11 (9–17) 15 (9–20) 18 (12–28)
SBP ,90 mm Hg 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–1)
RR >22 breaths/min 0 (0–1) 0 (0–1) 0 (0–1) 1 (0–2)
HR >90 beats/min 1 (0–2) 1 (0–2) 1 (0–2) 2 (1–3)
Mechanical ventilation 495 (1.4) 0 (0.0) 195 (1.1) 300 (6.4)
Noninvasive ventilation 1,208 (3.5) 0 (0.0) 858 (4.7) 350 (7.5)
Vasopressor use 110 (0.3) 0 (0.0) 0 (0.0) 110 (2.4)

Mean values in first hour
SBP, mm Hg 127.36 25.5 133.36 21.4 127.06 25.9 113.46 27.7
HR, beats/min 101.86 21.0 101.56 19.1 100.96 21.1 106.46 24.5
RR, breaths/min 21.46 5.1 20.66 4.3 21.56 5.1 23.46 6.3

Laboratory abnormalities
Bands >10% 5,550 (15.9) 1,229 (10.1) 2,855 (15.7) 1,466 (31.4)
Creatinine >2.0 mg/dl 5,593 (16.0) 0 (0.0) 4,181 (23.0) 1,412 (30.3)
INR >1.5 4,757 (13.6) 0 (0.0) 3,690 (20.3) 1,067 (22.9)
Platelets <100,000 2,661 (7.6) 0 (0.0) 2,006 (11.0) 655 (14.0)
Bilirubin >2.0 g/dl 1,974 (5.6) 0 (0.0) 1,394 (7.7) 580 (12.4)

First lactate value, mmol/L 1.8 (1.2–2.7) 1.3 (1.0–1.5) 2.2 (1.5–2.7) 4.6 (4.0–5.9)
Time to first lactate, h 1.0 (0.6–2.1) 1.1 (0.6–2.6) 0.9 (0.6–2.0) 0.8 (0.5–1.7)
First non-ED hospital unit
Intensive care 7,221 (20.6) 760 (6.3) 3,112 (17.1) 3,349 (71.7)

Hospital mortality 3,285 (9.4) 474 (3.9) 1,596 (8.8) 1,215 (26.0)

Definition of abbreviations: COPS2 =Comorbidity Point Score, version 2; ED = emergency department; HR = heart rate; INR = international normalized
ratio; LAPS2 = Laboratory and Acute Physiology Score, version 2; RR = respiratory rate; SBP = systolic blood pressure.
Continuous data are presented as mean6 SD or median (interquartile range). Categorical data are presented as number (%). All comparisons between
sepsis severity strata were significant to a P, 0.001. ED acuity level is based on the Emergency Severity Index.
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data, heterogeneity in the eligible studies,
and a smaller sample size may have limited
the power to detect statistical significance
for the point estimates, which favored
earlier antibiotics and could still be
associated with meaningful absolute
population-level mortality benefits given
sepsis’ high prevalence. Other smaller
studies have reported similar findings
(14, 17, 18, 28, 29, 31, 32, 43).

The current study seeks to address the
limitations of prior studies. First, we
evaluated a multicenter sample of patients
treated within the contemporary framework
of a sepsis quality improvement program.
We sought to evaluate whether antibiotic
timing continued to show an association
with improved outcomes in the modern era
of care, especially because some earlier

elements of sepsis care no longer seem to
impact patient outcomes (44). We further
chose to limit our evaluation to patients
who received antibiotics within 6 hours
because, in the context of aggressive
screening and treatment, patients who
receive antibiotics later than 6 hours are
likely to have demonstrated diagnostic
uncertainty or received potentially delayed
care (1). Even in the setting where the median
time to antibiotics was 2.1 hours from ED
registration, early antibiotics were significantly
associated with improved survival.

Second, we evaluated patients
presenting with variable sepsis severity,
most of who were not treated in critical care
settings. Although critically ill patients with
sepsis have high mortality, they comprise a
relatively small proportion of all patients

with sepsis based on 2001 consensus
definitions (34). We sought to demonstrate
whether the biologically plausible principle
of early infection control with antibiotics
would show consistent benefits for all
infected patients with systemic
inflammation. We found that early
antibiotics were associated with improved
survival among all patients with sepsis, a
finding that has broad implications for a
large cohort of inpatients whom together
comprise as many as half of all hospital
deaths in the United States (35). However,
the increasing odds of mortality associated
with later antibiotics were most prominent
among patients with septic shock for whom
each hourly delay was associated with a
1.8% increase in hospital mortality.

Finally, we addressed prior limitations
by using inpatient data characterized by
breadth (drawn from a large population
sample of 35,000 hospitalizations) and
depth (including detailed physiologic and
treatment measures). We also included a
wide variety of predictors that would be
clinically relevant for emergency providers
in the midst of early decision-making about
antibiotic administration. Our findings
demonstrate the benefits of leveraging
already available electronic medical record
data from narrow time intervals to address
confounding and reliably evaluate highly
time-sensitive outcomes.

Our findings support currently held
beliefs that administering early antibiotics to
infected patients with systemic
inflammation is beneficial for reducing
mortality. Our study also helps address prior
conflicting evidence and redefines what
constitutes equipoise about the exact timing
thresholds that are necessary to ensure
optimal care. This is especially relevant

Table 2. Antibiotic Usage (Number and Percentage) in the Cohort Stratified by Sepsis Severity level

Overall (n = 35,000)

Sepsis Severity

Sepsis (n = 12,122) Severe Sepsis (n = 18,210) Septic Shock (n = 4,668)

Unique antibiotics administered
within 6 h, n (%)

One 14,767 (42.2) 5,815 (48.0) 7,632 (41.9) 1,320 (28.3)
Two 14,869 (42.5) 5,053 (41.7) 7,796 (42.8) 2,020 (43.3)
Three or more 5,364 (15.3) 1,254 (10.3) 2,782 (15.3) 1,328 (28.5)

Most common antibiotics (n; %)
First Ceftriaxone (16,796; 48.0) Ceftriaxone (5,846; 48.2) Ceftriaxone ( 8,754; 48.1) Ceftriaxone (2,196; 47.0)
Second Vancomycin (8,840; 25.3) Azithromycin (2,370; 19.6) Vancomycin (4,721; 25.9) Pip/Tazo (1,819; 39.0)
Third Pip/Tazo (8,131; 23.2) Vancomycin (2,348; 19.4) Pip/Tazo (4,264; 23.4) Vancomycin (1,771; 37.9)
Fourth Azithromycin (6,706; 19.2) Pip/Tazo ( 2,048; 16.9) Azithromycin (3,438; 18.9) Azithromycin (898; 19.2)
Fifth Ciprofloxacin (5,435; 15.5) Ciprofloxacin (1,961; 16.2) Ciprofloxacin (2,753; 15.1) Ciprofloxacin (721; 15.4)

Definition of abbreviation: Pip/Tazo = pipercillin-tazobactam.
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Figure 1. Kernel density plot showing time to first antibiotic administration from emergency
department registration. Distribution in the overall cohort is shown with a solid line, the septic shock
cohort is shown in a dashed line, the severe sepsis cohort with a dotted line, and the sepsis cohort
with a dashed-dotted line. ED = emergency department.
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because a clinical trial that randomizes
patients with sepsis to delayed antibiotics is
unlikely to be deemed ethical, at least while
the harms of indiscriminate antibiotics
remain incompletely characterized.

The current study does not resolve all
questions about antibiotic timing (e.g., are
antibiotics given at 2 h more beneficial than
those given at 3 or 4 h) because the odds
ratio confidence limits we observed between
2 and 5 hours are overlapping. These data
could suggest that among patients with clear
evidence of septic shock, earliest antibiotics
confer the greatest mortality benefits.

However, among patients with less
diagnostic certainty for sepsis, modest
delays in antibiotics may not substantially
increase mortality. This finding has
important implications for antibiotic timing
when it is placed within the larger context of
competing ED priorities and resource needs.
Clinical trials that examine antibiotic timing
intervals when sepsis is uncertain and/or
cost-effectiveness studies evaluating the
costs and benefits of accelerated antibiotic
pathways may prove highly useful.

Our study was limited in several
important ways. First, we evaluated a sample

of patients treated at a network of hospitals
with an existing sepsis performance
improvement program. The mortality
among full code patients with septic shock
(21.6%) was similar to that reported in
recent clinical trials (44–47). Thus, our
results may be less generalizable to
hospitals where sepsis care occurs outside
of focused sepsis improvement programs.
Second, we were not able to adjust for
concomitant sepsis treatments
administered to patients along with
antibiotics. For example, patients receiving
earlier antibiotics may have also received
other treatments, such as fluid
resuscitation, earlier, such that early
antibiotics are only a marker of an overall
higher quality of sepsis care. We were
also not able to adjust for patients who
received preexisting antibiotics. Third, we
did not specifically evaluate the adequacy
of antibiotics based on microbiologic
results and specific susceptibility patterns.
Fourth, we limited our evaluation to
patients who received antibiotics within
6 hours of ED presentation because this
represents a contemporary and guideline-
concordant standard of sepsis care. Fifth,
we identified patients with sepsis with
diagnostic codes that may lack sensitivity
for certain patient subgroups (e.g., low-risk
patients with sepsis). Finally, we did
not evaluate the impact of antibiotic
timing outside of the ED because the
recognition and treatment of sepsis in
other hospital settings is highly variable
and less amenable to robust analysis.

In summary, in a large, contemporary,
multicenter sample of patients with sepsis
admitted through the ED, we found that
each elapsed hour between presentation
and antibiotic administration was
associated with a 9% increase in the odds of
mortality in patients with sepsis of all
severity strata. Although antibiotics given
within the first hour of registration were
associated with the greatest benefit,
antibiotics given between hours 2 and 5
were associated with similar odds of
mortality. Earlier antibiotics conferred the
greatest absolute benefit in patients with
septic shock. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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Figure 2. Adjusted odds ratios for hospital mortality comparing patients within each hourly antibiotic
administration group with the reference group of patients given antibiotics in,1 hour. The y-axis is on
logarithmic scale and the error bars represent 95% confidence intervals.

Table 3. Odds Ratios for Hospital Mortality Based on the Time of Antibiotic
Administration in Unadjusted and Adjusted Logistic Regression Models

Model

Odds Ratio for Hospital
Mortality, per Elapsed Hour
until Antibiotic Administration 95% CI P Value

Unadjusted 0.89 0.86–0.91 ,0.001
1 Sepsis severity strata 0.96 0.93–0.99 0.013
1 Severity of illness 1.08 1.04–1.12 ,0.001
1 Demographics 1.09 1.05–1.13 ,0.001

Fully adjusted model, in each subgroup
Sepsis only 1.09 1.00–1.19 0.046
Severe sepsis only 1.07 1.01–1.24 0.014
Septic shock only 1.14 1.06–1.23 0.001

Definition of abbreviation: CI = confidence interval.
Beyond the unadjusted model, each subsequent model includes an additional set of covariates,
including sepsis severity strata (categorized as sepsis, severe sepsis, or septic shock), severity of
illness (Laboratory and Acute Physiology Score, version 2; Emergency Severity Index; mean vital sign
values; presence of altered mental status; laboratory data; need for direct intensive care unit transfer;
number of vasopressors given within the first h; and number of antibiotics given within 6 h), and
demographics (age; sex; code status; Comorbidity Point Score, version 2; and facility). The results of
the fully adjusted model within each sepsis severity subgroup are shown at the bottom of the table.
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