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ED Door-to-Antibiotic Time and
Long-term Mortality in Sepsis
Ithan D. Peltan, MD; Samuel M. Brown, MD; Joseph R. Bledsoe, MD; Jeffrey Sorensen, MStat; Matthew H. Samore, MD;
Todd L. Allen, MD; and Catherine L. Hough, MD

The impact of antibiotic timing on sepsis outcomes remains controversial due
to conﬂicting results from previous studies.

BACKGROUND:

This study investigated the association of door-to-antibiotic time with long-term
mortality in ED patients with sepsis.
OBJECTIVES:

This retrospective cohort study included nontrauma adult ED patients with
clinical sepsis admitted to four hospitals from 2013 to 2017. Only patients’ ﬁrst eligible
encounter was included. Multivariable logistic regression was used to measure the adjusted
association between door-to-antibiotic time and 1-year mortality. Secondary analyses used
alternative antibiotic timing measures (antibiotic initiation within 1 or 3 h and separate
comparison of antibiotic exposure at each hour up to hour 6), alternative outcomes
(hospital, 30-day, and 90-day mortality), and alternative statistical methods to mitigate
indication bias.

METHODS:

Among 10,811 eligible patients, median door-to-antibiotic time was 166 min
(interquartile range, 115-230 min), and 1-year mortality was 19%. After adjustment, each
additional hour from ED arrival to antibiotic initiation was associated with a 10% (95% CI, 514; P < .001) increased odds of 1-year mortality. The association remained linear when each
1-h interval of door-to-antibiotic time was independently compared with door-to-antibiotic
time # 1 h and was similar for hospital, 30-day, and 90-day mortality. Mortality at 1 year was
higher when door-to-antibiotic times were > 3 h vs # 3 h (adjusted OR, 1.27; 95% CI, 1.131.43) but not > 1 h vs # 1 h (adjusted OR, 1.26; 95% CI, 0.98-1.62).
RESULTS:

Delays in ED antibiotic initiation time are associated with clinically important
increases in long-term, risk-adjusted sepsis mortality.
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Sepsis is a common, costly, and lethal syndrome affecting
nearly 1% of adults (at least 850,000 patients) treated in
US EDs each year.1 Given the failure thus far of targeted
treatments,2,3 sepsis therapy currently focuses on
controlling the underlying infection and individualized
hemodynamic resuscitation and organ support.4
International guidelines now recommend that patients
with sepsis receive antibiotics within 1 h of ED arrival,5
but the prioritization of early antibiotic administration
in sepsis remains controversial.6,7 Although some
studies reported worse outcomes for each hour
antibiotic administration is delayed,8-12 other studies
and a widely cited meta-analysis did not ﬁnd signiﬁcant
hour-upon-hour increases in sepsis mortality.13-15 Most
studies, moreover, have focused on hospital mortality

Patients and Methods
Study Design and Setting
This retrospective cohort study included adult patients presenting to
the EDs of two community hospitals and two tertiary-care hospitals
within an integrated hospital network in Utah. We included network
hospitals for which detailed ED medication administration data were
available. ED sepsis care was not protocolized, but adherence to a
sepsis treatment bundle was monitored for patients admitted to
ICUs. The Intermountain Healthcare Institutional Review Board
approved the study and waived requirements for informed consent
(IRB #1050172).
Subjects
Adult patients (age $ 18 years) admitted to the hospital after
presenting to a study ED from July 2013 to January 2017 were
eligible for study inclusion if they exhibited clinical sepsis while in
the ED. Criteria for clinical sepsis were based on the Third
International Consensus Deﬁnitions for Sepsis and Septic Shock
(Sepsis-3) standard.16 Organ failure was deﬁned as a Sequential
Organ Failure Assessment score at least two points above the
patient’s baseline using only data prior to hospital admission.17
Diagnosed or suspected infection while in the ED was identiﬁed by
using the combination of blood culture collection and IV
antimicrobial (or oral vancomycin or oseltamivir) administration
prior to hospital admission. Only patients’ ﬁrst eligible encounter
was included in the analysis. Trauma patients and patients who died
in the ED were excluded.
Data Abstraction
Data on clinical and demographic characteristics, interventions
(including antibiotic initiation), ED disposition, and hospital
outcomes were obtained from the Electronic Data Warehouse at
Intermountain Healthcare.18 Trained abstractors reviewed the
medical record using standardized methods and data collection
instruments to verify and, as needed, correct outlying and missing
data. Details regarding data abstraction and validation are described
in e-Appendix 1. Data linkage to Utah State death records and the
US National Death Index provided long-term mortality data.
Exposure and Outcome Measures
The study’s prespeciﬁed primary outcome was 1-year morality.
Secondary outcomes were hospital, 30-day, and 90-day mortality.
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and used analytic methods that may have masked
nonlinear associations between mortality and antibiotic
initiation time. Because expediting antibiotic initiation
has risks that include diagnostic and treatment delays
for patients misdiagnosed with sepsis and complications
due to unnecessary antibiotic therapy with potential
long-term consequences, a better understanding of the
strength and shape of the relationship between antibiotic
timing and outcomes is important for clinicians and
policy makers.
To address this issue, we applied robust risk-adjustment
methods to a large, multicenter sepsis cohort to evaluate
the association between both long-term and shorter
term sepsis mortality and hourly delays in antibiotic
initiation.

The primary exposure was the time in hours from ED arrival to ﬁrst
antibiotic initiation (“door-to-antibiotic time”).5 Secondary analyses
compared mortality for door-to-antibiotic times as follows: (1) # 1 h
vs each 1-h door-to-antibiotic interval beyond the ﬁrst hour (eg,
antibiotics started between 3 and 4 h compared with # 1 h); (2) >
1 h vs # 1 h; or (3) > 3 h vs # 3 h from ED arrival.
Reported vital signs represent ﬁrst-recorded values following ED
arrival and prior to hospital admission. We measured comorbidities
using a weighted Elixhauser score derived by Quan et al19 and
von Walraven et al20 and mortality risk using the Mortality in
Emergency Department Sepsis (MEDS) score.21,22 The Glasgow
Coma Scale (GCS) was dichotomized as abnormal (# 13) vs normal
($ 14) mentation. Additional details on covariate measurement are
included in e-Appendix 1.
Statistical Analysis
Bivariable comparisons used c 2 tests, unpaired Student t tests with
unequal variance, or Mann-Whitney U tests. The primary analysis
used robust multivariable logistic regression to test the association
between door-to-antibiotic time and 1-year mortality following
adjustment for a prespeciﬁed list of known and potential
confounders.23-25 Results are reported as adjusted OR (aOR) for
mortality and, based on the average marginal effects method,26,27 the
adjusted change in expected mortality. Adjustment variables selected
a priori included: triage acuity score; receipt of prehospital medical
care (ie, arrival to hospital via ambulance); MEDS score; ED
Sequential Organ Failure Assessment score; initial vital signs (systolic
blood pressure, GCS score # 13, heart rate, temperature, respiratory
rate, and oxygen saturation); ED disposition (ICU vs ward);
comorbidity score; marital status; insurance type; age; sex; Hispanic
ethnicity or non-white race; hospital; preferred language other than
English; initial WBC count; and a dichotomous variable indicating
that the initial lactate level was both measured in the ED and >
2 mmol/L. This adjustment variable set exhibited good
discrimination for 1-year mortality (C statistic, 0.81). No data were
missing for these variables. Similar multivariable models were
constructed for each secondary outcome and secondary exposure.
To evaluate the robustness of the study ﬁndings, several sensitivity
analyses were performed. First, the primary adjusted association was
retested in the subset of patients who: (1) received antibiotics within
6 h from ED arrival; or (2) had hospital discharge diagnoses
consistent with sepsis per the modiﬁed Angus criteria.28,29 The latter
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analysis was restricted to patients who presented to the ED prior to
October 1, 2015, because the International Classiﬁcation of Diseases,
Ninth Revision, Clinical Modiﬁcation discharge diagnosis codes
required for the Angus method for sepsis diagnosis identiﬁcation
were no longer in use following this date. Second, we repeated the
primary analysis with a more limited but still prespeciﬁed set of
adjustment variables. Finally, we used the following: (1) inverse
probability of treatment weighting30,31 or (2) matching based on
gain-weighted Gower’s distance32,33 as alternative approaches to
address indication bias when analyzing the association of door-toantibiotic time $ 3 h and 1-year mortality. These analyses are
described in detail in e-Appendix 1 and e-Figures 1 and 2.
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Figure 1 – Density plot of observed door-to-antibiotic times.

TABLE 1

To evaluate whether the association between mortality and door-toantibiotic time varied as a function of patient factors or illness
severity, we performed a preplanned exploratory analysis by adding
to the multivariable logistic regression model an interaction term
between the characteristics of interest (patient sex, hypotension,

] Characteristics of ED Patients With Sepsis According to Timing of Antibiotic Initiation

Characteristic

Antibiotic Initiation # 3 h
(n ¼ 6,158)

Antibiotic Initiation > 3 h
(n ¼ 4,653)

P Value

Age, y

60.9  19.3

62.1  18.6

.001

Hispanic or non-white race

985 (16.0%)

756 (16.2%)

.72

3,197 (51.9%)

2,775 (59.6%)

< .001

309 (5.0%)

277 (6.0%)

.033

3,155 (51.2%)

2,368 (50.9%)

Female
Preferred language other than English
Married
Primary insurance
Uninsured
Private

.72
.074

594 (9.6%)

443 (9.5%)

1,655 (26.9%)

1,356 (29.1%)

Medicaid

587 (9.5%)

435 (9.4%)

Medicare

3,322 (54.0%)

2,419 (52.0%)

2,150 (34.9%)

1,058 (22.7%)

< .001

5.1  3.4

3.9  3.1

< .001

Received prehospital medical care
MEDS score
SOFA score
Weighted Elixhauser score
Canadian triage acuity score

4.8  2.9

4.0  2.1

< .001

6.7  11.9

3.7  9.6

< .001

2.4  0.6

2.6  0.5

< .001

105  23

99  21

< .001

Initial ED vital signs
Heart rate, beats/min

129  28

131  26

.004

Respiratory rate, breaths/min

21.5  6.2

19.7  4.6

< .001

Glasgow Coma Scale score # 13

431 (7.0%)

130 (2.8%)

< .001

2,359 (41.2%)

1,321 (28.4%)

< .001

WBC count (1,000/dL)

13.5  14.5

12.7  10.5

< .001

Vasopressor within 24 h

639 (10.4%)

153 (3.3%)

< .001

2,174 (35.3%)

908 (19.5%)

< .001

Systolic blood pressure, mm Hg

Initial ED laboratory results
Lactate >2 mmol/L

Admit to ICU
30-Day mortality

565 (9.2%)

322 (6.9%)

< .001

90-Day mortality

769 (12.5%)

506 (10.9%)

.010

1-Year mortality

1,221 (19.8%)

862 (18.5%)

.089

Data are presented as mean  SD or No. (%). MEDS ¼ Mortality in Emergency Department Sepsis; SOFA ¼ Sequential Organ Failure Assessment.
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a
Adjusted for pooled triage acuity score; receipt of prehospital medical care; MEDS score; SOFA score; initial vital signs (systolic blood pressure, abnormal Glasgow Coma Scale, heart rate, temperature, respiratory
rate, and oxygen saturation); ED disposition (ICU vs ward); comorbidity score; marital status; insurance type; age; sex; Hispanic ethnicity or non-white race; hospital; non-English preferred language; initial WBC
count; and initial lactate level tested and > 2 mmol/L. See Table 1 legend for expansion of abbreviations.

.001

.015

(1.28-2.81)

(1.11-2.73)

1.90
.006

.004

(1.20-2.92)
1.87
.007

< .001
3.45

(1.78-6.67)

2.28

< .001
2.02
>6h

(1.40-2.90)

1.84
> 5 to # 6 h

(1.31-2.57)

< .001

(1.26-4.16)

2.06

(1.25-3.40)

1.74

.049

.019

(1.00-2.03)
1.43
.23
1.39
1.41
> 4 to # 5 h

(1.04-1.91)

.025

(0.82-2.37)

.22

1.28

(0.86-1.91)

(1.07-2.01)

.30
(0.87-1.59)

.16

1.47

.30

(0.90-1.83)
1.29
.036

.39

1.61

(0.79-1.82)
1.20

.018
1.40
> 3 to # 4 h

(1.06-1.85)

1.20
> 2 to # 3 h

(0.92-1.56)

.18

(1.03-2.53)

1.19

(0.86-1.65)

1.17

.31
Reference

(0.86-1.58)
1.17
.85

Reference

(0.70-1.35)
0.97
.21

Reference
Reference

1.29
1.19
> 1 to # 2 h

#1h

Door-to-antibiotic time interval

1.27
Door-to-antibiotic time > 3 h

(0.91-1.56)

.20

(0.87-1.93)

.13

< .001

(0.94-1.65)

(1.14-1.52)

1.24
.46

.005

(0.83-1.52)
1.12
.14

.003
(1.13-1.80)

1.32

1.42

.070
1.26
Door-to-antibiotic time > 1 h

(1.13-1.43)

1.10
Door-to-antibiotic time, h

(0.98-1.62)

< .001

(0.91-1.92)

1.28

(1.08-1.52)

1.32

P Value

< .001
(1.04-1.15)
1.09
< .001
1.16
< .001

Adjusted OR (95% CI)
Variable

(1.05-1.14)

Adjusted OR (95% CI)

P Value

(1.07-1.26)

< .001

1.12

(1.06-1.18)

Adjusted ORa (95% CI)

P Value
Adjusted OR (95% CI)

90-Day Mortality

P Value

a

30-Day Mortality
In-Hospital Mortality

a
a

1-Year Mortality

] Adjusted Association of Door-to-Antibiotic Time and Mortality in ED Patients With Sepsis
TABLE 2
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altered mental status [GCS score # 13], MEDS score, triage acuity
score, and lactate level > 2 mmol/L) and door-to-antibiotic time.
For this analysis, triage acuity scores were dichotomized as high
(scores of 3-5) or low (scores of 1-2), and the MEDS score was
categorized (per the original published description) as high
(score $ 8), moderate (score, 5-7), or low (score, # 4). Finally, for
a post hoc investigation designed to assess whether the association
of antibiotic delays with 1-year mortality was mediated by ongoing
excess mortality risk or durable differences in early mortality, we
repeated the primary analysis after excluding patients who died
within 7 days of ED arrival, died within 30 days, or died in the
hospital.
Analyses were performed in R version 3.5.1 (R Foundation) and Stata
version 14.2 (StataCorp LP). A P value < .05 using two-tailed tests was
considered signiﬁcant.

Results
Among 10,811 adult ED patients with clinical sepsis
included in this analysis (e-Fig 3), 887 (8%) died within
30 days, and 2,083 (19%) died within 1 year. Median
door-to-antibiotic time was 166 min (interquartile range,
115-230 min) (Fig 1). Patients receiving antibiotics
within 3 h of ED arrival were younger, less likely to
be female, had more comorbidities, exhibited more
organ failure, and had more physiologic derangement
(Table 1). Consistent with more severely ill patients
receiving antibiotics earlier, crude 30-day mortality was
higher in patients whose door-to-antibiotic time was
# 3 h (9%) compared with those receiving antibiotics
> 3 h from ED arrival (7%; P < .001). At 1 year, the
difference in crude mortality between patients with
door-to-antibiotic time # 3 h vs > 3 h (20% vs 19%,
respectively) was not statistically signiﬁcant (P ¼ .089).
After adjustment, however, each 1-h increase in door-toantibiotic time was associated with a 10% (95% CI, 5-14)
increase in the odds of 1-year mortality (P < .001). This
ﬁnding translated to a 1.1% (95% CI, 0.7-1.6) increase in
expected mortality for each additional hour of door-toantibiotic time (e-Table 1). A similar association was
observed for hospital, 30-day, and 90-day mortality
(Table 2). Delayed antibiotic initiation was also associated
with increased 1-year mortality when comparing
antibiotic initiation > 3 h vs # 3 h (aOR, 1.27; 95% CI,
1.13-1.43; P < .001). However, the association of 1-year
mortality with door-to-antibiotic time > 1 h vs # 1 h
(aOR, 1.26; 95% CI, 0.98-1.62) was not statistically
signiﬁcant (P ¼ .070). When considering each extra hour
of door-to-antibiotic time independently (relative to
antibiotic initiation # 1 h), the risk increase appeared
linear for 1-year mortality and fairly linear for 30- or 90day mortality (Fig 2).34 Similar to previous risk-adjusted
reports,9,10 the association with door-to-antibiotic time

941

B
4

Adjusted OR for Mortality

Adjusted OR for Mortality

A

3

2

1
<1

1-2
2-3
3-4
4-5
5-6
Time to First Antibiotics (h)

7
Ferrer 2014

6

Liu 2017

5

Current study

4
3
2
1

>6

<1

1-2
2-3
3-4
4-5
5-6
Time to First Antibiotics (h)

>6

<1

1-2
2-3
3-4
4-5
5-6
Time to First Antibiotics (h)

>6

D
4

Adjusted OR for Mortality

Adjusted OR for Mortality

C

3

2

1
<1

1-2
2-3
3-4
4-5
5-6
Time to First Antibiotics (h)

>6

4

3

2

1

Figure 2 – Adjusted association of mortality with door-to-antibiotic time, comparing each hourly interval following the ﬁrst hour to door-to-antibiotic
time # 1 h for (A) 1-year mortality, (B) hospital mortality, (C) 30-day mortality, and (D) 90-day mortality. For hospital mortality, results from the
current analysis are compared with risk-adjusted associations with hospital mortality reported by Ferrer et al9 and Liu et al.10 Figure adapted with
permission of the American Thoracic Society from Liu et al10 and with permission from Elsevier from Peltan and Liu.34 The American Journal of
Respiratory and Critical Care Medicine is an ofﬁcial journal of the American Thoracic Society.

was less clearly linear for hospital mortality.
Sensitivity analyses yielded similar results when
restricted to patients with an ultimate International
Classiﬁcation of Diseases, Ninth Revision, Clinical
Modiﬁcation hospital discharge diagnosis consistent
with sepsis, patients receiving antibiotics # 6 h from
ED arrival, and using an alternative set of adjustment
variables (e-Table 2).
Both inverse probability of treatment weighting using
patients’ propensity for receipt of antibiotics within 3 h
of ED arrival (N ¼ 10,811) and matching based on the
gain-weighted Gower’s distance (2,255 matched pairs
including 3,760 unique patients) yielded well-balanced
groups (e-Fig 1). The sensitivity analyses both identiﬁed
increased risks of 1-year mortality associated with doorto-antibiotic time > 3 h that were similar to the results
derived from primary analysis using multivariable
logistic regression (e-Table 3).
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We observed no statistical evidence that the relative risk
of 1-year mortality associated with door-to-antibiotic
time varied according to illness severity or patient sex
(Fig 3). Hourly increases in door-to-antibiotic time
remained associated with risk-adjusted 1-year mortality
in exploratory analyses that excluded patients who died
within 7 days of ED arrival (aOR, 1.08; 95% CI, 1.041.12; P < .001), died within 30 days (aOR, 1.08; 95% CI,
1.03-1.12; P ¼ .002), or died in the hospital (aOR, 1.09;
95% CI, 1.04-1.12; P < .001).22

Discussion
In this large, multicenter sepsis cohort, each 1-h
increase in door-to-antibiotic time was associated with
a 10% increase in the adjusted odds of death by 1 year.
This ﬁnding translated into a 1.1% per hour increase in
risk-adjusted absolute mortality and suggests that
decreasing average door-to-antibiotic time to 1.5 h
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N

Adjusted OR
(95% CI)

P Value

Overall

10,811

1.10 (1.05-1.14)

< .001

High acuity score
Low acuity score

5,735
5,076

1.11 (1.06-1.17)
1.08 (1.02-1.14)

.37

Hypotension
No hypotension

874
9,937

1.13 (1.00-1.28)
1.09 (1.05-1.13)

.57

MEDS score 3-5
MEDS score 2
MEDS score 1

2,068
3,120
5,623

1.10 (1.02-1.19)
1.11 (1.04-1.18)
1.08 (1.02-1.14)

.77

Altered mental status
Intact mental status

561
10,250

1.14 (0.98-1.32)
1.09 (1.05-1.14)

.58

Initial lactate > 2 mmol/L
Initial lactate ≤ 2 mmol/L

3,860
6,951

1.10 (1.04-1.17)
1.09 (1.04-1.14)

.76

Female
Male

5,972
4,839

1.12 (1.06-1.18)
1.07 (1.02-1.13)

.19

Characteristic

.9
1 1.1 1.2 1.3 1.4 1.5
Adjusted OR for Mortality per Each 1 h Increase in
Door-to-Antibiotic Time
Figure 3 – Variation in the adjusted association of door-to-antibiotic time and 1-year mortality according to patient and clinical factors. MEDS ¼
Mortality in Emergency Department Sepsis.

could prevent one death per 61 ED patients with sepsis,
or more than four deaths per month just in the EDs
included in this study. The association remained
generally linear even when the analysis was structured
to allow for a nonlinear relationship between antibiotic
time and 1-year mortality. Door-to-antibiotic time
cutoffs at 3 h were similarly associated with 1-year
mortality, but the association between 1-year mortality
and door-to-antibiotic time > 1 h did not reach
statistical signiﬁcance. In exploratory analyses,
increased mortality risk persisted among initial
survivors.
To our knowledge, this study is the ﬁrst to examine the
potential impact of antibiotic timing on mortality
beyond 1 month in adults with sepsis, the largest study
(by a factor of 10) to examine mortality beyond hospital
discharge, and the ﬁrst to ﬁnd a signiﬁcant association of
antibiotic timing and long-term mortality in patients
with general sepsis (e-Table 4).15,35-38 Conﬁrmatory
ﬁndings using different analytic strategies, related but
not identical outcomes and measures of exposure, and a
dose-response effect indicate that our ﬁndings are
robust. Beyond buttressing ﬁndings from studies using
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early mortality end points, our results also address the
controversy over whether sepsis outcomes only begin to
worsen after door-to-antibiotic times exceed a speciﬁed
threshold. We found that the association between
increasing antibiotic delay and 1-year mortality was
linear, suggesting that sepsis outcomes may improve
continuously with earlier initiation of appropriate
antibiotics rather than remaining equivalent as long as
antibiotics are initiated within some early time window.
We observed that antibiotic delay was associated with
increased risk of 1-year mortality even among patients
who survived at least 7 days, 30 days, or through hospital
discharge. This ﬁnding suggests that the association
between long-term mortality and antibiotic timing
does not depend solely on early but durable mortality
differences. Potential mechanisms (which we were not
able to investigate in the present study) by which
antibiotic delay might result in excess mortality risk
persisting long after the initial sepsis presentation include
more severe or enduring sepsis-associated organ failure,
increased persistent inﬂammation, more recurrent
infection, or worse deconditioning.39 Importantly,
these ﬁndings from exploratory analyses must be viewed
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as hypothesis generating and require both conﬁrmation
and mechanistic investigation in future studies.

randomizing EDs to interventions designed to
accelerate sepsis care.

Our study also could not address two reasons that the
emphasis on early antibiotic initiation in sepsis remains
controversial. First, quantitative data are lacking on
whether and how much efforts to accelerate antibiotic
initiation increase the frequency of inadequate
antibiotics or antibiotic overtreatment (both excessively
broad-spectrum and entirely unnecessary antibiotics)
and the consequences of such mistreatment. As such,
clinicians and policy makers cannot currently make fully
informed decisions about the risk/beneﬁt ratio of such
efforts.40

Our study has several additional limitations. Although
use of ﬁrst antibiotic initiation is common in other
studies in sepsis, using this marker as a surrogate for
appropriate antibiotic initiation may have led us to
underestimate the magnitude of the association between
mortality and antibiotic delays. Mortality in the study
cohort was comparable to a contemporary study
enrolling similar patients with community-acquired
clinical sepsis43 but was lower than in some historic and
mostly higher risk cohorts.44 Inclusion of patients with
clinical rather than conﬁrmed sepsis could also lead to
underestimated effect sizes, a concern potentially
supported by the increased magnitude of the association
when we restricted the analysis to patients with both
clinical sepsis in the ED and a hospital discharge
diagnosis consistent with sepsis. We were not able to
assess cause of death in these patients, nor evaluate
potential mechanisms (eg, increased sepsis relapse rates,
persistent organ failure, or more frequent readmissions)
of the observed association between late mortality and
door-to-antibiotic time.

Second, our ﬁndings build upon observational data
regarding antibiotic timing in sepsis that meet multiple
criteria for causal inference, including biologic
plausibility, supportive evidence from preclinical
studies, variation in the magnitude of effect consistent
with theoretical predictions, and robust, replicable
results across populations, variant exposures, and
related outcomes.41,42 However, our study is not a
randomized trial and is not free from confounding by
indication. In unadjusted analyses, such confounding
will tend to abrogate or, as seen here and
elsewhere,10,13 produce apparently reversed association
in crude analyses. Despite adjusting for a broad array
of known and plausible confounders in the primary
analysis and conﬁrming results using alternative
statistical methods, we cannot exclude the possibility of
residual confounding in this observational study.
Innovative trials are needed to conﬁrm our ﬁndings,
including adequately powered trials randomizing
patients to receiving prehospital antibiotics or
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Conclusions
Increasing door-to-antibiotic time for ED patients with
clinical sepsis was associated with a linear, hour-by-hour
increase in 1-year mortality and possibly with persistent
increases in mortality among survivors of the initial
illness. Innovative trial designs are needed to test
methods to accelerate appropriate antibiotic initiation
and determine whether these interventions improve
patient-centered outcomes.
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