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Evidence supporting antibiotic administration within 3 hours in sepsis without shock is limited. Therefore, we conducted a
systematic review and meta-analysis to determine whether the timing of antibiotic initiation influences mortality in patients
with sepsis or septic shock. We comprehensively searched PubMed, EMBASE, the Cochrane Central Register of Controlled
Trials, and the Korean Medical Database from inception to November, 2022, using the keywords “sepsis,” “septic shock,”
“anti-bacterial agents,” “time to treatment,” and “time factors.” Two reviewers independently performed eligibility screen-
ing and full-text review. Thirteen studies including 79,246 patients were analyzed: five prospective, seven retrospective, and
one retrospective case—control study. In overall sepsis cases, mortality did not differ significantly between patients who re-
ceived antibiotics within 1 hour and those in the delayed group but was significantly lower in those who received antibiotics
within 3 hours than in those in the delayed group. In patients with septic shock, mortality was significantly lower in groups
that received antibiotics within both 1 and 3 hours than in the delayed group. In septic shock, administration of antibiotics
within 1 hour of diagnosis reduces mortality. In patients with sepsis, antibiotic administration within 3 hours, but not neces-
sarily within 1 hour, was associated with reduced mortality.
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unit. Kumar et al. [5] reported a 7.6% increase in in-hospital

INTRODUCTION

Early administration of appropriate antibiotics is one of
the most effective treatments for reducing mortality risk in
patients with sepsis [1-3]. The 2016 Surviving Sepsis Cam-
paign (SSC) guidelines recommend that patients with sepsis
and septic shock receive antibiotics within 1 hour of emer-
gency department triage [4]. Most studies on which these
guidelines are based are retrospective observational studies,
primarily involving patients admitted to the intensive care
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mortality for each hour of delay in the administration of ef-
fective antibiotics after septic shock onset.

However, the optimal timing of antibiotic administration
in sepsis remains controversial [6,7]. The Infectious Diseases
Society of America (IDSA) does not support the 2016 SSC
guidelines due to concerns that they could encourage an-
tibiotic misuse and overdiagnosis of sepsis [8]. They noted
the lack of evidence supporting early antibiotic initiation
in patients with suspected sepsis without shock and the
complexity of the definition of “time zero.” Therefore, they
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suggested that sepsis without shock should be excluded
from bundled therapy, broad-spectrum antibiotics should
be started within 1 hour of time zero for septic shock, and
the definition of time zero should be clear and reproducible.

The SSC released a new version of its guidelines in 2021
[9]. The guidelines divide the time to antibiotic initiation
based on the presence of shock and likelihood of infection,
recommending that antibiotic administration be started
within 1 hour in cases of septic shock and sepsis with a high
likelihood of infection. In cases of possible sepsis without
shock, a rapid investigation of the possibility of infection
should be conducted, and antibiotics should be adminis-
tered within 3 hours if concerns persist. The time-zero point
for antibiotic administration was defined as the time of first
recognition of sepsis.

Despite these changes, the quality of evidence for this
recommendation remains poor in patients with sepsis but
without shock. Previous studies have failed to differenti-
ate between sepsis and septic shock and have used mixed
criteria for time zero [10-13]. Therefore, we conducted a
meta-analysis to determine whether the time from sepsis
recognition to antibiotic initiation influences mortality in pa-
tients with and without septic shock.

METHODS

This study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines [14] (Fig. 1). Approval from a specific Institutional

Records identified through database search (n = 14,675):
e PubMed (n = 3,784)
e EMBASE (n = 9,878)
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Review Board or Ethics Committee was not sought because
the study used publicly available data obtained from an on-
line database. The study protocol is registered in PROSPERO
(ID: CRD42024497641).

Search strategy

We performed a comprehensive search of PubMed, EM-
BASE, the Cochrane Central Register of Controlled Trials,
and the Korean Medical Database from inception to No-
vember 22, 2022, to identify randomized controlled trials
and cohort and case—control studies that assessed antibiotic
initiation in sepsis. We restricted our search to clinical studies
conducted on adult populations and published in English or
Korean. The main search keywords were “sepsis,” “septic
shock,” “anti-bacterial agents,” “time to treatment,” and
“time factors” (Supplementary Table 1). The bibliographies
of the retrieved publications and references of relevant re-
views were also screened to ensure that no relevant studies
were inadvertently omitted.

"o

Study selection

Two reviewers (DP and NK) independently performed the
initial eligibility screening of all retrieved titles and abstracts.
Studies that reported original data specifically mentioning
the time to antibiotic initiation in patients with sepsis or sep-
tic shock were selected for further review. Full-text reviews
were independently performed by the same two reviewers
using the following eligibility criteria: 1) randomized con-
trolled trial, observational cohorts, and/or case—control stud-

Duplicates excluded

e Cochrane (n = 784) (n=2,418)
e KMBASE (n = 220)
* Manual search (n = 9)
Records screened Records excluded after abstract review

(n=12,257)

:

Full-text articles assessed for eligibility
(n =65)

:

Studies included
(h=13)

Figure 1. Flowchart for inclusion.
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(n=12,192)

———»  Full-text articles excluded (n = 52):

¢ Not conducted on adult patients with sepsis (n = 3)

® Had no intervention implemented regarding the time
from sepsis recognition to antibiotic initiation (n = 47)

 Duplicate (n = 1)

* Not a full-text paper (n = 1)
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ies; 2) inclusion of adult patients with sepsis; 3) description
of antibiotic initiation timing; 4) establishment of a time-ze-
ro point for antibiotic initiation as the time of sepsis recog-
nition; and 5) description of mortality outcomes. Any dis-
crepancies were resolved by consensus discussion mediated
by a third reviewer (YL). Unlike previous meta-analyses, our
study included only those studies that defined time-zero for
antibiotic administration as the time of sepsis recognition.
Consequently, several studies that used alternative defini-
tions of time zero (e.g., emergency department triage) were
excluded, which may explain the smaller number of studies
included in our analysis.

Assessment of risk of bias

The Risk of Bias Assessment Tool for Non-randomized Stud-
ies (ROBANS) (version 2) [15] was used to assess the quality
of each included study based on the risk of bias across eight
domains: comparability of the target group, target group
selection, confounders, measurement of intervention/ex-
posure, blinding of assessors, outcome assessment, incom-
plete outcome data, and selective outcome reporting. The
risk of bias for each of these eight domains was rated as
“low,” "high,” or “unclear.” Two reviewers (DP and NK)
independently rated the quality of three articles using the
RoBANS (version 2), and any disagreements were resolved
through discussion and/or consultation with a third reviewer
(YL). All three reviewers assessed the quality of the remain-
ing articles.

Data extraction and statistical analysis

Data on the author, publication year, study type, study
location, study population, severity of sepsis, time to an-
tibiotic initiation, and mortality outcomes were extracted
from each included study. RevMan software (version 5.4;
The Cochrane Collaboration, 2020) and Comprehensive
Meta-Analysis software (version 4; Biostat, Englewood, NJ,
USA, 2022) were used to perform all statistical analyses and
generate forest plots. A meta-analysis was performed only
when at least two studies provided data on each outcome
of interest. We extracted the adjusted odds ratios (ORs) and
the corresponding 95% confidence intervals (Cls) from the
identified studies and used the inverse variance method to
calculate the overall effect size with 95% Cls. If a study re-
ported multiple adjusted ORs for the same outcome mea-
sure, a pooled effect size was calculated to represent the
study outcome. Pooled estimates of ORs with 95% Cls were

https://doi.org/10.3904/kjim.2025.037

KJIM™

calculated using random- or fixed-effects models, depend-
ing on the degree of heterogeneity among the studies [16].
Statistical heterogeneity was assessed using |2 statistics,
where values of 25%, 50%, and 75% were considered
the cutoff points for low, moderate, and high degrees of
heterogeneity, respectively [17]. A p value < 0.05 was con-
sidered statistically significant. Publication bias was assessed
using the Egger’s regression model and visualized using a
contour-enhanced funnel plot [18].

RESULTS

A total of 14,670 articles were initially retrieved. After dupli-
cates were excluded, 12,257 articles remained. DP and NK
screened titles and abstracts and excluded 12,192 irrelevant
studies; the remaining 65 articles underwent full-text as-
sessment. Fifty-two articles were excluded for the following
reasons: three were not conducted on adult patients with
sepsis, 47 did not implement any intervention on the time
from sepsis recognition to antibiotic initiation, and two were
either duplicates or not full-text papers. Thus, 13 articles
were included in the final analysis (Table 1 and Fig. 1).

Study characteristics

Thirteen studies involving 79,246 patients were included in
this meta-analysis: five prospective, seven retrospective; and
one retrospective case—control (Table 1).

Effect of antibiotic administration within 1 hour
Ten of the 13 included studies analyzed the effects of an-
tibiotic administration within 1 hour of sepsis and septic
shock (overall sepsis). The mortality rate was 31.4% (28.9%
[731/2,532] in the group administered antibiotics within 1
hour and 32.7% [1,632/4,993] in the group administered
antibiotics after 1 hour). Pooled ORs from the 10 studies
showed no significant differences in the mortality rate be-
tween the two groups (OR 0.87, 95% Cl 0.75-1.01; p =
0.07], with moderate heterogeneity (12 = 66%, p = 0.002;
Fig. 2A).

The effect of antibiotic administration within 1 hour on
mortality was investigated in six studies that included only
patients with septic shock. The mortality rate was 28.6%
(26.9% [189/702] in the group administered antibiotics
within 1 hour and 29.2% [528/1,806] in the group adminis-
tered antibiotics after 1 hour). Pooled ORs from the six stud-

www.kjim.org 727


www.kjim.org

The Korean Journal of Internal Medicine Vol. 40, No. 5, September 2025

KJIM™

Table 1. Summary of included studies

Ll e Location o:‘\l ;;T:it;rts e CESiE corTc?iZed deSf(iar?i?iZn sz(\e/z:iltsy oPL:Itrcn:r;ye
Abe et al. [19] Japan ICU 1,184 Prospective 2016-2017  Sepsis-2  Sepsis In-hospital
cohort mortality

Bloos et al. [20] Germany ICU 1,011 Prospective 2010-2011  Sepsis-2  Sepsis 28-day
cohort mortality
Suberviola Cafias Spain ICU 342 Prospective 2005-2010  Sepsis-2  Septic In-hospital
etal. [21] cohort shock mortality
Ferrer et al. [1] Spain ICU 2,796 Prospective 2005-2007  Sepsis-2  Sepsis In-hospital
cohort mortality

Hu et al. [22] us MICU 1,052 Retrospective  2006-2018  Sepsis-3  Septic 28-day
cohort shock mortality
Kumar et al. [5] Canada, US ICU 2,731 Retrospective ~ 1989-2004  Sepsis-2  Septic In-hospital
cohort shock mortality

Lee et al. [23] South Korea ED 357 Prospective 2010-2012  Sepsis-2  Septic 28-day
cohort shock mortality

Liang et al. [24] Taiwan ED 331 Retrospective ~ 2018-2019  Sepsis-3  Septic 90-day
cohort shock mortality

Lueangarun and Thailand General ward 229 Retrospective 2009 Sepsis-2  Sepsis Overall
Leelarasamee [25] cohort mortality

Ryoo et al. [26] South Korea ED 426 Retrospective ~ 2010-2012  Sepsis-2  Septic 28-day
cohort shock mortality
Savran et al. [27] Turkey ICU 110 Retrospective ~ 2010-2014  Sepsis-2  Sepsis In-hospital
cohort mortality
Tan and Mendoza Philippines  ED 261 Retrospective ~ 2013-2015  Sepsis-2  Sepsis In-hospital
[28] cohort mortality
Yokota et al. [29] us ED 1,279 Retrospective  2005-2012  Sepsis-2  Sepsis In-hospital
cohort mortality

ICU, intensive care unit; MICU, medical intensive care unit; ED, emergency department.

ies showed the mortality rate was significantly lower in the
group administered antibiotics within 1 hour than in the de-
layed group (OR 0.89, 95% Cl 0.88-0.90; p < 0.001), with
no significant heterogeneity (12 = 15%, p = 0.32; Fig. 2B).
We performed a sensitivity analysis by excluding studies
with different mortality endpoints. Liang et al. [24] used
90-day mortality as the outcome, whereas the other nine
studies used either 28-day or in-hospital mortality (Table
1). In addition, the study by Liang et al. [24] included only
older patients aged 65 years or older, which may have in-
troduced heterogeneity in the analysis. After excluding this
study, the pooled analysis results remained consistent with
the original findings. Specifically, for patients with overall
sepsis, no significant difference in mortality was observed
between the group administered antibiotics within 1 hour
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and the delayed group (OR 0.86, 95% Cl 0.73-1.01; p =
0.07), with moderate heterogeneity (2 = 69%, p = 0.001;
Supplementary Fig. 1A). In contrast, among patients with
septic shock, the pooled analysis showed significantly lower
mortality in the group administered antibiotics within 1 hour
than in the delayed group (OR 0.83, 95% C10.71-0.98; p =
0.02), with no significant heterogeneity (12=27%, p = 0.24;
Supplementary Fig. 1B).

Effect of antibiotic administration within 3 hours
Seven of the 13 included studies analyzed the effect of anti-
biotic administration within 3 hours in patients with overall
sepsis. The mortality rate was 32.7% (28.9% [862/2,981]
in the group administered antibiotics within 3 hours and
39.1% [694/1,779] in the group administered antibiotics
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Odds ratio Odds ratio Risk of bias
Study or subgroup Log [odds ratio] SE Weight IV. Random, 95% Cl IV. Random, 95% Cl A B CDTETFGH
Abe et al. [19] 2019 0357 0.1486 11.4% 1.43[1.07, 1.91] — PPPPPPPS®
Bloos et al. [20] 2014 0.207 02131 7.8% 1.23[0.81, 1.87] —— 2PPPPPPS®
Suberviola Cafias et al. [21] 2015 -0.6127 02316 7.0%  054[0.34,0.85] — 2P 2PPPS®
Ferrer et al. [1] 2009 -0.3383 0.1091 1429  0.71[0.58,0.88] - 20PPPPPS®
Hu et al. [22] 2020 03132 0214 7.8% 073 (048, 1.11] — 2PPPPPPS®
Kumar et al. [5] 2006 -0.1165 0.0058 199%  0.89 [0.88, 0.90] n 70PPPPPS®
Lee et al. [23] 2015 -0.0632 0.2823 54% 094 [0.54,1.63] —r P00
Liang et al. [24] 2022 0.0276 0.2246 7.3% 1.03 [0.66, 1.60] —— PPP PPP®
Ryoo et al. [26] 2015 -0.0825 0.2547 620  092[0.56, 1.52] —r— 20P2PPP®
Yokota et al. [29] 2014 -0.372 0.1254 13.0% 0.69 [0.54, 0.88] - 209 2PPPS®
Total (95% CI) 1000%  0.87 [0.75, 1.01] OI
Heterogeneity: Tau? = 0.03; Chi2 = 26.63, df = 9 (p = 0.002); 12 = 66% T T T T T
Test for overall effect: Z = 1.79 (p = 0.07) 0.05 02 1 5 20
Favours [< 1 hr] Favours [> 1 hr]
A
Odds ratio Odds ratio Risk of bias
Study or subgroup Log [odds ratio] SE Weight IV, Fixed, 95% ClI IV, Fixed, 95% ClI A B CDTETFGH
Suberviola Cafias et al. [21] 2015 -0.6127 02316 0.1%  0.54[0.34, 0.85] - 27092009
Hu et al. [22] 2020 03132 0214 0.1%  0.73[0.48, 1.11] — 70PPPPPS®
Kumar et al. [5] 2006 -0.1165 0.0058 99.7%  0.89 [0.88, 0.90] . 27PPPPPPS®
Lee et al. [23] 2015 -0.0632 0.2823 0.0% 0.94 [0.54, 1.63] . PP PPP®
Liang et al. [24] 2022 0.0276 0.2246 0.1% 1.03 [0.66, 1.60] -1 PP 2P®P®
Ryoo et al. [26] 2015 -0.0825 0.2547 0.1%  092[0.56,1.52] —t 2P 2PPPS®
Total (95% CI) 100.0%  0.89 [0.88, 0.90] {
Heterogeneity: Chi? = 5.90, df = 5 (p = 0.32); 12 = 15% T T T T
005 02 1 5 20

Test for overall effect: Z = 20.17 (p < 0.00001)

Favours [< 1 hr] Favours [> 1 hr]

Figure 2. Summary of forest plots. Pooled odds ratios for mortality and time to antibiotic administration within 1 hour or after 1 hour in
patients with (A) overall sepsis and (B) septic shock. SE, standard error; IV, inverse variance; Cl, confidence interval. Risk of bias legend: (A)
Comparability of the target group; (B) Target group selection; (C) Confounders; (D) Measurement of intervention/exposure; (E) Blinding of

assessors; (F) Outcome assessment; (G) Incomplete outcome data; (H) Selective outcome reporting.

after 3 hours). Pooled ORs of the seven studies showed
that the mortality rate was significantly lower in the group
administered antibiotics within 3 hours than in the delayed
group (OR 0.67, 95% Cl 0.53-0.86; p = 0.001), with mod-
erate heterogeneity (12 = 63%, p = 0.01; Fig. 3A).

The effect of antibiotic administration within 3 hours on
the mortality risk was investigated in two studies that in-
cluded only patients with septic shock. The mortality rate
was 25.6% (22.1% [205/929] in the group administered
antibiotics within 3 hours and 31.7% [174/549] in the group
administered antibiotics after 3 hours). Pooled ORs from the
two studies showed that the mortality rate was significantly
lower in the group administered antibiotics within 3 hours
than in the delayed group (OR 0.65, 95% CI 0.51-0.83; p <
0.001), with no significant heterogeneity (12 = 6%, p = 0.30;
Fig. 3B).

https://doi.org/10.3904/kjim.2025.037

Quality appraisal of included studies

Most of the included studies had a low risk of bias in all do-
mains (Fig. 2, 3). Publication bias was assessed using funnel
plots of standard error versus logit effect size. Examination
of the funnel plots did not suggest publication bias, as no
asymmetry was observed. Additional Egger regression tests
revealed no significant publication bias in the included stud-
ies (Supplementary Fig. 2).

DISCUSSION

In this meta-analysis, antibiotic administration within 1 hour
of sepsis recognition improved mortality in patients with
septic shock but not in those without septic shock. Anti-
biotic administration within 3 hours improved mortality in
both septic shock and overall sepsis cases. Thus, in patients
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0Odds ratio 0Odds ratio Risk of bias
Study or subgroup Log [odds ratio] ~ SE Weight  IV. Random, 95% CI IV. Random, 95% Cl A B CDETFGH
Abe et al. [19] 2019 00665 01619  17.9% 1.07 [0.78, 1.47] - ePPPPPPS®
Ferrer et al. [1] 2009 -02909 00985  224%  0.75[0.62,091] - 20PPPPPS®
Hu et al. [22] 2020 04868 01384  19.6%  061[047,081] - 20PPPPP®
Lueangarun and Leelarasamee [25] 2012 -0.5878 0.2242 13.9% 0.56 [0.36, 0.86] = 20PPPPES®
Ryoo et al. [26] 2015 -0.1396 03059 99%  0.87[048, 1.58] —ur— 2P 2PPP®
Savran et al. [27] 2016 -15506  0.5598 4.0% 0.21[0.07, 0.64] PP 2P®P®
Tan and Mendoza [28] 2019 -0.712 0.2527 12.3% 0.49 [0.30, 0.81] —— P09 PPP®
Total (95% CI) 100.0%  0.67 [0.53, 0.86] X 3
Heterogeneity: Tau? = 0.06; Chi2 = 16.17, df = 6 (p = 0.01); 12 = 63% T T T T
Test for overall effect: Z = 3.23 (p = 0.001) 0.05 0.2 1 5 20

Favours [< 3 hr] Favours [> 3 hr]

Odds ratio Odds ratio Risk of bias
Study or subgroup Log [odds ratio] SE Weight IV, Fixed, 95% CI 1V, Fixed, 95% ClI A B CDETFGH
Hu et al. [22] 2020 04868 01384 8300  0.61[047,081] [ ] 20PPPPPS®
Ryoo et al. [26] 2015 01396 03059  17.0%  0.87 [0.48, 1.58] —a— 209 20PPS®
Total (95% CI) 100.0%  0.65[0.51,0.83] <
Heterogeneity: Chi? = 1.07, df = 1 (p = 0.30); |12 = 6% T T

Test for overall effect: Z = 3.39 (p = 0.0007)

T T
0.05 0.2 1 5 20

Favours [< 3 hr] Favours (> 3 hr]

Figure 3. Summary of forest plots. Pooled odds ratios for mortality and time to antibiotic administration within 3 hours or after 3 hours
in patients with (A) overall sepsis and (B) septic shock. SE, standard error; IV, inverse variance; Cl, confidence interval. Risk of bias legend: (A)
Comparability of the target group; (B) Target group selection; (C) Confounders; (D) Measurement of intervention/exposure; (E) Blinding of
assessors; (F) Outcome assessment; (G) Incomplete outcome data; (H) Selective outcome reporting.

with sepsis without septic shock, administering antibiotics
within 1 hour did not have a significant effect on mortality,
whereas administering antibiotics within 3 hours was found
to be reasonable.

The SSC guidelines recommend that the likelihood of
infection should be assessed first in patients with possible
sepsis without shock and that antibiotics should be admin-
istered within 3 hours if concerns of infection persist after
assessment [9]. Despite this recommendation, evidence
supporting the administration of antibiotics within 3 hours
in sepsis without shock has been limited. Therefore, in re-
al-world clinical practice, concerns remain regarding delays
in antibiotic administration related to the initial assessment
of infection likelihood. This study showed that the adminis-
tration of antibiotics within 1 hour had a mortality benefit in
septic shock; however, it had no significant effect on mor-
tality in sepsis without shock. These findings are important
because they provide evidence to support the recommenda-
tions of the SSC guidelines.

Sepsis is difficult to distinguish from non-infectious syn-
dromes. Up to 40% of patients admitted to intensive care
units with a diagnosis of sepsis do not have an infection
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and thus do not actually have sepsis [30]. Assessing whether
patients with organ dysfunction have an infection within a
limited time can increase the risk of error. The increased risk
of mortality associated with delayed antibiotic administra-
tion may prompt unnecessary antibiotic use even in cases
with a minimal possibility of sepsis. Broad-spectrum antibi-
otics are commonly administered to patients with suspect-
ed sepsis. Rhee et al. [31] reported that although resistant
pathogens were confirmed in only 29.2% of patients with
sepsis, broad-spectrum empirical antibiotics targeting resis-
tant organisms were administered to 67.7% of these pa-
tients. These findings highlight serious concerns regarding
the unnecessary use of antibiotics in patients with suspected
sepsis. The IDSA also raised this concern and suggested that
in patients with uncertain infections and without shock, an-
tibiotic administration should be postponed until additional
diagnostic data are gathered to generate a more informed
and precise therapeutic plan [8].

A meta-analysis published in 2015 also investigated the
effect of time to antibiotic initiation on mortality risk in pa-
tients with severe sepsis or septic shock [10]. No significant
benefit was observed from administering antibiotics with-
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in 1 hour of sepsis diagnosis. However, this study did not
distinguish between sepsis with and without septic shock,
making it difficult to determine whether there was a surviv-
al benefit from antibiotic use in patients with septic shock.
Five of the eight studies included in the previous meta-anal-
ysis were also included in the current meta-analysis. The full
texts of the three excluded studies were also reviewed but
excluded because their time-zero point did not meet our
criteria; they set emergency triage arrival as time zero. Eight
additional studies published later were included in our anal-
ysis, totaling 13 studies.

A meta-analysis of 13 studies by Rothrock et al. [11] in
2020 showed no mortality benefit for patients who received
antibiotics within 1 hour compared with those treated with-
in 1-3 hours. In particular, a subgroup analysis of severe
sepsis without shock found that antibiotics administered
within 1 hour were associated with higher mortality than
those administered within 1-3 hours. This finding is con-
sistent with our results that antibiotic administration within
1 hour does not have a significant effect on mortality in
patients with sepsis without shock. However, this analysis by
Rothrock et al. [11] included studies with various time-zero
points such as emergency triage arrival, onset of organ dys-
function, and onset of hypotension.

In another study by Huang et al. [12] in 2023, each hour
delay in antibiotic administration was associated with an in-
creased risk of mortality in adult patients with sepsis. How-
ever, the authors did not differentiate between sepsis cases
with and without shock and did not adequately address
time zero.

A recent meta-analysis by Tang et al. [13] investigated
the effect of delayed antibiotic treatment on mortality in
patients with sepsis or septic shock and found that antibi-
otic administration beyond 1 hour after emergency triage
or sepsis identification was associated with increased mor-
tality and antibiotic use within 3 hours was associated with
decreased mortality. The effect of antibiotic administration
within 3 hours was consistent with our results, showing
reduced mortality in both septic shock and overall sepsis.
However, this study also failed to differentiate between sep-
sis and septic shock and used mixed criteria for time zero.

We were unable to perform a meta-analysis exclusively
for sepsis without shock, and instead analyzed the effect of
time to antibiotic use in septic shock and overall sepsis to in-
directly estimate its effect in sepsis without shock. Pak et al.
[32] reported that delaying antibiotic administration for up
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to 6 hours from time zero (arrival at the emergency depart-
ment) did not significantly increase mortality in patients with
septic shock. In septic shock, the survival benefit of antibiot-
ic administration within 1 hour was significant; however, in
sepsis without shock, a significant increase in mortality risk
was not observed until the time interval exceeded 9 hours
(reference: within 1 hour). These results are consistent with
the findings of our study and provide further evidence that
delayed antibiotic initiation may be reasonable to adequate-
ly evaluate patients with sepsis without shock.

We found no effect of antibiotic initiation within 1 hour
on mortality risk in patients with sepsis, consistent with the
results of previous meta-analyses; however, early antibiotic
administration was significantly beneficial when limited to
septic shock cases.

The strengths of this study include the consistent applica-
tion of the time-zero point defined as the time of sepsis rec-
ognition, as proposed by the SSC guidelines, and the sep-
arate evaluation of the effect of time to antibiotic initiation
in septic shock and overall sepsis cases [9]. These findings
provide evidence to support the SSC guideline recommen-
dation that antibiotic use can be delayed by up to 3 hours in
cases of possible sepsis without shock.

Our study has some limitations. First, all included studies
were non-randomized cohort or case—control studies. Sec-
ond, substantial heterogeneity was observed among the
studies. This heterogeneity was not evident in analyses that
included only patients with septic shock but was evident
in analyses that included patients with sepsis. Finally, the
appropriateness of empirically administered antibiotics was
not considered. Although antibiotics are ineffective against
viral and fungal infections and other non-infectious inflam-
matory diseases, it was difficult to evaluate this factor in our
meta-analysis because of the lack of data on microbiology
and antibiotic susceptibility. However, in the management
of patients with sepsis, the causative organism is often un-
available at the time of antibiotic initiation, and negative
culture results account for a significant proportion of sep-
sis cases. Therefore, our results, which did not differentiate
among appropriate antibiotics, are likely to be more repre-
sentative of real-world clinical practice.

In conclusion, in patients with septic shock, administering
antibiotics within 1 hour of sepsis diagnosis reduces mortali-
ty risk. In patients with overall sepsis, administering antibiot-
ics within 3 hours, but not within 1 hour, reduces mortality
risk. Thus, in patients with sepsis without shock, adminis-
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tering antibiotics within 1 hour did not have a significant
effect on mortality risk, and administering antibiotics within
3 hours appears to be plausible.
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