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IMPORTANCE There is uncertainty about whether prolonged infusions of β-lactam antibiotics
improve clinically important outcomes in critically ill adults with sepsis or septic shock.

OBJECTIVE To determine whether prolonged β-lactam antibiotic infusions are associated
with a reduced risk of death in critically ill adults with sepsis or septic shock compared
with intermittent infusions.

DATA SOURCES The primary search was conducted with MEDLINE (via PubMed), CINAHL,
Embase, Cochrane Central Register of Controlled Trials (CENTRAL), and ClinicalTrials.gov
from inception to May 2, 2024.

STUDY SELECTION Randomized clinical trials comparing prolonged (continuous or extended)
and intermittent infusions of β-lactam antibiotics in critically ill adults with sepsis or
septic shock.

DATA EXTRACTION AND SYNTHESIS Data extraction and risk of bias were assessed
independently by 2 reviewers. Certainty of evidence was evaluated with the Grading of
Recommendations Assessment, Development and Evaluation approach. A bayesian
framework was used as the primary analysis approach and a frequentist framework as the
secondary approach.

MAIN OUTCOMES AND MEASURES The primary outcome was all-cause 90-day mortality.
Secondary outcomes included intensive care unit (ICU) mortality and clinical cure.

RESULTS From 18 eligible randomized clinical trials that included 9108 critically ill adults with
sepsis or septic shock (median age, 54 years; IQR, 48-57; 5961 men [65%]), 17 trials (9014
participants) contributed data to the primary outcome. The pooled estimated risk ratio for
all-cause 90-day mortality for prolonged infusions of β-lactam antibiotics compared with
intermittent infusions was 0.86 (95% credible interval, 0.72-0.98; I2 = 21.5%; high certainty),
with a 99.1% posterior probability that prolonged infusions were associated with lower
90-day mortality. Prolonged infusion of β-lactam antibiotics was associated with a reduced
risk of intensive care unit mortality (risk ratio, 0.84; 95% credible interval, 0.70-0.97; high
certainty) and an increase in clinical cure (risk ratio, 1.16; 95% credible interval, 1.07-1.31;
moderate certainty).

CONCLUSIONS AND RELEVANCE Among adults in the intensive care unit who had sepsis or
septic shock, the use of prolonged β-lactam antibiotic infusions was associated with a
reduced risk of 90-day mortality compared with intermittent infusions. The current evidence
presents a high degree of certainty for clinicians to consider prolonged infusions as a standard
of care in the management of sepsis and septic shock.
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C ritically ill adults who develop sepsis and septic shock
face high morbidity and mortality. Early and appropri-
ate antibiotic administration is central to the treatment

of such patients. There is uncertainty about effective antibi-
otic dosing, specifically the duration of infusion in this patient
population, due to physiologic perturbations and supportive
treatments that may alter antibiotic pharmacokinetics.1-3 Patho-
gens causing an infection during an intensive care unit (ICU) ad-
mission may have reduced antibiotic susceptibility.

β-Lactam antibiotics are widely used as first-line antibi-
otics for the treatment of sepsis and septic shock. These
agents display time-dependent bactericidal activity that is
optimal when the free drug concentration remains above the
minimum inhibitory concentration of the infecting pathogen
for at least 40% to 70% of the dosing interval.4 There is a
biological rationale that prolonged infusions of β-lactam
antibiotics may be more effective compared with conven-
tional intermittent dosing.5,6 This rationale is supported by
pharmacokinetic-pharmacodynamic studies, which demon-
strate that prolonged infusions achieve β-lactam antibiotic
exposures associated with maximal bacterial-killing more
consistently than intermittent infusions.7 Whether the
effects of prolonged β-lactam antibiotic infusion compared
with intermittent infusion result in improved patient-
centered outcomes remains uncertain.8-13

Two recently published multinational randomized clini-
cal trials, the Continuous Infusion vs Intermittent Adminis-
tration of Meropenem in Critically Ill Patients (MERCY)14 and
the Beta-Lactam Infusion Group (BLING) III15 trials, have added
substantially to the body of evidence. To provide an updated
summary of current evidence, this systematic review and
bayesian meta-analysis was conducted to assess whether ad-
ministration of β-lactam antibiotics by prolonged infusion was
associated with reduced 90-day all-cause mortality and other
relevant outcomes compared with intermittent infusion.

Methods
A systematic review of randomized clinical trials was per-
formed according to a prespecified published protocol (eAp-
pendix 1 in Supplement 1).16 The review was reported in ac-
cordance with the Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA) statement17 and was
registered at the International Prospective Register of
Systematic Reviews (CRD42023399434).

Eligibility Criteria
Randomized clinical trials that recruited critically ill adult
participants with sepsis or septic shock and compared the
administration of prolonged infusions with intermittent infu-
sions of 1 or more β-lactam antibiotics were included. Con-
ventional and current definitions of sepsis and septic shock
at participant recruitment were accepted.18-21 Prolonged infu-
sion was defined as either an extended infusion (intravenous
β-lactam antibiotic administration for 2 hours or longer dur-
ing a dosing interval) or a continuous infusion (constant
intravenous β-lactam antibiotic administration that could be

administered as a sequential 6-, 8-, 12-, or 24-hour infusion).
Intermittent infusion was defined as intravenous β-lactam
antibiotic administration for fewer than 2 hours during a dos-
ing interval.

Search Strategy
A systematic search of MEDLINE (via PubMed), CINAHL,
Embase, Cochrane Central Register of Controlled Trials
(CENTRAL), and ClinicalTrials.gov from inception to May 2,
2024, was conducted. The search was performed with no re-
strictions on language, publication date, or publication sta-
tus. The search terms were created by a research librarian (L.E.)
in collaboration with content area experts in antibiotic phar-
macokinetics-pharmacodynamics, critical care, and infec-
tious diseases. The search strategy included a combination of
key words and Medical Subject Headings terms to identify ran-
domized clinical trials that included “critically ill patients”
or “intensive care unit,” “sepsis” or “septic shock,” “beta-
lactam” or “carbapenem” or “cephalosporin” or “monobac-
tam” or “penicillin,” and “continuous infusion” or “extended
infusion” or “prolonged infusion” or “intermittent infusion.”

Manual searches of reference lists of included studies
and other systematic reviews were undertaken to identify
additional studies. eAppendix 2 in Supplement 1 provides
additional details of the electronic search strategy.

Study Selection
Using the Covidence systematic review software (Veritas
Health Innovation), a minimum of 2 reviewers (H.E., E.N., or
I.Z.) independently screened all identified references for
inclusion based on the study title and abstract. A minimum
of 2 reviewers (H.E., E.N., or I.Z.) independently assessed the
full text for inclusion of potentially eligible studies, with dis-
agreements resolved by consensus or, if necessary, consulta-
tion with a third reviewer (M.H.A.-A., N.E.H., A.D., or J.A.R.).

Data Collection
Two reviewers (H.E. and I.Z.) independently extracted data
from each included study by using a standardized data col-
lection form. Discrepancies were resolved by consensus or, if
necessary, by consultation with a third reviewer (M.H.A.-A.).
Available data were extracted as outlined in the protocol
(eAppendix 1 in Supplement 1),16 including characteristics of

Key Points
Question Does the administration of β-lactam antibiotics by
prolonged infusion reduce 90-day mortality compared with
intermittent infusion in adult patients with sepsis or septic shock?

Findings This systematic review and bayesian meta-analysis of 18
randomized trials that included 9108 critically ill adults with sepsis
or septic shock reported a 99.1% posterior probability that
prolonged infusions were associated with lower 90-day mortality
compared with intermittent infusions (risk ratio, 0.86).

Meaning Prolonged infusions of β-lactam antibiotics are
associated with a reduced risk of death in critically ill adult patients
with sepsis or septic shock compared with intermittent infusions.
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the included studies, study design, demographic and clinical
details of the study population, details of the intervention
and comparison group (study antibiotic, study antibiotic dos-
ing regimen, and concomitant antibiotics), and study out-
comes. Attempts were made to contact corresponding au-
thors of included studies to obtain essential aggregate-level
data. There was no imputation for missing data. Access to
aggregate-level data of 2 trials15,22 before their publication
was obtained from the respective corresponding authors.

Risk of Bias Assessment
Using the Cochrane Risk of Bias Tool for randomized trials ver-
sion 2, 2 reviewers (H.E. and I.Z.) with no affiliation with the
included trials independently assessed the risk of bias for each
trial. The risk of bias was assessed for all outcomes of interest.
Any discrepancies were resolved by consensus or, if necessary,
consultation with a third reviewer (M.H.A.-A., N.E.H., or A.D.).

Outcomes
The primary outcome was all-cause 90-day mortality. For stud-
ies in which 90-day mortality was not reported, the closest time
to day 90 (before or after) was used.

Data were also collected for the following secondary out-
comes: ICU mortality, ICU length of stay (as reported in the
original study), clinical cure (as defined in the original study),
microbiologic cure (as defined in the original study), and ad-
verse events (as defined in the original study).

Subgroup Analyses
There were 7 prespecified subgroups for the primary out-
come: (1) administration of meropenem vs piperacillin-
tazobactam; (2) culture-positive infection vs culture-negative
infection; (3) gram-negative infection vs gram-positive infec-
tion; (4) receipt of kidney replacement therapy vs no kidney
replacement therapy; (5) lung infection vs other infections;
(6) sepsis vs septic shock; and (7) male vs female participants.
The prespecified hypotheses for these comparisons are
detailed in the protocol (eAppendix 1 in Supplement 1).16

When results suggested possible subgroup effects, the Instru-
ment to Assess the Credibility of Effect Modification Analyses
(ICEMAN)23 guidelines were used to assess their credibility.

Data Synthesis
A bayesian framework was used as the primary statistical ap-
proach, and a frequentist framework was used as the second-
ary approach. A random-effects model was used in the analy-
ses and pooled estimates of effect sizes as risk ratios (RRs) for
binary outcomes, and mean differences for continuous out-
comes were presented. Continuous variables presented in for-
mats not readily amenable to pooling were converted to mean
and SD with the method described by Wan et al.24 Along with
the pooled estimates of effect sizes, 95% credible intervals
(CrIs) for the bayesian meta-analysis and 95% CIs for the fre-
quentist model were presented.

For the bayesian approach, primary analysis using vague pri-
ors (log of the RR assumed to have a normal distribution with a
mean of 0 and an SD of 2) and sensitivity analyses examining
treatment effects using weakly informative priors of effect and

heterogeneity parameters were conducted.25 The full descrip-
tion of priors is presented in the protocol (eAppendix 1 and
eAppendix 3 in Supplement 1).16 For the frequentist approach,
a random-effects model using Hartung-Knapp-Sidik-Jonkman26

and DerSimonian-Laird estimates of the between-study vari-
ance was used. A random-effects model was chosen a priori for
all analyses because of anticipated between-study variation in
trial design and implementation of the interventions.

Quantitative heterogeneity was assessed with the poste-
rior estimates of the heterogeneity parameter (τ) with its 95% CrI.
The proportion of variation across studies owing to heteroge-
neity rather than chance was assessed with the I2 statistic. Sub-
group heterogeneity was assessed by including an interaction
term in the bayesian analysis to obtain an estimate and 95% CrI
for the ratio of RRs (RRRs) from the posterior distribution of the
interaction estimate. The presence of small-study effects was
assessed by visual assessment of the contour-enhanced fun-
nel plots and formal Egger regression test.27,28

All statistical analyses were performed with R version 4.3.1
(R Foundation for Statistical Computing). The bayesian analy-
sis was performed with the bayesmeta package for bayesian
analysis,29 and the metafor package was used for the frequen-
tist analysis.30

Confidence in the Cumulative Evidence
The Grading of Recommendations Assessment, Develop-
ment and Evaluation (GRADE) approach was used to evalu-
ate the overall certainty of evidence that prolonged infusions
of β-lactam antibiotics compared with intermittent infusions
improve each outcome measure to any degree.31,32

Results
The results of the search and reasons for study exclusion are
detailed in eFigure 1 and eTable 1 in Supplement 1. From 2494
records, 18 eligible randomized clinical trials including 9108
critically ill adult participants with sepsis or septic shock were
included (5961 men [65%] and 3147 women [35%]).14,15,22,33-47

Table 1 presents the characteristics of included trials. Details
on microbiologic characteristics, β-lactam antibiotic dosing
regimens, and outcome definitions of included trials are sum-
marized in eTables 2 and 3 in Supplement 1. Apart from 1 trial
that is not yet published,22 all other trials were published in
peer-reviewed journals. Aggregate-level data from the unpub-
lished trial,22 as well as additional unpublished aggregate-
level data from 10 trials,14,15,35-37,39-43 were obtained directly
from study authors (eTable 4 in Supplement 1).

The 18 included trials had a median of 59 trial partici-
pants (IQR, 28-139 participants). The median age of partici-
pants in the included trials was 54 years (IQR, 48-57 years). The
median Acute Physiology and Chronic Health Evaluation II
score was 20 (IQR, 18-22), and the median Sequential [Sepsis-
related] Organ Failure Assessment score was 8 (IQR, 6-11). Of
the included randomized clinical trials, 17 trials compared con-
tinuous infusions of β-lactam antibiotics with intermittent
infusions,14,15,22,33-44,46,47 and 1 trial compared extended in-
fusion with intermittent infusion.45 Meropenem was studied
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in 11 trials,14,15,22,36,38-41,43,44,46 piperacillin-tazobactam in 8
trials,15,22,34,37,39,40,42,43 cefepime in 3 trials,33,43,47 ticarcillin-
clavulanate in 2 trials,39,40 and amoxicillin-clavulanate,22

ampicillin-sulbactam,45 ceftriaxone,35 andimipenem-cilastatin22

in1trialeach.In13trials,anequivalenttotaldailydoseofβ-lactam
antibiotics was used in both the prolonged and intermittent in-
fusion groups.14,15,33,35,36,39-42,44-47 The median duration of ran-
domly assigned β-lactam antibiotic treatment was 7 days (IQR,
6-10 days) and 9 days (IQR, 6-11 days) in the prolonged and in-
termittent infusion groups, respectively.

Risk of Bias
Risks of bias assessments are presented in eFigure 2 in Supple-
ment 1. Four trials were adjudicated as having low risk of bias
in all domains for all outcomes of interest.14,15,39,40 The over-
all risk of bias was adjudicated as low for 10 of 17 trials con-
tributing all-cause 90-day mortality data.14,15,35,36,38-43

Primary Outcome
There were 17 randomized clinical trials (9014 participants) that
contributed data to the primary outcome. The times of fol-
low-up differed across the included trials: 7 trials (n = 249) re-
ported mortality at ICU discharge,34-36,41,42,44,46 3 trials (n = 436)
reported mortality at hospital discharge,38,39,45 4 trials (n = 8117)
reported mortality at day 90,14,15,22,40 1 trial (n = 140) re-
ported mortality at day 30,43 and 2 trials (n = 72) did not pro-
vide the definition of the mortality end point,33,47 as shown
in eTable 3 in Supplement 1.

Using a bayesian random-effects model with vague priors,
the pooled estimated RR for all-cause 90-day mortality for pro-
longed infusions of β-lactam antibiotics compared with inter-
mittent infusions was 0.86 (95% CrI, 0.72-0.98; τ = 0.11;
I2 = 21.5%), with a 99.1% posterior probability that prolonged
infusions were associated with lower 90-day mortality (Figure 1,
Figure 2, and Figure 3; eTable 5 in Supplement 1). The cer-
tainty in the evidence was adjudicated as high, as presented in
Table 2. The primary outcome results were similar in the sen-
sitivity analyses using semi-informative priors and the speci-
fied frequentist methods (Figures 1 and 2; eTable 5 in Supple-
ment 1). There was no evidence of small-study effects by visual
assessment of the contour-enhanced funnel plots or by Egger
regression test (eFigure 3A in Supplement 1).

Subgroup Analyses
The primary outcome of all-cause 90-day mortality was evalu-
ated in 7 prespecified subgroups (Figure 2). As presented in
eTable 5 and eFigures 4 through 10 in Supplement 1, there was
no evidence that the pooled estimate for prolonged infusions
of β-lactam antibiotics compared with intermittent infusions
for all-cause 90-day mortality was different by meropenem vs
piperacillin-tazobactam (RRR, 1.00; 95% CrI, 0.75-1.29); cul-
ture-positive vs culture-negative infection (RRR, 1.13; 95% CrI,
0.91-1.72); gram-negative vs gram-positive infection (RRR, 1.13;
95% CrI, 0.85-1.79); kidney replacement therapy vs no kid-
ney replacement therapy (RRR, 1.08; 95% CrI, 0.82-1.53); lung
infection vs other infections (RRR, 0.90; 95% CrI, 0.64-1.15);
sepsis vs septic shock (RRR, 0.97; 95% CrI, 0.75-1.23); and male
vs female participants (RRR, 0.91; 95% CrI, 0.71-1.12).Ta
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Figure 2. Primary Outcome, Secondary Outcomes, and Subgroup Analyses for the Comparison Between Prolonged Infusions of β-Lactam Antibiotics
vs Intermittent Infusions

I2, %

Favors 
prolonged

infusion

Favors 
intermittent
infusion 

0.5 21
Risk ratio (95% CrI)

No. of
trials

No. of
participantsOutcomes

Risk ratio
(95% CrI)

Primary outcome: all-cause 90-d mortality 
21.517 9014 Vague priors 0.86 (0.72 to 0.98)
22.117 9014 Semi-informative priors 0.86 (0.73 to 0.98)
75.517 9014 Hartung-Knapp-Sidik-Jonkmana 0.80 (0.67 to 0.94)
017 9014 DerSimonian-Lairda 0.91 (0.85 to 0.97)

Subgroup analysis of the primary outcome
Study β-lactam antibiotic 

19.110 2568 Meropenem 0.88 (0.71 to 1.04) 
30.67 6009 Piperacillin-tazobactam 0.86 (0.58 to 1.10)

Microbiologic infection 
20.28 4060 Culture-positive 0.99 (0.80 to 1.27) 
41.87 4300 Culture-negative 0.83 (0.51 to 1.10)

Gram infection 
17.57 2859 Negative 0.94 (0.72 to 1.19) 
39.26 1597 Positive 1.11 (0.77 to 1.92)

Kidney replacement therapy 
37.04 802 Yes 0.90 (0.62 to 1.23)
23.213 7580 No 0.82 (0.65 to 0.98)

Infection 
25.38 5077 Lung 0.98 (0.76 to 1.28) 
22.57 3088 Other 0.86 (0.62 to 1.11)

Sepsis vs septic shock 
20.77 2565 Sepsis 0.91 (0.65 to 1.17) 
21.48 5782 Shock 0.89 (0.71 to 1.04)

Sex
15.010 5495 Male 0.88 (0.71 to 1.03)
13.710 2923 Female 0.97 (0.75 to 1.23)

Secondary outcomes 
15.015 8967 ICU mortality 0.84 (0.70 to 0.97)
21.34 7761 Adverse events 0.89 (0.51 to 1.57)

Primary outcome, subgroup analysis of primary outcome, and secondary outcomesA

I2, %

Favors 
intermittent

infusion

Favors 
prolonged
infusion 

0.5 21
Risk ratio (95% CrI)

No. of
trials

No. of
participantsOutcomes

Risk ratio
(95% CrI)

25.512 8301Clinical cure 1.16 (1.07 to 1.31)
27.14 352Microbiologic cure 1.18 (0.96 to 1.48)

Secondary outcomesB

I2, %

Favors 
prolonged

infusion

Favors 
intermittent
infusion 

–1.5 –1.0 –0.5 0 0.5 1.0
Mean difference (95% CrI)

No. of
trials

No. of
participantsOutcome

Mean difference
(95% CrI)

12.912 8935ICU length of stay –0.42 (–1.09 to 0.26)

Secondary outcomeC

The black boxes represent point estimates, and the whiskers represent the pooled estimate CrIs from bayesian analysis. CrI indicates credible interval; ICU, intensive
care unit.

ªCIs are presented for frequentist analysis.
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Secondary Outcomes
The secondary outcomes are presented in Table 2 and Figure 2
(eTable 5 and eFigures 11-15 in Supplement 1). Assessment of
small-study effects is presented in eFigure 3B-F in Supple-
ment 1. Compared with the use of intermittent infusions, use
of prolonged infusions of β-lactam antibiotics was associated
with a reduced risk of ICU mortality (RR, 0.84; 95% CrI, 0.70-

0.97; high certainty) (eFigure 11 in Supplement 1) and an in-
crease in clinical cure (RR, 1.16; 95% CrI, 1.07-1.31; moderate
certainty) (eFigure 12 in Supplement 1). There were no detect-
able differences in microbiologic cure (RR, 1.18; 95% CrI, 0.96-
1.48; very low certainty) (eFigure 13 in Supplement 1), ad-
verse events (RR, 0.89; 95% CrI, 0.51-1.57; very low certainty)
(eFigure 14 in Supplement 1), and duration of ICU length of stay

Figure 3. Posterior Probability of the Risk Ratio (RR) for All-Cause 90-Day Mortality for Prolonged Infusions of β-Lactam Antibiotics
Compared With Intermittent Infusions
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A, The cumulative posterior distribution of the estimated RR, with the y-axis
corresponding to the probability the RR is less than or equal to the value on the
x-axis. The blue-gray area indicates a beneficial intervention (ie, RR lower than
1). The dashed vertical line indicates the median. B, The full posterior
distribution of the estimated RR, with the dashed vertical line indicating the
median value and the area highlighted in tan indicating the percentile-based

95% credible interval. The orange area is related to an RR greater than 1 (ie, the
intervention is associated with higher mortality vs standard care). The dotted
line at an RR of 1 indicates no treatment effect. The figure demonstrates that
the probability that prolonged infusions of β-lactam antibiotics is associated
with a reduced risk of all-cause 90-day mortality (to any extent) compared with
intermittent infusions is more than 99%.

Table 2. Grading of Recommendations Assessment, Development and Evaluation (GRADE) Summary of Findings

Outcome
No. of trials/
No. of participants

Certainty of evidence
(quality of the
evidence)a

Infusion, No./No. (%) (95% CrI)

Prolonged Intermittent Absolute difference Risk ratio
All-cause
90-d
mortality

17/9014 High, ++++ 1152/4488 (25.7) 1275/4526 (28.2) −0.03 (−0.08 to 0.00) 0.86 (0.72 to 0.98)

ICU mortality 15/8967 High, ++++ 806/4466 (18.0) 911/4501 (20.2) −0.03 (−0.08 to 0.0) 0.84 (0.70 to 0.97)

Clinical cure 12/8301 Moderate,b +++– 2367/4137 (57.2) 2106/4164 (50.6) 0.11 (0.05 to 0.18) 1.16 (1.07 to 1.31)

Microbiologic
cure

4/352 Very low,c +−−− 145/174 (83.3) 126/178 (70.8) 0.13 (−0.02 to 0.28) 1.18 (0.96 to 1.48)

Adverse
events

4/7761 Very low,d +−−− 42/3868 (1.1) 49/3893 (1.3) −0.00 (−0.06 to 0.04) 0.89 (0.51 to 1.57)

ICU length of
stay, d

12/8935 Low,e ++− 12.6 13.1 −0.42 (−1.09 to 0.26) NA

Abbreviations: CrI, credible interval; ICU, intensive care unit; NA, not applicable.
a The GRADE approach specifies 4 levels of certainty, as follows: high certainty

(++++), very confident that the true effect lies close to that of the estimate of
effect; moderate certainty (+++−), moderately confident in the effect estimate
(the true effect is likely to be close to the estimate of the effect, but there is a
possibility that it is substantially different); low certainty (++−−), limited
confidence in the effect estimate (the true effect may be substantially
different from the estimate of effect); and very low certainty (+−−−), very little
confidence in the effect estimate (the true effect is likely to be substantially
different from the estimate of effect).

b Downgraded due to inconsistency because most studies used subjective and
variable definitions of clinical cure.

c Downgraded due to risk of bias of this outcome in the included trials

(eFigure 2E in Supplement 1), inconsistency because studies used variable
definitions of microbiologic cure, indirectness because microbiologic cure is
not directly an important patient outcome, and imprecision due to small
sample size with wide CrI.

d Downgraded due to inconsistency because most studies used variable
definitions of adverse events, indirectness because adverse events may not
directly be an important patient outcome, and imprecision because the CrIs
for the effect on adverse events (0.51-1.58) are consistent with both an
appreciable benefit and appreciable harm.

e Downgraded due to risk of bias of this outcome in the included trials
(eFigure 2C in Supplement 1) and indirectness because duration of ICU stay is
not directly an important patient outcome.
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(mean difference, −0.42; 95% CrI, −1.09 to 0.26; low cer-
tainty) (eFigure 15 in Supplement 1).

Discussion
In this systematic review and meta-analysis, β-lactam antibi-
otic administration by prolonged infusion was associated with
a reduced risk of mortality at 90 days for critically ill adult par-
ticipants with sepsis or septic shock compared with intermit-
tent infusion. The bayesian analysis found a 14-percentage-
point relative reduction in the risk of mortality at 90 days with
prolonged β-lactam antibiotic infusions compared with inter-
mittent infusions. The number needed to treat for prolonged
β-lactam antibiotic infusions to prevent 1 death was 26 pa-
tients. The use of prolonged infusions of β-lactam antibiotics
was associated with a reduced risk of mortality at ICU dis-
charge. In addition, the use of prolonged infusions was asso-
ciated with an increased probability of clinical cure. Com-
pared with that of intermittent infusions, the effect of
prolonged infusions on microbiologic cure, adverse events, and
the duration of ICU length of stay was uncertain.

The observation of reduced risk of mortality in the pre-
sent analysis is consistent with findings from previous
meta-analyses.9-13 In combination, the current evidence pre-
sents a higher degree of certainty for clinicians to consider pro-
longed β-lactam antibiotic infusions as a standard of care in
the management of sepsis and septic shock.

Strengths and Limitations
The present review has several strengths. Authors of previ-
ous meta-analyses9-13 have acknowledged limitations in the
quality of the included trials. By incorporating data from 6 re-
cently published trials,14,15,22,45-47 this review provides the most
up-to-date evidence, to our knowledge, on the treatment ef-
fect of prolonged infusions of β-lactam antibiotics compared
with intermittent infusions for critically ill adult patients with
sepsis or septic shock. This review included trials that re-
cruited critically ill adult participants with sepsis or septic shock
to mitigate population heterogeneity reported in previous
meta-analyses.48 The addition of these trials has increased the
sample size of the present analysis, providing greater confi-
dence and precision in estimating the effects of prolonged
infusions of β-lactam antibiotics on clinically important out-
comes. Ten trials assessed as having a low risk of bias contrib-
uted 95% of the data to this analysis. The inclusion of trials that

have recruited patients from geographically diverse regions (18
countries across 5 continents) enhances the generalizability of
findings to a broader range of treatment settings. The use of
both bayesian and frequentist analyses ensures a comprehen-
sive assessment and robust interpretation of the treatment ef-
fect under study.

Potential challenges associated with prolonged infusion ad-
ministration, including drug instability and incompatibility
with other intravenous medications, the need for a dedicated
intravenous portal, and the potential effect on clinical work-
load, require some considerations before broad implementa-
tion. Future studies should determine the optimal duration of
infusion when β-lactam antibiotics are administered as pro-
longed infusions. Because no credible subgroup was identi-
fied in this analysis, studies to further identify specific sub-
sets of patients with sepsis or septic shock who are most likely
to benefit from prolonged β-lactam antibiotic infusions are war-
ranted. Including specific health economic analyses in future
trials may provide additional insights for routine use of pro-
longed β-lactam antibiotic infusions, and this recommenda-
tion can then be considered for inclusion in future sepsis treat-
ment guidelines and treatment bundles.

This study has several limitations. First, the trials in-
cluded used various definitions for sepsis and septic shock. To
allow for this variation, we accepted all conventional and con-
temporary definitions for sepsis and septic shock used at the
original trials. Second, although the present analysis com-
bined both extended and continuous infusions as prolonged
infusions, only 1 trial compared extended infusions with in-
termittent infusions. Third, variable definitions of clinical cure
were used across studies and the determination of cure can
be subjective. Fourth, the association between prolonged in-
fusions of β-lactam antibiotics and microbiologic cure, ad-
verse events, and the duration of ICU length of stay remains
very uncertain because the quality of evidence concerning
these outcomes was very low.

Conclusions
Among adults in the ICU with sepsis or septic shock, the use
of prolonged β-lactam antibiotic infusions was associated with
a reduced risk of 90-day mortality compared with intermit-
tent infusions. The current evidence presents a high degree of
certainty for clinicians to consider prolonged infusions as a
standard of care in the management of sepsis and septic shock.
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