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IMPORTANCE Whether β-lactam antibiotics administered by continuous compared with
intermittent infusion reduces the risk of death in patients with sepsis is uncertain.

OBJECTIVE To evaluate whether continuous vs intermittent infusion of a β-lactam antibiotic
(piperacillin-tazobactam or meropenem) results in decreased all-cause mortality at 90 days in
critically ill patients with sepsis.

DESIGN, SETTING, AND PARTICIPANTS An international, open-label, randomized clinical trial
conducted in 104 intensive care units (ICUs) in Australia, Belgium, France, Malaysia, New
Zealand, Sweden, and the United Kingdom. Recruitment occurred from March 26, 2018, to
January 11, 2023, with follow-up completed on April 12, 2023. Participants were critically ill
adults (�18 years) treated with piperacillin-tazobactam or meropenem for sepsis.

INTERVENTION Eligible patients were randomized to receive an equivalent 24-hour dose of
a β-lactam antibiotic by either continuous (n = 3498) or intermittent (n = 3533) infusion for
a clinician-determined duration of treatment or until ICU discharge, whichever occurred first.

MAIN OUTCOMES AND MEASURES The primary outcome was all-cause mortality within 90
days after randomization. Secondary outcomes were clinical cure up to 14 days after
randomization; new acquisition, colonization, or infection with a multiresistant organism or
Clostridioides difficile infection up to 14 days after randomization; ICU mortality; and
in-hospital mortality.

RESULTS Among 7202 randomized participants, 7031 (mean [SD] age, 59 [16] years; 2423
women [35%]) met consent requirements for inclusion in the primary analysis (97.6%).
Within 90 days, 864 of 3474 patients (24.9%) assigned to receive continuous infusion had
died compared with 939 of 3507 (26.8%) assigned intermittent infusion (absolute difference,
−1.9% [95% CI, −4.9% to 1.1%]; odds ratio, 0.91 [95% CI, 0.81 to 1.01]; P = .08). Clinical cure
was higher in the continuous vs intermittent infusion group (1930/3467 [55.7%] and
1744/3491 [50.0%], respectively; absolute difference, 5.7% [95% CI, 2.4% to 9.1%]). Other
secondary outcomes were not statistically different.

CONCLUSIONS AND RELEVANCE The observed difference in 90-day mortality between
continuous vs intermittent infusions of β-lactam antibiotics did not meet statistical
significance in the primary analysis. However, the confidence interval around the effect
estimate includes the possibility of both no important effect and a clinically important benefit
in the use of continuous infusions in this group of patients.
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D efined as life-threatening organ dysfunction due to
a dysregulated response to infection,1 sepsis is a
major cause of mortality worldwide. Early antibiotic

therapy directed at the likely infective microorganism is a
cornerstone of treatment,2-4 of which β-lactam antibiotics are
an important class of antibiotics.4 For patients treated in the
intensive care unit (ICU), meropenem and piperacillin-
tazobactam are commonly used drugs in this antibiotic
class.5,6 β-Lactam antibiotics have been primarily adminis-
tered as multiple, short (eg, 30-minute) intermittent infu-
sions. Due to time-dependent kill characteristics, there is a
biological rationale that continuous infusion may be more
effective than intermittent administration.7-9

Recent clinical trials have reported that the administra-
tion of β-lactam antibiotics by continuous infusion resulted in
concentrations above the minimum inhibitory concentration
of typical pathogens.10,11 However, clinical trials and meta-
analyses have not provided conclusive evidence of microbio-
logical cure and improved patient-centered outcomes.12-16 To
address uncertainty about the optimal method of β-lactam an-
tibiotic administration in the ICU setting,17,18 a randomized
clinical trial was conducted to determine whether continu-
ous infusion of piperacillin-tazobactam or meropenem re-
sulted in decreased all-cause mortality at 90 days in critically
ill patients with sepsis compared with intermittent infusion.

Methods
Trial Design and Oversight
The Beta-Lactam Infusion Group (BLING) III trial was an in-
ternational, open-label, phase 3, randomized clinical trial
comparing continuous vs intermittent infusions of β-lactam
antibiotics on all-cause 90-day mortality in critically ill pa-
tients with sepsis. The study protocol (Supplement 1) and sta-
tistical analysis plan (Supplement 2) have been published
previously.19,20 The trial was approved by the relevant hu-
man research ethics committee or equivalent in each region;
institutional approval was obtained as per site requirements.
In some jurisdictions, approval was obtained for enrollment
prior to consent in certain circumstances (eMethods in Supple-
ment 3); in all countries, written informed consent was ob-
tained from patients or their legal surrogate with docu-
mented verbal consent obtained in some regions during the
SARS-CoV-2 (COVID-19) pandemic as per ethics committee ap-
proval (eMethods in Supplement 3).

The trial management committee was responsible for the
design of the study. The George Institute for Global Health gen-
erated the allocation sequence and conducted the statistical
analysis. An independent data and safety monitoring commit-
tee conducted a prespecified midpoint safety analysis (Supple-
ment 2). Study reporting adhered to the CONSORT 2010 State-
ment for randomized clinical trials.

The trial was conducted in 104 adult ICUs in Australia,
Belgium, France, Malaysia, New Zealand, Sweden, and the
United Kingdom. Participants were enrolled between March
26, 2018, and January 11, 2023; 90-day follow-up was com-
pleted on April 12, 2023.

Participants
Eligible participants (Table 1)21,22 were adult (≥18 years) ICU
patients with (1) a documented site or strong suspicion of
infection, (2) treatment with piperacillin-tazobactam or
meropenem commenced within the previous 24 hours, and
(3) 1 or more organ dysfunction criteria met in the previous
24 hours as defined in the study inclusion criteria (eMethods
in Supplement 3). Eligible participants were expected to
remain in the ICU for at least the next calendar day and in
whom the administration of either piperacillin-tazobactam
or meropenem by intermittent or continuous infusion was
considered equally appropriate for the patient by the attend-
ing clinicians. Full details of inclusion and exclusion criteria
are provided in the eMethods in Supplement 3.

Randomization
Participants were randomized in a 1:1 ratio to receive the pre-
scribed antibiotic by either continuous (intervention group) or
intermittent (control group) infusion.19 Randomization was
generated using a minimization algorithm via a password-
protected, encrypted, web-based interface with stratifica-
tion by study site.

Interventions
In both groups, the total 24-hour β-lactam antibiotic dose was
determined by the attending clinicians. A defined daily dose
of 14 g for piperacillin-tazobactam and 3 g for meropenem was
used as a reference measure.23 All participants received at
least 1 β-lactam antibiotic infusion dose prior to open-label
randomized treatment. Randomized drug administration by
continuous infusion (over 24 hours) or intermittent infusion
(over 30 minutes) was continued for the duration of the treat-
ment course or until ICU discharge, whichever occurred first.
A switch between piperacillin-tazobactam and meropenem
(or vice versa) was permitted in the same treatment group af-
ter receipt of a loading dose by intermittent infusion for par-
ticipants in the continuous infusion group. Additional details
on study drug administration appear in the eMethods in
Supplement 3.

Outcome Measures
The primary outcome was all-cause mortality at 90 days from
the date of randomization. Secondary outcomes were clini-
cal cure, defined as the completion of the β-lactam antibiotic

Key Points
Question Is there a difference in mortality between continuous
and intermittent infusions of β-lactam antibiotics in critically ill
patients with sepsis?

Findings In this randomized clinical trial that included 7031 adult
patients with sepsis, there was not a statistically significant
difference in the proportion of patients who died within 90 days
who received continuous (24.9%) compared with intermittent
(26.8%) β-lactam antibiotic infusions (odds ratio, 0.91).

Meaning In critically ill patients with sepsis, continuous vs
intermittent β-lactam antibiotic infusions did not significantly
reduce 90-day mortality in the primary analysis.
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treatment course by day 14 without recommencement of
antibiotic therapy within 48 hours of cessation for the same
infectious episode (eMethods in Supplement 3); new acquisi-
tion, colonization, or infection with a multiresistant or-
ganism or Clostridioides difficile infection up to 14 days
after randomization (eMethods in Supplement 3); all-cause
ICU mortality; and all-cause hospital mortality. Tertiary
outcomes were the number of days free of ICU, hospital,
mechanical ventilation, and kidney replacement therapy up
to 90 days after randomization.19 Study days are defined in
the eMethods in Supplement 3. Drug reactions thought to
have a causal relationship (ie, possible, probable, or defi-
nitely related) to the study-assigned administration method
were reported as adverse events. Protocol deviations related
to administration of the β-lactam antibiotic included pre-
defined events (eMethods in Supplement 3).

Trial Population
A sample size of 7000 patients provided 90% power to
detect an absolute difference of 3.5% in all-cause mortality at

Table 1. Baseline Characteristics of Participants in the BLING III Trial

Characteristic
Continuous infusion
(n = 3498)a

Intermittent infusion
(n = 3533)a

Age, mean (SD), y 59.3 (16.4) 59.6 (16.1)

Median (IQR) 62 (49-72) 63 (50-72)

Sex, No. (%)

Female 1190 (34.0) 1233 (34.9)

Male 2308 (66.0) 2300 (65.1)

Weight, mean (SD)
[No.], kg

82.7 (22.6) [3493] 82.7 (22.9) [3530]

Median (IQR) 80 (68-94) 80 (67-94)

Height, mean (SD)
[No.], cm

170.5 (9.9) [3468] 170.3 (10.2) [3509]

Median (IQR) 170 (164-178) 170 (164-178)

Source of ICU admission,
No./total (%)

Accident and emergency
department

1203/3495 (34.4) 1178/3532 (33.4)

Hospital floor (ie, wards) 982/3495 (28.1) 1047/3532 (29.6)

Operating theater
following emergency
surgery

732/3495 (20.9) 720/3532 (20.4)

Operating theater
following elective
surgery

254/3495 (7.3) 265/3532 (7.5)

Transfer from another
hospital (except from
another ICU)

179/3495 (5.1) 173/3532 (4.9)

Transfer from another
ICUb

145/3495 (4.1) 149/3532 (4.2)

Time from ICU admission
to randomization,
mean (SD) [No.], h

80.2 (135.2) [3496] 78.9 (148.3) [3532]

Median (IQR) 25.2 (12.6-102.9) 24.8 (12.1-104.1)

APACHE II score,
mean (SD) [No.]c

19.6 (7.6) [3495] 19.5 (7.4) [3529]

Median (IQR) 19 (14-25) 19 (14-24)

Lowest PaO2/FIO2 ratio
in the 24 h prior to
randomization,
mean (SD) [No.]

190.5 (102.5)
[3322]

192.4 (103.6) [3371]

Median (IQR) 169 (111-252) 172 (113-252)

Highest creatinine,
mean (SD) [No.], μmol/L

122.6 (95.2) [3481] 123.6 (106.5) [3519]

Median (IQR) 92 (64-150) 91 (63-148)

Highest bilirubin,
mean (SD) [No.], μmol/L

25.9 (45.8) [3308] 24.7 (43.9) [3346]

Median (IQR) 14 (8-24) 13 (8-24)

Lowest platelet count,
mean (SD) [No.], ×109/L

232.3 (141.0)
[3460]

228.6 (137.6) [3492]

Median (IQR) 208 (138-298) 204 (136-295)

Lowest MAP in the
24 h prior to randomization,
mean (SD) [No.], mm Hg

63.8 (12.4) [3485] 64.0 (12.1) [3512]

Median (IQR) 63 (57-70) 63 (57-70)

Worst Glasgow Coma Scale
score (nonsedated),
mean (SD) [No.]d

12.2 (4.1) [2776] 12.3 (4.0) [2814]

Median (IQR) 14 (10-15) 14 (11-15)

Received inotropes/
vasopressors in the
24 h prior to randomization,
No./total (%)

2481/3496 (71.0) 2482/3532 (70.3)

Received antibiotics in the
24 h prior to randomization,
No./total (%)e

2340/3496 (66.9) 2460/3532 (69.6)

(continued)

Table 1. Baseline Characteristics of Participants in the BLING III Trial
(continued)

Characteristic
Continuous infusion
(n = 3498)a

Intermittent infusion
(n = 3533)a

Primary site of infection,
No./total (%)

Pulmonary 2062/3494 (59.0) 2119/3532 (60.0)

Intra-abdominal 469/3494 (13.4) 447/3532 (12.7)

Blood 268/3494 (7.7) 294/3532 (8.3)

Urinary 214/3494 (6.1) 166/3532 (4.7)

Skin 184/3494 (5.3) 186/3532 (5.3)

Gut 98/3494 (2.8) 120/3532 (3.4)

Central nervous system 65/3494 (1.9) 74/3532 (2.1)

Intravenous catheter 18/3494 (0.5) 20/3532 (0.6)

Endocarditis 13/3494 (0.4) 4/3532 (0.1)

Otherf 103/3494 (2.9) 102/3532 (2.9)

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation;
BLING, Beta-Lactam Infusion Group; FIO2, fraction of inspired oxygen;
ICU, intensive care unit; MAP, mean arterial pressure; PaO2, arterial partial
pressure of oxygen.

SI conversion factors: To convert bilirubin to mg/dL, divide by 17.104; creatinine
to mg/dL, divide by 88.4.
a Descriptive statistics are reported for all participants with available data by

group. The group denominator for each characteristic is reported.
b From the same or a different hospital.
c The APACHE II score is a severity of illness scoring system that ranges from 0

to 71; higher scores correspond to more severe disease and a higher risk of
death.21 A median APACHE II score of 19 equates to a 90-day mortality of
approximately 22% in critically ill patients.22

d The Glasgow Coma Scale score ranges from 3 to 15, with lower scores
indicating a greater degree of neurologic dysfunction. A score of 14 most
commonly indicates a patient who opens their eyes spontaneously and follows
verbal commands but is confused.

e Other than piperacillin-tazobactam or meropenem.
f Other includes, for continuous vs intermittent infusion, respectively,

musculoskeletal, 18 (0.5%) vs 20 (0.6%); oronasopharyngeal, 20 (0.6%)
vs 15 (0.4%); intrathoracic, 15 (0.4%) vs 13 (0.4%); soft tissue, 13 (0.4%) vs
13 (0.4%); gynecological, 3 (0.1%) vs 2 (0.1%); ear/eye infection, 2 (0.1%)
vs 2 (0.1%), infected graft/hardware, 2 (0.1%) vs 2 (0.1%); and unknown,
30 (0.9%) vs 35 (1.0%).
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90 days from an estimated baseline mortality of 27.5%, at an
α of .05.20 This calculation allowed for a rate of withdrawal
and loss to follow-up of up to 5% of participants. Recruitment
proceeded for 6 months at 13 sites after 7000 participants to
facilitate recruitment in a prespecified pharmacokinetic-
pharmacodynamic substudy.

Statistical Analysis
The effectiveness of the intervention was evaluated by a
modified intention-to-treat analysis of all participants ran-
domized to the trial where consent or approval to use their
data was obtained, regardless of protocol adherence. This pri-
mary analysis consisted of logistic regression with treatment
allocation as a fixed effect and trial site as a random effect.
Results are presented as odds ratios (ORs) and 95% CIs and
converted to absolute differences (ADs) in proportions.

The primary outcome was also examined in a prespeci-
fied adjusted analysis with the following covariates added to
the main logistic regression model: sex, Acute Physiology and
Chronic Health Evaluation Score (APACHE) II score (a sever-
ity of illness score ranging from 0 to 71, with higher scores in-
dicating an increased risk of death) at randomization,21

source of admission (admitted following emergency or ele-
tive surgery vs other), and type of β-lactam antibiotic used be-
fore randomization (piperacillin-tazobactam or merope-
nem). Five prespecified subgroup analyses were also carried
out according to the following prerandomization variables:
presence vs absence of presumed pulmonary infection at base-
line, type of β-lactam antibiotic first administered (piperacillin-
tazobactam or meropenem), age (<65 years vs ≥65 years), sex
(male vs female), and low vs high severity of illness (defined
by an APACHE II score at randomization <25 or ≥25).15,19,24

Secondary binary outcomes were analyzed using a simi-
lar logistic regression to the primary analysis. Tertiary dura-
tion outcomes were analyzed using linear regression. Time to
discharge or cessation were summarized using a cumulative
incidence function treating death as a competing risk, cen-
sored at 90 days. Intervention effects were estimated as haz-
ard ratios and 95% CIs obtained from a cause-specific Cox
model with a fixed effect of treatment and a random site ef-
fect. Proportions of patients with adverse events were com-
pared using a Fisher exact test among patients who received 1
or more doses of the β-lactam antibiotic in the assigned treat-
ment group.

Figure 1. Screening, Randomization, and Analysis of Study Participants in the BLING III Trial

29 042 Patients assessed for eligibility

21 840 Excluded
19 154 Met exclusion criteria

2681 Eligible but not randomized

5 No information available

1167 Declined to participate
651 Missed recruitment
388 Clinician declined
183 Factors relating to the COVID-19 pandemic
156 Enrollment in another trial

62 Recruitment stopped
29 Anticipated issues with follow-up
45 Othera

11 803 Received antibiotic for >24 h
4009 Requiring kidney replacement therapy

at the time of randomization
1469 Advanced life support for the next 48 h

either medically inappropriate or declined
850 Known allergy to antibiotic
799 Death deemed imminent and inevitable
109 Aged <18 y

83 Previously enrolled in trial
32 Known or suspected to be pregnant

7202 Randomized

3533 Included in the primary analysis
49 Did not receive intermittent infusion

3484 Included in the safety analysis

3607 Randomized to receive intermittent
infusion of β-lactam antibiotics

3595 Randomized to receive continuous
infusion of β-lactam antibiotics

3498 Included in the primary analysis
32 Did not receive intermittent infusion

3466 Included in the safety analysis

74 Did not consent to use of any data
37 Consented to partial data use

97 Did not consent to use of any data
33 Consented to partial data use

aOther reasons included not a public
patient (n = 35), pharmacy issues
(n = 3), infection control risk (n = 2),
website issues (n = 1), inclusion
criteria not confirmed (n = 1), and
unknown (n = 3).
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There was no imputation of missing data across all analy-
ses. All tests were 2-sided with a nominal significance level at
5%. Analyses of the primary outcome are unadjusted for mul-
tiplicity; however, the family-wise error rate was controlled
across secondary outcomes (1 family) and tertiary outcomes
(1 family) using a Holm-Bonferroni correction.25 Analyses were
performed using SAS Enterprise Guide 8.3, SAS version 9.4
(SAS Institute Inc).

Results
Trial Population
A total of 7202 participants were randomized, of whom 7031
with consent or approval to use data were included in the pri-
mary analysis (Figure 1). Of these, 6950 received at least 1 dose
of the β-lactam antibiotic by allocation group and were in-
cluded in the safety analysis. Enrollment by country and site
is shown in eTable 1 in Supplement 3. The intervention and con-
trol groups had similar baseline characteristics (Table 1 and
eTable 2 in Supplement 3).

Of 7026 participants, the most common primary sites
of infection were pulmonary in 4181 participants (59.5%), intra-

abdominal in 916 (13.0%), blood in 562 (8.0%), and urinary in
380 (5.4%) (Table 1). Infective organisms for the primary site of
infection are listed in eTable 3 in Supplement 3. Secondary and
tertiary sites of infection and associated infective organisms are
shown in eTables 4 through 6 in Supplement 3. The median du-
ration of randomized treatment was 5.8 days (IQR, 3.1-10.2) and
5.7 days (IQR, 3.1-10.3) in the continuous and intermittent in-
fusion groups, respectively (eTable 7 in Supplement 3). The me-
dian defined daily dose was 1.0 in both groups on the first whole
day (day 2) post randomization with an IQR of 0.8 to 1.2 de-
fined daily doses (eTable 7 in Supplement 3). The daily dose of
study drugs was similar in both groups over the postrandom-
ization treatment period up to day 16 (eFigures 1 and 2 in Supple-
ment 3). The reasons for cessation of a β-lactam antibiotic are
listed in eTable 8 in Supplement 3. Prior to randomization, 2658
of 3415 patients (77.8%) in the continuous infusion group and
2809 of 3445 (81.5%) in the intermittent group were pre-
scribed the study drug by intermittent infusion (eTable 7 in
Supplement 3). Other antibiotics administered in the 24 hours
before randomization up to day 16 are listed in eTable 9 in
Supplement 3; 16.2% (568/3498) and 14.0% (496/3533) in the
continuous and intermittent infusion groups, respectively,
did not receive any other antibiotics during this period.

Table 2. Reporting of Primary, Secondary, and Tertiary Outcomes

Outcome
Continuous infusion
(n = 3498)a

Intermittent infusion
(n = 3533)a

Absolute difference, %
(95% CI)

Odds ratio or mean
difference (95% CI) P valueb

Primary outcome

All-cause mortality at day 90,
No./total (%)

864/3474 (24.9) 939/3507 (26.8) −1.9 (−4.9 to 1.1) 0.91 (0.81 to 1.01) .08

Adjusted analysis −2.2 (−5.5 to 1.1) 0.89 (0.79 to 0.99) .04

Secondary outcomes

Clinical cure at day 14,
No./total (%)

1930/3467 (55.7) 1744/3491 (50.0) 5.7 (2.4 to 9.1) 1.26 (1.15 to 1.38) <.001

New acquisition, colonization,
or infection with an MRO
or C difficile, No./total (%)c

253/3498 (7.2) 266/3533 (7.5) −0.3 (−1.9 to 1.4) 0.96 (0.80 to 1.15) .65

All-cause ICU mortality,
No./total (%)

595/3474 (17.1) 645/3507 (18.4) −1.3 (−4.0 to 1.4) 0.92 (0.81 to 1.04) .35

All-cause hospital mortality,
No./total (%)

808/3474 (23.3) 878/3507 (25.0) −1.8 (−4.8 to 1.2) 0.91 (0.81 to 1.02) .27

Tertiary outcomes

Days alive and free of ICU
up to day 90, mean (SD)
[No.]

59.4 (33.9) [3481] 57.8 (34.2) [3516] NA 1.5 (−0.1 to 3.0) .18

Median (IQR) 78 (31 to 84) 76 (22 to 84)

Days alive and free of hospital
up to day 90, mean (SD)
[No.]

42.4 (32.2) [3476] 40.6 (32.5) [3515] NA 1.8 (0.3 to 3.3) .08

Median (IQR) 52 (0 to 73) 48 (0 to 72)

Days alive and free of
mechanical ventilation
up to day 90, mean (SD)
[No.]

64.2 (34.5) [3486] 62.9 (34.8) [3520] NA 1.2 (−0.4 to 2.8) .28

Median (IQR) 84 (41 to 89) 83 (32 to 89)

Days alive and free of KRT
up to day 90, mean (SD)
[No.]

71.2 (32.8) [3489] 70.2 (33.1) [3521] NA 0.9 (−0.6 to 2.4) .25

Median (IQR) 90 (70 to 90) 90 (54 to 90)

Abbreviations: ICU, intensive care unit; KRT, kidney replacement therapy;
MRO, multiresistant organism; NA, not applicable.
a Descriptive statistics and odds ratio or mean difference are reported for all

participants with available data by group. The group denominator for each
outcome is reported.

b P values for secondary and tertiary outcomes corrected with a Holm-Bonferroni
adjustment.

c The number and percentage of new acquisition, colonization, or infection with an
MRO, excluding Clostridioides difficile, was 6.1% (213/3498) in the continuous
infusion group and 6.6% (232/3533) in the intermittent infusion group.
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Primary Outcome
At 90 days after randomization, 864 of 3474 patients (24.9%)
randomized to the continuous infusion group and 939 of 3507
(26.8%) randomized to the intermittent infusion group had
died (AD, −1.9% [95% CI, −4.9% to 1.1%]; OR, 0.91 [95% CI, 0.81
to 1.01]; P = .08); day 90 status was missing for 0.7% of par-
ticipants (50/7031) (Table 2). After adjusting for prespecified
covariates, the AD was −2.2% (95% CI, −5.5% to 1.1%; OR, 0.89
[95% CI, 0.79 to 0.99]; P = .04). The cumulative incidence func-
tion of time to death is shown in eFigure 3 in Supplement 3.
There was no significant heterogeneity in the effect of the in-
tervention assignment on mortality at 90 days in any of the 5
predefined subgroup pairs (Figure 2). The place and cause of
death are listed in eTable 10 in Supplement 3.

Secondary Outcomes
There was a statistically significant difference in the rates of
clinical cure at 14 days post randomization in favor of the
continuous infusion group (AD, 5.7% [95% CI, 2.4% to 9.1%];
OR, 1.26 [95% CI, 1.15 to 1.38]). There were no statistically sig-
nificant differences between groups in the rates of new
acquisition, colonization, or infection with a multiresistant
organism or C difficile infection (AD, −0.3% [95% CI, −1.9%
to 1.4%]; OR, 0.96 [95% CI, 0.80 to 1.15]); ICU mortality (AD,
−1.3% [95% CI, −4.0% to 1.4%]); and hospital mortality (AD,
−1.8% [95% CI, −4.8% to 1.2%]).

Tertiary Outcomes
There were no statistical differences in days alive and free of
ICU stay, hospital stay, mechanical ventilation, and kidney re-
placement therapy (Table 2). Daily participant disposition is
shown in Figure 3 and cumulative incidence functions of time

to alive discharge from the index ICU and hospital admission
are shown in eFigures 4 and 5 in Supplement 3.

Adverse Events
There were 10 adverse events in the continuous infusion group
(0.3%) and 6 adverse events in the intermittent infusion group
(0.2%), including 1 serious adverse event in the continuous in-
fusion group (eTable 11 in Supplement 3). The serious ad-
verse event was severe encephalopathy resulting in aspira-
tion pneumonia, cardiac arrest, and death in the setting of
septic shock. The event was assessed by site clinicians as pos-
sibly related to meropenem treatment. Administration by con-
tinuous infusion was hypothesized as potentially contribut-
ing to a higher minimum meropenem blood concentration
leading to a higher cerebrospinal fluid concentration.

Protocol Deviations
There were no statistical differences in the proportions of pro-
tocol deviations in both groups (eTable 12 in Supplement 3).

Discussion
In this randomized clinical trial, the use of continuous com-
pared with intermittent infusions of β-lactam antibiotics in
critically ill patients with sepsis did not meet statistical sig-
nificance in reducing mortality at 90 days. However, the con-
fidence interval around the effect estimate includes a clini-
cally important benefit. The observed absolute reduction in
mortality of around 2 percentage points with the use of con-
tinuous infusion represents a number needed to treat of 50
patients to prevent 1 death. The clinical significance of this

Figure 2. Subgroup Analysis of Mortality at Day 90

P value for
interaction

Favors
continuous

infusion

Favors
intermittent
infusion

0.5 21
Odds ratio (95% CI)

Group, No./total (%)
Continuous
infusion

Intermittent
infusion

Pulmonary infection

Odds ratio
(95% CI)b

Absolute difference,
% (95% CI)a

593/2178 (27.2) 647/2249 (28.8)Yes 0.92 (0.81 to 1.05)–1.7 (–5.2 to 1.9)

271/1296 (20.9) 292/1258 (23.2)No 0.88 (0.73 to 1.07)–2.1 (–6.0 to 1.7)

β-Lactam antibiotic

667/2749 (24.3) 722/2746 (26.3)Piperacillin-tazobactam 0.89 (0.79 to 1.01)–2.2 (–5.3 to 1.0)

183/696 (26.3) 203/714 (28.4)Meropenem 0.92 (0.73 to 1.17)–1.7 (–7.0 to 3.7)

Age, y

348/1935 (18.0) 375/1938 (19.3)<65 0.91 (0.77 to 1.07)–1.5 (–4.5 to 1.6)

516/1539 (33.5) 564/1569 (35.9)≥65 0.91 (0.78 to 1.05)–2.2 (–6.5 to 2.0)

Sex

563/2290 (24.6) 612/2279 (26.9)Male 0.89 (0.78 to 1.02)–2.3 (–5.7 to 1.1)

301/1184 (25.4) 327/1228 (26.6)Female 0.94 (0.78 to 1.13)–1.2 (–5.4 to 3.0)

APACHE II score

543/2599 (20.9) 610/2661 (22.9)<25 0.88 (0.77 to 1.01)–2.2 (–5.2 to 0.8)

320/872 (36.7) 328/842 (39.0)≥25 0.93 (0.76 to 1.13)–1.7 (–7.1 to 3.7)

.73

.83

.99

.62

.66

APACHE indicates Acute Physiology and Chronic Health Evaluation Score.
aAbsolute differences (95% CIs) were derived from the logistic regression by
applying an inverse link transformation.

bOdds ratios (95% CIs) were obtained from logistic regression with treatment
group and the subgroup variable and its interaction with the treatment group as
a fixed effect and site as a random effect.
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finding is further supported by increased rates of clinical cure
in the continuous infusion group and consistent directional
changes in point estimates across other secondary and ter-
tiary outcomes.

This pragmatic trial has several strengths. An extensive
body of work informed the design of the trial that included
feasibility and phase 2 trials previously conducted by the
BLING investigators.10,18 This work facilitated the establish-
ment of an international collaboration to conduct the trial in
multiple ICUs in 7 countries under routine clinical conditions
over a relatively short trial inception period. The effect of
continuous infusion of β-lactam antibiotics was assessed
using a robust, patient-centered primary outcome that was
not susceptible to adjudication bias. The definition of clinical
cure used in this trial was also not susceptible to adjudication
bias. The size of this trial greatly exceeded all previous trials.
The recent Continuous Infusion vs Intermittent Administra-
tion of Meropenem in Critically Ill Patients (MERCY) trial
(N = 607) comparing continuous and intermittent infusions
of meropenem with double-dummy administration reported
a difference of 2.5 percentage points in mortality at 28 days in
favor of continuous infusions that is consistent with the cur-
rent trial despite differences in mortality, rates of drug resis-
tance, and trial end points.26

Effective delivery of β-lactam antibiotics by continuous in-
fusion present some practical considerations for patients
treated in the ICU.27,28 Pharmacokinetic and pharmacody-
namic considerations mandate that the same daily doses are
used for both continuous and intermittent infusions.27 While
overall drug costs may remain consistent, the time taken to pre-
pare and administer drugs with continuous infusions may be
shorter than intermittent infusions,8,16,29 although this may
be negated by a higher incidence of interruptions of continu-
ous infusions for clinical reasons. Continuous infusions of car-
bapenems that require multiple infusions in a 24-hour period
for drug stability reasons and use of dedicated infusion pumps

and intravenous portals pose additional pragmatic consider-
ations, particularly in resource-limited environments.8,28-30

Consistent with previous trials, there were no observed dif-
ferences in adverse events between continuous and intermit-
tent infusions of β-lactam antibiotics.16,18,26,27

Limitations
This study had some limitations. First, blinding was not fea-
sible in a pragmatic trial of this size. This was mitigated by using
a robust primary outcome and blinded outcome adjudication.
Second, some participants may have been randomized de-
spite having a noninfectious cause of organ dysfunction. Third,
while this international study has high indices of external va-
lidity and generalizability, extrapolation of these results to re-
gions with high levels of antibiotic resistance requires caution.
Fourth, there was no adjustment for susceptibility to the
β-lactam antibiotic or the impact of additional antibiotics and
dosing strategies, although the groups were observed to have
a high degree of baseline balance. Fifth, the difference in out-
comes may have been reduced by the use of intermittent dos-
ing prior to randomization in the continuous group and after ICU
discharge. Sixth, these results relate to the use of continuous
infusions primarily in a high-income ICU setting and extrapo-
lation to low- and middle-income settings in and outside the ICU
cannot be inferred.

Conclusions
The observed difference in 90-day mortality between con-
tinuous vs intermittent infusions of β-lactam antibiotics did
not meet statistical significance in the primary analysis. How-
ever, the confidence interval around the effect estimate in-
cludes the possibility of both no important effect and a clini-
cally important benefit in the use of continuous infusions in
this group of patients.

Figure 3. Daily Participant Disposition
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