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a b s t r a c t
Objective: β -lactams are the most widely used antibiotics in sepsis. We aimed to explore the factors that
drive physicians to choose prolonged infusion (PI) of β -lactams in septic patients.
Methods: This prospective observational national cohort study was conducted in 40 ICUs at the teaching
hospitals of 31 provinces in China between August 20, 2021 and September 20, 2021.
Results: Of the 441 enrolled patients, 265 (60.09%) received PI therapy. Multivariate analysis showed
that multidrug-resistant bacterial infection and septic shock were independent factors associated with
PI. However, our data showed that the survival beneﬁt of PI use was evident in subgroups with less
severe sepsis, including those with lower Charlson comorbidity index values (<2), those without septic
shock, and those with lower acute physiology and chronic health evaluation II scores (<15). Univariate
and multivariate Cox regression indicated that PI was an independent protective factor of 28d mortality,
even after adjusting the variables associated with disease severity.
Conclusions: PI for administering β -lactams was not a commonly applied strategy in sepsis and was
more likely to be used in severely ill patients. However, PI had a survival beneﬁt independent of disease
severity.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction
Sepsis and septic shock are life-threatening organ dysfunctions caused by a dysregulated host response to severe infection,
and β -lactams are the most widely used antibiotics in intensive
care units (ICU) (Kadri et al., 2017; Drusano, 2004; Perner et al.,
2017; Moriyama et al., 2009). As a time-dependent antibiotic, the
bacterial killing by β -lactams depends on the duration of time
that bacteria are exposed to a concentration exceeding the minimum inhibitory concentration (MIC). Additionally, effectiveness
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increases when the β -lactams plasma concentration at a steady
state is more than four times of the pathogen’s MIC. To ensure
sustained concentrations and effective pharmacodynamics of β lactams (Craig, 1998), the international guidelines for the management of sepsis and septic shock recommend prolonged infusion (PI) of β -lactams over conventional bolus infusion (CBI), based
on a considerable amount of evidence (Abdul-Aziz et al. 2016;
Dulhunty et al., 2013; Evans et al., 2021; Kondo et al., 2020;
Vardakas et al., 2018).
Although the concept of PI in sepsis is well recognized and accepted by ICU physicians, it is not widely used. This is because the
application of the infusion strategy is affected by factors such as
the patient’s conditions, the severity of illness, and ICU settings. In
this study, we aimed to explore the factors that motivated physi-
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Figure 1. Flow chart of the study.
ICU = intensive care unit; CBI = conventional infusion; PI = prolonged infusion.

cians to choose PI of β -lactams in sepsis patients and examined
how reasonable their choice was for a given context.

Using univariate and multivariate Cox regression analysis, age,
APACHE II score, mechanical ventilation, and PI were proved to be
the independent factors of 28d mortality (Table S2 and 2). Propensity score matching (PSM) analysis was performed to reduce the
imbalance between the PI and intermittent infusion patients (Table S3). The beneﬁt of PI in the survival still existed after adjusting
the potential confounders, including variables associated with disease severity (Table S4, HR 0.283, 95% CI 0.121-0.659; Table 3, HR
0.296, 95% CI 0.127-0.690). Univariate analysis on the whole cohort
and PSM cohort further disclosed that PI of carbapenems was associated with the improved outcome and may contribute most to
the overall beneﬁt of PI on mortality (Table S2 and S4).

Methods
This prospective observational national cohort study was conducted in 40 ICUs at the teaching hospitals of 31 provinces in
China between August 20, 2021 and September 20, 2021. Patients
who met the diagnostic criteria of sepsis 3.0 and with sepsis onset for <24 h, and patients who were treated with β -lactams
for sepsis were included. Refer to the method details in supplementary materials. The following data were collected: the baseline
data, admission source, ICU settings, comorbidities and Charlson
comorbidity index (CCI), infection source, the levels of infectious
biomarkers, multidrug-resistant (MDR) bacterial infections, acute
physiology and chronic health evaluation II (APACHE II) score, sequential organ failure assessment (SOFA) score, clinical condition,
intensity of care, and the usage of ﬁve major β -lactams (penicillins, cephalosporins, monobactams, carbapenems, β -lactam/β lactamase inhibitor combinations). The outcomes were 28d mortality and length of ICU stay. We used SPSS 22.0 (SPSS Inc., IL, USA)
for data analysis.

Discussion
To the best of our knowledge, this is the ﬁrst study to reveal
the factors that drive physicians to choose PI of β -lactam in sepsis
patients. Prolonged infusion of antipseudomonal β -lactams in patients with sepsis was associated with lower mortality than shortterm infusion. The overall quality of evidence of PI was high, and
this strategy was recommended by the standard guidelines (AbdulAziz et al., 2016; Dulhunty et al., 2013; 2016; Evans et al., 2021;
Kondo et al., 2020; Vardakas et al., 2018). Our results also indicated that PI was associated with signiﬁcantly lower 28d mortality
than CBI.
However, our study ﬁgured out that PI was used to treat 60.09%
of the ICU patients. And we found that this strategy was not commonly applied and was more likely to be used in cases of more
severe illness. This is probably related to physicians’ understanding that it is reasonable to allocate ICU resources, including PI, to
more critically ill patients with sepsis as they are more likely to
beneﬁt from this treatment. Our data indicated that the beneﬁts
of PI in terms of survival were also obvious in subgroups with
less severe illness, including those with lesser comorbidities, organ damage and septic shock. Furthermore, analysis of PSM cohort
also indicated that PI could beneﬁt all patients with sepsis regardless of the severity of illness. Based on the above ﬁndings, when
physicians decide whether to use PI for the administration of β lactams or not, patients who have less severe illness should not

Results
Out of 498 patients with sepsis who were initially enrolled, 57
were excluded (Fig. 1). In this study, PI was used to treat 60.09% of
the patients. Compared with CBI, PI was associated with a signiﬁcantly lower 28d mortality (P = 0.036, Fig. 2). Univariate analysis
indicated that the choice of PI was based on the following factors:
CCI, presence of a solid tumor, APACHE II score, presence of septic shock, acute respiratory failure, acute kidney injury, the number of syringe pumps per bed, and MDR bacterial infection (Table S1). Multivariate analysis showed that septic shock and MDR
were independent factors associated with PI (Table 1). Our data indicated that the beneﬁts of PI in terms of survival were obvious not
only in subgroups with severe illness, but also in subgroups with
less severe illness, including those with lower CCI values of <2,
those without septic shock, those with an APACHE II score <15,
and those with lesser organ damage (Fig. 3).
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Figure 2. Subgroups analyses of the impact of prolonged infusion (PI) on 28d survival rate. Shown are hazard ratios for 28d survival with PI.
SOFA= sequential organ failure assessment score; APACHE II= acute physiology and chronic health evaluation score; CRRT= continuous renal replacement therapy; PCT=
Procalcitonin; Y= Yes; N= No.

be neglected. Further studies in speciﬁc subgroups of patients according to age, sepsis severity, degree of organ dysfunction and immunocompetence are warranted.
In conclusion, the use of PI for administering β -lactams was not
a commonly applied strategy in patients with sepsis and was more

likely to be used in more severely ill patients. However, PI had a
survival beneﬁt independent of disease severity. To improve the
overall survival of sepsis, we suggest that PI should be applied in
all patients with sepsis.
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Table 1
Multivariate analysis of factors associated with the decision to administer β -lactams via prolonged infusion in patients with sepsis.
Variables

β

Wald

P value

OR (95% CI)

Charlson comorbidity index
Number of syringe pumps per ICU bed
Solid tumor
Multidrug-resistant bacterial infections
APACHE II score
Septic shock
Acute heart failure
Acute liver injury
Mechanical ventilation
Renal replacement therapy

0.147
-0.112
-0.542
0.529
0.000
0.575
0.301
0.444
0.475
0.500

2.438
3.324
1.528
4.852
0.000
6.077
1.453
1.793
3.721
1.385

0.118
0.068
0.216
0.028
0.990
0.014
0.228
0.181
0.054
0.239

1.158
0.894
0.582
1.698
1.000
1.776
1.351
1.559
1.608
1.648

(0.963,
(0.792,
(0.246,
(1.060,
(0.971,
(1.125,
(0.828,
(0.814,
(0.992,
(0.717,

1.392)
1.008)
1.374)
2.719)
1.029)
2.805)
2.206)
2.988)
2.606)
3.787)

APACHE II score = acute physiology and chronic health evaluation II score; ICU = intensive care unit.

Figure 3. Kaplan-Meier analysis of survival in conventional bolus infusion (CBI) and prolonged infusion (PI) patients, survival of patients was followed for 28d.
Table 2
Multivariate analysis of factors associated with 28d mortality in patients with sepsis.
Variables

β

Wald

P value

HR (95% CI)

Age
Body weight
Cerebrovascular disease
APACHE II score
Septic shock
Acute heart failure
Mechanical ventilation
Renal replacement therapy
Prolonged infusion

0.029
-0.008
-0.135
0.065
0.287
0.207
0.777
0.517
-0.796

9.662
0.463
0.166
15.800
0.979
0.553
4.276
1.845
7.953

0.002
0.496
0.684
<0.001
0.323
0.457
0.039
0.174
0.005

1.030
0.992
0.874
1.068
1.332
1.230
2.175
1.677
0.451

(1.011,
(0.969,
(0.456,
(1.034,
(0.755,
(0.713,
(1.041,
(0.795,
(0.259,

1.049)
1.015)
1.673)
1.103)
2.350)
2.123)
4.544)
3.535)
0.784)

APACHE II score = acute physiology and chronic health evaluation II score; HR = hazard ratio.
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Table 3
Multivariate analysis for 28d mortality in propensity-matched cohort.
Variables

β

Wald

P value

HR (95% CI)

Age
APACHE II score
Mechanical ventilation
Prolonged infusion

0.024
0.052
1.155
-1.218

3.656
4.014
4.419
7.945

0.056
0.045
0.036
0.005

1.024
1.053
3.174
0.296

(0.999,
(1.001,
(1.081,
(0.127,
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