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Objectives: We aimed to evaluate the association between [B-blocker therapy
and mortality in patients with sepsis.

Methods: Patients with sepsis were selected from the Medical Information Mart
for Intensive Care (MIMIC)-IIl. Propensity score matching (PSM) was used to
balance the baseline differences. A multivariate Cox regression model was used
to assess the relationship between B-blocker therapy and mortality. The primary
outcome was the 28-day mortality.

Results: A total of 12,360 patients were included in the study, involving 3,895 who
received B-blocker therapy and 8,465 who did not. After PSM, 3,891 pairs of
patients were matched. The results showed that B-blockers were associated with
improved 28- (hazards ratio (HR) 0.78) and 90-day (HR 0.84) mortality. Long-
acting B-blockers were associated with improved 28-day survival (757/3627
[20.9%] vs. 583/3627 [16.1%], P < 0.001, HR0.76) and 90-day survival (1065/3627
[29.4%] vs.921/3627 [25.4%], P < 0.001, HR 0.77). Short-acting B-blocker treatment
did not reduce the 28-day and 90-day mortality (61/264 [23.1%] vs. 63/264 [23.9%],
P = 0.89 and 83/264 [31.4%] vs. 89/264 [31.7%], P = 0.8, respectively).

Conclusions: B-blockers were associated with improved 28- and 90-day
mortality in patients with sepsis and septic shock. Long-acting B-blocker
therapy may have a protective role in patients with sepsis, reducing the 28-day
and 90-day mortality. However, short-acting B-blocker (esmolol) treatment did
not reduce the mortality in sepsis.
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Introduction

Sepsis resulting from systemic inflammation and exaggerated
host immune responses to infection is a leading cause of death in
hospitalized patients, with 30-40% mortality (Levy et al, 2012;
Evans et al,, 2021). Appropriate management in the initial stages of
sepsis development improves outcomes (Evans et al., 2021). The
current therapeutics for sepsis mainly focus on early empiric
antibiotics, fluid resuscitation, and the use of vasoactive drugs, as
well as temporary organ support such as mechanical ventilation and
renal replacement therapy. Given the lack of high-quality evidence,
many treatments based on dysregulation of the host immune
response are not routinely applied in clinical practice (Donovan
et al., 2021).

Sustained sympathetic stimulation is an integral part of the
physiological response to sepsis, resulting in the downregulation of
myocardial beta-adrenergic receptors and tachycardia (Hollenberg
and Singer, 2021). Even after adequate fluid resuscitation, patients
with sepsis who remain tachycardic carry a poor prognosis
(Leibovici et al., 2007; Domizi et al., 2020). Therefore, adequate
heart rate control may help improve outcomes in managing sepsis.
Treatment with B-blockers for sepsis to relieve the sympathetic
stress response has been previously investigated (Liu et al., 2018). B-
blockers were regarded as a relative contraindication for septic
shock because of the cardiac suppression. The effect of 3-blocker
treatment on the clinical outcome of sepsis and septic shock is still
unclear. Previous clinical studies have mainly focused on the roles
of short-acting -blockers (esmolol or landiolol) in septic patients
with tachycardia because these agents are recognized as relatively
safer than other longer-acting B-blockers (Kakihana et al., 20205
Hasegawa et al., 2021). However, almost all those studies were
limited by their small sample sizes (less than 155), and significant
heterogeneity in the baseline characteristics of patients, leading to
inconsistency in the findings. In addition, previous reviews have
mainly focused on short-acting 3-blockers leaving out studies on
long-acting B-blockers. Propensity score matching (PSM) can
largely reduce baseline differences between groups in
observational studies and is referred to as retrospective
randomization (Jupiter, 2017). Therefore, in the current study, we
aimed to investigate whether early use of long-acting or short-acting
B-blockers is associated with better clinical outcomes in patients
with sepsis using the method of PSM in a huge sample.

Materials and methods
Data source

A single-center, retrospective cohort study was conducted using
data from the Medical Information Mart for Intensive Care-III
(MIMIC-III) database, an open-access intensive care repository in
the USA. The MIMIC-III database includes clinical information on
patients hospitalized from 2001 to 2016 in the adult intensive care
units (ICUs) of Beth Israel Deaconess Medical Center (Johnson
et al, 2016). The database is approved by the Massachusetts
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Institute of Technology Institutional Review Board. Data
extraction was performed from the latest version (MIMIC-III
v1.4) using Structured Query Language (SQL) and the
PostgreSQL11.2 and Navicat Premium 16 software.

Patients and setting

Patients diagnosed with sepsis, according to the Sepsis-3
definition (Singer et al, 2016), were enrolled in the study. All
sepsis patients who needed vasopressors to maintain a mean arterial
pressure (MAP) > 65 mmHg within 24 hours (h) of ICU admission
were defined as septic shock (Singer et al., 2016; Lan et al., 2019; Ge
et al,, 2021). Only the first admission was included if a patient had
multiple ICU admissions. Patients aged less than 17 years and those
who were discharged or died within 48 h of ICU admission were
excluded. Patients were excluded from the study if the missing data
exceeded 5%. According to whether B-blockers were used or not,
the participants were divided into two groups: the 3-blocker group
(intervention) and the non-f-blocker group (control).

Demographic and laboratory variables

The following data were extracted from MIMIC-III for the first
24 h of ICU admission: gender, age, weight, temperature, heart rate,
mean arterial pressure (MAP), sequential organ failure assessment
(SOFA) score, serum lactate, comorbidities (heart failure,
arrhythmias, hypertension, chronic pulmonary diseases, diabetes,
acute kidney injury [AKI], and cancer), gram-positive bacteria,
gram-negative bacteria, and the use of vasopressors, renal
replacement therapy (RRT), and mechanical ventilation. Data
regarding the use of short-acting (esmolol) or long-acting
(atenolol, metoprolol, nadolol, and propranolol) B-blockers
including drug names, dose, route, start time and end time were
also collected. Tachycardia was defined as a heart rate 2100 beats/
min (bpm). The first values of temperature, heart rate, MAP, lactate,
and SOFA score were recorded.

Outcomes

The primary outcome was the 28-day mortality. The secondary
outcomes were 90-day mortality and length of stay (LOS) in
the hospital.

Statistics analysis

Normality of distribution was assessed via Q-Q plots, the
Shapiro-Wilk normality test (sample size < 5000), or the
Kolmogorov-Smirnov normality test (sample size > 5000).
Continuous variables were tested using the Mann-Whitney U test
if variables were non-normally distributed. Otherwise, the student ¢-
test was used. To balance the baseline differences, propensity-score
matching (PSM) was conducted with a caliper width of 0.2 logits of
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the standard difference (Rubin, 1997; Morgan, 2018). Patients were
divided using a 1:1 matching with the nearest neighbor so that each
person in the B-blocker group was matched with one from the non-
B-blocker group. The effectiveness of PSM was assessed using the
standardized mean difference (SMD), with SMD < 0.1 indicating
adequate balance for baseline propensity models. The multivariate
Cox regression model was used to assess the relationship between [3-
blocker treatment and mortality after adjustment for confounding
variables with P < 0.05 in the univariate Cox regression analysis.
The Mann-Whitney U test was used to assess the association
between [-blocker therapy and length of hospital stay. Subgroup
analyses for the primary outcome were recorded based on the
presence or absence of tachycardia, heart failure, arrhythmias and
septic shock. For data with less than 5% missing information,
multiple imputation analysis was used (He, 2010) (Supplementary
Table S1).

Statistical analysis was performed using the software Stata 15.1
(https://www.stata.com/) and R 4.2.1 (https://www.r-project.org/)
in the Windows operative system. P < 0.05 (2-tailed comparison)
was considered to indicate a statistically significant difference.

Results
Basic characteristics

The data of 61,045 patients with ICU admission were extracted
from the MIMIC-III database. Twelve thousand eight hundred and
eighty-four patients met the diagnosis criteria of Sepsis-3.0.
12,360patients were included in the study after those who fulfilled
the exclusion criteria were omitted. In the study cohort, 3,895
patients were administered B-blockers after ICU admission, while
the remaining 8,465 patients did not receive [3-blockers treatment
(Figure 1). Details regarding the classification of the various B-
blockers used are presented in Supplementary Table S2. Metoprolol
was the most frequently prescribed B-blocker (3197 of 3683
[86.8%]), followed by atenolol (325 of 3683 [8.8%]), esmolol (266
of 3683 [7.2%]), nadolol (133 of 3683 [3.6%]), and propranolol (27
of 3683 [0.7%]).

The baseline characteristics of patients before PSM are
presented in Table 1. Compared with the control group, patients
who received B-blocker therapy were older (median age
[interquartile range IQR], 71 [59-81] vs. 68 [54-79] years; P <
0.001), however, no significant difference was observed in weight
between the groups. At admission, tachycardia was common in
septic patients (median [IQR],105 [92-121]). Patients who
received P-blocker therapy had a higher heart rate (106 [92-
122] vs.105 [91-120] bpm; P = 0.001), temperature (37.7 [37.1-
38.3] vs. 37.5 [37.0-38.1] °C; P <0.001), and MAP (76 [70-84] vs.
74 [68-81] mmHg; P < 0.001). Patients in the 3-blocker group had
more shock, heart failure, arrhythmias, hypertension or AKI.
Patients who received B-blocker therapy were more likely to
have required mechanical ventilation (2507 of 3895 [64.4%] vs.
4295 of 8265 [50.7%]; P < 0.001) and vasopressors (1738 of 3683
[47.2%] vs. 3367 of 8465 [40.7%]; P <0.001). There was no
significant difference in disease severity as represented by the
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from MIMIC-III (n=61,045)

According to the Sepsis 3.0 definition

‘ The ICU admission identified ’

Multiple ICU admission (n=2292)

Patients with sepsis
(n=12,884)
* Age<17 years (n=38)
+ Length of hospital stay <48 h (n=100)
* More than 5% missing data (n=386)
Patients included
(n=12,360)

[ Non B-Blockers group (n=8,465) J [ B-Blockers group (n=3,895) ]

[ 3,891 pairs after PSM ]

FIGURE 1

Flowchart of the patients screened in the study. ICU, intensive care
unit; MIMIC-III, Multiparameter Intelligent Monitoring in Intensive
Care Database llIl; SOFA, sequential organ failure assessment; PSM,
propensity-score matching.

SOFA score between the groups (median [IQR], 5 [3-7] vs. 5 [3-
7]; P = 0.07).

After PSM, 3891 patients who did not receive [-blocker
treatment were matched with 3891 patients who received [-
blocker treatment. The baseline characteristics between the two
groups were reassessed after PSM. There were no significant
differences in the baseline characteristics between the two groups
(P > 0.05, SMD < 0.1; Supplementary Table S3 and Figure 2).

Relationship between B-blockers therapy
and outcomes

Univariate Cox regression analysis was performed to identify
risk factors for the 28-day (Supplementary Table S4) and 90-day
mortality (Supplementary Table S5). Age, heart rate, tachycardia,
septic shock, heart failure, arrhythmias, AKI, cancer, SOFA score,
lactate, RRT, ventilation, vasopressor, and gram-positive bacteria
were associated with increased 28-day and 90-day mortality risk. In
the multivariable Cox regression model, age, heart rate, tachycardia,
AKI, cancer, SOFA score, lactate, and gram-positive bacteria were
independently associated with the 28-day mortality rate
(Supplementary Tables S6, S7). Age, heart rate, tachycardia, heart
failure, AKI, cancer, SOFA score, lactate, and gram-positive bacteria
were independently associated with the 90-day mortality rate
(Supplementary Tables S8, S9).

Multivariate Cox regression analyses were done to assess the
effect of B-blocker therapy on the 28- and 90-day mortality
adjusting for confounders. Factors with a P-value < 0.05 in the
univariate analysis were included in the multivariate analysis
(Table 2). B-blocker therapy was significantly related to a
decreased mortality at 28 days and 90 days in both the pre-PSM
(28 days, 1659/8465 [19.6%)] vs. 648/3895 [16.6%], P < 0.001, hazard
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TABLE 1 Baseline characteristics of patients on admission before propensity score matching.

Variables Overall P value

Non B-Blockers

[-Blockers

11948 8265 3683

Gender, male (%) 6300 (52.7) 4299 (52.0) 2001 (54.3) 0.02 0.046
Age (median [IQR]) 69 [56, 80] 68 [54, 79] 72 [60, 81] <0.001 0.265
Weight (median [IQR]) 77 165, 92] 77 165, 92] 77 165, 91] 0.647 0.004
Temperature (median [IQR]) 37.6 [37.1, 38.2] 37.5 [37.0, 38.1] 37.6 [37.1, 38.2] <0.001 0.104
Heartrate (median [IQR]) 105 [92, 121] 105 [91, 120] 106 [92, 122] 0.001 0.085
Tachycardia, (%) * 7239 (60.6) 4966 (60.1) 2273 (61.7) 0.096 0.033
MAP (median [IQR]) 75 [69, 82] 74 [68, 81] 76 [70, 84] <0.001 0.222
Septic shock, (%) 7676 (64.2) 5228 (63.3) 2448 (66.5) 0.001 0.067
Heart failure, (%) 4011 (33.6) 2475 (29.9) 1536 (41.7) <0.001 0.247
Arrhythmias, (%) 4748 (39.7) 3020 (36.5) 1728 (46.9) <0.001 0212
Hypertension, (%) 6291 (52.7) 4202 (50.8) 2089 (56.7) <0.001 0.118
CPD, (%) 2856 (23.9) 2047 (24.8) 809 (22.0) 0.001 0.066
Diabetes, (%) 850 (7.1) 568 (6.9) 282 (7.7) 0.133 0.03

AKI, (%) 8023 (67.1) 5317 (64.3) 2706 (73.5) <0.001 0.198
Cancer, (%) 1372 (11.5) 1063 (12.9) 309 (8.4) <0.001 0.145
SOFA (median [IQR]) 53,7 53,7 53, 7] 0.07 0.004
Lactate (median [IQR]) 1.9 [1.3, 2.5] 1.9 [1.3, 2.5] 1.8 [1.3, 24] 0.019 0.026
RRT (%) 580 (4.9) 403 (4.9) 177 (4.8) 0.906 0.003
Ventilation (%) 6652 (55.7) 4220 (51.1) 2432 (66.0) <0.001 0.308
Vasopressor, (%) 5105 (42.7) 3367 (40.7) 1738 (47.2) <0.001 0.13

Gram-positive Bacteria, (%) 2855 (23.9) 2046 (24.8) 809 (22.0) 0.001 0.066
Gram-negative Bacteria, (%) 1979 (16.6) 1412 (17.1) 567 (15.4) 0.023 0.046

SMD, standardized mean difference; IQR, interquartile range; MAP, mean arterial pressure; CPD, Chronic pulmonary disease; AKI, acute kidney injury; SOFA, Sequential Organ Failure
Assessment; RRT, renal replacement therapy.
“Tachycardia defined as HR >100/min.

ratio (HR) 0.75; 90 days, 2324/8465 [27.5%] vs. 1010/3895 [25.9%],
P < 0.001, HR 0.82) and the post-PSM cohorts (28 days, 806/3891
[20.7%] vs. 642/3891 [16.5%], P < 0.001, HR 0.78]; 90 days, 1151/
3891 [29.6%] vs. 1009/3891 [25.9%], P < 0.001, HR 0.84). In
addition, we found that B-blocker therapy was associated with
extended LOS in the hospital in both the pre-PSM (10 [6-17] vs.
13 [8-22]; P < 0.001) and the post-PSM cohorts (11 [6-18] vs. 13 [8-
22]; P < 0.001).

Relationship between short-acting
B-blockers therapy and outcomes

After PSM, 264 patients who did not receive short-acting f3-
blockers (esmolol) were matched with 264 patients who received
short-acting B-blockers (esmolol). No significant differences were
identified in the baseline characteristics between the two groups
after PSM (Supplementary Table S10 and Figure S1; P > 0.05, SMD
< 0.1). Multivariate Cox regression analyses were used to assess the
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effect of short-acting 3-blocker therapy on 28- and 90-day mortality
adjusting for confounders. Factors with a P-value < 0.05 in the
univariate analysis were included in the multivariate analysis
(Table 3). However, short-acting B-blocker treatment did not
result in a decreased 28-day and 90-day mortality (28 days, 61/
264 (23.1%)] vs. 63/264 [23.9%], P = 0.89; 90 days, 83/264 [31.4%
vs. 89/264 [31.7%], P = 0.8). The short-acting B-blockers group had
a longer LOS in the hospital, compared with the control group (12
[7-21] vs. 17 [10-27]; P < 0.001).

Relationship between long-acting
B-blockers therapy and outcomes

After PSM, 3627 patients who did not receive long-acting [3-
blocker were matched with 3627 patients who received long-acting
[B-blockers (metoprolol, atenolol, nadolol, or propranolol). There
were no statistical differences in the baseline characteristics between
the two groups after PSM (Supplementary Table S11 and Figure S2;

frontiersin.org


https://doi.org/10.3389/fcimb.2023.1121444
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Ge et al.

ventilation 4
age-|
heart failure
MAP -
arrhythmias 4
AKIA
cancer
Vasopressor -
hypertension
temperature §
heartrate
septic shock
CPD+
gram positive bacteria
sex-|
gram negative bacteria
tachycardia
diabetes
lactate -
weight-
sofa-

RRTA

0.0 0.1 0.2 0.3
SMD

Method

~o- Unmatched

variable

—o— Matched

FIGURE 2

Standardized mean difference of variables before and after
propensity score matching. SMD, Standardized mean difference;
MAP, mean arterial pressure; AKI, acute kidney injury; CPD, chronic
pulmonary disease; SOFA, sequential organ failure assessment; RRT,
renal replacement therapy. For data analysis the R package ‘Matchlt’
was used.

P > 0.05, SMD < 0.1). Multivariate Cox regression analyses were
used to assess the effect of long-acting B-blocker therapy on 28- and
90-day mortality after adjusting for confounders. Factors with a P-
value < 0.05 in the univariate analysis were included in the
multivariate analysis (Table 4). Long-acting B-blocker treatment
was associated with improved 28-day survival (757/3627 [20.9%] vs.
583/3627 [16.1%)], P < 0.001, HR 0.76) and 90-day survival (1065/
3627 [29.4%)] vs. 921/3627 [25.4%], P <0.001, HR 0.77). The long-
acting B-blocker group also had a longer LOS in the hospital,

10.3389/fcimb.2023.1121444

compared with the control group (11 [6-19] vs. 13 [7-22]; P
<0.001).

Subgroup analysis

The relationship between [-blocker therapy and 28-day
mortality in the various subgroups is shown in Figure 3. The
effect of B-blockers on sepsis was consistent across all subgroups
except for non-septic shock. Additionally, there was a significant
interaction between B-blocker therapy and septic shock after PSM
(P < 0.001, without adjustment for multiple comparisons). The
results indicate a significant association between B-blocker therapy
and improved 28-day survival among patients with septic shock.

Discussion

The results of our study suggest that age, tachycardia, AKI,
cancer, SOFA score, lactate, and gram-positive bacteria were
independently associated with greater mortality in sepsis.
Furthermore, long-acting B-blocker therapy may improve short-
and long-term survival for patients with sepsis and septic shock.
However, short-acting B-blockers (esmolol) treatment did not
reduce the mortality in sepsis.

In patients with sepsis and septic shock, the adrenergic system is
the initial adaptive response to maintain cellular and tissue
homeostasis. However, catecholamine release can cause impaired
autonomic control of the heart, such as persistent tachycardia,
which worsens the prognosis of patients with sepsis (Domizi
et al., 2020; Carrara et al., 2021). Our study found that
tachycardia was an independent risk factor for the 28-day and 90-
day mortality in the univariate and multivariable Cox regression

TABLE 2 Association between B-Blockers Therapy and clinical outcomes in sepsis.

Outcomes Nonp-Blockers [-Blockers HR (95%Cl)
Pre-matched cohort n=8265 n=3683

Primary outcome

28-day mortality, n (%) * 1617 (19.6) 618 (16.8) <0.001 0.72 (0.65-0.79)
Secondary outcomes

90-day mortality, n (%) * 2274 (27.5) 960 (26.1) <0.001 0.79 (0.74-0.86)
LOS (days, median [IQR]) ° 10.0 [6.0, 17.0] 13.0 [8.00, 22.0] <0.001

Post-matched cohort n=3681 n=3681

Primary outcome

28-day mortality, n (%) * 768 (20.9) 617 (16.8) <0.001 0.76 (0.68-0.85)
Secondary outcomes

90-day mortality, n (%) * 1091 (29.6) 959 (26.1) <0.001 0.82 (0.76-0.90)
LOS (days, median [IQR]) b 11.0 [6.0, 18.0] 13.0 [8.0, 22.0] <0.001

IQR, interquartile range; ICU, intensive care unit; HR, hazard ratio; CI, confidence interval; LOS, length of hospital stay.
“Multivariate Cox regression analyses were used to assess the effect of B-Blockers therapy on 28- and 90-Day mortality adjusting for confounders selected from P-value < 0.05 in univariate

analysis.

"Mann-Whitney U test was used to assess the association between B-Blocker therapy and length of hospital stay.
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TABLE 3 Association between short-actingB-Blockers therapy and clinical outcomes in sepsis.

Outcomes Non short-acting BBs Short-acting BBs HR (95%(Cl)
Post-matched cohort n=264 n=264

Primary outcome

28-day mortality, n (%) * 61 (23.1) 63 (23.9) 0.89 0.76 (0.68-1.40)
Secondary outcomes

90-day mortality, n (%) * 83 (31.4) 89 (33.7) 0.80 1.00 (0.77-1.40)
LOS (days, median [IQR]) 12.0 (7.0, 21.0] 17.0 [10.0, 27.0] <0.001

BBs, B-Blockers; IQR, interquartile range; ICU, intensive care unit; HR, hazard ratio; CI, confidence interval; LOS, length of hospital stay.
“Multivariate Cox regression analyses were used to assess the effect of B-Blocker therapy on 28- and 90-Day mortality adjusting for confounders selected from P-value < 0.05 in univariate analysis.
"Mann-Whitney U test was used to assess the association between B-Blocker therapy and length of hospital stay.

models. This is consistent with previously reported studies
(Leibovici et al., 2007; Guz et al., 2021).

B-blockers, specifically the selective B1 blockers, have been
shown to have a favorable effect on heart failure because they
prevent catecholamine release and sympathetic activity, diminish
heart rate and improve diastolic function (Kubon et al, 2011).
Animal models of sepsis treated with an esmolol infusion have
shown improved outcomes, including cardiac function, heart rate,
blood pressure and inflammatory cytokines (Suzuki et al., 2005). In
1969, Berk et al. (Berk et al., 1969), in the first study on the B-
adrenergic effects in sepsis, found that dogs that received endotoxin
followed by propranolol had lower mortality and less hyperemia in
the lungs and other internal organs than those that received
endotoxin alone.

The first randomized controlled study to report on the effects of
esmolol infusion in patients with septic shock was conducted in
2013 by Morelli et al. (Morelli et al., 2013). The study randomly
included 77 patients to receive esmolol infusion and 77 to receive
standard treatment. The results showed that esmolol infusion in
patients with septic shock was associated with a reduced heart rate
to target levels without increased adverse events compared with
patients who received the standard care. But the 28-day mortality
was not reduced in the esmolol group. Hasegawa et al.'" conducted
a meta-analysis which included seven clinical trials with a pooled
sample size of 613 patients on the effect of ultrashort-acting [3-
blockers on mortality in patients of sepsis with tachycardia after
initial resuscitation. Two studies (Xingiang et al., 2015; Morelli

et al, 2016) showed that esmolol infusion improved 28-day
mortality and cardiovascular efficiency in septic shock. Four
studies (Wang et al., 2015; Wang et al, 2017; Liu et al.,, 2019;
Kakihana et al, 2020) did not reveal statistically significant
differences in the 28-day mortality between patients with sepsis or
septic shock receiving short-acting B-blockers and controls. Results
of this meta-analysis demonstrated that the use of ultrashort-acting
[-blockers (esmolol and landiolol) was associated with improved
28-day mortality in patients with sepsis with persistent tachycardia
after initial resuscitation. However, the small sample size and
variation in baseline characteristics in these studies might have
caused a bias in the results. To minimize such a selection bias, we
used the PSM method and confirmed that baseline covariates were
balanced between the two groups. In addition, the multivariate Cox
regression method was also used to reduce the possible confounder
bias in our study. We finally included 264 patients who received
esmolol infusion within 48 hours of admission and 264 patients
who did not receive esmolol infusion. Our results illustrated that
esmolol infusion did not significantly change the 28-day and 90-day
mortality after PSM, which conflicts with the meta-analysis
findings. Baseline patient characteristics and sample size may
partially explain this discrepancy.

The role of long-acting B-blockers on the mortality of patients
with sepsis has not been fully understood. A systematic review (Tan
et al., 2019) conducted in 2019 showed that -blockers exposure
before sepsis was associated with reduced mortality. However, the
review did not provide enough information to perform a meta-

TABLE 4 Association between long-actingB-Blocker therapy and clinical outcomes in sepsis.

Outcomes Non long-acting BB Long-acting BB HR (95%Cl)
Post-matched cohort n=3627 n=3627

Primary outcome

28-day mortality, n (%) * 757 (20.9) 583 (16.1) <0.001 0.76 (0.68-0.85)
Secondary outcomes

90-day mortality, n (%) * 1065 (29.4) 921 (25.4) <0.001 0.77 (0.70-0.86)
LOS (days, median [IQR]) 11.0 [6.0, 19.0] 13.0 [7.00, 22.0] <0.001

BB, B-Blocker; IQR, interquartile range; ICU, intensive care unit; HR, hazard ratio; CI, confidence interval; LOS, length of hospital stay.
“Multivariate Cox regression analyses were used to assess the effect of B-Blocker therapy on 28- and 90-Day mortality adjusting for confounders selected from P-value < 0.05 in univariate analysis.
"Mann-Whitney U test was used to assess the association between B-Blocker therapy and length of hospital stay.
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Subgroups Non B-Blocker B-Blocker HR (95%Cl) P P forinteraction
No. of patients

All patients 3891 3891 —— 0.78 (0.69-0.86) <0.001

Tachycardia 0.382

Yes 2280 2282 ——— 0.72(0.64-0.83)  <0.001

No 1611 1609 — 0.79(0.65-0.96)  0.041

Heart failure 0.177

Yes 1528 1580 —— 0.84(0.72-0.98)  0.023

No 2363 2311 —— 0.73(0.63-0.81)  <0.001

Arrhythmias 0.48

Yes 1759 1748 —— 0.83(0.72-0.93) 0.003

No 2132 2143 ——— 0.71(0.63-0.82)  <0.001

Septic shock <0.001

Yes 2469 2461 ——— 0.65(0.57-0.74)  <0.001

No 1422 1430 ——=— 1.22(0.93-1.38) 0.579

06 07 08 08 1 11 12 13 14

<-—-Blockers Better--- ---Non-Blockers Better--—>

FIGURE 3

The association between B-blockers therapy and 28-day mortality in subgroups. HR, hazard ratio; Cl, confidence interval. After propensity-score
matching (PSM), multivariate Cox regression analyses were used to assess the effect of B-blockers therapy on 28-Day mortality adjusting for
confounders selected from P-value < 0.05 in univariate analysis. For data analysis the R package both ‘survival’ and ‘forestplot’ were used.

analysis. A recent single-center observational study with 320 cases
included after PSM by Guz et al. (Guz et al., 2021) found that long-
acting B-blockers were associated with decreased mortality in
patients with sepsis and relative tachycardia. Although the results
were promising, the study still had some limitations. First, there was
still an obvious imbalance remained in baseline characteristics
between groups after PSM, and essential confounders, including
age, heart rate at admission, and the use of angiotensin receptor
blockers (ARBs). Second, the sample size was too small to generalize
the findings. To address these issues, we included 3415 cases (j3-
blocker group) after PSM and perfectly balanced the baseline
characteristics (Figure S2). Our findings agreed with those of
previous research that showed long-acting B-blocker therapy was
associated with significantly lower mortality rates in patients
with sepsis.

In addition, we performed multiple subgroup analyses after
PSM and found that B-blocker therapy also benefited 28-day
mortality in patients with septic shock. P for interaction in
subgroup analyses increased the robustness of the findings
(Figure 3). Therefore, septic shock is not an absolute
contraindication for using [3-blockers.

Our study has many strengths and limitations that merit
consideration. The sample size of 6830 cases in this study is the
largest in the literature on the association of -blocker therapy and
sepsis. Moreover, we eliminated the potential confounding effect of
baseline factors using PSM to balance the baseline characteristics
among the two groups. In addition, our studies are the first to
suggest that short- and long-acting B-blockers have different
therapeutic profiles on sepsis.

However, our study has several limitations. Firstly, this study is
based on a clinical database containing missing variables. To reduce
potential bias, multiple imputations were used to minimize the risk
of deviation resulting from missing values. Secondly, we did not
report the doses of 3-blockers in this study. The impact of the dose
of B-blockers on mortality is not clear. Thirdly, due to the inherent
limitation of the retrospective research, a cause-effect relationship
between the B-blocker therapy and mortality cannot be established.
In addition, patients who were discharged or died within 48 hours
of ICU admission were excluded. This exclusion criteria exerts a
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selection bias on the study population. Among the 12884 sepsis
cases, we observed a small proportion of deaths (100/12884) within
the first 48 hours of admission, and only 11% of the deaths used beta
blockers. Finally, our study did not report the adverse events of 3-
blocker treatment. Since extracting adverse events from the MIMIC
database is difficult, further research in prospective trials is needed.

In conclusion, the results of our study suggest that -blockers
were associated with improved 28- and 90-day mortality in patients
with sepsis and septic shock. Long-acting B-blocker therapy may
have a protective role in patients with sepsis, reducing the 28-day
and 90-day mortality. However, short-acting 3-blocker (esmolol)
treatment did not reduce the mortality in sepsis. The results need to
be validated in future randomized controlled trials.
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Jupiter, D. C. (2017). Propensity score matching: Retrospective randomization? J.
Foot Ankle Surg. 56 (2), 417-420. doi: 10.1053/j.jfas.2017.01.013

Kakihana, Y., Nishida, O., Taniguchi, T., Okajima, M., Morimatsu, H., Ogura, H.,
et al. (2020). Efficacy and safety of landiolol, an ultra-short-acting P1-selective
antagonist, for treatment of sepsis-related tachyarrhythmia (J-land 3S): A
multicentre, open-label, randomised controlled trial. Lancet Respir. Med. 8 (9), 863—
872. doi: 10.1016/s2213-2600(20)30037-0

Kubon, C., Mistry, N. B., Grundvold, I, Halvorsen, S., Kjeldsen, S. E., and Westheim,
A.S. (2011). The role of beta-blockers in the treatment of chronic heart failure. Trends
Pharmacol. Sci. 32 (4), 206-212. doi: 10.1016/j.tips.2011.01.006

Lan, P, Wang, T. T, Li, H. Y,, Yan, R. S, Liao, W. C,, Yu, B. W,, et al. (2019).
Utilization of echocardiography during septic shock was associated with a decreased
28-day mortality: A propensity score-matched analysis of the MIMIC-III database.
Ann. Transl. Med. 7 (22), 662. doi: 10.21037/atm.2019.10.79

Leibovici, L., Gafter-Gvili, A., Paul, M., Almanasreh, N., Tacconelli, E., Andreassen,
S., et al. (2007). Relative tachycardia in patients with sepsis: An independent risk factor
for mortality. Qjm 100 (10), 629-634. doi: 10.1093/qjmed/hcm074

Levy, M. M., Artigas, A., Phillips, G. S., Rhodes, A., Beale, R., Osborn, T., et al.
(2012). Outcomes of the surviving sepsis campaign in intensive care units in the USA
and Europe: A prospective cohort study. Lancet Infect. Dis. 12 (12), 919-924.
doi: 10.1016/s1473-3099(12)70239-6

Liu, H,, Ding, X. F,, Zhang, S. G., Wang, H. X, Luo, Y. G, Duan, X. G,, et al. (2019).
[Effect of esmolol in septic shock patients with tachycardia: A randomized clinical
trial]. Zhonghua yi xue za zhi 99 (17), 1317-1322. doi: 10.3760/cma.j.issn.0376-
2491.2019.17.009

Liu, P, Wu, Q,, Tang, Y., Zhou, Z., and Feng, M. (2018). The influence of esmolol on
septic shock and sepsis: A meta-analysis of randomized controlled studies. Am. J.
Emerg. Med. 36 (3), 470-474. doi: 10.1016/j.ajem.2017.11.013

Morelli, A., Ertmer, C., Westphal, M., Rehberg, S., Kampmeier, T., Ligges, S., et al.
(2013). Effect of heart rate control with esmolol on hemodynamic and clinical
outcomes in patients with septic shock: A randomized clinical trial. Jama 310 (16),
1683-1691. doi: 10.1001/jama.2013.278477

Morelli, A., Singer, M., Ranieri, V. M., D’Egidio, A., Mascia, L., Orecchioni, A., et al.
(2016). Heart rate reduction with esmolol is associated with improved arterial elastance

frontiersin.org


http://www.topeditsci.com
https://www.frontiersin.org/articles/10.3389/fcimb.2023.1121444/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2023.1121444/full#supplementary-material
https://doi.org/10.1097/00000658-196901000-00007
https://doi.org/10.1186/s13613-021-00869-7
https://doi.org/10.1016/j.jcrc.2020.02.014
https://doi.org/10.1111/anae.15369
https://doi.org/10.1007/s00134-021-06506-y
https://doi.org/10.1007/s00134-021-06506-y
https://doi.org/10.1038/s41598-021-03122-0
https://doi.org/10.1093/cid/ciab034
https://doi.org/10.1016/j.chest.2021.01.009
https://doi.org/10.1161/circoutcomes.109.875658
https://doi.org/10.1161/circoutcomes.109.875658
https://doi.org/10.1038/s41569-020-00492-2
https://doi.org/10.1038/sdata.2016.35
https://doi.org/10.1053/j.jfas.2017.01.013
https://doi.org/10.1016/s2213-2600(20)30037-0
https://doi.org/10.1016/j.tips.2011.01.006
https://doi.org/10.21037/atm.2019.10.79
https://doi.org/10.1093/qjmed/hcm074
https://doi.org/10.1016/s1473-3099(12)70239-6
https://doi.org/10.3760/cma.j.issn.0376-2491.2019.17.009
https://doi.org/10.3760/cma.j.issn.0376-2491.2019.17.009
https://doi.org/10.1016/j.ajem.2017.11.013
https://doi.org/10.1001/jama.2013.278477
https://doi.org/10.3389/fcimb.2023.1121444
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Ge et al.

in patients with septic shock: A prospective observational study. Intensive Care Med. 42
(10), 1528-1534. doi: 10.1007/s00134-016-4351-2

Morgan, C. J. (2018). Reducing bias using propensity score matching. J. Nucl.
Cardiol. 25 (2), 404-406. doi: 10.1007/s12350-017-1012-y

Rubin, D. B. (1997). Estimating causal effects from large data sets using propensity
scores. Ann. Intern. Med. 127 (8 Pt 2), 757-763. doi: 10.7326/0003-4819-127-8_part_2-
199710151-00064

Singer, M., Deutschman, C. S., Seymour, C. W., Shankar-Hari, M., Annane, D.,
Bauer, M, et al. (2016). The third international consensus definitions for sepsis and
septic shock (Sepsis-3). Jama 315 (8), 801-810. doi: 10.1001/jama.2016.0287

Suzuki, T., Morisaki, H., Serita, R., Yamamoto, M., Kotake, Y., Ishizaka, A., et al.
(2005). Infusion of the beta-adrenergic blocker esmolol attenuates myocardial
dysfunction in septic rats. Crit. Care Med. 33 (10), 2294-2301. doi: 10.1097/
01.ccm.0000182796.11329.3b

Frontiers in Cellular and Infection Microbiology

09

10.3389/fcimb.2023.1121444

Tan, K., Harazim, M., Tang, B., McLean, A., and Nalos, M. (2019). The association
between premorbid beta blocker exposure and mortality in sepsis-a systematic review.
Crit. Care 23 (1), 298. doi: 10.1186/s13054-019-2562-y

Wang, S., Li, M., Duan, J., Yi, L., Huang, X, Chen, D., et al. (2017). [Effect of esmolol
on hemodynamics and clinical outcomes in patients with septic shock]. Zhonghua wei
zhong bing ji jiu yi xue 29 (5), 390-395. doi: 10.3760/cma.j.issn.2095-4352.2017.05.002

Wang, Z., Wu, Q., Nie, X., Guo, J., and Yang, C. (2015). Combination therapy
with milrinone and esmolol for heart protection in patients with severe sepsis: A
prospective, randomized trial. Clin. Drug Investig. 35 (11), 707-716. doi: 10.1007/
540261-015-0325-3

Xinqiang, L., Weiping, H., Miaoyun, W., Wenxin, Z., Wengqiang, J., Shenglong, C.,
et al. (2015). [Esmolol improves clinical outcome and tissue oxygen metabolism in
patients with septic shock through controlling heart rate]. Zhonghua wei zhong bing ji
Jjiu yi xue 27 (9), 759-763.

frontiersin.org


https://doi.org/10.1007/s00134-016-4351-2
https://doi.org/10.1007/s12350-017-1012-y
https://doi.org/10.7326/0003-4819-127-8_part_2-199710151-00064
https://doi.org/10.7326/0003-4819-127-8_part_2-199710151-00064
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1097/01.ccm.0000182796.11329.3b
https://doi.org/10.1097/01.ccm.0000182796.11329.3b
https://doi.org/10.1186/s13054-019-2562-y
https://doi.org/10.3760/cma.j.issn.2095-4352.2017.05.002
https://doi.org/10.1007/s40261-015-0325-3
https://doi.org/10.1007/s40261-015-0325-3
https://doi.org/10.3389/fcimb.2023.1121444
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Effect of β-blockers on mortality in patients with sepsis: A propensity-score matched analysis
	Introduction
	Materials and methods
	Data source
	Patients and setting
	Demographic and laboratory variables
	Outcomes
	Statistics analysis

	Results
	Basic characteristics
	Relationship between β-blockers therapy and outcomes
	Relationship between short-acting β-blockers therapy and outcomes
	Relationship between long-acting β-blockers therapy and outcomes
	Subgroup analysis

	Discussion
	Data availabilty statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References


