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ABSTRACT

Background: Beta-blockers have been reported to exert potential beneficial effects in sepsis in recent years. How-
ever, their clinical application in sepsis remains limited due to concerns regarding hemodynamic impacts. This study
aims to explore whether premorbid use of beta-blockers is associated with improvements in cardiac function and
favorable clinical outcomes among patients with sepsis.

Methods: This single-center, retrospective cohort study was conducted in the Intensive Care Unit (ICU) of a university-
affiliated hospital. All patients diagnosed with sepsis admitted between August 2022 and March 2024 were enrolled.
Exclusion criteria included age < 18 years, hospitalization duration < 48 hours, a history of severe underlying cardiac
conditions, and incomplete clinical records. Primary outcomes included myocardial injury markers, echocardiograph-
ic parameters, and electrocardiographic indices to assess cardiac function. Secondary outcome was mortality.

Results: Among 1005 septic patients, 228 had received premorbid beta-blockers. No significant difference in baseline
disease severity was observed between the two groups. Patients with premorbid beta-blocker exposure had lower
levels of cardiac troponin | (Tnl, 87.9 [IQR, 23.4-306.0] vs 142.0 [IQR, 37.8-481.2]), lactic dehydrogenase (LDH, 274.0
[IQR, 175.0-496.0] vs 319.0 [IQR, 229.0-456.8]), and B-type natriuretic peptide (BNP, 267.9 [IQR, 118.1-1065.1] vs
509.3 [IQR, 184.8-1203.0]). Echocardiographic assessments revealed that premorbid beta-blockers were associated
with a higher left ventricular ejection fraction (LVEF, 58% [IQR 52-60] vs 55% [IQR 50-60]). Additionally, premorbid
beta-blockers were linked to lower 14-day (13.6% [IQR 9.1-18.1] vs 21.5% [IQR 18.6-24.4]), 28-day (17.5% [IQR 12.6-
22.5] vs 27.4% [IQR 24.3-30.6]), and in-hospital (18.9% [IQR 13.7-24.0] vs 28.8% [IQR 25.6-32.0]) mortality rates.

Conclusions: Among septic patients, premorbid beta-blockers are associated with preserved cardiac function and im-
proved clinical outcomes. These findings highlight the need for prospective or randomized controlled trials to further
explore the potential cardioprotective role of beta-blockers in sepsis.
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B BACKGROUND

Sepsis is widely defined as life-threatening organ dys-
function resulting from a dysregulated host response to
infection [1]. Despite advances in clinical management,
sepsis remains a leading cause of mortality in intensive
care units (ICUs), with an estimated mortality rate of
26.7% [2]. Sepsis-induced cardiomyopathy (SIMD)
is broadly characterized as an acute cardiac dysfunc-
tion syndrome unrelated to cardiac ischemia in septic
patients [3], which can manifest in various forms, in-
cluding primary myocardial cellular injury, systolic or
diastolic impairment of the left and/or right ventricles,

and inadequate cardiac output and oxygen delivery [3].
The reported prevalence of SIMD ranges from 10% to
70% [4] , and its presence has been associated with a
mortality risk of up to 70%, making it a key predictor
of morbidity and mortality in this patient population
[5]. Therefore, optimizing prevention and management
strategies for SIMD is crucial for improving outcomes
in sepsis.

The underlying mechanisms of sepsis-induced car-
diac dysfunction have not been fully elucidated. Imbal-
anced inflammatory responses were initially proposed
as a key contributor to SIMD [6,7] , and oxidative stress
has also been implicated as a critical factor [8]. Other
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potential mechanisms include pathogen-associated
molecular patterns (PAMPs), mitochondrial dysfunc-
tion, altered calcium homeostasis, complement system
activation, and myocardial edema [9-12]. Recently,
excessive sympathetic system activation has gained
increasing attention as a major factor associated with
SIMD [13,14]. On one hand, sympathetic hyperacti-
vation leads to excessive catecholamine release, which
overstimulates cardiac beta-adrenergic receptors,
potentially resulting in receptor desensitization and
downregulation [15]. On the other hand, beta-adren-
ergic receptors are expressed on immune cells such
as macrophages and lymphocytes, and continuous
stimulation of these receptors may be associated with
immune dysfunction [16]. Thus, beta-blockers, which
inhibit excessive sympathetic activation, have been
considered as a potential intervention in sepsis.

Beta-blockers have been reported to be associated
with improved cardiac function in sepsis [17]. In ani-
mal models, beta-blocker administration has been
linked to upregulation of cardiac beta-adrenergic re-
ceptors, as well as attenuation of cardiac inflammation
and oxidative stress in sepsis [18,19]. Additionally, be-
ta-blockers may be associated with reduced lymphocyte
apoptosis and modulated lymphocyte differentiation in
septic states [20]. In 2013, Morelli et al. conducted a
randomized controlled trial (RCT) demonstrating that
short-acting beta-blocker use during sepsis was asso-
ciated with improved hemodynamic parameters and
reduced mortality [21]. However, the clinical applica-
tion of beta-blockers during sepsis is limited due to
concerns about potential negative inotropic effects on
myocardial contraction and hypotensive consequenc-
es. Few additional RCTs have been reported following
the study by Morelli et al.

In response to these limitations, several observa-
tional studies have explored the association between
premorbid beta-blockers and sepsis outcomes, yield-
ing promising but inconsistent results [22]. Systematic
reviews have concluded that the preliminary evidence
regarding the role of premorbid beta-blockers in septic
patients remains limited. Furthermore, the potential
association between premorbid beta-blocker exposure
and cardiac function in sepsis has not been fully char-
acterized. Therefore, this retrospective cohort study
was designed to explore the associations between pre-
morbid beta-blockers and cardiac function, as well as
clinical outcomes, in patients with sepsis.

Available online at: www.jccm.ro

B METHODS

Study design and data source

This single-center, retrospective study was conduct-
ed at Zhongnan Hospital of Wuhan University. The
study population included patients with sepsis admit-
ted to the ICU between August 2022 and March 2024.
The study was approved by the Ethics Committee of
Zhongnan Hospital of Wuhan University (Approval
Number: 2024238K). Due to the retrospective nature
of the study, informed consent was waived by the Eth-
ics Committee. Clinical data of enrolled patients were
retrospectively collected from the electronic medical
record system. All procedures were performed in ac-
cordance with relevant guidelines and regulations.

Population and variable

The study population consisted of patients admitted to
the ICU for the first time. Eligibility criteria included a
diagnosis of sepsis based on the Sepsis 3.0 criteria[1],
and all patients received standard sepsis treatment. Pa-
tients were excluded if they met any of the following
criteria: [1] age < 18 years; [2] hospitalization duration
< 48 hours; [3] a history of severe underlying cardiac
conditions, including myocardial infarction, congeni-
tal heart disease, severe valvular heart disease, and car-
diomyopathy; [4] incomplete clinical records.

Included patients were divided into two groups
based on the presence of premorbid beta-blockers.
Previous studies exploring premorbid beta-blocker
use in sepsis have varied in the definition of “premor-
bid” duration[23-25] ; in this study, premorbid beta-
blocker use was defined as initiation of therapy at least
30 days prior to ICU admission. Baseline information
was collected to ensure comparability between the two
cohorts. Disease severity was assessed using the maxi-
mum Sequential Organ Failure Assessment (SOFA)
score and Acute Physiology and Chronic Health Evalu-
ation IT (APACHE II) score within the first 24 hours of
admission.

Study outcomes

The primary objective was to explore the association
between premorbid beta-blockers and cardiac dys-
function in sepsis. Cardiac function was assessed us-
ing myocardial injury biomarkers, echocardiographic
parameters, and electrocardiographic indices. The
secondary objective was to compare mortality rates
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between patients with and without premorbid beta-
blocker treatment.

Statistical analysis

Data analysis was performed between July 10, 2024,
and October 16, 2024. For missing baseline data, mul-
tiple imputation by predictive mean matching was
used for continuous variables[26]. Continuous data
were compared using the Mann-Whitney U test and
presented as mean + standard deviation (SD) or me-
dian (interquartile range [IQR]), as appropriate. Cate-
gorical variables were compared using the chi-square
test. Differences in 28-day mortality were evaluated
using the log-rank test. To account for potential con-
founding factors, the association between premorbid
beta-blockers and mortality was assessed using logis-
tic regression models adjusted for patient character-
istics. All analyses were performed using SPSS ver-
sion 27.0.1 (IBM, Chicago, IL, USA), and graphs were
generated using GraphPad PRISM version 8.3.0 (San
Diego, CA, USA). Statistical significance was set at p <
0.05. Additional and alternative statistical approaches
are detailed in the Tables and Figures in the Supple-
mentary materials.

B RESULTS

Baseline characteristics of subjects

Among 1640 patients meeting the sepsis diagnostic
criteria, 57 were excluded due to short hospitalization
duration, 530 had a pre-existing history of severe un-
derlying cardiac conditions, and 48 had incomplete
clinical data. A total of 1005 eligible patients were in-
cluded in the retrospective cohort study, of whom 228
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had received beta-blockers for at least 30 days prior to
ICU admission, and 777 had no premorbid beta-block-
er exposure. The majority (more than 90%) of patients
in the beta-blocker group received selective ,-receptor
blockers, with metoprolol being the most commonly
prescribed agent. Only one patient received propran-
olol, a non-selective B-receptor blocker (Table S1 in
Supplementary materials). Due to incomplete docu-
mentation in the physician order entry system, specific
dosages of beta-blockers could not be retrieved.

Patient demographics and baseline clinical charac-
teristics are summarized in Table 1, and disease severity
(assessed by SOFA and APACHE II scores) is presented
in Figure 1. The prevalence of hypertension (85.1% vs
65.4%, p < 0.001), coronary heart disease (18.4% vs
4.0%, p < 0.001), heart failure (8.8% vs 4.8%, p = 0.021),
and arrhythmia (15.8% vs 5.7%, p < 0.001) was signifi-
cantly higher in patients with premorbid beta-blockers.
However, the two groups had similar sources of infec-
tion, pathogen distributions, vital signs, and hemato-
logical parameters at baseline.

Primary endpoint

Results of the primary outcome analysis are summa-
rized in Table 2. Premorbid beta-blockers were asso-
ciated with lower levels of myocardial injury markers,
including troponin I (Tnl, 87.9 [IQR, 23.4-306.0] vs
142.0 [IQR, 37.8-481.2], p = 0.004), B-type natriuretic
peptide (BNP, 267.9 [IQR, 118.1-1065.1] vs 509.3 [IQR,
184.8-1203.0], p = 0.002), and lactic dehydrogenase
(LDH, 274.0 [IQR, 175.0-496.0] vs 319.0 [IQR, 229.0-
456.8], p = 0.022). Compared with patients without
premorbid beta-blockers, those with premorbid beta-
blocker therapy had a higher left ventricular ejection

Level of APACHE II score

Premorbid beta-blocker © No premorbid beta-blocker

61.4%
56.5%

31.1% 31.3%

Proportion of patients

3.0% 8% 1.4% 4.6%

0-10 11-20 21-30 =30

a.The level of SOFA score between beta-blocker treated and untreated patients; b.The level of APACHE Il score between beta-blocker treated and untreated patients. SOFA score, Sequential Organ Failure

Assessment score; APACHE Il score, Acute Physiology and Chronic Health Evaluation Il score.

Fig. 1. Levels of SOFA and APACHE Il score among patients with or without premorbid beta-blocker.
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Table 1. Patient Characteristics.

Overall population

(N=1005, 100%)

Premorbid
beta-blocker

Available online at: www.jccm.ro

No premorbid
beta-blocker

P value

Baseline characteristics

(N=228, 22.7%)

(N=777, 77.3%)

Age, years, mean £ SD 70+ 14 7111 69+ 14 0.203
Gender (male), n, (%) 651 (64.8) 157 (68.9) 494 (63.6) 0.142
BMI (kg/m2), mean + SD 22.8+3.4 229+3.6 229+34 0.811
Coexisting conditions, n. (%)

Hypertension 702 (69.9) 194 (85.1) 508 (65.4) <0.001
Coronary heart disease 73 (7.3) 42 (18.4) 31 (4.0) <0.001
Heart failure 57 (5.8) 20 (8.8) 37 (4.8) 0.021
Arrhythmia 80 (8.0) 36 (15.8) 44 (5.7) <0.001
Valvular heart disease 14 (1.3) 5(2.2) 9(1.2) 0.241
Diabetes 261 (26.0) 70 (30.7) 191 (24.6) 0.064
Chronic obstructive pulmonary disease 37 (3.7) 8(3.5) 29 (3.7) 0.875
Chronic bronchitis 19 (1.9) 4(1.8) 15 (1.9) 0.864
Bronchiectasis 10 (1.0) 4 (1.8) 6 (0.8) 0.190
Chronic kidney disease 89 (8.9) 24 (10.5) 65 (8.4) 0.313
Cerebrovascular disease 160 (15.9) 46 (20.2) 114 (14.7) 0.046
Malignancy 107 (10.6) 26 (11.4) 81(10.4) 0.674
Autoimmune diseases 17 (1.7) 2 (0.9) 15 (1.9) 0.278
Source of sepsis, n. (%)

Pulmonary 666 (66.3) 162 (71.1) 504 (64.9) 0.082
Intraabdominal 268 (26.7) 47 (20.6) 221 (28.4) 0.019
Urinary infections 137 (13.6) 33 (14.5) 104 (13.4) 0.674
Soft tissue infection 27 (2.7) 6 (2.6) 21 (2.7) 0.953
Bacteraemia 43 (4.3) 8(3.5) 34 (4.4) 0.565
Other sources 21(2.1) 4 (1.8) 17 (2.2) 0.678
Pathogen, n. (%)

Gram-positive 142 (14.1) 34 (14.9) 108 (13.9) 0.700
Gram-negative 431 (42.9) 110 (48.2) 321 (41.3) 0.063
Anaerobic bacteria 7 (0.7) 1(0.4) 6 (0.6) 0.074
Fungus 150 (14.9) 43 (18.9) 107 (13.8) 0.058
Virus 123 (12.2) 33 (14.5) 90 (11.6) 0.242
Unknown 290 (28.9) 63 (27.6) 227 (29.2) 0.643
Vital signs

T (°C) 38.3[37.7, 39] 38.2 [37.8, 38.9] 38.3 [37.7, 39] 0.556
HR (min-1) 104 [94, 117] 104 [95, 117] 103 [94, 117] 0.861
RR (min-1) 22 [20, 25] 22 (21, 26] 22 [20, 25] 0.251
MAP (mmHg) 71.3[64.7,77.0] 72.7 [66.7,77.0] 71.0 [64.0, 77.0] 0.219
Vital lab data, median (IQR)

WBC (109/L) 11.0[7.0, 16.7] 109 (7.3, 16.7] 11.1[6.9, 16.9] 0.988
RBC (10%/L) 3.4(2.8,4.0] 3.4[2.8,4.1] 3.4[2.8,4.0] 0.497
PLT (10%/L) 141.0[79.5,217.5]  158.5[93,229.8]  134.0[74.5,214.0]  0.038
HGB (g/L) 102.0[83.2,120.0] 102.0[82.3,121.8] 101.0[83.7,120.0] 0.959
CRP (mg/L) 99.0 [46.1, 160.0] 108.4 [52.2, 160.0] 97.9 [43.8, 160.0] 0.693
TBIL (umol/L) 16.2 [10.7, 30.1] 14.4 [10.3, 26.0] 16.6 [10.9, 31.9] 0.035
ALB (g/L) 29.7 [26.3, 33.6] 29.9 [26.4, 34.4] 29.7 [26.3, 33.3] 0.295
BNU (mmol/L) 11.9 (7.4, 20.0] 11.1 (7.1, 19.9] 11.9 (7.7, 20.0] 0.421
LAC (mmol/L) 3.3[2.4,4.5] 3.4[2.4,4.7) 3.3[2.3,4.7) 0.267
Severity, mean £ SD

SOFA score 85+£3.8 8.3+3.8 85+3.8 0.519
APACHE Il score 19.0+6.2 18.8+5.9 19.0+£6.2 0.677

T, temperature; HR, heart rate; RR, respiratory rate; MAP, mean arterial pressure; WBC, White Blood Cells; RBC, Red Blood Cells; PLT, Platelet; HGB, hemoglobin; CRP, hypersensitive C-reactive protein; TBIL,
total bilirubin; ALB, albumin; BUN, blood urea nitrogen; LAC, lactic acid; SOFA score, Sequential Organ Failure Assessment score; APACHE Il score, Acute Physiology and Chronic Health Evaluation Il score;
SD, standard deviation; IQR, interquartile range; Premorbid beta-blocker, patients with premorbid beta blocker therapy before septic episodes; No premorbid beta-blocker, patients without premorbid beta
blocker therapy before septic episodes.
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Table 2. Comparison of myocardial injury markers, echocardiography and electrocardiogram abnormalities.

Premorbid No premorbid
beta-blocker

(N=777, 77.3%)

beta-blocker
(N=228, 22.7%)

Myocardial injury markers, median (IQR)

Tnl (pg/ml) 87.9 (23.4-306.0) 142.0 (37.8-481.2) 0.004
BNP (pg/ml) 267.9(118.1-1065.1) 509.3 (184.8-1203.0) 0.002
MYO (ng/ml) 209.8 (100.3-600.4) 283.6 (103.0-1046.0) 0.053
CK (U/L) 107.5 (43.3-253.0) 127.0 (48.0-307.0) 0.147
CKMB (U/L) 28.0 (13.0-97.0) 29.0 (16.0-63.0) 0.077
LDH (U/L) 274.0 (175.0-496.0) 319.0 (229.0-456.8) 0.022
Echocardiographic parameters, median (IQR)

LVEF, (%) 58.0 (52.0-60.0) 55.0 (50.0-60.0) 0.009
LAD, (cm) 3.4 (3.0-3.9) 3.4 (3.1-3.9) 0.243
LVEDD, (cm) 4.3 (4.2-4.6) 4.5 (4.3-4.8) <0.001
RAD, (cm) 3.3(3.2-3.6) 3.4(3.3-3.7) 0.035
RVD, (cm) 3.4(3.2-3.5) 3.4 (3.2-3.6) 0.007
PA, (cm) 2.3(2.2-2.5) 2.3(2.2-2.5) 0.092
Electrocardiogram manifestations, no. (%)

Atrial fibrillation 41 (18.0) 113 (14.5) 0.205
Premature atrial contractions 27 (11.8) 127 (16.3) 0.097
Atrial flutter 7(3.1) 26 (3.3) 0.837
Atrial tachycardia 3(1.3) 16 (2.1) 0.469
Supraventricular tachycardia 3(1.3) 7 (1.0) 0.579
Premature ventricular contractions 19 (8.3) 66 (8.5) 0.939
Ventricular tachycardia 2(0.8) 10 (1.3) 0.616
Atrioventricular block 5(2.2) 16 (2.1) 0.901
Bundle branch block 41 (18.0) 143 (18.4) 0.885

Tnl, troponin |; BNP, B-type natriuretic peptide; MYO, myoglobin; CK, creatine kinase; CKMB,creatine kinase isoenzyme; LDH, lactic dehydrogenase; LVEF, left ventricular ejection fraction; LAD, left atrial di-
ameter; LVEDD, left ventricular end diastolic diameter; RAD, right atrial diameter; RVD, right ventricular diameter; PA, pulmonary artery diameter; IQR, interquartile range. Premorbid beta-blocker, patients
with premorbid beta blocker therapy before septic episodes; No premorbid beta-blocker, patients without premorbid beta blocker therapy before septic episodes.

fraction (LVEE 58.0 [IQR, 52.0-60.0] vs 55.0 [IQR, atrial fibrillation (18.0% vs 14.5%, p = 0.205), and pre-
50.0-60.0], p = 0.009). mature atrial contractions (11.8% vs 16.3%, p = 0.097).

Premorbid beta-blocker exposure was also associated ~ NO significant  differences in electrocardiographic
manifestations were observed between the two groups.

with smaller left ventricular end-diastolic diameter
(LVEDD,4.3[IQR,4.2-4.6] vs4.5[IQR,4.3-4.8],p<0.001),

right atrial diameter (RAD, 3.3 [IQR 3.2-3.6] vs 3.4
[IQR 3.3-3.7], p=0.035), and right ventricular diameter
(RVD, 3.4 [IQR 3.2-3.5] vs 3.4 [IQR 3.2-3.6], p = 0.007).
The most common arrhythmias in septic patients in-
cluded bundle branch block (18.0% vs 18.4%, p = 0.885),

Secondary endpoints

Mortality outcomes were associated with premorbid
beta-blockers in the unadjusted analysis (Table 3). Af-
ter adjusting for potential confounders (Figure S1-S4
in the Supplementary materials), logistic regression

Table 3. Analysis of mortality between premorbid beta-blocker treated and untreated patients.

Overall population

(N=1005, 100%)

Premorbid
beta-blocker

No premorbid
beta-blocker

P value

(N=228, 22.7%)

(N=777, 77.3%)

In-hospital mortality, (%), 95%Cl 26.6 [23.8-29.3] 18.9 [13.7-24.0] 28.8 [25.6-32.0] 0.003
7-day mortality, (%), 95%ClI 12.0[10.0-14.1] 9.2 [5.4-13.0] 12.9[10.5-15.2] 0.135
14-day mortality, (%), 95%ClI 19.7 [17.2-22.2] 13.6 [9.1-18.1] 21.5[18.6-24.4] 0.008
28-day mortality, (%), 95%Cl 25.2 [22.5-27.9] 17.5[12.6-22.5] 27.4 [24.3-30.6] 0.003

IQR, interquartile range; Cl, confidence interval. Premorbid beta-blocker, patients with premorbid beta blocker therapy before septic episodes; No premorbid beta-blocker, patients without premorbid beta

blocker therapy before septic episodes.
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models revealed that premorbid beta-blocker exposure
was associated with lower 14-day (OR, 0.535; 95% CI,
0.345-0.830; p = 0.005), 28-day (OR, 0.516; 95% CI,
0.346-0.770; p = 0.001), and in-hospital (OR, 0.524;
95% ClI, 0.535-0.776; p = 0.001) mortality rates. No sig-
nificant difference in 7-day mortality was observed be-
tween the two groups (OR, 0.648; 95% CI, 0.385-1.090;
p = 0.102). Additionally, the log-rank test showed that
premorbid beta-blockers were associated with a signifi-
cant reduction in 28-day mortality (hazard ratio, 0.61;
95% CI, 0.46-0.82; p = 0.004) (Figure 2).

EDISCUSSION

This retrospective cohort study explored the associa-
tions between premorbid beta-blockers and cardiac
function, as well as clinical outcomes, in a large cohort
of septic patients. Notably, despite a higher burden of
cardiovascular comorbidities (including hypertension,
coronary heart disease, heart failure, and arrhythmia)
in patients with premorbid beta-blocker use, this group
was associated with lower 14-day, 28-day, and in-hos-
pital mortality rates compared with patients without
premorbid beta-blocker exposure. Additionally, pre-
morbid beta-blockers therapy was linked to favorable
profiles of myocardial injury markers and echocardio-
graphic parameters, suggesting potential cardioprotec-
tive associations in the context of sepsis. These findings
add to the growing body of evidence regarding the role
of beta-blockers in sepsis and highlight several impor-
tant considerations for clinical practice and future re-
search.

A critical observation derived from this study is the
time-dependent pattern of the association between pre-

Available online at: www.jccm.ro

morbid beta-blockers and mortality. No significant as-
sociation with 7-day mortality was identified; however,
favorable associations emerged at 14 days, persisted
through 28 days, and remained evident during hos-
pitalization. This time-dependent trend has not been
tully characterized in prior literature and may be closely
linked to the dynamic pathophysiological evolution of
sepsis and SIMD. Sepsis is a highly dynamic syndrome
characterized by an initial hyperinflammatory phase,
which transitions to a prolonged phase of immune dys-
regulation and progressive organ dysfunction[27,28].
It is plausible that the potential benefits of premorbid
beta-blockers become more pronounced in the later
stages of sepsis, where sympathetic hyperactivation and
persistent inflammation exert sustained adverse effects
on cardiac function and overall prognosis. For instance,
early sepsis is often dominated by acute hemodynamic
instability and overwhelming inflammatory responses,
which may mask any potential cardioprotective associa-
tions of beta-blockers. In contrast, during the subacute
and chronic phases of sepsis, the cumulative effects of
sympathetic overstimulation—such as beta-adrener-
gic receptor desensitization, myocardial remodeling,
and ongoing oxidative stress—may be more effectively
modulated by prior beta-blocker therapy. Consistent
with this hypothesis, Fuchs et al. demonstrated that
continuation of long-term beta-blocker therapy during
the acute phase of severe sepsis is associated with im-
proved survival up to 90 days (adjusted HR = 0.67; 95%
CI 0.48-0.95; p = 0.003)[29]. Their findings align with
our proposition that the beneficial effects of beta-block-
ers in sepsis may be delayed. Further investigations are
therefore warranted to delineate temporal changes in
the pathophysiology of sepsis and their implications for
beta-blocker-associated outcomes.

1009 — Premorbid beta-blockers
— No premorbid beta-blockers
X
~ 90—
2
<
% Log-rank test p = .004
2
Z 80
3
w2
70 T T T
0 10 20 28
Time (days)
No. at risk
Premorbid beta-blockers 228 202 191 188
No premorbid beta-blockers 777 654 587 564

Fig. 2. 28-day survival rate for primary cohort.
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The associations between premorbid beta-blockers
and improved cardiac function markers in this study
are consistent with several proposed mechanisms of
SIMD pathophysiology. Myocardial injury markers
such as Tnl, LDH, and BNP are well-established in-
dicators of cardiac dysfunction in sepsis [30-35]. Tnl
is a cardiac-specific marker, and its elevation in sep-
sis is often linked to myocardial cellular injury and
SIMD [36], with higher levels associated with poorer
outcomes [37]. The lower Tnl levels observed in pa-
tients with premorbid beta-blocker exposure may be
reflective of reduced myocardial injury in this group,
potentially through modulation of pathways involved
in sepsis-induced cardiac damage. Similarly, LDH, al-
though non-specific, has been associated with in-hos-
pital mortality in sepsis [31], and its lower levels in the
beta-blocker group may indicate reduced overall organ
injury, including cardiac injury. BNP is a marker of
heart failure and ventricular stretch, and its elevation
in sepsis is associated with SIMD severity and mortal-
ity [32,34,35]. The reduced BNP levels in patients with
premorbid beta-blocker exposure may suggest attenu-
ated ventricular dysfunction in this cohort.

Echocardiographic findings further support poten-
tial cardioprotective associations of premorbid beta-
blockers. LVEF is a key measure of systolic function,
and its preservation is associated with better outcomes
in sepsis [38]. The higher LVEF observed in the beta-
blocker group, even in the presence of more baseline
cardiovascular comorbidities, is notable and may re-
flect a protective association against sepsis-induced
systolic dysfunction. Additionally, the smaller LVEDD,
RAD, and RVD in patients with premorbid beta-
blocker exposure suggest potential associations with
reduced ventricular and atrial remodeling in sepsis.
Diastolic dysfunction and right ventricular dysfunc-
tion are common in sepsis [39,40], and while limited
data on diastolic parameters were available in this
study, the reduced chamber diameters may indirectly
indicate preserved diastolic function or reduced ven-
tricular overload. These echocardiographic findings are
consistent with animal studies that have reported beta-
blocker-associated reductions in myocardial inflam-
mation, oxidative stress, and ventricular remodeling in
sepsis [18,19]. It is possible that premorbid beta-block-
ers may induce adaptive changes in cardiac structure
and function—such as upregulation of beta-adrenergic
receptors or reduced myocardial fibrosis—that confer
resilience against sepsis-induced injury [14].
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The potential mechanisms underlying the ob-
served associations between premorbid beta-blocker
exposure and favorable outcomes in sepsis are likely
multifactorial and may involve interactions between
cardiac, immune, and inflammatory pathways. Beta-
blockers are known to inhibit sympathetic hyperac-
tivation, which is a key driver of SIMD [13,14]. By
reducing catecholamine-mediated overstimulation of
cardiac beta-adrenergic receptors, premorbid beta-
blocker therapy may prevent or mitigate receptor de-
sensitization and downregulation, thereby preserving
cardiac contractile function during sepsis [15]. Ad-
ditionally, beta-blockers have been shown to modu-
late inflammatory responses in sepsis [20,41], with
potential reductions in pro-inflammatory cytokines
and oxidative stress—both of which are critical con-
tributors to myocardial injury [6,8]. Beta-blockers
may also exert immunomodulatory effects by regulat-
ing lymphocyte function and apoptosis [20], which
could influence the overall immune response to sepsis
and reduce organ damage. These mechanisms are not
mutually exclusive and may interact synergistically to
contribute to the favorable associations observed in
this study.

The findings of this study should be interpreted in
the context of existing literature. Previous observa-
tional studies have reported inconsistent associations
between premorbid beta-blocker use and sepsis out-
comes[22-25,42]. For example, some studies have re-
ported favorable mortality associations [43,44], while
others have found no significant effects [45]. These
discrepancies may be attributed to differences in study
populations (e.g., varying baseline comorbidities, sep-
sis severity), definitions of premorbid beta-blocker use
(e.g., duration of therapy, type of beta-blocker), and
adjustment for confounding factors. The current study
adds value by focusing on cardiac function outcomes,
which have been less extensively explored in previ-
ous studies of premorbid beta-blockers in sepsis, and
by including a large sample size with detailed assess-
ment of myocardial markers and echocardiographic
parameters. Additionally, the high proportion of selec-
tive 3;-receptor blockers in this study (predominantly
metoprolol) is consistent with clinical practice, where
selective agents are often preferred to minimize adverse
effects [22,46]. The potential differences in associations
between selective and non-selective beta-blockers in
sepsis remain unclear, given the small number of non-
selective beta-blocker users in this study.
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Several clinical implications may be drawn from
this study. First, the findings suggest that continua-
tion of beta-blocker therapy in patients with pre-ex-
isting cardiovascular conditions who develop sepsis
may be associated with favorable cardiac and mortal-
ity outcomes, despite concerns about potential hemo-
dynamic risks. This is particularly relevant given that
beta-blockers are commonly prescribed for chronic
cardiovascular diseases, and their discontinuation dur-
ing sepsis is a frequent clinical dilemma. Second, the
time-dependent mortality association highlights the
importance of long-term follow-up in sepsis studies,
as early outcomes may not capture the full spectrum
of treatment effects. Third, the potential cardioprotec-
tive associations of premorbid beta-blockers suggest
that beta-blocker therapy could be a target for further
research in sepsis prevention or management, particu-
larly in patients at high risk of SIMD.

Strengths and Limitations

It is important to acknowledge the limitations of this
study when interpreting the findings. As a retrospec-
tive, single-center study, there is inherent potential for
selection bias and unmeasured confounding. For ex-
ample, patients with premorbid beta-blocker exposure
had more cardiovascular comorbidities, which may
have influenced treatment decisions and outcomes
despite adjustment in regression models. Addition-
ally, data on beta-blocker dosages, duration of therapy
beyond 30 days, and adherence to therapy were not
available, which may have impacted the observed as-
sociations. Furthermore, clinical data were limited to
ICU admission, and information from the emergency
department or general ward was not captured, which
may have omitted important baseline or early sepsis
data. Finally, the absence of a standardized dosage regi-
men for beta-blocker administration limits the clinical
applicability and guiding value of the study’s findings.

Despite these limitations, this study provides valu-
able insights into the potential associations between
premorbid beta-blocker therapy and cardiac function,
as well as mortality, in sepsis. Future research should
focus on prospective, multicenter studies designed
to confirm these findings and explore the underlying
mechanisms. Randomized controlled trials comparing
continuation versus discontinuation of beta-blocker
therapy in septic patients with pre-existing beta-block-
er use would be particularly valuable to establish causal

Available online at: www.jccm.ro

relationships. Additionally, studies investigating the
effects of different types and dosages of beta-blockers,
as well as the optimal timing of therapy, could fur-
ther refine clinical recommendations. Research into
the time-dependent effects of beta-blockers in sepsis,
including associations with different phases of sepsis
pathophysiology, may also provide important mecha-
nistic insights.

B CONCLUSION

In this retrospective cohort study of patients with sep-
sis, premorbid beta-blocker treatment was associated
with an improved cardiac function and clinical out-
comes. These results support the need for prospective
or randomized clinical trials to confirm the cardiopro-
tective effects of the administration of beta-blocker in
sepsis.

B AUTHOR CONTRIBUTIONS

SYY: data curation, formal analysis, software, method-
ology, manuscript writing, and manuscript editing.
XZF and RYF: data curation, formal analysis, method-
ology.

CJW: conceptualization, review and editing, supervi-
sion, funding acquisition.

B FUNDING

This research is funded by National Natural Sci-
ence Foundation of China (81801961) and National
Health Commission of the People’s Republic of China
(20247D0522700).

B ETHICAL APPROVAL AND CONSENT TO
PARTICIPATE

The trial was approved by the ethics board of Zhong-
nan Hospital of Wuhan University (Approval Num-
ber: 2024238K), and due to retrospective nature of the
study informed consent was waived by the ethics board
of Zhongnan Hospital of Wuhan University.

B CONFLICT OF INTERESTS

None to declare.



Available online at: www.jccm.ro

B AVAILABILITY OF SUPPORTING DATA

The datasets used and/or analysed during the current
study are available from the corresponding author on
reasonable request.

B REFERENCES

1.

10.

11.

12.

13.

Singer M, Deutschman CS, Seymour CW, et al. The Third
International Consensus Definitions for Sepsis and Septic Shock
(Sepsis-3). JAMA. 2016 Feb 23;315(8):801.

Fleischmann-Struzek C, Mellhammar L, Rose N, et al. Incidence
and mortality of hospital- and ICU-treated sepsis: results
from an updated and expanded systematic review and meta-
analysis. Intensive Care Med. 2020 Aug;46(8):1552—-62.

Beesley SJ, Weber G, Sarge T, et al. Septic Cardiomyopathy. Crit
Care Med. 2018 Apr;46(4):625-34.

Hollenberg SM, Singer M. Pathophysiology of sepsis-induced
cardiomyopathy. Nat Rev Cardiol. 2021 Jun;18(6):424-34.

Poveda-Jaramillo R. Heart Dysfunction in Sepsis. J Cardiothorac
Vasc Anesth. 2021 Jan;35(1):298-309.

Pathan N, Franklin JL, Eleftherohorinou H, Wright VI,
Hemingway CA, Waddell SJ, et al. Myocardial depressant
effects of interleukin 6 in meningococcal sepsis are regulated
by p38 mitogen-activated protein kinase. Crit Care Med. 2011
Jul;39(7):1692-711.

Wang L, Li Y, Wang X, Wang P, Essandoh K, Cui S, et al. GDF3
Protects Mice against Sepsis-Induced Cardiac Dysfunction and
Mortality by Suppression of Macrophage Pro-Inflammatory
Phenotype. Cells. 2020 Jan 3;9(1):120.

Sharawy N, Lehmann C. Molecular mechanisms by which
iNOS uncoupling can induce cardiovascular dysfunction during
sepsis: Role of posttranslational modifications (PTMs). Life Sci.
2020 Aug 15;255:117821.

Mokhtari B, Hamidi M, Badalzadeh R, Mahmoodpoor A.
Mitochondrial ~transplantation protects against sepsis-
induced myocardial dysfunction by modulating mitochondrial
biogenesis and fission/fusion and inflammatory response. Mol
Biol Rep. 2023 Mar;50(3):2147-58.

Martin L, Horst K, Chiazza F, Oggero S, Collino M, Brandenburg
K, et al. The synthetic antimicrobial peptide 19-2.5 attenuates
septic cardiomyopathy and prevents down-regulation of
SERCAZ in polymicrobial sepsis. Sci Rep. 2016 Nov 17;6:37277.

Vasques-Novoa F, Laundos TL, Madureira A, Bettencourt N,
Nunes JPL, Carneiro F, et al. Myocardial Edema: an Overlooked
Mechanism of Septic Cardiomyopathy? Shock. 2020
May;53(5):616-9.

Stewart RH, Cox CS, Allen SJ, Laine GA. Myocardial Edema
Provides a Link Between Pulmonary Arterial Hypertension and
Pericardial Effusion. Circulation. 2022 Mar 15;145(11):793-5.

Carbone F, Liberale L, Preda A, Schindler TH, Montecucco F.
Septic Cardiomyopathy: From Pathophysiology to the Clinical
Setting. Cells. 2022 Sep 11;11(18):2833.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

The Journal of Critical Care Medicine 2026;12(2) « 279

Dal-Secco D, DalBé S, Lautherbach NES, Gava FN, Celes MRN,
Benedet PO, et al. Cardiac hyporesponsiveness in severe
sepsis is associated with nitric oxide-dependent activation of G
protein receptor kinase. Am J Physiol Heart Circ Physiol. 2017
Jul 1;313(1):H149-63.

Rehman A, Baloch NUA, Morrow JP, Pacher P, Haskd G. Targeting
of G-protein coupled receptors in sepsis. Pharmacol Ther. 2020
Jul;211:107529.

Stolk RF, van der Pasch E, Naumann F, Schouwstra J, Bressers
S, van Herwaarden AE, et al. Norepinephrine Dysregulates the
Immune Response and Compromises Host Defense during
Sepsis. Am J Respir Crit Care Med. 2020 Sep 15;202(6):830-42.

Kimmoun A, Louis H, Al Kattani N, Delemazure J, Dessales N,
Wei C, et al. B1-Adrenergic Inhibition Improves Cardiac and
Vascular Function in Experimental Septic Shock*: Critical Care
Medicine. 2015 Sep;43(9):e332—-40.

Wei C, Al Kattani N, Louis H, Albuisson E, Levy B, Kimmoun A. If
Channel Inhibition With Ivabradine Does Not Improve Cardiac
and Vascular Function in Experimental Septic Shock. Shock.
2016 Sep;46(3):297-303.

Wei C, Louis H, Schmitt M, Albuisson E, Orlowski S, Levy B, et al.
Effects of low doses of esmolol on cardiac and vascular function
in experimental septic shock. Crit Care. 2016 Dec 21;20(1):407.

Ma Y, Cheng Z, Zheng Y, Wang W, He S, Zhou X, et al.
LOW DOSE OF ESMOLOL ATTENUATES SEPSIS-INDUCED
IMMUNOSUPPRESSION  VIA- MODULATING T-LYMPHOCYTE
APOPTOSIS AND DIFFERENTIATION. Shock. 2023 May
1;59(5):771-8.

Morelli A, Ertmer C, Westphal M, Rehberg S, Kampmeier
T, Ligges S, et al. Effect of heart rate control with esmolol
on hemodynamic and clinical outcomes in patients with
septic shock: a randomized clinical trial. JAMA. 2013 Oct
23;310(16):1683-91.

Kuo MJ, Chou RH, Lu YW, Guo JY, Tsai YL, Wu CH, et al. Premorbid
B1-selective (but not non-selective) B-blocker exposure reduces
intensive care unit mortality among septic patients. J Intensive
Care. 2021 May 13;9(1):40.

Macchia A, Romero M, Comignani PD, Mariani J, D’Ettorre A,
Prini N, et al. Previous prescription of B-blockers is associated
with reduced mortality among patients hospitalized in
intensive care units for sepsis*: Critical Care Medicine. 2012
Oct;40(10):2768-72.

Christensen S, Johansen MB, Tgnnesen E, Larsson A, Pedersen
L, Lemeshow S, et al. Preadmission beta-blocker use and 30-
day mortality among patients in intensive care: a cohort study.
Crit Care. 2011;15(2):R87.

Singer KE, Collins CE, Flahive JM, Wyman AS, Ayturk MD, Santry
HP. Outpatient beta-blockers and survival from sepsis: Results
from a national cohort of Medicare beneficiaries. Am J Surg.
2017 Oct;214(4):577-82.

Leyrat C, Seaman SR, White IR, Douglas I, Smeeth L, Kim J, et
al. Propensity score analysis with partially observed covariates:
How should multiple imputation be used? Stat Methods Med
Res. 2019 Jan;28(1):3-19.



280 « The Journal of Critical Care Medicine 2026;12(2)

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Bosmann M, Ward PA. The inflammatory response in sepsis.
Trends Immunol. 2013 Mar;34(3):129-36.

Chousterman BG, Swirski FK, Weber GF. Cytokine storm and
sepsis disease pathogenesis. Semin Immunopathol. 2017
Jul;39(5):517-28.

Fuchs C, Wauschkuhn S, Scheer C, Vollmer M, Meissner K, Kuhn
SO, et al. Continuing chronic beta-blockade in the acute phase
of severe sepsis and septic shock is associated with decreased
mortality rates up to 90 days. British Journal of Anaesthesia.
2017 Oct;119(4):616-25.

Abdalla M, Sohal S, Al-Azzam B, Mohamed W. Effect of Troponin
| Elevation on Duration of Mechanical Ventilation and Length of
Intensive Care Unit Stay in Patients With Sepsis. J Clin Med Res.
2019 Feb;11(2):127-32.

Yu H, Yang Q, Qian Y, Luo S, Kong T, Yang G, et al. A positive
correlation between serum lactate dehydrogenase level and
in-hospital mortality in ICU sepsis patients: evidence from two
large databases. Eur J Med Res. 2024 Nov 1;29(1):525.

He B, Wang X, Shi L, Cheng H, Zhao L. Meta-analysis of initial
natriuretic peptides in the setting of sepsis-induced myocardial
dysfunction. Biomark Med. 2024 Feb;18(4):145-55.

Post F, Weilemann LS, Messow CM, Sinning C, Miinzel T. B-type
natriuretic peptide as a marker for sepsis-induced myocardial
depression in intensive care patients. Crit Care Med. 2008
Nov;36(11):3030-7.

Yue L, Deng X, Yang M, Li X. Elevated B-type natriuretic
peptide (BNP) and soluble thrombomodulin (sTM) indicates
severity and poor prognosis of sepsis. Ann Palliat Med. 2021
May;10(5):5561-7.

Khoury J, Arow M, Elias A, Makhoul BF, Berger G, Kaplan M,
et al. The prognostic value of brain natriuretic peptide (BNP)
in non-cardiac patients with sepsis, ultra-long follow-up. J Crit
Care. 2017 Dec;42:117-22.

Kim JS, Kim M, Kim YJ, Ryoo SM, Sohn CH, Ahn S, et al. Troponin
Testing for Assessing Sepsis-Induced Myocardial Dysfunction in
Patients with Septic Shock. J Clin Med. 2019 Feb 12;8(2):239.

Zheng P, Wang X, Guo T, Gao W, Huang Q, Yang J, et al. Cardiac
troponin as a prognosticator of mortality in patients with

38.

39.

40.

41.

42.

43.

44,

45.

46.

Available online at: www.jccm.ro

sepsis: A systematic review and meta-analysis. Immun Inflamm
Dis. 2023 Sep;11(9):e1014.

Dugar S, Sato R, Chawla S, You JY, Wang X, Grimm R, et al. Is
Left Ventricular Systolic Dysfunction Associated With Increased
Mortality Among Patients With Sepsis and Septic Shock? Chest.
2023 Jun;163(6):1437-47.

Clancy DJ, Scully T, Slama M, Huang S, MclLean AS, Orde SR.
Application of updated guidelines on diastolic dysfunction in
patients with severe sepsis and septic shock. Ann Intensive
Care. 2017 Dec 19;7(1):121.

Lanspa MJ, Cirulis MM, Wiley BM, Olsen TD, Wilson EL, Beesley
SJ, et al. Right Ventricular Dysfunction in Early Sepsis and Septic
Shock. Chest. 2021 Mar;159(3):1055-63.

Tan S, Zhou F, Zhang Z, Wang J, Xu J, Zhuang Q, et al. Beta-
1 blocker reduces inflammation and preserves intestinal
barrier function after open abdominal surgery. Surgery. 2021
Apr;169(4):885-93.

Kumar S, Malviya D, Tripathi M, Rai S, Nath SS, Tripathi SS, et
al. Exploring the Impact of Prior Beta-Blocker and Calcium
Channel Blocker Usage on Clinical Outcomes in Critically Il
Patients With Sepsis: An Observational Study. Cureus. 2023
Sep;15(9):e46169.

Tan K, Harazim M, Simpson A, Tan YC, Gunawan G, Robledo KP,
et al. Association Between Premorbid Beta-Blocker Exposure
and Sepsis Outcomes-The Beta-Blockers in European and
Australian/American Septic Patients (BEAST) Study. Crit Care
Med. 2021 Sep 1;49(9):1493-503.

Tan K, Harazim M, Tang B, Mclean A, Nalos M. Correction to:
The association between premorbid beta blocker exposure
and mortality in sepsis-a systematic review. Crit Care. 2020 Jan
3;24(1):3.

McLean AS, Taccone FS, Vieillard-Baron A. Beta-blockers in

septic shock to optimize hemodynamics? No. Intensive Care
Med. 2016 Oct;42(10):1610-2.

Hong SY, Lai CC, Teng NC, Chen CH, Hsu CC, Chan NJ, et al.
Premorbid use of selective beta-blockers improves sepsis
incidence and course: Human cohort and animal model studies.
Front Med (Lausanne). 2023;10:1105894.



