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Abstract 

Background  Treatment with short-acting betablockers in septic patients remains controversial. Two recent large 
multicenter trials have provided additional evidence on this therapeutic approach. We thus performed a meta-anal‑
ysis, including the most recent data, to evaluate the potential impacts of treatment with short-acting betablockers 
on mortality in adult septic patients.

Methods  The data search included PubMed, Web of Science, ClinicalTrials.gov and the Cochrane Library. A meta-
analysis of all eligible peer-reviewed studies was performed in accordance with the PRISMA statement. Only rand‑
omized, controlled studies with valid classifications of sepsis and intravenous treatment with short-acting betablock‑
ers (landiolol or esmolol) were included. Short-term mortality served as the primary endpoint. Secondary endpoints 
included effects on short-term mortality regarding patient age and cardiac rhythm.

Results  A total of seven studies summarizing 854 patients fulfilled the predefined criteria and were included. 
Short-term mortality as well as pooled mortality (longest period of data on mortality) was not significantly impacted 
by treatment with short-acting betablockers when compared to the reference treatment (Risk difference, − 0.10 [95% 
CI, − 0.22 to 0.02]; p = 0.11; p for Cochran’s Q test = 0.001; I2 = 73%). No difference was seen when comparing patients 
aged < 65 versus ≥ 65 years (p = 0.11) or sinus tachycardia with atrial fibrillation (p = 0.27). Despite statistical heteroge‑
neity, no significant publication bias was observed.

Conclusion  Administration of short-acting betablockers did not reduce short-term mortality in septic patients 
with persistent tachycardia. Future studies should also provide extensive hemodynamic data to enable characteriza‑
tion of cardiac function before and during treatment.
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Background
Sepsis represents a life-threatening condition esti-
mated to affect > 48 million patients per year worldwide, 
with > 10 million deaths representing nearly 20% of all 
global deaths [1]. The United States and Europe are par-
ticularly impacted due to disproportionately high costs 
and increasing numbers of cases [2–5]. Various treat-
ment strategies have been trialled in critically ill patients, 
including supportive therapy using short-acting beta-
blockers to counteract excessive sympathetic activation 
[6–8]. Excessive catecholamine levels are associated with 
the severity of critical illness, complications, and high 
mortality rates [8, 9]. Achieving acceptable heart rates in 
euvolemic tachycardic patients is used as a readily avail-
able surrogate of sympathetic control [9–11]. Betablocker 
treatment may also be associated with hemodynamic 
advantages such as increased stroke volume and even 
increased mean arterial pressure [11]. Potential negative 
effects of beta1-blockade in sepsis include risks of arterial 
hypotension and bradycardia specifically under hypov-
olemic conditions and in patients with reduced cardiac 
contractility. Short-acting beta-blocking agents with 
high beta1 selectivity such as esmolol or landiolol were 
deemed to be ideally suited for this purpose in patients 
with sepsis, however heart rate control and mortality 
rates have only been evaluated in a limited number of 
studies [11–13].

In the light of four randomized controlled trials pub-
lished within the last three years [14–17], diverging 
results [11–22], as well as limited quality of included tri-
als [18–21], limited available evidence in previews sys-
tematic reviews [23, 24] and deviating inclusion criteria 
of previous meta-analyses [25, 26], we aimed to compre-
hensively analyze the available high quality research. This 
is mandatory to overcome potential uncertainties within 
the research and intensive care community regarding 
the use of betablockers in septic patients. As a result, we 
performed the present meta-analysis of randomized con-
trolled trials and focused on mortality representing an 
unambiguous endpoint.

Methods
This systematic review and meta-analysis was based on 
a pre-defined protocol, registered at the international 
PROSPERO database for prospective systematic reviews 
(CRD42023402150) and carried out in accordance with 
PRISMA Guidelines [27].

Study protocol
A systematic literature search was completed for 
all peer-reviewed and published randomized con-
trolled studies reporting the effects of short-acting 

betablockers (landiolol/ esmolol), when compared to 
standard care or placebo treatment. The patient popu-
lation consisted of adult patients (aged ≥ 18 years) with 
sepsis, either defined by the Sepsis-3 criteria [13–16], 
or described as meeting two or more SIRS criteria (sys-
temic inflammatory response syndrome) plus infection 
[12, 17], or described as presenting with septic shock 
requiring norepinephrine [11]. Studies were excluded if 
they could not provide valid data on mortality rates and 
on the timing of mortality assessment. There were no 
restrictions regarding the number of included patients. 
Of these, LANDI-SEP and STRESS-L explored the 
treatment effects on both a larger scale (LANDI-SEP, 
n = 196; STRESS-L, n = 126) and in a multicenter, pro-
spective, randomized manner [28, 29]. Both studies 
used landiolol and focused on heart rate control, safety 
and efficacy as the primary endpoints. Mortality was 
evaluated as a secondary outcome [28, 29]. Short-term 
mortality was defined as 28-day mortality, or hospital 
mortality if 28-day mortality was not available [17]. 
Secondary analyses included biological heterogene-
ity (age < 65 versus ≥ 65  years) and the cardiac rhythm 
at treatment commencement. We were able to obtain 
individual patient data from recent trials [13–15] and 
compared these populations based on the type of car-
diac rhythm at randomization, i.e. sinus tachycardia 
versus atrial fibrillation. Further analyses were per-
formed regarding pooled mortality (longest period for 
data on mortality) and 90-day mortality as well as hos-
pital mortality.

Literature research and data extraction
Two investigators (M.A./P.N.) searched PubMed, Web 
of Science, ClinicalTrials.gov, and the Cochrane Library 
independently for eligible studies published until 31th 
August 2024. The search was performed using the terms: 
(short-acting beta-block* OR short-acting β-block* 
OR Ultrashort-acting beta-block OR Ultrashort-acting 
β-block* OR landiolol OR esmolol OR rapibloc OR brevi-
bloc) AND (sepsis* OR septic OR critic*). Web of Science 
was searched using topic and articles, while PubMed was 
searched without restrictions. We also searched already 
published systematic reviews and meta-analyses and 
screened four additional studies and references [23–26]. 
Individual patient data on cardiac rhythm at the time of 
randomization were obtained through correspondence 
with the authors [14, 15] or from a subsequent analysis 
[30]. The same investigators screened the search results 
according to the title and abstract, reviewed the full text 
articles, considered whether the study was appropriate 
for inclusion, and extracted appropriate data from the 
publications [11–22, 30, 31].
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Assessment of bias
Quality of the included studies was assessed based on the 
risk of bias tool provided by Review Manager (RevMan) 
version 5.4.1. In case of disagreement between the two 
investigators, a third investigator (S.S.S.) was consulted.

Statistical analysis
The effects of the intervention on mortality were investi-
gated by assessing the risk difference between the beta-
blocker and control groups by pooling available data on 
short-term, 90-day and hospital mortality. Subgroup 
analyses were performed with regard to potential het-
erogeneity. Hence, mean patient age was identified as 
potential confounder and included in sensitivity analy-
sis. Further subgroup analysis was performed comparing 
atrial fibrillation with sinus tachycardia. Risk differences 
and pooled risk differences were determined and pre-
sented using Forest plots with respective 95% confidence 
intervals. A random-effects model (Mantel–Haenszel) 
was used to pool the data and estimate the results due to 
the presence of relevant statistical heterogeneity. Statisti-
cal heterogeneity between the trials was evaluated using 
Cochran’s Q Test and the I2 statistic as a measure of vari-
ability. The presence of relevant statistical heterogeneity 
was determined based on the outcomes of the Cochran’s 

Q Test, with a p-value < 0.05 and an I2 value > 50%. Poten-
tial publication bias was explored visually using Funnel 
plots. Asymmetry in the Funnel plot was considered as 
the presence of potential publication bias. Values were 
expressed as mean ± standard deviation (SD). Statisti-
cal analyses were performed using Review Manager 
(RevMan) version 5.4.1 (2014, Nordic Cochrane Cen-
tre, Cochrane Collaboration, Copenhagen, Denmark). 
A two-sided p-value ≤ 0.05 was considered statistically 
significant.

Results
A total of 632 studies were identified through the initial 
literature search. Of these, 13 articles were identified as 
potentially appropriate after screening (Fig.  1). Follow-
ing full-text review six studies were excluded due to study 
design (before-after; n = 2; [22, 31] and deviating study 
language (n = 4; published in Chinese) [18–21]. The seven 
trials that were included comprised a total of 854 patients 
and were randomized, unblinded, prospective, single- or 
multicenter studies (Table 1, Supplement Table 1). Inclu-
sion criteria were age ≥ 18  years and sepsis (based on 
eligible classifications), tachycardia > 95[11, 12, 14, 15, 
17] or > 100[13, 16] beats per minute (bpm), and need 
for vasopressor therapy to maintain MAP (mean arterial 
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pressure) > 65  mmHg (Supplement Table  1). Exclusion 
criteria included pre-existing heart failure, severe atrio-
ventricular disorders, limitation of therapy (do-not-
resuscitate or intubate orders), and contraindications to 
receive the study drugs. 

Interventions were almost consistent with regard to 
the target heart rate which was achieved through rela-
tively similar protocols. Most studies titrated the intra-
venous betablocker to obtain the target heart rates of 
80–94  bpm [11, 13–17] or < 100  bpm [12]. Treatment 
was initiated after hemodynamic stabilization and 

continued for as long as vasopressors were required, up 
to 96 h, or until ICU discharge (Table 1). Interestingly, 
Wang et  al. investigated milrinone as an additional 
study drug [12]. For the purpose of this meta-analysis, 
patients treated with esmolol + milrinone were com-
pared to those receiving milrinone only. Overall, more 
male (61.5%) than female patients were included, and 
a lower average patient age was observed in three stud-
ies [11, 13, 15]. The main cause for sepsis was consid-
ered to be located pulmonary. (Table  2). Also, most 
studies reported no substance-related adverse events 

Table 2  Study characteristics, patient’s age and cause of sepsis

L, Landiolol; C, Control; E, Esmolol; M, Milrinone; ME, Milrinone + Esmolol

Author Age Cause of sepsis

Rehberg (2024) L: 64.4 ± 12.5
C: 65.2 ± 15.0.6

L:
42.9% lung
40.8% abdominal
16.3% urine
4.1% surgical
15.3% other

C:
44.9% lung
30.6% abdominal
11.2% urine
9.2% surgical
18.4% other

Whitehouse (2023) L: 55.9 ± 16.2
C: 55.3 ± 17.1

L:
44.4% lung
33.3% abdominal
12.7% other
6.3% urine
3.2% blood

C:
42.9% lung
34.9% abdominal
20.6% other
1.6% urine

Wang J (2024) E: 69 (IQR:58–77.25)
C: 67.5 (IQR 56.7–5-77

E:
38% lung
4% hepatapostema
6% cholangitis
9% peritonitis
1% nephropyelitis
11% other

C:
48% lung
3% hepatapostema
6% cholangitis
11% peritonitis
3% nephropyelitis
3% other

Cocchi (2022) E: 62 (IQR:53–67)
C: 64 (IQR:59–71)

E:
33% lung
33% urinary
28% abdominal
17% skin
11% other

C:
32% lung
9% urinary
32% abdominal
5% skin
27% other

Kakihana (2020) L: 67.8 ± 13.8
C: 66.4 ± 15.2

L:
29% lung
24% abdominal
12% urinary
11% skin
1% catheter-related
1% bone
13% unknown
9% other

C:
31% lung
21% abdominal
20% urinary
5% skin
3% catheter-related
1% bone
15% unknown
3% other

Wang Z (2015) E: 34 (range; 21–60)
C: 33.5 (range; 23–60)
M: 38 (range; 20–57)

ME:
46.7% lung
26.7% abdominal
13.3% catheter-related
6.7% bone and joint
6.7% skin

M:
50% lung
30% abdominal
13.3% catheter-related
3.3% bone and joint
3.3% skin

C:
46.7% lung
26.7% abdominal
16.7% catheter-related
6.7% bone and joint
3.3% skin

Morelli (2013) E: 65 (IQR:52–75)
C: 69 (IQR:58–78)

E:
70.1% lung
27.3% abdominal
1.3% urinary
1.3% necrotizing fasciitis

C:
57.1% lung
39% abdominal
1.3% urinary
2.6% necrotizing fasciitis
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or serious adverse events [11, 15–17]. One study 
reported two cases of asymptomatic bradycardia [12]. 
Notably, Whitehouse et  al. reported 25.4% of patients 
in the landiolol group experienced serious adverse 
events, compared to 6.4% in the standard group. The 
most frequently observed adverse event was hypoten-
sion, which was deemed to be a direct consequence of 
the administration of landiolol. Additionally, a poten-
tial causal relationship has been suggested between the 
administration of landiolol, heart failure, and myocar-
dial infarction [14]. Finally, even though Kakihana et al. 
reported no significant difference in adverse events 
between groups, serious adverse events associated with 
landiolol were documented in 6% of the patients, pre-
dominantly manifested as hypotension, followed by 

cardiac arrest, bradycardia, and ejection fraction reduc-
tion [13]. We were able to obtain individual patient data 
from three studies [13–15] in order to compare the 
effect of the cardiac rhythm on mortality. A total of 470 
patients were included in this subgroup analysis (Atrial 
fibrillation: 20% versus sinus tachycardia: 80%).

Analysis of short-term mortality (Fig.  2) did not indi-
cate a significant difference in patients treated with 
short-acting betablockers compared to standard treat-
ment (Risk difference, − 0.10 [95% CI, − 0.22 to 0.02]; 
p = 0.11; p for Cochran Q = 0.001; I2 = 73%). No signifi-
cant differences between subgroups could be observed 
when comparing atrial fibrillation with sinus tachycardia 
(p = 0.27; Fig. 3) and in patients < 65 versus ≥ 65 years of 
age (p = 0.19; Supplement Fig. 1). 

Fig. 2  Short-term mortality. Risk difference, short-acting betablocker treatment versus Control; M–H, Mantel–Haenszel; CI, confidence interval

Fig. 3  Short-term mortality. Subgroup analysis comparing atrial fibrillation with sinus tachycardia. M–H, Mantel–Haenszel; CI, confidence interval
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Sensitivity analyses were conducted to examine the 
impact of the timing of mortality. These did not reveal 
any statistically significant differences in mortality rates 
between the various time periods, as indicated by the 
90-day mortality rate (Supplement Fig.  2), hospital 
mortality rate (Supplement Fig.  2), or pooled mortal-
ity rate (Supplement Fig. 2), which represents the long-
est period for which mortality data were available. The 
overall bias was judged as moderate-to-high as all stud-
ies were performed in an open-label fashion (Fig. 4). No 
evidence of significant publication bias (Supplement 
Fig. 3) was observed.

Discussion
The present meta-analysis summarizes randomized con-
trolled trials published in English on the impact of short-
acting betablockers on mortality in septic patients with 
persistent tachycardia, including the two recently pub-
lished multicenter studies STRESS-L and LANDI-SEP. 
The results of our study suggest no reduction in short-
term mortality within the included patient population. 
We also did not observe any statistically significant effect 
on hospital mortality, 90-day mortality, nor pooled mor-
tality. Subgroup analyses did not reveal any differences in 
patients < 65 versus ≥ 65 years of age or if the initial car-
diac rhythm was atrial fibrillation or sinus tachycardia.

Our results differ from previous meta-analyses that 
indicated significantly reduced overall mortality [25] or 
28-day mortality [26]. These differences may be attrib-
uted to our strict inclusion criteria. As septic patients 
are a heterogenous population, cautious consideration 
of inclusion criteria is mandatory in order to achieve 
the highest quality of data. Therefore, we focused on 
randomized controlled trials and, primarily, on short-
term mortality. Our results are heavily impacted by the 
two most recent multicenter trials [14, 15] that were not 
included in the former meta-analyses, and which did not 
reveal any mortality reduction in septic patients [25, 26]. 
In this context, the effects of the STRESS-L study need 
to be discussed in more detail, as it was stopped prema-
turely due to a signal of possible harm in the intervention 
group. Twenty-eight-day mortality rate was only 25.4% in 
the control group (compared to 37.1% in patients treated 
with landiolol), which is very low compared to other 
studies in septic populations. The authors acknowledged 
that they were unable to provide an explanation for this 
discrepancy. The representativeness of the control group 
in the STRESS-L study has been questioned [32]. In addi-
tion, no data on cardiac output was reported and individ-
ual responses to landiolol are unknown. This discussion 
further highlights the importance of thoroughly analyz-
ing current evidence in order to define future treatment 
strategies and to identify patients who may benefit from 
this treatment.

Heart rate control in atrial fibrillation using betablock-
ers is already a well-established therapeutic approach 
[33]. Interestingly, secondary analysis concerning cardiac 
rhythm at randomization indicated no significant effect 
on mortality, which may indicate a different response 
in patients with both sepsis and atrial fibrillation. How-
ever, this subgroup analysis is limited by the small sam-
ple size as well as considerable heterogeneity. The latest 
randomized controlled trials provided relatively homog-
enous inclusion criteria and study protocols, start-
ing betablocker therapy after initial fluid resuscitation 
and titrating the drug to a target HR between 80 and Fig. 4  Risk of Bias assessment
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94  bpm. Interestingly, at least two of the Esmolol stud-
ies used levosimendan or milrinone [11, 12]. Hence, one 
may hypothesize that concomitant use of inotropes may 
be beneficial. Unfortunately, further data on this issue is 
lacking. While some trials delivered promising results 
while treating patients with esmolol [11, 12, 16], the larg-
est multi-centered trials did not report a significant mor-
tality reduction in the treated populations using landiolol 
[13–15]. This is further supported by the results of our 
primary analysis. Based on these observations, two pos-
sible hypotheses could be postulated. First, esmolol may 
be more beneficial than landiolol, although the pharma-
cological properties of landiolol demonstrate superior 
selectivity, potency, and additional beneficial pharma-
cokinetic effects when compared to esmolol [34, 35]. 
However, one could hypothesize that less beta1-selectivity 
could also be beneficial. Notably, 25.4% of the patients 
treated with landiolol in the LANDI-SEP study presented 
serious drug-related adverse events, including hypoten-
sion and bradycardia. Secondly, the discrepancy between 
the results could be a problem of correct patient identi-
fication. Monitoring stroke volume would indicate any 
significant benefit or compromise from heart rate reduc-
tion as the tachycardia may be due either to sympathetic 
stimulation or compensatory to a sepsis-induced cardio-
myopathy [36] impaired cardiac function. The use of left 
ventricular ejection fraction (LVEF) in this population 
is currently under investigation in the ongoing Hyper-
Betashock trial (NCT04748796) although LVEF has its 
own limitations due to reduced afterload attributed to 
the distributive shock in sepsis [36]. One might suggest 
that other echocardiography measurements of dias-
tolic dysfunction, such as septal relaxation e’ or speckle 
tracking, which remain afterload-independent, may be 
superior [36]. Of the seven studies included in our meta-
analysis, only three provided data on echocardiography 
[13, 15, 16]. Of these, only Wang J. et al. used additional 
diagnostic methods. Using the proper tools to assess 
cardiac dysfunction may play a pivotal role in selecting 
patients who may benefit from beta1-blockade. Based on 
current data, however, these hypotheses remain purely 
speculative but are worth exploring in future investiga-
tions. Furthermore, the potential correlation between the 
efficacy of heart rate reduction and catecholamine usage 
or mortality remains a topic of particular interest. How-
ever, due to the incomplete availability of individual data, 
this could not be addressed in the present analysis.

The present results are limited by the open label design 
of the included randomized controlled studies. The sec-
ondary analysis regarding patient age is limited due to 
missing individual patient data. Hence, we categorized 
patients based on all available data in order to provide a 
sensitivity analysis on potential biological heterogeneity. 

As with all meta-analyses, the risk of publication bias has 
to be considered, however no significant publication bias 
was determined. A key limiting factor when analyzing 
mortality rates in sepsis is the inherent heterogeneity, as 
previously discussed.

Conclusions
In this meta-analysis, heart rate control with short-acting 
betablockers did not reduce mortality in septic patients. 
Underlying mechanisms should be further evaluated in 
future studies. These need to provide extensive data on 
hemodynamic monitoring, cardiac function, and indi-
vidual patient data to support an individualized approach 
in order to identify patients that may benefit from this 
therapeutic regimen.
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