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Abstract: Introduction: Esmolol treatment has emerged as an important adjunct for septic shock and sepsis. However, the use of esmolol to treat septic shock and sepsis has not been well established. We conduct a systematic review and meta-analysis to evaluate the efficacy of esmolol for septic shock and sepsis. Methods: PubMed, Embase,
and the Cochrane Central Register of Controlled Trials are searched. Randomized controlled trials (RCTs) assessing
the influence of esmolol treatment on septic shock and sepsis are included. Two investigators independently have
searched articles, extracted data, and assessed the quality of included studies. Meta-analysis is performed using
the random-effect model. Results: Six RCTs involving 363 patients are included in the meta-analysis. Compared with
control intervention in septic patients, esmolol treatment is associated with significantly increased survival rate (RR
= 1.71; 95% CI = 1.13 to 2.60; P = 0.01), decreased TnI (Std. MD = -1.91; 95% CI = -2.39 to -1.43; P < 0.00001) and
CK-MB (Std. MD = -0.90; 95% CI = -1.37 to -0.43; P = 0.0002), and shows no important impact on MAP (Std. MD =
0.05; 95% CI = -0.22 to 0.32; P = 0.71) and CVP (Std. MD = -0.11; 95% CI = -0.50 to 0.28; P = 0.58). Conclusions:
Esmolol treatment can significantly improve survival rate, and reduce TnI and CK-MB, with no remarkable influence
on MAP and CVP in patients with septic shock and sepsis.
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Introduction
Severe sepsis and septic shock have achieved
high prevalence in millions of people around
the world and approximately 25% of these
patients would be killed each year [1-3]. Severe
sepsis and septic shock can result in excessive
sympathetic outflow, high plasma catecholamine levels, myocardial depression, vascular
hyporeactivity, and autonomic dysfunction [4,
5]. These patients always suffer from a low
resistance, high cardiac output circulation with
tachycardia and arterial hypotension [6-8].
Norepinephrine is the recommended mainstay
of for sepsis-related hypotension, but excessive adrenergic stress can lead to multiple
adverse effects such as direct myocardial
damage, insulin resistance, thrombogenicity,
immunosuppression, and enhanced bacterial
growth [9, 10]. Poor outcomes in critically ill
patients have some association with high plasma catecholamine levels, the extent and dura-

tion of catecholamine therapy, and tachycardia
[11, 12].
Beta-adrenergic blockade fabricates the heart
rate control and limits adverse events related
to sympathetic overstimulation [10]. The pretreatment using beta-blockade also shows
some benefits to sepsis [13, 14]. Heart rate
control can improve cardiovascular performance, but may lead to cardiovascular decompensation in human septic shock [15]. Esmolol
infusion for septic patients is reported to
improve tissue metabolism and central venous
oxygen saturation, and reduce hospital stay
and mortality [16-18].
However, the use of esmolol for severe sepsis
and septic shock has not been well established. Recently, several studies on the topic have
been published, and the results have been
conflicting [16, 17, 19, 20]. Considering these
inconsistent effects, we therefore conducted a
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author, number of patients,
age, acute physiology and
Chronic Health Evaluation II
(APACHE II) scores, detail methods in two groups. Data
are extracted independently
by two investigators, and discrepancies are resolved by
consensus. We have contacted the corresponding author
to obtain the data when necessary. No simplifications and
assumptions are made.

Figure 1. Flow diagram of study searching and selection process.

systematic review and meta-analysis of RCTs
to evaluate the efficacy of esmolol treatment
for septic shock and sepsis.
Materials and methods
Ethical approval and patient consent are not
required since this is a systematic review and
meta-analysis of previously published studies.
The systematic review and meta-analysis are
conducted and reported in adherence to PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) [21].
Search strategy and study selection
Two investigators have independently searched the following databases (inception to April
2018): PubMed, Embase, and the Cochrane
Register of Controlled Trials. The electronic
search strategy is performed using with the following keywords: “esmolol” and “septic shock”
or “sepsis”. We also have checked the reference lists of the screened full-text studies to
identify other potentially eligible trials.
The following inclusive selection criteria are
applied: (i) patients are diagnosed with septic
shock or sepsis; (ii) intervention treaments are
esmolol treatment versus basic treatment; and
(iii) study design is RCT.
Data extraction and outcome measures
We have used a piloted data-extraction sheet,
which covers the following information: first
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The primary outcome is survival rate. Secondary outcomes include troponin I (TnI),
creatine kinase MB isoform
(CK-MB), mean arterial pressure (MAP), central venous
pressure (CVP).

Quality assessment in individual studies
The Jadad Scale is used to evaluate the methodological quality of each RCT included in
this meta-analysis [22]. This scale consists of
three evaluation elements: randomization (0-2
points), blinding (0-2 points), dropouts and
withdrawals (0-1 points). One point would be
allocated to each element if they have been
mentioned in article, and another one point
would be given if the methods of randomization and/or blinding had been appropriately
described. If the methods of randomization
and/or blinding were inappropriate, or dropouts
and withdrawals had not been recorded, then
one point was deducted. The score of Jadad
Scale varies from 0 to 5 points. An article with
Jadad score ≤ 2 is considered to be of low quality. If the Jadad score ≥ 3, the study is thought
to be of high quality [23].
Statistical analysis
We have estimated Standard Mean differences
(Std. MDs) with 95% confidence intervals (CIs)
for continuous outcomes (TnI, CK-MB, MAP,
CVP), and risk ratios (RRs) with 95% CIs for
dichotomous outcomes (survival rate). A random-effects model is used regardless of heterogeneity. Heterogeneity is reported using the
I2 statistic, and I2 > 50% indicates significant
heterogeneity [24]. Whenever significant heterogeneity is present, we search for potential
sources of heterogeneity. Sensitivity analysis is
performed to detect the influence of a single
Int J Clin Exp Med 2018;11(11):11458-11464
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Table 1. Characteristics of included studies
Author, study
NO. population and
languages

Esmolol group
Number Age (years)

Male
(n)

APACHE II
score
-

1

Wang 2017,
China, Chinese

30

67.2 ± 12.5

18

2

Liu 2015, China,
Chinese

24

61.4 ± 6.9

14

3

Wang 2015,
China, English

30

34 (21-60),
median
(range)

19

21.2 ± 5.7

4

Yang 2014, China,
Chinese

21

51.0 ± 22.6

-

20.1 ± 9.2

5

Orbegozo Cortes
2014, Belgium,
English

77

81.9 ± 7.2

26

6

Morelli 2013,
Italy, English

77

66 (52-75),
median (IQR)

54

Control group
Methods
Micro pump with dosage of
esmolol 0.05-0.2 mg·kg-1·min-1 in
order to control heart rate less
than 95 bpm

Number Age (years)

Male
(n)

APACHE II
score
-

Methods

Jada
scores

30

62.5 ± 14.5

21

24

61.2 ± 6.4

13

Continuous intravenous infusion
of esmolol, milrinone that commenced with a loading dosage
of 30 ug/kg and was maintained
at 0.375-0.5 ug/kg/min

30

38 (20-57),
median
(range)

19

20.8 ± 5.6

Continuous intravenous infusion
of milrinone that commenced
with a loading dosage of 30
ug/kg and was maintained at
0.375-0.5 ug/kg/min

4

Micro pump with dosage of
esmolol 0.05 mg·kg-1·min-1

20

55.0 ± 25.4

-

21.3 ± 8.3

Basic treatment

3

-

esmolol infusion commenced at
25 mg × h-1 and progressively
increased the rate at 20-minute
intervals in increments of 50
mg × h-1

77

76.6 ± 10.2

25

-

Basic treatment

3

-

Esmolol infusion commenced at
25 mg × h-1 and progressively
increased the rate at 20-minute
intervals in increments of 50
mg × h-1

77

69 (58-78),
median (IQR)

53

-

Basic treatment

5

20.75 ± 3.05 Micro pump with dosage of
esmolol 0.05 mg·kg-1·min-1

Basic treatment

4

21.21 ± 2.67 Basic treatment

4

APACHE II: Acute Physiology and Chronic Health Evaluation II.
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Figure 2. Forest plot for the meta-analysis of survival rate.

Figure 3. Forest plot for the meta-analysis of TnI (ng/mL).

study on the overall estimate via omitting one
study in turn when necessary. Owing to the
limited number (< 10) of included studies, publication bias is not assessed. Results are considered as statistically significant for P < 0.05.
All statistical analyses are performed using
Review Manager Version 5.3 (The Cochrane
Collaboration, Software Update, Oxford, UK).
Results
Literature search, study characteristics and
quality assessment
A detailed flowchart of the search and selection
results is shown in Figure 1. 639 potentially relevant articles are identified initially. Finally, six
RCTs that meet our inclusion criteria are included in the meta-analysis [16-20, 25].
The main characteristics of the six included
RCTs are presented in Table 1. The six studies
are published between 2013 and 2017, and
sample sizes range from 41 to 154 with a total
of 363. Two RCTs report the same disease sample, but with different follow-up time [18, 25].
Four RCTs are conducted in China [16, 17, 19,
20], and three of them are wrote in Chinese
[16, 19, 20]. Four included RCTs involved septic
shock [16, 18, 19, 25], and one included RCT
involved sepsis [17].
Among the six RCTs, four studies have reported
survival rate [16-18, 20], two studies have
reported TnI [17, 19], two studies have reported
CK-MB [17, 18], and four studies have reported
11461

MAP and CVP [16, 17, 19, 20]. Jadad scores of
the six included studies vary from 3 to 5, and all
six studies are considered to be high-quality
ones according to quality assessment.
Primary outcome: survival rate
This outcome data is analyzed with the random-effects model, the pooled estimate of the
four included RCTs suggested that compared to
control group for septic shock and sepsis,
esmolol intervention can substantially improve
survival rate (RR = 1.71; 95% CI = 1.13 to 2.60;
P = 0.01), with significant heterogeneity among
the studies (I2 = 67%, heterogeneity P = 0.03,
Figure 2).
Sensitivity analysis
Significant heterogeneity is observed among
the included studies for the survival rate (I2 =
67%). As shown in Figure 2, the study [20]
shows results that are completely out of range
of the others and probably contributes to the
heterogeneity. After excluding this study, the
results suggest that esmolol intervention is
associated with an improved survival rate (RR =
2.06; 95% CI = 1.52 to 2.79; P < 0.00001). No
evidence of heterogeneity was observed among
the remaining studies (I2 = 0%).
Secondary outcomes
Compared to control group for septic shock and
sepsis, Esmolol treatment is associated with
significantly reduced TnI (Std. MD = -1.91; 95%
Int J Clin Exp Med 2018;11(11):11458-11464
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Figure 4. Forest plot for the meta-analysis of CK-MB (IU/L).

Figure 5. Forest plot for the meta-analysis of MAP (mmHg).

Figure 6. Forest plot for the meta-analysis of CVP (mmHg).

CI = -2.39 to -1.43; P < 0.00001; Figure 3) and
CK-MB (Std. MD = -0.90; 95% CI = -1.37 to
-0.43; P = 0.0002; Figure 4), with no substantial impact on MAP (Std. MD = 0.05; 95% CI =
-0.22 to 0.32; P = 0.71; Figure 5) and CVP (Std.
MD = -0.11; 95% CI = -0.50 to 0.28; P = 0.58;
Figure 6).
Discussion
Tachycardia increases cardiac workload and
myocardial oxygen consumption, and reduces
diastolic relaxation time and impairment of diastolic function which further affect coronary
perfusion and lead to a lower ischemic threshold [26, 27]. In patients with septic shock or
sepsis, excessive sympathetic activation can
produce catecholamine-induced cardiomyocyte toxic effects including inflammation, oxidative stress, and abnormal calcium handling [28,
29]. These mechanisms contribute to worsening of septic myocardial dysfunction and
increased mortality [11, 12]. It is well known
that beta-adrenergic blockade esmolol is effective to control heart rate. Our meta-analysis
11462

suggests that compared to control intervention, esmolol treatment is associated with significantly improved survival rate, reduced TnI
and CK-MB, without remarkable influence on
the hemodynamic variables including MAP and
CVP in septic shock and sepsis.
Treating tachycardia in septic shock and sepsis
remains controversial. In the early unresuscitated phase of septic shock, tachycardia serves
as an important approach to compensate for
any decrease in cardiac output [26]. Heart rate
reduction may inhibit this adaptive physiologic
response, and reduce oxygen delivery for organ
perfusion and function. In some cases, tachycardia persists represent an expression of sympathetic overstimulation partly due to activation of peripheral afferent fibers by ischemia
and inflammation in peripheral tissues [30].
Heart rate reduction will decrease myocardial
oxygen consumption and improve diastolic
function and coronary perfusion in sepsis, but
an inadequate chronotropic response may negatively affect cardiac output and tissue perfusion. The right timeframe for intervention and
Int J Clin Exp Med 2018;11(11):11458-11464
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the optimal heart rate threshold are elusive
and it is difficult to predefine a threshold value
for heart rate in adherence to the patient’s
overall hemodynamic status and any preexisting comorbidities [26].
Esmolol has the advantage of being ultrashortacting with a half life of approximately 2 minutes which allows for rapid achievement of a
predefined heart rate target and enables rapid
resolution of any potential adverse effect after
drug discontinuation [31]. Targeted heart rates
between 80/min to 94/min are reported to be
achieved safely within the first 24 hours of
esmolol treatment for septic shock. Lowering
of heart rate by esmolol benefits to the improvement in ventricular filling during diastole, stroke
volume and the efficiency of myocardial work
[18]. These findings are consistent with the
results of our meta-analysis.
This meta-analysis has several potential limitations that should be taken into account. First,
our analysis is based on only six RCTs and four
of them have a modest sample size (n < 100).
Overestimation of the treatment effect is more
likely in smaller trials compared with larger
samples. Next, there is significant heterogeneity among the reviewed studies, and different
doses and methods of esmolol infusion in
included RCTs may account for this heterogeneity. Finally, the right timeframe for intervention and the optimal heart rate threshold
remain undefined and future studies should
focus on these issues.
Conclusion
Esmolol treatment can provide important benefits to patients with septic shock and sepsis.
Acknowledgements
Infectious diseases of Provincial and municipal
joint medical key disciplines 2016017.
Disclosure of conflict of interest
None.
Address correspondence to: Kaishun Shi, Department of Geriatrics, The Second Affiliated Hospital
of Zhejiang Chinese Medical University, No. 318
Chaowang Road, Hangzhou 310005, Zhejiang,
P. R. China. Tel: 0086057483870999; Fax: 0086057483870999; E-mail: Sq0078@163.com

11463

References
[1]

Pravinkumar E. Cardiovascular management
of septic shock. Crit Care Med 2004; 32: 315;
author reply 315.
[2] Shankar-Hari M, Phillips GS, Levy ML, Seymour
CW, Liu VX, Deutschman CS, Angus DC, Rubenfeld GD, Singer M; Sepsis Definitions Task
Force. Developing a new definition and assessing new clinical criteria for septic shock: For
the Third International Consensus Definitions
for Sepsis and Septic Shock (Sepsis-3). JAMA
2016; 315: 775-787.
[3] Yuk SA, Sanchez-Rodriguez DA, Tsifansky MD
and Yeo Y. Recent advances in nanomedicine
for sepsis treatment. Ther Deliv 2018; 9: 435450.
[4] Annane D, Bellissant E and Cavaillon JM. Septic shock. Lancet 2005; 365: 63-78.
[5] Yang N, Shi XL, Zhang BL, Rong J, Zhang TN, Xu
W and Liu CF. The trend of beta3-adrenergic
receptor in the development of septic myocardial depression: a lipopolysaccharide-induced
rat septic shock model. Cardiology 2018; 139:
234-244.
[6] Lanspa MJ, Shahul S, Hersh A, Wilson EL, Olsen TD, Hirshberg EL, Grissom CK and Brown
SM. Associations among left ventricular systolic function, tachycardia, and cardiac preload
in septic patients. Ann Intensive Care 2017; 7:
17.
[7] Hotchkiss RS, Moldawer LL, Opal SM, Reinhart
K, Turnbull IR and Vincent JL. Sepsis and septic shock. Nat Rev Dis Primers 2016; 2: 16045.
[8] Hayase N, Yamamoto M, Asada T, Isshiki R, Yahagi N and Doi K. Association of heart rate with
N-terminal Pro-B-type natriuretic peptide in
septic patients: a prospective observational
cohort study. Shock 2016; 46: 642-648.
[9] Dellinger RP, Levy MM, Rhodes A, Annane D,
Gerlach H, Opal SM, Sevransky JE, Sprung CL,
Douglas IS, Jaeschke R, Osborn TM, Nunnally
ME, Townsend SR, Reinhart K, Kleinpell RM,
Angus DC, Deutschman CS, Machado FR, Rubenfeld GD, Webb S, Beale RJ, Vincent JL,
Moreno R; Surviving Sepsis Campaign Guidelines Committee including The Pediatric Subgroup. Surviving sepsis campaign: international guidelines for management of severe sepsis
and septic shock, 2012. Intensive Care Med
2013; 39: 165-228.
[10] Dunser MW and Hasibeder WR. Sympathetic
overstimulation during critical illness: adverse
effects of adrenergic stress. J Intensive Care
Med 2009; 24: 293-316.
[11] Schmittinger CA, Torgersen C, Luckner G, Schroder DC, Lorenz I and Dunser MW. Adverse
cardiac events during catecholamine vasopressor therapy: a prospective observational
study. Intensive Care Med 2012; 38: 950-958.

Int J Clin Exp Med 2018;11(11):11458-11464

Efficacy of esmolol for septic shock
[12] Sander O, Welters ID, Foex P and Sear JW. Impact of prolonged elevated heart rate on incidence of major cardiac events in critically ill
patients with a high risk of cardiac complications. Crit Care Med 2005; 33: 81-88; discussion 241-242.
[13] Ackland GL, Yao ST, Rudiger A, Dyson A, Stidwill R, Poputnikov D, Singer M and Gourine AV.
Cardioprotection, attenuated systemic inflammation, and survival benefit of beta1-adrenoceptor blockade in severe sepsis in rats. Crit
Care Med 2010; 38: 388-394.
[14] Mori K, Morisaki H, Yajima S, Suzuki T, Ishikawa A, Nakamura N, Innami Y and Takeda J.
Beta-1 blocker improves survival of septic rats
through preservation of gut barrier function.
Intensive Care Med 2011; 37: 1849-1856.
[15] Rudiger A and Singer M. Mechanisms of sepsis-induced cardiac dysfunction. Crit Care Med
2007; 35: 1599-1608.
[16] Xinqiang L, Weiping H, Miaoyun W, Wenxin Z,
Wenqiang J, Shenglong C, Juhao Z and Hongki
Z. Esmolol improves clinical outcome and tissue oxygen metabolism in patients with septic
shock through controlling heart rate. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue 2015; 27:
759-763.
[17] Wang Z, Wu Q, Nie X, Guo J and Yang C. Combination therapy with milrinone and esmolol for
heart protection in patients with severe sepsis:
a prospective, randomized trial. Clin Drug Investig 2015; 35: 707-716.
[18] Morelli A, Ertmer C, Westphal M, Rehberg S,
Kampmeier T, Ligges S, Orecchioni A, D’Egidio
A, D’Ippoliti F, Raffone C, Venditti M, Guarracino F, Girardis M, Tritapepe L, Pietropaoli P, Mebazaa A and Singer M. Effect of heart rate control with esmolol on hemodynamic and clinical
outcomes in patients with septic shock: a randomized clinical trial. JAMA 2013; 310: 16831691.
[19] Yang S, Liu Z, Yang W, Zhang G, Hou B, Liu J
and Shi Q. Effects of the β-blockers on cardiac
protection and hemodynamics in patients with
septic shock: a prospective study. Zhonghua
Wei Zhong Bing Ji Jiu Yi Xue 2014; 26: 714717.
[20] Wang S, Li M, Duan J, Yi L, Huang X, Chen D
and Li G. Effect of esmolol on hemodynamics
and clinical outcomes in patients with septic
shock. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue
2017; 29: 390-395.

11464

[21] Moher D, Liberati A, Tetzlaff J, Altman DG;
PRISMA Group. Preferred reporting items for
systematic reviews and meta-analyses: the
PRISMA statement. BMJ 2009; 339: b2535.
[22] Jadad AR, Moore RA, Carroll D, Jenkinson C,
Reynolds DJ, Gavaghan DJ and McQuay HJ. Assessing the quality of reports of randomized
clinical trials: is blinding necessary? Controlled
Clinical Trials 1996; 17: 1-12.
[23] Kjaergard LL, Villumsen J and Gluud C. Reported methodologic quality and discrepancies between large and small randomized trials in
meta-analyses. Ann Intern Med 2001; 135:
982-989.
[24] Higgins JP and Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med 2002;
21: 1539-1558.
[25] Orbegozo Cortes D, Njimi H, Dell’Anna AM and
Taccone FS. Esmolol for septic shock: more
than just heart rate control? Minerva Anestesiol 2014; 80: 254-258.
[26] Magder SA. The ups and downs of heart rate.
Crit Care Med 2012; 40: 239-245.
[27] Suzuki T, Suzuki Y, Okuda J, Kurazumi T, Suhara T, Ueda T, Nagata H and Morisaki H. Sepsisinduced cardiac dysfunction and beta-adrenergic blockade therapy for sepsis. J Intensive
Care 2017; 5: 22.
[28] Park JH, Kang SJ, Song JK, Kim HK, Lim CM,
Kang DH and Koh Y. Left ventricular apical ballooning due to severe physical stress in patients admitted to the medical ICU. Chest
2005; 128: 296-302.
[29] Ferreira JA and Bissell BD. Misdirected sympathy: The role of sympatholysis in sepsis and
septic shock. J Intensive Care Med 2018; 33:
74-86.
[30] Kaufman MP, Iwamoto GA, Longhurst JC and
Mitchell JH. Effects of capsaicin and bradykinin on afferent fibers with ending in skeletal
muscle. Circ Res 1982; 50: 133-139.
[31] Volz-Zang C, Eckrich B, Jahn P, Schneidrowski
B, Schulte B and Palm D. Esmolol, an ultrashort-acting, selective beta 1-adrenoceptor
antagonist: pharmacodynamic and pharmacokinetic properties. Eur J Clin Pharmacol 1994;
46: 399-404.

Int J Clin Exp Med 2018;11(11):11458-11464

