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Abstract
Background: Sepsis affects millions of patients annually, resulting in substantial health and economic burdens globally. Th®
of esmolol potentially plays in the treatment of sepsis and septic shock in adult patients remains controversial.

Methods: We undertook a systematic search of PubMed, EMBASE, and Cochrane Central Register of Controlled Trials
databases from their inception to May 12, 2022, for randomized controlled trials that evaluated the efficacy of esmolol for sepsis
and septic shock. A random-effects meta-analysis was performed. Two investigators independently screened articles, extracted
data, and assessed the quality of included studies.

Results: Eight studies from 7 randomized controlled trials were included in our meta-analysis of 503 patients with sepsis
and/or septic shock. Compared with standard treatment, esmolol significantly decreased 28-day mortality (risk ratio 0.68, 95%
confidence interval [Cl] 0.52-0.88; P = .004), heart rate (standardized mean difference [SMD] —1.83, 95% CI| -2.95 to -0.70, P =
.001), tumor necrosis factor-a (SMD -0.48, 95% Cl -0.94 to —0.02, P = .04), and the troponin | level (SMD -0.59, 95% CI —1.02
to —0.16, P = .008) 24 hours after treatment. No significant effect was found in terms of length of intensive care unit stay; mean
arterial pressure, lactic acid, central venous pressure, or central venous oxygen saturation, interleukin 6, or white blood cell levels;
stroke volume index; or the PaO2/FiO2 ratio.

Conclusions: Esmolol treatment may be safe and effective in decreasing 28-day mortality, controlling heart rate, and providing
cardioprotective function, but has no effect on lung injury in patients with sepsis or septic shock after early fluid resuscitation.
Improvement in cardiac function may be related to changes in serum inflammatory mediators. No significant adverse effects on
tissue perfusion and oxygen utilization were observed.

Abbreviations: Cl = confidence interval, CENTRAL = the Cochrane Central Register of Controlled Trials, CVP = central venous
pressure, HMGB-1 = high mobility group box-1, HR = heart rate, ICU = intensive care unit, IL-6 = interleukin 6, Lac = lactic acid,
MAP = mean arterial pressure, RCT = randomized controlled trial, RR = risk ratio, ScvO2 = central venous oxygen saturation,
SMD = standardized mean difference, SVI = stroke volume index, TNF-a = tumor necrosis factor-a, Tnl = troponin |, WBC = white

blood cell.
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1. Introduction

Sepsis is defined as a host’s unbalanced response to infection,
leading to a variety of deleterious effects, including septic shock,
multiple organ failure, and ultimately death. Severe sepsis,
septic shock, and their complications affect millions of people
each year, and in-hospital mortality rates remain high at 25%
to 30%, resulting in substantial health and economic burdens
globally.l*-"!

Severe sepsis is a complex syndrome characterized as dys-
function of one or more organs, particularly heart dysfunc-
tion, which features as a hemodynamic disorder.®! Blanco et
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all® reported that the mortality rate for patients with myo-
cardial dysfunction was significantly higher (70%) than that
for patients with sepsis without myocardial insufficiency
(20%).1" Some studies have reported that mortality rates are
2 to 3 times higher when septic cardiomyopathy is present./!
However, severe sepsis or septic shock requires vasopressor
therapy to maintain adequate tissue perfusion, which can
then incline patients to tachycardia and cardiac arrhythmias
and increase the risk of adverse cardiovascular events.l%!!l
Considering the function of B-adrenergic in cardiovascular
dysfunction in sepsis and the elevated risk of tachycardia
and atrial fibrillation, beta-blockade therapy is a reasonable
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therapeutic modality for improving outcomes in patients with
sepsis and septic shock.!'?!

Several meta-analyses!'>'® have shown that selective 1-ad-
renergic blockade therapy may reduce the heart rate (HR) and
improve the survival rate. However, the findings of a recent ran-
domized controlled trial (RCT) suggest that the current evidence
remains controversial.'"” In this study, we aimed to undertake
an up-to-date meta-analysis to investigate the effect of esmolol
on sepsis and/or septic shock treatment in adult patients.

2. Methods

2.1. Literature search

We undertook a systematic search for RCTs in PubMed,
EMBASE and the Cochrane Central Register of Controlled
Trials (CENTRAL) databases from their inception to May 12,
2022, using the following key words in all fields: “esmolol” and
“septic shock” or “sepsis.” We also scanned reference lists of
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relevant studies and key review articles to locate relevant stud-
ies. All analyses were based on previously published studies.
Ethical approval and patient consent were not required.

2.2. Study selection

Study inclusion criteria comprised the following: participants:
patients with sepsis or septic shock aged >18 years, with an HR
of 295 beats/min after early goal-directed therapy; intervention:
continuous infusion of esmolol titrated to maintain a target HR
range between 75 and 100/min during the first 96 hours; com-
parison: basic treatment for sepsis; and outcomes: the primary
outcome was 28-day mortality. Secondary outcomes were HR;
length of intensive care unit (ICU) stay; mean arterial pressure
(MAP), central venous pressure (CVP), central venous oxygen
saturation (ScvO2), lactic acid (Lac); stroke volume index (SVI),
cardiac index; troponin I (Tnl), tumor necrosis factor-a (TNF-
a), interleukin 6 (IL-6) levels, and white blood cell (WBC) count;
and design: RCTs. If data were duplicated or shared in more than
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Figure 1. A flow diagram of the study selection process. All studies were randomized controlled trials.
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1 study, the first published study was included in the meta-anal-
ysis. The language restriction is English. Discrepancies regarding
study inclusion between authors were resolved through discus-
sion. Two of the authors (CC and JZ) independently evaluated
the eligibility of all studies obtained from the databases accord-
ing to the above selection criteria.

2.3. Data extraction and risk of bias assessment

Extracted data were entered into a standardized Excel file.
Disagreements between authors were resolved through discus-
sion. The following data were extracted: study name (together
with publication year and the name of the first author), country
and design, participants (sample size, sex, and age), intervention
arms and controls (intervention drug), and outcomes (primary
and secondary outcomes). The Cochrane Collaboration’s tool for
assessing the risk of bias was used for each RCT, which includes
the following criteria: adequacy of sequence generation, alloca-
tion concealment, blinding of participants and personnel, blinding
of outcome assessors, incomplete outcome data, selective report-
ing, and other biases.?”! Disagreements were resolved through a
further check of the original articles. We also used the GRADE
system to rate the quality of evidence from our meta-analysis,
using GRADE pro, which was supported by the Italian Ministry
of Health and developed by the GRADE Working Group.

2.4. Statistical analysis

We calculated a relative risk (RR) with 95% confidence inter-
vals (95% ClIs) for 28-day mortality and HR. Concerning
length of ICU stay, and MAP, CVP, ScvO2, Lac, SVI, Tnl,
TNF-a, and IL-6 levels, and the WBC count and cardiac index,
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standard mean differences (SMDs) between the experimental
and control groups were combined. Heterogeneity in results
across studies was examined using Cochran Q and I? statis-
tics.?!l The null hypothesis that the studies are homogeneous
was rejected if the P-value for heterogeneity was <.10 or if I?
was >50%. A random-effects model??! was used to pool the
studies.

A sensitivity analysis was conducted to assess the influence
of individual studies on the pooled result when the P-value was
<.10 or when I* was >50% through excluding each study one
at a time and recalculating the combined results on the remain-
ing studies. We used funnel plot asymmetry proposed by Egger
et al?!! to test for publication bias. All data analyses were per-
formed using Review Manager 5.3 (Cochrane Informatics and
Knowledge Management Department, available from http://
tech.cochrane.org/UnitedKingdom) software.

3. Results

Figure 1 shows a flow diagram of the selection process. A total
of 551 articles were initially identified from the databases. Of
these, 213 articles were excluded as duplicates, and 326 arti-
cles were excluded after screening the titles and abstracts. The
remaining 12 full-text articles were assessed for eligibility,
of which 4 articles were further excluded. The remaining 8
RCTs!'?23-2! were included in the final meta-analysis.

3.1. Characteristics of the included studies

The characteristics of the studies included in our meta-anal-
ysis are summarized in Table 1. The 7 studies were published
between 2013 and 2019, and sample sizes ranged from 40 to

Characteristics of included studies in meta-analysis.

APACHE Il
Study Age (yrs) No. of patients  Target HR score
Authors Country design (mean = SD) Comparisons (male) (beats/min) (1/C) Outcomes
Morelli et al®® Italian RCT 66+17.03 Esmolol* 77 (54) 80-94 NA 28-day mortality, Lac, WBC
69+14.82 Controlt 77 (53) NA length of ICU stay, PO2/Fi02
Yang et al®’) China RCT 51.0£22.6 Esmololt 21 (NA) <100 20.1+9.2  HR, Scv02, MAP, CVP, Lac,
55.0+25.4 Controlt 20 (NA) 21.3+8.3  Tnl, cardiac index, SVI
Orbegozo Cortes et al*®®  ltalian RCT 66+17.03 Esmolol* 77 (54) 80-94 NA 28-day mortality
69+14.82 Controlt 77 (53) NA length of ICU stay
Wang et al®®] China RCT 34 +28.89 Esmolol§ 30(19) 75-94 21.2+£5.7  28-day mortality, HR, MAP, CVP, Lac
38+27.41 Controll 30 (19 20.8+£5.6  Tnl, cardiac index, SVI, TNF-a, IL-6,
Liu et alt®®l China RCT 61.4+6.9 Esmolol] 24 (NA) <100 20.75+3.05 28-day mortality, length of ICU stay, HR
61.2+6.4 Controlt 24 (NA) 21.21+2.67 Scv02, MAP, CVP, Lac, Cardiac index, SVI
Wang et al®®l China RCT 67.2+12.5 Esmolol# 30(18) <95 18.4+6.3  28-day mortality, HR, MAP, Lac
62.5+14.5 Control** 30 (21) 16.7+6.3  Cardiac index, SVI, TNF-a, IL-6, WBC
Liu et al®? China RCT 58+15 Eesmololtt 50 (29) 80-100 18.8+6.5  28-day mortality, length of ICU stay
57+18 Controlt 50 (28) 19.1+7.5 HR, Lac, WBC
Michael et all'¥ Israel RCT 62+10.37 Esmololtt 18 (10) 80-94 NA HR, length of ICU stay, Lac, TNF-a
64+8.89 Control§§ 22 (13) IL-6

CVP = central venous pressure, HR = heart rate, IL-6 = interleukin 6, MAP = mean arterial pressure, Scv02 = central venous oxygen saturation, SVI = stroke volume index; TNF-a = tumor necrosis

factor-a, Tnl = troponin I, WBC = white blood cell.

*Continuous esmolol infusion commenced at 25mg/h and progressively increased the rate at 20-minute intervals in increments of 50 mg/h, or more slowly at the discretion of the investigators, to reach the

target heart rate between 80/min and 94/min within 12 hours.
tBasic treatment.
FMicropump with dosage of esmolol 0.05mg/kg/min to control HR below 100/min within 2 hours.

§Continuous intravenous infusion of esmolol, milrinone that commenced with a loading dosage of 30 pg/kg and was maintained at 0.375 to 0.5 pg/kg/min.
IContinuous intravenous infusion of milrinone that commenced with a loading dosage of 30 pg/kg and was maintained at 0.375 to 0.5 pg/kg/min.

fIMicropump with dosage of esmolol 0.05mg/kg/min to control HR below 100/min within 24 hours.

#Continuous intravenous esmolol infusion for 24 hours, initial dose was 0.05mg/kg/h, to control HR below 95/min within 4 hours.

**Isotonic saline was given to control group through intravenous line at 3mL/h for 24 hours.

TtContinuous esmolol micropump commenced at 25 mg/h to maintain HR 80 to 100/min within 12 hours.
FFContinuous esmolol micropump commenced at 0.05 mg/kg/min to maintain HR 80 to 94/min for 24 hours.

§8§Saline was given at the beginning of study interventions.


http://tech.cochrane.org/UnitedKingdom
http://tech.cochrane.org/UnitedKingdom
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Figure 2. Risk of bias summary for the included studies.

154. Orbegozo Cortes et al?”! and Morelli et al?®! reported the
same clinical trial but with different follow-up times. The 7
included 8 RCTs!"9232426-291 inyolving septic shock. Wang et
al?’! reported the effect of esmolol and milrinone on patients
with severe sepsis, who were randomly divided into control,
milrinone, and milrinone-esmolol groups. Wang et al*l and
Michael et al* used saline in control groups, while the remain-
ing studies?»?¢28! used blank controls. Overall, 250 patients
were included in esmolol groups, while 253 patients were
included in control groups. All studies focused on adults, with
a mean age of 34 to 67.2 and 38.0 to 69 years, respectively,
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in the intervention and control arms. Four studies!!®?#26:27l
commenced at 0.05 mg/kg/h esmolol continuous intravenous
titrate, while 4 trials?»?%27281 commenced at 25 mg/h esmo-
lol continuous intravenous infusion, and adjusted the dosage
according to HR until the predefined threshold rate had been
reached.

3.2. Assessment of risk of bias and publication bias

A risk of bias assessment for the included RCT is presented in
Figure 2. The included RCTs had some methodological strengths
and limitations. Seven!'”**3% were adjudicated to have a high
risk of bias in terms of blinding of participants and personnel.
Yang et al?” was adjudicated to have a high risk of bias in terms
of allocation concealment as was Wang et al®’! in terms of selec-
tive reporting. Only Liu et al®! was adjudicated to have a low
risk of bias.

We were unable to assess publication bias using a funnel plot
due to the small number of RCT (<10) included in this analysis.
Therefore, publication bias could not be excluded.

3.3. Heterogeneity and sensitivity analysis

No heterogeneity was observed in MAP, CVP, Lac (12 hours), car-
diac index (72 hours), WBC, PO2/FiO2 (24 and 48 hours), low
heterogeneity in 28-day mortality, Tnl (24 and 48 hours), SVI (24
hours), TNF-a, and PO2/FiO2 (72 and 96 hours). We found high
heterogeneity in terms of the length of ICU stay, HR, ScvO2, Lac
(24, 48, 72, and 96 hours), Tnl (72 hours), cardiac index (12, 24,
and 48 hours), SVI (48 and 72 hours), and IL-6. A sensitivity analy-
sis was performed to evaluate the stability of the results. Each study
was excluded one at a time and we recalculated the combined RR
or SMD in the remaining studies. This analysis confirmed the sta-
bility of the results: the overall effects did not show statistically
significant reversal, and recalculated pooled RR and SMD were
consistent and without apparent fluctuation (data not shown).

3.4. Primary outcomes

3.4.1. 28-day mortality. Five trials!?*-%3 comprising 422
patients evaluated 28-day mortality. The esmolol groups had
significantly decreased 28-day mortality compared with the
control groups (RR 0.68, 95% CI 0.52-0.88, P = .004, I’ =
45%; Fig. 3).

3.5. Secondary outcomes

3.5.1. Heart rate. Six trials!"**??"! comprising 349 adults
evaluated the effect of HR between esmolol and control groups.
Pooled analysis results of these 349 adults indicated that esmolol
significantly decreased the HR at 12,24, 48, and 72 hours (SMD
~1.31, 95% CI 2.4 to -0.23, P = .02, I* = 91%; SMD -1.83,

esmolol Control
Ay O A L = d en d 2

Liu 2015 6 24 15 24 9.9%
Liu 2019 31 50 34 50 31.0%
Morelli 2013 38 77 62 77 33.9%
Wang 2015 10 30 18 30 14.6%
Wang 2017 9 30 1 30 10.7%
Total (95% CI) 21 211 100.0%
Total events 94 140

Heterogeneity: Tau® = 0.04; Chi* = 7.31, df = 4 (P = 0.12); I> = 45%
Test for overall effect: Z = 2.88 (P = 0.004)

Risk Ratio Risk Ratio

andom, 9
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Figure 3. A forest plot of 28-day mortality between the esmolol and control groups.
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esmolol Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% ClI
3.1.112h
Michael 2022 89 19.26 18 96 14.82 22 25.2% -0.40 [-1.03, 0.23] !
Wang 2015 84 14 30 118 18 30 252% -2.08 [-2.72, -1.45] =
Wang 2017 98 127 30 1029 183 30 26.0% -0.31[-0.82, 0.20] L
Yang 2014 93 4 21 118 13 20 23.6% -2.58 [-3.42, -1.73] =
Subtotal (95% CI) 929 102 100.0% -1.31 [-2.40, -0.23] l
Heterogeneity: Tau® = 1.12; Chi* = 34.74, df = 3 (P < 0.00001); I?=91%
Test for overall effect: Z = 2.37 (P = 0.02)
3.1.2 24h
Liu 2015 84.4 3.5 24 111.2 7.2 24 17.9% -4.66 [-5.78, -3.53] "
Liu 2019 106 17 50 114 17 50 21.2% -0.47 [-0.86, -0.07] b
Wang 2015 84 12 30 115 19 30 204% -1.93 [-2.54, -1.31] "
Wang 2017 90.9 14.8 30 97.7 153 30 20.8% -0.45 [-0.96, 0.07] b
Yang 2014 89 8 21 113 14 20 19.7% -2.08 [-2.85, -1.30] b
Subtotal (95% CI) 155 154 100.0% -1.83 [-2.95, -0.70] l
Heterogeneity: Tau® = 1.51; Chi* = 67.36, df = 4 (P < 0.00001); I* = 94%
Test for overall effect: Z = 3.19 (P = 0.001)
3.1.348h
Liu 2015 83.8 3.3 24 109.4 6.8 24 17.8% -4.71 [-5.85, -3.58] -
Liu 2019 101 14 50 104 19 50 21.1% -0.18 [-0.57, 0.21] ’
Wang 2015 83 12 30 112 18 30 20.4% -1.87 [-2.48, -1.26] b
Wang 2017 86.4 121 30 972 226 30 20.7% -0.59 [-1.11, -0.07] b
Yang 2014 91 7 21 108 14 20 20.0% -1.52 [-2.22, -0.81] s
Subtotal (95% CI) 155 154 100.0% -1.68 [-2.80, -0.56] {
Heterogeneity: Tau? = 1.52; Chi? = 70.07, df = 4 (P < 0.00001); 1> = 94%
Test for overall effect: Z = 2.93 (P = 0.003)
3.1.472h
Liu 2015 84.2 3.3 24 109.8 71 24 22.7% -4.55 [-5.65, -3.44] "
Liu 2019 93 14 50 102 19 50 26.4% -0.54 [-0.93, -0.14] L
Wang 2015 84 12 30 112 16 30 25.5% -1.95[-2.58, -1.33] b
Yang 2014 89 7 21 99 13 20 25.4% -0.95 [-1.60, -0.30] "
Subtotal (95% Cl) 125 124 100.0%  -1.91 [-3.23, -0.60] }
Heterogeneity: Tau? = 1.66; Chi? = 52.13, df = 3 (P < 0.00001); I> = 94%
Test for overall effect: Z = 2.85 (P = 0.004)
00 -50 0 50 100
Test for subaroun differences: Chi* = 0.62. df = 3 (P = 0.89). I = 0% Favours [esmolol] - Favours [contro]
Figure 4. A forest plot of the heart rate between the esmolol and control groups.
esmolol Control Std. Mean Difference Std. Mean Difference
Udy O ean a ean a eigh Random, 99 a m, 95% C
Liu 2015 13.75 8.68 24 217 6.06 24 22.8% -1.04 [-1.65, -0.44] 5
Liu 2019 6 63 50 7 648 50 26.8% -0.16 [-0.55, 0.24) o
Michael 2022 8 8.15 18 6 6.67 22 22.4% 0.27 [-0.36, 0.89] r
Morelli 2013 19 11.85 77 14 13.33 77  28.0% 0.39 [0.08, 0.71] "
Total (95% CI) 169 173 100.0% -0.11 [-0.68, 0.46]
s Tay? = . Chiz = = = .2 = 849 I t + {
Heterogeneity: Tau® = 0.28; Chi* = 18.48, df = 3 (P = 0.0003); I* = 84% 100 50 0 50 100

Test for overall effect: Z = 0.38 (P = 0.71)

Favours [esmolol]  Favours [control]

Figure 5. A forest plot of the length of ICU stay between the esmolol and control groups. ICU = intensive care unit.

95% CI -2.95 to -0.70, P = .001, I> = 94%; SMD -1.68, 95%
CI-2.8 to -0.56, P = .003, I? = 94%; and SMD -1.91, 95% CI
-3.23 t0 -0.60, P = .004, I? = 94%, respectively); Figure 4.

3.5.2. Length of ICU stay. Four RCTs!!%2326281 comprising 342
adults evaluated the length of ICU stay between esmolol and
control groups. Pooled analysis results showed no significant
association between esmolol supplementation and septic shock
treatment (SMD -0.11, 95% CI -0.68-0.46, P = .71, I = 84%;
Fig. 5).

3.5.3. Mean arterial pressure. Four trials**?"! comprising
209 adults evaluated MAP between esmolol and control
group. No significant differences were found at 12, 24, 48,

and 72 hours (SMD -0.21, 95% CI -0.52 to 0.10, P = .19;
SMD -0.26, 95% CI -0.53 to 0.02, P = .07; SMD -0.02,
95% CI -0.29 to 0.25, P = .89; and SMD 0.07, 95% CI
-0.25 to 0.39, P = .68, respectively), and no heterogeneity
was detected (Fig. 6).

3.5.4. Lactic acid. Seven RCTs!"**3-28 comprising 503 patients
evaluated Lac levels and reported no significant differences
between esmolol and control groups. Pooled SMDs at 12, 24,
48, and 72 hours were 0.03 (95% CI -0.24 to 0.31; P = .81, I?
=0%), 0.12 (95% CI -0.43 to 0.67; P = .66, I> = 88%), -0.5
(95% CI -1.01 to 0.01; P = .06, I? = 83%), -0.60 (95% CI
-1.24 t0 0.03; P = .06, I* = 88%), and -0.40 (95% CI -0.93 to
0.12; P = .13, I> = 80%), respectively Figure 7.
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esmolol Control Std. Mean Difference Std. Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
3.3.1 12 hours
Wang 2015 65 21 30 65 22 30 37.6% 0.00 [-0.51, 0.51]
Wang 2017 79.2 11.2 30 822 96 30 37.2% -0.28 [-0.79, 0.22]
Yang 2014 75 72 21 78 74 20 25.1% -0.40 [-1.02, 0.22] b
Subtotal (95% CI) 81 80 100.0% -0.21 [-0.52, 0.10]
Heterogeneity: Tau? = 0.00; Chiz=1.12,df =2 (P = 0.57); 2= 0%
Test for overall effect: Z = 1.31 (P =0.19)
3.3.2 24 hours
Liu 2015 707 1.8 24 716 16 24 22.5% -0.52 [-1.10, 0.06] "
Wang 2015 71 22 30 69 21 30 29.2% 0.09 [-0.41, 0.60] I
Wang 2017 783 8.5 30 827 122 30 28.5% -0.41[-0.92, 0.10]
Yang 2014 77 B85 21 79 73 20 19.8% -0.25 [-0.86, 0.37] 1
Subtotal (95% CI) 105 104 100.0% -0.26 [-0.53, 0.02]
Heterogeneity: Tau? = 0.00; Chi? = 2.98, df = 3 (P = 0.39); = 0%
Test for overall effect: Z = 1.84 (P = 0.07)
3.3.3 48 hours
Liu 2015 70.7 2 24 708 16 24 23.0% -0.05 [-0.62, 0.51] 1
Wang 2015 72 18 30 7220 30 287% 0.00 [-0.51, 0.51] I
Wang 2017 825 89 30 836 116 30 28.7% -0.11 [-0.61, 0.40]
Yang 2014 77 86 21 76 7.4 20 19.6% 0.12 [-0.49, 0.74]
Subtotal (95% CI) 105 104 100.0% -0.02 [-0.29, 0.25]
Heterogeneity: Tau? = 0.00; Chi? = 0.33, df = 3 (P = 0.95); 2= 0%
Test for overall effect: Z=0.14 (P = 0.89)
3.3.4 72 hours
Liu 2015 709 2.1 24 707 14 24 322% 0.11[-0.46, 0.68]
Wang 2015 75 20 30 75 18 30 40.3% 0.00 [-0.51, 0.51] E
Yang 2014 7% 79 21 75 84 20 27.5% 0.12 [-0.49, 0.73]
Subtotal (95% CI) 75 74 100.0% 0.07 [-0.25, 0.39]
Heterogeneity: Tau? = 0.00; Chi?=0.12,df =2 (P = 0.94); 2= 0%
Test for overall effect: Z = 0.42 (P = 0.68)
-100 -50 0 50 100

Test for subaroup differences: Chi? = 3.11. df = 3 (P =0.38). I? = 3.5%
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Figure 6. A forest plot of mean arterial pressure levels between the esmolol and control groups.

3.5.5. Stroke volume index. Four studies?*?"l comprising
209 patients evaluated the SVI. No significant differences were
found between esmolol and control groups. Pooled SMDs at 24,
48, and 72 hours were 0.16 (95% CI -0.12 to 0.44; P = .27, I?
=7%), 0.44 (95% CI -0.27 to 1.15; P = .23, I? = 84%), and
0.43 (95% CI -0.54 to 1.41; P = .39, I? = 88%), respectively
Figure 8.

3.5.6. Cardiac index. Four trials?*?”! comprising 209 adults
evaluated the cardiac index. The esmolol group was found to
have a significantly decreased cardiac index at 72 hours (SMD
-0.4,95% CI -0.73 to -0.07, P = .02, I? = 0%) compared with
the control group, but no significant differences were observed
at 12, 24, and 48 hours (SMD -0.46, 95% CI -1.52 to 0.60, P
=.39, I = 90%; SMD -0.11, 95% CI -0.74 to 0.53, P = .74,
I? = 81%; and SMD -0.16,95% CI -0.76 to 0.45, P = .61, I* =
79%, respectively Fig. 9).

3.5.7. Central venous pressure. Three studies!*?”) comprising
149 adults evaluated CVP levels. No significant differences were
found at 24, 48, and 72 hours between esmolol and control
groups (SMD 0.19, 95% CI -0.13 to 0.52, P = .24, I? = 0%;
SMD -0.22, 95% CI -0.55 to 0.1, P = .17, I = 0; and SMD
0.03, 95% CI -0.29 to 0.36, P = .84, I’ = 0%, respectively
Fig. 10).

3.5.8. Central venous oxygen saturation. Two trials?¢27]
involving 89 patients evaluated ScvO2. No significant differences
were found at 24, 48, and 72 hours between esmolol and control
groups (SMD 0.86, 95% CI -1.08 to 2.79, P = .39, I’ = 94%;

SMD 1.43, 95% CI -0.7 to 3.56, P = .19, I> = 95%; and SMD
1.87, 95% CI -1.53 to 5.26, P = .28, I? = 97%, respectively
Fig. 11).

3.5.9. Tn1 levels. Two trials?*?” involving 101 adults evaluated
Tn1 levels. The esmolol group was found to have significantly
decreased Tnl levels at 24, 48, and 72 hours (SMD -0.59, 95%
CI -1.02 to -0.16, P = .008, I = 13%; SMD -0.97, 95% CI
-1.48 to -0.45, P = .0002, I? = 33%; and SMD -1.63, 95% CI
-2.54 to -0.73, P = .0004, I? = 72%, respectively); Figure 12.

3.5.10. WBC counts. Three studies*>**?!! involving 314 adults
evaluated WBC counts. No significant differences were found
between esmolol and control groups (SMD -0.2, 95% CI -0.42
to 0.03, P = .09, I? = 0%); Figure 13.

3.5.11. IL-6 levels. Three trials"***! involving 156 patients
evaluated IL-6 levels. Pooled analysis results reported that no
significant differences were found between esmolol and control
groups (SMD -0.14, 95% CI -0.68 to 0.4, P = .61, I = 64%);
Figure 14.

3.5.12. Tumor necrosis factor-a. Three studies!"**>?¢ involving
156 patients evaluated TNF-a levels. The esmolol group was
found to have significantly decreased TNF-a level (SMD -0.48,
95% CI -0.94 to -0.02, P = .04, I? = 50%); Figure 15.

3.5.13. PO2/FiO2 ratio. Two studies?>*!involving 214 patients
evaluated the PO2/FiO2 ratio. No significant differences were
found between esmolol and control groups at 24, 48, 72, and
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esmolol Control Std. Mean Difference Std. Mean Difference
% Cl IV, R % Cl
3.5.1 12 hours
Michael 2022 2.1 1.1 18 21 1.4 22 19.8% 0.00 [-0.62, 0.62]
Wang 2015 39 22 30 38 23 30 30.0% 0.04 [-0.46, 0.55]
Wang 2017 31 1.8 30 33 3 30 29.9% -0.08 [-0.59, 0.43]
Yang 2014 95 31 21 88 32 20 20.3% 0.22 [-0.40, 0.83] '
Subtotal (95% CI) 99 102 100.0% 0.03 [-0.24, 0.31]
Heterogeneity: Tau? = 0.00; Chi* = 0.55, df =3 (P =0.91); = 0%
Test for overall effect: Z=0.24 (P = 0.81)
3.5.2 24 hours
Liu 2015 48 0.3 24 41 03 24 127% 2.30[1.55, 3.04] "
Liu 2019 21 141 50 24 081 50 15.2% -0.31 [-0.70, 0.09] 1
Michael 2022 1.8 0.89 18 1.8 1.33 22 13.6% 0.00 [-0.62, 0.62]
Morelli 2013 1.5 0.67 77 21 119 77 15.7% -0.62 [-0.94, -0.29] 1
Wang 2015 38 22 30 36 16 30 14.5% 0.10 [-0.40, 0.61]
Wang 2017 23 16 30 25 22 30 145% -0.10 [-0.61, 0.40]
Yang 2014 6.3 26 21 68 28 20 13.7% -0.18 [-0.80, 0.43]
Subtotal (95% CI) 250 253 100.0% 0.12 [-0.43, 0.67]
Heterogeneity: Tau? = 0.48; Chi? = 51.64, df = 6 (P < 0.00001); I? = 88%
Test for overall effect: Z=0.44 (P = 0.66)
3.5.3 48 hours
Liu 2015 28 03 24 34 03 24 17.0% -1.97 [-2.67, -1.27] b
Liu 2019 2 1 50 2.3 1 50 21.8% -0.30 [-0.69, 0.10] !
Morelli 2013 1.5 0.74 77 1.9 1.56 77 22.8% -0.33 [-0.64, -0.01] 1
Wang 2015 1.5 04 30 16 04 30 20.0% -0.25[-0.75, 0.26] 1
Yang 2014 3.9 22 21 36 1.9 20 18.4% 0.14 [-0.47, 0.76] '
Subtotal (95% CI) 202 201 100.0% <0.50 [-1.01, 0.01]
Heterogeneity: Tau® = 0.27; Chi® = 23.12, df = 4 (P = 0.0001); I> = 83%
Test for overall effect: Z=1.91 (P = 0.06)
3.5.4 72 hours
Liu 2015 1.9 04 24 29 04 24  17.4% -2.46 [-3.22, -1.70] "
Liu 2019 1.4 044 50 2 1.33 50 21.3% -0.60 [-1.00, -0.20] b
Morelli 2013 1.5 0.89 77 1.7 1.41 77 22.0% -0.17 [-0.49, 0.15] b
Wang 2015 14 04 30 1.5 05 30 20.2% -0.22[-0.73, 0.29] 1
Yang 2014 27 11 21 25 12 20 19.1% 0.17 [-0.44, 0.78] '
Subtotal (95% CI) 202 201 100.0% -0.60 [-1.24, 0.03] |
Heterogeneity: Tau? = 0.45; Chi* = 34.72, df = 4 (P < 0.00001); I = 88%
Test for overall effect: Z=1.87 (P = 0.06)
3.5.5 96 hours
Liu 2019 1.1 0.37 50 22 1.85 50 33.5% -0.82 [-1.23, -0.41]
Morelli 2013 1.5 0.89 77 1.5 1.19 77  36.5% 0.00 [-0.32, 0.32]
Wang 2015 1.2 05 30 14 04 30 30.0% -0.44 [-0.95, 0.08]
Subtotal (95% CI) 157 157 100.0% -0.40 [-0.93, 0.12]
Heterogeneity: Tau? = 0.17; Chi? = 9.84, df = 2 (P = 0.007); I = 80%
Test for overall effect: Z=1.52 (P = 0.13)
=100 -50 0 50 100

Test for subaroun differences: Chi* = 7.30. df = 4 (P = 0.12). 7 =45.2%

Favours [esmolol] Favours [control]

Figure 7. A forest plot of lactic acid levels between the esmolol and control groups.

96 hours (SMD 0.06, 95% CI -0.21 to 0.33, P = .66, I> = 0%;
SMD 0.06, 95% CI -0.21 to 0.32, P = .68, I? = 0%; SMD 0.24,
95% CI -0.15 to 0.64, P = .22, I’ = 46 %; and SMD 0.24, 95%
CI -0.17 to 0.66, P = .25, I? = 51%, respectively); Figure 16.

3.5.14. Quality of evidence. We used the GRADE system
to determine the quality of evidence in our meta-analysis.
The PaO2/FiO2 ratio and 28-day mortality had “very-low”-
quality evidence, with a serious risk of bias, inconsistency, and
indirectness. The length of ICU stay and ScvO2 had “very-
low”-quality evidence, with a risk of bias, inconsistency, and
imprecision. HR, MAP, CVP, and Tnl had “very-low”-quality
evidence, with a risk of bias, indirectness, and imprecision.
Lac, CI, SVI, TNF-a, and IL-6 had “very-low”-quality
evidence, with a risk of bias, inconsistency, indirectness, and

imprecision. WBC had “low”-quality evidence, with a risk of
bias and imprecision.

4. Discussion

The included RCTs showed that esmolol could reduce 28-day
mortality, control the HR, decrease the level of cardiac tropo-
nin I and TNF-a, and decrease the cardiac index at 72 hours.
However, there was no significant difference in the length of
ICU stay, or ScvO2, CVP, MAP, Lac, SVI, WBC, and IL-6 levels,
or in the PO2/FiO2 ratio in patients with severe sepsis and sep-
tic shock after adequate fluid resuscitation in the early stages of
standard treatment.

Sepsis-related cardiovascular failure is mainly associated
with sustained systemic adrenergic activation, particularly
via the Pl-adrenergic pathway,’” which augments cardiac
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esmolol

3.9.1 24 hours

Liu 2015 368 1.9
Wang 2015 36 9
Wang 2017 38.3 101
Yang 2014 37 7.8

Subtotal (95% Cl)

3.9.2 48 hours

Liu 2015 399 22
Wang 2015 39 10
Wang 2017 41.8 8
Yang 2014 36 6.1

Subtotal (95% CI)

24
30
30
21
105
Heterogeneity: Tau? = 0.01; Chi? = 3.23, df = 3 (P = 0.36)
Test for overall effect: Z=1.11 (P = 0.27)

24
30
30
21

105

Control

365 21
36 10
31.9 132
38 9

368 17
40 12
35.7 151
37 63

24

30

30

20

104
2=7%

23.3%
28.8%
27.8%
20.1%
100.0%

24
30

23.9%
25.9%
30 25.8%
20 24.4%
104 100.0%

Heterogeneity: Tau? = 0.44; Chi* = 18.85, df = 3 (P = 0.0003); I* = 84%
Test for overall effect: Z = 1.20 (P = 0.23)

3.9.3 72 hours

Liu 2015 406 2.8
Wang 2015 4z 12
Yang 2014 38 57

Subtotal (95% CI)

24
30
21
75

369 2
42 14
39 62

24 32.5%
30 34.4%
20 33.0%
74 100.0%

Heterogeneity: Tau? = 0.65; Chi? = 16.62, df = 2 (P = 0.0002); 1> = 88%
Test for overall effect: Z = 0.87 (P = 0.39)

. Mean Difference
95% ClI

Std. Mean Difference
IV. R Y

0.15 [-0.42, 0.71]
0.00 [-0.51, 0.51]

0.54 [0.02, 1.05]
-0.12 [-0.73, 0.50]
0.16 [-0.12, 0.44]

1.55 [0.90, 2.20]
-0.09 [-0.60, 0.42]
0.50 [-0.02, 1.01]
-0.16 [-0.77, 0.46]
0.44 [0.27, 1.15]

1.50 [0.85, 2.14]
0.00 [-0.51, 0.51]
-0.16 [-0.78, 0.45]
0.43 [-0.54, 1.41]
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-50 0

Test for subaroup differences: Chi? = 1.02. df =3 (P = 0.80). I? = 0%

Figure 9. A forest plot of the cardiac index between the esmolol and control groups.

50
Test for subaroup differences: Chi? = 0.71. df =2 (P =0.70). > = 0% Favours [esmolol] - Favours [control]
Figure 8. A forest plot of the stroke volume index between the esmolol and control groups.
esmolol Control Std. Mean Difference Std. Mean Difference
r n D Total D Total Wei I % CI IV. R 9
3.8.212h
Wang 2015 3 05 30 31 05 30 342% -0.20 [-0.70, 0.31]
Wang 2017 342 0.95 30 3.09 072 30 341% 0.39[-0.12, 0.80]
Yang 2014 33 08 21 45 06 20 31.7% -1.66 [-2.38, -0.94]
Subtotal (95% CI) 81 80 100.0% -0.46 [-1.52, 0.60]
Heterogeneity: Tau? = 0.79; Chi* = 20.72, df = 2 (P < 0.0001); I* = 90%
Test for overall effect: Z = 0.85 (P = 0.39)
3.8.3 24h
Liu 2015 3.7 0.19 24 3.7 017 24 25.0% 0.00 [-0.57, 0.57] T
Wang 2015 32 086 30 32 05 30 26.0% 0.00 [-0.51, 0.51] L
Wang 2017 3.46 0.94 30 292 088 30 25.8% 0.59 [0.07, 1.10] 3
Yang 2014 33 07 21 44 1.2 20 23.3% -1.11[-1.77, -0.44) b
Subtotal (95% CI) 105 104 100.0% -0.11 [-0.74, 0.53]
Heterogeneity: Tau? = 0.34; Chi? = 15.59, df = 3 (P = 0.001); 2 =81%
Test for overall effect: Z = 0.33 (P = 0.74)
3.8.4 48h
Liu 2015 36 025 24 3.7 017 24 247% -0.46 [-1.03, 0.11] b
Wang 2015 34 086 30 34 086 30 26.0% 0.00 [-0.51, 0.51] L
Wang 2017 3.67 0.99 30 3.09 088 30 25.8% 0.61[0.09, 1.13] r
Yang 2014 33 07 21 4 09 20 23.4% -0.85 [-1.50, -0.21] |
Subtotal (95% CI) 105 104 100.0% -0.16 [-0.76, 0.45]
Heterogeneity: Tau? = 0.30; Chi? = 14.18, df =3 (P = 0.003); I? = 79%
Test for overall effect: Z= 0.51 (P = 0.61)
3.8.572h
Liu 2015 37 0.24 24 3.8 0.16 24 321% -0.48 [-1.06, 0.09] :
Wang 2015 34 05 30 35 08 30 41.3% -0.15 [-0.65, 0.36]
Yang 2014 34 06 21 39 08 20 26.5% -0.70 [-1.33, -0.06] !
Subtotal (95% CI) 75 74 100.0% -0.40 [-0.73, -0.07]
Heterogeneity: Tau? = 0.00; Chi? = 1.87, df = 2 (P = 0.39); I* = 0%
Test for overall effect: Z = 2.41 (P = 0.02)
-100 -50 0 50

Favours [esmolol] Favours [control]
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esmolol Control

3.4.1 24 hou

Liu 2015 124 1.2 24 124 11 24 325%
Wang 2015 12 2 30 11 3 30 39.8%
Yang 2014 106 1.3 21 104 14 20 27.7%
Subtotal (95% CI) 75 74 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 1.02, df = 2 (P = 0.60); I = 0%
Test for overall effect: Z = 1,18 (P = 0.24)

3.4.2 48 hours

Liu 2015 12.2 15 24 128 1 24 31.7%
Wang 2015 12 2 30 12 3 30 40.8%
Yang 2014 10.3 1.3 21 107 1.5 20 27.5%
Subtotal (95% CI) 75 74 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 1.45, df = 2 (P = 0.48); I’ = 0%
Test for overall effect: Z = 1.36 (P = 0.17)

3.4.372 hours

Liu 2015 125 1.3 24 127 13 24 32.3%
Wang 2015 12 3 30 12 2 30 40.5%
Yang 2014 1.1 13 21 107 13 20 27.3%
Subtotal (95% Cl) 75 74 100.0%

Heterogeneity: Tau? = 0.00; Chi* = 1.15, df =2 (P = 0.56); I’ = 0%
Test for overall effect: Z = 0.20 (P = 0.84)

Std. Mean Difference

Std. Mean Difference

0.00 [-0.57, 0.57]
0.39 [-0.12, 0.90]
0.15 [-0.47, 0.76]
0.19 [-0.13, 0.52]

-0.46 [-1.04, 0.11]

0.00 [-0.51, 0.51]
-0.28 [-0.90, 0.34]
-0.22 [-0.55, 0.10]

0.15[0.72, 0.42]
0.00 [-0.51, 0.51]
0.30 [-0.31, 0.92]
0.03 [-0.29, 0.36]

-100 -50

0 50 100
. . Favours [esmolol] Favours [control]
Test for subaroun differences: Chi? = 3.28. df =2 (P = 0.19). I? = 39.0%
Figure 10. A forest plot of central venous pressure levels between the esmolol and control groups.
esmolol Control Std. Mean Difference Std. Mean Difference
udy or Subg 95% ClI IV.R % Cl
3.2.1 24 hours
Liu 2015 0.652 0.017 24 0.62 0.017 24 49.7% 1.85[1.17, 2.54]
Yang 2014 0.771 0.053 21 0.778 0.057 20 50.3% -0.12[-0.74, 0.49]
Subtotal (95% CI) 45 44 100.0% 0.86 [-1.08, 2.79] y
Heterogeneity: Tau® = 1.84; Chi? = 17.75, df = 1 (P < 0.0001); I = 94%
Test for overall effect: Z = 0.87 (P = 0.39)
3.2.2 48 hours
Liu 2015 0.661 0.018 24 0.616 0.017 24 49.4% 2.53[1.75, 3.30] :
Yang 2014 0.786 0.062 21 0.764 0.06 20 50.6% 0.35[-0.26, 0.97]
Subtotal (95% CI) 45 44 100.0% 1.43 [-0.70, 3.56] ]
Heterogeneity: Tau® = 2.24; Chi? = 18.53, df = 1 (P < 0.0001); I> = 95%
Test for overall effect: Z = 1.31 (P = 0.19)
3.2.372 hours
Liu 2015 0.675 0.02 24 0.61 0.015 24 49.4% 3.62[2.67, 4.56] :
Yang 2014 0.798 0.064 21 0.788 0.065 20 50.6% 0.15[-0.46, 0.77]
Subtotal (95% CI) 45 44 100.0% 1.87 [-1.53, 5.26] *
Heterogeneity: Tau® = 5.84; Chi* = 36.41, df = 1 (P < 0.00001); I> = 97%
Test for overall effect: Z = 1.08 (P = 0.28)
-100 -50 0 50 100

Test for subaroup differences: Chi? = 0.31. df = 2 (P = 0.86). I? = 0%

Favours [esmolol] Favours [control]

Figure 11. A forest plot of central venous oxygen saturation levels between the esmolol and control groups.

contractility® and HR,®? increasing energy demands. When
energy demand outstrips supply, cardiac myocytes are at risk
of cell death, with elevated troponin levels indicating such
injury,3*4 leading to detrimental cardiac effects including
fibroblast hyperplasia, myocyte necrosis and apoptosis, and
increased risk of arrhythmia.®® Theoretically, adjusting the
adrenergic system may be a new approach in the treatment of
sepsis.’>37 Berk et all®®! assessed the effects of propranolol, a
nonselective B-blocker, on dogs with sepsis and found that pro-
pranolol significantly improved survival and arterial PO2 val-
ues, prevented the second phase of hypotension, and reduced

fluid requirements. Patterson et al®! reported a negative out-
come in mice with sepsis treated with propranolol, which may
be explained as nonselective B-blockers inhibiting the activa-
tion of B-2 receptors, which have cardioprotective properties.
Aboab et al*" reported that pigs with endotoxic shock treated
with a continuous infusion of esmolol, a selective 3-1 adrenergic
blocker, tolerated this infusion well, and that it appeared to off-
set sepsis-induced cardiac dysfunction. Suzuki et al*!l reported
that infusing esmolol into septic rats reduced HR and blood
pressure, improved oxygen utilization of the myocardium, and
preserved myocardial function, with lactate levels not increasing
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esmolol Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.6.1 24 hours
Wang 2015 1.16 0.56 30 1.45 0.82 30 59.7% -0.41 [-0.92, 0.10]
Yang 2014 1.15 0.57 21 1.74 077 20 40.3% -0.86 [-1.50, -0.21]
Subtotal (95% CI) 51 50 100.0% -0.59 [-1.02, -0.16]

Heterogeneity: Tau? = 0.01; Chiz=1.15,df =1 (P =0.28); I? = 13%
Test for overall effect: Z = 2.67 (P = 0.008)

3.6.2 48 hours

Wang 2015 0.72 0.42 30 1.12 0.62 30 58.5%
Yang 2014 0.93 0.52 21 215 1.23 20 41.5%
Subtotal (95% CI) 51 50 100.0%

Heterogeneity: Tau? = 0.05; Chi? = 1.48, df = 1 (P = 0.22); I = 33%
Test for overall effect: Z = 3.68 (P = 0.0002)

3.6.372 hours

-0.75[-1.27, -0.22]
-1.28 [-1.96, -0.60]
-0.97 [-1.48, -0.45] f

Wang 2015 042 0.24 30 0.84 042 30 54.6% -1.21[-1.77, -0.66] :
Yang 2014 0.52 0.36 21 239 117 20 45.4% -2.14 [-2.92, -1.36]
Subtotal (95% CI) 51 50 100.0% -1.63 [-2.54, -0.73] J
Heterogeneity: Tau? = 0.31; Chi* = 3.61, df = 1 (P = 0.06); I’ = 72%
Test for overall effect: Z = 3.53 (P = 0.0004)
100 -50 0 50 100
. . Favours [esmolol] Favours [control]
Test for subaroup differences: Chi? = 4.47. df =2 (P =0.11). I? = 55.3%
Figure 12. A forest plot of troponin | levels between the esmolol and control groups.
Experimental Control Std. Mean Difference Std. Mean Difference
r r Mean D Total Mean D Total Weigh IV. Random, 95% Cl IV. Random, 95% CI
Liu 2019 14.6 9 50 174 114 50 31.8% -0.27 [-0.66, 0.12]
Morelli 2013 13.8 6.15 77 142 10 77  49.4% -0.05 [-0.36, 0.27]
Wang 2017 103 3.7 30 122 45 30 18.7% -0.46 [-0.97, 0.06]
Total (95% CI) 157 157 100.0% -0.20 [-0.42, 0.03]
ity 2 = - Chiz = - - Sz = Y t t T + |
Heterogeneity: Tau? = 0.00; Chi? = 1,96, df = 2 (P = 0.37), I = 0% 100 50 0 50 100

Test for overall effect: Z = 1.72 (P = 0.09)

Favours [esmolol] Favours [control]

Figure 13. A forest plot of white blood cell levels between the esmolol and control groups.

compared with controls. Ibrahim-Zada et al*?! also showed that
esmolol significantly improved survival in a murine model of
septic insult. One meta-analysis*}! of 67 RCTs involving 3766
patients showed that esmolol had the potential to protect against
myocardial ischemia in patients undergoing noncardiac surgery.

Tachycardia is common in severe septic cardiomyopathy
to compensate for low cardiac output.' An observation
study!""! found that a prolonged elevated HR was associ-
ated with an increasing incidence of major cardiac events
in patients who were critically ill. Beta-blockers reduce HR,
have anti-inflammatory effects, improve myocardial oxygen
supply and demand balance, and affect hemodynamics and
metabolic and immune regulation in sepsis. Beta-blockers may
be a new method for the treatment of sepsis, especially for
patients with high catecholamine levels and tachycardia./*4
Esmolol is commonly used in the ICU because of its rapid

effect and ease of titration.!*! We found that esmolol signifi-
cantly decreased HR and the cardiac index at 72 hours com-
pared with control groups, but that there were no differences
in SVI, indicating that esmolol did not affect cardiac systolic
function. The decreased cardiac index was mainly associated
with a decreased HR. We also found that there was no sig-
nificant difference in the level of MAP and CVP at various
time points between esmolol and control groups. Gore and
Wolfel*l found that esmolol reduced the HR with a compa-
rable decrease in cardiac output in patients with moderately
severe sepsis, which may improve myocardial blood flow and
have potential benefits in terms of reducing the incidence
of cardiac demise without affecting oxygen utilization or
hepatic, peripheral blood flow. Lac and ScvO2 levels usually
reflect tissue infusion and oxygen metabolism at an early stage
of sepsis. Gore and Wolfel*! found that esmolol did not limit

Experimental Control Std. Mean Difference Std. Mean Difference
r r Mean D_Total n D _Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Michael 2022 54 165.93 18 39 75.56 18 29.4% 0.11 [-0.54, 0.77]
Wang 2015 275 4.6 30 304 42 30 35.0% -0.65 [-1.17, -0.13]
Wang 2017 179.2  103.5 30 1629 101.5 30 35.6% 0.16 [-0.35, 0.66]
Total (95% CI) 78 78 100.0% -0.14 [-0.68, 0.40]
Heterogeneity: Tau? = 0.14; Chi* = 5.58, df = 2 (P = 0.06); I* = 64% Foo 0 o A 100

Test for overall effect: Z = 0.50 (P = 0.61)

Favours [esmolol] Favours [control]

Figure 14. A forest plot of interleukin 6 levels between the esmolol and control groups.

10



Zhang et al. ® Medicine (2022) 101:27

www.md-journal.com

Experimental Control

Michael 2022 44 3.04 18 7.5 5.93 18 27.5%
Wang 2015 17.8 26 30 202 34 30 35.6%
Wang 2017 1.67 0.79 30 1.73 0.84 30 36.9%
Total (95% ClI) 78 78 100.0%

Heterogeneity: Tau® = 0.08; Chi* = 3.98, df = 2 (P = 0.14); I = 50%

Std. Mean Difference

_Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% ClI

Std. Mean Difference
IV, R: % Cl

-0.64 [-1.32, 0.03]
-0.78 [-1.31, -0.26]
-0.07 [-0.58, 0.43]

-0.48 [-0.94, -0.02]
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Figure 15. A forest plot of tumor necrosis factor-a levels between the esmolol and control groups.
Experimental Control Std. Mean Difference Std. Mean Difference
r I Mean D Total Mean D Total Weigh IV, Ran % ClI IV, Random, 95% CI
4.4.1 24 hours
Morelli 2013 258 95.6 77 249 97.8 77 71.9% 0.09 [-0.22, 0.41]
Wang 2015 2325 109.6 30 234.8 105.6 30 28.1% -0.02 [-0.53, 0.48]
Subtotal (95% CI) 107 107 100.0% 0.06 [-0.21, 0.33]
Heterogeneity: Tau? = 0.00; Chi* = 0.14, df =1 (P = 0.71); P = 0%
Test for overall effect: Z = 0.44 (P = 0.66)
4.4.2 48 hours
Morelli 2013 271 98.5 77 262 993 77 71.9% 0.09 [-0.23, 0.41] T
Wang 2015 238.8 1104 30 2424 1048 30 28.1% -0.03 [-0.54, 0.47]
Subtotal (95% CI) 107 107 100.0% 0.06 [-0.21, 0.32]
Heterogeneity: Tau® = 0.00; Chi* = 0.16, df = 1 (P = 0.68); I = 0%
Test for overall effect: Z = 0.41 (P = 0.68)
4.4.3 72 hours
Morelli 2013 261 889 77 219 116.3 77 61.7% 0.40 [0.08, 0.72] !
Wang 2015 244.4 110.6 30 2456 108.2 30 38.3% -0.01 [-0.52, 0.50]
Subtotal (95% Cl) 107 107 100.0% 0.24 [-0.15, 0.64]
Heterogeneity: Tau? = 0.04; Chi? = 1.84, df = 1 (P = 0.17); 1> = 46%
Test for overall effect: Z = 1.21 (P =0.22)
4.4.4 96 hours
Morelli 2013 280 741 77 239 117.8 77  60.6% 0.41[0.10, 0.73] !
Wang 2015 245.9 104.5 30 2482 110.6 30 39.4% -0.02 [-0.53, 0.48]
Subtotal (95% CI) 107 107 100.0% 0.24 [-0.17, 0.66]
Heterogeneity: Tau? = 0.05; Chi? = 2.04, df = 1 (P = 0.15); I?=51%
Test for overall effect: Z = 1.14 (P = 0.25)
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Figure 16. A forest plot of the PO,/FiO, ratio between the esmolol and control
to fractional inspired oxygen.

Favours [esmolol]  Favours [control]

groups. PO2/FiO2 the ratio of arterial oxygen partial pressure (PaO2 in mm Hg)

oxygen utilization, or affect systemic energy expenditure, or
alter energy within muscles while reducing HR and cardiac
output. Our meta-analysis found no significant difference
between esmolol and control groups in terms of Lac and
ScvO2, and these results were consistent with those reported
by Li et al,/**! Liu et al,™! and Huang et al,['* suggesting that
the dose control of esmolol did not have an adverse effect on
tissue perfusion and circulatory function. Thus, no evidence
was found to indicate that esmolol infusion adversely affects
organ perfusion and oxygen and energy utilization.
Monocytes are activated in sepsis causing abundant release of
proinflammatory factors such as TNF-a, IL-6, and high mobil-
ity group box-1,41 which could cause significant myocardial
depression and depress myocardial contractile function, even
developing into septic cardiomyopathy.*! Suzuki et al*!! showed
that esmolol could significantly reduce TNF-a concentrations in
sepsis rats and improve oxygen utilization of the myocardium
and preserve myocardial function. Wang et al®! showed that
esmolol combined with milrinone could reduce TNF-a, IL-6, and
high mobility group box-1 levels, improve patient cardiac func-
tion, and reduce mortality. Wang et al?*! found that the TNF-a
levels in esmolol and control groups showed a downward trend

over time. Our meta-analysis found that there was significant
difference in TNF-a. levels between esmolol and control groups,
indicating that improvement in cardiac function may be related
to changes in serum inflammatory mediators although published
meta-analyses and our results showed no significant difference
in WBC counts and IL-6 levels between esmolol and control
groups. Considering the small sample sized involved and that
the quality of evidence was “very low,” more robust RCTs with
larger sample sizes are needed to validate these findings.

A study conducted by Mehta et al*'! found that Tnl concen-
tration levels in serum correlated with myocardial dysfunction in
septic shock, and high serum Tnl levels predicted increased sep-
sis severity and higher mortality. We found that esmolol could
significantly reduce the level of Tnl concentration in serum,
which was consistent with published meta-analyses,!'>-1!$! fur-
ther confirming that esmolol has a cardioprotective role.

The present study showed that esmolol can significantly
decrease 28-day mortality compared with control groups. An
observation study with 9465 patients suggested that patients
who received chronic B-blocker prescriptions may have a sur-
vival advantage if they subsequently develop sepsis.*”! Some
studies!'”?>?51 have shown a higher survival rate for septic
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shock in patients treated with esmolol after adequate and
early fluid resuscitation, which is consistent with published
meta-analyses.[3"'%181 Liu et al?¥ showed that esmolol can sig-
nificantly shorten the length of ICU stay and reduce 28-day
mortality. Fuchs et al®'! reported an increased length of ICU
stay despite showing substantial 90-day mortality benefits in
patients with sepsis, whereas our study found that there was
no difference in the length of ICU stay between esmolol and
control groups. Considering that heterogeneity was high,
our leave-one-out sensitivity analysis showed that the results
were robust. However, as the quality of evidence was “very
low,” there is insufficient evidence to indicate whether esmolol
affects the length of ICU stay.

In an animal experiment by Berk et al,®®! propranolol was
shown to reduce lung injury in dogs with sepsis. Morelli et
al?® found that esmolol significantly improved PaO2/FiO2
in patients with septic shock compared with a control group,
whereas Higgins et al?? found no difference between esmolol
and control groups. Our meta-analysis also found no difference
between esmolol and control groups. As patients numbers were
few and the quality of evidence was “very low,” there is insuf-
ficient evidence to conclude whether esmolol affects the PaO2/
FiO2 ratio; thus, more RCTs are needed to confirm this issue.

This study had the following strengths. First, Huang et al!'®!
included the largest number of published studies; however, they
included several studies published in Chinese that could not be
verified in English language PubMed, Embase, and Cochrane
library databases, and these studies were of low quality. Our
meta-analysis included the most recent RCTs and all of the
studies could be verified in English language databases, which
have the largest number of participants and studies for included
RCTs in English. Second, we analyzed data at 12, 24, 48, 72,
and 96 hours separately, when possible, which made our find-
ings more robust, whereas previous meta-analyses have ana-
lyzed outcomes through pooling various time points. Third, we
also examined the effects of esmolol on the length of ICU stay,
SVI, cardiac index, IL-6, TNF-a levels, the WBC count, and the
PaO2/FiO2 ratio at different time points when possible, which
allowed for a more comprehensive understanding of the effec-
tiveness of esmolol.

This study had several limitations. First, we were not able
to assess for publication bias due to the small number of stud-
ies included in this analysis, and publication bias could be fully
excluded. Second, each patient with sepsis has distinct indi-
vidual differences in terms of myocardial inhibition, and the
methods of esmolol treatment for sepsis differ, which may have
affected the pooling results. Third, the best method and optimal
dose of esmolol treatment remains to be elucidated. Finally, the
quality of the evidence was “very low,” and further larger RCTs
are required to validate our findings.

5. Conclusion

Esmolol treatment may be safe and effective in decreasing
28-day mortality, controlling HR, and have a cardioprotec-
tive role, while having no effect on lung injury, in patients
with sepsis or septic shock after early fluid resuscitation.
Improvements in cardiac function may be related to changes
in inflammatory mediators in the serum. There were no signif-
icant adverse effects on tissue perfusion and oxygen utiliza-
tion. However, patient numbers in the included studies were
few and the quality of evidence was very low; thus, larger
RCTs are needed.
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