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Abstract

Background and Objective As a b-adrenoceptor antago-

nist (b-blocker), esmolol can reduce cardiac output and the

phosphodiesterase III inhibitor milrinone has been shown

to improve heart contractility in patients with septic shock.

This study was performed to assess the effects of esmolol

combined with milrinone in patients with severe sepsis.

Methods This prospective randomized study was con-

ducted in patients with severe sepsis in the intensive care

unit of the Jiangxi Provincial People’s Hospital (Nanchang,

Jiangsu, China) between June 2013 and June 2014. Patients

were randomly divided into control (C), milrinone (M), and

milrinone–esmolol (ME) groups. The primary outcome

was the rate of controlling the heart rate (HR) to achieve

target levels. Secondary outcomes included the 28-day

survival rate and changes in hemodynamic variables, organ

function variables, myocardial injury markers, and the

serum levels of proinflammatory factors.

Result A total of 90 patients with severe sepsis were

included in this study (30 per group). The HR in the ME

group was lower than in the M and C groups after 12 h.

The rate of successful HR control during the first 96 h was

significantly higher in the ME group (60.0 vs. 33.3 % in the

M group, vs. 26.7 % in the C group). Also, patients in the

ME group had higher 28-day overall survival compared

with the M (Log rank statistic = 5.452; P = 0.020) and

C groups (Log rank statistic = 10.206; P = 0.001).

Additionally, several variables showed significant

improvement in the ME group 96 h after treatment com-

pared with the M and C groups (P\ 0.05).

Conclusion Combination therapy with milrinone and

esmolol could improve cardiac function and the 28-day

survival rate in patients with severe sepsis.

Key Points

Combination therapy with milrinone and esmolol

could effectively improve cardiac function in

patients with severe sepsis.

Combination therapy with milrinone and esmolol

could reduce 28-day mortality in patients with severe

sepsis.

All patients tolerated the treatment of combination

therapy with milrinone and esmolol well.

1 Introduction

Sepsis is defined as a systemic inflammatory response

syndrome (SIRS) that is caused by an infective organism

with the consequence of severe systemic organ dysfunction

and septic shock, eventually leading to death. Severe

Z. Wang and Q. Wu contributed equally to this work.

& Zenggeng Wang

zenggengwangw@163.com

1 Medical College of Nanchang University, Nanchang 330006,

Jiangxi, China

2 ICU, Jiangxi Provincial People’s Hospital, No. 92 Patriotic

Way, Nanchang 330006, Jiangxi, China

3 Department of Cardiology, The Second Affiliated Hospital to

Nanchang University, Nanchang 30006, Jiangxi, China

Clin Drug Investig (2015) 35:707–716

DOI 10.1007/s40261-015-0325-3

http://crossmark.crossref.org/dialog/?doi=10.1007/s40261-015-0325-3&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40261-015-0325-3&amp;domain=pdf


sepsis, septic shock, and their complications are major

healthcare problems that affect millions of people around

the world each year, killing one in four [1–5]. Severe sepsis

is a complex syndrome, with dysfunction of one or more

organ, particularly heart dysfunction, and is characterized

by hemodynamic disorder [6, 7]. Besides, as reported by

Vieillard-Baron [8] in 2011, the depression of intrinsic left

ventricular contractility is constant in patients with septic

shock, and a hyperkinetic state induced by severe sepsis is

indicative of a profound and persistent vasoplegia associ-

ated with a high mortality rate.

Septic cardiomyopathy is a syndrome in patients with

sepsis in which there is myocardial depression without

structural changes, which is often associated with a

decreased ejection fraction and increased end-diastolic

volume index [6, 9, 10], a typical symptom diagnosed by

doctors through echocardiography. A number of factors

could induce septic cardiomyopathy, such as bacterial

toxins, inflammatory factors, nitric oxide, and oxidative

stress [11]. However, the possible mechanism for devel-

opment of septic cardiomyopathy is still unclear.

Recently, Kume et al. [12] and Wittstein et al. [13] dis-

covered that the increased cardiac catecholamines due to

the exaggerated sympathetic activation of patients with

sepsis could trigger myocardium stunning, leading to the

development of septic cardiomyopathy. On the other

hand, patients with severe septic cardiomyopathy often

suffer from tachycardia to compensate for the low cardiac

output. Tachycardia would increase the myocardial oxy-

gen demand and cardiac load as well as shorten the

ventricular diastolic time, thus leading to insufficient

coronary perfusion [14].

As a rapid-effect intravenous b-adrenoceptor antago-

nist (b-blocker), esmolol can reduce cardiac output in

proportion to the percentage decreases in heart rate (HR)

without adversely affecting oxygen [15], while as a

phosphodiesterase III inhibitor, milrinone has been shown

to improve heart contractility in patients with septic shock

[16]. Therefore, we hypothesized that inhibiting the

activation of sympathetic nerves by b-blockers could

reduce the releasing of catecholamines and consequently

improve the symptoms and prognosis of severe sepsis

when combined with milrinone. In our study, we treated

severe sepsis or septic shock patients with a combination

therapy of milrinone and esmolol to assess whether HR

could be controlled to the target range and whether the

28-day overall survival could be improved, by comparing

the combination with milrinone alone and usual care.

Additionally, changes in hemodynamic and blood gas

measurements and organ function variables, as well as

levels of proinflammatory factors and myocardial injury

markers, were tested.

2 Methods

2.1 Design

This prospective, single-center, randomized, non-blinded

study was conducted in the intensive care unit (ICU) of the

Jiangxi Provincial People’s Hospital (Nanchang, Jiangsu,

China) between June 2013 and June 2014. The hospital’s

Ethics Committee approved this study and each patient or

their caregivers signed a written informed consent after an

adequate explanation of the study.

2.2 Patient

To enroll in this study, patients had to (1) be C18 years; (2)

have suspected or confirmed infection, as indicated by the

blood culture; (3) have at least two of the systemic

inflammation response syndrome criteria, i.e., HR

[90 beats/min, respiratory rate [20 breaths/min, temper-

ature [38 or \36 �C, white blood count [12,000 or

\4000 cells/mm3; and (4) have a HR C95 beats/min after

early goal-directed therapy (EGDT). Patients were exclu-

ded if they had (1) a history of bronchial asthma history;

(2) sinus bradycardia, defined as an HR below 60 beats/

min with a normal sequence of cardiac activation; (3)

second- or third-degree atrioventricular block; or (4) a

history of allergic reaction to milrinone or esmolol.

2.3 Outcomes

The primary outcome was the reduction of HR to lower

than the predefined threshold of 95 beats/min and mainte-

nance within the target range between 75 and 94 beats/min

during the first 96 h after a different intervention. The

secondary outcome included the 28-day survival rate,

which was recorded during hospitalization or re-admission.

Other secondary outcomes included norepinephrine

requirements, changes in hemodynamic variables, organ

function variables, myocardial injury markers, the level of

proinflammatory factors in the serum, duration in the ICU

and in hospital, as well as adverse events caused by drug

treatment up to 28 days after enrolment.

2.4 Sample Estimation

Power analysis and sample size (PASS) 11.0 software

(NCSS Statistical Software, Kaysville, UT, USA) was used

to calculate the sample size for the present study. To pro-

vide 80 % power with a two-sided 5 % significance level

to detect a 20 beats/min reduction in HR, assuming a

standard deviation (SD) of 25 beats/min, a minimum of 27

patients were to be enrolled in each treatment group. Given
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a dropout rate of 10 %, 30 patients per groups (90 total)

were necessary.

2.5 Randomization

Patients were randomly assigned by a computer-based

random numbers generator in a ratio of 1:1:1 to three dif-

ferent groups: control (C) group, milrinone (M) group, and

milrinone–esmolol (ME) group. The Rv.Uniform function

in SPSS� 17.0 analysis software (SPSS Inc., Chicago, IL,

USA) was adapted to generate random numbers.

2.6 Procedures

Systemic hemodynamic data were monitored by pulse-

indicated continuous cardiac output (PiCCO) after subcla-

vian vein and femoral artery catheterization. EGDT was

performed on all patients to keep optimal cardiac preload

and hematocrit C0.30 according to the international

guidelines for management of severe sepsis and septic

shock [17]. During EGDT, patients received adequate

crystalloid-based volume resuscitation or red blood cell

transfusion. In addition, all patients were given nore-

pinephrine to maintain a mean arterial pressure (MAP)

C65 mmHg. Patients in the M group were additionally

treated with a continuous intravenous infusion of milrinone

that commenced with a loading dosage of 30 lg/kg and

was maintained at 0.375–0.5 lg/kg/min. Besides the mil-

rinone treatment, patients in the ME group received

esmolol through continuous intravenous infusion.

2.7 Data Collection

The characteristics for all patients, including age, sex,

severity of disease, and source of infection, were collected

on ICU admission. Severity of disease was assessed by

Acute Physiology and Chronic Health Evaluation II

(APACHE II) score. The vital signs of patients before

different treatments, including body temperature, HR,

respiratory rate, and white blood count, were also recorded

in the ICU. Mortality was recorded in the ICU and on day

28. In addition, ICU-free days, hospital-free days, as well

as adverse events occurring after treatment initiation up to

day 28 were also recorded.

Clinical data were recorded at baseline (before initiation

of treatment) and 12, 24, 48, 72, and 96 h after different

drug treatments for hemodynamic parameters including

MAP, central venous pressure (CVP), HR, Cardiac Index

(CI) and Stroke Volume Index (SVI); and for organ func-

tion variables including blood lactic acid, creatinine,

bilirubin, aspartate aminotransferase, alanine aminotrans-

ferase (ALAT), urine output, the ratio of the arterial

oxygen partial pressure to the fraction of inspired oxygen

(PaO2/FiO2), and for norepinephrine dosages.

2.8 Blood Samples

Blood samples were collected in 5 mL tubes immediately

at baseline and 24, 48, 72, and 96 h after treatment, cen-

trifuged, and serum was preserved at –80 �C until analysis.

The serum level of proinflammatory factors including

tumor necrosis factor (TNF)-a and interleukin (IL)-6, and

markers of myocardial injury including creatine kinase-MB

(CK-MB), troponin I (TnI), and brain natriuretic peptide

(BNP) were both detected by enzyme-linked immunosor-

bent assay (ELISA; Alpco, Windham, NH, USA). The type

of ELISA kit used was as follows: TNF-a ELISA,

45-TNFHU-E01; IL-6 ELISA, 45-IL6HU-E01; CK-MB,

25-CKMHU-E01; TnI ELISA, 25-TR1HU-E01; and BNP

ELISA, 04-BI-20852W. The serum level of high mobility

group box-1 (HMGB-1) was also detected by an ELISA kit

(ST51011; IBL, Toronto, ON, Canada).

2.9 Statistical Analysis

SPSS� version 17.0 was used for randomization and sta-

tistical analyses. Continuous variables were presented as

mean ± standard deviation (S.D.) and non-parametric

continuous variables were presented as median (minimum

to maximum). Categorical variables were presented as

number (%). One-way analysis of variance (ANOVA)

followed by Duncan’s Multiple Range test were used to

compare the differences in continuous variables among

three different groups at baseline and other observation

timepoints. Wilcoxon tests were performed to compare the

differences in non-parametric continuous variables. Pear-

son’s Chi-squared (v2) test was used to compare enumer-

ation data of patients among three groups (if expected

values were below 5, Fisher’s exact test was used). Also,

28-day overall survival rates were compared using Kaplan–

Meier survival curves followed by a Log rank test. P values

\0.05 were regarded as statistically significant.

3 Results

3.1 Patients

A total of 182 patients were screened. Among them, 92

were excluded because of an HR \95 beats/min after

EGDT (n = 77), b-blocker therapy prior to the present

study (n = 6), sinus bradycardia or atrioventricular block

(n = 5), and rejection to participate (n = 4). As a result, 90

patients were enrolled in this study and randomly assigned

to the C, M, and ME groups in a 1:1:1 ratio (Fig. 1). All
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enrolled subjects finished the whole trial and thus were

included in the analyses. Patients among the groups were

matched for basic characteristics including age, sex,

APACHE II score, vital signs, and source of infection

(Table 1). Blood cultures were obtained from all patients in

the three treatment groups; 16 (53.3 %) patients had pos-

itive blood cultures in the C group, 12 patients (40 %) had

positive blood cultures in the M group, and 15 (50 %)

patients had positive blood cultures in the ME group. All

sepsis patients received antibiotics.

3.2 Primary Outcome

The 96-h successful HR control rates for the C, M, and ME

groups were 43.3, 53.3, and 100 %, respectively. There

was a significant statistical difference between the ME and

Fig. 1 Flow chart of the present study

Table 1 Basic characteristics

of the study population in the

control, milrinone, and

milrinone–esmolol groups

Characteristic C group (n = 30) M group (n = 30) ME group (n = 30)

Age [median (range)], years 33.5 (23–60) 38 (20–57) 34 (21–60)

Males 20 (66.7) 19 (63.3) 19 (63.3)

APACHE II score 20.6 ± 5.8 20.8 ± 5.6 21.2 ± 5.7

Vital signs

Body temperature (�C) 38.20 ± 1.67 38.26 ± 2.02 38.18 ± 1.58

Heart rate (beats/min) 118.5 ± 19.3 120.2 ± 20.7 122.4 ± 18.3

Respiratory rate (/min) 21.7 ± 6.4 25.3 ± 4.1 23.7 ± 5.7

White blood count (91000/lL) 13.5 ± 6.8 12.9 ± 7.4 13.9 ± 7.2

Sites of infection

Lung 14 (46.7) 15 (50) 14 (46.7)

Abdomen 8 (26.7) 9 (30) 8 (26.7)

Catheter-related bloodstream 5 (16.7) 4 (13.3) 4 (13.3)

Bone and joint 2 (6.7) 1 (3.3) 2 (6.7)

Skin soft tissue 1 (3.3) 1 (3.3) 2 (6.7)

Continuous data are presented as mean ± standard deviation and categorical variables are presented as

n (%), unless otherwise specified

APACHE II Acute Physiology and Chronic Health Evaluation II, C group control group, M group milrinone

group, ME group milrinone–esmolol group
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M groups (P\ 0.001), as well as between the M and

C groups (P\ 0.001).

3.3 Secondary Outcomes

3.3.1 28-Day Overall Survival

A significant difference in 28-day overall survival was

detected among the C, M, and ME groups [Figs. 2, 3; Log

rank statistic = 10.528; degrees of freedom (df) = 2;

P = 0.005]. Patients in the M group had a similar overall

survival to those in the C group (Log rank statis-

tic = 0.976; P = 0.323). However, overall survival was

higher in the ME group than in the M (Log rank statis-

tic = 5.452; P = 0.020) and C (Log rank statis-

tic = 10.206; P = 0.001) groups.

3.3.2 Hemodynamic Variables

Before treatment, patients in the three study groups had

comparable hemodynamic values (Table 2). No significant

difference in MAP and CVP was found after treatment.

However, 12 h later, the HRs of patients in the ME group

were significantly lower than those of patients in the C and

M groups (P\ 0.05) (Table 2). Meanwhile, the CI and SVI

levels of patients in the M and ME groups were statistically

higher than those of the C group at 12 h after treatment

(P\ 0.05) (Table 2). Moreover, there was a significant

decrease in the norepinephrine dosage for patients in the

ME and M groups when compared with that for patients in

the C group (P\ 0.05) 72 h after treatment (P\ 0.05).

3.3.3 Organ Function Variables

The results indicating liver, kidney, as well as arterial

blood gas functions of patients from the three treatment

groups are shown in Table 3. Baseline disturbances of

these functions were positively changed after 96 h in the

ME group and there was a significant improvement of liver

and renal function of patients in ME group when compared

with that of patients in the C group after 96 h (P\ 0.05 for

blood lactic acid, creatinine, ALAT, and urine output).

However, all variables similarly improved between M and

ME group with no significant difference.

Fig. 2 28-day overall survival

analyses

Fig. 3 Comparison of rate of 28-day survival and heart rate control

of patients among the three treatment groups. Pearson’s Chi-squared

(v2) test was used to compare enumeration data of patients among the

three groups (if expected values were below 5, Fisher’s exact test was

used). Data are presented as number/total number (100 %). C group

control group, HR heart rate, M group milrinone group, ME group

milrinone–esmolol group, *P\ 0.05 compared to the C group,
#P\ 0.05 compared to the M group

Milrinone Plus Esmolol for Severe Sepsis 711



3.3.4 Proinflammatory Factors and Myocardial Injury

Markers

There were no significant differences in TNF-a, IL-6,

HMGB-1, CK-MB, TnI, and BNP levels among the three

groups before treatment, but these measures were signifi-

cantly lower in the ME group than in C and M groups after

24 h of treatment (P\ 0.05) (Tables 4, 5).

3.3.5 Duration in the Intensive Care Unit and Hospital

There was no significant difference in both ICU-free days

and hospital-free days among the three groups (P[ 0.05;

Fig. 4).

3.3.6 Adverse Effects

Among the patients in the ME group, two patients showed

asymptomatic bradycardia. No significant arrhythmia was

detected in any group. There was no significant difference

in the adverse effects among the three groups.

4 Discussion

Septic cardiomyopathy caused by severe sepsis is usually

associated with the clinical characteristics of lower cardiac

output and high mortality [18]. In 2012, Macchia et al. [19]

reported that the mortality of patients with severe septic

cardiomyopathy could be reduced by continuously taking

b-blockers. Suzuki et al. [20] have shown that esmolol

infusion in sepsis can improve oxygen utilization of the

myocardium and preserve myocardial function in rats [20].

Schmittinge et al. [21] showed that low doses of enteral

metoprolol in combination with milrinone were feasible in

patients with septic shock and cardiac depression, and

could increase SVI and pH and reduce arterial lactate

Table 2 Hemodynamic

variables at baseline and during

the observation period

Variable Baseline 12 h 24 h 48 h 72 h 96 h

MAP (mmHg)

C group 59 ± 19 66 ± 20 70 ± 21 72 ± 22 74 ± 21 81 ± 19

M group 60 ± 18 65 ± 22 69 ± 21 72 ± 20 75 ± 18 80 ± 19

ME group 58 ± 21 65 ± 21 71 ± 22 72 ± 18 75 ± 20 82 ± 16

CVP (mmHg)

C group 10 ± 3 11 ± 2 11 ± 3 12 ± 3 12 ± 2 14 ± 2

M group 10 ± 3 10 ± 3 11 ± 3 12 ± 3 12 ± 2 13 ± 3

ME group 10 ± 2 11 ± 2 12 ± 2 12 ± 2 12 ± 3 12 ± 2

HR (bpm)

C group 118 ± 19 116 ± 18 115 ± 18 110 ± 16 110 ± 15 105 ± 12

M group 120 ± 20 118 ± 18 115 ± 19 112 ± 18 112 ± 16 108 ± 14

ME group 122 ± 18 84 ± 14*,# 84 ± 12*,# 83 ± 12*,# 84 ± 12*,# 82 ± 12*,#

CI (L/min�m2)

C group 1.8 ± 0.4 2.0 ± 0.5 2.2 ± 0.6 2.4 ± 0.5 2.6 ± 0.6 3.0 ± 0.8

M group 1.8 ± 0.4 3.1 ± 0.5* 3.2 ± 0.5* 3.4 ± 0.6* 3.5 ± 0.8* 3.6 ± 0.8*

ME group 1.8 ± 0.5 3.0 ± 0.5* 3.2 ± 0.6* 3.4 ± 0.6* 3.4 ± 0.5* 3.5 ± 0.6*

SVI (mL/bpm2)

C group 19 ± 7 22 ± 8 25 ± 8 28 ± 9 30 ± 10 32 ± 12

M group 18 ± 8 32 ± 9* 36 ± 10* 40 ± 12* 42 ± 14* 45 ± 14*

ME group 18 ± 7 30 ± 8* 36 ± 9* 39 ± 10* 42 ± 12* 44 ± 14*

NE (lg/kg/min)

C group 0.23 ± 0.18 NM 0.24 ± 0.18 0.22 ± 0.20 0.18 ± 0.14 0.17 ± 0.12

M group 0.28 ± 0.21 NM 0.28 ± 0.24 0.19 ± 0.16 0.12 ± 0.16* 0.11 ± 0.10*

ME group 0.25 ± 0.16 NM 0.21 ± 0.18 0.18 ± 0.14 0.09 ± 0.08* 0.07 ± 0.04*

Data are presented as mean ± standard deviation

bpm beats per minute, C group control group, CI Cardiac Index, CVP central venous pressure, HR heart

rate, M group milrinone group, MAP mean arterial pressure, ME group milrinone–esmolol group, NE

norepinephrine, NM not measured, SVI Stroke Volume Index

* Q\ 0.05 compared with patients in the C group at a time after treatment
# Q\ 0.05 compared with patients in the M group at a time after treatment
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significantly [21]. Moreover, for patients in septic shock,

open-label use of esmolol was associated with reductions

in the HR to achieve target levels and lower mortality [22].

In our study, the results showed that combination therapy

with milrinone and esmolol could reduce arterial lactate,

improve cardiac function, and reduce the mortality of

septic cardiomyopathy patients, which was consistent with

the previous studies.

CK-MB, TnI, and BNP are markers of myocardial injury

dysfunction, of which significantly higher values have been

observed in septic cardiomyopathy patients [23]. Previous

studies have shown that CK-MB, TnI, and BNP could be

reliable markers for identification of patients developing

sepsis-induced myocardial depression, and could be used

as a prognostic marker to identify patients with an elevated

risk for an adverse outcome [24–26]. Patients with septic

cardiomyopathy who have elevated markers of myocardial

injury dysfunction still had a high mortality even though

the cardiac output was normal, which indicated their vital

impact on disease severity and the prognostic value in

patients with septic cardiomyopathy [27]. The 2014 study

by Papanikolaou et al. [28] showed that fast BNP decline

after therapy was associated with favorable outcomes in

critical sepsis [28]. We found that following combination

therapy of milrinone and esmolol, patients’ cardiac func-

tion was improved, with reduced 28-day mortality, and the

serum CK-MB, TnI, and BNP levels were also significantly

reduced.

The monocytes were activated in patients accompanying

with the initiation of the immune system in patients with

sepsis, causing abundant release of proinflammatory fac-

tors such as TNF-a, IL-6, and HMGB-1 [29], which could

Table 3 Organ function variables at baseline and during the observation period

Variable Baseline 12 h 24 h 48 h 72 h 96 h

Blood lactic acid (mmol/L)

C group 4.2 ± 2.3 4.0 ± 2.2 3.8 ± 2.1 3.6 ± 1.6 3.5 ± 1.5 3.2 ± 1.2

M group 4.2 ± 2.2 3.8 ± 2.3 3.6 ± 1.6 1.6 ± 0.4* 1.5 ± 0.5* 1.4 ± 0.4*

ME group 4.3 ± 2.1 3.9 ± 2.2 3.8 ± 2.2 1.5 ± 0.4* 1.4 ± 0.4* 1.2 ± 0.5*

Creatinine (lmol/L)

C group 189 ± 120 NM NM 165 ± 104 156 ± 102 148 ± 85

M group 168 ± 93 NM NM 135 ± 90 122 ± 87 80 ± 42*

ME group 176 ± 101 NM NM 142 ± 100 104 ± 72* 89 ± 49*

Bilirubin (lmol/L)

C group 18 ± 14 NM NM 21 ± 13 22 ± 18 22 ±10

M group 22 ± 13 NM NM 20 ± 15 19 ± 12 20 ± 12

ME group 18 ± 15 NM NM 22 ± 18 23 ± 13 23 ± 14

ASAT (U/L)

C group 106 ± 72 NM NM 110 ± 72 83 ± 70 78 ± 42

M group 92 ± 60 NM NM 90 ± 75 72 ± 46 64 ± 32

ME group 148 ± 70 NM NM 127 ± 82 84 ± 56 70 ± 38

ALAT (U/L)

C group 100 ± 72 NM NM 87 ± 59 80 ± 59 87 ± 48

M group 88 ± 62 NM NM 72 ± 49 68 ± 42 56 ± 38*

ME group 82 ± 58 NM NM 104 ± 42 64 ± 40 54 ± 49*

Urine output (mL/24 h/m2)

C group 720 ± 502 NM 770 ± 370 820 ± 540 890 ± 580 800 ± 607

M group 745 ± 490 NM 780 ± 450 835 ± 520 1320 ± 490* 1350 ± 629*

ME group 689 ± 402 NM 709 ± 430 906 ± 540 1420 ± 640* 1470 ± 592*

PaO2/FiO2 (mmHg)

C group 224.2 ± 109.4 232.4 ± 105.6 238.5 ± 110.2 240.6 ± 112.4 242.8 ± 104.2 246.6 ± 102.5

M group 218.4 ± 108.6 226.5 ± 106.2 234.8 ± 105.6 242.4 ± 104.8 245.6 ± 108.2 248.2 ± 110.6

ME group 216.2 ± 106.6 224.4 ± 108.8 232.5 ± 109.6 238.8 ± 110.4 244.4 ± 110.6 245.9 ± 104.5

Data are presented as median ± standard deviation

ALAT alanine aminotransferase, ASAT aspartate aminotransferase, C group control group, M group milrinone group, ME group milrinone–

esmolol group, NM not measured, PaO2/FiO2 ratio of the arterial oxygen partial pressure to the fraction of inspired oxygen

* Q\ 0.05 compared with patients in the C group at a time after treatment
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cause significant myocardial depression and depress

myocardial contractile function, eventually leading to the

development of septic cardiomyopathy [30]. According to

the results of Li et al. [31], modulation of the PI3K/p110a
signaling pathway and inhibition of cardiac HMGB-1 may

be beneficial for the prevention and/or management of

septic cardiomyopathy, while Suzuki et al. [20] showed

that esmolol infusion in sepsis could reduce TNF-a con-

centrations and improve cardiac output and cardiac effi-

ciency in esmolol-treated rats in order to improve oxygen

utilization of the myocardium and preserve myocardial

function [20]. Similarly, we can conclude from our study

that combination therapy with milrinone and esmolol could

improve patients’ cardiac function and reduce mortality, as

well as reduce the serum level of proinflammatory factors

such as TNF-a, IL-6, and HMGB-1.

Patients with severe septic cardiomyopathy quite often

suffer from tachycardia. However, if the tachycardia still

exists after sufficient dilation of the blood volume and

elimination of pain or dysphoria, excessive sympathetic

Table 4 Myocardial injury markers at baseline and during the observation period

Marker Baseline 24 h 48 h 72 h 96 h

CK-MB (IU/L)

C group 32.14 ± 18.05 35.24 ± 20.26 28.12 ± 17.06 26.38 ± 16.48 24.66 ± 15.52

M group 33.24 ± 18.06 36.28 ± 18.02 27.84 ± 16.68 24.54 ± 17.64 22.85 ± 16.56

ME group 33.76 ± 19.24 24.92 ± 15.52*,# 18.32 ± 12.36*,# 16.08 ± 10.34*,# 14.55 ± 9.04*,#

TnI (ng/mL)

C group 1.23 ± 0.72 1.51 ± 0.86 1.18 ± 0.65 0.87 ± 0.45 0.64 ± 0.36

M group 1.28 ± 0.75 1.45 ± 0.82 1.12 ± 0.62 0.84 ± 0.42 0.62 ± 0.34

ME group 1.26 ± 0.78 1.16 ± 0.56*,# 0.72 ± 0.42*,# 0.42 ± 0.24*,# 0.18 ± 0.07*,#

BNP (pg/mL)

C group 2086.24 ± 1915.38 2652.06 ± 2254.24 2086.35 ± 1915.62 1845.82 ± 1782.38 1325.74 ± 1254.56

M group 2128.05 ± 2029.26 2702.68 ± 2362.54 1782.35 ± 1675.56 1514.96 ± 1432.25 1246.84 ± 1158.26

ME group 2196.75 ± 2058.64 1454.36 ± 1386.65*,# 1265.76 ± 1087.58*,# 859.12 ± 823.25*,# 612.34 ± 594.42*,#

Data are presented as median ± standard deviation

BNP brain natriuretic peptide, C group control group, CK-MB creatine kinase-MB, M group milrinone group, ME group milrinone–esmolol

group, TnI troponin I

* Q\ 0.05 compared with patients in the C group at the same timepoint
# Q\ 0.05 compared with patients in the M group at the same timepoint

Table 5 Proinflammatory

factors at baseline and during

the observation period

Proinflammatory factor Baseline 24 h 48 h 72 h 96 h

TNF-a (ng/L)

C group 26.2 ± 3.8 20.4 ± 3.2 18.6 ± 2.9 17.8 ± 2.8 17.2 ± 2.8

M group 26.6 ± 3.6 20.2 ± 3.4 17.8 ± 2.8 17.2 ± 2.6 16.8 ± 2.5

ME group 26.8 ± 3.5 17.8 ± 2.6*,# 15.6 ± 2.5*,# 15.2 ± 2.4*,# 14.8 ± 2.5*,#

IL-6 (ng/L)

C group 34.5 ± 4.5 30.6 ± 4.4 28.8 ± 3.8 26.4 ± 3.5 25.6 ± 3.6

M group 34.8 ± 4.6 30.4 ± 4.2 28.2 ± 3.6 25.8 ± 3.5 25.4 ± 3.8

ME group 34.6 ± 4.8 27.5 ± 4.6*,# 22.6 ± 3.2*,# 21.4 ± 3.4*,# 20.5 ± 2.6*,#

HMGB-1 (ng/mL)

C group 4.2 ± 0.4 9.8 ± 0.8 10.6 ± 1.2 9.6 ± 0.6 9.2 ± 0.5

M group 4.4 ± 0.5 9.5 ± 0.5 10.2 ± 0.9 9.4 ± 0.6 9.2 ± 0.5

ME group 4.5 ± 0.4 8.4 ± 0.6*,# 7.8 ± 0.5*,# 7.2 ± 0.6*,# 6.8 ± 0.4*,#

Data are presented as median ± standard deviation

C group control group, HMGB-1 high mobility group box-1, M group milrinone group, ME group milri-

none–esmolol group, TNF-a tumor necrosis factor-a

* Q\ 0.05 compared with patients in the C group at the same timepoint
# Q\ 0.05 compared with patients in the M group at the same timepoint
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nerve excitement should be taken into consideration.

Tachycardia would increase the myocardial oxygen demand

and cardiac load as well as shorten the ventricular diastolic

time [14]. What’s more, the excessive sympathetic nerve

excitement could result in left ventricular apical ballooning,

myocardial stunning, apoptosis and necrosis of myocardial

cells [32, 33]. However, it is controversial as to whether the

tachycardia of septic cardiomyopathy patients should be

controlled or not, as lowering the HR would cause

decreased cardiac output and reduced tissue perfusion,

although it would reduce myocardial oxygen demand and

improve ventricular diastolic dysfunction and coronary

perfusion. Thus, it appears necessary to choose appropriate

drugs to control patients’ HR within the optimal range,

which would reduce the myocardial oxygen demand with-

out affecting cardiac output.

As a rapid-effect intravenous b-blocker, esmolol can

reduce cardiac output in proportion to the percentage

decreases in HR without adversely affecting oxygen [15].

Thus, in the present study, we treated patients with esmolol

and controlled patients’ HR in the range of 75–94 beats/

min and the results at 28 days showed that the lactate,

cardiac function, and mortality were all significantly

improved, which was consistent with the previous studies

of Schmittinge et al. [21] and Morelli et al. [22].

However, there are some limitations to our study.

First, the lack of echocardiography data limited the

detailed investigation of cardiac function improvement

after combination therapy with milrinone and esmolol in

our analysis. Secondly, as the dosage of esmolol was

adjusted according to the HR level, the study was

designed as a non-blind trial, which is prone to bias.

Thirdly, although the predefined HR threshold in our

study was set following that of previously reported data,

this threshold was set arbitrarily without being individ-

ualized according to the specific myocardial character-

istics of each patient. In addition, the 28-day mortality of

patients in the C group was very high. Most patients in

this group died because of complications outside of the

hospital setting, which was speculated to be due to

insufficient care for these patients out of hospital. This

phenomenon should be brought to the surgeon’s atten-

tion as adequate care is still needed when patients with

stable vital signs leave the hospital.

5 Conclusion

Combination therapy with milrinone and esmolol could

improve the cardiac function and 28-day survival rates in

patients with severe sepsis. In addition, the combination

treatment could reduce patient’s HR and inhibit the

inflammatory response caused by sepsis. Future prospec-

tive controlled trials on combination therapy with milri-

none and esmolol for septic cardiomyopathy and their

influence on the prognosis are warranted.
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