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Abstract 

 Objective: The purpose of this integrative review is to investigate the effect of an esmolol 

infusion on perioperative opioid use and postoperative pain scores.  Methods: Articles published 

between 2012 and 2020 were examined and reviewed for quality, strength and relevance to the 

topic.  Results: Evidence suggests that an intraoperative esmolol infusion can decrease 

intraoperative and postoperative opioid consumption, as well as decrease postoperative pain 

scores. 
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Introduction 

Opioids are the leading cause of drug overdose deaths,1 and they continue to remain a 

primary modality for postoperative acute pain management. In 2017, the Centers for Disease 

Control and Prevention posted a study that revealed that opioids were involved in 67.8% of all 

overdose deaths in that year.1 Opioids also have numerous unwanted side effects that may extend 

a patient’s stay in the hospital such as respiratory depression, nausea, vomiting, urinary retention, 

pruritis, and opioid-induced hyperalgesia.2 Anesthesia providers face the challenge of managing 

a patient’s pain while attempting to limit the exposure of high doses of opioids in the 

perioperative period to prevent unwanted side effects. Esmolol, a beta-1 receptor antagonist, has 

been introduced as an adjunct to intraoperative use of opioids.3 Studies have shown that when 

beta-blockers, such as esmolol, are administered during the intraoperative period they can 

decrease the anesthetic requirements and decrease the use of perioperative opioids.2 

Methods 

A PICO question was used as a guide to review the literature. The PICO question for this 

literature review is: In healthy patients undergoing elective surgery (P), does the addition of an 

esmolol infusion during the intraoperative period (I) decrease perioperative opioid consumption 

and pain scores, (O) compared to not using esmolol (C)? Literary search engines used included 

Medline, Cumulative Index to Nursing & Allied Health Literature (CINAHL), PubMed, 

Cochrane Collection, and Google Scholar. Keywords that will be utilized either separately or in 

combination include: Esmolol infusion, intraoperative esmolol, opioid, pain scores. Inclusion 

criteria for the accepted articles included articles that were published from 2012-2020, written in 

English, key words were included, elective general surgery procedures, and ASA I & II patients.  

Exclusion criteria included articles that were older than 10 years, non-elective surgeries, ASA III 
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or IV patients, did not use an esmolol infusion, and the anesthetic mode included regional 

anesthesia. 

A total of 365 articles were identified that met the inclusion criteria. These articles were 

narrowed down based on the inclusion criteria and a total of 11 randomized control trials were 

included in this literature review. 

Literature Analysis 

All studies except one used an esmolol infusion with a bolus dose prior to initiation. The 

bolus dose was either 0.5 mg/kg5–12 or 1 mg/kg13,14 and was administered with induction 

followed by the infusion. The infusion doses ranged from 5 to 500 mcg/kg/min.4–14   

Eight studies measured pain scores after using an esmolol infusion.4–7,9,10,13,14 These studies used 

the Visual Analogue Scale (VAS) to measure pain scores after the esmolol infusion. Scores are 

based on self-reported measures of symptoms with a handwritten mark at one point along a 10-

centimeter line. If the subject answered the pain rating scale with a score of 0, the subject 

indicates “no pain,” and if the subject answered with a score of 10, the subject indicates the 

“worst pain” possible. 

When comparing pain scores after using either an esmolol infusion versus opioid, six 

studies showed a decrease in pain scores on arrival to the recovery room.4,6,7,9,10,14 Dhir and 

colleagues showed the biggest decrease, with a 62% decrease in pain scores upon arrival to the 

recovery room with the esmolol group reporting a mean score of 1.8 and the control group 

reporting a mean score of 4.77.7 After being in the recovery room for up to 30 minutes, five 

studies showed a statistically significant decrease in pain scores,5,6,12–14 with Lee and colleagues 

showing a 42% decrease in pain scores.9 Three studies showed a significant decrease in pain 
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scores at one hour.6,7,14 and three other studies showed a significant decrease in pain scores at 

greater than one hour.7,10,13 

Five studies measured intraoperative opioid consumption while using an esmolol 

infusion.6,9,11,12,14 When comparing intraoperative opioid consumption, there were significant 

findings on a reduction of intraoperative opioid consumption when using an esmolol infusion. 

One studied showed a 50% reduction in intraoperative opioids administered when using an 

esmolol infusion.6 In this study, the intraoperative consumption of remifentanil was 0.8 mg with 

the esmolol infusion, whereas the intraoperative consumption of remifentanil without the 

esmolol infusion was 1.6 mg.6 Other studies showed 36%12 and 37%14 reductions in opioids, 

where Hamed et al and Lee et showed a 13% reduction of intraoperative opioid consumption.9,11 

Six studies that were reviewed did not measure intraoperative opioid consumption.4,5,7,8,10,13 

Eight studies measured postoperative opioid consumption after using an esmolol 

infusion.4–6,8,10–13 When comparing postoperative opioid consumption, there were also significant 

findings on a reduction of postoperative opioid consumption after using an esmolol infusion 

during the intraoperative period. For 30-60 minutes postoperative, four studies showed a 

statistically significant decrease in postoperative opioid requirements for up to 60 minutes.4,5,12,13 

Vahabi and colleagues showed up to a 70% decrease in postoperative opioid requirements4 

whereas Bhawna et al, Akelma et al, and Hwang et al showed around a 50% decrease in opioid 

requirements for up to 60 minutes postoperative.5,12,13 Bajracharya et al showed the same amount 

of opioids were required for both the esmolol group and the control group,8 and Hamed et al 

showed a 1% increase in opioid requirements for the esmolol group compared to the control 

group.11 
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Discussion 

Proposed MOA 

Esmolol is a very short acting beta-adrenergic blocking medication. Esmolol has an onset 

of 2-3 minutes with a mean half-life of 9 minutes,15 with 90% of beta blockade at 5 minutes.16 

The short half-life of 9 minutes is due to its rapid metabolism by plasma cholinesterase. The 

specific mechanism for which esmolol decreases perioperative opioid consumption is unclear. 

Bahr and colleagues point out several hypotheses on why esmolol may decrease perioperative 

opioid consumption.15 First, esmolol may decrease opioid consumption by blocking beta-

adrenergic receptors within the brainstem. It can also reduce neuronal inflow into the CNS. 

These two responses would likely modulate stress responses such as the release of 

norepinephrine and neuropeptide Y from sympathetic postganglionic neurons. A third hypothesis 

is that beta blockade has been implicated in hippocampal regulation.15 During emotional stress, 

stress imaging has shown there is increased hippocampal activation and norepinephrine.  

Norepinephrine is a stress hormone that activates beta-1 and beta-2 receptors in the 

hippocampus. Blockade of these receptors decreases the contribution of beta-adrenergic 

activation of the nociceptive process, which thereby produces attenuation of perceived noxious 

stimuli. Hippocampal activation is thought to play a role in nociception via N-methyl-D-

aspartate subtype glutamate receptors.17 A fourth hypothesis includes that by decreasing the 

cardiac output and hepatic blood flow with beta-blockers, there is a decrease in metabolism of 

short-acting opioids.15 A fifth hypothesis includes that beta-blockers resemble the mechanism of 

central analgesia and antinociception, similar to clonidine.  Clonidine works by activating G 

proteins which alters the transmission of the patient’s pain.15   

Postoperative pain scores 
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The studies in this review that measured postoperative pain scores all showed statistically 

significant decreases in postoperative pain scores when participants were administered an 

esmolol infusion. Dhir and colleagues showed the biggest decrease in postoperative pain scores 

when using an esmolol infusion during a laparoscopic choleycystectomy.22 Similar results were 

obtained when measuring postoperative pain scores after a laparoscopic cholecystectomy in three 

other studies.8,9,13 Celebi and colleagues showed a 51% decrease in pain scores during a 

septorhinoplasty.6 The studies above provide evidence that using an esmolol infusion for 

different types of surgeries can still have an effect on decreasing postoperative pain scores.  

Intraoperative opioid use 

Celebi and colleagues showed the biggest decrease in intraoperative opioid consumption 

when compared to the control group. The esmolol group used a total of 0.8 mg of Remifentanil 

compared to 1.6 mg with the control group.6 Other studies used fentanyl as the intraoperative 

opioid of choice.  Depending on the type and length of surgery, hemodynamics, as well as other 

factors, there can be varying doses of intraoperative opioid use. All studies that measured 

intraoperative opioid use in this literature reviewed showed that when using an esmolol infusion 

there is a statistically significant decrease in intraoperative opioid use.   

Postoperative opioid use 

In these studies, the esmolol infusion was stopped at the end of the surgery. The studies 

included in this review measured postoperative opioid consumption at varying times. An esmolol 

infusion during the intraoperative period has been shown to decrease postoperative opioid use 

within 30-60 minutes after surgery and up to 48 hours when compared to a control group.4–6,8,10–

13 Four studies show a statistically significant decrease in postoperative opioid consumption 

within the first hour after the esmolol infusion was turned off.4,5,12,13 Unlike intraoperative opioid 
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use, not all studies that are included in this study showed a significant decrease in postoperative 

opioid use. This could be due to the short half-life of esmolol and that the esmolol infusion was 

not being administered in the postoperative phase. 

Loading & Infusion Dose 

In this review of literature, the loading dose of esmolol did not play a factor in the 

decrease in pain scores. Vahabi and colleagues did not use a loading dose and showed a 49% 

decrease in pain scores, where seven studies used a 0.5 mg/kg loading dose and showed 

anywhere from a 26-62% decrease in pain scores, and two studies that used a 0.1 mg/kg13,14 

loading dose saw a 29-31% decrease in pain scores upon arrival to the recovery room. The 

studies reviewed used a wide range of infusion doses ranging from 5 mcg/kg/min to 500 

mcg/kg/min. Dosing of the esmolol infusion can be varied based on hemodynamics, diagnosis, 

and the clinical setting.16 

Induction medications 

There were a wide variety of induction regimens used in the studies. Five studies used 

propofol, fentanyl, and esmolol for induction.5,7,8,11,14 Two studies used propofol, remifentanil, 

and esmolol for induction.6,9 One study used sodium thiopental, fentanyl, and esmolol for 

induction.10 Three studies used propofol and esmolol, without narcotic, for induction.4,12,13 There 

were also a wide variety of paralyzing agents used with the different studies. The purpose of this 

study was not to monitor the effects of esmolol with different induction agents, although that 

could have an effect on the doses of the esmolol infusions that were used throughout surgery. 

Side Effects and Contraindications 

The most common side effect of esmolol is hypotension. The incidence of hypotension 

increases with boluses of 100 mg (25%) and 200 mg (33%) or continuous infusions that exceed 
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150 mg/kg/min.16 Hypotension was less frequent in studies with an initial bolus of <500 

mcg/kg.16 Full recovery of hypotension takes 18-30 minutes after stopping the infusion.16 Other 

side effects can include bradycardia, heart block, bronchospasm, and heart failure.2 

Esmolol is not found to induce clinically significant unplanned bradycardia.18 One study 

showed that during a coronary CT angiography none of the patients developed bradycardia, 

which is defined as a decrease in heart rate below 50 beats/min.19 The study also states that the 

minimum heart rate that was reached in the group that received esmolol was 53 beats per 

minute.19 Another study found that esmolol treated patients had a 7.7 +/- 1.3% decrease in heart 

rate within 45 seconds of starting the bolus plus infusion.20 At 75 seconds there was a 16 +/- 

1.7% decrease in heart rate. Patients maintained a 20-24% decrease in heart rate throughout the 

infusion. Adverse events such as severe bradycardia or hypotension were not evident in any of 

the study patients.  A third study found that esmolol reduced heart rate by 5%.21 

Contraindications to an esmolol infusion include: Hypersensitivity to esmolol or any 

component of the formulation, severe sinus bradycardia, heart block greater than first degree, 

sick sinus syndrome, cardiogenic shock, decompensated heart failure, and pulmonary 

hypertension.22  

Recommendations/Conclusion 

The use of an esmolol infusion during the perioperative period has shown to decrease 

intraoperative and postoperative opioid consumption, as well as decreasing postoperative pain 

scores.  Using an esmolol infusion can limit the exposure of high doses of opioids in the 

perioperative period to prevent unwanted side effects which can hinder a patient’s recovery from 

surgery.  The ideal loading and infusion dose for esmolol to decrease opioid consumption is 

uncertain. This is due to a variety of factors including hemodynamics, comorbidities, types of 



THE EFFECT OF AN ESMOLOL INFUSION ON PERIOPERATIVE OPIOID USE AND 

POSTOPERATIVE PAIN SCORES 

 

10 

surgery, other treatment modalities, and level of adrenergic tone at the time of the study.  More 

research should be aimed at utilizing esmolol in the perioperative period in the healthy patient 

population. 
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Evidence Matrix 

Study Variables Sample Key Results 

Bhawna et 

al., 20125 

IV: 

Esmolol 

group (E) 

 Loading 

dose: 0.5 

mg/kg; 

Infusion 

dose: 0.5 

mg/kg/min  

Saline group 

(S) 

 Loading: 0.5 

mg/kg 

 Infusion: 0.5 

mg/kg/min  

 

DV: 

 Total 

morphine 

 VAS 

 n=50  

 ASA I & II 

 Age 25-65 

 Elective lower 

abdominal 

surgery 

Visual analogue score 

Time E S P value 

VAS 5 3.40  

1.190 

4.60  

1.472 

0.003 

VAS 10 4.24  

1.234 

6.04  

1.306 

0.000 

VAS 20 4.28  

0.843 

4.36  

0.638 

0.707 

VAS 25 4.32  

1.030 

4.84  

0.987 

0.074 

 

 

Total dose of morphine in the perioperative 

period 

 E S P value 

Total 

dose  
3.72  

1.308 

7.30  

1.732 

0.000 

 

Celebi et 

al., 20146 

IV: 

E 

 LD:  0.5 

mg/kg 

 ID: 0.05 

mg/kg/min  

 

Control group 

(C) 

 NS LD: 0.5 

mg/kg 

 NS ID:  0.05 

mg/kg/min  

 

DV: 

 VAS Score 

 Morphine 

used (mg) 

 Morphine 

usage (%) 

 

 n=60 

 ASA I & II 

 Age 18-65 

 Elective 

septorhiniplast

y 

VAS Score 

Time E C P 

value 

0 min 2.35 4.8 <0.05 

20 min 3.45 4.7 <0.05 

1 h 2.6 3.6 <0.05 

2 h 1.8 2.0 NS 

 

 C E P 

value 

Morphine 

used (mg) 

12.9 7.1 0.011 

Morphine 

usage (%) 

86.7 53.3 0.005 
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Dhir et al., 

20157 

IV: 

E 

 LD: 0.5 

mg/kg 

 ID: 0.05 

mcg/kg/min 

 

C 

 NS LD: 0.5 

mg/kg 

 NS ID: 0.05 

mcg/kg/min 

 

DV: 

 VAS 

 Post op 

rescue meds 

 

 n= 60  

 ASA I & II 

 Elective 

laparoscopic 

cholecystectom

y 

 

VAS Score 

Time E C P 

value 

0 h 1.8 4.77 <0.001 

1 h 1.27 1.63 NR 

2 h 0.83 2.1 NR 

3 h 1.27 4 NR 

4 h 1.57 2.17 NR 

8 h  2.5 2.6 NR 

12 h 3.47 2.6 NR 

24 h 1.13 1.93 NR 

 

Percentage of patients requiring 

postoperative rescue analgesic 

 E C P 

value 

2 h 0 13.33% NR 

3 h 0 70% NR 

4 h 3.33% 16.67% NR 
 

Elokda et 

al., 201514 

IV: 

E 

 LD: 1 mg/kg 

 ID: 15 

mcg/kg/min 

 

C 

 NS LD: 1 

mg/kg 

 NS ID: 15 

mcg/kg/min 

 

DV:  

 Total 

fentanyl 

used 

 VAS 

 Total 

postoperativ

e analgesic 

requirement

s 

 n= 80  

 ASA I & II 

 Elective 

arthroscopic 

rotator cuff 

repair 

 

Anesthetic data 

 E C P 

value 

Total 

amt of 

fentanyl 

used 

(mcg) 

150  65 240.7  

110 

0.031 

 

Visual Analog Scale (0-100) 

Time E C P 

value 

Postop 40 58 NR 

30 min 38 57 NR 

1 h 44 58 NR 

2 h 48 52 NR 

4 h 42 54 NR 

 

Postop morphine consumption 

Morphine 

(mg) 

E C P value 

1 h 3.5  1 6  2 0.023 

6 h 7.1  3 13  3 0.0001 

12 h 8.7  3 15  3 0.0000 

24 h 16  3 20  10 0.0005 
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Haghighi 

et al., 

201510 

IV: 

E 

 LD: 0.5 

mg/kg 

 ID:  5 

mcg/kg/min 

C 

 NS LD: 30 

mL 

 NS ID: 

0.005 

mL/kg/min 

 

DV: 

 VAS Score 

 Post op 

rescue 

analgesic 

requirement

s 

 

 n= 82 

 Age 20-65 

years 

 ASA I & II 

 Tibia fractures 

 

VAS Score 

VAS E C P value 

Recovery 4.19  

2.05 

6.29  

2.14 

0.02 

3 h 5.12  

1.86 

6.8  

2.01 

0.0001 

6 h 5.21  

1.87 

6.43  

1.48 

0.0001 

 

Post op rescue analgesic requirements 

 E C P value 

Pethidine 

consumption 

(mg) 

73.14  

36.38 

93.89  

26.21 

0.004 

 

Akelma et 

al., 201413 

IV: 

E 

 LD: 1 mg/kg 

 ID: 50 

mcg/kg/min 

 

Lidocaine 

group (L) 

 LD: 1.5 

mg/kg 

 ID: 2 

mg/kg/min 

 

C 

 LD: 10 mcg 

 ID: 10 

mL/hr 

 

DV: 

 Postop VAS 

 Fentanyl 

dose in 

PACU 

 n=48 patients  

 Age 20-70 

 ASA I & II 

 Elective lap 

chole 

 

Mean Postoperative VAS 

 E L  C P 

5 min 6 6 7 0.52 

10 

min 

5 6 7 0.006 

30 

min 

4 6 6 0.001 

3 h 4 5 6 0.006 

6 h 3 4 3 0.454 

12 h 2 3 2 0.282 

24 h 1 2 1 0.357 

 

Postoperative conditions 

 E L C P 

Fent 

(mcg) 

dose in 

PACU 

50  

11 

75  

18 

100  

27 

0.000 

Total 

Fent dose 
402  

72 

728 

 86 

663  

84 

0.000 
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 Total 

Fentanyl 

dose 

 

Bajrachary

a et al., 

2019 

IV: 

E 

 LD:  0.5 

mg/kg 

 ID:  5-15 

mcg/kg/min 

 

L 

 LD: 1.5 

mg/kg 

 ID: 1.5 

mg/kg/h 

 

DV: 

 VAS Scores 

 PACU 

morphine 

dose 

 Total 

morphine 

dose 24 h 

 n=90 

 Female 

 Age 18-60 

 ASA I & II 

Elective 

laparoscopic 

cholecystectomy 

VAS Score 

VAS E L P value 

Recovery 0-2.2 0-2.1 >0.05 

15 min 1.8-2.8 2.2-2.6 >0.05 

30 min 2.4-2.8 2.4-2.8 >0.05 

1 h 2.6-2.8 2.4-2.7 >0.05 

2 h 1.8-2.7 1.9-2.4 >0.05 

6 h 0-3.6 1.6-4 >0.05 

12 h 1.7-2.3 1.9-2.2 >0.05 

24 h 1.7-3 1.4-4 >0.05 

 

Total 24 hour morphine dose 

 E L P  

PACU 

morphine 

dose (mg) 

1 (0-

1.5 

mg) 

1 (0-

1.5 

mg) 

0.50 

Total 

morphine  24 

hr(mg) 

1 (0-

1.5 

mg) 

1.5 (1-

2 mg) 

0.27 

 

Hamed et 

al., 201911 

IV: 

E 

 LD: 0.5 

mg/kg 

 ID: 0.05-0.3 

mg/kg/min 

 

C 

 Hydroxyeth

yl starch 3 

mL/kg bolus 

 ID: LR 5 

mL/kg/h 

 

DV: 

 Total intraop 

(IO) dose of 

fentanyl 

 n=88 

 ASA I & II 

Elective 

myomectomy 

Postop pain and analgesic data 

 E C p 

Total IO 

consumption 

of fentanyl 

(mcg) 

474.1 

 90.3 

542  

93.1 

0.0007 

Total PO 

consumption 

of fentanyl 

(mcg) 

434.5 

 31 

431.3 

 31.2 

0.628 

Total IO and 

PO dose of 

fentanyl 

905.4 

 
106.2 

977.1 

 
113.5 

0.003 
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 Total postop 

(PO) dose of 

fentanyl 

 Total IO and 

PO dose of 

fentanyl 

 

Hwang et 

al., 201312 

IV: 

E 

 LD: 0.5 

mg/kg 

 ID: 30 

mcg/kg/min 

 

S 

 NS LD: 0.5 

mg/kg 

 NS ID: 30 

mcg/kg/min 

 

DV:  

 Total 

remifentanil 

group 

 NRS 

 Total dose 

of rescue 

analgesic 

 n=56 

 ASA I & II 

 Age 20-60 

 Elective 

laparoscopic 

gynecologic 

surgery 

 

 E S p value 

Total 

remifentanil 

dose 

(mcg/kg/min) 

0.09  

0.01 

0.14  

0.05 

0.031 

 

 Esmolol Saline p value 

NRS for 

degree of 

pain 

4.9  

1.5 

6.1  

1.1 

<0.005 

Total dose 

of rescue 

analgesic 

(mcg) 

25.0 50.0 0.008 

 

Lee et al., 

20149 

IV:  

E 

 LD:0.5 

mg/kg 

 ID:10 

mcg/kg/min 

Ketamine (K):  

 LD:0.3 

mg/kg 

 ID:3 

mcg/kg/min 

Saline: 

 NS LD 

 NS ID 

 

DV: 

 n=60 

 Age 20-70 

 ASA I & II 

Elective 

laparoscopic 

cholecystectomy 

 E K S p 

Total 

remifentan

il dose 

(mcg) 

690 

 
246.

9 

797.

5  

239.

2 

792 

 
267.

0 

0.320

5 

 

VAS Score 

VAS E K S 

0 min 2 2.5 5 

5 min 2.6 3 4.5 

15 min 3.2 3.3 4.6 

30 min 3.8 3.7 4.5 

45 min 3.4 3.5 4.2 

60 min 3.2 3.4 3.3 

 

Postoperative fentanyl requirements (mcg) 

 E K S 
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 Total 

remifentanil 

dose intraop 

 VAS Score 

 Postop 

fentanyl 

requirement

s 

0 min 2 mcg 4 mcg 25 mcg 

5 min 5 3 3 

15 min 2 10 15 

30 min 10 10 8 

45 min 5 3 4 

60 min 2 1 0 

Total 35 mcg 37 mcg 70 mcg 
 

Vahabi et 

al., 2018)4 

IV: 

E 

 ID: 5-10 

mcg/kg/min 

C 

 NS ID at 

same 

volume 

 

DV 

 Average 

pain score 

 Average 

morphine 

use 

 

 n=56 (24 in 

each group) 

 ASA I & II 

 Age 18-60 

Elective 

rhinoplasty 

 E C p  

Average 

pain 

score 

1.72  

0.11 

3.35  

0.11 

0.001 

Average 

morphine 

usage 

(mg) 

0.58  

0.2 

2.33  

0.2 

<001 

 

 

 


