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The effect of perioperative esmolol on early postoperative pain: 
A systematic review and meta-analysis
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Introduction

Esmolol is an ultra-short acting intravenous β-blocker 
having a rapid onset and offset of effect.[1]	It provides an 
unprecedented level of tolerability and safety in the perioperative 
setting.[2-4] The ability of esmolol to rapidly achieve steady-state 
β-blockade also makes it ideal to attenuate the adverse 

sympathetic hemodynamic effects of noxious stimuli such as 
endotracheal intubation, surgical incision, and extubation.[4,5] 
When used as an adjunct, it has been shown to improve the 
postoperative recovery by reducing postoperative pain intensity 
and intraoperative anesthetic and opioid requirements and 
preventing opioid-induced hyperalgesia.[6-25]

The mechanism of this synergistic effect is uncertain, but 
both pharmacokinetic and pharmacodynamics interactions 
with anesthetic drugs have been proposed.[20,26] A limited 
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Esmolol has been shown to improve postoperative pain and reduce opioid requirements. The aim of this systematic review 
was to evaluate the effect of perioperative esmolol as an adjunct on early postoperative pain intensity, recovery profile, and 
anesthetic requirement. Databases were searched for randomized placebo‑controlled trials evaluating the effects of esmolol 
during general anesthesia. Primary outcomes were related to early postoperative pain whereas secondary outcomes were 
related to emergence time, postoperative nausea and vomiting, and intraoperative anesthetic requirement. Nineteen trials 
were identified involving 936 patients (esmolol = 470, placebo = 466). In esmolol group, numeric pain scores at rest in 
the immediate postoperative period were reduced by 1.16 (95% confidence interval [CI]: 1.97–0.35, I2 = 96.7%) out of 10. 
Opioid consumption was also decreased in the postanesthesia care unit compared with placebo, mean difference of 5.1 mg (95% 
CI: 7.0–3.2, I2 = 96.9%) morphine IV equivalents; a 69% reduction in opioid rescue dosing was noted (odds ratio [OR]: 
0.31, 95% CI: 0.16–0.80, I2 = 0.0%). A 61% reduction in postoperative nausea and vomiting was also evident (OR: 0.39, 
95% CI: 0.20–0.75, I2 = 60.7%). A reduction in propofol induction dose was noted in the esmolol group (mean difference: 
−0.53 mg/kg, 95% CI: −0.63–−0.44, I2 = 0.0%). A decrease in end‑tidal desflurane equivalent (mean difference: 1.70%, 
95% CI: −2.39–−1.02,  I2 = 92.0%) and intraoperative opioid usage (fentanyl equivalent, mean difference: 440 µg, 95% 
CI: −637–−244, I2 = 99.6%) was observed in esmolol group. Esmolol had no effect on the emergence time. Perioperative 
esmolol as an adjunct may reduce postoperative pain intensity, opioid consumption, and postoperative nausea vomiting. Given 
the heterogeneity, larger clinical trials are warranted to confirm these findings.
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meta-analysis comparing perioperative esmolol to opioid showed 
a	reduction	in	postoperative	nausea	and	vomiting	(PONV)	
and discharge time but no effect on postoperative opioid 
requirement.[3]

The primary aim of this systematic review and meta-analysis 
was to assess the efficacy of esmolol as an adjunct in 
reducing acute postoperative pain and opioid consumption. 
Our secondary aim was to assess its role on emergence 
from general anesthesia and intraoperative anesthetic 
requirements.

Material and Methods

Search strategy
We followed the recommendations of the PRISMA 
statement[27]	 in	 creating	 this	 review.	We	 searched	OVID	
MEDLINE	(1980–February	2014),	OVID	EMBASE,	
EBSCO, CINAHL, and the Cochrane Register of 
Controlled Trials for randomized controlled trials (RCTs) 
that compared esmolol with placebo in adults undergoing 
general anesthesia. Databases were searched using the MeSH 
term “esmolol” used in conjunction with “pain scores,” 
“analgesia	requirement,”	“emergence	time,”	and	“PONV.”	
The search further included a set of items using the esmolol 
set in conjunction with opioid drugs, including “morphine,” 
“fentanyl,” “remifentanil,” “oxycodone,” “alfentanil,” 
“pethidine,” and “sufentanil,” and a further set using the terms 
“propofol,” “isoflurane,” “desflurane,” “halothane,” and 
“sevoflurane.” No language restriction was used. Additional 
studies were searched using the bibliographies of relevant 
articles and related systematic reviews. The manufacturers 
of esmolol were contacted, but they reported no unpublished 
studies on file.

Study selection and validity scoring
RCTs comparing perioperative esmolol with placebo in 
all types of surgery, where at least one patient outcome 
or anesthetic variable such as pain scores, intraoperative 
and postoperative opioid consumption, emergence time, 
PONV,	 and	 anesthetic	 requirement	 was	 reported,	 were	
included in the meta-analysis. Trials investigating esmolol 
against opioids were excluded from the meta-analysis. 
Studies only reporting attenuation of hemodynamic 
responses to laryngoscopy or surgery[5] were excluded 
from the meta-analysis, but the reference lists were manually 
searched. Studies on the effect of esmolol on intraoperative 
arrhythmias, electroconvulsive therapy, intracranial pressure, 
bispectral index[28] attenuation, and cardiovascular morbidity 
and mortality were excluded, unless patient recovery or 
anesthetic data were also reported.

Three	reviewers	(Richard	Watts,	Venkatesan	Thiruvenkatarajan,	
and Marni Calvert) assessed the methodological quality of the 
included studies using the Cochrane collaboration’s tool for 
assessing the risk of bias in randomized trials.[29] Risk of bias 
was assessed under the following domains: random sequence 
generation, allocation concealment, blinding of participants, 
personnel and outcome measures, incomplete outcome data, 
selective reporting, and other biases.

Data extraction and definition of outcome 
parameters
Using a standardized form, data were extracted by three 
authors	 (Richard	Watts,	Marni	Calvert,	 and	Venkatesan	
Thiruvenkatarajan). The following demographic data were 
collected: mean age, mean weight, American Society of 
Anesthesiologists (ASA) status, type of surgery, and the total 
number of patients involved. Study characteristics documented 
included esmolol-loading dose, infusion rate and total dose, 
use of bispectral index scale (BIS), and use of nitrous oxide 
and antiemetic prophylaxis. Postoperative opioid usage, 
requirement of rescue opioid and anesthetics, and use of 
adjuvant analgesic agents were also recorded. Additional 
end points evaluated were esmolol-related adverse events, 
including hypotension and bradycardia requiring intervention. 
Data were originally extracted from text or tables. For data 
not available in table, figures, or graphs, the authors were 
contacted for clarification. If they did not respond, the data 
were extracted from graphs. Disagreements were resolved by 
consensus within the whole group.

Our	primary	outcomes	were	early	(0–6	h)	acute	postoperative	
pain scores at rest, cumulative opioid consumption, and rescue 
analgesic administration. Secondary outcomes were emergence 
time,	PONV,	 intraoperative	 anesthetic	 requirement,	 and	
adverse events such as bradycardia and hypotension. Trials 
reporting one or more of the primary or secondary outcomes 
were included in the study.

For	pain	intensity,	visual	analog	score	(VAS)	or	numeric	rating	
scale	(NRS)	of	pain	at	rest	was	converted	to	a	0–10	NRS.	
A	single-value	mean	pain	score	reported	earliest	in	the	first	6	h	
after surgery was used. When there was no information available 
as to whether the pain scores were assessed at rest or movement, 
it was assumed that the scores were assessed at rest. Postoperative 
cumulative opioid consumption as reported by trials was converted 
to	equianalgesic	dose	of	intravenous	morphine	[Appendix	1].[30] 
Postoperative opioid rescue requirement was expressed as the 
number of patients requiring rescue opioid analgesics in the early 
postoperative	(0–6	h)	period.

Data	on	recovery	profile	included	emergence	time	and	PONV.	
Emergence time was recorded in minutes as the time taken 
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from discontinuation of the anesthetic agent to the time at 
which the patient was oriented in time, person, and place, was 
awake and talking, or was providing an appropriate cognitive 
response.	Definition	of	PONV	was	taken	as	reported	in	the	
original studies.

Propofol induction dose was recorded as mg/kg, and the end 
point was defined as either lack of response to command or 
loss	of	eyelash	reflex	as	reported	in	the	trials.	Volatile	usage	
was defined as the minimal alveolar concentration (MAC) 
required for anesthetic maintenance and converted to 
desflurane equivalence using a MAC equivalent conversion 
chart	[Appendix	1].[31]

The loading dose of esmolol was recorded as actual (reported) 
or calculated to mean body weight, while the intraoperative 
infusion rate was actual or the dose range used (µg/kg/min). 
All titrated intraoperative opioids used were converted to 
equivalent	doses	of	intravenous	fentanyl	[Appendix	1].

Statistical analysis
A meta-analysis was performed when two or more studies 
reported the end point of interest. The analyses were done with 
the statistical package R (The R Foundation for Statistical 
Computing, c/o Institute for Statistics and Mathematics, 
Wirtschaftsuniversitaet	Wien,	Welthandelsplatz	1,	1020	Vienna,	
Austria) and Metafor (Meta-Analysis Package for R).[32]

For continuous outcomes, means, standard deviations, and 
sample sizes were extracted for each of the randomized 
groups. Where studies reported medians and ranges, the 
mean was assumed to be equal to the median and the standard 
deviation was assumed to be equal to the range divided by 
four. In combining results across separate groups within a 
study, weighted means and pooled standard deviations were 
calculated. For binary outcomes, numerators and denominators 
were extracted for each of the randomized groups. The 
differences between randomized groups in continuous and 
binary outcomes were pooled across studies using random 
effects meta-analysis models.[33] The differences in means 
between groups were chosen as the effect measure of interest 
for continuous outcomes, while for binary outcomes, the odds 
ratio (OR) was used. Heterogeneity in mean differences 
and ORs was assessed using the I2 test[34] and Chi-square 
test goodness of fit tests. Evidence of publication bias was 
assessed visually using funnel plots. Fisher’s exact test was 
used to compare the incidence of esmolol-related hypotension 
and bradycardia in placebo-controlled trials. P <	0.05	was	
considered statistically significant.

A meta-regression analysis was used in an attempt to explain 
heterogeneity observed in the studies reporting end-tidal 

volatile, intraoperative opioid, and postoperative opioid use 
by attributing the heterogeneity to a moderator variable or 
covariate. A mixed effects meta-regression analysis was used 
to determine whether the moderator variable, or the rate of 
esmolol infusion (fixed effect) influenced sparing of anesthetic. 
The adjusted R2 was calculated by fitting a meta-regression 
and a meta-analysis, and then the estimated τ2 values were 
compared.

Results

Description of included studies
Of	 the	338	 studies	 identified,	19	RCTs	were	 included	 in	
this	 review	with	 a	 total	 of	 936	participants,	 470	 receiving	
esmolol	 and	 466	 placebo	 [Figure	 1].	The	 range	 of	 trial	
sample	sizes	was	28–97	participants	[Table	1].	Among	the	
included	studies,	17	were	available	in	English,	and	one	each	
in Chinese and Korean.

The ASA status of most patients in the includes studies was 
Class I or II, with the exception of two trials where ASA 
class III patients were included. Most of the studies recruited 
fit young or middle-aged patients with normal body weights. 
There were seven laparoscopic procedures and one cardiac 
procedure, and the rest included nonlaparoscopic abdominal, 
gynecological, and ear–nose–throat procedures.

A loading dose of esmolol followed by an infusion was used 
in	17	studies	while	the	remaining	two	only	used	an	infusion.	
The	most	 common	 loading	 doses	 of	 esmolol	were	 0.5	 or	

338 total records identified through database 
searches, manuscript references, and other 

meta-analyses

310 after duplicates removed following 
abstract review

Esmolol papers - 100 full text assessed 
for eligibility

210 excluded
9 other β-blockers 

81 studies excluded
• Laryngoscopy
• Hemodynamic attenuation
• Perioperative ischemia
• Arrhythmia treatment
• BIS attenuation
• Magnesium comparison
• Opioid comparison
• ECT 
• Pharmacokinetic

19 trials (936 patients)
included in meta-analysis

and systematic review

Figure 1: PRISMA flow chart detailing retrieved excluded assessed and included 
trials
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1	mg/kg,	given	 just	prior	 to	 induction,	while	 infusion	rates	
varied	 between	 5	 and	 500	µg/kg/min. The total esmolol 
dose	 ranged	 between	 76	 and	 280	mg.	Nitrous	 oxide	 use	
was reported in six studies and prophylactic antiemetics were 
administered in six trials [Table	1].

Risk of bias assessment
Only	 eight	 trials	 (42%)	had	 a	 low	 risk	 of	 bias	 according	
to the Cochrane Risk of Bias Assessment tool [Table	2].	
Methodological qualities were incompletely reported in 
many studies, making it difficult to assess the risk of bias 
within trials. Random sequence generation and allocation 
concealment were described in only nine trials. Similarly, 
participants and personnel were unblinded in ten studies 
and outcome assessment was unblinded in nine trials. 
Incomplete outcome data were not adequately addressed in 
four studies, and selective outcome reporting was noted in 
three studies [Table	2].

Primary outcomes
Early postoperative pain intensity
Six trials reported data on early postoperative pain 
intensity	 at	 different	 time	 points	 up	 to	 6	 h,[6-11]	 VAS	
was reported in four,[6-8,10] and NRS was reported in 
two studies.[9,11] In five studies, it was unclear as to 
whether the pain intensity was reported at rest or with 
movement.[6,7,9-11] Esmolol reduced postanesthesia care 
unit	(PACU)	pain	scores	by	a	mean	of	1.16	(95%	CI:	
−1.97–−0.35, P <	0.005).	Heterogeneity	 was	 very	
high [Ι2	=	96.7%,	Figure	2].	None	of	the	studies	reported	

concomitant intraoperative administration of nonsteroidal 
anti-inflammatory agents.

Postoperative opioid consumption
Six studies reported the cumulative consumption of a variety of 
opioids	in	the	postoperative	period	from	PACU	until	3	days	
following the surgery.[6-9,15,16] The postoperative opioid dose in 
morphine	equivalent	was	reduced	by	a	mean	of	5.1	mg	(95%	
CI:	−7.0–−3.2, P <	0.001).	The	 studies	were	 highly	
heterogeneous [I²	=96.9%,	Figure	 2].	A	meta-regression	
analysis revealed that the test of the moderator was not 
significant (P	=	0.42),	with	residual	heterogeneity	remaining	
at	94.8%,	suggesting	that	the	esmolol	infusion	rate	did	not	
contribute to the heterogeneity observed for postoperative 
morphine dosing [Figure	 3].	 Similar	 amounts	 of	 opioids	
were used among the esmolol and the control groups in five 
studies;[6-9,16] multimodal analgesic technique was employed 
in only one study.[15]

Postoperative rescue opioid analgesic requirement
Five studies reported on the use of rescue analgesics in the 
PACU.[9,11-14] Intravenous fentanyl was used as the rescue 
analgesic in four studies and intravenous infusion of tramadol 
along with intramuscular diclofenac was administered in 
one study.[13] Overall, esmolol reduced the requirement for 
rescue	 opioid	 by	 69%	 [OR:	 0.31,	 95%	CI:	 0.16–0.80, 
P =	0.0001,	Ι 2	=	0.0%,	Figure	2].	Heterogeneity	was	low.	
All the included studies had equal usage of opioids in the 
esmolol and the control groups.

Table 1: Risk of bias assessment of the included studies

Study Sequence 
generation

Allocation 
concealment

Blinding of 
participants 
and personnel

Blinding of 
outcome 
assessment

Incomplete 
outcome 
data

Selective 
reporting

Other 
bias

Summary

Bhawna et al., 2012[6] Low Low Low Low Low Low Low Low
Celebi et al., 2014[7] Low Low Low Low Low Low Low Low
Chia et al., 2004[8] Low Unclear Low Low Low Low Low Unclear
Collard et al., 2007[15] Low Unclear High Low Low Low Low Unclear
Gökçe et al., 2009[18] Low Low Low Low Low Low Low Low
Hwang et al., 2013[9] Low Low Low Low Low Low Low Low
Johansen et al., 1998[22] Low Unclear Low High Low Low Low Unclear
Koivusalo et al., 1998[23] Unclear Unclear Low Unclear Unclear Low Low Unclear
Lee and Lee, 2010[10] Unclear Unclear High Unclear Low Low Low Unclear
Lee et al., 2008[12] Unclear Unclear Unclear Unclear Unclear Unclear Low Unclear
Moon et al., 2011[11] Unclear Low Low Low Low Low Low Low
Nicholson et al., 1990[24] Low Low Low Low Low Low Low Low
Ozturk et al., 2008[13] Unclear Low Low Low Low Low Low Low
Qiao et al., 2010[19] Unclear Unclear Unclear Unclear Unclear Unclear Low Unclear
Said‑Ahmed, 2009[17] Unclear Unclear Unclear Unclear Unclear Unclear Low Unclear
Shukla et al., 2009[16] Unclear Unclear Unclear Low Low Low Low Unclear
Unal et al., 2008[20] Unclear Low Low Unclear Low Low Low Unclear
White et al., 2003[14] Unclear Unclear Unclear Unclear Low Low Low Unclear
Wilson et al., 2004[21] Low Low Low Low Low Low Low Low
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Secondary outcome
Postoperative nausea and vomiting
Dichotomous	data	on	PONV	could	be	 extracted	 from	nine	
studies.[8-15,17]	Pooled	 results	 showed	 that	 there	was	 a	61%	
reduction	in	the	incidence	of	PONV	in	patients	who	received	
esmolol	compared	with	placebo	(OR:	0.39,	95%	CI:	0.20–
0.75; P =	0.005,	 Ι2	=	 60.7%),	 however	 heterogeneity	
was high [Figure	 4].	A	 single	 antiemetic	was	 administered	
prophylactically in four studies (three at the end and one at 
induction)[9,11,15,17] and dual antiemetics were administered in two 
studies (one at the end and one as a premedication).[13,14] In three 
trials, antiemetics were used only as a rescue medication.[8,10,12]

Emergence time
Five studies reported the emergence time, and most of them 
were based on spontaneous eye opening, ability to follow simple 
commands, and orientation to person and place.[12,14,18-20] The 
mean difference in emergence time between esmolol and 
placebo	was	1.60	min	(95%	CI:	−3.37–0.07, P =	0.07,	
Ι2	=	89.9%);	heterogeneity	was	noted	to	be	high	[Figure	4].

Propofol requirement at induction
Three studies reported the effect of prior administration of 
esmolol on the induction doses of propofol.[13,19,21] When 
compared with placebo, esmolol reduced the propofol induction 
dose	by	a	mean	of	0.53	mg/kg	[95%	CI:	−0.63–−0.44, 
P =	0.0001,	Ι2	=	0.0%,	Figure	5].	Heterogeneity	was	low.	
All	the	three	studies	used	a	preinduction	dose	of	esmolol	1	mg/
kg followed by an infusion with propofol titrated to the loss of 
eyelash reflex. While two studies used a bolus dose manually, 
one study[21] utilized a target controlled infusion.

Volatile anesthetic requirement
Data on volatile anesthetic requirement were available in six 
studies.[8,11,12,14,15,22] Two studies provided data on sevoflurane 
maintenance as volume percentage,[11,12] desflurane usage 
was described in two studies as end-tidal concentrations and 
MAC,[14,15] and isoflurane concentrations were provided by 
two studies.[8,22] A loading dose followed by an infusion of 
esmolol was employed in all these studies. Overall, esmolol 
administration reduced the end-tidal desflurane equivalent by 
a	mean	of	1.70%	[95%	CI:	−2.39–−1.02, P <	0.0001,	
I2	=	92.0%,	Figure	5].	A	meta-regression	analysis	failed	to	
identify an association between the esmolol dosage and volatile 
anesthetic requirement in desflurane equivalents (P	=	0.41);	
residual	heterogeneity	was	91.6%	[Figure	3].

Intraoperative opioid requirement
Nine studies reported data on intraoperative opioid 
consumption.[7-11,17,18,23,24] Remifentanil was used in five 
studies,[7,9-11,18] fentanyl in two,[8,17] and alfentanil[23] and 
sufentanil[24] in one each. All studies except one[17] reported Ta
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equal opioid use in all the patients. The majority of the 
studies (eight) did not report the use of concomitant analgesic 
adjuvants and nonsteroidal analgesic medications. In the 
esmolol group, intraoperative opioid use was reduced by a mean 
of	440	µg	 (fentanyl	 equivalents)	 [95%	CI:	−637–−244,	
P	<	0.0001,	I2	=	99.6%,	Figure	5].	The	larger	dose	effect	
could be attributed to two studies producing mean differences 
around	−1200	µg, a septorhinoplasty trial and a cardiac 
study. A meta-regression analysis showed that the test of the 
moderator was significant (P <	0.001),	suggesting	that	there	

is a linear relationship between the esmolol infusion dose rate 
and fentanyl-sparing effect (R2	=	0.859),	and	in	part,	this	
accounts for some heterogeneity [Figure	3].	However,	residual	
heterogeneity	remained	high	at	97.1%.

Adverse events
There were no documented esmolol-related serious adverse 
events	(including	awareness)	in	the	studies	reviewed.	Varying	
definitions	of	bradycardia	(heart	rate	[HR]:	40–60/min)	and	
hypotension	(mean	arterial	pressure	50–75	mmHg	and	systolic	

Figure 2: Forest plots for primary postoperative pain outcomes: Pain intensity, cumulative opioid consumption, and rescue analgesic requirement

Figure 3: Forest plot for secondary outcome: Postoperative nausea and vomiting and emergence time
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intervention	was	higher	(3%,	95%	CI:	0.6–5.4%, P =	0.03),	
while the risk of hypotension requiring intervention was not 
increased	(1%,	95%	CI:	0.4–2.4%, P =	0.5).

Assessment of publication bias
Funnel plots were used to assess the quality of the trials. 
However, because they are based on small number of studies, 
tests for asymmetry are not reported, but the plots can be visually 
inspected. Figure	6	is	an	example	of	a	symmetrical	plot	for	the	
effect	of	esmolol	on	PONV	(I2	=	60.7%)	and	an	asymmetrical	
plot for intraoperative opioid sparing (I2	=	99.6%).	In	the	
latter example, heterogeneity is a likely cause of asymmetry, 
rather than publication bias.

Discussion

The main findings of this review and meta-analysis are that 
patients treated with an adjunct perioperative esmolol infusion 
had lower pain scores, reduced opioid rescue requirement, 
and	less	PONV.	Esmolol	also	reduced	the	propofol	induction	
dose, volatile anesthetic requirement, and intraoperative opioid 
dosing. There was no impact on the emergence time. The data 
were pooled from few, small low-powered studies.

Although a beneficial effect on postoperative pain intensity 
was perceived with esmolol, these observations can only be 

Figure 4: Forest plot for secondary outcomes: Intraoperative propofol, volatile and opioid requirement

Figure 5: Meta‑regression: Esmolol dose and opioid requirement

blood	pressure	<80	mmHg)	were	used	in	the	studies	in	defining	
hemodynamic	 instability.	Very	 few	 studies	 reported	 on	 the	
incidence of perioperative hypotension and bradycardia.[16,24] 
Adverse effects were not consistently reported across studies. 
In two studies, patients were excluded if they developed 
significant hypotension or bradycardia.[9,11] In patients receiving 
esmolol,[6,8-19,21-24,35] the incidence of bradycardia requiring 
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confirmed by larger trials, given the heterogeneity and high 
risk of bias of the included studies. A low heterogeneity was 
observed for esmolol in reducing the propofol requirement 
at induction. It would be interesting to investigate further 
whether a similar effect translates with propofol maintenance. 
A linear relationship was evident between the esmolol infusion 
and intraoperative fentanyl requirement. It has to be noted 
that the meta-regression analysis included data from two 
trials employing high-dose opioids.[7,24] Although our review 
indicated an anesthetic-sparing effect, esmolol did not reduce 
the emergence time. Similar results were produced by a recent 
systematic review that evaluated the safety of perioperative 
esmolol.[2]

The	 effect	 on	PONV	should	 be	 interpreted	 cautiously	 as	
antiemetic administration was inconsistent among the included 
studies.	A	similar	 effect	on	PONV	was	 reported	 from	an	
earlier systematic review on the safety of esmolol when esmolol 
was compared with opioids in attenuating the hemodynamic 
response to intubation and extubation.[3] The reduction in 
PONV	that	we	observed	is	probably	an	indirect	consequence	
of opioid and volatile-sparing effect, although there is some 
evidence that β-blockade may have a direct antiemetic effect.[36]

There are a number of theories as to how perioperative esmolol 
may have anti-nociceptive and anesthetic-sparing effects. 
Theoretically, esmolol has the potential to block noxious 
sensory response at various sites in the pathway, thus accounting 
for anesthetic-sparing effects and antinociception. Besides, a 
peripheral anti-inflammatory action-related antinociception has 
also been proposed.[37] Another theory of anesthetic-sparing 
effects relates to the reduction in cardiac output and hepatic 
blood flow associated with esmolol influencing the distribution 
of pharmacokinetics, metabolism, and clearance of propofol 
or volatile anesthetic agents.[38] Despite the experimental and 

clinical data relating to a possible antinociceptive effect, the 
current evidence favoring an inherent analgesic property of 
esmolol is very weak.[37,39,40]

The blunting of arousal and nociceptive transmission is 
suggested as a probable basis for anesthetic- and opioid-sparing 
effects.[41,42] This concept has raised concerns pertaining to 
BIS attenuation and “masking” of hemodynamic parameters 
resulting in “light anesthesia” and hence awareness with 
intraoperative esmolol administration.[26] Nonetheless, BIS 
was utilized in the studies evaluating the anesthetic-sparing 
effects of esmolol, and no changes in the anesthetic depth 
were reported.[37] BIS was not uniformly employed across 
the included trials.

Our review did not find any serious adverse events or 
detrimental hemodynamic consequences with perioperative 
esmolol use; the number of patients in this meta-analysis 
was low for this outcome. An increased risk of bradycardia 
without hypotension was evident with perioperative 
esmolol administration. A large systematic review of the 
safety of perioperative esmolol demonstrated no significant 
bradycardia. However, the combined incidence of unplanned 
hypotension	after	an	esmolol	bolus	(0.5–4	mg/kg)	and	infusion	
(5–500	µg/kg/min) was significantly increased.[2] The authors 
showed that hypotension was dose-related and associated with 
a fixed esmolol-dosing schedule rather than titrating to HR and 
blood pressure. Interestingly, another smaller systematic review 
of	the	safety	of	perioperative	esmolol	(bolus	0.5–1.0	mg/kg	
followed	by	an	infusion	100–300	µg/kg/min) demonstrated 
no significant increase in bradycardia or hypotension in 
noncardiac surgeries.[3] The authors commented that being an 
ultra-short-acting agent, esmolol causes reversible episodes of 
hypotension and bradycardia, thereby negating the concerns 
of a possible negative inotropic effect.[3]

Figure 6: Funnel plot assessing publication bias for outcome measures
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A major limitation of our review is related to the wide variability 
of methodological qualities of included studies accounting for 
significant heterogeneity for all outcome measures except for 
pain scores and propofol requirement. Restrictions were not 
applied on the timing as well as the dosage of esmolol. A huge 
dose range was used across studies, and we could not find any 
studies describing a dose–response pilot study conducted prior 
to the RCT. Heterogeneity across studies including different 
surgical models and different dosage regimes may be inevitable.

Another significant limitation pertains to the high risk of bias with 
most of the trials. The smaller number of included studies and 
insufficient data precluded us in doing a sensitivity or subgroup 
analysis. Other limiting factors of this analysis include the lack of 
accurate anesthetic and opioid drug equivalence data and other 
potential confounders such as age, sex, monitoring with BIS and 
the use of nitrous oxide, multimodal pain therapy, and prophylactic 
antiemetics. The majority of patients in this evaluation were 
young and healthy, undergoing ambulatory laparoscopic surgery. 
This limits the wider applicability of the findings to other patient 
groups. Only few studies had reported the intraoperative use of 
nonopioid medications such as nonsteroidal anti-inflammatory 
agents[12,13,23] and paracetamol.[15] Hence, our results may have 
limitations when applied to the current anesthetic practice where 
multimodal agents are routinely employed.

Overall, adverse effects were poorly reported in the included studies. 
Failure to register our review protocol on a registry database of 
systematic reviews is a further limitation. There was a single cardiac 
study included in the review; however, only one outcome datum 
was extracted and analyzed (intraoperative opioid usage). In our 
view, the likelihood of this small size cardiac study influencing the 
overall outcome of the meta-analysis would be minimal.

Our review has several strengths. First, our search was 
systematic and extensive without language restriction including 
manual search. Our review presents the scope of our present 
understanding on the role of esmolol on perioperative pain, 
serving a rationale for future research.

Further studies are needed to establish the role of esmolol as 
an analgesic adjunct in patients receiving general anesthesia. 
There is a need to obtain more safety data about titrated 
perioperative esmolol dosing, particularly in patients at a higher 
risk of perioperative events. Trials in the future may explore 
this hypothesis in specific population groups such as bariatric 
surgery, morbid obesity, sleep apnea, and chronic pain.

Conclusion

This systematic review presents the evidence that perioperative 
administration of esmolol decreases early postoperative pain 

intensity, opioid requirement, the requirement of rescue analgesics, 
and	PONV.	In	addition,	there	is	evidence	that	esmolol	can	reduce	
the induction doses of propofol, volatile anesthetic maintenance, 
and intraoperative opioid requirement. Esmolol has no effect on 
the	emergence	time.	Yet,	these	findings	have	to	be	interpreted	with	
caution, as the included studies were largely heterogeneous apart 
from having a significant risk of bias. Further research through 
well-designed studies is needed to confirm our promising findings 
and to determine a safe and efficacious regimen.
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Appendix 1: Opioid and volatile conversion

Morphine equivalents conversion table
Drug Equivalent parental dosage
Morphine 10 mg
Hydromorphone 1.4 mg
Fentanyl 100 mcg
Alfentanil 25 mcg
Remifentanil 100 mg
Pethidine 100 mg
Sufentanil 20 mg

Volatile equivalents conversion table
Agent Minimum alveolar 

concentration equivalent (%)
Desflurane 6
Sevoflurane 2.2
Isoflurane 1.2
Halothane 0.75


