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The effect of esmolol compared to opioids on postoperative 
nausea and vomiting, postanesthesia care unit discharge time, 
and analgesia in noncardiac surgery: A meta-analysis
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Introduction

Postoperative nausea and vomiting (PONV) and inadequate 
analgesia are some of the known impedances of early recovery 
from general anesthesia. A  multimodal approach using a 
diverse group of medications is likely to improve postoperative 

analgesia, spare opioids, and enable smooth recovery.[1,2] 
There is greater emphasis to employ nonopioid intraoperative 
adjuncts in fast‑track and ambulatory surgery.[1] Esmolol, a 
cardioselective ultrashort‑acting β‑blocker has been shown to 
be an effective alternative to the use of intraoperative opioids, 
thereby reducing the opioid‑related side effects and assisting 
early postoperative recovery.[2,3]
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Background and Aims: Perioperative esmolol as an opioid alternative has been shown to reduce postoperative nausea 
vomiting using opioid sparing. The aim of this meta‑analysis was to compare esmolol and opioids on postoperative nausea and 
vomiting (PONV), time spent in recovery, and analgesia in noncardiac surgeries.
Material and Methods: OVID Medline (1980–February 2014), OVID EMBASE, EBSCO, CINAHL, and the Cochrane Register 
of Controlled Trials were searched for randomized controlled trials (RCTs) comparing esmolol and opioids on early postoperative 
recovery and pain intensity during general anesthesia in noncardiac surgeries. The primary outcomes were related to PONV 
and postanesthesia care unit (PACU) discharge time, whereas secondary outcomes were related to early postoperative pain.
Results: Eight trials were identified involving 439  patients, 228 of whom received esmolol while 211 received opioids. 
A random‑effects meta‑analysis showed that in comparison with opioids, esmolol led to a 69% reduction in the incidence of 
PONV (odds ratio 0.31, 95% confidence interval [CI] 0.13–0.74, P = 0.008, I ² = 44.1%). An increase in the volatile anesthetic 
requirement was evident in the esmolol group compared with opioid (MD + 0.67% desflurane equivalent, 95% CI 0.27–1.08, 
P = 0.001, I ² =23.5%). There was no statistically significant difference between the esmolol and opioid groups in relation to 
PACU discharge time, early postoperative pain scores, opioid requirement, and cumulative opioid consumption. Significant 
heterogeneity was noted between studies. No significant adverse effects were noted.
Conclusion: Compared with opioids, perioperative esmolol may reduce the incidence of postoperative nausea vomiting and 
increase the volatile anesthetic requirement. Esmolol administration may not improve the early postoperaive pain intensity. 
Nonetheless, these findings are limited by the absence of high‑quality RCTs and the heterogeneity among studies. Further, 
large‑scale studies are needed to explore these results.
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Various experimental and clinical data on animals as well as 
humans have shown that β‑blockers including esmolol have 
anesthetic‑  and analgesic‑sparing effects.[2‑14] A few studies 
have directly compared esmolol against other intraoperative 
opioids producing results in favor of esmolol relating to opioid 
sparing and early recovery.[2,3] A previous limited meta‑analysis 
has shown that esmolol reduces the incidence of PONV, 
reduces the time spent in the postanesthesia care unit (PACU), 
and increases the postoperative opioid requirement.[15]

This meta‑analysis was designed to assess the efficacy of 
esmolol versus opioids on PONV and analgesia in noncardiac 
surgeries. Our primary aim was to analyze the effects on 
smooth outcome from general anesthesia such as PONV and 
time spent in the PACU. Our secondary aim was to analyze 
its impact on early postoperative pain intensity, opioid sparing, 
and intraoperative anesthetic requirements.

Material and Methods

Literature search
The review was conducted as per the recommendations 
of the PRISMA statement  (www.prisma‑statement.org). 
The electronic databases, OVID Medline (1980–February 
2014), OVID EMBASE, EBSCO, CINAHL, and the 
Cochrane Register of Controlled Trials for randomized 
controlled trials  (RCTs) were searched for trails that 
compared esmolol with opioids in adults undergoing general 
anesthesia. Databases were searched using the Medical 
Subject Headings term “esmolol” used in conjunction with 
“pain scores;” “analgesia requirement;” “postoperative 
nausea and vomiting” (PONV); and postanesthesia recovery 
unit  (“PACU”) “discharge time.” 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 applied. Additional articles were 
identified through the bibliographies of relevant studies. The 
manufacturers of esmolol were contacted for unpublished 
studies but reported none.

Study eligibility and validity scoring
Only RCTs on esmolol versus intraoperative opioids for 
noncardiac surgeries where at least one outcome variables 
such as PONV, PACU discharge times, pain scores, 
postoperative opioid consumption, and intraoperative 
anesthetic requirement were reported were included in the 
meta‑analysis. Studies that compared esmolol as an adjunct 
were excluded. Trials investigating the effect of esmolol on 
intraoperative arrhythmias, attenuation of hemodynamic 

responses to laryngoscopy or surgery, intracranial pressure, 
electroconvulsive therapy, bispectral index (BIS) attenuation, 
and cardiovascular morbidity and mortality were excluded 
from the study unless one of the outcome variables of interest 
was also reported.

Three review authors  (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. The 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 abstraction and defining outcome 
parameters
A standardized data extraction form was designed, and the 
data were extracted by three review authors (Richard Watts, 
Marni Calvert and Venkatesan Thiruvenkatarajan). For every 
included study, the following demographic characteristics 
were collected: mean age, mean weight, American Society 
of Anesthesiologists (ASA) status, type of surgery, and the 
total number of patients involved. The intraoperative study 
data extracted were esmolol loading dose, infusion rate and 
total dose, use of BIS, use of nitrous oxide, and antiemetic 
prophylaxis. Postoperative nausea vomiting, PACU discharge 
time, postoperative pain scores, opioid usage, requirement 
for rescue opioid and anesthetic requirement, and the use of 
adjuvant analgesic agents were also recorded. Each of the 
included studies was analyzed for esmolol‑related adverse 
effects, including hypotension and bradycardia as reported 
requiring intervention. Data were originally extracted from 
text or tables of the articles. If the data were missing, the 
authors were contacted. If they did not respond, the data 
were extrapolated from graphs. Differences were resolved by 
agreement within the group.

The primary outcomes were PONV in PACU and PACU 
discharge time. Secondary outcomes were pain scores at rest 
in PACU, cumulative opioid consumption, rescue analgesic 
administration, intraoperative anesthetic requirement, and 
adverse events such as bradycardia and hypotension. Studies 
addressing one or more of these outcomes were included in 
the analysis.

Definition of PONV and PACU discharge time were 
extracted as reported in the original studies. PACU discharge 
time was recorded in minutes as the time spent in PACU. 
For pain intensity, visual analog score  (VAS) or numeric 
rating scale  (NRS) of pain at rest were converted to a 
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0–10 NRS. The first reported pain scores within 4 h after 
surgery were extracted. When it was unclear as to whether the 
pain scores were assessed at rest or movement, we assumed 
that the scores were evaluated at rest. Postoperative cumulative 
opioid consumption as described by studies was converted to 
equianalgesic dose of intravenous morphine [Appendix 1]. 
Postoperative opioid rescue requirement was expressed as the 
number of subjects requiring rescue analgesics in the PACU. 
Volatile anesthetic usage was defined as the minimal alveolar 
concentration (MAC %) required for anesthetic maintenance 
and converted to desflurane equivalence using an MAC 
equivalent conversion chart [Appendix 1].

The loading dose of esmolol was documented as actual (reported) 
or calculated to mean body weight, whereas the infusion rate 
was either the actual or the range used (μg/kg/min).

Statistical analysis
All analyses were done using 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). A meta‑analysis 
was done when the outcome variables were reported by two 
or more trials.

Means, standard deviations (SDs), and sample sizes were 
extracted for each of the randomized groups for continuous 
outcomes. When medians and ranges were reported, the mean 
was assumed to be equal to the median and the SD equal to 
the range divided by four. Weighted means and pooled SDs 
were calculated while combining results across separate groups 
within a study. In the case of 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. 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 OR were assessed using the I2‑test and Chi‑square test 
goodness of fit tests.

Results

Included studies
From the 338 studies identified, eight RCTs comparing 
esmolol versus opioids were included in this meta‑analysis 
with a total of 439 participants, 228 receiving esmolol, and 
211 opioids [Figure 1]. The range of trial sample sizes was 
28–97 participants  [Table  1]. One trial was accessible in 
Korean,[16] and one study was analyzed from an abstract data.[17]

All trials enrolled ASA Grade I–II patients except for one where 
ASA III patients were included in the study.[17] There were six 
laparoscopic procedures of which three were ambulatory,[2,3,18] 
one each of general surgery,[19] and arthroscopic procedures.[20]

A loading dose of esmolol followed by an infusion was 
employed in all studies except one where a loading dose was 
followed by rescue bolus doses.[17] The most common loading 
dose were 0.5 or 1 mg/kg, given just before induction while 
infusion rates varied between 5 and 300 μg/kg/min. Esmolol 
administration was targeted to predetermined hemodynamic 
endpoints in all, but one trial that evaluated the effects of 
esmolol on emergence phenomenon.[19] The total esmolol 
dose ranged between 23 and 1623 mg. Nitrous oxide use was 
reported in four studies, and similarly, prophylactic antiemetics 
were administered in four trials  [Table  1]. Remifentanil 
was the intraoperative opioid that was compared against 
esmolol in four studies, alfentanil, and fentanyl in two studies 
each [Table 1].

Risk of bias assessment
A low risk of bias according to the Cochrane risk of bias 
assessment tool was noted in only one trial (12%) [Table 2]. 
Random sequence generation was described in four trials; 
allocation concealment was properly described in one study. 
Participants and personnel were unblinded in six studies; 
outcome assessment was unblinded in four trials. Incomplete 
outcome data were not adequately addressed in five studies, 
and selective outcome reporting was not properly addressed 
in three studies [Table 2].

Primary outcomes
Postoperative nausea and vomiting
Data on the incidence of PONV could be assessed 
from six studies.[2,3,16‑19] A 69% of reduction in the 

8 trials (439 patients) included in 
meta-analysis

210 excluded
9 other β-blockers 

310 after duplicates removed 
following abstract review

Esmolol papers-100 full text 
assessed for eligibility

92 studies excluded
• Laryngoscopy
• Hemodynamic attenuation
• Perioperative ischemia
• Arrhythmia treatment
• BIS attenuation
• Magnesium comparison
• Placebo comparison
• ECT 
• Pharmacokinetic

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

Figure  1: PRISMA flow chart describing retrieved, excepted, assessed, and 
included trials
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incidence was noted in patients who received esmolol 
compared with those who received an opioid  (OR 0.31, 
95% confidence interval  [CI] 0.13–0.74, P = 0.008, 
I² = 44.1%) [Figure 2]. A single,[2] dual,[17] and three[3] 
intraoperative antiemetics were administered in three studies 
each. The remaining three studies did not report the use of 
prophylactic antiemetics.[16,18,19]

Postanesthesia care unit discharge time
PACU discharge time data were available in six 
studies.[2,3,16‑18,20] Pooled analysis showed no significant 
difference between the esmolol and the opioid groups in 
relation to the time they spent in the PACU (MD ‑ 16, 95% 
CI − 39–7.0, P = 0.181; I 2 = 97.7%) [Figure 2].

Secondary outcomes
Early postoperative pain intensity
Three trials reported data on postoperative pain intensity in 
PACU at various time points up to 3 h, verbal numerical rating 
scale was reported in two,[10,17] and VAS was reported in 
one.[20] None of the included studies described clearly whether 
the pain intensity was reported at rest or with movement. 
There was no statistically significant difference between 
esmolol and opioids in reducing the early postoperative pain 
intensity (MD ‑ 0.19, 95% CI − 1.05–0.67, P = 0.661; 
I 2 = 87.8%) [Figure 3]. Two studies[10,17] reported concomitant 

intraoperative nonsteroidal anti‑inflammatory agents use, and 
the heterogeneity was noted to be high [Figure 3].

Postoperatiove opioid consumption
Three studies[2,10,17] reported the cumulative consumption 
of a variety of opioids in the PACU and one trial until 
24 h after surgery.[3] There was no statistically significant 
difference between esmolol and opioids in postoperative 
opioid consumption in morphine equivalents (MD ‑ 4.6 mg, 
95% CI − 9.9–0.8, P = 0.095; I 2 = 98.7%) [Figure 3]. 
Intraoperative nonsteroidal anti‑inflammatory agents use was 
described in all the studies, and the heterogeneity was noted 
to be high.

Postoperative rescue analgesic requirement
Four studies reported on the use of rescue analgesics in 
the PACU. Intravenous fentanyl[3] and morphine[10] 
administration were described in two different trials, and the 
type of rescue was not described in the remaining two.[16,20] 
No significant difference in the requirement of rescue was 
noted between the esmolol and opioid groups  (OR 0.65, 
95% CI 0.13–3.31, P = 0.606, I 2 = 87.3%) [Figure 3].

Volatile anesthetic requirement
The volatile anesthetic requirement data were accessible in 
three studies. Two studies[2,3] provided data on desflurane usage 

Table 2: Risk of bias assessment of included studies

Study Sequence 
generation

Allocation 
concealment

Blinding of 
participants 
and personnel

Blinding of 
outcome 
assessment

Incomplete 
outcome 
data

Selective 
reporting

Other 
bias

Summary

Bagshaw et al.[18] Low Unclear High Low Low Low Low Unclear
Collard et al.[2] Low Unclear High Low Low Low Low Unclear
Coloma et al.[3] Low Unclear Unclear Unclear Unclear Low Low Unclear
Lazo et al.[17] Unclear Unclear Unclear Unclear Unclear Unclear Low Unclear
Fuhrman et al.[19] High Unclear Unclear Unclear Unclear Unclear Unclear Unclear
Lee et al.[16] Unclear Unclear Unclear Unclear Unclear Unclear Low Unclear
López‑Álvarez et al.[10] Low Low Low Low Low Low Low Low
Smith et al.[20] Unclear Unclear Low Low Unclear Low Low Unclear

Figure 2: Forest plots for primary postoperative recovery outcomes: PONV = Postoperative nausea and vomiting; PACU = Post anesthesia care unit
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as MAC‑hour and the other study had described sevoflurane 
maintenance as volumes percent.[16] When esmolol was compared 
with opioid, volatile requirement was increased by MD + 0.67% 
desflurane equivalent  (95% CI 0.27–1.08, P = 0.001, 
I² = 23.5%) [Figure 3]. A low heterogeneity was noted.

Adverse events
No serious esmolol‑related adverse events such as awareness, 
stroke, or severe hemodynamic instability were reported in 
the studies reviewed. Four studies reported nil occurrence 
of significant bradycardia and hypotension requiring 
intervention.[2,3,18,20] One study reported incidences of 6.6% 
and 10%, respectively of bradycardia and hypotension 
requiring interventions in the esmolol group.[10]

Discussion

This meta‑analysis of eight underpowered, low‑quality RCTs 
assessing the effects of intraoperative esmolol versus opioids 

shows that esmolol reduces the incidence of PONV despite 
increasing the volatile anesthetic requirement. No significant 
differences were found between esmolol and opioids regarding 
time spent in the PACU and early postoperative pain relief. 
Esmolol failed to improve the pain scores in recovery and had 
no impact on rescue analgesic requirement and cumulative 
opioid consumption.

The reporting of the incidence of PONV was quite consistent 
across the included studies with most of them defining it as a 
self‑reported or assessed symptom before patients leaving the 
recovery room. The studies pooled for PONV analysis also 
included the trials that collectively showed that the volatile 
anesthetic use was increased when esmolol was substituted for 
an opioid.[2,3,16] Although it is well recognized that increased 
volatile use is a major risk factor for early PONV,[21] a 
paradoxical effect was noted in our analysis. The overall 
intraoperative avoidance of opioids is a plausible explanation 
for the PONV effect.

Figure 3: Forest plots for secondary postoperative pain outcomes: Pain intensity, cumulative opioid consumption, rescue analgesic, and volatile anesthetic requirement
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A limited systematic review on the safety of esmolol had 
shown a reduced incidence of PONV in esmolol‑treated 
patients while comparing with opioids in attenuating the 
hemodynamic response to intubation and extubation.[15] 
Nevertheless, patients who received esmolol needed more 
opioids in the recovery room. A  similar effect was not 
observed from our analysis. In contrast to our meta‑analysis 
that failed to show an opioid sparing effect, a few studies 
have shown a positive effect when esmolol was used as an 
adjuvant during an opioid‑based anesthesia.[4,5,7,9,11,12] In 
these studies, the opioids sparing effects of esmolol were 
recognized as a synergistic effect with intraoperative opioids. 
It may be reasonable to speculate that the opioid‑sparing 
effects of esmolol are likely to be appreciated when used as 
an adjuvant in a multimodal approach.

While the incidence of PONV was lower in the esmolol group, 
it did not reduce the time spent in recovery. This is in contrast 
to the previously described review where patients receiving 
esmolol had a faster discharge time from the recovery room. 
Nonetheless, it should be noted that the review included trials 
comparing esmolol with opioids as well as placebo including 
vasodilating drugs.[15]

Several theories have been proposed as to the mechanisms 
of analgesic/opioid sparing and anesthetic effects of esmolol. 
A  decrease in the hepatic metabolism of co‑administered 
opioids secondary to a reduction in the hepatic blood flow; 
thus, prolonging the action of opioids has been proposed.[22] 
Another relates to the ability of esmolol to block nociceptive 
transmission along the different sites in the pain pathway.[23] 
Furthermore, antinociception has also been linked to a peripheral 
anti‑inflammatory action.[24] Besides, β‑blockade related 
anti‑emetic effect has also been proposed.[25] Although data 
favoring the analgesic, anesthetic, and antiemetic effects of 
esmolol is available, the current clinical evidence supporting 
these properties of esmolol is weak.

The risk of perioperative esmolol pertaining to major 
hemodynamic perturbations and a possibility of awareness 
due to masking light anesthesia is worth discussing. Two 
reviews deserve to be mentioned in the context of safety of 
perioperative esmolol. The first review failed to relate significant 
bradycardia with esmolol infusion; however, a dose‑related 
hypotension associated with a fixed esmolol‑dosing schedule 
was found.[26] The authors opined that continuous esmolol 
infusion may be a safer way of administering β‑blockers 
in the perioperative period, and significant hypotension 
could be avoided by careful titration toward a hemodynamic 
endpoint.[26] Interestingly, seven[2,3,10,16‑19] out of eight trials in 
our analysis had esmolol titrated to a preselected hemodynamic 
endpoint, and no major adverse effects were identified. The 

second review (bolus 0.5–1.0 mg/kg followed by an infusion 
100–300 μg/kg/min) showed no significant hypotension or 
bradycardia with esmolol in noncardiac surgeries.[15] The 
review highlighted that a negative inotropic effect of esmolol 
is unlikely to be encountered and that esmolol only causes 
reversible episodes of hypotension and bradycardia.[15]

Studies have shown that during noxious stimuli, esmolol 
prevents arousal, and increase in the BIS by blocking 
β‑adrenoreceptors in the reticular formation.[27] This effect 
can theoretically precipitate awareness by masking the signs 
of “light anesthesia.”[28] BIS was used in two of the three 
studies that were included in our analysis on volatile anesthetic 
requirement.[2,3] None of them reported an increase of BIS in 
the esmolol group. Similarly, no changes in the anesthetic depth 
were described in studies exploring the anesthetic‑sparing 
effects of esmolol employing BIS.[24] Our review could not 
identify studies investigating the stress response upon esmolol 
or opioid exposure. While opioids would blunt the surgical 
stress response, esmolol may be only effective in blunting the 
sympathetic response. This may have deleterious effects on 
the immune system. Future trials may need to explore these 
differences between esmolol and opioids.

Limitations
The analysis was based on a few studies from single centers. 
Diverse methodological qualities and heterogeneity between 
studies were a major limitation. Esmolol dose range was 
not standardized, and none of the included studies had 
described a dose‑finding pilot study. Only three studies 
had addressed an adequate sample size calculation.[2,3,10] 
A low risk of bias could be established in only one included 
study.[10] A sensitivity or subgroup analysis was limited 
by the smaller number of trials. Likewise, the inadequate 
number of trials precluded us in assessing the publication 
bias. The confounding factors such as age, sex, use of BIS, 
nitrous oxide, multimodal therapy along with nonstandard 
anesthetic, antiemetic, and opioid data were further 
limitations. Ambulatory laparoscopic and arthroscopic 
surgery performed on a healthier sub‑population limits the 
wider application of our findings. Failure to register our 
protocol on a registry database and the inclusion of data 
from an abstract were additional limitations. The included 
studies span across a few decades; this makes us speculate 
whether the more liberal discharge criteria (fast‑track) used 
in modern anesthetic practice would change the results if 
similar trials are attempted now.

A comprehensive literature search without language restriction 
is one of the strengths of our analysis. Our findings might 
present a basis for future research investigating esmolol for 
opioid substitution in the perioperative period.
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Conclusion

Meta‑analysis of studies comparing esmolol versus opioids 
indicates that intraoperative esmolol may reduce the incidence 
of nausea and vomiting. In addition, it increases the volatile 
anesthetic use. Intraoperative opioid substitution with esmolol 
has no effect on the PACU discharge time, and it may 
not have an impact on the early postoperative analgesia. 
However, the results have to be cautiously interpreted due to 
the inclusion of few low‑quality RCTs and the heterogeneity 
across studies. Additional well‑conducted large trials are 
needed to establish the role of esmolol on early postoperative 
recovery.
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