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Abstract
Introduction and aims  Esmolol is an ultra-short-
acting β1 antagonist that has been shown to attenuate 
the corrected QT (QTc) interval prolongation associated 
with laryngoscopy and endotracheal intubation (LTI). 
Prolongation of the QTc interval can precipitate 
arrhythmias, the most serious of which is torsades 
de pointes . The aim of this systematic review was to 
compare esmolol and placebo on QTc changes occurring 
during LTI.
Materials and methods  PubMed, EMBASE, Cochrane 
Registry of Clinical Trials and CINAHL databases (up to 
August 2018) were screened for randomised controlled 
trials comparing esmolol and placebo on QTc changes 
during LTI in cardiac and non-cardiac surgeries. The 
primary outcome was QTc changes during LTI and 
secondary outcome was related to adverse effects from 
esmolol such as bradycardia and hypotension.
Results  Seven trials were identified involving 320 
patients, 160 patients receiving esmolol or placebo 
apiece. A shortening of the QTc post-LTI was evident in 
the esmolol group compared with the placebo in four 
studies. Compared with the baseline, the QTc was reduced 
post-LTI in the esmolol group. In the placebo group, the 
QTc was prolonged compared with the baseline post LTI. 
Nonetheless, esmolol did not prevent QTc prolongation 
in the remaining three studies, and much of this was 
attributed to employing QTc prolonging agents for 
premedication and anaesthetic induction. No significant 
adverse events were noted.
Conclusion  Compared with placebo, esmolol reduced 
the LTI-induced QTc prolongation when current non-QTc 
prolonging agents were chosen for tracheal intubation. 
Future studies should explore whether transmural 
dispersion (a marker of torsadogenicity) is also affected 
during LTI by analysing parameters such as the Tp-e 
interval (interval between the peak to the end of the 
T-wave) and Tp-e/QTc (rate corrected Tp-e interval).
Trial registration number  CRD42018090282.

Introduction
Prolongation of the corrected QT (QTc) 
interval of the electrocardiogram (QT 
interval corrected for heart rate) can occur 
throughout anaesthetic induction and 
tracheal intubation, maintenance and emer-
gence during a general anaesthetic.1 Airway 

manoeuvres  such as laryngoscopy and 
tracheal intubation (LTI) are associated with 
an intense sympathetical surge and have been 
identified as critical periods of QTc interval 
disturbances precipitating arrhythmias.1 2 
Torsades de pointes (TdP) has been described 
during LTI.3 The use of a supraglottic airway 
device has been shown to produce less QTc 
perturbations compared with LTI.4 While this 
may not be a significant concern in otherwise 
healthy patients, it can lead to significant 
morbidity in specific high-risk patient popu-
lation. This group includes those with coro-
nary artery disease,5–7 hypertension,8 9 and 
patients undergoing coronary artery bypass 
grafting (CABG) procedures.10 Hypertension 
could exacerbate the sympathetical response 
during LTI predisposing to QTc changes 
apart from haemodynamic response.8 QTc 
interval prolongation has been identified 
as a risk factor for cardiovascular events in 
hypertensive as well as diabetic patients.11 12 
Perioperative QTc prolongation predisposes 
to complications such as polymorphic ventric-
ular tachycardia, myocardial ischaemia and 
sudden cardiac death.1 2 Nonetheless, this 
phenomenon is probably less appreciated in 
clinical practice.

Strengths and limitations of this study

►► This is the first systematic review to explore the ef-
fect of an adjuvant medication in mitigating the cor-
rected QT response secondary to laryngoscopy and 
tracheal intubation.

►► The Preferred Reporting Items for Systematic 
Reviews and Meta-analyses guidelines were strictly 
adhered to in conducting this review.

►► Studies were included irrespective of the language 
and trials were spread across a diverse subset; for 
example, American Society of Anaesthesiologists I-II 
to cardiac surgeries.

►► Medication regimen chosen by the older studies are 
no longer applicable in contemporary practice, thus 
contributed to heterogeneity.

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-4654-9608
http://dx.doi.org/10.1136/bmjopen-2018-028111
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http://dx.doi.org/10.1136/bmjopen-2018-028111
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-028111&domain=pdf&date_stamp=2019-04-24
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Various agents have been used during induction of 
general anaesthesia to attenuate LTI-induced QTc prolon-
gation such as beta blockers,7–9 intravenous lignocaine13 
and opioids (fentanyl and remifentanil).14–16 Esmolol, a 
selective β1 antagonist, is among one of the most studied 
drugs, due to its ability to dampen the sympathetic tone, 
which is one of the underlying mechanisms of QTc 
prolongation.

The primary objective of this systematic review was to 
evaluate the effect of esmolol compared with control, in 
mitigating the LTI-induced QTc interval prolongation in 
adult patients aged 18 years and above who were under-
going elective surgery.

The secondary objective was to define any adverse 
effects associated with esmolol administration during 
anaesthetic induction and LTI.

Methods
The review was conducted in compliance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines and the protocol was 
registered on PROSPERO.

Search strategy
The relevant studies were identified through PubMed, 
EMBASE and Cochrane Central Registry of Clinical Trials 
and CINAHL databases, and were subsequently recruited 
by applying our inclusion criteria. The initial literature 
search strategy on PubMed included appropriate use 
of medical subject headings (MeSH) terms, adequate 
descriptors and Boolean operators and was performed 
as follows: ([esmolol] and [anaesthesia or general anaes-
thesia or induction of anaesthesia] and [QT interval or 
QTc interval]). Details of the search strategy is given 
in online supplementary appendix  1. Complementary 
search strategies were used for other databases according 
to their particulars. A manual search was performed on 
the articles that were cross-referenced in the selected 
studies. No language restriction was applied.

Study selection
Two authors (VT and JYL) independently assessed 
abstracts and titles of all the studies that were a potential 
inclusion based on the search strategy. The non-English 
abstracts were translated with google translate, and if 
found eligible or ambiguous, full translation of the manu-
script was undertaken. The full texts of all eligible studies 
were independently screened by two investigators (VT 
and JYL), any discrepancies were resolved by discussion 
and consensus. The PRISMA flow chart for selection of 
studies is shown in figure 1.

Eligibility criteria
Studies were included based on the following criteria: (1) 
randomised trials in adult patients comparing fixed or 
various doses of esmolol with an active placebo control 
during induction of anaesthesia and (2) reporting various 

parameters of the QT interval such as QTc, QTd ([QT 
dispersion], difference between maximum and minimum 
QT), QTcd (QTd corrected for heart rate), Tp-e interval 
(interval between the peak to the end of the T-wave) and 
Tp-e/QTc (rate corrected Tp-e interval). It was consid-
ered essential that the studies reported baseline values of 
the QTc parameters prior to esmolol administration as 
well as at least two values reported within 5 min of endo-
tracheal intubation. Non-controlled studies and studies 
where airway management was carried out without a 
single lumen endotracheal tube (eg, supraglottic airway) 
were excluded.

Data extraction and definition of outcome parameters
A data extraction sheet (template attached as online 
supplementary appendix  2) was created that contained 
information on the following: author, year and journal, 
American Society of Anaesthesiologists (ASA) physical 
status, type of surgery, cohort type in terms of co-mor-
bidities, nature of premedication, induction agents, dose 
and timing of esmolol, QT parameters assessed, formula 
used for QTc correction, timing of assessment of QT 
interval post intubation, type of control (placebo or no 
treatment), any adverse events recorded such as severe 
bradycardia or other arrhythmias or allergic reactions. 
Also, conflicts of interest and source of funding were 
also extracted. Two authors (VT and DL) independently 
extracted the data from the included trials and discrepan-
cies were resolved by discussion and consensus. Data were 
originally extracted from text or tables and from figures 
or graphs if not available in tables.

Our primary outcome included all the QT parameters 
captured at any time frame during the first 5 min after 
LTI. The difference in outcome between the esmolol and 

Figure 1  The Preferred Reporting Items for Systematic 
Reviews and Meta Analyses flowchart reflecting the literature 
search process.

https://dx.doi.org/10.1136/bmjopen-2018-028111
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the control group within the 5 min post-LTI were assessed. 
Secondary outcomes were significant adverse events such 
as bradycardia, hypotension and arrhythmias.

Risk of bias assessment
The risk of bias was assessed using the Cochrane Collabora-
tion’s risk of bias tool and the risk of bias was summarised. 
Three authors independently assessed the risk of bias for 
each study, and disagreements resolved by consensus.

Patient and public involvement
There were involvement of any patients or the public in 
the study.

Results
The search and recruitment of papers were performed 
up to August 2018. The search strategy generated a total 
of 297 citations. The full texts of 25 articles were screened 
for further relevance after excluding 272 articles based 
on consideration of the title and abstract and duplicates. 
We included seven randomised controlled trials (RCTs) 
with a total of 409 participants. Of the included trials, 
six were in English and one in Chinese. Figure 1 depicts 
the flow diagram of the studies, screened, identified and 
retained as per the PRISMA guidelines.

The details of the included studies are shown in table 1. 
Of the seven studies included, four compared esmolol 
versus placebo,7–10 17 whereas in three studies esmolol was 
compared with placebo as well as with an alternative ther-
apeutic agent.18–20 We analysed data from 409 patients of 
whom 160 each had either received esmolol or placebo 
(320 in total). The remaining 89 had received alterna-
tive therapeutic agents mostly opiates or lignocaine. The 
average trial size was 58 patients (range 40 to 80).

Only one study reported the data on variance of the 
QT parameter. Further, the studies varied in terms of the 
population that was assessed, adjuvant drugs used during 
the intubation process, mode of administration (some 
studies used just a bolus while others used bolus followed 
by an infusion), timings of assessing the QT parameters 
and the formulas used in analysing. As a result of these 
clinical and methodological heterogeneity, a qualitative 
narrative synthesis of the findings are presented.

Study population
Four studies had patients with an ASA status I-II under-
going various elective surgeries,17–20 two had patients with 
documented coronary artery disease7 and hypertension9 
respectively and one study was conducted in patients 
undergoing CABG.10

Premedication regime/induction agents/anaesthetic agents
Premedication administration was described in five 
studies. While midazolam was used in two studies (one 
intramuscular and other unspecified route),10 18 intra-
muscular oxycodone and atropine was used in three 
studies.17 19 20 Thiopentone sodium and suxamethonium 
were used as induction agents in three studies,17 19 20 

propofol and vecuronium in three studies,7 9 18 etomidate 
and vecuronium in one study.10 Opiates were used during 
induction in three studies,7 9 10 whereas four studies did 
not use opioids at induction.17–20

Administration of study drug
Several esmolol regimens were tested including intra-
venous bolus, infusion or combination of both. Five 
studies7 9 10 17 18 used a bolus (ranging from 300 mcg/kg 
to 1000 mcg/kg) followed by infusion (ranging from 100 
mcg/kg/min to 250 mcg/kg/min). Of the two remaining 
studies, one study used a bolus alone at 2 mg/kg,20 and 
the remaining study used two different combination of 
boluses, 2 mg/kg and 3 mg/kg.19 Esmolol was commenced 
from 1 min up to 5 min prior to administration of induc-
tion agents. Most of the infusions were ceased 4 min post 
LTI.

QT interval assessment
The QTc analysis was carried out at multiple time frames 
post intubation from 30 s until 10  min. All the studies 
assessed corrected QTc, and one study assessed QTcd as 
well.9 Bazzett’s formula was used for rate correction in five 
studies, whereas the remaining studies used Hodges’10 
and Fredericia’s7 formulas, respectively. A QTc of 440 ms 
was considered normal regardless of the gender of the 
patients.

Outcomes
The mean baseline QTc was 424 ms in the esmolol group 
and 420 ms in the control group. Four studies7 9 10 18 
(recruiting patients with known coronary artery disease, 
known hypertensives, undergoing CABG and ASA status 
I-II) have shown consistent results in terms of esmolol’s 
effect on the QTc interval. Prolongation of QTc was 
observed in the control group post LTI. The groups treated 
with esmolol had a reduced QTc interval compared with 
the controls. Further, compared with the baseline values, 
elevation of the QTc interval was not observed at any time 
post LTI in the esmolol group. Nonetheless, compared 
with the baseline values, QTc was prolonged post LTI in 
the control group. A similar pattern post LTI was noted for 
QTcd as well in patients treated with esmolol compared 
with controls.9 The mean QTcd was 19 ms in the esmolol 
group and 24 ms in the control group, and the maximun 
QTcd noted in the control group after intubation was 35 
ms.

Esmolol did not prevent the LTI QTc prolongation in 
three studies that used thiopentone and suxamethonium 
(without opioids) for intubation following intramus-
cular atropine premedication.17 19 20 The maximum QTc 
observed was 450 ms in the trials that avoided thiopen-
tone and suxamethonium, whereas it was 490 ms in trials 
that employed those agents. The summary of findings is 
presented in table 2.

Risk of bias
The potential sources of bias have been outlined in 
figure  2 and an overall estimate of the risk of bias has 
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been created for each study. Five of the seven studies were 
of sufficiently good quality with a low risk of bias.

Adverse effects
Adverse events were reported in two trials, one involving 
hypertensive patients and the other analysing patients 
undergoing CABG.9 10 Of the combined 120 patients in 
these studies (60 esmolol and 60 control), eleven patients 
in the control group developed less severe ventricular 
arrhythmias as compared with two in the esmolol group. 
The difference was reported as significant in one study. 
No other haemodynamic adverse events were reported in 
any of the trials.

Source of funding for the included studies
Five studies did not report any conflict of interest or 
source of funding. Two studies by the same sources (done 
in 1995) reported support from Paivikki and Sakari Sohl-
berg foundation.19 20 This foundation supports the well-
being of children and seniors in Finland.

Discussion
The main findings from this review are that compared 
with placebo, esmolol administration during anaesthetic 
induction attenuated the QTc prolongation post LTI. This 
was evident only in studies that used anaesthetic inducing 
agents that had no effect on the QTc interval.7 9 10 18 
Meta-analyses was precluded by the lack of data on vari-
ability and the clinical and methodological heterogeneity 
of the included studies.

Our review had three trials done in the 1990’s by a single 
group17 19 20 and four studies done in the last decade since 
2009.7 9 10 18 Interestingly, the three older studies had 
used agents that could prolong the QTc interval, such as 
atropine and suxamethonium (without opioids) prior to 
intubation. Unsurprisingly, esmolol did not reduce the 
LTI-induced QTc prolongation in those trials. However, 
the later studies that used non-QTc disturbing induction 
medications showed a consistent protective effect on 
LTI-induced QTc response. Esmolol was noted to blunt 
the QTc prolongation compared with the control group 
and no prolongation was noticed compared with the 
baseline in the esmolol group unlike the control group.

There are multiple theories as to how esmolol is able 
to achieve its effects on the QTc interval. Esmolol, being 
a β1-adrenergic antagonist is able to directly mitigate the 
heightened sympathetic tone caused by LTI. Coupled 
with an anti-ischaemic effect, the antisympathetical 
effect helps in reducing the QTc prolongation.10 Similar 
effects have been shown for other beta blockers such as 
landiolol.21

The favourable pharmacokinetic profile (direct alpha 
antagonism, ultra-short acting, rapid onset and offset) 
makes it an ideal agent in this regard. Also, it can be 
employed as an infusion post intubation in vulnerable 
patients or those who present with a baseline acquired 
QTc prolongation if their perioperative pathway is likely S
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to be vulnerable to QTc triggering insults. Indeed, beta 
blockers are the first line therapeutical options for 
congenital long QT syndrome (LQTS).2 Although some 
sources have used opioids alone and shown a favour-
able QTc response post LTI,14–16 it is conceivable that 

esmolol may have more profound sympatholytical effect 
compared with opioids. Because it is a standard practice 
to use opioids at induction, a synergistical effect on the 
QTc interval could be anticipated with co-administration 
of esmolol. The aforementioned properties of esmolol 
makes it a unique agent during anaesthetic induction and 
LTI offering protection against both QTc and haemody-
namic response. Yet, esmolol should be cautiously used 
during anaesthesia induction and tracheal intubation in 
view of its potent haemodynamic effects.

Perioperative QTc interval burden has been a subject 
of interest recently. Acquired LQTS is grossly under-
recognised  in the perioperative period, and it warrants 
caution when encountered.2 The perioperative manage-
ment of LQTS is based on low level of evidence, and no 
consensus guidelines exist.2 Minor QTc interval prolonga-
tion (an average of 23 ms) up to 48 hours postoperatively 
was noted in 80% of patients in a cohort of 469 patients 
undergoing non-cardiac procedures. A QTc over 440 ms 
was noted in 51% of them, 4% had marked QTc prolon-
gation (over 500 ms), and one patient developed TdP.22 
A combined data on 1600 patients across three studies 
has shown that preexisting QTc prolongation is an inde-
pendent risk factor for major postoperative cardiovas-
cular events.23–25 For every 10 ms prolongation of the QTc 
interval above 436 ms, a 13% increase in adverse events 
were observed.23

In the non-operative environment, the risk of TdP 
increases either when the QTC interval exceeds 500 
ms or with a 20 ms increase from baseline.26 27 In the 

Table 2  Summary of findings for the outcome measures and the quality of evidence (GRADE, Grading of Recommendations, 
Assessment, Development and Evaluation)

Outcome Effect
Number of participants 
(studies)

Quality of the evidence
(GRADE)

Patient or population: surgical patients with the need for general anaesthesia with an endotracheal tube
 Settings: induction of general anaesthesia and endotracheal intubation. 
 Intervention: esmolol administration prior to endotracheal intubation. 

QTc post LTI: esmolol versus 
control

four of the seven studies 
showed a consistent reduction 
in the esmolol group

409 (7) Moderate certainty
⊕⊕⊕O (due to risk of bias 
from two studies)

QTc post LTI: baseline 
versus post LTI

four studies showed a 
reduction within the esmolol 
group

409 (7) Moderate certainty
⊕⊕⊕O (due to risk of bias 
from two studies)

Comparison: 
1.	  QTc interval parameters post endotracheal intubation between the group receiving esmolol and the control group receiving 

placebo 
2.	  Comparison of the QTc interval parameters between the baseline and post endotracheal intubation within the esmolol and 

the control group 

QTcd post LTI: esmolol versus 
control

One study showed a reduction 
in the esmolol group

60 (1) Very low certainty 
⊕OOO(due to 
imprecision, <400 participants)

QTcd post LTI: Baseline 
versus post LTI

One study showed a reduction 
within the esmolol group

60 (1) Very low certainty 
⊕OOO (due to 
imprecision, <400 participants)

LTI, laryngoscopy and endotracheal intubation; QTc, corrected QT; QTcd, QTd corrected for heart rate (QTd, QT dispersion). 

Figure 2  Risk of bias assessment of included studies.
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perioperative setting, an increase of over 100 ms from 
baseline was noted as a risk factor for TdP in a recent 
systematic review analysing the reported cases of periop-
erative TdP.3 The same review found that during the TdP 
event, the mean QTc was 575 ms. It has been proven that 
prolongation of the QTc interval alone is not a marker for 
TdP development. Unless the transmural dispersion of 
the myocardium is also distorted, the risk of TdP is less.27 
It is reflected by intervals other than QTc such as the 
Tp-e interval, Tp-e/QTc ratio. Although it is known that 
the transmural dispersion of repolarisation is affected by 
anaesthetic and other perioperative agents, it is unclear 
whether airway manipulations elicit similar effects. Never-
theless, vigilance is required in the susceptible whenever 
the perioperative milieu is likely to be exposed to QTc 
modifying factors.

Our review could  not find major adverse events or 
serious haemodynamic compromise with esmolol admin-
istration during anaesthetic induction and tracheal 
intubation. The number of subjects in our review was 
probably low for this outcome. A large review assessing 
the safety of prolonged esmolol infusion following a 
bolus failed to show significant bradycardia as an adverse 
event.28 Likewise, another meta-analysis on the safety 
of esmolol demonstrated no significant hypotension 
or bradycardia in non-cardiac surgery.29 The authors 
concluded that the ultra-short acting nature of esmolol 
only causes reversible episode of hypotension and brady-
cardia, and the concerns of a negative inotropic effect 
are minimal. It is plausible that employing esmolol for 
shorter duration during LTI may not produce signifi-
cant haemodynamic changes since it is likely to counter 
balance the sympathetical surge induced hypertension 
and tachycardia. Preparation of an esmolol infusion may 
insert a layer of complexity during anaesthetic induction, 
yet, the best clinical management should not be influ-
enced by comfort, as echoed by a meta-analysis evaluating 
the effects of esmolol in attenuating the haemodynamic 
response during LTI.30 The meta-analysis on 38 trials 
including 2009 patients found that esmolol was very effec-
tive in attenuating the haemodynamic response to LTI.30 
Ultra-short  acting beta  blockers have a wide range of 
application in the perioperative and critical care setting 
including cardiac surgery, acute myocardial infarction, 
critically ill septic patients, improving oxygenation in 
extracorporeal membrane oxygenation and periopera-
tive cardioprotection for non-cardiac surgery.31

This review had few shortcomings. The inconsis-
tency noted in the choice of inducing agents attributed 
to earlier trials is a limitation. Varying dose range was 
described, and a dose- seeking pilot study was attempted 
in only three of the trials. Adverse effects were poorly 
reported.

An extensive literature search without language restric-
tion is a major strength of our review. Our review offers 
scope to design future trials. Hodges’ formula may be 
appropriate to evaluate the QTc parameters during LTI 
as it is less likely to be influenced by heart rate changes.7

Conclusion
The review on seven RCTs presents the evidence that 
esmolol can prevent LTI0induced QTc prolongation 
compared with placebo, in healthy patients as well as in 
those at risk. This effect was appreciated when non-QT 
prolonging anaesthetic medications were chosen to 
facilitate induction and LTI. No major adverse events 
were reported. A loading dose of 500 mcg/kg followed 
by an infusion of 100  to  200 mcg/kg/min continuing 
for at least 5 to 7 min post LTI seems logical. Esmolol is 
uniquely poised to attenuate both the QTc response as 
well as the haemodynamical response secondary to LTI. 
These findings may have clinical implications in patients 
at risk of developing QTc interval prolongation perioper-
atively. Future studies should explore whether transmural 
dispersion is also affected during LTI by analysing param-
eters such as Tp-e and Tp-e/QTc apart from identifying 
the safest dose regime.
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