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Objective: Tracheal intubation (TI) consistently induces tachycardia and elevated blood pressure which may be deleterious
to patients, particularly those with existing cardiac conditions. Use of dexmedetomidine or esmolol has been described to
attenuate this sympathetic response. This study aimed to determine the effectiveness of dexmedetomidine vs esmolol in
attenuating the hemodynamic response during TI.

Methods: A systematic review and meta-analysis were performed using PRISMA guidelines. A systematic literature search
in electronic databases and grey literature was completed. Researchers assessed article eligibility, performed data extrac-
tion, and completed risk of bias assessment. Results were expressed as pooled differences for cardiovascular parameters
between the drugs as the weighted mean difference with 95% CI. A P < .05 was considered statistically significant.
Heterogeneity was quantified using the I” statistic. Subgroup analyses exploring different drug regimens were performed.
Results: Of 112 publications, 19 randomized controlled trials were included for descriptive analysis and 15 were selected
for the meta-analysis with 948 patients. The use of dexmedetomidine vs esmolol provided lower heart rates and mean arte-

rial pressures at 1, 3, 5, and 10 minutes and lower systolic and diastolic pressures at 1, 3, and 5 minutes after TI.
Conclusion: Dexmedetomidine blunts the hemodynamic response to TI more effectively vs esmolol.
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racheal intubation (TI) during general anesthesia

(GA) is known to increase sympathetic activity that
may result in hypertension or arrhythmias.!? Literature on
the incidence of postintubation hemodynamic instability
and its impact on patient outcomes is limited to critically
ill patients.®> In healthy individuals, this transient sympa-
thetic response secondary to an increase of plasma cate-
cholamines is likely of little significance.*> It is well
documented that hemodynamic responses can be pro-
nounced and harmful in patients with cardiovascular
comorbidities and lead to left ventricular failure, myocar-
dial ischemia, and stroke.®® For example, Roy et al® moni-
tored the ST segment in electrocardiograms of 11
noncoronary and 29 coronary patients under GA. In the
coronary group, 11 of the 29 patients developed an increase
in heart rate (HR) and blood pressure (BP) followed by ST
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depression, an indicator of myocardial ischemia, during the
intubation period but none in the noncoronary group.’

The extent, severity, and duration of the sympathetic reac-
tion to TI is dependent on many factors including premedica-
tion and induction drugs.'®!" Opioids, beta blockers, and o2
agonists have been used to blunt hemodynamic changes asso-
ciated with TL!%7!2 In the last 2 decades, anesthesiologists
have discussed opioid-sparing techniques to prevent opioid
side effects (eg, postoperative ileus, urinary retention, postop-
erative nausea and vomiting, and postoperative respiratory
complications).!>"!> A meta-analysis by Figueredo et al. con-
cluded that esmolol, an ultrashort-acting beta blocker, is
effective in a dose-dependent manner for attenuating the
short-term sympathetic response triggered by TL!¢-19

Alternatively, dexmedetomidine is a highly selective and
potent o2 agonist used for anxiolysis, sedation, and
analgesia.?®22 Dexmedetomidine was initially approved in
1999 by the US Food and Drug Administration for intrave-
nous (IV) administration for up to 24 hours of sedation in
mechanically ventilated adult patients in the intensive care
unit (ICU).?* Later, dexmedetomidine was approved for
perioperative sedation of nonintubated patients. Notably,
its off-label use is frequently reported in the literature.?* A
meta-analysis by De Cassai et al®® concluded that
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dexmedetomidine before TI significantly blunted patient
hemodynamics during laryngoscopy with decreases in HR,
systolic blood pressure (SBP), and mean arterial pressure
(MAP) vs no dexmedetomidine. Thus, both esmolol and
dexmedetomidine can attenuate the hemodynamic response
after TI, leaving agent selection to the anesthesiologist’s
discretion.

Several clinical trials compared dexmedetomidine with
esmolol for hemodynamic stability, yet there is no consensus
on agent superiority. A meta-analysis by Li et al*® concluded
that dexmedetomidine had better HR and BP control than
esmolol after rapid sequence induction (RSI).2%*’ To our
knowledge, there is no systematic review comparing the hemo-
dynamic stability of these 2 drugs following TI in the non-RSI
context. Also, there is no agreement on optimal dosage and tim-
ing. The primary objective of this systematic review and meta-
analysis was to compare dexmedetomidine with esmolol for
hemodynamic response (eg, HR and BP) at 1, 3, 5, and 10 min-
utes after TI in non-RSI studies with patients undergoing non-
cardiac surgery. The secondary objective was to identify any
adverse effects related to dexmedetomidine or esmolol such as
tachycardia, bradycardia, hypotension, and extrasystoles.

METHODS

A systematic review and meta-analysis of all peer-reviewed
randomized controlled trials (RCTs) that compared dexmede-
tomidine to esmolol as a sole or adjunct sedative agent to
lessen hemodynamic effects of TI were performed. PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analysis) statement guidelines were used to prepare this manu-
script.?® A systematic literature search was performed to iden-
tify, screen, and include articles. This search was performed on
April 26, 2023, with the help of the librarian using the follow-
ing databases: PubMed, EMBASE, the Cochrane Central Reg-
ister of Controlled Trials (CENTRAL), Web of Science, and
Grey Literature (by screening the first 100 results in Google).
The search was limited to RCTs published in English or French
in peer-reviewed journals from 1946 to present date. The search
items (including alternative spelling) are listed in Supplemental
Table S1 (available online only). Titles and abstracts were
uploaded to EndNote 20 (Clarivate Analytics), duplicates were
removed, and relevant titles were selected and then imported
into Covidence (Veritas Health Innovation) for study screening
and selection. Full-text papers were reviewed for inclusion or
exclusion based on predefined criteria. Reference lists were
screened for relevant titles for search comprehensiveness.

Study Selections

Inclusion Criteri.  Type of Participants. Studies includ-
ing adult patients (=18 years of age) undergoing elective
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noncardiac surgery in the operating room or ambulatory
setting were reviewed.

Type of Interventions.  Studies that compared dexme-
detomidine to esmolol for the purpose of attenuating the
hemodynamic response associated with TI were included.

Exclusion Criteria. Non-RCTs were excluded. Studies
including the pediatric population (<18 years of age), car-
diac or emergency surgery, or the ICU setting were
excluded. Studies where the primary outcome was not pre-
sented as mean (SD) at 1, 3, 5 or 10 minutes postintubation
were excluded for the meta-analysis part of the study.

Screening and Data Extraction

All abstracts were screened by the primary author (AS) and
independent reviewer (SK). Reasons for inclusion or exclu-
sion of studies were recorded in the PRISMA flowchart.
Any disagreements were discussed with third reviewer
(MW). The following information was collected: first
author, country, year of the study, dexmedetomidine dose,
esmolol dose, and total number of patients per group,
American Society of Anesthesia physical status (ASA-PS),
premedication use, anesthetic drugs at induction, laryngos-
copy technique, outcome measured, and results.

Risk of Bias

Risk-of-bias (RoB 2) tool assessment was done as per the
Cochrane Handbook for Systematic Reviews of Interven-
tion.??® Random sequence generation (selection bias), allo-
cation concealment (selection bias), blinding of participants
(performance bias), blinding of outcome assessment (detec-
tion bias), bias of incomplete outcome data (attrition bias) and
selective reporting bias (reporting bias) were assessed. Also,
the RoB 2 tool allowed assigning a judgment of high, low, or
unclear risk of material bias for each item.2 The overall risk
of bias of studies was judged to be “low” if all domains were
low risk, “moderate” if any domains are unclear, and “high”
if any domains are high risk.°

Quantitative Data Synthesis

The statistical analysis was performed using the Review-
Manager 5.3 software (the Nordic Cochrane Centre).
Pooled differences of the hemodynamic responses to TI
were expressed as mean difference (MD) with 95% Cls,
and P < .05 was considered statistically significant. Stud-
ies that did not present data as standardized mean differ-
ence (SMD) or standard error of the mean (SEM) were
excluded from the meta-analysis. Continuous data were
analyzed by using random effect models. I squared (I?) was
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performed to measure the percentage of variation across
studies that is due to heterogeneity.?!

Subgroup Analysis

The authors decided to subdivide dexmedetomidine dosing
as high dose (=1 pg/kg) and low dose (<1 pg/kg) and
compared it to esmolol dosing as high dose (=1.5 mg/kg)
and low dose (<1.5 mg/kg) to ascertain the effects of dos-
ing on hemodynamic stability. This subdivision was based
on loading doses specified by drug monographs.

Sensitivity Analyses

Studies that included patients who received anticholinergic
medication (eg, glycopyrrolate or atropine) within 24 hours
before surgery were analyzed for their effects on the data.
Furthermore, to determine the influence of induction agents
with vasodilatory properties like propofol and thiopental,
we repeated the primary analysis of SBP and MAP only
with the studies that used propofol for induction since its
use is more common in North America and Europe.

RESULTS
Included Studies

A total of 112 article abstracts were found, and 81 studies
were isolated after removing duplicates. A total of 29 trials
were assessed as eligible, but 10 were ultimately excluded
(Figure 1).3273% Therefore, 19 trials were included in the
descriptive analysis.**=>7 The meta-analysis was performed
with 15 of these publications**-48-50-52.54.56.57. however, 4 arti-
cles were excluded because the outcome of interest was not
presented in MD.3#93355 Tn the meta-analysis, we analyzed
data from 948 patients, of whom 473 received dexmedetomi-
dine and 475 received esmolol. We did not identify any stud-
ies in French.

Risk of Bias

The overall risk of bias was graded as low for 2 studies
(11%), moderate for 16 (84%) studies, and high for 1 study
(5%; Figure 2). Most of the studies were thought to be
somewhat susceptible to “selective reporting” bias as we
were unable to acquire the original protocols for each
study. Only 2 studies were registered clinical trials. 4040
One study was at high risk of bias due to missing data.*>
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Description of Included Studies

Characteristics of the included RCTs are presented in Supple-
mental Table S2 (available online only). Fifteen trials took
place in India,3%40:42:4345:4648-54.56 3 in Tyrkey,**37 and 1
in Malaysia.*’ The smallest study contained 60 patients,
whereas the largest study included 100 patients. Studies
included patients ranging from 18 to 80 years of age. Patients
were classified as either ASA-PS I or II in most of the trials;
1 trial did not specify ASA-PS.>* Four trials included well-
controlled hypertensive patients,3#1-5435

Dosing for dexmedetomidine was reported as 1 pg/kg in 13
trials,3*41:44-4850-55 075 g/kg in 1 trial,** and 0.5 pg/kg in 5
trials. 4243493657 In 17 trials, dexmedetomidine was injected as
a single 10-minute infusion prior to preoxygenation, induction,
laryngoscopy, or intubation. Only 1 trial continued the infusion
as maintenance throughout the surgical procedure. One trial did
not specify the administration of dexmedetomidine as a bolus
or infusion.”” Esmolol dosing was variable (eg, empirical bolus,
weight-based bolus, infusion). Some studies used an empirical
100 mg dose,> whereas other studies used weight-based doses
ranging from 0.3 to 2 mg/kg. Koh et al*’ used an esmolol infu-
sion of 0.05 mg/kg/min over 10 minutes. In 12 trials, esmolol
was given as a bolus just before or 2 minutes prior to preoxy-
genation, induction, laryngoscopy, or intubation,3*#1-46.50.34-57
Some trials opted for a 10-minute infusion prior to preoxygen-
ation, induction, laryngoscopy, or intubation 0:474951-53

Four studies used glycopyrrolate in their anesthetic regi-
mens,**43-5234 and propofol was used in 5 studies.0:46-34.56-57

Almost all trials included in this review performed direct
laryngoscopy. To our knowledge, none of the trials used
video laryngoscopy. The main sources of clinical heteroge-
neity were surgery type, dexmedetomidine dose, esmolol
dose, and the various anesthesia maintenance regimens.

Primary Outcome: HR and BP

Dexmedetomidine attenuated the rise in HR (beats/min;
bpm) more effectively than esmolol at 1, 3, 5, and 10 min-
utes following TI with MDs ranging from —11.81 to —7.15
bpm (95% CI, —14.64 to —2.49; P = .003; Figure 3).

Dexmedetomidine attenuated the rise in SBP more effec-
tively than esmolol at 1, 3, and 5 minutes but not at 10 min-
utes following TI with MDs ranging from —13.43 to —11.13
mm Hg (95% CI, —20.08 to —6.36; P < .001; Figure 4).

Dexmedetomidine attenuated the rise in DBP more effec-
tively than esmolol at 1, 3, and 5 minutes but not at 10 min-
utes following TI with MDs ranging from —7.11 to —5.29
mm Hg (95% CI, —10.73 to —1.66; P = .004; Figure 5).

Dexmedetomidine attenuated the rise in MAP more
effectively than esmolol at 1, 3, 5, and 10 minutes follow-
ing TT with MDs ranging from —6.29 to —3.42 mm Hg
(95% CI, —9.33 to —1.55; P = .004; Figure 6).
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Figure 1. PRISMA Flow Diagram
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[ Identification of studies via databases and registers ]

Records identified from:
Ovid MEDLINE (n = 10)
Embase (n = 21)
Cochrane (n =27)
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g |
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(n=29)
—
Studies included in meta-analysis
3 (n=15)
3 Studies included in descriptive
& analysis (n = 19)

— 3| analysis:

Subgroup Analysis: High/Low Dosing

All data and forest plots for the subgroup analysis are available
as Supplemental Figures (Figures S7—14; available online only).

High-dose dexmedetomidine (=1 pg/kg) attenuated the
rise in HR more effectively than high-dose esmolol (1.5 mg/
kg) at 1, 3, 5, and 10 minutes following TI with MDs ranging
from —11.56 to —7.73 (95% CI, —14.70 to —1.54; P = 01,
Supplemental Figure S7).

High-dose dexmedetomidine (=1 pg/kg) attenuated the
rise in SBP more effectively than high-dose esmolol (=1.5
mg/kg) only at 1 and 3 minutes following TI with MDs
ranging from —8.81 and —8.60 (95% CI, —14.39 to —2.87;
P = .003; Supplemental Figure S8).

There was no difference in the DBP with high-dose dex-
medetomidine (=1 pg/kg) compared to high-dose esmolol
(=1.5 mg/kg) at 1, 3, 5, and 10 minutes following TI with

Records before screening: (n =
112)

*Duplicate records removed (n =
31)

Records excluded:
(n=47)

Reports not retrieved:

Reports excluded: (n = 10)

+  Wrong outcomes (n = 2)
Cardiac Surgery (n = 3)
Wrong comparator (n = 1)
Plagiarism (n = 1)

Wrong study design (n = 1)
Full text missing (n = 2)

Reports excluded from meta-

« Data missing: (n = 4)

MDs ranging from —3.28 to —0.07 mm Hg (95% CI,
—7.26 t0 2.65; P = .11; Supplemental Figure S9).

There was no difference in MAP with high-dose dexme-
detomidine (=1 pg/kg) compared to high-dose esmolol
(=1.5 mg/kg) at 1, 3, 5, and 10 minutes following TI with
MDs ranging from —4.69 to 0.26 mm Hg (95% CI, —10.16
to 2.02; P = .06; Supplemental Figure S10).

Sensitivity Analysis

Anticholinergics. Glycopyrrolate was the preferred anticho-
linergic medication as none of the trials used atropine. Pre-
medication with glycopyrrolate prior to intubation was not
associated with significant differences in HR. Dexmedetomi-
dine attenuated the rise in HR more effectively than esmolol
with an anticholinergic agent at 1, 3, 5, and 10 minutes
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Figure 2. Risk of Bias (RoB2) Summary
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following TI with MDs ranging from —11.05 to —4.70 bpm at 1, 3, 5, and 10 minutes following TI with MDs ranging
(95% CI, —16.92 to —0.37; P = .03; Supplemental Figure from —12.93 to —8.74 bpm (95% CI, —16.58 to —1.92; P =
S11). Additionally, dexmedetomidine attenuated the rise in .01; Supplemental Figure S12). Data and forest plots are
HR more effectively than esmolol without an anticholinergic available in Supplemental Figures (available online only).
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Figure 3. Forest Plot for Heart Rate Response to Laryngoscopy and Tracheal Intubation Using Dexmedetomidine Compared With
Esmolol

Dexmedetomidine Esmolol Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1minute
Chandramohan 2022 66.13 4.42 30 81.47 5.28 30 8.5% -15.34[-17.80, -12.88] -
Chigullapally 2019 84.18 6.24 50 95.3 6.74 50 8.4% -11.12[-13.67, -8.57] -
Dass 2015 73.73 2.95 30 80.6 2:.73 30 8.8% -6.87 [-8.31, -5.43] ®
Dixit 2020 81.33 3.33 45  96.93 4.44 45 8.8% -15.60[-17.22, -13.98] -
Gogus 2014 82.27 8.25 30 89.39 10.6 30 7.2%  -7.12[-11.93,-2.31] =
Gupta 2016 81.33 3.33 30 86.93 4.44 30 8.7% -5.60 [-7.59, -3.61] =
Jemmie 2022 88.9 14.2 28 89.2 15.7 30 5.5% -0.30 [-8.00, 7.40] -
Selvaraj 2016 64.9 3.973 30 73.5 8.1 30 8.1%  -8.60[-11.83, -5.37] b
Sharma 2018 78.8 13.2 30 95 11.8 30 6.3% -16.20 [-22.54, -9.86] -
Singh 2017 82.66 6.1213 30 88.167 6.9087 30 8.1% -5.51[-8.81, -2.20] -
Syal 2018 82.2 11.8 40 98.7 12.7 40 6.9% -16.50[-21.87, -11.13] -
Varshney 2019 90.89 6.43 30 110.56 7.7 30 7.9% -19.67 [-23.26, -16.08] =
Yavascaoglu 2008 72.6 8.25 20 88.1 8.4 20 7.0% -15.50[-20.66, -10.34] >
Subtotal (95% CI) 423 425 100.0% -11.15[-14.02, -8.28] ¢

Heterogeneity: Tau? = 23.79; Chi? = 156.20, df =
Test for overall effect: Z = 7.61 (P < 0.00001)

12 (P < 0.00001); I> = 92%

3 minutes
Chandramohan 2022 68.73 4.83 30 85 5.25 30 7.9% -16.27 [-18.82, -13.72] -
Chigullapally 2019 82.68 6.51 50 94.98 6.82 50 7.8% -12.30[-14.91, -9.69] =
Dass 2015 69.93 2.65 30 79.22 3.3 30 8.2%  -9.29[-10.80, -7.78] =
Dixit 2020 79.33 3.37 45 95.86 3.99 45 8.2% -16.53 [-18.06, -15.00] =
Gogus 2014 76.17 9.18 30 89.55 10.8 30 6.5% -13.38[-18.45, -8.31] =
Gupta 2016 79.33 3.37 30 85.86 3.9 30 8.1% -6.53 [-8.37, -4.69] -
Jemmie 2022 83.75 13.6 28 84.67 15.54 30 5.1% -0.92 [-8.42, 6.58] —r—
Koh 2021 64.2 6.4 20 69.3 7.72 20 6.9% -5.10 [-9.49, -0.71] ==
Selvaraj 2016 60.43 5.4 30 73.27 8.5 30 7.4% -12.84 [-16.44, -9.24] &
Sharma 2018 79.2 12.84 30 93.3 13.5 30 5.6% -14.10[-20.77, -7.43] —
Singh 2017 79.56 6.43 30 85.067 6.61 30 7.5% -5.51[-8.81, -2.21] -
Syal 2018 77.9 9.8 40 94.4 12.8 40 6.6% -16.50[-21.50, -11.50] =
Varshney 2019 85.06 5.81 30 106.39 7.37 30 7.5% -21.33 [-24.69, -17.97] =
Yavascaoglu 2008 71.3 8.5 20 83.5 7.9 20 6.5% -12.20[-17.29,-7.11] =
Subtotal (95% CI) 443 445 100.0% -11.81[-14.52,-9.09] ¢
Heterogeneity: Tau? = 22.76; Chi? = 157.08, df = 13 (P < 0.00001); I = 92%
Test for overall effect: Z = 8.51 (P < 0.00001)

5 minutes
Chandramohan 2022 65.27  4.15 30 70.33 3.79 30 7.8% -5.06 [-7.07, -3.05] L
Chigullapally 2019 82.33 7.28 50 96.39 5.61 50 7.7% -14.06 [-16.61, -11.51] -
Dass 2015 68.6 3.68 30 79.62 2:31 30 7.9% -11.02 [-12.57, -9.47] -
Dixit 2020 76.13 3.14 45 90.66 4 45 7.9% -14.53 [-16.02, -13.04] b
Gogus 2014 70.17 14.8 30 84.48 10 30 6.0% -14.31[-20.70, -7.92] ==
Gupta 2016 76.13 3.14 30 83.66 4.003 30 7.9% -7.53 [-9.35, -5.71] -
Jemmie 2022 80.86 123 28 80.4 15.12 30 5.7% 0.46 [-6.61, 7.53] =
Koh 2021 59.9 6.5 20 64.75 6.72 20 7.1% -4.85 [-8.95, -0.75] =
Selvaraj 2016 59.43 6.9 30 71.43 7:5 30 7.3% -12.00 [-15.65, -8.35] b
Sharma 2018 75.4 11.06 30 90.3 11.43 30 6.4% -14.90 [-20.59, -9.21] =
Singh 2017 76.5667 6.2735 30 82.2 6.3212 30 7.5% -5.63 [-8.82, -2.45] -
Syal 2018 74.5 10.1 40 90.3 11.7 40 6.8% -15.80 [-20.59, -11.01] =
Varshney 2019 80.52 5.49 30 110.12 7.9 30 7.4% -29.60 [-33.04, -26.16] e
Yavascaoglu 2008 70.4 7.2 20 81.9 8.3 20 6.8% -11.50[-16.32, -6.68] e
Subtotal (95% CI) 443 445 100.0% -11.54 [-14.64, -8.44] ¢

Heterogeneity: Tau? = 30.98; Chi? = 222.99, df =
Test for overall effect: Z = 7.29 (P < 0.00001)

13 (P < 0.00001); I = 94%

10 minutes
Chandramohan 2022 69.27 3.13 30 68.47 3.63 30  10.6% 0.80 [-0.92, 2.52] r
Chigullapally 2019 80.15 6.22 50 80.71 7.08 50 10.4% -0.56 [-3.17, 2.05] T
Dixit 2020 74.73 2.94 45 90.53 3.53 45 10.6% -15.80[-17.14, -14.46] =
Gogus 2014 70.6 9.03 30 79.38 11.005 30 9.5%  -8.78[-13.87,-3.69] -
Gupta 2016 74.73 2.94 30 80.53 3.52 30 10.6% -5.80 [-7.44, -4.16] -
Koh 2021 59.4 6.97 20 62.5 7.94 20 9.7% -3.10 [-7.73, 1.53] -
Sharma 2018 70 10.7 30 86.6 10.38 30 9.4% -16.60 [-21.93, -11.27] =
Singh 2017 71.4667 6.6214 30 77.7 5.9257 30 10.2% -6.23 [-9.41, -3.05] -
Syal 2018 77.4 10.8 40 86 11.3 40 9.6%  -8.60[-13.44, -3.76] b
Yavascaoglu 2008 67.8 11.6 20 75.5 5.1 20 9.3%  -7.70[-13.25, -2.15] —
Subtotal (95% CI) 325 325 100.0% -7.15[-11.81, -2.49] @

Heterogeneity: Tau? = 52.76; Chi? = 283.67, df = 9 (P < 0.00001); I*> = 97%

Test for overall effect: Z = 3.00 (P = 0.003)

Test for subgroup differences: Chi? = 3.08, df = 3 (P = 0.38), I> = 2.6%

~100 -50 50 100

0
Favours [Dexmedetomidine] Favours [Esmolol]
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Figure 4. Forest Plot for Systolic Blood Pressure Response to Laryngoscopy and Tracheal Intubation Using Dexmedetomidine Compared

With Esmolol
Dexmedetomidine Esmolol Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
1 minute

Chandramohan 2022 102.33 5.8 30 117.6 6.86 30

Chigullapally 2019 126.22 12.45 50 129.22 10.84 50 9.4%
Dass 2015 121.13 2:5 30 128.8 3.04 30 9.8%
Dixit 2020 128 7:33 45 165.8 9.53 45 9.6%
Gogus 2014 147.13 19.41 30 147.43 21.27 30 8.1%
Gupta 2016 128 7:33 30 155.8 9.53 30 9.5%
Jemmie 2022 129.21 25 28 130.97 23.9 30 7.4%
Selvaraj 2016 96.57 6.5 30 116.47 10.2 30

Singh 2017 125.0667 7.6425 30 130.03 5.875 30 9.6%

Syal 2018 145.6 27.8 40 164.7 21 40 7.9%
Varshney 2019 135.69  4.98 30 140.09 7.43 30 9.6%
Subtotal (95% CI) 373 375 100.0%
Heterogeneity: Tau? = 124.37; Chi? = 373.25, df = 10 (P < 0.00001); I> = 97%

Test for overall effect: Z = 3.78 (P = 0.0002)

3 minutes

Chandramohan 2022 105.8 5.18 30 121 6.72 30

9.6% -15.27 [-18.48, -12.06] =2

-37.80 [-41.31, -34.29] =2
-0.30 [-10.60, 10.00]

-27.80 [-32.10, -23.50] .o
-1.76 [-14.37, 10.85]

9.5% -19.90 [-24.23, -15.57]

-19.10 [-29.90, -8.30]

-13.22 [-20.08, -6.36]

8.9% -15.20[-18.24, -12.16] .

-3.00 [-7.58, 1.58] =+
-7.67 [-9.08, -6.26] -

-4.96 [-8.41, -1.51]

-4.40 [-7.60, -1.20]

Chigullapally 2019 127.78 1177 50 129.6 10.18 50 8.7% -1.82 [-6.13, 2.49] -T
Dass 2015 119  2.39 30 127.8  2.39 30 9.1%  -8.80[-10.01, -7.59] L
Dixit 2020 124 6.33 45 156.8  9.09 45 8.9% -32.80 [-36.04, -29.56] =
Gogus 2014 129.2 20.72 30 125.93 23.7 30 6.6% 3.27 [-7.99, 14.53] ——
Gupta 2016 125.2 6.33 30 146.83 9.09 30 8.7% -21.63 [-25.59, -17.67] e
Jemmie 2022 117.86 17.6 28 120.87 17.7 30 7.3% -3.01[-12.10, 6.08] —
Reddy 2014 116.9 12.68 30 147.83 21.9 30 7.3% -30.93 [-39.99, -21.87] —
Selvaraj 2016 92.5 6.8 30 114.4 10.1 30 8.7% -21.90 [-26.26, -17.54] o
Singh 2017 118.83 7.9701 30 125.33 5.7735 30 8.8% -6.50 [-10.02, -2.98] i
Syal 2018 120.7 17.6 40 134.4 15.1 40 7.9% -13.70[-20.89, -6.51] =
Varshney 2019 132 5.96 30 13736  6.11 30 8.9% -5.36 [-8.41, -2.31] -
Subtotal (95% CI) 403 405 100.0% -13.43 [-18.94, -7.93] L 2
Heterogeneity: Tau? = 86.22; Chi? = 308.63, df = 11 (P < 0.00001); I> = 96%
Test for overall effect: Z = 4.78 (P < 0.00001)

5 minutes
Chandramohan 2022 111.67 5.61 30 119.07 7.52 30 8.9% -7.40 [-10.76, -4.04] C &
Chigullapally 2019 129.91 10.29 50 129.91 9.44 50 8.7% 0.00 [-3.87, 3.87] = =
Dass 2015 114  3.28 30 127.86  3.05 30 9.2% -13.86 [-15.46, -12.26] =
Dixit 2020 118 4.48 45 143.8 7.88 45 9.0% -25.80 [-28.45, -23.15] =
Gogus 2014 119.17 17.1 30 111.6 19.91 30 6.7% 7.57 [-1.82, 16.96] =
Gupta 2016 119 4.48 30 133.8 7.88 30 8.9% -14.80[-18.04, -11.56] -
Jemmie 2022 109.32 18 28 111.6 11.87 30 7.3% -2.28 [-10.19, 5.63] ==
Reddy 2014 111 11.73 30 132.33 22.11 30 6.8% -21.33 [-30.29, -12.37] -
Selvaraj 2016 91.87 5.2 30 112.67 9.2 30 8.8% -20.80 [-24.58, -17.02] =
Singh 2017 112.3 7.9928 30 120.97 5.5054 30 8.8% -8.67 [-12.14, -5.20] E 2
Syal 2018 11 15.5 40 126.7 12.3 40 8.0% -15.70[-21.83,-9.57] =
Varshney 2019 126.92  4.97 30 133.59 7.01 30 8.9% -6.67 [-9.74, -3.60] =
Subtotal (95% CI) 403 405 100.0% -11.13[-15.69, -6.58] L 3

Heterogeneity: Tau? = 58.00; Chi? = 213.97, df = 11 (P < 0.00001); I* = 95%
Test for overall effect: Z = 4.79 (P < 0.00001)

10 minutes
Chandramohan 2022 118 5.63 30 119.6 6.9 30 13.0% -1.60 [-4.79, 1.59] -
Chigullapally 2019 121.87 9.71 50 128.04 10.09 50 12.9% -6.17 [-10.05, -2.29] -
Dixit 2020 110 3.61 45 136.27 5.29 45  13.2% -26.27 [-28.14, -24.40] -
Gogus 2014 116.17 17.01 30 103.9 22.06 30 11.2% 12.27 [2.30, 22.24] —
Gupta 2016 114.73 3.61 30 120.27 5.29 30 13.1% -5.54 [-7.83, -3.25] =
Reddy 2014 114 14.21 30 120.5 18.4 30 11.7% -6.50 [-14.82, 1.82] -
Singh 2017 103.33 5.9615 30 113.13 5.9058 30 13.0% -9.80 [-12.80, -6.80] -
Syal 2018 126.5 19.7 40 130.3 15.4 40 11.9% -3.80 [-11.55, 3.95] -
Subtotal (95% CI) 285 285 100.0% -6.31[-14.71, 2.09] 2
Heterogeneity: Tau? = 138.52; Chi? = 331.75, df = 7 (P < 0.00001); I> = 98%
Test for overall effect: Z = 1.47 (P = 0.14)

~100 -50 0 50 100

Test for subgroup differences: Chi? = 2.21, df = 3 (P = 0.53), I> = 0%

Propofol Induction. Dexmedetomidine attenuated the
rise in SBP more effectively than esmolol at 1, 3, and 5 min-
utes but not at 10 minutes following TI with propofol used
for induction with MDs ranging from —15.97 to —11.75 mm
Hg (95% CI, —30.32 to —1.62; P = .03; Supplemental Fig-
ure S13). Similarly, dexmedetomidine attenuated the rise in

Favours [Dexmedetomidine] Favours [Es,olol]

MAP more effectively than esmolol at 1, 3, 5, and 10 min-
utes following TI with propofol used for induction with
MDs ranging from —7.74 to —5.76 mm Hg (95% CI,
—11.32to —3.51; P < .001; Supplemental Figure S14). For-
est plots are available in Supplemental Figures (available
online only).
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Figure 5. Forest Plot for Diastolic Blood Pressure Response to Laryngoscopy and Tracheal Intubation Using Dexmedetomidine

Compared With Esmolol
Dexmedetomidine Esmolol Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
1 minute
Chandramohan 2022 60.67 5.76 30 61.33 4.85 30 9.9% -0.66 [-3.35, 2.03] :
Chigullapally 2019 81.06 10.88 50 87.29 8.82 50 9.3%  -6.23[-10.11, -2.35] ==
Dass 2015 70.96 2.76 30 80.2 2.12 30 10.4% -9.24 [-10.49, -7.99] .
Dixit 2020 80.06 8.08 45 99.33 6.65 45 9.8% -19.27 [-22.33, -16.21]
Gogus 2014 97.73 12.28 30 95.07 13.49 30 7.7% 2.66 [-3.87, 9.19] T
Gupta 2016 82.06 8.008 30 89.33 6.65 30 9.4% -7.27 [-10.99, -3.55]
Jemmie 2022 82.21 15.2 28 83.8 14.4 30 7.0% -1.59[-9.22, 6.04] —
Selvaraj 2016 61.93 7.2 30 69.93 6.9 30 9.5% -8.00 [-11.57, -4.43] -
Singh 2017 79.0666 5.58 30 79.933 5.699 30 9.9% -0.87 [-3.72, 1.99] & B
Syal 2018 89.4 16.2 40 100.4 14.1 40 7.6% -11.00[-17.66, -4.34] —
Varshney 2019 87.29 7.95 30 91.22 7.16 30 9.4% -3.93 [-7.76, -0.10] -
Subtotal (95% CI) 373 375 100.0% -6.14 [-9.63, -2.64] L 2

Heterogeneity: Tau? = 30.14; Chi? = 126.44, df = 10 (P < 0.00001); I? = 92%
Test for overall effect: Z = 3.44 (P = 0.0006)

3 minutes
Chandramohan 2022 61.33 5.54 30 66.6 5.01 30 9.0%
Chigullapally 2019 82.11 9.98 50 86.11 9.23 50 8.6%
Dass 2015 68.6 3.11 30 79.46 1.73 30 9.4%
Dixit 2020 67.74 8.26 45 90.26 7 45 8.9%
Gogus 2014 83.07 14.4 30 80.83 14.68 30 6.8%
Gupta 2016 74.86 8.26 30 80.26 7.67 30 8.5%
Jemmie 2022 76.46 13.1 28 75.4 11.8 30 7.3%
Reddy 2014 76.33 12.91 30 84.73 13.65 30 7.2%
Selvaraj 2016 54.93 4.5 30 68.17 53 30 9.1%
Singh 2017 79.1 5.34563 30 79.833 5.2397 30 9.0%
Syal 2018 74.4 12 40 84.6 13.3 40 7.8%
Varshney 2019 84.72 9.01 30 89.26 7.08 30 8.5%
Subtotal (95% CI) 403 405 100.0%
Heterogeneity: Tau? = 36.08; Chi? = 166.37, df = 11 (P < 0.00001); I* = 93%
Test for overall effect: Z = 3.84 (P = 0.0001)

5 minutes
Chandramohan 2022 63.87 5.48 30 71.6 4.88 30 8.9%
Chigullapally 2019 84.98 10.74 50 89.68 7.11 50 8.5%
Dass 2015 65.93 3.46 30 79.33 2.24 30 9.2%
Dixit 2020 71.86 7:12 45 74.86 5.68 45 8.8%
Gogus 2014 76.77 12.15 30 71.76 15.61 30 6.9%
Gupta 2016 71.86 7.12 30 74.66 5.68 30 8.6%
Jemmie 2022 70.07 11.14 28 69.4 10.03 30 7.7%
Reddy 2014 71.03 12.12 30 76.77 8.92 30 7.7%
Selvaraj 2016 54.33 4.3 30 66.57 6.8 30 8.8%
Singh 2017 77.1333 5.178 30 74.33 5.6853 30 8.8%
Syal 2018 68.5 12.7 40 81.9 12.6 40 7.6%
Varshney 2019 79.86 6.51 30 87.29 8.05 30 8.5%
Subtotal (95% CI) 403 405 100.0%
Heterogeneity: Tau? = 36.96; Chi’ = 172.67, df = 11 (P < 0.00001); I* = 94%
Test for overall effect: Z = 2.86 (P = 0.004)

10 minutes
Chandramohan 2022 66.4 6.04 30 75.53  5.14 30 14.7%
Chigullapally 2019 81.66  10.02 50 83.54 9.98 50 12.8%
Dixit 2020 69.26  6.203 45 716 57 45 15.4%
Gogus 2014 74.9 13.6 30 67.76 16.62 30  7.1%
Gupta 2016 69.26  6.203 30 716 57 30 14.4%
Reddy 2014 70.67  11.85 30 707 9.68 30 10.1%
Singh 2017 73.166 5.11308 30 73.6 5.8875 30 14.8%
Syal 2018 79.5 13 40 82 102 40 10.7%
Subtotal (95% CI) 285 285 100.0%

-5.27 [-7.94, -2.60]
-4.00 [-7.77, -0.23]
-10.86 [-12.13, -9.59]
-22.52 [-25.68, -19.36]
2.24[-5.12, 9.60]
-5.40 [-9.43, -1.37]
1.06 [-5.37, 7.49]
-8.40 [-15.12, -1.68]
-13.24 [-15.73, -10.75]
-0.73 [-3.41, 1.95]
-10.20 [-15.75, -4.65]
-4.54 [-8.64, -0.44]
-7.11 [-10.73, -3.48]

-7.73 [-10.36, -5.10]
-4.70 [-8.27, -1.13]
-13.40 [-14.87, -11.93]
-3.00 [-5.66, -0.34]
5.01[-2.07, 12.09]
-2.80 [-6.06, 0.46]
0.67 [-4.80, 6.14]
-5.04 [-10.42, 0.34]
-12.24 [-15.12, -9.36]
2.80[0.05, 5.56]
-13.40 [-18.94, -7.86]
-7.43 [-11.13, -3.73]
-5.29 [-8.93, -1.66]

-9.13 [-11.97, -6.29]
-1.88 [-5.80, 2.04]
-2.34 [-4.80, 0.12]
7.14 [-0.54, 14.82]
-2.34 [-5.35, 0.67]
-0.03 [-5.51, 5.45]
-0.43 [-3.22, 2.36]
-2.50[-7.62, 2.62]
-2.10 [-4.77, 0.56]

4

4

. s

S B

Heterogeneity: Tau? = 10.45; Chi? = 29.73, df = 7 (P = 0.0001); I = 76%
Test for overall effect: Z = 1.55 (P = 0.12)

Test for subgroup differences: Chi? = 6.09, df = 3 (P = 0.11), I> = 50.7%

Secondary Outcome

Twelve studies* #6485 reported adverse events. Patients
receiving dexmedetomidine were at greater risk of bradycardia
(5 dexmedetomidine cases****>3 vs no esmolol cases), where
bradycardia was defined as a HR less than 50 bpm.**>1-% In

~100 -50 0 50 100
Favours [Dexmedetomidine] Favours [Esmolol]

the 12 studies, hypotension was defined as a 20% decrease in
SBP from baseline,*>”! a 20% decrease in MAP from baseline,
or a SBP less than 90 mm Hg.>® One case of hypotension was
identified after dexmedetomidine administration,*® and 3 cases
of hypotension were identified after esmolol administration.*’
No tachyarrhythmia or hypertensive events were reported.
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Figure 6. Forest Plot for Mean Arterial Pressure Response to Laryngoscopy and Tracheal Intubation Using Dexmedetomidine Compared

With Esmolol
Dexmedetomidine Esmolol Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
1 minute

Chandramohan 2022 74.56  4.59 30 80.09 4.42 30 12.5% -5.53 [-7.81, -3.25] -
Chigullapally 2019 99.14 8.24 50 100.11 8.24 50 11.9% -0.97 [-4.20, 2.26] . i
Gogus 2014 114.3 13.65 30 112.33 19.49 30 7.6% 1.97 [-6.54, 10.48] =
Gupta 2016 97.27 5.41 30 111.49 7.26 30 11.9% -14.22[-17.46,-10.98] -
Jemmie 2022 98.16 17.16 28 100.5 17.5 30 7.3% -2.34 [-11.26, 6.58] —
Selvaraj 2016 73.96 215 30 76.27 17.07 30 6.6% -2.31[-12.13, 7.51] e
Singh 2017 96.966 4.254 30 96.267 4.258 30 12.6% 0.70 [-1.45, 2.85] "
Syal 2018 108.8 20 40 1226 15.9 40 8.0% -13.80([-21.72, -5.88] —%
Varshney 2019 103.42 5.66 30 107.51 4.69 30 12.3% -4.09 [-6.72, -1.46] -
Yavascaoglu 2008 80.5 12.7 20 91.9 Zid, 20 9.2% -11.40[-17.91, -4.89] T
Subtotal (95% CI) 318 320 100.0% -5.25 [-8.84, -1.66] L 2

Heterogeneity: Tau? = 25.48; Chi? = 74.44, df =
Test for overall effect: Z = 2.86 (P = 0.004)

9 (P < 0.00001); I> = 88%

-8.57 [-10.82, -6.32]
-5.54 [-8.88, -2.20]

-11.13 [-14.51, -7.75]

-14.93 [-21.80, -8.06]
-0.41[-10.02, 9.20]
-0.57 [-2.63, 1.50]
-13.60 [-19.30, -7.90]
-4.81[-7.73, -1.89]
-8.70 [-14.96, -2.44]

3 minutes
Chandramohan 2022 76.16 4.26 30
Chigullapally 2019 97.36  8.98 50
Gogus 2014 98.63 15.22 30
Gupta 2016 91.31 5.38 30
Jemmie 2022 90.35 14.1 28
Reddy 2014 90.9 11.81 30
Selvaraj 2016 71.01 21.2 30
Singh 2017 94.066 4.37 30
Syal 2018 89.4 135 40
Varshney 2019 100.48 6.61 30
Yavascaoglu 2008 77.4 10.1 20
Subtotal (95% CI) 348

Heterogeneity: Tau? = 19.48; Chi? = 62.73, df =

84.73 4.62 30 11.6%
102.9 8.05 50 10.7%
97.13 16.85 30 6.6%
102.44 7.76 30 10.7%
90.11 11.18 30 7.8%
105.83 15.14 30 7.6%
71.42 16.5 30 5.5%
94.633 3.7736 30 11.7%
103 12.5 40 8.6%
105.29 4.79 30 11.1%
86.1 10.1 20 8.1%
350 100.0%

10 (P < 0.00001); I> = 84%

-6.29 [-9.33, -3.25]

1.50 [-6.63, 9.63]

0.24 [-6.34, 6.82]

Test for overall effect: Z = 4.06 (P < 0.0001)

5 minutes
Chandramohan 2022 79.8 4.34 30 87.42 4.6 30 12.2%
Chigullapally 2019 99.67 7.33 50 105.54 7.78 50 11.3%
Gogus 2014 91.9 13.15 30 85.63 16.88 30 5.7%
Gupta 2016 87.57 4.88 30 94.37 5.99 30 11.6%
Jemmie 2022 82.7 11.9 28 82.7 9.6 30 7.9%
Reddy 2014 84.77 12.27 30 95.3 12.52 30 7.1%
Selvaraj 2016 69.54  20.9 30 71.79 16.6 30 4.3%
Singh 2017 88.73 431 30 91.5 3.5792 30 12.5%
Syal 2018 82.2 122 40 97.9 11.3 40 8.4%
Varshney 2019 95.54 4.72 30 102.72 6.46 30 11.5%
Yavascaoglu 2008 76.6 10 20 84.6 9 20 7.5%
Subtotal (95% CI) 348 350 100.0%

Heterogeneity: Tau? = 10.88; Chi? = 43.76, df = 10 (P < 0.00001); I*> = 77%
Test for overall effect: Z = 4.87 (P < 0.00001)

10 minutes
Chandramohan 2022 83.6 4.69 30 90.22 4.59 30 19.2%
Chigullapally 2019 95.23  9.45 50 97.62 9.31 50 13.4%
Gogus 2014 90.3 14.38 30 80.86 20.35 30 3.8%
Gupta 2016 84.42 4.38 30 87.82 5.39 30 18.5%
Reddy 2014 85.23 11.65 30 87.8 11.5 30 7.5%
Singh 2017 82.866  3.96 30 86.6 4.1072 30 20.7%
Syal 2018 95.7 149 40 99.3 11.5 40 7.5%
Yavascaoglu 2008 76.8 8.4 20 80.3 7.5 20 9.5%
Subtotal (95% CI) 260 260 100.0%

Heterogeneity: Tau? = 3.36; Chi®> = 14.81, df = 7 (P = 0.04); I> = 53%
Test for overall effect: Z = 3.57 (P = 0.0004)

Test for subgroup differences: Chi? = 3.94, df = 3 (P = 0.27), I = 23.9%

DISCUSSION

Our systematic review and meta-analysis included 19 and
15 RCTs, respectively. These trials were published
between 2008 and 2022. Our study identified statistically
significant differences comparing the administration of
dexmedetomidine vs esmolol on hemodynamic stability up

-7.62 [-9.88, -5.36]
-5.87[-8.83, -2.91]
6.27 [-1.39, 13.93]
-6.80 [-9.56, -4.04]
0.00 [-5.59, 5.59]
-10.53 [-16.80, -4.26]
-2.25[-11.80, 7.30]
-2.77 [-4.77, -0.77]
-15.70 [-20.85, -10.55]
-7.18 [-10.04, -4.32]

-8.00 [-13.90, -2.10] —_
-5.96 [-8.35, -3.56] ¢
-6.62 [-8.97, -4.27] -

-

-2.39[-6.07, 1.29]
9.44 [0.52, 18.36]

-3.40 [-5.89, -0.91] -

-2.57 [-8.43, 3.29] —

-3.73 [-5.78, -1.69] =

-3.60 [-9.43, 2.23] —

-3.50 [-8.44, 1.44] —

-3.42 [-5.30, -1.55] )
<100 -50 0 50 100

Favours [Dexmedetomidine] Favours [Esmolol]

to 10 minutes after tracheal intubation (TT) during non-RSI
in adult patients undergoing noncardiac surgery. Examina-
tion of the reported mean differences may not infer clinical
significance unless a patient is at a critical threshold where
drug choice may be impactful.

Physiologically, airway manipulation by direct laryngos-
copy and TI activates proprioceptors sensitive to tissue
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irritation in the supraglottic region and trachea.’® Hyperten-
sion and tachycardia is mediated by cardioaccelerator nerves
and sympathetic chain ganglia, leading to the release of nor-
epinephrine from adrenergic nerve terminals and the secretion
of epinephrine from the adrenal medulla.® TI not only acti-
vates the autonomic nervous system but also stimulates the
central nervous system, resulting in increased electroencepha-
lographic (EEG) activity.®

Dexmedetomidine is proposed to achieve hemodynamic
stability through the activation of peripheral presynaptic
and postsynaptic o2 receptors, consequently reducing nor-
epinephrine release.?? Activation of central nervous system
o2 receptors induces sedation, decreases anesthetic require-
ments, lowers sympathetic outflow, and enhances cardiova-
gal activity.?? Furthermore, o2 receptors in the spinal cord
modulate pain pathways, providing an analgesic effect.??
Although the precise physiologic factors responsible for
the potential superiority of dexmedetomidine over esmolol
in mitigating the hemodynamic response to TI are not fully
understood, its effectiveness can be potentially attributed
to its peripheral, central, and analgesic effects.

In our systematic review, we observed a consistent dos-
ing regimen of 0.5 to 1 pg/kg for dexmedetomidine across
all the trials included. Most trials adopted a single 10-
minute infusion of dexmedetomidine prior to preoxygen-
ation, induction, laryngoscopy, or intubation. This dosing
aligns with previous trials. For example, Scheinin et al®!
were first in examining the effects of a 0.6 pg/kg bolus of
dexmedetomidine administered over 1 minute on the
hemodynamic response to TI. The authors concluded that
the administration of dexmedetomidine effectively miti-
gated the hemodynamic responses to TL®' Since then,
numerous studies have employed different regimens. A
systematic review conducted by De Cassai et al?>> exam-
ined 99 trials and determined that the most prevalent and
efficacious regimen for attenuating the hemodynamic
response to TI, as compared to a placebo, involved dexme-
detomidine infusions ranging from 0.5 to 1 pg/kg adminis-
tered for 10 minutes. In line with these findings, our
systematic review included trials that uniformly employed
comparable dosing for the dexmedetomidine group, indi-
cating that none of the studies in our analysis administered
an insufficient dose to the experimental group.

In contrast, the administration of esmolol varied consider-
ably among the trials included in our systematic review. The
average dose of esmolol ranged from 0.3 to 2 mg/kg, with 1
trial using an empirical dose of 100 mg.>> Furthermore,
there were variable timing and administration strategies. In
12 trials, esmolol was administered as a bolus either imme-
diately before or 2 minutes prior to preoxygenation, induc-
tion, laryngoscopy, or intubation.3?#1746:50:54=57 According
to the product monograph, esmolol should be administered
at a dose of 1.5 mg/kg (up to a maximum of 100 mg) as a
bolus injection over 30 seconds, 1 to 2 minutes before TI to
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prevent postintubation tachycardia and hypertension.!” In
the remaining trials, a 10-minute infusion of esmolol was
employed.**4749-51-53 The monograph specifies that steady
state is reached in 5 minutes with an infusion of 0.05 to 0.3
mg/kg/min or a dose of 0.5 mg/kg delivered over 1 minute.!”
In a Canadian multicenter trial, Miller et al'® confirmed the
effectiveness of a single 100 mg bolus dose of esmolol for
controlling the hemodynamic response to TL.

In our systematic review, several studies chose to administer
a dose of esmolol below 1.5 mg/kg or opted for a 10-minute
infusion, likely to mimic the recommended dexmedetomidine
regimen and to blind the providers, thereby minimizing bias
but at the possible detriment to esmolol’s effectiveness. For
this reason, we conducted a preplanned subgroup analysis to
assess if the dosing variation introduced bias towards the dex-
medetomidine group. To investigate the impact of dosing, we
excluded studies in which patients received less than 1.5 mg/
kg of esmolol and reanalyzed the primary outcome of HR and
BP at 1, 3, 5, and 10 minutes after TI. The subgroup analysis
suggested that there may be no clinically significant difference
in systolic, diastolic, and mean arterial blood pressure when
esmolol is administered at doses exceeding 1.5 mg/kg. This
subgroup analysis indicated that dexmedetomidine was supe-
rior to esmolol for HR control.

It is important to note that tachycardia has a detrimental
effect on the heart by decreasing coronary flow time and
increasing myocardial oxygen consumption.®?> Consequently,
HR is regarded as the most significant factor influencing
myocardial oxygen demand.®> Based on this understanding,
we consider a 0.5 to 1 pg/kg infusion of dexmedetomidine
administered for 10 minutes to be superior to a 1.5 mg/kg
dose of esmolol in lessening the hemodynamic response to
TI. Nonetheless, compared to dexmedetomidine, esmolol pos-
sesses a faster onset of action and a shorter duration of
effect.!”!® These pharmacokinetic qualities may translate to a
desired safety profile and make esmolol more practical for
the busy operating room environment.

Our systematic review has several strengths. We applied
a broad search strategy and clear inclusion criteria reducing
selection bias. Two reviewers independently (AS and SK)
reviewed the articles and assessed the risk of bias. In both
cases, differences of opinion were resolved in consultation
with another author (MW). Another strength of this meta-
analysis is the large sample size of 948 patients. Further-
more, we addressed important insights from a study by
Stoelting et al,%®> which established that the hemodynamic
response to laryngoscopy and TI reaches its peak within
the first minute after intubation and typically persists for a
duration of 5 to 10 minutes. To address this time-dependent
dynamic, we systematically extracted data at multiple
times (1, 3, 5, and 10 minutes) following TI. This approach
allowed for a more comprehensive understanding of the
hemodynamic response during the postintubation period.
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The main limitation of this meta-analysis was the pres-
ence of significant heterogeneity. Variables that may alter
the hemodynamic response to TI in this study included the
following: use and type of intraoperative opioid, type of
volatile anesthetic agent used, type of intravenous induc-
tion agent, type of laryngoscopy used (eg, direct, or indi-
rect), pretreatment with an anticholinergic, esmolol dosing,
data collection, types of surgeries, and patient profiles. To
address these potential confounders, we performed several
sensitive analyses allowing us to improve the quality and
strength of our conclusions. These analyses are discussed
below. A subanalysis of hemodynamic instability beyond
the 10-minute interval was not performed.

Among the trials included in our systematic review, few
opioid regimens were used. Of the 19 trials, 17 opted for
an average fentanyl dose of 2 pg/kg during induction. Only
2 trials performed an opioid-free induction,”>>> and both
concluded that dexmedetomidine provided better hemody-
namic stability compared to esmolol when used in combi-
nation with an opioid-free induction.’>>> The limited
variance in the choice and dosing of opioids suggested that
the use or type of opioid was not a significant confounding
factor and could not explain the high heterogeneity.

Our sensitivity analyses suggested that the choice of IV
induction agent (eg, propofol or thiopentone) did not sig-
nificantly modify the blood pressure response (SBP and
MAP) to TI within 10 minutes. The primary analysis was
repeated with studies that only used propofol for induction
as this drug is used more commonly in North America and
Europe. Dexmedetomidine performed better than esmolol
at controlling the blood pressure response to TI with a pro-
pofol induction. These results must be interpreted with cau-
tion as only 5 studies were included with a sample size
varying from 180 to 348 patients for different times (eg, at 1,
3,5, and 10 minutes) and the CIs were quite large (eg, SBP at
1 minute [—30.32, —1.62]). Furthermore, clinical significance
is unclear from this data alone. For further details, refer to
Supplemental Figures (available online only).

In our systematic review, 5 of the 19 studies reported
using the Macintosh laryngoscope, while the others did not
specify the intubation technique.**°23% None of the
studies required nasal intubation, and most trials mentioned
the use of experienced providers for laryngoscopy and intu-
bation. Therefore, we believe that the choice of laryngos-
copy method was unlikely to have influenced the results of
our study or explained the heterogeneity of the findings.

In current practice, indirect laryngoscopy via video lar-
yngoscopy has gained popularity. The digital camera at the
blade tip allows display of the glottis on an external moni-
tor with gentler airway manipulation and stimulation,®*
thus reducing the hemodynamic response observed during
TI.%5 However, studies comparing video laryngoscopy with
direct laryngoscopy have yielded mixed results. A recent
systematic review and meta-analysis by Hoshijima et al®’
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concluded that video laryngoscope did not significantly
reduce the hemodynamic response to TI compared to the
Macintosh laryngoscope.

Our sensitivity analyses suggested that the use of glycopyr-
rolate did not significantly modify the change in HR. In the
context of GA induction, glycopyrrolate is an anticholinergic
agent employed to counteract unwanted physiologic side
effects like bradycardia. Use of an anticholinergic agent can
occasionally lead to tachycardia.?® Our sensitivity analyses
compared the effectiveness dexmedetomidine and esmolol in
controlling the chronotropic response to TI both with and
without the adjunct use of glycopyrrolate. The results indi-
cated that dexmedetomidine performed better than esmolol in
regulating HR, regardless of the presence or absence of glyco-
pyrrolate. For more detailed information and specific data,
interested readers are invited to consult Supplemental Figures
(available online only).

The exact type of noncardiac surgery the patient underwent
was poorly reported in the selected trials. We elected to
exclude cardiac surgery from this systematic review to avoid
introducing a source of bias because this surgical population
is prone to develop arrhythmias with a reported incidence
more than 90% vs the 16.3% to 61.7% found in patients
undergoing noncardiac surgery.%” Due to this lack of detailed
information, we cannot ascertain whether the type of noncar-
diac surgery could have contributed to the heterogeneity
observed or influenced the outcomes reported in the studies.

The patient population included in our systematic review
was limited to Asia and the Middle East as no trials took
place in North America or Europe. Specific reasons for this
geographical distribution are unknown and may be reflect
research priorities, regulatory and ethical considerations,
and funding allocations.

Only 4 trials included geriatric patients who were older
than 65 years of age.*’*>>*55 None of the trials conducted
subgroup analyses based on age, which hindered our ability
to perform a preplanned subgroup analysis based on age.
Consequently, it was not possible to determine whether age
could have contributed to the observed heterogeneity. There-
fore, caution must be exercised when extrapolating the find-
ings to geriatric patients, as the data available for this specific
population is limited.

Patients with known or suspected ischemic heart disease
are those who would greatly benefit from blunting the
hemodynamic response during TL° Patients with severe
disease are least likely to be included in prospective RCT
groups.®® This exclusion may occur if they have comorbid-
ities, complications, or other factors (such as drug interac-
tions) that could potentially interfere with study outcomes
or introduce additional risks. As previously mentioned,
most trials included stable ASA-PS I and II patients under-
going elective noncardiac surgeries. Extrapolating this
study’s results to patients with cardiac comorbidities must
be done carefully. With the current evidence, we could not
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determine if a subgroup of unstable patients may benefit
from dexmedetomidine vs esmolol. However, 4 trials have
included well-controlled hypertensive patients, and all con-
cluded that dexmedetomidine was superior at controlling
the hemodynamic response.3*#!-5455 Amutharani et al®®
found that esmolol failed to protect against the cardiovas-
cular response suggesting that dexmedetomidine may be
preferable in that population. We suggest that selected
doses be individualized considering clinical contexts.

Additionally, the impact of hemodynamic instability on
perioperative outcomes is important even in healthy ASA-PS I
and II patients.®” A secondary analysis of the Vascular Events
in Noncardiac Surgery Cohort Evaluation (VISION) study, a
prospective international cohort study of noncardiac surgical
patients by Abbott et al,> suggested that intraoperative tachy-
cardia is related to myocardial injury, myocardial infarction,
and mortality in a large population of patients undergoing non-
cardiac surgery. Also, Hartmann et al’® concluded in a retro-
spective study of 28,065 patients that there is an association
between intraoperative tachycardia and ICU admission, inde-
pendent of accompanying disease. For this reason, it is the
authors’ opinion that anesthesiologists may consider using
dexmedetomidine or an effective dose of esmolol to attenuate
the hemodynamic response to TI in healthy ASA I and II sub-
jects unless otherwise contraindicated.

The utility of dexmedetomidine in clinical contexts may
be significantly influenced by factors, such as drug avail-
ability, its higher costs, infusion pump requirement, and
longer onset. While there is statistical significance that
favors dexmedetomidine vs esmolol, the clinical signifi-
cance and effectiveness may not align.

The lack of consistent cut-off values across the trials
for identifying complications like bradycardia and hypo-
tension limited our ability to draw definitive conclusions
on the secondary outcome. The rare report of complica-
tions in the studies indicated the safety of the doses used
in ASA-PS T and II adult patients undergoing elective
noncardiac surgeries. Caution should be exercised when
extrapolating these findings to extremes of age, unstable
patients, and emergency surgeries. In general, dexmedeto-
midine was associated with a higher incidence of brady-
cardic events compared to esmolol, consistent with
existing literature.

Finally, 84% of the included trials had a moderate risk of
bias, while only 11% had a low risk of bias, leading to a
generally low certainty of evidence for the primary out-
comes. Nevertheless, we conducted a thorough evaluation
of the available evidence’s methodological quality and pro-
vided readers with insights for interpreting our findings. To
draw more robust conclusions, future primary studies of
greater rigor are needed. It is crucial for future research to
report the incidence of adverse events associated with dex-
medetomidine or esmolol use during the induction period,
including their potential impact on perioperative morbidity
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and mortality. This information is necessary to determine
the suitability of these agents in attenuating the hemody-
namic response to intubation.

CONCLUSION

Patients receiving dexmedetomidine vs esmolol prior to TI
had less of a hemodynamic response (ie, lower MAP and
HR) up to 10 minutes postinduction according to this meta-
analysis; however, the clinical relevance of these findings
should be determined on a case-by-case basis. Our sub-
group analysis suggested that high-dose dexmedetomidine
(=1 pg/kg) blunted HR increases more vs high-dose esmo-
lol (=1.5 mg/kg) at 1, 3, 5, and 10 minutes following TL.
Moreover, the risks of bradycardia and hypotension present
with both agents warrant cautious evaluation of the risk-
benefit ratio for each patient during daily practice. Addi-
tional validation is necessary to confirm our conclusions
due to the unexplained heterogeneity noted in this study.
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