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Abstract

Background Sympathetic stimulation associated with laryngoscopy and endotracheal intubation (ETI) may lead

to adverse cardio-/cerebro-vascular events in susceptible patients. Nebulization is a novel route for dexmedetomidine
administration providing a large surface area for absorption while avoiding bradycardia and hypotension associated
with intravenous route. We aimed to evaluate the efficacy and safety of dexmedetomidine nebulization for attenuat-
ing hemodynamic response to ETI in adult patients undergoing surgery under general anaesthesia.

Methods This systematic review was registered prospectively in the International Prospective Register of Systematic
Reviews (CRD42023403624). PubMed, Embase (OvidSP), Cochrane library, Scopus (Elsevier), Web of Science (Clarivate)
and Google Scholar were systematically searched from database inception until March 31, 2023. Two reviewers inde-
pendently screened titles, abstracts and then full text against pre-specified eligibility criteria. Randomized controlled
trials (RCTs) assessing effect of dexmedetomidine nebulization on hemodynamic response to ETl in adult patients
undergoing surgeries under general anaesthesia were included. All studies reporting heart rate and systolic blood
pressure at baseline and various time points after ETI were included. A pre-piloted data extraction form, Cochrane
revised risk-of-bias tool (ROB 2) tool, GRADE approach and RevMan 5.4.1 (Cochrane Collaboration, Copenhagen, Den-
mark) were used for data extraction, risk of bias assessment, rating certainty of evidence and data synthesis respec-
tively. Mean difference and relative risk with 95% Confidence Interval (Cl) were used for continuous and dichotomous
variables respectively.
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assessment.

warranted.

Hemodynamic response, Stress response

Results Six RCTs randomized 480 patients with ASA I/1l patients aged < 60 years of age and undergoing elective
surgeries to receive either dexmedetomidine (n=240) or saline nebulization (n=240). Except for one RCT which

used 2 pg/kg, all other RCTs used dexmedetomidine dose of 1 ug /kg. Heart rate, systolic, diastolic and mean blood
pressure were significantly lower in the dexmedetomidine group at all the measured time points after laryngoscopy
and ETl with the only exception being systolic blood pressure at 3 min [mean difference -13.86 (95% Cl -30.01 to 2.99),
p=0.09]. Bradycardia and hypotension as adverse effects were absent across the included studies. However, only one-
third of the included studies had a low risk of bias and strength of evidence was very low according to the GRADE

Conclusions Compared to placebo, premedication with dexmedetomidine nebulization was associated with lower
HR and BP following ETI without any risk of bradycardia and hypotension. However, the strength of evidence was very
poor and came from just one country. Future well designed and conducted studies in different populations are

Trial registration PROSPERO Registration number: CRD42023403624
Keywords Dexmedetomidine, Endo-tracheal intubation, Laryngoscopy, Meta-analysis, Systematic review,

Background

Laryngoscopy and endotracheal intubation (ETI) are
associated with sympathetic stimulation induced hemo-
dynamic changes [1]. The consequent increase in heart
rate (HR) and blood pressure (BP) though short-lived
may lead to myocardial infarction, cardiac arrhythmias,
cardiac failure and cerebrovascular accidents in patients
with underlying cardiovascular or cerebrovascular dis-
eases [1]. Premedication with various agents has been
shown to attenuate this sympathetic response and its
associated risk of arrhythmias and myocardial infarc-
tion [1]. However, none of them is ideal and each of
them is associated with its unique adverse effects like
hypotension, bradycardia, chest rigidity or increased
bronchomotor tone [1].

Dexmedetomidine is a centrally acting a-2 adrenergic
agonist with sedative, hypnotic, analgesic, anxiolytic,
antisialagogue, antinociceptive and sympatholytic action
[2, 3]. Premedication with dexmedetomidine through
intravenous, intramuscular and intranasal route has
been shown to effectively attenuate hemodynamic
response to laryngoscopy and ETI [4-10]. However, its
use is associated with adverse effects like hypotension
and bradycardia with intravenous route and nasal irrita-
tion with intranasal route [5-8, 11]. A 2021 systematic
review and meta-analysis (SRMA) showed intravenous
dexmedetomidine to significantly attenuate tracheal
intubation associated increase in HR and BP but associated
with significant risk of bradycardia and hypotension; rec-
ommending cautious evaluation while using it in daily
practice [4].

Nebulization provides an alternative route of dex-
medetomidine premedication with high bioavailability
through both nasal (65%) and oral mucosa (82%) and
avoid a venipuncture as a prerequisite. Recent studies

have shown nebulisation as a novel route of dexmedeto-
midine administration for attenuation of hemodynamic
response to ETI [12-14]. However, no current or planned
systematic review evaluating the safety and efficacy of
nebulized dexmedetomidine for blunting hemodynamic
response to laryngoscopy and ETI in adult patients was
identified.

Therefore, the present SRMA was conducted to system-
atically identify, collate, critically appraise and synthesize
available evidence on dexmedetomidine nebulisation for
attenuating hemodynamic response to laryngoscopy and
ETI in adult patients (>18 years) undergoing surgery
under general anaesthesia. Our findings will help clini-
cians in evidence based decision-making and formulation
of institutional guidelines.

Methods

This systematic review has been reported in accord-
ance with the Preferred Reporting Items for Sys-
tematic reviews and Meta-analysis (PRISMA) 2020
standards [15]. The protocol for this systematic review
was registered prospectively in the International Pro-
spective Register of Systematic Reviews (PROSPERO No.
CRD42023403624).

Search strategy

A preliminary search helped in identifying thesaurus
and free text terms for the key concepts (laryngoscopy,
endotracheal intubation and dexmedetomidine). The the-
saurus and free text terms for a similar concept were com-
bined using Boolean operator “OR” The search strings
for different concepts were then combined using Boolean
operator “AND” A systematic and comprehensive lit-
erature search was performed in the following electronic
bibliographic databases: PubMed, Embase and Embase


https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=403624
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Classic (OvidSP), Cochrane library (https://www.cochr
anelibrary.com), Scopus (Elsevier), Web of Science (Clari-
vate) and Google Scholar from inception to 31st March
2023. The search strategy was limited to randomized
controlled trials (RCTs) conducted in humans and pub-
lished in English language. No date or age restrictions
were applied. The search strategy was first formulated for
Embase and later adapted for other databases. The search
strategy and literature searches were formulated and
conducted by one reviewer (MG) and re-ran by another
experienced reviewer (U]) to rule out syntax or any other
error. The search strings for all the databases as they were
run has been reported in the Supplementary file 1.

To ensure literature saturation, reference lists of included
articles and relevant systematic reviews were screened and
citation tracking of included articles (on Google scholar
and Scopus) was done to identify any additional relevant
article. Screening of reference lists and citation tracking
continued until no new articles were identified.

Study selection

PICOS format helped operationalise the review question
into key inclusion and exclusion criteria. RCTs compar-
ing preoperative administration of dexmedetomidine
nebulization with either placebo or no intervention for
attenuating hemodynamic response (as measured by
HR and BP at any time point up to 10 min after ETI) to
laryngoscopy and ETI in adult patients (>18 years of
age) undergoing surgery under general anaesthesia with
ETI were included. Studies evaluating dexmedetomidine
nebulization in pediatric patients, adult patients under-
going tracheal intubation other than for surgery or dex-
medetomidine administration through any other route
were excluded. Non-randomized studies and evidence
synthesis were not included, however, their reference
lists were screened to identify any eligible study missed
through database searching.

Studies identified through database search were trans-
ferred to EndNote reference manager software (V.20,
Clarivate Analytics, Philadelphia, Pennsylvania, USA) for
de-duplication. De-duplicated results were transferred
to Rayyan (www.rayyan.ai) in which two reviewers (MG,
HT) independently performed title and abstract screen-
ing against the pre-defined inclusion and exclusion crite-
ria (Table 1). Full texts of potentially eligible studies and
studies where eligibility could not be determined from
title/abstract screening were retrieved and screened
independently by two reviewers (MG, HT) for inclusion.
Any discrepancies were resolved through discussion and
arbitrated by a third reviewer (PG) where necessary. An
audit trail of all the disagreements, reasons for the same
and resolutions made ensured trustworthiness of the
process.
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Outcome measures

The primary outcome measures analyzed were heart rate
(HR) and systolic blood pressure (SBP) at baseline and at
any time point till 10 min after ETI (as provided in the
published report). Other additional outcomes included
diastolic (DBP) and mean (MBP) blood pressure at any
time point till 10 min after ETL. We also collected data on
bradycardia (% of patients), hypotension (% of patients)
and postoperative nausea (% of patients), vomiting (% of
patients), respiratory depression (% of patients) or any
other adverse outcome as reported in the study.

Data extraction

Two reviewers (MG and RR) independently extracted
following data from included studies on a pre-piloted
data extraction excel form designed specifically for
this review: first author, publication year, inclusion and
exclusion criteria, details of intervention and control
group (dose, mode of nebulisation, duration of admin-
istration), number and demographic characteristics of
participants in each group, surgical procedures, rate
and reasons for dropout and outcome parameters. Fol-
lowing outcome parameters were retrieved: HR, SBP,
DBP and MBP at baseline and at all time till 10 min
(as provided in the published report) after ETI; drugs
used at induction of anaesthesia and their doses, intra-
operative bradycardia or hypotension (% patients) and
postoperative nausea and vomiting (% patients). Cor-
responding authors of included studies were contacted
through e-mail for any missing data. Any discrepan-
cies between the reviewers in the extracted data were
resolved through discussion.

Risk of bias assessment and rating certainty of evidence
Two reviewers (MG and RR) independently assessed
each included study for risk of bias using Cochrane
revised risk-of-bias tool for randomized trials (RoB
2) [21, 22]. RoB-2 assessment was done using the RoB
Excel Tool (https://www.riskofbias.info/welcome/rob-
2-0-tool/current-version-of-rob-2). The tool assesses
each study for risk of bias on five domains: risk of bias
arising from the randomization process, bias arising
due to deviations from the intended interventions, bias
arising due to missing outcome data, bias in measure-
ment of outcome and bias in selection of the reported
result. Each domain in individual studies was graded as
“low risk of bias”, “some concerns” or “high risk of bias”
for each included study graded across all domains [21].
The overall risk of bias for individual studies was deter-
mined by highest RoB level in any domain. Any dis-
crepancies were resolved by discussion and arbitrated
by a third reviewer (PG) where necessary.


https://www.cochranelibrary.com
https://www.cochranelibrary.com
http://www.rayyan.ai
https://www.riskofbias.info/welcome/rob-2-0-tool/current-version-of-rob-2
https://www.riskofbias.info/welcome/rob-2-0-tool/current-version-of-rob-2
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Two authors (MG and RR) independently rated
the certainty of evidence according to the Grading of
Recommendations, Assessment, Development and
Evaluation (GRADE) working group system using
the GRADEpro software (https://www.gradepro.org).
The quality of evidence was downgraded depending
upon the degree of bias, inconsistency, indirectness
and imprecision. Any disagreements were resolved
through consultation and arbitrated by a third author
if required (PG).

Statistical analysis

We performed inverse variance random-effect meta-anal-
ysis using RevMan 5.4.1 [Review Manager Version 5.4.1,
The Cochrane Collaboration, 2020]. HR, SBP, DBP and
MBP were treated as continuous variables and incidence
of adverse effects (bradycardia, hypotension) as dichoto-
mous variables. Continuous outcomes were reported as
weighted mean difference with 95% Confidence Interval
(CI). Significance was set at P<0.05. Outcome heteroge-
neity between the studies was assessed using Cochran’s Q
test and quantified with I-square statistic. I-square >50%
was considered as statistically significant heterogeneity
between the studies. Sensitivity analysis was performed
by removing studies using different doses of nebulized
dexmedetomidine and observing its effect on outcome
heterogeneity and effect estimate. Subgroup analysis was
performed if there were more than equal to three studies
using different doses of nebulized dexmedetomidine.

Results

Search results

Database search identified 1412 records after exclud-
ing 1082 duplicates. Forty-nine reports underwent full-
text screening after removing 1363 records during title
and abstract screening. No new articles were identified
through reference list screening and citation tracking. We
excluded 43 reports for reasons cited in PRISMA flow
diagram created using Shinny app (Fig. 1) [23]. A total
of seven studies were selected [12, 13, 16—20]. However,
Kumar et al. did not mention effect on HR which was the
primary outcome of the study and data for BP (SBP, DBP
and MBP) was provided only in graphical figures in the
article from which the exact mean (SD) values at each
time point could not be extracted for meta-analysis [13].
The data could not be obtained despite email request and
hence the study was excluded from the data-synthesis
[13]. A total of six randomized controlled trials under-
went quality appraisal and data synthesis [12, 16—-20].

Study characteristics
Six studies randomized 480 American society of Anaes-
thesiologist (ASA) I and/or II patients, <60 years of age
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undergoing elective surgeries into intervention (n=240)
and control group (n=240) [12, 16-20]. The dose of dex-
medetomidine used was 1 mcg/kg in all except one study
which used 2mcg/kg (Table 1). All used normal saline as
placebo in the control group. The main source of clini-
cal heterogeneity was due to the anaesthesia regimen
(Table 1). All reported stress response to endotracheal
intubation as the primary outcome. However, only three
studies reported sample size calculation [12, 17, 19]. The
primary outcome of the studies were effect on HR, SBP
and secondary outcomes were effect on DBP, MAP and
safety analysis.

Synthesis of results

All the six studies mentioned above were included in the
meta-analysis for primary outcome using random effect
model. The data on each time point was not provided
by all the studies included. So the analysis for each time
point included those studies which provided data for that
time point.

Primary outcomes

Effect on heart rate (HR) The nebulized dexmedetomi-
dine significantly reduced the mean HR as compared to
the control group at all measured time points [mean dif-
ference -8.59 (95% CI -16.42 to -0.75), p=0.03, [*=92% at
1 min (Fig. 2a); mean difference -13.48 (95% CI -21.03 to
-5.94), p=0.0005, I>=90% at 2 min (Fig. 2b); mean differ-
ence -14.71 (95% CI -25.40 to -4.01); p=0.007, >=91%
at 3 min (Fig. 2¢); mean difference -10.98 (95% CI -17.25
to -4.72), p=0.0006, I*=88% at 4 min (Fig. 2d); mean dif-
ference -7.16 (95% CI -12.49 to -1.83), p=0.008, I>=85%
at 5 min (Fig. 2e); mean difference -11.85 (95% CI -14.62
to -9.09), p<0.00001, I*=26% at 6 min (Fig. 2f); mean
difference -10.97 (95% CI -17.04 to -4.91), p=0.0004,
I>=84% at 8 min (Fig. 2g) and mean difference -7.46 (95%
CI -13.02 to -1.90), p=0.009, I>=88% at 10 min (Fig. 2h)]
of endotracheal intubation. However there was high het-
erogeneity in the studies included with I?>84% at all the
time points, except at 6 min where heterogeneity was
26%.

Effect of on SBP The nebulized dexmedetomidine sig-
nificantly reduced the mean SBP as compared to nor-
mal saline at all measured timepoints [mean difference
-12.48 (95% CI -19.85 to -5.10), p=0.0009, I>=84% at
1 min (Fig. 3a); mean difference -21.00 (95% CI -30.41 to
-11.60), p<0.0001, I>=88% at 2 min (Fig. 3b); mean dif-
ference -13.89 (95% CI -24.33 to -3.45), p=0.009, I> = 94%
minute at 4 min (Fig. 3d); mean difference -9.25 (95%
CI -14.99 to -3.51), p=0.002, [*=85% at 5 min (Fig. 3e);
mean difference -10.82 (95% CI -19.74 to -1.89), p=0.02,
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Identification of new studies via databases and registers

Records identified from:
Databases (n = 2,498):
o Embase (n =635) Records removed before screening:
2 PubMed (n = 143) Duplicate records (n = 1,086)
§ Web of Science (n = 285) — Records marked as ineligible by automation
=
b= Scopus (n=713) tools (n =0)
§ Cochrane Library (n = 687) Records removed for other reasons (n =0)
Google Scholar (n = 35)
Registers (n =0)
Records screened Records excluded
(n=1412) (n=992)
o Reports sought for retrieval Reports not retrieved
= (n=420) (n=371)
&
e
S
[}

Reports excluded:
Intravenous dexmedetomidine (n = 32)
Unable to access full-test (n =4)

No control group (n = 3)
Perineural dexmedetomidine (n = 1)
Non-surgery (n= 1)
Intrathecal dexmedetomidine (n = 1)
Primary outcome variable not
reported outside figures (n = 1)

Reports assessed for eligibility
(n = 49)

New studies included in review
(n=6)
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Identification of new studies via other methods

Records identified from:
Websites (n =0)
Organisations (n = 0)
Citation searching (n = 169)

v

Reports sought for retrieval Reports notretrieved

(n=3) — (n=166)
\ Reports excluded:
B =LY — Intravenous dexmedetomidine (n = 2)

() Non-surgery (n = 1)

Reports of new included studies
(n=6)

Included

Fig. 1 PRISMA flow diagram

>=88% at 6 min (Fig. 3f); mean difference -7.56 (95% CI
-11.88 to -3.23), p=0.0006, I*=48% at 8 min (Fig. 3g); and
mean difference -5.23 (95% CI -7.47 to -2.99), p <0.00001,
>=0% at 10 min (Fig. 3h)] after endotracheal intubation,
except at 3 min after intubation where although overall
reduction in SBP was observed with nebulized dexme-
detomidine as compared to nebulized normal saline but
was not statistically significant [mean difference -13.86
(95% CI -30.01 to 2.99), p=0.09, I*=94%] as the overall
effect 95% CI crosses the line of no difference (Fig. 3¢).

Secondary outcomes

The secondary end point was effect of nebulized dexme-
detomidine on DBP and MAP as compared to nebulized
normal saline at various end points.

Effect on DBP The nebulized dexmedetomidine as
compared to normal saline significantly reduced the
mean DBP at 1 min after endotracheal intubation and
the reduction in DBP persisted till 10 min [mean differ-
ence -9.78 (95% CI -16.23 to -3.32), p=0.003, I of 91%
at 1 min; mean difference -14.73 (95% CI -22.30 to -7.15),
p=0.0001, I>=89% at 2 min; mean difference -8.87 (95%

CI -10.59 to -7.15), p<0.00001, I>=88% at 5 min; mean
difference -4.88 (95% CI -6.62 to -3.13), p<0.00001,
I=0% at 10 min post-intubation]. The forest plots are
available as Fig. 4.

Effect on MBP Just like DBP, the significant reduction
in MBP was seen in nebulized dexmedetomidine group
as compared to normal saline group at all the measured
time points after endotracheal intubation from 1 min till
10 min [mean difference -10.47 (95% CI -17.66 to -3.28),
p=0.004, 12 of 91% at 1 min; mean difference -15.54 (95%
CI -24.88 to -6.19), p=0.001, *=93% at 2 min; mean dif-
ference -8.26 (95% CI -14.05 to -2.47), p=0.005, I>=89%
at 5 min; mean difference -4.13 (95% CI -5.99 to -2.27),
p<0.0001, I>=0% at 10 min] post-intubation. The forest
plots are available as Fig. 5.

Safety assessment The included studies did not report any
adverse effects like intraoperative bradycardia or hypoten-
sion with use of nebulized dexmedetomidine, unlike intra-
venous dexmedetomidine during intubation. Post-opera-
tive nausea and vomiting was reported by only one study,
Misra et al. in 3/57 patients (5.26%) in dexmedetomidine
group and 1/59 (1.69%) in normal saline group (Table 1).
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Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Sub Mean SD Total Mean SD Total Weight v, 95% CI v, 95% CI
Hussain et al 86.47 13.46 35 94.17 12.22 35 19.5% -7.70 [-13.72, -1.68] -
: Misra et al 84.53 13.41 60 93.46 26.73 60 18.3%  -8.93 [-16.50, -1.36] =)
3) Effecton HRat1 minute | g o 1068 631 25 10568 7.78 25 20.9% 1.12 [-2.81, 5.05] +
Shrivastava et al 83.34 1232 50 91.94 12.25 50 204X  -B.60 [-13.42,-3.78] e
Suryawanshi et al 85.3 B.98 30 1041 5.89 30 20.9% -1B.80 [-22.64, -14.96] -
Total (95% CI) 200 200 100.0% -8.59 [-16.42, -0.75] <
Heterogenehty: Tau® = 72.46; ChP = 50.66, df = 4 (P < 0.00001); F = 92% oo _éo 5 100:
Test for overall effect: Z = 2.15 (P = 0.03) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight v, 95% ClI \'A di 95% CI
: Hussain et al BB.65 13.45 35 98.11 11.06 35 24.1%  -9.46 [-15.23, -3.69] 53
biBffectonHRat 2 minute | wogrery 7608 589 40 8911 1111 40 26.1% -13.03 [-16.93,-9.13] -
Misra etal B2.12  15.58 60 B8.96 18.83 60 23.6% -6.84[-13.02, -0.66] -
Suryawanshi et al B4.36  B.67 30 108.03 &.72 30 26.1% -23.67 [-27.60, -19.74] -
Total (95% CI) 165 165 100.0% -13.48 [-21.03, -5.94] R
Heterogenelty: Tau® = 52.75; Cht = 28.90, df = 3 (P < 0.00001); F = 30X =-100 _;o s' 100:
Test for overall effect: Z = 3.50 (P = 0.0005) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
" Study or Sub p Mean SD Total Mean SD Total Weight v, 95% ClI v, 95% CI
c) Effecton HR at 3minute  |Soiirery 8654 1351 35 984 1023 35 333K -11.86 [17.47, 6.25] -
Misra etal 7953  13.8 60 8674 23.1 60 31.9% -7.21[-14.02, -0.40] -
Suryawanshi et al 83.56 8.75 30 107.86 7.14 30 34.8% -24.30 [-28.34, -20.26] -
Total (95% CI) 125 125 100.0% ~-14.71[-25.40, -4.01] R
Heterogenelty: Tau® = B1.26; ChE = 23,52, df = 2 (P < 0.00001); F = 91% oo 50 100
Test for overall effect: Z = 2.70 (P = 0.007) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
§ Study or Subgroup Mean SD Total Mean SD Total Weight v, 95% ClI v, d 95% CI
d) Effect on HR at 4 minute (e e Cra 86.45 1346 35 93.25 1011 35 233K  6.80 [12.38, -1.22] =~
Kalla etal 7408  4.83 40 8755 10.15 40 26.3% -13.47 [-16.95,-9.99] -
Misra etal 78.36 11.47 60 B2.74 13.87 60 24.8% -4.38 [-8.93, 0.17] -
Suryawanshi et al 834  B8.59 30 10206 7.27 30 25.6% -1B.66 [-22.69, -14.63] -
Total (95% CI) 165 165 100.0% -10.98 [-17.25, -4.72] L 2
Heterogenehy: Tau® = 35.75; Chi* = 25.29, df = 3 (P < 0.0001); P = BB¥% 5_100 -§0 1 Slh 100:
Test for overall effect: Z = 3.4 (P = 0.0006) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI v, d 95% CI
Hussaln et al B4.48 135 35 91.22 9.89 35 19.0X -6.74 [-12.28,-1.20] ——|
Misra et al 75.96 13.41 60 83.6 19.14 60 18.5% -7.64 [-13.55,-1.73] -
i Sheth etal 104.16 5.44 25 104.12 7.5 25 21.5% 0.04 [-3.59, 3.67] -+
€] Effecton HRSESminlte | gomecum sin BL56 1333 50 B9.56 1258 50 19.6% -B.00 [-13.08,-2.92] -
Suryawanshl et al 83 8.54 30 9663 63 30 21.3% -13.63 [-17.43, -9.83] i
Total (95% CI) 200 200 100.0% ~7.16 [-12.49, -1.83) L 2
Heterogenehy: Tauw = 30.90; Chi = 26.33, df = 4 (P < 0.0001); F = B5% l-100 -5;0 100.
Test for overall effect: Z = 2.63 (P = 0.008) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or group Mean SD Total Mean SD Total Weight v, d 95% CI v, 95% CI
: Kalla et al 74.2 537 40 B7.82 B.84 40 46.6% -13.62 [-16.83, -10.41] L
f) Effect on HR at 6 minute | gz eral 7497 124 60 B2.94 21 60 17.3% -7.97 [-14.14,-1.80] -
Suryawanshi et al 82.63 8.4 30 94.06 6.83 30 36.1% -11.43 [-15.30, -7.56] L
Total (95% CI) 130 130 100.0% ~-11.85 [-14.62, -9.09] 4
Heterogenehy: Tau® = 1.60; ChE = 2.70, df = 2 (P = 0.26); F = 26% :_1 o r 4 100;
Test for overall effect: Z = 8.40 (P < 0.00001) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or p Mean SD Total Mean SD Total Weight v, d 95% CI v, 95% CI
" Kalla et al 7233 484 40 89 10.86 40 34.8% -16.67 [-20.35, -12.99] -
g) Effect on HR at 8 minute | wigra etal 7355 1287 60 B0.77 14.65 60 316X -7.22[-12.15,-2.2] -
Suryawanshl et al 81.6 8.74 30 %02 771 30 336X -B.60[-12.77,-4.43] -
Total (95% CI) 130 130 100.0% -10.97 [-17.04, -4.91] &
Heterogenehy: Tau® = 23.95; Chi* = 12.28, df = 2 (P = 0.002); F = B4% ?_100 -gﬁ 1 t 100:
Test for overall effect: Z = 3.55 (P = 0.0004) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight v, di 95% CI v, d 95% CI
) Kalla etal 73.6 448 40 B9.58 11.96 40 20.4% -15.98 [-19.94, -12.02] *
h) Effect on HR at 10 minute | misra etal 71.26 10.85 60 78.06 13.95 60 19.9% -6.80 [-11.27,-2.33] -
Sheth etal 101.52 5.45 25 101.96 &.59 25 211X -0.44 [-3.79, 2.91] T
Shrivastava et al 80.16 14.08 50 B7.4 14.44 50 18.5% -7.24 [-12.83, -1.65] G
Suryawanshl et al 81.23 B.B2 30 B88.23 B.11 30 20.1%  -7.00 [-11.28,-2.71] -
Total (95% CI) 205 205 100.0% -7.46 [-13.02, -1.90] <
Heterogenehy: Tau® = 35.23; ChP = 34.50, df = 4 (P < 0.00001); F = 88X oo o 50 1°°=
Test for overall effect: Z = 2.63 (P = 0.009) Favours [experimental] Favours [control]

Fig. 2 Effect of nebulized dexmedetomidine on heart rate

Risk of bias assessment

According to RoB2 tool, three out of six included stud-
ies had a high risk of bias (Fig. 6). All the included stud-
ies described the method of randomization and were

considered low risk except Sheth et al. and Kaila et al.
which although mentioned that patients were rand-
omized into two groups but the method of randomiza-
tion was not mentioned [17, 20]. Suryawanshi et al
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Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Mean SD Total Mean SD Total Weight v, 95% CI v, 95% CI
Hussaln et al 1246 13.87 35 133.74 11.24 35 234X  -9.14 [-15.05,-3.23] -
a) Effect on SBP at 1 minute Misra et al 148.32 117.26 60 12085 51.46 60 44X  18.47 [-13.93, 50.87] —
Sheth et al 114.88 12.65 25 12496 7.41 25 236X -10.08 [-15.83, ~4.33] -
Shrivastava et al 113.2 145 50 125.92 15.28 50 23.5% -12.72[-18.55,-6.89] =
Suryawanshi et al 113.46  B8.38 30 136.36 B.04 30 25.3% -22.90 [-27.06, -18.74] -
Total (95% CI) 200 200 100.0% -12.48 [-19.85, -5.10] L 2
Heterogenehty: Tauw® = 51.53; Chi = 25.11, df = 4 (P < 0.0001); P = B4% =TT o 50 100
Test for overall effect: Z = 3.32 (P = 0.0009) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Mean SD Total Mean SD Total Weight v, d 95% CI v, ds 95% CI
b) Effect on SBP at 2 minute Hussain et al 126.8 13.91 35 137.08 10.68 35 30.1% -10.28 [-16.09, -4.47]
Kalla etal 98.28 12.28 40 12258 10.43 40 31.1% -24.30 [-20.29, -19.31] -
Misra etal 118.41 24.57 60 138.290 124.15 60 6.9% -19.88 [-51.90,12.14] —
Suryawanshl et al 1123 8.66 30 14046 7.73 30 31.9% -28.16 [-32.31, -24.01] -
Total (95% CI) 165 165 100.0% -21.00 [-30.41, ~11.60] -
Heterogenelty: Tau® = §7.60; ChF = 24.61, df = 3 (P < 0.0001); F = 88% o0 Y 3 100
Test for overall effect: Z = 4.38 (P < 0.0001) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Subgroup Mean sD Total Mean SD Total Weight v, d 95% CI v, di 95% CI
c) Effect on SBP at 3 minute Hussaln et al 1246 13.87 35 1374 9.81 35 37.4% -12.80 [-18.43,-7.17] =
Misra et al 12438 5045 60 115.07 62.77 60 24.1% 9.32 [-11.06, 29.70] —t—
Suryawanshi et al 111.4 9.24 30 140.86 4.86 30 3B.4% -29.46 [-33.20, -25.72] -
Total (95% CI) 125 100.0% -13.86 [-30.01, 2.29] >
Heterogenetty: Tauw® = 173.18; ChP* = 33.62, df = 2 (P < 0.00001); F = 94% oo ) 50 100
Test for overall effect: Z = 1.68 (P = 0.09) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight v, d 95% CI \'A di 95% CI
Hussaln et al 1246 13.87 35 13225 8.7 35 24.8% -7.65[-13.26,-2.04] -
d) Effect on SBP at 4 minute Kalla et al 99.18 13.66 40 118.58 11.28 40 24.8% -19.40 [-24.89, -13.91] -
Misra et al 105.92 17.75 60 108.91 15.03 60 24.6% -2.99 [-8.88, 2.90] =
Suryawanshi et al 110.86  6.83 30 13583 5.49 30 25.8X -24.97 [-28.69, -21.25] -
Total (95% CI) 165 165 100.0% -13.89 [-24.33, -3.45] k-2
Heterogenehy: Taw* = 106.32; Chi* = 50.76, df = 3 (P < 0.00001); F = 94% =T 50 100.
Test for overall effect: Z = 2.61 (P = 0.009) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hussain et al 122,57 13.87 35 130.22 9.44 35 19.7%  -7.65 [-13.21, -2.09] -
: Misra etal 103.81 19.14 60 106.09 19.14 60 18.0% -2.28 [-9.13, 4.57] =i
e) Effect on SBP at 5 minute Sheth et al 1112 1267 25 11928 84 25 190X  -8.08 [14.04,-212] e
Shrivastava et al 109.86  B.34 50 118.2 13.55 50 21.1% -B.34 [-12.75,-3.93] -
Suryawanshl et al 110.9 B.88 30 1291 4.26 30 22.1% -18.20 [-21.72, -14.68] -
Total (95% CI) 200 200 100.0% =9.25 [-14.99, -3.51] L 2
Heterogenehty: Tau® = 35.55; ChE = 25.90, df = 4 (P < 0.0001); ¥ = B5% =7 + J
-100  -50 ¢ 50 100
Test for overall effect: Z = 3.16 (P = 0.002} Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
’ Kalla etal 98.9 15.94 40 1184 12.77 40 31.9% -20.50 [-26.83, -14.17] -
f) Effect on SBP at 6 minute Misra etal 10258 1364 60 10469 1006 60 325%  -2.11[-8.04,3.82] -+
Suryawanshl et al 110.83  B8.89 30 12093 5.27 30 35.6% -10.10 [-13.80, -6.40] *
Total (95% CI) 130 130 100.0% -10.82 [-19.74, -1.89] -
Heterogenehty: Tau® = 54.65; ChF = 17.31, df = 2 (P = 0.0002); ¥ = BBX ?_100 _;0 r + lwi
Test for overall effect: Z = 2.38 (P = 0.02) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Subgroup Mean SD Total  Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
. Kalla etal 106.05 13.56 40 118.05 13 40 30.8% -12.00 [-17.82, -6.18] -
g) Effect on SBP at 8 minute Misra et al 10012 2185 60 103.63 13.64 60 27.0% -3.51[-10.03,3.01] -
Suryawanshi et al 110893  9.34 30 117.83 7.02 30 422X -6.90 [-11.08,-2.72] -
Total (95% CI) 130 130 100.0% -7.56 [-11.88, -3.23) L 2
Heterogenehy: Tau* = 6.98; Chi* = 3.81, df = 2 (P = 0.15); F = 48% L 100 50 { t |
- - 50 100
Test for overall effect: Z = 3.43 (P = 0.0006) Favours [experimental] Favours (control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight v, 95% CI \'A d 95% ClI
e Kalla et al 1122 114 40 117.2 1136 40 20.2% -5.00 [-9.99, -0.01] -
h) Effect on SBP at 10 minute Misra etal 9941 1775 60 103.63 17.75 60 124X -4.22[-10.57,2.13] -
Sheth etal 107.76 12.69 25 11248 B8.23 25 14.3% -4.72 [-10.65, 1.21] -
Shrivastava et al 114.24 7.8 50 120.29 14.12 50 25.1% -6.05 [-10.52, -1.58] Gl
Suryawanshi et al 110.7 96 30 116.06 6.92 30 2B.0X -5.36 [-9.59,-1.13] -
Total (95% CI) 205 205 100.0% ~-5.23 [-7.47,-2.99] ¢+
Heterogenehty: Taw® = 0.00; ChP = 0.27, df = 4 (P = 0.99); F = 0X =TT s 55 00
Test for overall effect: Z = 4.57 (P < 0.00001) Favours [experimental] Favours [control]

Fig. 3 Effect of nebulized dexmedetomidine on systolic blood pressure

describe lottery method to randomly allocate the groups
which is not considered the recommended method of
randomization [18]. Information about allocation con-
cealment was only mentioned by Misra et al. and Shriv-
astava et al. and were considered as low risk, rest all

studies were considered at either high or unclear risk for
bias arising from the randomization process [12, 19]. The
blinding of the participants and personnel was done in
all the studies (double blinded), except Sheth et al. which
was judged to be at unclear risk of bias due to deviation
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Neb Dexmedetomidine

Neb Normal Saline

Mean Difference

Mean Difference

Fig. 4 Effect of nebulized dexmedetomidine on DBP

a) Effect on MBP at 1 minute

b) Effect on MBP at 2 minute

c) Effect on MBP at 5 minute

d) Effect on MBP at 10 minute

Reminders

Study or Subgroup Mean SD Total Mean SD Total Weight v, 95% CI v, 95% CI
Hussain et al B&.88 14 35 93.17 11.82 35 224% -6.29[-12.36,-0.22] -
Sheth etal 76.48 7.48 25 B4.96 4.24 25 26.0% -B.4B [-11.85,-5.11] -
Shrivastava et al 73.72 10.98 50 79.18 9.92 50 25.2% -5.46 [-9.56, -1.36] -
Suryawanshl et al 72.06 5.15 30 %02 &.74 30 26.4% -18.14 [-21.18, -15.10] -
Total (95% CI) 140 140 100.0% -9.78 [-16.23, -3.32] L 2
Heterogenelty: Tau® = 38.70; ChF = 32.60, df = 3 (P < 0.00001); F = 91% 9_100 ) S.b 100=
Test for overall effect: Z = 2.97 (P = 0.003) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight v, 95% CI v, 95% CI
Hussaln et al §9.08 14.01 35 97.11 10.7 35 30.9% -8.03 [-13.87,-2.19] -
Kalla et al 61.15  9.88 40 75.2 11.03 40 33.2X% -14.05 [-18.64, -9.46] -
Suryawanshi et al 71.96 5.1 30 93.06 5.87 30 36.0% -21.10 [-23.88, -18.32] =
Total (95% CI) 105 105 100.0% -14.73 [-22.30, -7.15] L 3
Heterogenelty: Taw® = 39.56; Ch = 18.69, df = 2 (P < 0.0001); F = 89X 9_100 _;‘o s'b 100:
Test for overall effect: Z = 3.81 (P = 0.0001) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Hussain et al B4.88 14.03 35 90.22 9.44 35 9.4 -5.34 [-10.94, 0.26] =
Sheth etal 7344 696 25 78.08 4.12 25 29.4% -4.64 [-7.81, -1.47] -
Shrivastava et al 7162 9.93 50 77.48 10.59 50 18.3% -5.86 [-9.88, -1.84] -
Suryawanshi et al 71.9 5.54 30 85.73 4.82 30 42.9% -13.83 [-16.46, -11.20] =
Total (95% CI) 140 140 100.0% -8.87 [-10.59, -7.15] '
Heterogenelty: Cht* = 24.20, df = 3 (P < 0.0001); F = 88X 9_100 -50 5‘ 100‘
Test for overall effect: Z = 10.10 (P < 0.00001) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Subgroup Mean sD Total Mean SD Total Weight 1V, di 95% CI 1V, Rand 95% CI
Kalla et al 70.33 111 40 7268 10.73 40 13.3% -2.35[-7.13, 2.43] -
Sheth etal 71.28 6.68 25 77.28 3.96 25 32.9% -6.00 [-9.04, -2.96] -
Shrivastava et al 76.1 B.01 50 B1.38 11.36 50 20.5% -5.28 [-9.13, -1.43] -
Suryawanshl et al 73.03 6.86 30 7756 4.94 30 33.3% -4.53 [-7.56, -1.50] -
Total (95% CI) 145 145 100.0% -4.88 [-6.62, -3.13] 4
Heterogenehy: Tau? = 0.00; Chit = 1.69, df = 3 (P = 0.64); F = 0% T y— 5 100
Test for overall effect: Z = 5.48 (P < 0.00001) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight v, 95% CI v, 95% CI
Hussaln et al 100.22 14.16 35 1044 11.77 35 23.1% -4.18 [-10.28, 1.92] =
Sheth etal 89.28  9.03 25 98.29 5.09 25 25.5% -9.01[-13.07, -4.95] -
Shrivastava et al B6.8 11.86 50 94.82 11.06 50 25.0% -8.02[-12.51,-3.53] -
Suryawanshl et al B5.86 5.77 30 10558 &8 30 26.4X -19.72 [-22.86, -16.58] -
Total (95% CI) 140 140 100.0% -10.47 [-17.66, -3.28] 2
Heterogenehy: Tau® = 48.52; ChP = 34.05, df = 3 (P < 0.00001); P = 91% 5_100 __g“o 5 100=
Test for overall effect: Z = 2.85 (P = 0.004) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight v, 95% CI v, 95% CI
Hussaln et al 102.57 14.02 35 108.62 10.14 35 31.7% -6.05[-11.78,-0.32] -
Kalla eral 753  9.87 40 916 9.54 40 33.5% -16.30 [-20.55, -12.05] -
Suryawanshi et al 85.41 5.73 30 108.86 5.83 30 34.8X -23.45 [-26.38, -20.52] -
Total (95% CI) 105 105 100.0% ~-15.54 [-24.88, -6.19] -
Heterogenehty: Tau® = 63.19; ChE = 30.03, df = 2 (P < 0.00001); F = 93% =-100 -ilo 5‘ 100:
Test for overall effect: Z = 3.26 (P = 0.001) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Mean SD  Total Mean SD Total Weight v, 95% CI v, 95% CI
Hussain et al 98.22 14.17 35 101.45 B.93 35 22.6% -3.23 [-8.78, 2.32] =
Sheth etal B6.02 B.69 25 93.78 5.18 25 25.2X -7.76 [-11.72,-3.80] -
Shrivastava et al B4.44  B.97 50 90.18 11.24 50 25.1% -5.74 [-9.73, -1.75] -
Suryawanshl et al B4.91  &.01 30 100.18 3.73 30 27.1% -15.27 [-17.80, -12.74] -
Total (95% CI) 140 140 100.0% -8.26 [-14.05, -2.47] L 2
Heterogenehy: Taw* = 30.54; Chi* = 27.54, df = 3 (P < 0.00001); ¥ = 89% #_mo _5‘0 slh 100=
Test for overall effect: Z = 2.80 (P = 0.005) Favours [experimental] Favours [control]
Neb Dexmedetomidine Neb Normal Saline Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, d 95% CI v, d 95% CI
Kalla et al 85.95 9.73 40 B7.7 B.94 40 20.7% -1.75 [-5.84, 2.34] -
Sheth etal 83.44 B.5 25 B9.01 5.01 25 23.2% -5.57 [-9.44, -1.70] -
Shrivastava et al 88.72 7.44 50 93.52 11.87 50 23.0% -4.80 [-B.68, -0.92] -
Suryawanshl et al 85.58 7.23 30 89.73 5.41 30 33.2x -4.15[-7.38, -0.92] -
Total (95% CI) 145 145 100.0% -4.13 [-5.99, -2.27] 4
Heterogenehy: Tauw® = 0.00; ChE = 1.94, df = 3 (P = 0.58); P = 0X i_mo _5'0 + 1°°=

Test for overall effect: Z = 4.35 (P < 0.0001)

50
Favours [experimental] Favours [control]

Fig. 5 Effect of nebulized dexmedetomidine on MBP
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D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data. -
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® Hon
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D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

Fig. 6 RoB2 assessment in various domains

from the intended interventions (Fig. 4) [17]. Except for
Misra et al. and Shrivastava et al., none of the included
studies provided trial registration number and were
considered to have unclear risk of bias in selection of
reported results [12, 19].

Sensitivity analysis

Sensitivity analysis was performed after excluding Hus-
sain et al. as this study differed from other RCTs in terms
of dose of nebulized dexmedetomidine [16]. The dose
used was 2 pg /kg dexmedetomidine whereas in other
studies the dose used was 1 pg/kg dexmedetomidine,
without any other methodological differences. Exclusion
was not associated with any major change in heterogene-
ity or the effect estimate. The results of sensitivity analy-
sis have been summarized in Supplementary files 2 and 3.
Publication bias assessment

Funnel plots was plotted to assess for publication bias
for the primary outcome effect on HR at 1 min for the
studies included (Supplementary file 4). The publication
bias is towards the studies with reduction in the hemody-
namic response with nebulized dexmedetomidine.

Strength of evidence

GRADE assessment revealed very low quality evidence
for effect of nebulized dexmedetomidine in reducing HR
and SBP response to endotracheal intubation at 1, 2 and
5 min (Table 2).

. Low

Discussion

The findings of this SRMA suggests that premedica-
tion with dexmedetomidine nebulization significantly
attenuates the hemodynamic response to laryngoscopy
and ETI in comparison to normal saline nebulization.
Laryngoscopy and ETI are associated with sympathetic
stimulation leading to various hemodynamic changes
like tachycardia, hypertension and increase in intracra-
nial pressure which could be life threatening in patients
with underlying cardio- or cerebro-vascular comorbidi-
ties [24]. The nebulized dexmedetomidine was found to
reduce the mean HR as compared to normal saline at all
the time points included (1, 2, 3, 4, 5, 6, 8, 10 min). Simi-
lar reduction was seen in SBP, DBP and MBP. However,
the heterogeneity was found to be high across the stud-
ies. In sync with our findings, a recent RCT also found
nebulized dexmedetomidine to effectively blunt the pres-
sor response to laryngoscopy and ETI, better than that
of nebulized fentanyl and equivalent to that of nebulized
magnesium sulphate [25]. Dexmedetomidine’s highly-
selective agonistic action on presynaptic a2-adrenergic
receptors and subsequent inhibition of norepinephrine
release from the locus coeruleus has been hypothesized
as the most putative mechanism for its hemodynamic
stress response attenuating action [26]. Intravenous
dexmedetomidine also attenuates the hemodynamic
responses to laryngoscopy and ETI but is associated with
risk of bradycardia, hypotension and cardiac arrests [4, 9,
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10, 14, 27, 28]. De Cassai et al. in a recent SRMA of 99
RCTs involving 6833 patients found significant bradycar-
dia in one out of every 12 patients [4]. Nebulized dexme-
detomidine provides an alternative route and was found
to be devoid of these intra-operative adverse effects in
this SRMA. Our findings corroborate with similar find-
ings by other authors [14]. The heart rate safety profile of
nebulized versus IV dexmedetomidine might be advanta-
geous in patients with low baseline HR such as those on
pre-operative beta-blocker therapy [13, 14]. Also, nebu-
lized dexmedetomidine causes less postoperative seda-
tion than IV dexmedetomidine which may be beneficial
in resource-poor settings with inadequate postoperative
monitoring facilities and in patients with obstructive
sleep apnoea or chronic obstructive pulmonary disease in
whom postoperative sedation might be detrimental [14].
Other potential benefits of nebulized dexmedeto-
midine, as observed in included studies in this SRMA,
involved reduction in the induction dose of propofol,
intraoperative requirement of opioids and halogenated
anaesthetics and incidence of postoperative sore-throat.
However, low number of studies precluded meta-analy-
sis of these outcome. Some of these advantages might
be attributed to sedative and analgesic action of dexme-
detomidine by virtue of its a2-agonistic action on the
locus coeruleus [3]. Its dose-sparing effect on opioid
and anaesthetic requirements have been shown to be
comparable with intravenous dexmedetomidine [14]. Its
short half-life and elimination life and easy acceptability
in addition to its ability to provide a calm and sedated
patient at induction, lower anaesthetic and analgesic
requirements and devoid of adverse effects make nebu-
lized dexmedetomidine an ideal premedication agent [13,
29]. The sedative action of nebulized dexmedetomidine is
particularly advantageous in pediatric patients in whom
it has been shown to reduce separation anxiety, recovery
time, postoperative agitation, postoperative nausea and
vomiting and improve mask acceptance; with nebulized
dexmedetomidine shown to be better compared with
nebulized ketamine and midazolam (3, 29, 30]. Another
recent systematic review of 10 RCTs including 1233
patients established sedative efficacy of nebulized dex-
medetomidine in pediatric patients undergoing medical
examination or surgery [3]. Nebulized dexmedetomidine
has been shown to ease and improve acceptability of IV
cannulation; difficult in pediatric population owing to
small veins and physical agitation [8, 31-33]. Postopera-
tive sore throat is a common adverse effect after laryngo-
scopy and ETI and is associated with patient discomfort
and dis-satisfaction after GA [34]. Congruent with our
findings, others have also shown nebulized dexmedeto-
midine to reduce postoperative sore throat, better than
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that of IV dexmedetomidine [14]. This might be attrib-
uted to its anti-inflammatory action [14].

Sensitivity analysis by excluding study using a higher
dose of nebulized dexmedetomidine (2 pg/kg) did not
reveal any major impact on the pooled effect estimate,
suggesting against a dose-response effect. However, only
one of the included RCT used a higher dose of dexme-
detomidine precluding any conclusion on the dose-
response effect of nebulized dexmedetomidine on the
hemodynamic stress response. This warrants future stud-
ies comparing different doses of dexmedetomidine to
confirm or refute any dose-response effect.

Limitations and strengths

This SRMA had few limitations. Exclusion of grey liter-
ature search and non-English studies might have led to
missing out relevant articles. However, a comprehensive
search of six (both uni-and multi-disciplinary) most rel-
evant databases including google scholar (cataloguing
both academic and grey literature) along with reference
list and citation tracking were adopted to ensure that SR
findings are informed by the best available evidence on
the topic.

Secondly, only one-third of the included studies were
at low risk of bias which reduced our certainty in the
strength of evidence. This not only enable readers to view
the available evidence in light of its quality but also pro-
vides useful insights for future triallists to improve the
design and conduct of future RCTs to reduce the risk of
biases identified in this SRMA.

Another limitation worth considering is the high het-
erogeneity observed in the effect estimates. A high I?
value, for e.g. of 92% for HR at 1 min reflect that 92% of
variance in the observed effect is due to variance in true
effect and only 8% is due to variance in the sampling
error. This was despite the study sample across the stud-
ies being quite homogenous with respect to the age, ASA
physical status and surgeries as outlined in 3.2. Except
for Hussain et al., all others used 1 pg/kg as the dose of
dexmedetomidine. A sensitivity analysis performed after
excluding Hussain et al. in fact increased the heterogene-
ity for HR at 1 min (I* from 92 to 94%). The main source
of clinical heterogeneity evident among the studies was
the use of anti-emetics, anti-cholinergic and benzodiaz-
epines as premedication, some of which (e.g. midazolam)
have themselves been shown to attenuate hemodynamic
response to ETI [35].

To the best of authors knowledge, this is the first
SRMA to systematically and comprehensively evaluate
efficacy and safety of dexmedetomidine nebulization for
attenuating hemodynamic response to ETI. The strength
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of this SRMA lies in its transparent and rigorous meth-
odology to identify, collate, appraise and synthesize the
available evidence informing the review topic. Key review
decisions were made in consultation with the Cochrane
Handbook for Systematic Review of Interventions and
the project advisory group comprising of both the sub-
ject and methodology experts [36]. Two independent
reviewer with arbitration and audit process was adopted
at screening, data extraction, meta-analysis, risk of bias
and GRADE assessment.

Conclusions

Preoperative dexmedetomidine nebulization significantly
reduces HR and BP response to laryngoscopy and ETI
without any risk of adverse effects like bradycardia and
hypotension. However, the strength of evidence is very
low and warrants future properly designed and con-
ducted RCTs to improve generalizability and strength of
evidence. Future studies should also focus upon compar-
ing different routes of dexmedetomidine administration
and different doses of nebulized dexmedetomidine to
establish a dose-response effect.
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