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ABSTRACT

Background and Aims: Tracheal extubation often causes cardiovascular and airway responses,
potentially resulting in hazardous consequences. It remains unknown whether dexmedetomidine
or lidocaine is more effective for cough suppression. Hence, we conducted a systematic review
and meta-analysis of randomised controlled trials to compare the effectiveness and safety of
dexmedetomidine and lidocaine in reducing cough response after tracheal extubation in adult
patients. Methods: A thorough search of electronic databases, including PubMed, Embase,
Cochrane Library, and Web of Science, was conducted to identify relevant studies (from inception
to 31 January 2023). Randomised controlled trials comparing intravenous (IV) dexmedetomidine
versus |V lidocaine administration during emergence from anaesthesia to prevent tracheal
extubation response in adult patients under general anaesthesia were included. The primary
outcome was the incidence of post-extubation cough. Secondary outcomes included emergence
time, extubation time, residual sedation, and incidences of bradycardia. Statistical analysis was
conducted using RevMan software. The Cochrane risk of bias tool was used to evaluate the
potential risk for bias. Results: In total, seven studies with 450 participants were included. There
was no statistically significant difference in the incidence of cough between dexmedetomidine
and lidocaine groups [Risk Ratio = 0.76; 95% Confidence Interval: 0.46, 1.24]. Emergence and
extubation times were not significantly different between the two groups. Meta-analysis revealed
a higher incidence of bradycardia and residual sedation in dexmedetomidine compared to the
lidocaine group. Conclusion: This meta-analysis found no difference in cough, emergence, and
extubation time between dexmedetomidine and lidocaine after tracheal extubation. However,
residual sedation and bradycardia were more significant in dexmedetomidine than in lidocaine.

Keywords: Anaesthesia, dexmedetomidine, emergence, extubation, lidocaine, meta-analysis,
randomised controlled trial

INTRODUCTION
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anaesthesia, and
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tracheal extubation responses.®” Dexmedetomidine is
a potent, highly selective alpha-2 adrenoceptor agonist
that effectively reduces the airway and circulatory
response during emergence from general anaesthesia.®
Dexmedetomidine has some unique properties, such
as sympatholysis, sedation, and analgesia without
respiratory depression, for which it is considered an
appropriate drug for suppressing the cough response at
the time of tracheal extubation. In addition, lidocaine
can be used in various forms, such as intravenous
(IV), intratracheal, endotracheal cuff inflation, and
aerosolised to suppress extubation response during
emergence from anaesthesia. In a systematic review
and meta-analysis by Sun et al.’! evaluating the efficacy
and safety of IV lidocaine to prevent opioid-induced
cough (OIC) during tracheal intubation, they found that
the lowest effective dose of IV lidocaine was 0.5mg/
kg. Another meta-analysis found that IV lidocaine
may prevent tracheal intubation, extubation response,
and OIC in a dose-dependent manner in both adults
and children.” Recently, a systematic review and
meta-analysis conducted by Fan et al.® comparing
IV dexmedetomidine and remifentanil showed no
difference in the incidence of moderate and severe
cough during extubation. Although both drugs were
reported to be effective, the difference between IV
dexmedetomidine and lidocaine in attenuating cough
response during emergence from anaesthesia remains
unclear.

Therefore, we conducted a systematic review and
meta-analysis of randomised controlled trials (RCTs) to
compare the efficacy and safety of IV dexmedetomidine
and lidocaine in adult patients on the attenuation of
cough response following tracheal extubation during
emergence from general anaesthesia.

METHODS

This systematic review and meta-analysis is reported
according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.™ The protocol was registered at the
International Prospective Register of Systematic Reviews
(PROSPERO) (registration number CRD42023392464).

Eligibility criteria

Inclusion  criteria:  Studies  comparing IV
dexmedetomidine versus IV lidocaine administration
during emergence from anaesthesia to prevent
tracheal extubation response in adult patients under
general anaesthesia without any regional anaesthesia,
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studies containing data on incidence and grading of
cough during emergence, only RCTs, published in
the English were included. The studies were selected
as per the PICOT (Population, Intervention, Control,
Outcome, and Time) format presented in in Table 2.

Exclusion criteria: Non-RCTs (retrospective studies,
case reports, systematic review, and meta-analysis and
protocols), paediatric patients (<18 years of age), placebo
control, and cases wherein dexmedetomidine and/
or lidocaine was administered at the beginning of the
surgery and not at the end of the surgery were excluded.

Information sources: A comprehensive search from
PubMed, Embase, Cochrane Library, and Web of
Science electronic databases was done from inception
to 31 January 2023.

Search strategy: The electronic search combined terms
related to dexmedetomidine, lignocaine, lidocaine,
extubation, cough response, airway response, and
anaesthesia. In addition, a reference list of all included
RCTs was reviewed for potential publications. The
detailed search strategy for each database is presented
in Supplementary File S-2.

Study selection: Two authors (AP and MK)
independently searched the databases and performed
study selection. Finally, studies fulfilling the inclusion
criteria were included after screening full-text articles.
Any disagreements between the two authors in the
study selection process were resolved with the opinion
of the third author (NK).

Data extraction: Two authors (AP and MK)
independently extracted data from the included studies
using a pre-defined standardised data collection form.
Any disagreements were settled by a third author (NK).

Data items: Data extracted using the standardised form
included the first author name, year of publication,
country of origin, age of the patient, weight,
gender, number of patients, American Society of
Anesthesiologists (ASA) physical status classification,
type of surgery, dose of dexmedetomidine/lidocaine,
route of administration, timing of administration,
incidence/or grade of cough of cough, emergence time,
extubation time, hemodynamic changes [mean arterial
pressure and heart rate (HR)], incidences of residual
sedation, and incidences of bradycardia.

The primary outcome was the incidence of
post-extubation cough. The post-extubation period
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was defined as the time of extubation to 30 minutes
after the endotracheal tube removal. Coughing
severity was classified using the 3-point scale
described by Minogue et al.'?: 1 = mild, single
cough, 2 = moderate (lasting for <5 seconds)
cough, and severe (lasting for >5 seconds) cough.
Secondary outcomes included emergence time,
extubation time, residual sedation, and incidences of
bradycardia (HR < 60 bpm). The time for emergence
was the time between discontinuing anaesthetics and
eye-opening (spontaneously or on verbal prompting
repeated every 2 minutes). The time for extubation
was measured as the time between discontinuation of
anaesthetics and tracheal extubation. These outcomes
were assessed during the first 30 minutes after the
extubation.

Risk of bias assessment: The risk of bias of the included
RCTs was assessed using Cochrane risk of bias tool 2
(Cochrane Collaboration)."s! Two independent authors
(AP and MK) separately evaluated the methodological
quality of all RCTs. Any discrepancies regarding
quality assessment were resolved through discussion
with the third author (NK). RCTs were assigned as
low, high, or unclear risk of bias for each bias domain.
We evaluated the studies according to the following
points: random sequence generation (selection bias),
allocation concealment (selection bias), blinding of
participants (performance bias), blinded outcome
assessment (detection bias), incomplete data reporting
(attrition bias), selective reporting (reporting bias),
and other potential sources of bias.

Statistical analysis: For continuous variables, mean and
standard deviation (SD) were extracted for each group
to obtain mean difference (MD) with a 95% confidence
interval (CI) as a pooled result. Dichotomous outcomes
were expressed as a pooled risk ratio (RR) with a
95% CI. The statistical analysis was performed using
RevMan software (version 5.4, Copenhagen, Denmark,
the Nordic Cochrane Centre, and the Cochrane
Collaboration). A random effect model was used for the
pooled analysis of the primary endpoint. Heterogeneity
within the trials was evaluated using the Chi-square test
and I? statistics. Substantial heterogeneity was defined
as I? =50%." A P value of <0.05 was considered
statistically significant. Publication bias was assessed
using a funnel plot and Egger test.'® The Grading of
Recommendation, Assessment, Development, And
Evaluation (GRADE) system was adopted to assess
the overall quality of evidence for each outcome. The
system classified the evidence into very low, low,
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moderate, and high quality of evidence according to the
following five categories: the risk of bias, inconsistency,
indirectness, imprecision, and publication bias.["" The
included trials’ methodological quality was assessed
using the modified Jadad score scale. The modified
Jadad score ranges from 0 to 8. A score less than or
equal to 3 was considered low quality, and a score
greater than or equal to 4 was referred to as high-quality
studies.!'”! Meta-regression analysis was performed
based on lidocaine doses, dexmedetomidine doses,
route of administration, administration time, and types
of surgery.

RESULTS

Study selection

A PRISMA flow diagram summarises the database
search and inclusion of studies [Figure 1]. Finally,
seven studies fulfilled the inclusion criteria and were
included for systematic review and meta-analysis.!*8-24

Study characteristics

The study characteristics of the included studies are
summarised in Table 1. The selection of these studies
were as per predefined 'PICOT' [Table 2]. Seven RCTs!**-
24 consisting of 450 participants were included; 225
participants were allocated to the dexmedetomidine
group, and 225 were allocated to the lidocaine group.
Most of the included studies had a low risk of bias as
per the risk-of-bias assessment [Figure 2].

The route of administration of drugs was IV in all the
included studies. Three out of the seven included
studies gave the drugs as boluses, while one study
administered the drug as a bolus followed by infusion.
The dose used for dexmedetomidine in the included
studies was 0.5 pg/kg for all included studies except
one study by Moustafa et al., where a dose of
0.1 ug/kg was used. The dose of lignocaine used was
1.5 mg/kg in all studies except one study by Moustafa
et al., where 1 mg/kg was used.

Primary outcome: Six studies!"*?!! out of seven
reported cough incidence. A random effect model
was used, and significant heterogeneity was
observed (I* = 65%). The meta-analysis revealed no
significant difference between the dexmedetomidine
and lidocaine groups (RR = 0.76; 95% CI: 0.46, 1.24;
P = 0.27; Figure 3a).

Secondary outcome: Three studies!*®?? out of
seven reported emergence time. A fixed effect model

417
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Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow-chart. RCT=randomised controlled trial

was used, and no significant heterogeneity was
observed (I? = 21%). The meta-analysis revealed no
significant difference between the dexmedetomidine
and lidocaine groups (MD = 0.12; 95% CI: -0.22, 0.45;
P = 0.49; Figure 3b).

Three studies!'*??4 out of seven studies reported
extubation time. A fixed effect model was used, and
no significant heterogeneity was observed (I*> = 0%).
The meta-analysis revealed no significant difference
between the dexmedetomidine and lidocaine
groups (MD = 0.29; 95% CI: -0.05, 0.62; P = 0.09;
Figure 3c).

Three studies®??? out of seven studies reported
an incidence of bradycardia. A fixed effect model
was used, and no significant heterogeneity was
observed (I* = 27%). The meta-analysis revealed a
higher incidence of bradycardia in dexmedetomidine

418

compared to the lidocaine group (RR = 10.25; 95% CI:
2.39, 43.97; P = 0.002; Figure 3d).

Two studies"®* out of seven reported residual
sedation incidence. A fixed effect model was used, and
no significant heterogeneity was observed (I? = 0%).
The meta-analysis revealed a higher incidence of
residual sedation in dexmedetomidine compared to
the lidocaine group (RR = 30.45; 95% CI: 4.31, 215.13;
P < 0.001; Figure 3e).

Sub-group analysis: Our sub-group analysis revealed
no difference between the two drugs based on
the technique of drug administration, timing of
drug administration, or type of surgery. The drugs
were administered either as a bolus or infusion or
as bolus and infusion. On comparing the various
timings of drug administration, no significant
difference was observed; the overall heterogeneity
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Figure 2: Assessment of the risk of bias via the Cochrane RoB 2 tool
displayed by means of a traffic light plot of each included clinical study
(a), and weighted plot for the distribution of the overall risk of bias within
each bias domain via the Cochrane RoB 2 tool (b)

was 30.8% (P = 0.204). Similar results were obtained
from sub-group analysis based on different types
of surgeries, such as craniotomy, spinal surgery,
orthopaedic surgeries, and laparoscopic surgery
analysis (Supplementary File S-3).

Publication bias: Assessment of publication bias
using the Begg test revealed no potential publication
bias amongst the included trials (Begg test; P = 0.188;
Figure 4).

Summary of findings (GRADE): The certainty of
evidence (CoE) for the incidence of cough was deemed
low. The CoE for emergence time was moderate. The
CoE for extubation time was moderate. The CoE of
bradycardia was low. The CoE for residual sedation
was low (Supplementary File S-4).

Modified Jadad score: The quality of the seven
included studies!'®?% was evaluated using a modified
Jadad score, and all included studies were found to be
of high quality (Jadad score >4) (Supplementary File
S-5).

Meta-regression analysis: To comprehensively
investigate the sources of heterogeneity within our
meta-analysis, we undertook a meta-regression
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Dexmedetomidine Lidocaine Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
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Figure 3: Forest plots (a) incidence of cough, (b) emergence time, (c) extubation time, (d) bradycardia, (e) residual sedation. IV = Inverse

Variance, Cl = Confidence Interval

analysis, examining key factors, including the
type of injection, dose variations, timing, and type
of surgery. We intended to discern any potential
associations among these variables that could
contribute to the observed heterogeneity. However,
upon analysis [Table 3], no statistically significant
associations were identified (P > 0.05).

Trial sequential analysis: Trial sequential analysis
(TSA) was performed to ascertain the requisite sample
size. Subsequently, we generated TSA monitoring

Indian Journal of Anaesthesia | Volume 68 | Issue 5 | May 2024

boundaries by using STATA (StataCorp. 2023; Stata
Statistical Software: Release 18. College Station,
TX: StataCorp LLC) and R software (v4.1.2; R Core
Team (2021); R Foundation for Statistical Computing,
Vienna, Australia). The TSA results are visually
represented in Figure 5. The included studies with
a sample size of 400 had only 21% power to accept
the findings. This observation implies that our
conclusions lack robustness without sufficient
evidence. Consequently, it is imperative to conduct
additional studies to garner conclusive evidence.
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Figure 4: Funnel plot for assessment of publication bias in incidence
of cough

DISCUSSION

This meta-analysis demonstrated no difference
between dexmedetomidine and lidocaine in the
incidence of cough, emergence time, and extubation
time. In addition, the incidence of sedation and
bradycardia was higher in the dexmedetomidine
group compared to the lidocaine group.

The exact mechanism of cough is unknown, but the
proposed mechanism is the excitation of sensory
C-fibres and secondary neuroplasticity.®® The
mechanism for cough suppression with lidocaine
is yet to be completely understood. Still, various
mechanisms to explain the cough suppression
by lidocaine include desensitising peripheral
cough receptor suppression of sensory C-fibre and
reduction of release in neuropeptides.***” The cough
suppression effect of lidocaine may last till the end
of the short surgical procedure because the half
time (t,,) of lidocaine is approximately 2 hours.?**
Lidocaine is an amide local anaesthetic and can
potentially suppress cough (incidence and severity)
response during emergence from anaesthesia.
Lam et al.B” included 19 trials and 1566 patients.
They showed that intracuff lidocaine significantly
decreased postoperative sore throat and coughing
compared to the control group in patients receiving
endotracheal intubation for general anaesthesia. Tung
et al.BYalso showed that intracuff and topical lidocaine
significantly reduced moderate-to-severe emergence
cough compared to placebo or no medication. A few
studies reported that the return of consciousness was
delayed in the lidocaine group compared to the control
group.®2% No adverse effects have been reported
within the recommended IV dose of 1-2 mg/kg of
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Figure 5: Trial sequential analysis

Table 2: PICOT table

Criteria Determinants

Population Adult patients underwent elective surgery and
extubation under general anaesthesia

Intervention Dexmedetomidine

Control Lidocaine

Outcome Primary - Incidence of cough
Secondary - Emergence time, extubation
time, residual sedation, and incidences of
bradycardia (HR <60 bpm)

Time During tracheal extubation

PICOT: P=Patient, |= Intervention, C= Control, O= Outcome, T=Time,
HR= Heart rate, bpm= beats per minute

Table 3: Meta-regression analysis for comparison between

dexmedetomidine and lidocaine for attenuation of cough
response during tracheal extubation

Variables B coefficient Standard error P

Lidocaine doses -5.44 2.92 0.06
Dexmedetomidine doses 1.36 1.52 0.37
Route of administration 2.51 1.47 0.08
Administration time 1.91 1.47 0.19
Types of surgery 577 2.95 0.05

lidocaine.*¥ Dexmedetomidine reduces anaesthetic
requirements, induces analgesia, improves sleep
quality postoperatively, and has anti-inflammatory
properties.*>*® In a meta-analysis of nine RCTs,
Miao et al.®” found that dexmedetomidine enhances
the quality of recovery and decreases postoperative
nausea and vomiting without increasing adverse
events in the early postoperative period. Wang et al.?®
investigated the optimal dose of dexmedetomidine
for cough prophylaxis. They found that 0.5 and 0.6
ug/kg infusion rates effectively mitigate emergency
cough and sleep disturbances with a slight delay in
extubation compared to the saline control group in
patients scheduled for endovascular interventional
procedures. In a cohort study, Duan et al.*® found that
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intraoperative dexmedetomidine use can significantly
decrease the incidence of sleep disturbance in a
patient undergoing non-cardiac surgery as compared
to the control group. It is used as an adjuvant to
anaesthetic drugs for various surgical procedures.*"!
Yang et al.®! conducted a meta-analysis to evaluate
the effect of dexmedetomidine on emergence agitation
and found that dexmedetomidine significantly
reduced the incidence of emergence excitation;
however, emergence time and extubation time were
prolonged as compared to those in the saline group.
Residual sedation is a possible adverse effect of
dexmedetomidine. Kim et al.*? demonstrated that
alertness level was lowered in the dexmedetomidine
group compared to the control group. On the contrary,
Aouad et al.®®, in another study, showed that sedation
levels were similar between dexmedetomidine and
the control group. As the reporting of adverse effects
and hemodynamic parameters was not adequately
mentioned in the studies, examining these parameters
was difficult. Dexmedetomidine inhibits the
sympathetic nervous system (SNS) and is effective
in blunting hypertension and tachycardia during
extubation.®**Aouad et al.,** in a dose-finding study,
showed that 1 pg/kg of dexmedetomidine provides
the best quality of emergence and prevents cough and
agitation but with dose-dependent hypotension versus
the control group in a patient undergoing elective
surgeries under general anaesthesia. In a Cochrane
review by Jessen Lundorf et al® (7 RCTs with
492 patients), it has been found that dexmedetomidine
increases the risk of hypotensive episodes in patients
undergoing abdominal surgery. Demiri et al.l®
included 56 studies with 4868 patients that also
showed that dexmedetomidine increases the risk of
hypotension and bradycardia.

The major strength of our meta-analysis was that the
PRISMA guideline was followed, and the GRADE
system was used to evaluate the quality of evidence.
This meta-analysis also has some limitations. Firstly,
the number of included RCTs was limited, and
the included studies had relatively small sample
sizes. Secondly, reporting of adverse effects was
not appropriate for the included studies. Another
limitation is the clinical heterogeneity related to
medication doses of dexmedetomidine and lidocaine.
The heterogeneity may alter the observed effect using
sub-therapeutic or dose-dependent doses in the
included studies. In our meta-analysis, medication
was studied in low-risk patients and not high-risk
populations. Another limitation is intra-observer

Indian Journal of Anaesthesia | Volume 68 | Issue 5 | May 2024

variability because of the subjective nature of the
assessment of cough and its severity.

CONCLUSION

This meta-analysis demonstrated that
dexmedetomidine and lidocaine had no difference in
the incidence of cough, emergence, and extubation
time following tracheal extubation. However, the
incidence of residual sedation and bradycardia was
higher in the dexmedetomidine than in the lidocaine
group. Thus, given the lack of studies comparing
dexmedetomidine and lidocaine for attenuation of
cough response, high-quality RCTs are needed in the
future to confirm the results of this meta-analysis.
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S-4: GRADE evidence profile

Question:De pared to Lidocaine for of cough response, emergence time, extubation time, bradycardia and residual sedation during tracheal extubation.
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Bibliography:Dexmedetomidine versus Lidocaine for attenuation of cough response, emergence time, extubation time, bradycardia, and residual sedation during tracheal extubation. Cochrane Database of
Systematic Reviews
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trials serious 0.12 Moderate
higher
022
lower to
Extubation Time
3 randomised [  not notserious | not serious serious® none 70 70 - SMD o000
trials serious 0.29 Moderate
higher
0.05
lower to
Bradycardia
3 randomised not not serious not serious very none 42/105 (40.0%) 1105 RR10.25 | 88more [ dHOO
trials serious seriousbe (1.0%) (2.39t0 per Low
43.97) 1,000
(from 13
more to
Residual Sedation
2 randomised [  not notserious | not serious very none 30/50 (60.0%) 0150 RR3045 | Ofewer | ©®OO
trials serious. seriousbe (0.0%) 43110 per Low
215.13) 1,000
(from 0
fewer to

Cl: confidence interval; RR: risk ratio; SMD:standardised mean difference
Explanations

a. Downgrade quality of evidence -1 due to serious inconsistency (12value is > 50 %)
b. Downgrade quality of evidence -1 due to severe imprecision (wide 95% Cls)

c. Downgrade quality of evidence -1 due to serious imprecision (small number of participants)

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

Supplementary File S-4: GRADE evidence profile

Supplementary File S-5: Modified Jadad score

Corresponding Was the Was the Was the Was the Was there a Was there a Was the Was the Total
author research approach of research approach presentation presentation approach approach
described as randomisation described of blinding of of the used to of
randomised? appropriate? as appropriate? withdrawals inclusion/ assess statistical
blinding? and exclusion adverse analysis
dropouts? criteria? effects described?
described?
Kothari 201408 +1 0 +1 0 0 +1 +1 +1 5
Sharma 20149 +1 +1 +1 +1 +1 +1 +1 +1 8
Gosai 201520 +1 +1 0 0 0 +1 +1 +1 5
Moustafa 201521 +1 +1 +1 0 0 +1 +1 +1 6
Hu 2019122 +1 +1 0 +1 +1 +1 +1 +1 7
Pradhan 202123 +1 0 +1 0 +1 +1 +1 +1 6
Safneedha 2021124 +1 0 0 +1 0 +1 +1 +1 5




