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intratracheal and intravenous lignocaine on airway
and hemodynamic response during emergence and
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ABSTRACT
OBJECTIVE: Intratracheal (IT) and intravenous (IV) lignocaine suppress airway reflex and hemodynamic response during
extubation, but studies regarding this are sparse. The primary aim was to compare the effect of IT and IV lignocaine on
attenuation of airway reflex to endotracheal extubation and the secondary aim was to compare the hemodynamic responses
to extubation, using lignocaine by the two different routes.
METHODS: Seventy-five female patients with comparable age, body mass index, and American Society of Anesthesiologists
Physical Status undergoing carcinoma breast surgery were randomized into three groups. Group A received 2% lignocaine
3 mg/kg intratracheally 5 min and Group B received 2% lignocaine 1.5 mg/kg intravenously 3 min before extubation. Group
C was control group. The airway and hemodynamic responses were noted in terms of episodes of cough during emergence
and extubation. Categorical variables assessed using Fisher’s exact test and continuous variables assessed using one-way
analysis of variance.
RESULTS: Cough suppression was present in Groups A and B, with better results observed with IT than with IV lignocaine. In
the control group, Grade III cough reflex was present predominantly. There was a statistically significant difference (p<0.001)
in blood pressure and heart rate between Group A versus Group C and in Group B versus Group C, but not between Group
A and Group B.
CONCLUSION: IT lignocaine administered before extubation significantly attenuates post-extubation cough reflex than IV
lignocaine. Both IT and IV lignocaine can effectively attenuate the airway and hemodynamic response to extubation.
Keywords: Airway reflex; carcinoma breast; cough grade; extubation; hemodynamic stress response; intratracheal; intravenous; lignocaine; randomized
controlled trial.
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T

racheal extubation is the removal of endotracheal
tube (ETT) from patient’s airway [1] and is a
stressful situation, associated with 3 times more complication rates than intubation [2, 3]. Complications
of extubation include tube entrapment, hemodynamic
changes such as tachycardia, hypertension, increased
intraocular and intracranial pressure, coughing, breathholding, tracheal or laryngeal trauma, laryngeal spasm,
and pulmonary aspiration [4]. Coughing and hemodynamic responses cause sympathoadrenergic responses
due to catecholamine release [5]. Lignocaine is a local
anesthetic, causes blockade of the sodium channel [6],
and suppresses cough reflex to extubation by its effect
on synaptic transmission and hemodynamic response
by its central stimulant effect, peripheral vasodilatory
effect, and direct myocardial depressant effect [7].
Lignocaine is administered intravenously [8],
through laryngotracheal route [9] or in the ETT cuff
[5] to blunt reflexes during emergence from general
anesthesia (GA) [10]. Emergence is defined as time period between the complete discontinuation of the maintenance anesthetic to 5 min post-extubation [11]. The
serum concentration of lignocaine required to suppress
the cough reflex has been recorded as >3 mcg/ml, while
cough suppression has been achieved at recorded levels
<1.63 mcg/ml when the lignocaine is topically applied
[12]. Lignocaine is a potent anti-inflammatory and antihyperalgesic agent [13, 14]. Even though cough reflex
is protective against aspiration, it can lead to hemodynamic fluctuations in post-operative period. George et
al. [15] found that the local mucosal anesthetizing effect
of lignocaine is short lived and do not last for 20–30 min
for both intratracheal (IT) and intravenous (IV) lignocaine, thereby preventing aspiration risk. Local anesthesia toxicity is a grave complication and requires high
levels of alertness and anticipation [16, 17]. The main
manifestations of its toxic accident are neurologic signs,
with convulsions and no, or slight, cardiac effects on the
intact heart [18]. Cardiovascular effects come later, and
they include myocardial depression, prolonged conduction interval, bradycardia, hypotension, and heart failure
[19]. Administration of IV lignocaine will rise plasma
concentration rapidly as compared to IT lignocaine
which contributes to such cardiac complications.
Only a limited number of previous published studies compared the use of IT and IV lignocaine to reduce
GA-related complications during emergence and extubation [5, 20–23]. However, the results of these trials were
conflicting. Hence, we studied the effect of IT and IV
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Highlight key points
•

Lignocaine administered intratracheally before extubation
significantly attenuates the post-extubation cough reflex
than IV lignocaine.

•

Both IT and IV lignocaine given before extubation can effectively attenuate the hemodynamic hyper-response to extubation.

•

IT lignocaine is cost effective and simple way to suppress
the cough as well as adverse hemodynamic reflex responses
during extubation.

lignocaine on airway reflexes and hemodynamic stress
response during extubation to gather more evidence to
clear these uncertainties in a randomized controlled trial.
The objective of this study was to compare the effect
of IV and IT lignocaine on attenuation of airway reflex
to endotracheal extubation and to compare the hemodynamic responses to extubation, using lignocaine by IT
versus IV routes.
MATERIALS AND METHODS
Breast cancer patients who underwent modified radical mastectomies (MRM) and breast conserving surgeries (BCS) under GA with ETT at our institution
during the period January 2018–December 2018 were
included in this study. After obtaining Institutional Review Board approval with IRB No. 10/2017/15 dated
October 26, 2017, Regional Cancer Centre Human
Ethics Committee No. 32/2017 dated November 22,
2017, CTRI/2020/12/039358, and consent from the
participants, those aged more than 18 years belonging to
American Society of Anesthesiologists Physical Status
(ASA PS) 1, 2, and 3 were included in the study. Patients
with known allergy to lignocaine, high risk of aspiration,
anticipated difficult airway, history of hypertension on
beta-blockers, bronchial asthma, and history of tracheal
or laryngeal surgery were excluded from the study. The
patients in the study were randomly allocated based
on a computer generated random number table, into
three groups (A, B, and C). Seventy-five patients were
recruited and all of them randomized and allotted into
three groups of 25 each and all were followed up by the
investigator not involved in providing anesthesia to the
study patients. Participants were unaware of the group to
which they were allocated. Group A patients received 2%
preservative free IT lignocaine 3 mg/kg from a syringe
by injection into the ETT’s proximal end 5 min before
extubation. Group B patients received 2% preservative
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Enrolment
Patients scheduled for MRM and BCS under GA (n=75)
Allocation
Exclusion

Patients with known Lignocaine allergy
Patients with high riks of aspiration
History of bronchial asthma
History of hypertension on beta blockers
History of laryngeal or tracheal surgery
Anticipated difficult airway

Randomized (n=75)

Group A - Allocated to receive 2%
preservative free intratracheal lignocaine 3
mg/kg 5 minutes before extubation

Group B - Allocated to receive 2%
preservative free intravenous lignocaine
1.5 mg/kg 3 minutes before extubation

Group C - Neither
intratracheal or
intravenous lignocaine

No loss to follow up

No loss to follow up

No loss to follow up

Analysed (n=25)
None excluded from analysis

Analysed (n=25)
None excluded from analysis

Follow up

Analysis
Analysed (n=25)
None excluded from analysis

Figure 1. CONSORT diagram.
free lignocaine 1.5 mg/kg IV 3 min before tracheal extubation. Group C included control group of patients who
received neither IT nor IV lignocaine (Fig. 1).
Breast cancer patients were selected to ensure comparability between the groups and were of comparable age,
weight, sex, and ASA PS and these values were recorded
before induction of GA and monitored using standard
ASA monitors, under a standardized anesthesia protocol. All patients received oral premedication with tab.
pantoprazole 40 mg and tab. alprazolam 0.5 mg the
previous night and at 7 am on the day of surgery and
IV premedication with glycopyrrolate 0.004 mg/kg and
midazolam 0.02 mg/kg in the operation theater. GA induced with inj. fentanyl 2 micrograms/kg and inj. propofol 2 mg/kg, inj. vecuronium 0.08 mg/kg was administered to facilitate intubation, maintained with a mixture
of air, oxygen, and sevoflurane. No opioids were used 30
min before end of surgery. Patients were reversed with
neostigmine 0.05 mg/kg and glycopyrrolate 0.01 mg/
kg. After gentle aspiration of oropharyngeal secretions,
extubation was performed when train of four count was

>0.9. Oxygen was supplemented through facemask and
patients followed in post anesthesia care unit (PACU)
for any complications.
The airway responses were noted in terms of cough
reflex to assess the smoothness of extubation and hemodynamic effect noted in terms of heart rate (HR) and
blood pressure (BP) at extubation, 1 min, 2 min, 3 min,
and 5 min before and after extubation in Groups A, B,
and C. Mean emergence time noted in three groups and
effects on Group A and Group B were compared with
Group C. Time to emergence was defined as the period
from switching off of anesthetic agents till tracheal extubation [11]. The cough reflex is defined as forceful expiration following inspiration [24].
Smoothness of extubation was graded using the degree of cough reflex as [5].
Grade I: No cough or mild cough only during removal
of ETT.
Grade II: Coughing while breathing regularly.
Grade III: Bouts of coughing before regular breathing is
established.
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Table 1.
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Patient characteristics and baseline cardiorespiratory parameters

Age, years
BMI
Emergence from fentanyl
Baseline mean SBP (mm of Hg)
Baseline mean DBP (mm of Hg)
Baseline mean HR (beats/ minute)

Group A (n=25)

Group B (n=25)

Group C (n=25)

p

51.28
25.47
76.20
134.6
77
87.72

52.20
26.80
88
132.84
79.32
80.88

49.60
25.42
78.80
132.96
78.2
86.64

0.647
0.374
0.111
0.796
0.653
0.086

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HR: Heart rate; Group A – 25 patients who received intratracheal lignocaine, Group
B – 25 patients who received intravenous lignocaine, Group C – control group, p<0.05 is statistically significant.

Statistical Analysis
The sample size was calculated as 75 with 25 in each
group with 80% power and 5% level of significance, based
on the study by Jee et al. [21] where the three groups of
patients were assessed similarly based on cough reflex.
The categorical data used in our study body mass index
(BMI), ASA PS, and cough grade were represented using
frequencies and percentages. Continuous variables represented using mean and standard deviation. The association between categorical variables assessed using Fisher’s
exact test and continuous variables with respect to three
groups were assessed using one-way analysis of variance.
Further, the significance between the pairs of groups for
the continuous variables, HR and BP, was compared using Bonferroni multiple comparison test. P<0.05 was
considered to be statistically significant. Statistical analysis done using Statistical Package for the Social Sciences
(SPSS) version 11.0 (SPSS Ltd., Chicago, IL).
RESULTS
The demographic data of the three groups studied during
the period January 2018–December 2018 were comparable (Table 1) and there was no significant difference in
ASA PS (p=0.206). In our study, Group A and Group
B had cough suppression. We observed that in Group A,
80% of patients had Grade I cough and 20% had Grade
II cough with no event of Grade III cough. In Group B,
28% of patients had Grade I cough and 72% had Grade II
cough with no events of Grade III cough. There is statistically significant cough suppression with IT lignocaine
than with IV lignocaine. The patients in Group C had
no events of Grade I cough reflex but had 12% of Grade
II cough and 88% of Grade III cough reflex, which is

Table 2. Comparison of cough reflex grade in IT, IV, and
control group with P value
Groups			

Cough reflex grade		

		

I

II

III

80.0
28.0
0.0
36.0

20.0
72.0
12.0
34.7

0.0
0.0
88.0
29.3

A
B
C
Total

%
%
%
%

within
within
within
within

group
group
group
group

p

0.001

Grade I: No cough; Grade II: Mild cough; Grade III: Bouts of coughing; p<0.05
is statistically significant.

predominant. Table 2 shows that the difference in cough
reflex grade is statistically significant (p=0.001).
The mean systolic BP (SBP) in Group A (136.6 mm
of Hg) and B (132.12 mm of Hg) showed attenuation of
BP variation on extubation, when compared to patients
in Group C (150.48 mm of Hg). Three groups did not
show statistically significant difference in the mean baseline SBP and mean SBP 5 min, 3 min, and 2 min before
extubation. When compared to Groups A and B, Group
C showed statistically significant (p=0.001) difference in
mean SBP recorded at 1 min pre-extubation, at extubation, and 1 min, 2 min, 3 min, and 5 min post-extubation
(Fig. 2). However, the difference in mean SBP recorded
during the periextubation period between Group A and
Group B was not significant statistically.
The mean diastolic BP (DBP) in Group A (87 mm
of Hg) and Group B (88.72 mm of Hg) showed attenuation of BP variation on extubation, when compared to
patients in Group C (97.44 mm of Hg). The mean base-
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Time

5 minutes post extubation

3 minutes post extubation

2 minutes post extubation

1 minute post extubation

At extubation

1 minute pre extubation

2 minutes pre extubation

3 minutes pre extubation

5 minutes pre extubation

5 minutes post extubation

3 minutes post extubation

2 minutes post extubation

1 minute post extubation

At extubation

1 minute pre extubation

2 minutes pre extubation

3 minutes pre extubation

5 minutes pre extubation

Baseline

70

Baseline

80

120
110

Intravenous

100
Mean

Mean

150

Intratracheal

Time

Figure 2. Graph comparing mean SBP among IT, IV, and
control group.

Figure 4. Graph comparing mean HR among IT, IV, and con-

SBP: Systolic blood pressure; IV: Intravenous; IT: Intratracheal.

HR: Heart rate; IV: Intravenous; IT: Intratracheal.

100

Intratracheal

Intravenous

Control

Mean

90

5 minutes post extubation

3 minutes post extubation

2 minutes post extubation

1 minute post extubation

At extubation

1 minute pre extubation

2 minutes pre extubation

3 minutes pre extubation

5 minutes pre extubation

70

Baseline

80

Time

Figure 3.

Graph comparing mean DBP among IT, IV, and
control group.
DBP: Diastolic blood pressure; IV: Intravenous; IT: Intratracheal.

line DBP, DBP 5 min and 3 min pre-extubation in three
groups did not show statistically significant difference.

trol group.

There is statistically significant difference (p=0.001) in
mean DBP in Group C recorded at 1 min pre-extubation, at extubation and 1 min, 2 min, 3 min, and 5 min
post-extubation when compared to that of Group A
and Group B (Fig. 3). However, the difference between
Group A and Group B in mean DBP recorded during
the periextubation period was statistically insignificant.
In our study, Group A and Group B had significant attenuation of BP when compared with Group C. Hence,
lignocaine was found to be effective in suppressing hypertension at the time of extubation. However, the intergroup comparison of the BP between IV group and IT
group was comparable and statistically insignificant.
The mean HR in Group A and Group B showed
attenuation of HR variation on extubation when compared to patients in Group C. The mean baseline HR
and mean HR recorded 5 min pre-extubation in Groups
A, B, and C showed no statistically significant difference.
There is statistically significant difference (p=0.001) in
mean HR recorded at 1 minute pre-extubation, at extubation and 1 min, 2 min, 3 min, and 5 min post-extubation in Group C, when compared to that of Group A
and Group B (Fig. 4). However, the mean HR recorded
during the periextubation period in Group A and Group
B was insignificant.
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The mean emergence time after fentanyl administration in Groups A, B, and C were 76.20, 88.00,
and 78.80, respectively. The p=0.111 is statistically
insignificant, hence, the effect of fentanyl on ETT tolerance can be ruled out in our study during extubation [12].
Thus, on comparison between Group A and Group
B, there was no statistically significant difference in
SBP, DBP, and HR. However, there was a statistically
significant difference in SBP, DBP, and HR between
Group A versus Group C as well as between Group B
and Group C.
DISCUSSION
In our study, cough reflex in post-extubation period
was well suppressed with IT lignocaine than with IV
lignocaine. The predominant attenuation of airway circulatory reflexes is due to local anesthetic effect rather
than its systemic absorption of IT lignocaine resulting
in anesthesia to tracheal mucosa which was in contact
with the ETT and cuff. Due to gravity in the supine
position, IT lignocaine will spread distally down the
trachea. The wet mucous blanket permits lignocaine to
diffuse proximally from the distal end of ETT, thereby
blocks the receptors and anesthetize tracheal mucosa
in contact with the ETT. We found out that lignocaine
given 5 min before extubation through IT was superior
to IV as is evident from the cough reflex grading. This
is comparable to studies done by Jee and Park et al.
[21] who found that IT lignocaine suppressed cough
when given approximately 5 min before extubation,
and is superior to IV injection given 3 min before extubation. However, our results were contradictory to the
studies done by Shabnum et al. [5] and Saghaei et al.
[25] The use of IV lignocaine also decreases perioperative airway complications, including coughing and sore
throat [17]. Khezri et al. [26] compared 2% injection
lignocaine 1.5 mg/kg IV or IT and came to conclusion
that the effect of IV or IT lignocaine was similar on
bucking, cough, and emergence time at the end of GA
till 30 min post-extubation. Suppression of cough reflex during emergence and extubation is effective when
plasma concentration of lignocaine is between 2.3 and
3 μg/mL [27, 28]. The administration of IT 2% lignocaine 3 mg/kg would lead to peak plasma concentrations adequate to suppress the reflexes. Hence, from
our study, IT lignocaine was superior to IV in cough
suppression at extubation.
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The attenuation of hemodynamic response to extubation was present when lignocaine is administered both
routes, comparable to the study done by Shabnum et al.
[5] Our study did not show difference in hemodynamic
in both groups, suggesting the multimodal mechanism
of the action of lignocaine on cardiovascular system
after systemic administration and due to its local anesthetic effect on tracheal mucosa resulting in suppression
of cough and circulatory reflexes. Our study was not
in accordance with Jee et al. [21] who showed that IT
lignocaine suppresses the hemodynamic reflexes better
than IV due to direct local anesthesia rather than from
systemic absorption from the airway. The differences in
HR, SBP, and DBP variation were statistically insignificant in Groups A and B, but significant difference was
present in the control group.
The time of administration of lignocaine in our study
was 3 min in patients receiving IV lignocaine and 5 min
in patients receiving IT lignocaine. IV lignocaine was
administered 3 min before extubation, which was based
on the study by Wilson et al. [29] and Tam et al. [30]
Similarly, Denlinger et al. [31] stated that topical lignocaine blunted the reflex responses effectively when given
5 min before extubation. A study done by George et al.
[15] found that local anesthesia is achieved within 2–3
min of endotracheal lignocaine application due to shortacting local anesthetic effect of lignocaine. We found out
that lignocaine given 5 min before extubation through
IT was superior to IV as is evident from the cough reflex
grading, comparable to a study done by Jee and Park et
al. [21] We chose 3 mg/kg IT lignocaine which is twice
the IV dose and 1.5 mg/kg lignocaine through IV route
based on the above studies [5, 21]. We administered 1.5
mg/kg lignocaine intravenously and found that our results were comparable with Bidwai et al. [32].
The use of opioids intraoperatively increases the tolerance to ETT [33]. This might have interfered with our
study results, and therefore, no opioids had been used
intraoperatively other than injection fentanyl 2 μg/kg
during anesthesia induction. The average duration of
surgery was 90 min. Since the duration of the action of
2 microgram/kg of fentanyl is 30–60 minutes, fentanyl
effect on ETT tolerance can be ruled out at the time of
extubation [34]. In our study, among the three groups,
there was no significant statistically difference (p=0.111)
in emergence time after fentanyl administration and all
patients were observed in PACU following extubation
and had no complications.
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The limitation of our study was only female patients
who underwent BCS and MRM for carcinoma breast
was studied and our study did not measure blood levels
of lignocaine, epinephrine, and norepinephrine. Large-scale studies in diverse types of surgeries should address
these issues.
However, we found that IT instillation of lignocaine
has the additive advantage of suppression of cough reflex, thereby attenuating hemodynamic response than IV
lignocaine during extubation that clears the previous uncertainty in this area. To avoid unwanted circulatory and
airway responses during post-operative period, suppression of cough and hemodynamic reflex response with endotracheal lignocaine during extubation can be practiced
more often especially in patients likely to suffer complications due to increased cough on extubation.
Conclusion
IT lignocaine before extubation significantly attenuates
the post-extubation cough reflex than IV lignocaine.
Both IT and IV lignocaine given before extubation can
effectively attenuate the hemodynamic hyper-response to
extubation. IT lignocaine is cost effective and simple way
to suppress the cough as well as adverse hemodynamic
reflex responses during extubation. Hence, it is prudent
to administer lignocaine routinely before extubation.
Ethics Committee Approval: The Regional Cancer Centre Human
Ethics Committee granted approval for this study (date: 22.11.2017,
number: 32/2017).
Conflict of Interest: No conflict of interest was declared by the
authors.
Financial Disclosure: The authors declared that this study has received no financial support.
Authorship Contributions: Concept – DVG, SP, ROA, RCK; Design
– DVG, SP, ROA, RCK, JKKM; Supervision – SP, ROA, DVG; Fundings
– SP, ROA, RCK, DVG, JKKM; Materials – DVG, JV, PR, NG; Data collection and/or processing – DVG, SP, ROA, JV, PR, NG; Analysis and/
or interpretation – DVG, SP, ROA, JKKM; Literature review – DVG, SP,
ROA, JV, PR; Writing – DVG, SP, NG, ROA, JKKM; Critical review – SP,
ROA, RCK, JKKM.

REFERENCES
1. Hess DR. The role of noninvasive ventilation in the ventilator discontinuation process. Respir Care 2012;57:1619–25. [CrossRef ]
2. Peterson GN, Domino KB, Caplan RA, Posner KL, Lee LA, Cheney
FW. Management of the difficult airway: a closed claims analysis. Anesthesiology 2005;103:33–9. [CrossRef ]
3. Tierney KJ, Murano T, Natal B. Lidocaine-induced cardiac arrest in
the emergency department: effectiveness of lipid therapy. J Emerg Med

329
2016;50:47–50. [CrossRef ]
4. Cooper RM. Extubation and Changing Endotracheal Tubes. Benumofs
Airw Manag. 2007;1146–80. [CrossRef ]
5. Shabnum T, Ali Z, Naqash IA, Mir AH, Azhar K, Zahoor SA, et al.
Effects of lignocaine administered intravenously or intratracheally on
airway and hemodynamic responses during emergence and extubation
in patients undergoing elective craniotomies in supine position. Anesth
Essays Res 2017;11:216–22. [CrossRef ]
6. Nau C, Wang GK. Interactions of local anesthetics with voltage-gated
Na+ channels. J Membr Biol 2004;201:1–8. [CrossRef ]
7. Prasad SR, Matam UM, Ojili GP. Comparison of intravenous lignocaine and intravenous dexmedetomidine for attenuation of hemodynamic stress response to laryngoscopy and endotracheal intubation. J
Dr NTR Univ Health Sci 2015;4:86. [CrossRef ]
8. Epstein SK, Ciubotaru RL, Wong JB. Effect of failed extubation on the
outcome of mechanical ventilation. Chest 1997;112:186–92. [CrossRef ]
9. Gonzalez RM, Bjerke RJ, Drobycki T, Stapelfeldt WH, Green JM,
Janowitz MJ, et al. Prevention of endotracheal tube-induced coughing
during emergence from general anesthesia. Anesth Analg 1994;79:792–
5. [CrossRef ]
10. Tung A, Fergusson NA, Ng N, Hu V, Dormuth C, Griesdale DGE.
Pharmacological methods for reducing coughing on emergence from
elective surgery after general anesthesia with endotracheal intubation:
protocol for a systematic review of common medications and network
meta-analysis. Syst Rev 2019;8:32. [CrossRef ]
11. Jain D, Bhagat H, Jain D. Effect of intravenous lignocaine infusion on
the quality of emergence in patients undergoing transsphenoidal resection of pituitary tumors - A prospective, randomized controlled trial.
Surg Neurol Int 2020;11:154. [CrossRef ]
12. Diachun CA, Tunink BP, Brock-Utne JG. Suppression of cough during
emergence from general anesthesia: laryngotracheal lidocaine through a
modified endotracheal tube. J Clin Anesth 2001;13:447–51. [CrossRef ]
13. Eipe N, Gupta S, Penning J. Intravenous lidocaine for acute pain: an
evidence-based clinical update. BJA Educ 2016;16:292–8. [CrossRef ]
14. Hu S, Li Y, Wang S, Xu S, Ju X, Ma L. Effects of intravenous infusion of
lidocaine and dexmedetomidine on inhibiting cough during the tracheal
extubation period after thyroid surgery. BMC Anesthesiol 2019;19:66.
15. George SE, Singh G, Mathew BS, Fleming D, Korula G. Comparison
of the effect of lignocaine instilled through the endotracheal tube and
intravenous lignocaine on the extubation response in patients undergoing craniotomy with skull pins: A randomized double blind clinical
trial. J Anaesthesiol Clin Pharmacol 2013;29:168–72. [CrossRef ]
16. Haldar R, Dubey M, Rastogi A, Singh PK. Intravenous lignocaine
to blunt extubation responses: a double-edged sword. Am J Ther
2016;23:e646–8. [CrossRef ]
17. Yang SS, Wang NN, Postonogova T, Yang GJ, McGillion M, Beique
F, et al. Intravenous lidocaine to prevent postoperative airway complications in adults: a systematic review and meta-analysis. Br J Anaesth
2020;124:314–23. [CrossRef ]
18. de la Coussaye JE, Brugada J, Eledjam JJ. Cardiac complications of local
anesthetic agents. In: Vincent JL, editor. Yearbook of Intensive Care and
Emergency Medicine. Berlin, Heidelberg: Springer; 1992. p. 129–36.
19. Cherobin ACFP, Tavares GT. Safety of local anesthetics. An Bras Dermatol 2020;95:82–90. [CrossRef ]
20. Zamora Lozano J, Cruz Villaseñor JA, Rodríguez Reyes J, Sánchez
Rodríguez JP, Briones Corona G, Gallardo Alonso LA. Comparison of
topical, intravenous, and intracuff lidocaine for reducing coughing after
extubation during emergence from general anesthesia. Rev Esp Anestesiol Reanim 2007;54:596–601.

330
21. Jee D, Park SY. Lidocaine sprayed down the endotracheal tube attenuates the airway-circulatory reflexes by local anesthesia during emergence and extubation. Anesth Analg 2003;96:293–7. [CrossRef ]
22. Soltani HA, Aghadavoudi O. The effect of different lidocaine application methods on postoperative cough and sore throat. J Clin Anesth
2002;14:15–8. [CrossRef ]
23. Behzadi M, Hajimohamadi F, Alagha AE, Abouzari M, Rashidi A.
Endotracheal tube cuff lidocaine is not superior to intravenous lidocaine in short pediatric surgeries. Int J Pediatr Otorhinolaryngol
2010;74:486–8. [CrossRef ]
24. Erb TO, von Ungern-Sternberg BS, Keller K, Frei FJ. The effect of
intravenous lidocaine on laryngeal and respiratory reflex responses in
anaesthetised children*. Anaesthesia 2013;68:13–20. [CrossRef ]
25. Saghaei M, Reisinejad A, Soltani H. Prophylactic versus therapeutic administration of intravenous lidocaine for suppression of post-extubation
cough following cataract surgery: a randomized double blind placebo
controlled clinical trial. Acta Anaesthesiol Taiwan 2005;43:205–9.
26. Khezri MB, Jalili S, Asefzadeh S, Kayalha H. Comparison of intratracheal and intravenous lidocaine effects on bucking, cough, and emergence time at the end of anesthesia. Pak J Med Sci 2011;27:793–6.
27. Bidwai AV, Stanley TH, Bidwai VA. Blood pressure and pulse rate responses to extubation with and without prior topical tracheal anaesthesia. Can Anaesth Soc J 1978;25:416–8. [CrossRef ]

North Clin Istanb
28. Babu BVM, Kumari SA, Lakshmi BS. Comparative study between
the effects of 4% lignocaine solution through endotracheal tube cuff
and 1.5 mg/kg of intravenous 2% lignocaine on coughing and hemodynamics during extubation in neurosurgical patients. Int J Sci Study
2018;5(11):6.
29. Wilson IG, Meiklejohn BH, Smith G. Intravenous lignocaine and sympathoadrenal responses to laryngoscopy and intubation. The effect of
varying time of injection. Anaesthesia 1991;46:177–80. [CrossRef ]
30. Tam S, Chung F, Campbell M. Intravenous lidocaine: optimal time of
injection before tracheal intubation. Anesth Analg 1987;66:1036–8.
31. Denlinger JK, Ellison N, Ominsky AJ. Effects of intratracheal lidocaine on circulatory responses to tracheal intubation. Anesthesiology
1974;41:409–12. [CrossRef ]
32. Bidwai AV, Bidwai VA, Rogers CR, Stanley TH. Blood-pressure and
pulse-rate responses to endotracheal extubation with and without prior
injection of lidocaine. Anesthesiology 1979;51:171–3. [CrossRef ]
33. Nishina K, Mikawa K, Maekawa N, Obara H. Fentanyl attenuates cardiovascular responses to tracheal extubation. Acta Anaesthesiol Scand
1995;39:85–9. [CrossRef ]
34. Rani P, Hemanth Kumar VR, Ravishankar M, Sivashanmugam T,
Sripriya R, Trilogasundary M. Rapid and reliable smooth extubation
- Comparison of fentanyl with dexmedetomidine: A randomized, double-blind clinical trial. Anesth Essays Res 2016;10:597–601. [CrossRef ]

