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Abstract 
Background: Cough causes various complications during emergence from general anaesthesia especially in 

smokers. 

Objective of the Study: To assess the efficacy of intracuff alkalinized 2% lidocaine as compared to saline in 

reducing cough, sore throat and hoarseness during emergence in smokers undergoing laparoscopic surgery. 

Materials and Methods: 50 smoking patients undergoing laparoscopic surgery under general anesthesia 

including nitrous oxide (N2O) were enrolled. Patients were randomly allocated to receive either endotracheal 

tube intracuff 2% lidocaine plus 8.4% sodium bicarbonate (Group I, Study Group), or endotracheal tube 

intracuff 0.9% saline (Group II, Control Group). The endotracheal tube cuff was inflated to achieve a cuff 

pressure that prevented air leak during positive pressure ventilation. Incidence of emergence coughing, 

postoperative sore throat, and hoarseness were analyzed. The volume of inflation solution, the intracuff 

pressure, the duration of anesthesia, the time elapsed to extubation after discontinuation of anesthesia, and the 

volume of the inflation solution and the air withdrawn from the ETT cuff were also recorded. 

Results: Intracuff alkalinized 2% lidocaine was superior to saline in blunting emergence coughing (p<0.001). 

The incidence of sore throat was significantly lower in Group I at the post-anesthesia care unit (p=0.02). 

However, at 24 hours after extubation, sore throat incidence was similar in both the groups (p=0.07). Incidence 

of hoarseness was similar in both the groups. Intracuff pressure in the saline group increased with time while 

the intracuff pressure in the lidocaine group remained constant. 

Conclusion: Efficacy of intracuff alkalinized 2% lidocaine was superior to saline in reducing incidence of 

cough during emergence and preventing sore throat during the postoperative period in smokers. 

Keywords: Intracuff alkalinized 2% lidocaine, Smoking, Cough, Sore throat, Emergence, Surgery 

--------------------------------------------------------------------------------------------------------------------------------------- 

Date of Submission: 19 -09-2017                                                                           Date of acceptance: 16-10-2017 

-------------------------------------------------------------------------------------------------------------------------------------- 
 

I. Introduction 
Cigarette smokers are known to have respiratory problems during induction of anaesthesia with 

increased incidence of laryngospasm and cough during extubation as the integrity of epithelia is lost by smoke 

irritation (1).Chronic smoking is associated with inflammation of tracheal mucosa secondary to effects of 

substances in cigarette smoke, leading to increased respiratory problems in perioperative period. These patients 

have an increased incidence of postoperative sore throat (2). General anesthesia and tracheal intubation may 

contribute in exacerbating these respiratory complications. The emergence period may require special attention, 

since it elicits undesirable and exacerbated airway reflexes (3). One of the principal mechanisms for coughing 

during emergence is irritation of the respiratory mucosa by the endotracheal tube (ETT) and its cuff (4). 

Intravenousand topical lidocaine has been in use for many years in blunting the emergence adverse phenomenon 

after general anesthesia. Targeted delivery of lidocaine to the mucosa in contact with the ETT cuff can be used 

as a method for decreasing tracheal stimuli (5).  

 

When lidocaine is injected into the ETT cuff, it spreads through the semi-permeable membrane wall 

and induces anesthetic action in the trachea(6). This increases tolerance to the placement of tracheal and 

tracheotomy tubes (5). Hemodynamic alterations after tracheal extubation are thereby minimized, and the 

incidence of coughing is reduced (7).  The aim of this randomized double-blind study was to assess the efficacy 

of intracuff alkalinized 2% lidocaine as compared to saline in reducing cough, sore throat and hoarseness during 

emergence in smokers undergoing laparoscopic surgery. 
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II. Materials And Methods 
This one-yearprospective, randomized double-blind study was conducted in the Department of 

Anaesthesiology, Government Medical College, Jammu after taking the approval from Institutional Ethical 

Committee and written informed consent from the patients. All patients were >18 years of age, of both genders 

with ASA physical status I/II and their Mallampatti classification was equal to 1. All patients were current 

smokers for a period more than 5 years, inhaling at least five cigarettes per day. Patients undergoing laryngeal 

surgery with tracheotomy, laryngeal disease or asthma were excluded from the study. Exclusion criteria also 

included anticipated difficult intubation, intubation attempt >1, need for nasogastric tube, history of respiratory 

tract infection and contraindication for use of nitrous oxide. 

Patients were randomly divided into two groups of 25 each. Group I patients (study group) received 2% 

alkalinized intracuff lidocaine, Group II patients received 0.9% saline (control group). Before induction, the 

anesthesia provider was given a 20 mL syringe filled with 0.9% saline or with 2% lidocaine mixed with 8.4% 

sodium bicarbonate, in a 19:1 mL proportion. At the time of intubation, the study group received intracuff 

lidocaine and the control group received intracuff saline in a volume sufficient to establish a cuff pressure that 

would prevent the air from leaking during positive pressure ventilation. The anesthesia provider was blinded to 

lidocaine or saline administration, since all solutions were colorless in a volume of 20 mL. The ETT cuffs were 

lubricated with 4 mL of water-soluble gel before tracheal intubation in both groups. 

Patients were premedicated with oral midazolan (5 mg) one hour before anesthesia induction. 

Intravenous line was secured with 20 gauge cannula and lactated Ringers solution was started at a required rate. 

Patients were induced with injection propofol in the dose of 2–2.5 mg/kg and patients were maintained on 

nitrous, oxygen, isoflurane and neuromuscular blockade was ensured by injection vecuronium.Routine 

monitoring included electrocardiogram, pulse oximetry, capnography and non-invasive blood pressure (NIBP).  

On emergence, the anaesthesia provider assessed and counted the number of coughs before awake extubation. 

This assessment began at the time when the anaesthetic gases, nitrous oxide and volatile inhalation agents were 

turned off and the patient was given 100% oxygen. Awake extubation was defined as the ability of patient to 

breathe spontaneously, follow verbal commands and demonstrate a sustained head lift for more than 5 seconds. 

In addition, coughing was defined as a sudden, forceful expiration after inspiration. An anaesthesiologist who 

did not know to which group the patient belonged evaluated the incidence of emergence coughing, sore throat 

and hoarseness. Sore throat and hoarseness were evaluated at the time of shifting from the post-anaesthesia care 

unit and 24 hours after extubation. 

The data was compiled and analyzed. For anthropometrical variables and duration of anaesthesia, the 

Student „t‟ test was used. The incidence of coughing, sore throat and hoarseness were compared by the Chi-

square test for multiple variables. The difference in value was considered statistically significant when p value 

was less than 0.05. 

 

III. Results 
With respect to gender, out of 50 patients, 74% of the patients were male and 26% patients female. 

Genderwise distribution of patients was comparable within the groups. Similarly, patients‟ characteristics were 

similar in both the groups. Mean duration (± standard deviation) of anaesthesia in Group I (206.6 ± 63.1 

minutes) was statistically comparable with that of Group II (223.6 ± 99.3 minutes). Mean time elapsed (± 

standard deviation) from discontinuation of the anaesthesia to extubation was less in Group I (9.2 ± 4.2) when 

compared with that of Group II (14.1 ± 11.6 minutes), but no statistically significant difference was noted. 

Initial pressure (T0) (cm H2O) required to seal the trachea and avoid air leak during positive pressure ventilation 

was higher in Group I when compared with that of Group II (17.8 ± 2.1 vs. 15.9 ± 1.3, respectively; p<0.05). 

However, the intracuff pressure in Group II increased with time, while in Group I it remained constant.  Though 

initially low, the intracuff pressure in Group IIwas statistically higher than the pressure in Group I at the end of 

the study (Tend (20.4 ± 9.1 vs. 16.3 ± 5.7, respectively; p<0.05) (Table 1). In both groups, the intracuff pressure 

was maintained below the critical tracheal perfusion pressure of 25 cm H2O. 

 

The initial volume needed to inflate the ETT cuff was similar in both groups (Group I, 6.9 ± 2.6; Group 

II, 7.21 ± 2.1; p = 0.77. There was a decrease in the volume of the solution withdrawn from the cuff at the end of 

the study, with no statistically significant difference between the groups (10% and 3% decrease in Group I and 

Group II, respectively; p = 0.55). The incidence of coughing at emergence of general anesthesia was 

considerably lower in Group I (p<0.001), when compared with Group II, demonstrating a beneficial effect of the 

alkalinized lidocaine in suppressing the irritation stimuli of the ETT cuff on the tracheal mucosa when compared 

with the ETT cuff inflation with saline (Fig. 1). The incidence of sore throat was significantly lower in Group I 

than that of Group II at the time of release from the post-anaesthesia care unit (p=0.02). The incidence of sore 

throat at 24 hours after extubation, however, was similar in both groups (p=0.07). No patient in Group I had sore 

throat in the postoperative period. The incidence of hoarseness in the postoperative evaluation revealed no 
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statistically significant differences within the two groups in the post-anaesthesia care unit, as well as at 24 hours 

after extubation (p = 0.77 and p = 1.0, respectively) (Fig. 1). The serum concentration of lidocaine in Group I 

did not vary significantly throughout the study. It was readily detectable 10 minutes after the inflation of the cuff 

with the local anaesthetic, and remained constant throughout the study period (T10 = 1.52 ± 0.33; T60 = 1.60 ± 

0.71; T120 = 1.60 ± 0.84; Tend of anesthesia = 1.87 ± 0.82). 

 

IV. Discussion 
Coughing during emergence from general anesthesia is unwanted reflex that cause various undesirable 

complication (8). This study observed that when the ETT cuff was inflated with alkalinized 2% lidocaine, there 

was decrease in coughing incidence during emergence from the general anaesthesia and incidence of sore throat 

also decreased during the postoperative period in smokers. Moreover, ETT intracuff pressure did not show any 

significant rise when intracuff lidocaine was infused. 

This study included only smokers as smoking exaggerate coughing reflex and chronic smoking affect 

respiratory epithelia ranging from inflammation to dysplasia and this render respiratory epithelia to be more 

reactive to ETT insertion which cause stretch stimuli in the trachea (9). Altintas et al. demonstrated lower 

incidence of bucking at the time of extubation with the use of intracuff lidocaine (10). When lidocaine is used to 

inflate the ETT cuff, a higher tolerance for both tracheal and tracheotomy tubing is well demonstrated (7,10,11). 

However, a study conducted by Estebe et al. failed to demonstrate the effectiveness of intracuff non-alkalinized 

4% lidocaine in reducing coughing during emergence from general anesthesia in smokers who underwent 

anesthesia lasting less than 90 minutes (7). The main reason for this lack of effect may be due to a lower drug 

diffusion rate through the cuff because of the low drug pH, since lidocaine was not alkalinized (3). 

The present study demonstrated lower incidence of coughing in Group I as compared to Group II. The 

study used proportion of 19 mL of lidocaine and 1 mL of bicarbonate modified solution pH from 6.92 (lidocaine 

chlorohydrate) to 7.43 (alkalinized lidocaine) which provided for quicker diffusion of lidocaine through the cuff 

membrane.This allowed for the measurement of a similar significant lidocaine concentration in the analysis of 

the patients' blood samples just 10 minutes after inflation. The continuous metabolism of lidocaine by the liver 

may explain the constant serum concentration of the drug found in this study (3).During general anesthesia, the 

use of intravenous lidocaine has been employed with the intent of suppressing cough reflex. According to 

studies,to effectively suppress coughing, a high lidocaine serum concentration (12), around 3 mg/mL, is 

required (13). Such serum concentration may be achieved with an intravenous injection of 1-2 mg/kg (13) of the 

drug (4). Lidocaine administered intravenously, however, can produce sedation and prolong the process of 

awakening from anesthesia (14). In the present study, the patients did not experience any prolongation in the 

awakening from anesthesia time due to the use of intracuff lidocaine. The time elapsed since the discontinuation 

of the anesthetic drugs until the extubation was shorter in Group I. This may be due to a smoother emergence 

period experienced by the patients with intracuff lidocaine (3), while in Group II the high incidence of coughing 

during emergence delayed the extubation. 

The pressure in the ETT pilot balloon, an indirect measure of the pressure exerted by the cuff on the 

tracheal mucosa, is not routinely determined by the anesthesiologist (15). Several methods have been proposed 

to minimize the elevation of cuff pressure during N2O anesthesia. These include the use of an ETT with 

regulatory pressure valves (16), the inflation of the cuff with a mixture of N2O/O2 in proportions identical to 

those used in the anesthesia (17), the use of a tracheal tube with a cuff impermeable to N2O (18), and filling the 

cuff with 0.9% saline (19). A reliable and alternative method of reducing high cuff pressure is filling the cuff 

with lidocaine. Others have used lidocaine in the form of chlorohydrate to fill the cuff in concentrations of 2%, 

4% and 10% (200-500 mg) (6,10). Lidocaine alkalinization increases the rate of diffusion through the cuff wall, 

allowing a reduction of the lidocaine dose while achieving the same results (11). The ETT cuff serves as a 

reservoir to release local anesthetic to the subjacent tracheal tissues (20). Our results demonstrated that intracuff 

lidocaine prevents a significant rise in the cuff pressure during N2O anesthesia, secondary to continuous drug 

diffusion. On the other hand, there was a time-dependent increase in the cuff pressure in Group II. The reason 

for the rise in intracuff pressure is likely due to the increased gas by absorption of N2O (8). Gas was also 

removed from the cuffs filled with lidocaine. The increased cuff gas in Group I at extubation was counter-

balanced by a decrease in the liquid volume due to diffusion of alkalinized lidocaine through the cuff wall. This 

balance maintained adequate cuff pressure and protected the airway against air leak or aspiration of gastric 

content. 

Cuff lubrication with lidocaine gel or spray has been associated with increased morbidity during 

emergence from anesthesia due to adherence of the ETT to the tracheal mucosa (21), and may promote cuff 

rupture (22). Contrarily, cuff lubrication with a water soluble gel in association with alkalinized lidocaine 

increases tracheal tube tolerance and reduces the incidence of postoperative sore throat (21). It has been 

suggested that sore throat is caused by the activation of tracheal pain receptors (14). The proposal of a 

continuous application of local anesthetic to block these nociceptive receptors would therefore seem logical, in 
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an attempt to reduce the incidence of sore throat (3). After tracheal extubation, sore throat has been reported in 

15% to 80% of cases (10). In our study, the incidence of sore throat was 20% and 12% in Group II at the time of 

discharge from the post-anaesthesia care unit and at 24hours after extubation, respectively. In Group I, no 

patient presented with sore throat. This may be related with the combination of three different techniques 

recognized as protective against sore throat: use of low ETT cuff pressure, use of intracuff alkalinized lidocaine, 

and use of water-soluble lubricant (3). However, despite all techniques applied for preventing tracheal 

morbidity, the incidence of hoarseness was similar in both groups, suggesting that this symptom is unlikely 

related to the cuff pressure or to the cuff inflation solution. 

The toxicity of local anesthetic must be considered. The mean volume of lidocaine used in the study 

was 6.9 ± 2.6 mL (138 ± 52 mg). This dose is lower than the toxic systemic level. If a cuff rupture occurs,  a 

relatively high dose of lidocaine can be delivered into the trachea and bronchium leading to toxicity. However, 

lidocaine induced cuff rupture has never been reported previously. In this study, all patients were extubated 

without any complications, and no evidence of cuff damage was observed. Bicarbonate is another drug that can 

lead to tracheal wall damage if a cuff rupture occurs. The small dose used in the present study (1 mL of 8.4% 

bicarbonate in 20 mL of solution) was enough to increase the pH of the lidocaine solution, and facilitate its 

diffusion, but is unlikely to produce damage on the trachea if any cuff damage occurs. 

 

V. Conclusion 
In conclusion, efficacy of intracuff alkalinized 2% lidocaine was superior to saline in reducing 

incidence of cough during emergence and preventing sore throat during the postoperative period in smokers. 

Therefore, the study recommends use of an ETT cuff filled with alkalinized lidocaine in smokers undergoing 

general anesthesia. 
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Table 1. Intracuff pressure (cm H2O) during anaesthesia procedure 
Time points (minutes after tracheal 

intubation) 

Group I (Study Group) Group II (Control Group) 

T0 17.8 ± 2.1 15.9 ± 1.3 

T30 17.2 ± 7.0 16.8 ± 6.4 

T60 17.9 ± 6.5 17.1 ± 6.7 

T90 17.5 ± 7.2 18.2 ± 8.4 

T120 16.3 ± 6.8 19.1 ± 9.0 

Tend of anaesthesia 16.3 ± 5.7 20.4 ± 9.1 

 

 
Fig. 1. Incidence of emergence incidence of cough and tracheal morbidity present during post anaesthesia care 

unit (PACU) and 24 hours after extubation. 

 

 

Vikas Gupta*. “Efficacy of Intracuff Alkalinized 2% Lidocaine in Reducing Cough, Sore Throat 

And Hoarseness During Emergence in Smokers Undergoing Laparoscopic Surgery.” IOSR 
Journal of Dental and Medical Sciences (IOSR-JDMS) , vol. 16, no. 10, 2017, pp. 01–05. 


