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Airway irritation and inflammation caused by prolonged inflation of 
the endotracheal tube (ETT) cuff results in post-intubation morbidities 
such as sore throat, dysphagia, hoarseness of voice, severe cough, 
and pulmonary aspiration.[1,2] ETT presence is a cause of pain and 
discomfort in mechanically ventilated intensive care unit (ICU) patients. 
A significant amount of sedatives and analgesics are given to alleviate 
this. However, the cumulative effects of prolonged use of these drugs 
prolong the ICU length of stay and morbidity, such as respiratory muscle 
weakness, which increases patient-ventilator asynchrony and cough, 
which has been shown to result in potentially dangerous hyperdynamic 
responses such as hypertension, tachycardia, dysrhythmias, increased 
intraocular pressure, increased intracranial pressure, wound dehiscence, 
and bronchospasm.[3] Cough, as a result of stretch receptors located 

throughout the inner circumference of the trachea and just below the 
epithelium, is stimulated by irritants such as an ETT.

To reduce the morbidities associated with mucosal irritation due 
to the ETT, different methods, including high-volume and low-
pressure cuffed ETTs, smaller ETT size, topical application of lubricant 
jellies, administration of opioids, fluticasone, intravenous (IV) 
dexmedetomidine and injection of IV lidocaine, have been used. ETT 
cuffs filled with lidocaine have been proposed.[4-6]

Lidocaine has long been used to obtund the unwanted airway and 
circulatory reflexes. It may be administered by IV injection, endotracheal 
cuff inflation, intratracheal (IT) instillation, tube lubrication, or in 
aerosolised form.[1,7] When lidocaine is injected into the ETT cuff, 
it spreads through the semipermeable membrane wall and induces 
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an anaesthetic action in the trachea. It is not known whether cough 
suppression from tracheal instillation of lidocaine acts by local action 
or by systemic absorption. If local, its action on airway reflexes should 
last longer than an IV injection.[8] Only the non-ionised base form of the 
drug diffuses across the semipermeable hydrophobic polyvinyl chloride 
walls of the ETT cuff.[9]

Increasing the alkalinity of the local anaesthetic using sodium 
bicarbonate (NaHCO3) increases the pH of the solution and can 
predictably increase the percentage of the non-ionised fraction of the 
drug, thus dramatically increasing its diffusion through the ETT 
cuff.[10] A previous study has shown that when the ETT cuff is filled with 
lidocaine, a small amount of lidocaine diffuses slowly across the cuff.[11] 
The addition of NaHCO3 increases diffusion. Therefore, we aimed to 
study the effect of intracuff lidocaine and alkalised lidocaine on sedative 
or analgesic requirements in patients undergoing mechanical ventilation 
in the ICU. 

The primary outcome was to calculate the total dose of propofol 
and fentanyl required to obtund the unwanted airway and circulatory 
reflexes caused by the ETT cuff. The secondary outcomes were to assess 
the frequency and severity of cough and haemodynamic parameters 
(heart rate (HR), mean arterial pressure (MAP), and central venous 
pressure (CVP)) of patients.

Methods
This double-blind, randomised controlled study was conducted in a 
tertiary care hospital between January 2016 and July 2017. Seventy-two 
patients, aged 20 - 55 years, who were admitted to the surgical ICU 
after emergency laparotomy with the tube in situ, fulfilling criteria 
for American Society of Anesthesiologists (ASA) class 1E and 2E 
(class 1 and 2 that needed emergency surgery) and with an expected 
prolonged mechanical ventilation time, were considered for the study 
recruitment. Exclusion criteria were body mass index more than 
30 kg/m2, tracheostomised patients, haemodynamic instability, positive 
end-expiratory pressure (PEEP) ≥7 cm H2O, excessive respiratory 
secretions, and a history of chronic obstructive pulmonary disease, and 
cardiovascular, hepatic, or renal disease. Patients were excluded from the 
study after enrolment if muscle relaxation was needed during ventilation.

After getting clearance from the ethics committee of the institute 
(ref. no. L.  No. 476/UPUMS/Dean/2018-19/E.C. No. 2017/126) and 
well-explained written consent from patients’ attendants (https://www.
samedical.org/file/1802), we randomly assigned patients to two groups 
of 36 patients each, Group L (ETT cuff inflated with lidocaine 2%), and 
Group AL (cuff inflated with a mixture of lidocaine 2% and 8.4% NaHCO3 

in 1:1 ratio), by using the computer-generated sequential number and 
closed-envelope method. The fluid to be instilled in the ETT cuff was 
prepared in 10 ml syringes by someone independent of the study.

The ETT cuff was filled with either lidocaine or lidocaine with 
NaHCO3 8.4% in a 1:1 ratio in an amount that would not cause a leak. 
Patients were ventilated on volume-controlled synchronised intermittent 
mandatory ventilation mode, and ventilator settings were adjusted to 
achieve a tidal volume of 6 - 8 ml/kg, PEEP adjusted to maintain partial 
oxygen pressure (PaO2) >90% but maintained below 7 cm H2O with a 
fraction of inspired oxygen (FiO2) <0.6. 

We maintained the sedation level to achieve a Riker’s sedation 
agitation scale (SAS) score of 3 - 4 with baseline infusion of injected 
propofol at the rate of 0.2 - 1 mg/kg/h and maintained infusion of 
fentanyl at 25 - 100 µg/h to achieve a score of 0 - 1 on the 10-point non-
verbal pain scale.[12,13] Level of sedation and haemodynamic parameters 
were monitored hourly. Propofol and fentanyl infusion was initially 

at the lowest dose. If at any time it was assessed that levels of pain 
and sedation score were outside the target level, the target levels were 
achieved by altering the infusion rates. Reversible causes of anxiety 
and agitation, excessive light or sounds, cough related to suctioning 
of ETT, and airway obstruction, were excluded prior to titration of 
propofol and fentanyl infusions. Subsequently propofol was titrated at 
5 mg/h, and fentanyl at 25 µg/h until the target scores were achieved. 
Total requirements for propofol and fentanyl were recorded during the 
first 24 hours of mechanical ventilation. Coughing episodes not related 
to endotracheal suctioning were counted and estimated according to 
the number of bouts of coughing on a three-point scale (1: mild; 2: 
moderate; and 3: severe). Adequate ventilation was assessed by hourly 
arterial blood gas (ABG) interpretation.

To determine the effect of ETT cuff inflation with alkalised lidocaine 
we estimated 30 patients per group using 80% power, and an alpha error 
as 0.05. The difference between the mean analgesic requirements was 
considered for sample size estimation from the study done by Basuni.[14] 
Estimating a dropout rate of 20%, we included 36 patients in each group.

Data were analysed using SPSS version 16.0 (SPSS Inc, USA) and were 
presented as mean and standard deviation (SD) or frequencies (%). A 
parametric test (independent sample t-test) was used for determining 
any difference between the means of two groups for a particular 
variable. Repeated measures analysis of variance (ANOVA) was used to 
determine any difference in the basic monitoring profile and amount of 
drug required at different time intervals (hourly) of individuals in both 
groups. A p-value <0.05 was considered as statistically significant, and a 
p-value <0.001 as highly significant.

Results
In Group AL results for 36 patients were analysed, while in Group L 
(n=34) 2 patients were excluded from the study because of the need 
for neuromuscular blockade for adequate ventilation. There was no 
significant difference in the age, sex, and ideal body weight between the 
groups (Table  1). No significant difference in the number of patients 
with various diagnoses was seen. 

Table 1. Baseline characteristics

Parameter

Group AL 
(N=36), 
n (%)*

Group L
(n=34), 
n (%)* p-value

Total 
population
(N=70)

Age (years), 
mean (SD)

40.89 (13.60) 43.18 
(13.21)

0.48† 70

Sex
Male 20 (55.6) 23 (67.6) 0.65‡ 43
Female 16 (44.4 ) 11 (32.4) 0.34‡ 27

IBW (kg), 
mean (SD)

58.72 (5.17) 58.63 (5.75) 0.95† 70

Primary diagnosis
 Blunt trauma 
abdomen 

2 (5.6) 3 (8.8) 0.16‡ 8

 Intestinal 
obstruction 

9 (25.0) 8 (23.5) 0.99‡ 17

 Koch's 
abdomen 

1 (2.8) 2 (5.9) 0.56‡ 3

 Perforation 
peritonitis

24 (66.7) 21(61.76) 0.36‡ 45

SD = standard deviation; IBW = ideal body weight.
*Unless otherwise specified.
† Unpaired t-test. 
‡ χ2 test.
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The mean (SD) dose of propofol utilised 
in Group L (766.32 (136.77) mg) was 
significantly higher than that in Group AL 
(624.25 (80.36) mg) (p<0.001). The mean 
(SD) fentanyl utilisation in Group L was also 
significantly higher (1433.09 (42.58) µg) than 
that in the Group AL (1323.61 (187.27) µg) 
(p=0.040) (Fig. 1).

The number of patients with cough in 
Group L was significantly higher than that 
in Group AL (p=0.01) (Table  2). Of the 
patients with cough, the majority (7 out of 
10) had a mild cough in Group AL (70%). 
The incidence of cough according to severity 
was significantly more in Group L patients as 
compared with Group AL (p=0.04). 

The mean HR in Group L was significantly 
higher than that in Group AL (p<0.001). There 
was no significant difference in MAP between 
the groups (p=0.22). Mean CVP in Group AL 
(9.39 (1.11) mmHg) was significantly higher 
than that in Group L (8.50 (0.74) mmHg) 
(p<0.001). Mean respiratory rates (RRs) were 
comparable (p=0.11) (Table 3)

There was no significant difference in pH, 
PaO2 and PaCO2 between groups (Table 4).

pH was comparable in both groups (p>0.05). 
There were also insignificant differences 
between the findings of PaO2 (p=0.50) and 
PaCO2 (p=0.44) between the groups (Table 4). 

Discussion
Use of lidocaine with or without the addition 
of NaHCO3 (i.e. alkalisation) in the ETT cuff 
instead of air has been studied during general 
anaesthesia for a long time. However, the same 
procedure for the purpose of decreasing the 
requirement of sedation and analgesia has 
been evaluated less in ICU patients.[8,15] Hence 
we undertook this study in the ICU.

Basuni[14] in 2014, reported significant 
reduction in propofol and sedation 
requirements in mechanically ventilated 
patients utilising intracuff alkalised lidocaine 
compared with those on intracuff air. Results 
of this study showed that the requirement 
of propofol and sedation was significantly 
reduced in patients in whom alkalised 
lignocaine was used.[15] In our study, too, 
alkalised lidocaine reduced the sedative 
or analgesic requirements, although our 
comparison was with plain lidocaine.

Estebe et al.[15] in 2005 reported a decrease in 
the sedation and analgesia requirements with 
alkalised lidocaine in the ETT cuff. We  also 
observed a reduced requirement of sedatives 
and analgesics when alkalised lidocaine was 
used in the ETT cuff. According to their 
study,  lidocaine alone had a low diffusion 

rate  across the ETT cuff. The  addition of 
NaHCO3 to lidocaine alkalinises the solution. 
This provides the hydrophobic base and allows 
the diffusion of this uncharged form through 
the polyvinylchloride wall of the cuff more 
readily than occurs with lidocaine. Owing to 
more diffusion of alkalised lidocaine from 
the cuff, tube tolerance in patients should 
increase,  and this might be the reason for 
the decrease in sedation and analgesia 
requirements.[16]

The incidence of cough was significantly 
lower in Group AL and when present was 
significantly milder than in Group L. Navarro 
et al.[9] in 2007 conducted a study to evaluate 

the effect and safety of filling the ETT cuff with 
alkalised lidocaine in comparison with air. 
They found that the alkalisation of lidocaine 
improves the diffusion across the cuff, and 
the incidence of cough, sore throat, and tube 
intolerance were significantly less in patients 
in the alkalised lidocaine group in comparison 
with those in the air group.[9] Findings of this 
study are consistent with our study.

In the study by Basuni,[14] cough was reported 
as significantly less in the alkalised lidocaine 
group, and of all patients who had a cough, 
a  significantly higher number had a mild 
cough.[14] These findings are in concurrence 
with our findings where the alkalised lidocaine 

Table 2. Incidence and severity of cough
Cough Group AL (n=36) Group L (n=34) Total (N=70) p-value*
Incidence, n (%)

Present 10 (27.8) 20 (58.8) 30 0.01
Absent 26 (72.2) 14 (41.2) 40

Severity, n
Mild
Moderate
Severe

7 5 12 0.041
2 6 8
1 9 10

*χ2 test.

Table 4. Comparison of arterial blood gas values
Parameter, mean (SD) Group AL (n=36) Group L (n=34) p-value*
pH 7.39 (0.01) 7.40 (0.01) 0.37
PaO2 165.13 (20.06) 169.07 (27.30) 0.50
PaCO2 40.59 (2.68) 41.20 (3.77) 0.44

PaO2 = partial pressure of oxygen; PaCO2 = partial pressure of carbon dioxide.
*Repeated measure analysis of variance (ANOVA).

Table 3. Comparison of haemodynamic parameters
Parameters, mean (SD) Group AL (n=36) Group L (n=34)  p-value*
HR (beats/min) 89.01 (4.09) 93.55 (6.41) <0.001
MAP (mmHg) 87.61 (3.18) 86.23 (5.73) 0.22
CVP (cm H2O) 9.39 (1.11) 8.50 (0.74) <0.001
RR (breaths/min) 12.43 (0.23) 12.54 (0.33) 0.11

HR = heart rate; MAP = mean arterial pressure; CVP = central venous pressure; RR = respiratory rate. 
*Repeated measure analysis of variance (ANOVA).
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group had less incidence of cough, and the majority of them had a mild 
cough.

In 2015 Salman et al.[16] conducted a study to compare the effects of 
intracuff plain lidocaine, alkalised lidocaine, and air. They found that the 
incidence of cough was least in the intracuff alkalised lidocaine group 
and highest with intracuff air. Findings of this study were in concurrence 
with our study.[17]

Acharya et al.[12] in 2016 conducted a study to compare the effect of 
air and alkalised lidocaine in postoperative sore throat and cough. They 
found that the incidence of cough was significantly less in the alkalised 
lidocaine group.[12] In our study, alkalised lidocaine decreased the 
incidence of coughing, although we compared it with plain lidocaine.
MAP was comparable in both groups (p=0.22) in our study. Rashmi 
et al.[17] in 2017 compared the incidence of sore throat and other 
haemodynamic parameters using intracuff lidocaine (2%), alkalised 
lidocaine, and ketamine. The study showed that all three cause 
haemodynamic stability; however, alkalised lidocaine and ketamine 
were better than lidocaine.[17] 

In Salman et al.’s[16] study, comparing haemodynamic parameters 
of plain lidocaine and alkalised lidocaine, they found there was no 
significant difference in the MAP of both groups. The findings of this 
study were in concurrence with our study.

Mean HR was significantly lower in Group AL than in Group L, 
as it speaks directly to the reasons, i.e. analgesia and tube tolerance 
(p<0.001). The mean CVP of the patients of Group AL was significantly 
higher than that in group L patients (p<0.001). This finding might be 
due to the higher utilisation of propofol in Group L, as propofol causes 
vasodilation and decreases the peripheral vascular resistance, which 
causes peripheral pooling of venous blood and reduced venous return. 
These parameters in this context have not been reported in the current 
literature.

The mean RRs in both groups of patients were similar. This is 
probably explained by a consistent targeted level of sedation.

Study limitations
The main limitation in this study is that it is a single-centre study, and 
may therefore not be representative of broader general populations. The 
second limitation is that patients had comorbidities and these were not 
case-matched after randomisation.

Further, the study excluded elderly patients and patients with obesity, 
and therefore findings cannot be considered in these phenotypes. 

Conclusions
Alkalised lidocaine reduces the requirement of sedation and analgesia in 
mechanically ventilated patients in the ICU and reduces haemodynamic 

abnormality and cough. The findings suggest that intracuff alkalised 
lidocaine may be a useful method to maintain sedo-analgesia in 
mechanically ventilated and haemodynamically stable patients.
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