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INTRODUCTION 

Maintaining airway and ventilating the patients by 

placement of endotracheal tube (ETT) is common 

practice for delivery of general anesthesia and in the 

critical care settings. Cuffed endotracheal tubes (ETT) 

not only ensure a proper seal during positive pressure 

ventilation without volume loss, but at the same time also 

prevent aspiration of pharyngeal and gastric secretions.1 

Both over and under inflation of the cuff might cause 

postoperative airway morbidity. Over inflation of the 

ETT cuff might lead to serious complications, ranging 
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ABSTRACT 

 

Background: Cuffed endotracheal tubes not only ensure a proper seal during positive pressure ventilation, but at the 

same time also prevent aspiration of gastric secretions. The aim of this prospective, randomized study was to compare 

three methods of ETT cuff inflation-- palpation of the leak in suprasternal notch (Just seal), a stethoscope guided 

method of tracheal tube cuff inflation and PVL guided cuff inflation.  

Methods: After approval by institutional ethical committee, 192 patients of either sex in age group of 18-50 years 

belonging to ASA physical status I or II were enrolled. Each patient was randomly allocated into one of three groups: 

one group received standard 'just seal' method of tracheal cuff inflation (JS), the second group, the stethoscope-guided 

method (SG) and in third group cuff was inflated using Pressure Volume Loop (PVL). Volume of air introduced into 

the cuff and pressure within the cuff was recorded.  

Results: A total of 192 patients were recruited to the study. The median (IQR [range]) tracheal cuff pressure was 12 

(10-22 [6-28]) cm H2O, 16 (12-24[6-38]) and 14 (10-22[8-32]) cmH2O in JS, SG and PVL group respectively. Cuff 

pressures within the recommended range of 20-30 cm H2O fell in 25% of the patients in both JS and SG group and 

31% patients in PVL group. The mean volumes of air introduced in the cuff and the resultant mean cuff pressure in all 

groups was found to be statistically insignificant (p= 0.4, 0.18 respectively). Tidal volume discrepancy was more and 

75% of cuff pressures were less than the recommended range in JS than the other two groups. 

Conclusions: Real time PVL displayed on most modern anaesthesia machine is a good alternative to check for proper 

ETT cuff inflation, avoid high cuff pressure and monitor air leak. 
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from tracheal mucosa pressure necrosis to tracheal 

rupture and tracheoesophageal fistula formation.2-4 Under 

inflation of the cuff might result in volume loss, gastric 

distension and thus regurgitation and aspiration. 

Adequacy of ETT cuff inflation is usually checked by 

one of the following techniques: Manual palpation of the 

pilot balloon, disappearance of audible air leak through 

the mouth or disappearance of palpable air leak at thyroid 

cartilage or suprasternal notch (Just seal), auscultation of 

leak at right lamina of thyroid cartilage (stethoscope 

guided) or use of either an aneroid manometer or 

continuous automatic ETT cuff pressure controller.5,6 

Pressure–volume loop (PVL) is one of the continuous 

real time pulmonary graphic incorporated in the 

monitoring system of anaesthesia machines and 

mechanical ventilators. Usually, it is used for the 

assessment of dynamic lung compliance, detection of 

lung over inflation or presence of air leak.7 It is also used 

for endotracheal tube cuff inflation. The aim of this study 

was to compare three methods of ETT cuff inflation-- 

palpation of the leak in suprasternal notch (Just seal), a 

stethoscope- guided method of tracheal tube cuff inflation 

and PVL guided cuff inflation with regards to adequacy 

of seal and postoperative cuff related complications if 

any.  

METHODS 

This prospective, randomized study was conducted from 

June 2017 to May 2018 after getting approval from the 

institutional ethical committee. A total of 192 patients 

were recruited and informed consent from all the 

participants was obtained. Inclusion criteria: patients of 

either sex in the age group of 18-50 years, belonging to 

American Society of Anesthesiologists (ASA) physical 

status I or II and scheduled to undergo elective surgery in 

supine position and requiring tracheal intubation.  

Exclusion criteria 

Patients with anticipated difficult airway, chronic lung 

diseases, preoperative cough, hoarseness of voice or sore 

throat, and an increased risk of aspiration.  

All patients were examined and thoroughly investigated 

preoperatively. All patients were kept fasting for 6 hours and 

prescribed routine premedication. In the operating room, 

after the establishment of intravenous (IV) line and 

attachment of standard monitors [non-invasive blood 

pressure (NIBP), electrocardiography (ECG) and pulse 

oximetry (SpO2)], each patient was randomly allocated into 

one of three groups: one group received the standard ‘just 

seal’ method of tracheal cuff inflation (JS; n=64), the second 

group, the stethoscope-guided method (SG; n=64) and in the 

third group cuff was inflated using pressure volume loop 

(PVL; n=64). Allocation to one of three combinations was 

done using sealed coded envelopes.  

Before induction of anaesthesia, an automatic leak test 

was performed on the anaesthesia machine (Primus, 

Drager, Lübeck, Germany) to detect any leak in the 

machine. Anaesthesia was induced with injection 

glycopyrrolate 0.2 mg, fentanyl (2 µ kg-1) and propofol 

(2-3 mg kg-1). After checking for ability to ventilate inj 

vecuronium 0.1 mg kg-1 was administered and three 

minutes after the trachea was intubated with a portex 

tracheal tube ((Portex Tracheal Tube, Smith Medical 

International Ltd., Ashford, Kent, UK). TT of size 7.0 

mm ID and 8.0 mm ID was used in female and male 

patients respectively.  

Following successful insertion of the ETT, it was 

connected to the breathing circuit and volume controlled 

ventilation was initiated with 10 mL/kg tidal volume and 

a ventilator rate of 14/ min. The tracheal cuff was then 

inflated using one of three methods. The ETT cuff was 

inflated initially by 2 mL of air followed by increments of 

0.5 ml. In just seal group air was introduced till the 

palpable leak disappeared. In stethoscope guided 

technique the diaphragm of a stethoscope (Littmann 3M, 

master classic II) was placed over the right lamina of the 

thyroid cartilage and air was introduced until harsh 

turbulent breath sounds were replaced by softly pitched 

sounds. In the group of PVL, ventilation of the lungs and 

cuff inflation was done in the same fashion as the just 

seal group till complete closure of the PVL was displayed 

on the anaesthesia machine monitor i.e. when the 

expiratory limb reached zero volume and met the starting 

point of inspiratory limb, cuff inflation was ceased.  

In each group, volume of air introduced into the cuff was 

recorded. The pressure within the cuff was then 

determined using a calibrated tracheal tube cuff 

manometer (Mallinckrodt Medical, Athlone, Ireland), 

which measures tracheal cuff pressure from 0 to 120 cm 

H2O. In all groups, a three way stopcock was connected 

to the pilot balloon and a small manometer was 

connected to the other end of the stop cock while the 

third end was connected to a 5 ml syringe. After inflation 

of the cuff, TV was decreased to 8ml kg-1 and RR to 12 

min-1. Any discrepancy between inhaled and exhaled TV 

was noted for 5 min and monitored throughout the 

surgery. After that low flow anaesthesia (2l min-1) with 

O2:N2O 50 % and sevoflurane (1.5-2%) was continued 

for maintenance. Exhaled TV was monitored for whole of 

the surgery. Cuff pressure was again recorded 1 hr after 

start of N2O. 

For each patient, age, sex, body mass index, grade of 

intubation (Cormack and Lehane grade of laryngoscopy), 

volume of air introduced into the tracheal tube cuff and 

the cuff pressure following inflation were recorded. 

Sample size was estimated as sixty-four per group by 

setting the α-error at 0.05 and the study power of 0.80. 

The primary outcome measure of the study was the 

pressure in the tracheal tube cuff following inflation. The 

collected data was analyzed with the help of software 

package (SPSS version 20.0) by using appropriate 

statistical test such as Chi square and ANOVA. 

Frequency distribution and cross-tabulation used to create 
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summary tables and compare items within and across 

various categories. A “p” value of <0.05 considered 

critical for statistical significance.  

RESULTS 

A total of 192 patients were recruited to the study. (Table 

1) shows the patients’ characteristics among the three 

groups. The groups were comparable demographically in 

respect of age, sex, weight, height and BMI and duration 

of intubation.  

In the ‘just seal’ group, the median (IQR [range]) tracheal 

cuff pressure was 12 (10-22 [6-28]) cm H2O. In only 25% 

of the patients, the cuff pressures fell within the 

recommended range of 20-30 cm H2O, cuff pressures 

were <20 cm H2O in seventy five percent and it did not 

exceed the recommended level of 30 cm H2O in any of 

the patients (Table 2,3). In the stethoscope-guided group, 

the median (IQR [range]) cuff pressure was 16 (12-24[6-

38]) cm H2O. Number of patients (26%) with cuff 

pressure in recommended range was similar to ‘just seal 

group, in 67% of patients, pressures were <20 cm H2O 

and in 7% pressures >30 cm H2O were recorded. In 

pressure volume loop group, the median (IQR [range]) 

cuff pressure was 14 (10-22[8-32]) cm H2O. Pressures 

within in the recommended range of 20-30 cm H2O was 

found in 31% of patients, 66% of pressures were <20 cm 

H2O and 3% of pressures >30 cm H2O were recorded. 

(Table 2,3). The mean volumes of air introduced in the 

cuff and the resultant mean cuff pressure in all groups 

was found to be statistically insignificant. (p= 0.4, 0.18 

respectively) (Table 2). Cuff pressure after 1 hour 

increased about 7-19% in all groups but increase was not 

significant among the groups. Tidal volume discrepancy 

among the groups is shown in (Table 2). It was 

statistically significant between just seal and pressure 

volume loop group (p=0.016). 

 

Table 1: Patients’ characteristics among the three groups. Values are mean±SD or number. 

Variable JS SG PVL p value 

 Age(years) 40.23±14.10 40.39±12.7 39.48±12.72 0.198 

 Sex(M:F) 23:41 21:43 29:35  

Weight(kg) 62.59±12.68 57.69±11.9 61.19±10.42 0.054 

Height(m) 1.60246 ±0.078303 1.57266 ±0.078179 1.61125±0.075225 0.014 

BMI(Kg.m-2) 24.42±4.43 23.39±4.51 23.35±3.10 0.25 

Cormack and Lehane intubation grade 

I/II/III/IV 
38/23/2/1 38/23/3/0 37/23/3/1 0.26 

Duration of intubation(minutes) 96.08±37.84 85.79±27.85 98.13±58.34 0.23 

Table 2: Volume of air introduced in the tracheal cuff and the resultant cuff pressure in patients in different 

groups. Values are mean (SD) or median (IQR [range]). 

 JS (n=64) SG (n=64) PVL (n=64) p value* 

Volume of air introduced (ml) 4.0±1.41 4.2±1.26 4.00±1.30 0.56 

Cuff pressure (cm H2O) 
14.25±6.62 

12 (10-22 [6-28]) 

17.44±8.69 

16 (12-24[6-38])  

15.91±6.60 

14 (10-22[8-32]) 
0.053 

Cuff pressure after 1 hr. (cm H2O 16.0±6.4 18±7.9 18.3±8.9 0.186 

Tidal volume discrepancy(ml) 22.0±36.16 7.39±14.18 3.61±6.33 ** 0.016 

*p value <0.05- significant ** significant between JS and PVL group. 

 

Table 3: Cuff pressure in different groups. 

Cuff pressure 

Study group 

Just 

seal 

(n=64) 

Stethoscope 

guided 

(n=64) 

PVL 

guided 

(n=64) 

Normal 

recommended 

(20-30) 

16(25%) 15(26%)  20(31%) 

Below 20 48(75%) 43(67%) 42(66%) 

Above 30  0 6(7%) 2(3%) 

DISCUSSION 

There is agreement that high pressures with in tracheal 

cuffs may result in significant morbidity and most 

authorities recommend that pressures should be 

maintained below 25-30 cm H2O.8,9 A number of studies 

have demonstrated that tracheal tube cuffs are commonly 

inflated to pressures exceeding this range.1,10-13 Tracheal 

mucosal capillary flow is impaired at cuff pressures more 

than 30 cm H2O and that tracheal mucosal flow ceases at 

pressures greater than 50 cm H2O.9 The resultant mucosal 

ischemia predisposes to ulceration and inflammation of 
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tracheal cartilages and can lead to the development of 

tracheal stenosis, tracheoesophageal fistula and even 

tracheal rupture.2-4,14 Increased awareness about cuff 

pressure related complications has led to change in the 

design of ETT cuff from a high pressure low volume to a 

low pressure high volume one.15 Although there is a lack 

of consensus regarding an effective lower cuff pressure to 

ensure an effective seal, most recommend a minimum 

cuff pressure of 20 cmH2O.1,16 

None of currently used clinical method of cuff inflation 

reliably produces cuff pressures within the recommended 

range. The standard ‘just seal’ method of cuff inflation 

has been shown to be an unreliable technique for 

consistently inflating cuffs to <30 cm H2O. Attempting to 

inflate tracheal cuffs to appropriate pressures by 

palpating the tension in the pilot balloon has been shown 

to be inaccurate, and often underestimates cuff pressure, 

with the design of the pilot balloon being a significant 

influencing factor.12,13,17 

Kumar and Hirsch reported median cuff pressure of 34 

cm H2O in JS group and; Sixty-four per cent of cuff 

pressures exceeded the recommended level of 30 cm H2O 

and only 32% of cuff pressures fell within the 

recommended range; 4% of pressures were < 20 cmH2O.6 

While in this study the median tracheal cuff pressure was 

12 cm H2O. Only 25% of the patient’s cuff pressures fell 

within the recommended range, 75% of cuff pressures 

were <20 cm H2O and none of cuff pressures exceeded 

the recommended level of 30 cm H2O. Similarly, in the 

SG group of our study, the cuff pressure was 16 cm H2O. 

26 % of pressures fell within in the recommended range 

of 20-30 cm H2O, 67% of pressures were <20 cm H2O 

and 7% of pressures >30 cm H2O were recorded. Kumar 

and Hirsch reported median cuff pressure of the 20 (20-

26 [16-28]) cm H2O in the stethoscope-guided group, 

84% of pressures fell within in the recommended range 

of 20-30 cmH2O and no pressures >30 cm H2O were 

recorded; 16% of pressures were <20 cmH2O.6 The 

difference in the results can be because of different 

methodology used in both studies. Mean volume of air 

introduced in the cuff was 5.4 ml in both the groups as 

compared to 4.0 ml and 4.2 ml in this group of patients. 

They used reinforced tube of smaller size (6.5 mm ID in 

females and 7.5 mm ID in males) as compared to this 

study. (Portex tube, 7.0 mm in females and 8.0 mm in 

males). Moreover, tube cuff was inflated with APL valve 

fully closed in both groups during manual ventilation in 

their study. In contrast to their study, cuff was inflated 

using volume control mode with a set tidal volume of 10 

mL/kg and a ventilator rate of 14/ min in all the groups in 

the present study. 

Almarakbi WA reported a cuff pressure of 33 (32-35) 

cmH2O in JS group. They also used gentle manual 

ventilation with APL valve closed at 20 cmH2O. In the 

same study cuff pressure in the PV-L group was 18.25 

cm H2O with no air leak and volume of air required was 

4.05 ml.18 This is similar to our study where cuff 

pressure in PVL group is 15.91 cm H2O and volume of 

air used is 4.0 ml. 

There was a tidal volume discrepancy of 22.0(36.16), 

7.39(14.18) and 3.61(6.33) ml in JS, SG and PVL group 

respectively during first five minutes after inflation of the 

cuff. It was statistically significant between JS and PVL 

group. (p<0.001) In two patients in JS group, after 

inflation of the cuff, there were few secretions and 

bubbling in the mouth suggesting leak around the cuff. 

Cuff was further inflated and leak stopped. Monitoring of 

exhaled tidal volume continued throughout the surgery in 

all groups and no significant leak noticed. One patient 

each in JS and SG group and two patients in PVL group 

complained of sore throat but was non-significant. 

In this study, all the methods of cuff inflation are found to 

be satisfactory, but tidal volume discrepancy was more 

and 75% of cuff pressures were less than the 

recommended range in JS than the other two groups. So, 

stethoscope and pressure volume loop are effective ways 

to guide endotracheal tube cuff inflation. Real time PVL 

displayed on most modern anaesthesia machine is a good 

alternative to check for proper ETT cuff inflation, avoid 

high cuff pressure and monitor air leak. In situation of 

non-availability of real time PVL display, stethoscope 

guided cuff inflation will serve the purpose. Mean cuff 

pressure was less than the recommended range in more 

than 60% of patients in all groups and there was no 

incidence of aspiration. Is this the time to reconsider the 

recommended cuff pressure range and endotracheal tube 

size? The limitation of our study is small sample size. So, 

large scale randomized trials are needed to confirm these 

results.  
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