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Introduction

Endotracheal intubation is commonly performed in anaesthesia. Intubation prevents the aspiration of  the pharynx 
and gastric contents and also provides positive pressure ventilation. The proximal part of  the endotracheal tube 
(ETT) inserts until it passes through the vocal cords. The distal end part of  the ETT is between the vocal cords and 
carina. The ETT cuff is then inflated with air to form tracheal mucosal seals (1, 2).

Endotracheal intubation often causes several complications when not performed correctly. A failed endotracheal intubation 
can lead to an airway injury, laryngeal injury, arytenoid dislocation, and hematoma. The ETT cuff pressure (cuff pressure) is 
the main factor involved in the complication. The ETT cuff pressure must be maintained in the reference range, which is be-
tween 20 and 30 cmH2O. A high-pressure ETT cuff causes air leakage and can lead to ventilator-associated pneumonia (VAP), 
whereas a low-pressure ETT cuff can cause capillary inhibition, vocal cord dysfunction, and recurrent laryngeal palsy (3). 

Some techniques have been used to inflate the ETT cuff. The use of  a manometer becomes the standard tech-
nique because it is more accurate than other techniques. However, some hospitals in developing countries do not 
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Passive Release Technique Produces the 
Most Accurate Endotracheal Tube Cuff 
Pressure Than Manual Palpation and 
Minimum Occlusive Volume Technique in 
the Absence of  Manometer

Abstract

Objective: This study aimed to compare the accuracy of  the endotracheal tube (ETT) cuff pressure of  the manual palpation (MP), passive 
release (PR), and minimum occlusive volume (MOV) techniques. 

Methods: This study is a true experiment with simple randomisation. The subjects of  this study were 105 patients divided into 3 groups: 
MP group (n=35), PR group (n=35), and MOV group (n=35). After intubation, ETT cuff inflation was performed using 3 different tech-
niques. The ETT cuff pressure was recorded using a manometer. The data were analysed using the chi-square test, Kruskal-Wallis test, and 
Mann-Whitney test in the SPSS 20 software. 

Results: The mean ETT cuff pressure was 60.2±28.8 cmH2O in the MP group, 30.4±5.5 cmH2O in the PR group, and 25.8±9.6 cmH2O 
in the MOV group (p=0.000). The PR group had the highest pressure accuracy (77%) (p=0.000). 

Conclusion: The PR technique had the highest accuracy and can be used as an alternative ETT cuff inflation technique in the absence of  
a manometer.

Keywords: Airway management, endotracheal tube cuff pressure, ETT cuff pressure, general anaesthesia, manual palpation, minimum 
occlusive volume technique, passive release technique
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have a manometer. Other techniques including the manual 
palpation (MP) technique, passive release (PR) technique, 
and minimum occlusive volume (MOV) technique have been 
used to inflate the ETT cuff in the absence of  a manometer 
(4). The MP technique is widely used in endotracheal intu-
bation, but it has low accuracy. Previous research shows that 
the pressure accuracy in the MP technique is approximately 
6%. The PR technique is performed by inflating the air with 
a syringe into the ETT cuff. The syringe then releases so 
that there is a return airflow. The accuracy of  the PR tech-
nique ranges from 56% to 65%. This technique is widely 
used in Indonesia (4, 5). The MOV technique is performed 
by inflating the cuff using a minimum volume air until no air 
leak is found. Previous research showed that the ETT cuff 
pressure accuracy of  MOV technique ranged from 21.7% 
to 27.8% (6, 7).

The availability of  manometers in Indonesian hospitals is 
low. Research is needed to identify alternative techniques for 
inflating the ETT cuff in the absence of  a manometer. This 
study was conducted to compare the accuracy of  the alterna-
tive ETT cuff inflating techniques such as the MP technique, 
PR technique, and MOV technique with that of  manometers.

Methods

This research is a true experiment with simple randomisa-
tion. The study design was approved by the Health Research 
Ethical Committee of  Dr. Saiful Anwar General Hospital 
(No.400/33/K.3/302/2017). All subjects provided written 
informed consent to be included in this study. The subjects 
of  the study were 105 patients who underwent surgery un-
der general anaesthesia with endotracheal intubation. The 
patients were divided into 3 groups: MP group (n=35), PR 
group (n=35), and MOV group (n=35). The inclusion criteria 
were as follows: age of  18–78 years and American Society of  
Anesthesiologists (ASA) physical status I and II. Patients with 
a high risk of  aspiration, who had experienced intubation fail-

ure, and who needed N2O for intubation were excluded from 
the study. ETT cuff was inflated using the MP, PR, and MOV 
techniques.

In the MP technique, the ETT cuff inflates by giving 5 mL 
of  air using a syringe that connected to the 3-way valve. 
The resident then palpates the pilot balloon to manage the 
pressure. After finding the right pressure, the 3-way valve is 
locked. The MOV technique is performed by inflating the 
ETT cuff using 8 mL of  air. Thereafter, 1 mL of  air is re-
duced gradually until the leakage sound is heard. Afterward, 
1 mL of  air is added until the air leakage sound is no lon-
ger heard. In the PR technique, the ETT cuff is inflated by 
giving 8 mL of  air using a 10-mL syringe connected to the 
3-way valve. The syringe is released to form passive return 
airflow. The 3-way valve is locked after the piston syringe 
stops moving. The ETT cuff pressure is measured using a 
manometer. The normal pressure is approximately between 
20 and 30 cmH2O. 

Statistical analysis
Data from the study was analysed using the chi-square test, 
Kruskal-Wallis test, and Mann-Whitney test. Data were anal-
ysed using the IBM Statistical Package for the Social Sciences 
(IBM SPSS Corp.; Armonk, NY, USA), version 20 software 
(α=0.05 for Kruskal-Wallis test and Mann-Whitney test, 
α=0.01 for chi-square test). 

Results

A total of 105 patients who underwent surgery under general 
anaesthesia with endotracheal intubation participated in the 
study. The participant characteristics are presented in Table 
1. The mean age of  the patients was 43.69 years in the MP 
group, 42.37 years in the PR group, and 41.94 years in the 
MOV group (p=0.086). The MP group included 14 men and 
21 women. The PR group included 15 men and 20 women. 
The MOV group included 19 men and 16 women. The mean 
weight was 57.0 kg for the MP group, 57.4 kg for the PR 
group, and 58.0 kg for the MOV group. The physical status 
of  the subjects was ASA I and II. All the data were normal 
and homogeneous. 

The mean ETT cuff pressure of  the patients was 60.2±28.8 
cmH2O in the MP group, 30.4±5.5 cmH2O in the PR group, 
and 25.8±9.6 cmH2O in the MOV group. There was a signif-
icant difference between the group (p=0.000) (Table 2). The 
ETT cuff pressure was divided into 4 groups: normal pres-
sure, high pressure, very high pressure, and low pressure. The 
accuracy of  normal pressure was 20% in the MP group, 77% 
in the PR group, and 51% in the MOV group. Very high pres-
sure was only found in the MP group (54%) and low pressure 
was found in MP and MOV groups (p<0.01) (Table 3). 

Main Points: 

•	 The ETT cuff pressure is the main factor involved in the airway 
complications during endotracheal intubation.

•	 The use of  a manometer becomes the standard technique to in-
flate the ETT cuff because it is more accurate than other tech-
niques.

•	 Other techniques including the manual palpation (MP) technique, 
passive release (PR) technique, and minimum occlusive volume 
(MOV) technique have been used to inflate the ETT cuff in the 
absence of  a manometer. 

•	 Our study found that the passive release (PR) technique had the 
highest accuracy compares to the manual palpation (MP) tech-
nique and minimum occlusive volume (MOV) technique.
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Discussion 

The ETT cuff pressure must be maintained between 20 and 
30 cmH2O (normal pressure). In the event of  abnormal pres-
sure, the likelihood of  several complications increases. Low 
pressure of  the ETT cuff causes air leakage in positive pres-

sure ventilation. The leakage causes microaspiration and in-
crease the possibility of  VAP. The high pressure of  ETT cuff 
(>20–30 cmH2O) inhibits capillary blood flow and increases 
tracheal injury and vocal cord dysfunction (3). 

This study was conducted to compare the accuracy of  ETT 
cuff inflation with the MP, PR, and MOV techniques with 
that of  manometer. The normal cuff pressure was found in 7 
subjects (20%) in the MP group, 27 subjects (77%) in the PR 
group, and 18 subjects (51%) in the MOV group (p=0.000). 
The PR group achieved the highest pressure accuracy than 
the other groups. The MP group had the highest ETT cuff 
overinflation. In the MP group, 23% of  the subjects had high 
ETT cuff pressure, 54% of  the subjects had very high ETT 
cuff pressure, and 3% of  the subjects had low ETT cuff pres-
sure. The high ETT cuff pressure (>40 cmH2O) is called the 
critical perfusion pressure, and it is dangerous for the patients. 
When the ETT cuff pressure is higher than the capillary mu-
cosal perfusion pressure, it leads to the obstruction of  the mu-
cosal blood flow (8). 

The mean of  ETT cuff pressure in each group showed a sig-
nificant difference. The ETT cuff pressure was 60.2±28.8 cm-
H2O in the MP group, 30.4±5.5 cmH2O in the PR group, and 
25.8±9.6 cmH2O in the MOV group (p=0.000). The air vol-
ume inflated using the MP technique is high, indicated by the 
high ETT cuff pressure (60.2±28.8 cmH2O). The air pressure 
has a linear correlation with the air volume that inflates the 
ETT cuff (9). Right air volume is essential to achieve an accu-
rate ETT cuff pressure. In the MP technique, the air volume is 
measured using the resident’s finger. This technique has a low 
accuracy because it depends on the resident’s experience (2). 
The accuracy of  the ETT cuff in the MP group is about 20%, 
whereas it was approximately 6% in previous studies (4, 5). 

According to the study, the MP technique is not recommend-
ed for use. Nevertheless, the MP technique is widely used in 
Indonesia. However, the accuracy of  the MP technique can 
be increased by doing an adjustment training. When the ETT 
cuff inflates for 7 times in a row, it will increase the accuracy of  
ETT cuff pressure (10). However, there are other factors that 
affect the accuracy of  the ETT cuff pressure, for example, the 
difference in the pilot balloon design and material used (11).

The PR technique is performed by using air from a syringe to 
inflate the ETT cuff. The syringe then releases so that there 
is a return airflow. This technique has the highest accuracy 
among the other techniques (77%). However, the accuracy 
of  this technique is also influenced by the syringe size and 
the syringe design. Huh et al. (12) compared the accuracy of  
ETT cuff pressure using a different syringe models. The accu-
racy was approximately 56% for the 10-mL Portex, 63.2% for 
the 10-mL Euromed syringe, and 56.5% for the 10-mL Nipro 

Table 1. Characteristic of  the subjects

	 Group
Characteristics	 MP	 PR	 MOV	 p 
n	 35	 35	 35	
Age (y)				  

Mean	 43.69	 42.37	 41.94	 0.086
Median	 43 (18-73)	 42 (19-66)	 41 (18-65)	

Gender, n (%)				  
Male	 14 (40)	 15 (42)	 19 (54)	 0.447
Female	 21 (60)	 20 (57)	 16 (45)	

Weight (kg)				  
Mean	 57.0	 57.4	 58.0	 0.581
Median	 60 (47-73)	 61 (47-75)	 59 (46-72)	

Physical status, n (%)
ASA I (%)	 8 (23)	 11 (32)	 11 (32)	 0.657
ASA II (%)	 27 (77)	 24 (68)	 24 (68)	

MP: manual palpation; PR: passive release; MOV: minimum occlusive 
volume; ASA: American Society of  Anesthesiologists.

Table 3. The endotracheal tube cuff pressure accuracy 

	 ETT cuff pressure
			   Very 
	 Normal,	 High,	 high,	 Low, 
Group	 n (%)	 n (%)	 n (%)	 n (%)	 p
MP	 7 (20)	 8 (23)	 19 (54)	 1(3)	 0.000
PR	 27 (77)	 8 (23)			 
MOV	 18 (51)	 9 (26)		  8 (23)	
Low pressure: <20 cmH2O; normal pressure: 20-30 cmH2O; high pres-
sure: 30-≤50 cmH2O; very high pressure: >50 cmH2O. Chi-square test: 
p<0.01 (significantly different). ETT: endotracheal tube; MP: manual 
palpation; PR: passive release; MOV: minimum occlusive volume

Table 2. The endotracheal tube cuff pressure 

		  ETT cuff 
	 Number	 pressure 
	 of 	  (mean±SD)  
Group	 subjects	 cmH2O	 Median	 p 
MP	 35	 60.2±28.8	 68	 0.000
PR	 35	 30.4±5.5	 32.5	
MOV	 35	 25.8±9.6	 30.5	
Kruskal-Wallis test and Mann-Whitney test p<0.05 (significantly dif-
ferent). ETT: endotracheal tube; SD: standard deviation; MP: manual 
palpation; PR: passive release; MOV: minimum occlusive volume
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syringe. This study used 10-mL terumo syringe, and the ETT 
cuff accuracy was approximately 77%. 

The MOV technique is performed by inflating the cuff using 
a minimum volume of  air until no air leak is found (7). In the 
study, the accuracy of  MOV technique was approximately 
51%. This technique can be the alternative technique to in-
flate the ETT cuff in the absence of  a manometer. However, 
a previous study identified certain disadvantages of  this tech-
nique. The MOV technique can interrupt positive pressure 
ventilation, cause hyperinflation on cuff reinflation, damage 
the pilot valve with repetitive use, and lead to aspiration (13).

Conclusion

This study found a significant difference in the ETT cuff pres-
sure and the ETT cuff pressure accuracy. The PR technique 
can be used as an alternative technique to inflate the ETT 
cuff in the absence of  manometer with the highest ETT cuff 
pressure accuracy. 
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