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Effects of user experience and method in the
inflation of endotracheal tube pilot balloon on cuff
pressure
AB Ozer, I Demirel, G Gunduz, OL Erhan

Abstract

Anesthesiology and Reanimation Department, Firat University, Faculty of Medicine, Elazig, Turkey

Context: Endotracheal tube cuff pressure (ETCP) is recommended to be maintained between 20‑30 cmH2O limits.
While insufficient inflation of ETC may cause aspirations, over‑inflation of it may lead to damage in tracheal epithelium.
Aims: We planned to investigate the effects of user experience and cuff pressure inflation method differences following
endotracheal tube cuff pressure and complaints about it.
Patients and Methods: Two hundred and fifty patients planned for general anaesthesia were included in this study.
ETC was inflated by users with different experience according to leakage or pilot balloon palpation techniques. ETCPs
were measured by manometer at three periods (5 and 60 minutes after endotracheal intubation, and before extubation).
Complaints about it were recorded in post anaesthetic care unit and 24 hours postoperatively.
Results: Though we found experience of user had significant effect on the ETCP regulations, we observed inflation
methods did not have any effect. However we found ETCP was higher than normal range with experienced users.
A correlation was observed between cuff pressure and anaesthesia duration with postoperative complaints.
Conclusions: Our study concluded that the methods used do not have any significant advantage over one another.
While ETC inflated at normal pressure increases as user’s experience increases, experience alone is not enough in
adjusting ETCP. A manometer should be used in routine inflation of ETC instead of conventional methods. CP and
anaesthesia duration have correlations with some postoperative complaints.
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Introduction
Endotracheal intubation is frequently performed for
general anaesthesia and in the intensive care unit. After
endotracheal intubation, ETC is inflated via a pilot balloon
thereby preventing tracheal aspiration of oropharyngeal
secretions as well as leakage of the ventilated volume.[1]
Endotracheal tube cuff pressure is recommended to be
maintained between 25‑30 cmH2O limits.[1‑3] Insufficient
inflation of ETC may cause tracheal micro‑aspirations and
especially ventilator‑induced pneumonia in patients that
undergo long‑term mechanical ventilation.[2,3] On the other
hand, pressure reaching 40‑45 cmH2O may lead to damages

ranging from a decrease in capillary blood flow in tracheal
epithelium to ischemia.[4‑7]
In order to prevent insufficient or over‑inflation of ETC,
one of the following methods have been used in practice:
palpation of pilot balloon, elimination of the leakage sound,
direct measurement of ETC pressure via a manometer or
continuous pressure measurement are used in practice.[4,8‑10]
Therefore, we decided to investigate the effects of user
experience and different cuff pressure inflation methods
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on the endotracheal tube cuff pressure and postoperative
complaints associated with it.

Group A1 (n = 50): Research assistant doctor with less
experience (5 users).

Patients and Methods

Group A2 (n = 50): Research assistant doctor with more
experience (5 users).

After obtaining approval form the local ethics committee,
we included in the study 250 patients aged between
16‑60 years with American Society of Anaesthesiologists
physical status classification I‑III that were planned for
elective surgery in supine position. We excluded patients
scheduled for head‑neck surgery. In addition, cases with an
operation period less than 60 minutes, urgent or difficult
intubation, with endotracheal tube inner diameter less than
7 mm or more than 8.5 mm, patients having Mallampati
score of III‑IV, with high aspiration risk (full stomach,
pregnancy), diabetes mellitus, congenital, laryngotracheal
and rheumatic diseases were excluded in the study.
Written informed consent was obtained from all patients
during preoperative evaluation. Patients were pre‑medicated
with intramuscular administration of 0.07 mg/kg midazolam
and 0.01 mg/kg‑45 minutes before the operation, and
thereafter were monitored by electrocardiography,
non‑invasive blood pressure and pulse oximeter. Following
anaesthetic induction with 5 mg/kg sodium thiopental and
0.1 mg/kg vecuronium, the trachea was intubated with
the appropriate size (ID = 7.0‑8.5 mm) of low‑pressure
high‑volume cuffed endotracheal tubes made of
polyvinylchloride. Maintenance of anaesthetic was carried
out with desflurane in 60% O2‑air mixture and 2‑4 µg/kg
fentanyl. Respiration was adjusted as ETCO2 30‑40 mmHg
and maintained mechanically. During emergence from
anaesthesia, intravenous neostigmine 0.04 mg/kg, and when
necessary, 0.01 mg/kg atropine were used to eliminate the
residual effect of muscle relaxant.
After intubation, endotracheal tube cuff was inflated by
two different methods, namely till when the leakage sound
was discontinuated or pilot balloon palpation by users.
These users had different experience levels i.e., anaesthesia
technicians, anaesthesiologist research assistant doctors and
specialist anaesthesiologists. Anaesthesia technicians were
divided into two groups based on their work experience,
which is less than and more than 2 years. Anaesthesiologist
assistants were also divided into two, which is having
work experience less and more than 3 years. Patients were
randomly divided into 5 groups by envelope method based
on the experience of users.
Group T1 (n = 50): Anaesthesia technician with less
experience (5 users).
Group T2 (n = 50): Anaesthesia technician with more
experience (5 users).
254

Group S (n = 50): Specialist doctor (5 users).
Each user from these groups conducted the application
on 10 patients, and endotracheal tube cuffs were inflated
according to leakage sound in half of the patients (n = 5)
and pilot balloon palpation in the other half (n = 5).
Cuff pressures were measured and recorded with aneroid
manometer at the end of expiration at the 5 th and
60th minutes of endotracheal intubation, and immediately
before emergence from anaesthesia. This was performed
by an anaesthesiologist other than the users and who did
not know to which group the patients belonged to. In cases
in which the cuff pressure was above 30 cmH2O or below
20 cmH2O, the pressure was regulated back to normal
limits. The duration of anaesthesia was also recorded. In
addition, laryngoscopy and intubation conditions, difficult
intubation, and number of attempts of laryngoscopy and
intubation were also noted. Laryngoscopy and intubation
conditions were assessed according to opening of the chin
(impossible, difficult, medium, and ease), condition of vocal
cords (fully closed, half closed, moving and fully open, not
moving) and to reaction to intubation (severe movement,
mild movement, mild diaphragmatic movement, no
movement).[11] Presence of sore throat, hoarseness of voice,
coughing, and dysphagia were recorded at the PACU and
at 24 hours postoperatively “present or absent”.
Statistical Package for Social Sciences (SPSS) 12.0 software
was used for statistical evaluation. The obtained data
were taken as mean ± standard deviation. In inter‑group
comparison, One‑Way ANOVA, Tukey HSD, Kruskal Wallis,
and Mann Whitney U test were utilized. Paired‑Samples
T test were used for inner group comparisons and Pearson
correlation analysis was used in correlation. P < 0.05 was
established as significant.

Results
A significant difference was not observed between the
groups in terms of demographic data [Table 1]. When
endotracheal tube cuff pressure was compared between the
periods, the value measured at the 5th minute in all groups
were found as significantly higher compared to the values
measured at the 60th minute and before the end of the
anaesthesia (P < 0.001) [Table 2]. When compared between
groups, ETCP measured at the 5th minute was observed as
significantly higher in Group T1 compared to other four
groups (P ≤ 0.001). When ETCP measured in Group T2
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at the fifth minute was compared with other groups, it
was observed as significantly higher than Group A2 and
Group S (P < 0.001). In Group A1, ETCP measured at
the 5th minute was established as significantly higher than
Group S (P < 0.001). A significant difference was not
observed in the comparison of ETCP measured at other
periods between the groups. Cuff pressure distribution is
given in Table 3. About 70% of mean ETCP at the 5th minute
was above 30 cmH2O and the pressure was between the
20‑30 cmH2O intervals in only 24% of the cases.
When laryngoscopy and intubation conditions were
compared between groups, the response given to intubation
in Group A1 was observed to be significantly higher than
other groups (P < 0.001) [Table 4]. A significant difference
was not observed between the groups in terms of difficult
intubation, difficult laryngoscopy, and the number of
intubation attempts.
The investigation for the presence of sore throat, hoarseness
in voice, coughing, and dysphagia, showed Group A1 as
having a significant increase compared to Group T1 in
which was recorded only dysphagia in the PACU (P < 0.05).
At the 24 hours postoperatively, a significant difference was
not observed between the groups, in relation to presence
of sore throat, hoarseness in voice, coughing and dysphagia
[Figure 1].
As distinct from other groups, since both significant
intubation reaction and dysphagia in PACU were established
in Group A1, a correlation analysis was conducted between
them. However, a significant correlation was not found.
Correlation analysis was conducted between cuff pressure
with PACU and postoperative 24 th hour complaints.
A significant correlation was observed between the cuff
pressure at the 5th minute and sore throat in the PACU
(P = 0.001), hoarseness in voice (P < 0.05), coughing
(P < 0.05) and coughing at the postoperative 24th hour

(P < 0.05). A significant correlation was also found between
the cuff pressure measured at the 60th minute and coughing in
Table 1: Demographic data of patients
Group
Group T1
Group T2
Group A1
Group A2
Group S
Total

Age

ASA

Operation duration

37,26±13,11
33,44±11,95
36,82±13,74
35,80±12,34
37,64±14,71
36,19±13,19

1,60±0,53
1,62±0,56
1,58±0,53
1,44±0,54
1,58±0,49
1,56±0,53

100,42±42,18
115,20±44,42
109,70±48,04
107,80±44,12
110,10±88,43
108,64±56,01

Table 2: Endotracheal cuff pressure values of patients
Group
Group T1 (n=50)
Leakage (n=25)
Ball. Palp. (n=25)
Group T2 (n=50)
Leakage (n=25)
Ball. Palp. (n=25)
Group A1 (n=50)
Leakage (n=25)
Ball. Palp. (n=25)
Group A2 (n=50)
Leakage (n=25)
Ball. Palp. (n=25)
Group S (n=50)
Leakage (n=5)
Ball. Palp. (n=25)
Total

5th minute

60th
minute

Before
emergence

72,30±22,04*†
68,60±17,47
76,00±25,65
54,20±16,85*‡
54,60±16,51
53,80±17,51
47,60±21,55*§
49,80±20,48
45,40±22,77
39,40±19,02*
42,20±19,95
36,60±18,01
32,40±13,33*
33,60±15,31
31,20±11,20
49,18±23,19

28,10±3,01
28,60±3,39
27,60±2,54
28,00±4,16
28,20±3,18
27,80±5,01
27,26±3,20
27,12±3,20
27,40±3,26
27,92±3,32
27,72±3,22
28,12±3,47
28,50±5,17
29,80±6,68
27,20±2,53
27,95±3,85

27,80±2,50
28,20±2,44
27,40±2,54
28,46±6,16
27,72±2,49
29,20±8,37
27,85±6,84
27,20±3,84
28,54±9,02
29,00±9,52
27,60±3,26
30,40±13,06
27,90±2,49
28,60±2,29
27,20±2,53
28,20±6,09

*: P≤0.001 when the fifth minute in all groups was compared with the
other periods, †: P≤0.001 when Group T1 was compared with the other
groups ‡: P<0.001 when Group T2 was compared with Group T1, Group
A2, and Group S §: P<0.001 when Group A1 was compared with Group
T1 and Group S

Table 3: Cuff pressure errors of patients
Group
Group T1
Group T2
Group A1
Group A2
Group S
Total

<20 cmH2O

20‑30 cmH2O

>30 cmH2O

0 (% 0)
1 (% 2)
0 (% 0)
6 (%12)
6 (%12)
13 (% 5)

1 (% 2)
4 (% 8)
16 (% 32)
18 (% 36)
22 (%44)
61 (% 24)

49 (% 98)
45 (% 90)
34 (% 68)
26 (% 52)
22 (%44)
176 (% 70)

Table 4: Intubation conditions of patients

Figure 1: Complaints related to endotracheal intubation. *:
P < 0.05, when Group A1 was compared with the Group T1

Group

Chin
opening

Vocal
cord

Reaction to
intubation

Group T1
Group T2
Group A1
Group A2
Group S
Total

4,00±0,00
4,00±0,00
4,00±0,00
3,98±0,14
4,00±0,00
3,99±0,06

3,98±0,14
3,94±0,23
3,94±0,23
3,90±0,41
4,00±0,00
3,95±0,24

3,78±0,54
3,72±0,60
3,24±0,82*
3,88±0,32
3,94±0,31
3,71±0,60

*: P<0.05, when Group A1 was compared with the other groups
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PACU (P < 0.05) and sore throat in postoperative 24th hour
(P < 0.01) and between cuff pressure before emergence and
coughing in PACU (P < 0.05). In addition, a correlation
was established between operation duration and coughing
in PACU (P = 0.001), sore throat at the postoperative
24th hour (P = 0.001) and coughing (P < 0.05).
There were no significant effects found on ETCP of the
inflation of ETC with leak sound or pilot balloon palpation
[Table 3].

Discussion
In order to prevent some undesired effects of endotracheal
intubation such as sore throat, aspiration and stenosis, ETC
must be inflated and maintained at a certain pressure interval.
In our study, the two methods most commonly used in practice
for the inflation of ETC were investigated with users having
different levels of experience. While significant difference
was not observed between the two methods applied by users
having the same level of experience, significant decreases
were established in cuff pressure values parallel to experience.
Although increases occurred in acceptable pressure values
in ETCP along with experience, even in specialist physician
group erroneous inflation rate was observed as high. In
addition, a correlation was found between postoperative
complaints with cuff pressure and the duration of anaesthesia.
ETCP average of all groups at the 5th minute was found as
49 cmH2O in our study, and the pressure was within normal
values in only 24% of the patients. The remaining 70% of the
patients had a pressure of above 30 cmH2O. A similar study
conducted by Sengupta et al. in three different hospitals in
which they applied pilot balloon palpation predominantly
for ETC inflation, established ETCP as 20‑30 cmH2O only
in 27% of the patients.[12] They established ETCP as below
20 cmH2O in the remaining 23%, above 30 cmH2O in 50%,
and above 40 cmH2O in 27%. Braz et al. measured ETCPs
of patients in postoperative care unit (PACU) and intensive
care unit (ICU).[13] While cuff pressure had measured as
above 40 cmH2O in 90.6% of the patients who underwent
anaesthesia with nitrous oxide and 45.4% of patients who
underwent anaesthesia without nitrous oxide in PACU, this
rate for patients in ICU was reported as 54.8%.
In the literature, they have been compared routinely used
methods (such as pilot balloon palpation and leakage sound)
with manometric method in terms of their effects on the
ETCP.[14,15] A study that compares pilot balloon leakage with
leakage sound does not exist in literature. In our study, users
applied both methods but a significant difference was not
observed between the two methods.
Faris et al., in their study, compared assistant anaesthesiologists
with consultant anaesthesiologists, and staff nurses with
head nurse in order to establish the role of experience in
256

ETCP inflation.[8] The study reported that a difference
was not observed between assistant anaesthesiologist and
consultant anaesthesiologists but there was a difference
between nurses. We found appropriate inflation rate
increased with increasing experience of anaesthesia
technicians. While a significant difference was not found
between experience assistant anaesthesiologists and
specialist anaesthesiologists, we established a significant
difference between assistant anaesthesiologists with less
experience and specialist anaesthesiologists.
In studies by Wujtewicz et al. conducted with users having
different levels of experience in 2002 and in recent years, it
was reported that errors do not diminish with the passing years
in ETCP inflation and there is a tendency to over‑inflation of
ETC even among highly experienced users.[16] Although, in
our study, we established a difference between experience and
ETCP, we found that even the applications of anaesthesiology
specialists were erroneous at a rate of 56%, 44% of which were
over‑inflation and 12% were under‑inflation.
In evaluations in the PACU and postoperative 24th hour, it
has been demonstrated that sore throat,[14,15] coughing,[14]
hoarseness in voice[14,17] and hemoptysis[17] complaints
were more common in pilot balloon palpation compared to
manometric method. In our study, dysphagia was observed
at the PACU in Group A1. Since, in patients belonging to
this group, reaction given to intubation was more compared
to other groups, a correlation test was carried out, but a
significant result was not obtained. A significant correlation
was established between postoperative complaints with cuff
pressures and the duration of anaesthesia.
In this study, we investigated the effects of user’s experience
and different cuff inflation methods on the ETCP and
postoperative complaints associated with it. We observed
effects on the ETCP of both leak sound and pilot balloon
palpation methods were similar. The more safely ETCP values
were obtained with increasing experience of the users. But,
all of the obtained values were not completely accurate and
safe. Therefore, it was thought this experience does not
suffice alone in adjusting ETCP. However, we found that
cuff pressure and operation duration have correlations with
some postoperative complaints. There were no obtained for
exactly correct and safe ETCP values, no matter which user
experience and inflation method. We suggest ETCPs are
checked via manometer instead of conventional methods.
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