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Abstract

Introduction:

Endotracheal intubation is a standard procedure for securing and maintaining the airway during general
anesthesia. Cuff pressure must be within the correct range to avoid serious airway complications. This
study aimed to assess how the pressure in the endotracheal tube cuff changes when the patient’s position
is altered.

Materials and Methods:

This prospective, observational study was conducted on 85 patients aged 18 to 75 undergoing general
anesthesia for surgery. Endotracheal intubation was performed with an appropriately sized tube, and
the tube cuff was inflated with air using a syringe. The cuff pressure of the endotracheal tube was then
assessed using a cuff manometer immediately after intubation and position change, 5 minutes after each,
and every 15 minutes until the end of the surgery. Based on the formula for testing the difference
between two means for a quantitative trait in two populations, and considering an alpha of 0.05 and a
beta of 0.2, the sample size was calculated as 20 individuals in each group of patients with different
positions.

Results:

The endotracheal cuff pressure increased in all three positions, including prone, right lateral, and left
lateral. A significant relationship was also observed between the sore throat one hour after extubation
and the prone position.

Conclusion:

The ETT cuff pressure increased or decreased outside the normal range in most patients undergoing
surgeries that require changing positions. Therefore, we recommend close and continuous monitoring
of cuff pressure during anesthesia.
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Introduction

Endotracheal intubation is a standard procedure
for securing and maintaining the airway during
general anesthesia. The ideal endotracheal tube
(ETT) cuff pressure is between 20 and 30
cmH20 (1).

Over-inflation of the endotracheal cuff causes
the pressure inside the cuff to surpass the
capillary perfusion pressure of the tracheal
mucosa (2).

Tracheal hypoperfusion is associated with
ischemia, stenosis, necrosis, ulceration, fistula,
and respiratory complications such as cough,
sore throat, and hoarseness (2,3). However,
when the cuff pressure is too low, secretions may
be inhaled into the lungs, resulting in ventilator-
associated pneumonia (4-6). The ETT cuff
pressure is typically checked once right after
intubation by palpating the pilot balloon or using
a manometer (4). However, the ETT cuff
pressure can change later due to factors like
airway pressure and the patient's position during
surgery (5, 6).

Given the importance of the mentioned
complications, regular monitoring of the
endotracheal tube cuff pressure is essential.
Some surgical procedures, such as nephrectomy
and PCNL, involve adjusting the patient's
position. The pressure on the ETT has been
reported to be higher in the lateral compared to
the neutral position (7). It has also been reported
that changing from the supine to the prone
position in lumbar spine surgeries alters the cuff
pressure (8, 9).

As a result, in surgeries that involve position
changes, especially when the surgery times are
long, the cuff pressure may be subjected to
significant changes. According to the reviews,
comprehensive studies examining cuff pressure
at various positions and postoperative
complications are lacking.

We aimed to investigate the association
between endotracheal tube cuff pressure, patient
positions during surgery (prone, right and left
lateral, and supine), and post-extubation
complications, including hoarseness and sore
throat, in patients undergoing urological,
orthopedic, and general surgeries.

Materials and Methods

This prospective, double-center, observational
study was conducted at Ghaem and the
Imamreza Hospital, Mashhad University of
Medical Sciences, Mashhad, Iran. The study was
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approved by the University ethics committee
(IRRMUMS.IRH.REC.1402.237). A written
informed consent was obtained from all the
patient participants.

Eighty-five Patients aged 18 to 75 years
undergoing urological, orthopedic, and general
surgeries, in which the patient's position changed
during the procedure, were evaluated. Each
patient was initially monitored supinely using
electrocardiography, blood pressure, and pulse
oximetry. General anesthesia was then induced
using a preoxygenation protocol with 100%
oxygen, Midazolam, Sufentanil or Fentanyl,
Propofol, and Cisatracurium.

Endotracheal intubation was performed with an
ETT sized 6.5/7 for females and 7.5/8 for males,
and the tube cuff was inflated with air using a
syringe. The ventilator was set to a volume-
controlled mode with a tidal volume of 6 cc/kg
and a PEEP of 5 cmH20. The ETT cuff pressure
was assessed using a cuff manometer (VBM cuff
pressure gauge with hook) immediately after
intubation, position change, 5 minutes after each,
and every 15 minutes until the end of the
surgery.

Although the ETT cuff pressure was constant
during the operations, it was re-adjusted
whenever it exceeded the normal range (20-30
cm H20). The sample size was calculated
according to the outcomes of a similar study and
considering an 0=0.05 and a B+0.2, using the
formula for comparing the means in two
populations (8). The patients were also evaluated
for hoarseness, sore throat, and cough an hour
after the surgery. The patients scored sore throat
using the visual analogue scale (VAS).

Results

The data from 85 patients were finally
analyzed. Table 1 presents the characteristics of
the study population, including the age, gender,
Body Mass Index, airway physical exams, past
medical history, ASA (American Society of
Anesthesiologists Class: a risk-stratifying
system used to help predict preoperative risks)
classes, and ETT size and type.
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Table 1: Patient demographics in four groups with different head positions
Patient Head Position

Supine Right lateral Left lateral Prone p
n=22 n=20 n=23 n=20
Age 50.59+13.376 50.85+18.123 49.74+15.431 47.7+12.427 0.907*
Male 12 9 10 11 0.811**
Gender
Female 10 11 13 9
S0 eSS 25.04 31.56 26.8 25.84 0.661*
Index
1 8 3 6 4 0.721**
. 2 11 11 10 9
Mallampati
Score 3 2 6 6 6
4 1 0 1 1
**
iR <6Cm 1 1 1 3 0.471
Distance >6Cm 21 19 22 17
Good 22 18 22 18 0.441**
Open Mouth
Restricted 0 2 1 2
*k
Usr L e OK 17 13 17 12 0.598
Test Not OK 5 7 6 8
1 5 10 13 12 0.214**
2 12 5 5 3
ASA class?
3 4 4 4 5
4 1 1 1 0
Regular 22 17 21 0 <0.001**
Tube Type
Armoured 0 3 2 20
6.5 2 0 1 2 0.265**
7 10 9 12 6
Tube Size
7.5 7 8 4 11
8 3 3 6 1
Intubation Duration 18.86+7.55 15.2545.73 18.2645.35 26.25+23.95 0.053*
Operation Duration 113.18+26.07 170.5454.82 176.1+34.21 137.25+56.6 <0.001*
Diabetes Mellitus 3 0 4 4 0.234**
Hypertension 5 6 7 3 0.622**
Hyperthyroidism 5 1 0 1 0.033**
Ischemic Heart Disease 2 2 0 3 0.337**

tAmerican Society of Anesthesiologist Class: a risk-stratifying system used to help predict preoperative risks
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Figure 1 shows the trends for ETT cuff
pressure and peak airway pressure. The ETT
cuff pressure in all four groups was
significantly high in the supine position
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immediately after intubation, probably because
of excessive tube inflation, but it remained
almost constant during the operation.
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Fig 1: The trends for ETT cuff pressure and peak airway pressure from the post-intubation to pre-extubation.

No significant statistical difference was seen in
the ETT cuff pressure at four different positions
(supine, right lateral, left lateral, and prone)
exactly after intubation (P=0.54), 5 minutes later
(P=0.236) (Figure 2). However, changing the
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patients' positions from supine to the right
lateral, left lateral, and prone, resulted in
significant increases in the ETT cuff pressures
(P=0.0021, P=0001, and P=0.026, respectively).
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Fig 2: Endotracheal tube cuff pressure after intubation, five minutes later, and after changing position from supine

to right lateral, left lateral, and prone position.

Also, no significant difference was seen in the
peak airway pressure between different
positions after intubation (P=0.56), five
minutes later (P=0.624), and after changing the
patient’s position (P=0.351) (Figure 3).

However, the increases in peak airway
pressures after positioning from supine to the
right lateral, left lateral, and prone were not
statistically significant (P=0.05, P=0.0604, and
P=0.1479, respectively).
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Fig 3: Peak airway pressure after intubation, five minutes later, and after changing position from supine to right

lateral, left lateral, and prone position.

While no significant difference was found in
the frequency of post-extubation hoarseness
(P=0.847) and cough (P=0.971) between the
four positions, a significantly higher frequency

of patients (n=5(25%)) in the prone position
experienced sore throat after extubation
(P=0.038) (Table 2).

Table 1: The frequency of post-extubation sore throat, hoarseness, and cough in patients operated in different positions

Supine R.L. L.L. Prone p
n=22 n=20 n=23 n=20
Sore Throat 1 0 2 5 0.038**
Hoarseness 1 2 1 1 0.847**
Cough 3 2 3 3 0.971**
VAS 1.32+1.49 1 1.43+1.47 2.45%2.6 0.042*

Discussion

To elucidate the effect of patient surgical
position on endotracheal tube cuff pressure and
peak airway pressure as well as post-extubation
cough, hoarseness, and sore throat, we studied
85 patients undergoing surgeries in four different
positions, including the supine, right lateral, left
lateral, and prone. Our findings showed
statistically identical cuff and peak airway
pressures between different positions, while the
cuff pressures in all groups of patients increased
after positioning from the supine.

Also, except for the higher frequency of sore
throat in patients operated in the prone position,
the frequency of sore throat, hoarseness, and
cough was homogeneous between the other
positions.

A former study showed that the cuff pressure
increased 47.3% and decreased 2.5% after
changing the body position to right or left lateral
(10). While these findings align with ours
regarding the higher likelihood of an increase in
cuff pressure rather than a decrease, they

observed a larger proportion of subjects with
increased and decreased cuff pressures. We
observed that the ETT cuff pressure elevated
beyond the normal range in most patients in the
prone position. Along with this finding, another
study also stated that the prone position increases
the cuff pressure (8).

It reported that the initial neutral pressure
increased after changing position from supine to
prone (26.0 vs. 31.5+ 5.9 cmH20, P<0.001) (8).
Toshiyuki Minonishi et al. also stated that after
the supine-to-prone position change, 91.7% of
patients had ETT tube displacement, ETT cuff
pressure decreased, and the ETT tended to
withdraw (9).

Our findings suggest that changes in position
can potentially result in cuff pressure exceeding
the normal range. As a result, we recommend
monitoring the cuff pressure whenever the head
and neck position is altered, particularly in the
prone position. We also aimed to determine
which head position change leads to the greatest
variation in cuff pressure. Our findings indicated
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a significant association between the right
lateral, left lateral, and prone positions and
placement of the endotracheal tube at the
patient's mouth corners. Increased ETT cuff
pressure was also found after changing position
from supine to right lateral, left lateral, and
prone. A cuff pressure around 20-30 cm H20 is
recommended to avoid cuff-related
complications, such as ventilator-associated
pneumonia and tracheal injury, in patients
undergoing prolonged ventilation in the
intensive care unit (11,12).

The relatively high ETT cuff pressure during
short surgical procedures can also lead to
postoperative complications like sore throat,
cough, and hoarseness (13). When the cuff
pressure exceeds 30 cm H20, the blood supply to
the tracheal mucosa decreases and causes injury
(13,14). This study observed a significant
association between the prone position and sore
throat one hour after extubation.

Our study had some limitations: First, the
attending anesthesiologist could not be blinded
to group assignment, which may be considered a
source of bias. Second, the postoperative sore
throat assessed in this study was based on
subjective reports, and we did not investigate
actual  tracheal injury through direct
visualization or histological examination.

Third, pulmonary complications such as
atelectasis, pneumonia, and hypoxemia were not
assessed, so the relationship  between
intraoperative ETT cuff pressure and these
complications is yet to be elucidated in future
research. Finally, as this study was conducted
solely in an Asian population, studying other
ethnic groups is suggested.

Conclusion

Declarations and According to the current
study, changing the patient’s position from
supine to any other position may result in
fluctuations in ETT cuff pressure. Hence, close
and continuous monitoring of ETT cuff
pressure during anesthesia for long-lasting
surgeries where the patient’s position is
changed is necessary to avoid prolonged critical
overinflation or underinflation.
statements
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