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Abstract

Background: Maintaining the endotracheal tube cuff pressure within an optimal range is challenging
because many factors influence the pressure, as the patient’s position, head and neck position, weaning from
sedation, agitation, quantity of injected air and suctioning.

Purpose of the article: To review previous studies regarding factors influencing endotracheal tube cuff
pressure measurement among mechanically ventilated patients.

Methodology: All previous studies that discuss and debate factors influencing endotracheal tube cuff
pressure measurement since 2004 till 2015.

Result and conclusion: the most factors influencing endotracheal tube cuff pressure are changing patient
body position, head and neck position, loss of cuff volume with time, quantity of injected air in cuff, sedation
and suctioning.

Recommendations: measurement and regular monitoring of endotracheal tube cuff pressure is crucial to
avoid over and under inflation of endotracheal tube cuff pressure and consequently prevent complications.
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1. INTRODUCTION the airway, prevent the air or fluids passage

This review describes factors influencing
endotracheal tube cuff pressure measurement;
there are many factors affect the ETT cuff
pressure in form of patient-related factors,
environmental circumstances, and therapeutic
interventions. Hence there is challenging to
maintain the cuff pressure within an optimal
range

Invasive ventilation is a common treatment in
intensive care units (ICUs) for patients with
serious breathing problems; to secure airway for
those patients tracheal intubation is required. So,
the purpose of an artificial airway is to release
upper airway obstruction, facilitate suctioning,
allow effective ventilation and prevent
aspiration  (Fisher,  Chenelle,  Marchese,
Kratohvil & Kacmarek, 2014).

Cuffed ETT is usually used during invasive
mechanical ventilation (IMV) as the main ETT
cuff function is to provide an adequate seal of
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around the ETT. When this seal is cooperated,
pharyngeal contents aspirations and poor
ventilation may occur, causing respiratory
complications (Bolzan, et al, 2012).

So that it is recommended to maintain cuff
pressure (CP) within therapeutic range 20-30
cmH20. Optimal ETT cuff pressure can be
defined as the minimal pressure required for
airway isolation. This intra CP is influenced by
several factors such as airway anatomy, cuff
location, cuff material and structure, cuff size
and cuff volume, and by peak inspiratory
pressure (Efrati, Deutsch, & Gurman, 2012). In
addition, suctioning and patient position also
affect ETT cuff pressure (Jaillette, Martin-
Loeches, Artigas & Nseir, 2014).

2. FACTORS INFLUENCING ETT
PRESSURE MEASUREMENT

CUFF

There is challenging to maintain the cuff
pressure within therapeutic range because there
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are many factors influencing the ETT cuff
pressure, the endotracheal tube cuff pressure
differs according to patient-related factors,
environmental circumstances, and therapeutic
interventions. Patient related factors according
to Jaillette, et al, 2014, Das& Kumar, 2015 and
Lizy, et al, 2014 are patient position, the ratio
between cuff and tracheal diameter, head and
neck position and decreased core temperature.

As mentioned by Lizy, et al, 2014,
environmental circumstances/factors are altitude
(e g, during helicopter transport) and loss of cuff
volume with time. Finally as reported by Lizy,
et al, 2014, Jaillette, et al, 2014 and Memela &
Gopalan, 2014, therapeutic interventions/
factors are positive pressure ventilation,
ventilation with nitrous oxide, sedation and
neuromuscular blockade, quantity of air injected
in the cuff, Suctioning and Cuff physical
characteristics.

3. PATIENT RELATED FACTORS
3.1.Head and Neck Position

There may be considerable variation in the intra
cuff pressure throughout the period of
endotracheal intubation as pressure within the
cuff is a dynamic process that may be altered by
several factors including variation in head and
neck position (Kako, et al, 2014). The ETT can
be displaced by movement of the patient’s head
and neck. Movement of the head and neck and
the displacement of ETT can cause a change in
ETT cuff pressure (Kim, et al, 2015). Rotated,
extended and flexed positions of the head and
neck have also been revealed to cause a greater
increase in cuff pressure compared with the
neutral position. (Tan, Lin, Chen& Hung, 2011).

3.2. Patient’s Body Position

According to Lizy, et al, 2014 changes in a
patient’s body position resulted in significant
deviations in the cuff pressure of endotracheal
tubes. It is suggested that the patient should be
turned every 2hours to alternating lateral and
supine positions. The patient’s body should be
turned laterally and the head of the bed elevated
no higher than 30¢ to prevent pressure on the
coccyx. This position may promote ventilator
associated pneumonia in intubated patients and
patients receiving enteral feeding (Cooper,
2013).

3.3. Tracheal Diameter

It is supposed to be important to select the
appropriate size of endotracheal tube (ETT) to
prevent ETT-induced complications, such as
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airway edema. An overinflated cuff or
excessively large ETT relative to tracheal size
may induce tracheal mucosal ischemia or
hoarseness. Generally tracheal diameter can be
measured by CT perfectly, but only a limited
number of patients do CT images. , however,
preoperatively, Chest X-ray images are
frequently taken and used to evaluate the
diameter of the trachea so as to determine the
tracheal tube size. Yet, X-ray is not always
accurate to measure tracheal diameter
(Sakuraba, et al, 2010).

3.4.Body Temperature

In this regard results of some studies show that
lots of changes in body temperature along with
anatomic  changes  which  happen in
cardiopulmonary bypass surgery can make
change in endotracheal tube cuff pressure
moreover, in laboratory conditions which was
carried out by Atlas In a math model, the effect
of gas emissions and temperature on the level of
endotracheal tube cuff pressure was evaluated.
Results showed that a mild increase of cuff
pressure resulted from significant rise in
temperature of the injected gas into the
endotracheal tube cuff (Jaillette, et al, 2014).

The association of hypotension and high intra
tracheal tube cuff pressure could be the chief
reason of tracheal mucosal injury in cardiac
surgery. The intra tracheal tube cuff pressure
drops during the hypothermic phase of
cardiopulmonary bypass (CPB) as reported by
Inada et al.; this may protect the tracheal
mucosa against hypotensive ischemic injury. It
was concluded that the intra tracheal tube cuff
pressure is  higher in  normothermic
cardiopulmonary bypass than in hypothermic
cardiopulmonary bypass (Jaillette, et al, 2014).

During hypothermic cardiopulmonary bypass;
Inada et al detected that cuff pressure was
significantly reduced (from a mean baseline
value 0f20 to 8 mmHg) however; this was not
found in patients receiving norm thermic
cardiopulmonary bypass. They clarified that the
changes observed might be due to cold-induced
vasoconstriction and contraction of the
microvasculature of the tracheal wall causing
tracheal caliber expansion during hypothermia.
(Tan, et al, 2011).

4. ENVIRONMENTAL FACTORS
MENTAL CIRCUMSTANCES)

4.1, Altitude (eg, during Helicopter Transport)

(ENVIRON

Before and during flight, hospital and out-of-
hospital practitioners ought to measure and
adjust endotracheal cuff pressures because in a
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closed space gas, such as an endotracheal tube
cuff, will increase with increasing elevation (ie,
decreased ambient barometric pressure), the
intra cuff pressure can increase substantially
during aero medical transport (Bessereau,
Coulange, Fournier & Michelet, 2010).

4.2. Loss of Cuff Volume with Time

ETT cuff pressure often decreases over time.
Using intermittent monitoring, Sole and
colleagues, noted decreases in ETT cuff
pressure within 4 to 12hours after adjustment of
the pressure to 20 cm H20.Sridermma and
colleagues reported that cuff pressure decreased
to 20 cm H20 in 4 to 5 hours after initial
adjustment to 25 cm H20. Similar findings were
noted when cuff pressure was monitored
continuously. Longer duration of intubation was
associated with greater decreases in pressure
over time (Sole, et al, 2011).

5. THERAPEUTIC INTERVENTIONS
5.1. Quantity of Air Injected in the Cuff

Remarkably, the amount of air needed to attain
a pressure of 20 cmH20 is small, extending
from 2.6 mL for a 7.0-mm ETT to 3.3 mL for an
8.5-mm tube(Sole, et al, 2011).Measured cuff
volumes were also similar with each tube size.
Interestingly, the amount of air required to
achieve a cuff pressure of 20 cmH20 was
similar with each tube size. However, there was
great inconsistency in the required amount of air
(Sengupta, et al, 2004).

5.2. Suctioning

The presence of an artificial airway during
mechanical ventilation makes coughing less
effective or not possible. Endotracheal suctioning is
therefore needed to avoid accumulation of
secretions into the lung, and its associated
complications. Nevertheless, endotracheal
suctioning is an invasive procedure, and is not free
from hazards and, exceptionally, from lethal
adverse events. Numerous side effects of
endotracheal suctioning have been reported.
Some old studies on selected patient populations
suggested a high frequency of specific adverse
events, such as oxygen desaturation and
arrhythmia (Maggiore, et al, 2013).

In a bench top model, it has been validated that
the amount of leakage around the cuff is related
to the pressure differential across the cuff,
namely the difference between the pressure of
the subglottic fluid above the cuff and the
tracheal pressure under the cuff. Positive end-
expiratory pressure (PEEP) enhances the sealing
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around the cuff toward fluid leakage
nevertheless, this preventive effect of PEEP
may be cooperated by time as tracheal suctioning
maneuver, with prolonged mechanical ventilation
decreases tracheal pressure and enhances fluid
leakage in vitro(Beuret, Philippon, Fabre, &
Kaaki, 2012).

Because of applying negative pressure during
tracheal suctioning it could be associated with
higher risk for micro aspiration, It has been
proved that leakage rate around the cuff depends
on the difference in pressure between the two
areas above and below the cuff(Jaillette, et al
2014) .

5.3.Positive Pressure Ventilation

A higher minimum cuff pressure is essential to
avoid leak of an air at higher peak airway
pressures. One observational study revealed that
a peak airway pressure greater than 48 cmH20
prerequisite a cuff pressure greater than 25
mmHg to prevent an air leak (Efrati, et al 2012).

5.4.Sedation

In ICUs mechanically ventilated patients need
sedation to enhance comfort, decrease
psychological stress, control pain, and facilitate
nursing procedures. The risk of ventilator
associated pneumonia may develop due to
excessive sedation and later withdrawal syndrome,
while it prolongs mechanical ventilation and ICU
length-of-stay, Alert control of sedation and regular
assessment of individual sedation needs have thus
been recommended. Others advocate a daily
interruption of sedative infusions or even
completely avoiding sedation for mechanically
ventilated patients. The amount of sedation
required in ICU patients depends on the
underlying illness and comorbidities (Le Guen,
etal, 2013).

Sedation requirements also change over time,
with ~ sudden  nociceptive  stimuli  in
hemodynamic ally unstable patients making the
ICU a challenging environment for sedation.
Moreover, physicians and nurses in critical care
units have many responsibilities besides
sedation and can thus give only limited time to
this task (Le Guen,et al, 2013).Hence it is
considered an essential part of intensive care
practice to lessen patient discomfort and
anxiety, facilitate mechanical ventilation and
allow serious intensive care procedures
(Shehabi, et al, 2013).N20 diffuses more
rapidly into the cuff than nitrogen diffuses out
of the cuff, thus creating excessive pressure
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even when the initial sealing pressure is
satisfactory (Efrati, et al,2012).

It was noted that patients who were agitated,
greater changeability in ETT cuff pressure
occurred, and that change ability decreased after
the patient received sedation. During agitation
and some movement, the ETT cuff pressure
often “dipped,” potentially increasing the risk
for aspiration of oropharyngeal secretions (Lizy,
Swinnen, Labeau & Blot, 2011).

6. CUFF PHYSICAL CHARACTERISTICS
Different Types of Tracheal Cuff

Tracheal tubes can be classified based on the
relationship between volume and cuff pressure.
Cuff shape and material can also differ between
tracheal tubes.

6.1. Pressure-Volume Relationship

The first tracheal cuffs were small-volume high-
pressure. These cuffs allow sealing with a small
area of contact with tracheal wall, but require
high pressure (> 50 cmH20) to obtain tracheal
sealing. The cuff pressure allowing adequate
sealing is much higher than the perfusion
pressure of tracheal mucosa resulting in tracheal
injury. Their use was associated with high
incidence of ischemic tracheal lesion and
subsequent complications such as tracheal
stenosis and rupture.

Regrettably, on the market these cuffs are still
offered and used in some patients, because of
their high risk for tracheal injury they should be
controlled. Now, Most used cuffs are high-
volume low-pressure. Lately, low-volume low-
pressure cuffs have been studied in critically ill
patients. These silicone cuffs provide accurate
sealing of the trachea with acceptable pressure
(< 30 CmH20). Young and colleagues results
showed significantly lower leakage using these
cuffs compared with conventional high-volume
low pressure by evaluating these cuffs in vitro,
in patients anesthetized for surgery, and in
critically ill patients (Jaillette, et al, 2014).

The simple rational behind the HVLP cuffs is
that when the cuff volume is greater the contact
surface between the cuff and the tracheal
mucosa is larger, the pressure is spread over
bigger contact area and less pressure per contact
point is required in order to achieve sealing.
Additionally it assures no spaces due to non-
circular (or near circular) tracheal shapes
(Efrati, et al, 2012).

The cuff in Low volume low pressure (LVLP) is
intentional to be fully inflated when used. This
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has two vital significances. First, the cuff does
not develop longitudinal folds alongside the
wall the cuff is under tension. Secondly, the
pressure exerted on the tracheal wall by the cuff
is less than the intra cuff pressure due to partial
dissipation of intra cuff pressure into elastic
forces within the cuff (Efrati, et al, 2012).

6.2. Cuff Shape

Three cuff shapes are available in barrel
(standard), cylindrical, and conical (tapered).

Polyurethane could reduce the risk of micro
aspiration and VAP. This material is much thinner
than PVC, resulting in reduced formation of folds
between the cuff and tracheal wall (Jaillette, et al

2014).
L Pd
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Figure: Cuff shape of tracheal tubes. From left to
right: polyvinyl chloride, cylindrical polyurethane
and tapered polyurethane cuffs.

6.3. Cuff Material

Patients intubated with polyvinyl chloride
(PVC)-cuffed tubes spend a large amount of
time with under inflation or over inflation of the
tracheal cuff. Recently, polyurethane (PU)-
cuffed tracheal tubes have been commercialized.
These tubes have been shown to decrease
leakage of oropharyngeal secretions The PU
cuff has a thinner wall (7 Im vs. the more typical
50 Im) and generates a better tracheal seal at
generally accepted safe cuff inflation pressures
via the creation of smaller channels that impede
drainage of oropharyngeal secretions below the
tracheal tube cuff (Nseir, et al, 2010).

Ultrathin  polyurethane cuffs seal more
consistently against the tracheal wall and may
therefore allow fewer secretions to leak around
the cuff and into the lungs (Klompas, et al,
2014).
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