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Objectives: Endotracheal tube cuff (ETTc) inflation by standard methods may result in excessive
ETTc pressure. Previous studies have indicated that methods of cuff inflation most frequently used
to inflate ETTcs include palpation of the tension in the pilot balloon or injection of a predetermined
volume of air to inflate the pilot balloon. If a logarithmic relationship exists between ETTc volume
and ETTc pressure, small volumes of additional air will result in dramatic pressure increases after
a volume threshold is reached. Our goal was to determine whether the relationship between ETTc
volume and ETTc pressure is linear or non-linear.

Methods: In this Institutional Animal Care and Use Committee-approved study, we recorded ETTc
volume and pressure in four anesthetized and mechanically-ventilated canines ranging between 30-40
pounds (mean 34.7lb, SD 3.8Ib) that were endotracheally intubated with a 7.0 mm ETT. The varying
cuff pressures associated with a distribution of 28 progressively increasing volumes of air in the ETTc
were recorded. Spearman correlation was performed to determine if a linear or non-linear relationship
existed between these variables.

Results: The Spearman rho coefficient of correlation between ETTc volume and ETTc pressure was
0.969, or approximately 97%, suggesting near-perfect linear relationship between ETTc volume and
ETTc pressure over the range of volumes and pressures tested.

Conclusions: Over the range of volumes and pressures tested a linear relationship between volume
and pressure results in no precipitous increase in slope of the pressure:volume curve as volume
increases. [WestJEM. 2009;10:137-139.]

INTRODUCTION and classified as high pressure-low volume systems. They
Endotracheal intubation can be a lifesaving procedure. commonly required pressures of greater than 100 cm H,O to
Endotracheal tube cuffs help prevent air leak around the tube  be inflated. Since these tubes would inflate in a non-circular
and aspiration of upper airway secretions.' Risks associated fashion, they would present with additional complications
with placement of an endotracheal tube (ETT) include associated with higher pressures. The most problematic issue

esophageal intubation, aspiration, and cardiac dysrhythmias.>  was the tip of the ETT directly contacting the trachea, leading
Excessive or prolonged pressure of the ETTc may cause acute  to tracheal injury. In the late 1960s the transition to high

catastrophic airway injury, such as tracheal rupture, or may volume-low pressure cuffs significantly reduced the incidence
cause subacute or chronic injury, such as tracheal necrosis, of tracheal complications. Although high volume-low
tracheal stenosis, tracheoesophageal fistula, or laryrngeal pressure cuffs have limitations, their safety features surpass
nerve palsy. the risks involved with low volume-high pressure ETT.?
Endotracheal cuffs in the 1960s were made of rubber Various models have been compared to evaluate ETTc
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pressure thresholds that have an adverse effect on tracheal
circulation. A horse model using cuff pressures of 80-

100 cm H,0O and 120 cm H,O revealed signs of mucosal
damage after 175 minutes of intubation. These lesions were
less severe in the lower ETTc pressures.* In a dog model,
pressure exceeding 30 cm of H,O for 15 minutes resulted

in mucosal injury.’ However, time in excess of 15 minutes
did not increase tissue damage with additional exposure. In
humans, endotracheal cuff pressures at approximately 30
cm H,O can impair tracheal mucosa perfusion, and a critical
perfusion pressure is reached at 50 cm H,0.° In the 1980s
endoscopic studies demonstrated impaired blood flow in the
tracheal mucosa at cuff-to-wall pressures of 28-34 cm H,O
and complete stoppage of blood flow at pressures greater than
50 cm H,O.

Studies assessing clinician ability to appropriately
inflate an ETTc and assess ETTc pressure in endotracheally
intubated patients have been published in recent years.*®
These are congruent in suggesting that clinicians have poor
ability to properly inflate ETTc to safe pressures using
standard techniques and that ETTc pressures in these patients
frequently exceed safe maximum pressures.

METHODS

In this Institutional Animal Care and Use Committee-
approved study, we recorded ETTc volumes and pressures
in four anesthetized and mechanically-ventilated canines
weighing between 30-40 pounds (mean 34.71b, SD 3.81b)
that were endotracheally intubated with a 7.0 mm ETT
(Mallinckrodt, Hazelwood, MO) . The varying cuff pressures
associated with a distribution of 28 progressively increasing
volumes of air in the ETTc were recorded. Endotracheal
tube cuff pressure was measured using an analog manometer
(Cufflator®, Posey Corporation, Pasadena, CA). This
manometer measures pressures in the range of 0 cm H,O
to 120 cm H,O in 2 cm increments. Data analysis was
performed using Intercooled Stata 8.2 statistical software
(Stata Corporation, College Station, TX).

The volumes of air injected were selected on the basis of
1) the minimum volume required to generate any measurable
pressure in the ETTc, and 2) the volume associated with
approximation of a cuff pressure of 120 cm H,O, above
which this manometer is unable to accurately measure
pressure. The actual volumes of air injected into the ETTc
ranged from 0.5 mL to 9.0 mL of air, and the actual pressures
measured ranged from 2 cm H,O to 120 cm H,O.

RESULTS

Spearman rho correlation of the variables of volume
and pressure was 0.969, or approximately 97% correlation
between volume and pressure. These results suggest a near-
perfect linear relationship between ETTc volume and ETTc
pressure (Figure).

Linear Pressure:Volume Correlation

Endotracheal Tube Cuff Volume (mL)

T T T T
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Endotracheal Tube Cuff Pressure (cm H20)

Fitted values |

Figure. Linear correlation of endotracheal tube cuff pressure
and volume

DISCUSSION

The primary findings of the present study consist of a 97
% correlation between ETTc volume and ETTc pressure in a
strongly linear relationship.

Dangers associated with exponential increase of cuff
pressure for a given volume of air could include severe
tracheal injury. In a study by Svenson et al.! it was discovered
that most ETTc pressures exceeded the recommended limits,
and that the time spent in the ED or prehospital setting may be
long enough for tracheal damage to occur. Curiel et al.'’ found
that high ETTc pressure is related to post-intubation tracheal
pain in patients that underwent elective surgery. However,
only duration of intubation, ETTc pressure and tracheal pain
were compared.

Results from our study, using four anesthetized and
mechanically ventilated canines, demonstrated a near-
perfect linear relationship between cuff volume and pressure.
Therefore, clinicians and EMS personnel can feel assured
that when inflating an ETTc at or even somewhat above
appropriate cuff pressure, addition of air to the ETTc should
not result in large or precipitous exponential increases in ETTc
pressure. It should be noted, however, that the volume of air
required to reach 50 cm H,O is only 150% of that required
for safe ETTc pressure, suggesting that the margin for error in
over inflation is not large.

LIMITATIONS

Potential limitations to our study may include variability
in an animal model versus human in vivo conditions, the
effect of different size ETTs on the study results, as well as
many less concerning variables, such as brand of ETT used,
atmospheric conditions, etc. Studies using canine tracheal
and upper airways as models are published," but most use
the tracheal tissue rather than tracheal anatomy as the basis
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for the model.'>!* Thus, the canine upper airway is not a
well-established airway model. Additionally, it is possible
that at higher volumes, beyond those tested here, a different
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