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BACKGROUND: Automatic cuff pressure (Pcuff) control devices for artificial airways are available,
yet there are no standards or data to support their use. We hypothesized that airway pressure
oscillations during mechanical ventilation are transmitted to Pcuff; and that the change in mean Pcuff

(�Pcuff) is zero during mechanical ventilation with controlled or uncontrolled Pcuff. METHODS:
Experiments lasted 12 h, and 2 inspiratory pressure targets (Pinsp) were established. We tested
3 automatic devices (Intellicuff Standalone, PressureEyes, and Tracoe) and one manual method for
uncontrolled Pcuff. We utilized a training mannequin with an 8-mm endotracheal tube to assess
pressure-controlled continuous mechanical ventilation with the following parameters: breathing
frequency � 20 breaths/min, TI � 1.0 s, PEEP � 10 cm H2O, and Pinsp � 10 and 40 cm H2O. For
automatic cuff pressure control, we used a data acquisition system. For manual cuff pressure
control, Pcuff was set once and measured after mechanical ventilation. Initial Pcuff was 25 cm H2O,
and �Pcuff was calculated as final mean Pcuff � initial mean Pcuff. Data for �Pcuff were compared
with t tests and reported as mean (SD). RESULTS: Airway pressure oscillations during ventilation
were observed in Pcuff waveforms. For manual control, �Pcuff was �9.3 (2.1) cm H2O for
Pinsp � 10 cm H2O and �8.1 (1.1) cm H2O for Pinsp � 40 cm H2O (vs 0, P < .001). There was no
difference in �Pcuff for Pinsp � 10 cm H2O versus 40 cm H2O (P � .21). �Pcuff was only � 0.3 cm H2O
for automatic control, which we deemed clinically unimportant. CONCLUSIONS: Automatic de-
vices do not regulate ventilatory pressure oscillations, but they do control mean Pcuff and keep
�Pcuff well below a clinically important threshold. The large �Pcuff seen with uncontrolled Pcuff

warrants periodic monitoring. Further studies are needed to determine the source of �Pcuff and the
physiologic effects of Pcuff oscillations during mechanical ventilation. Key words: airway manage-
ment; mechanical ventilation; endotracheal tube; cuff pressure regulators. [Respir Care 2020;65(1):62–67.
© 2020 Daedalus Enterprises]

Introduction

Regulation of endotracheal tube (ETT) cuff pressure is
recognized as a vital component of patient care and pre-
vention of ventilator-associated pneumonia.1-3 The goal of
monitoring ETT cuff pressures is to achieve a seal be-

tween the trachea and the ETT cuff with a pressure that is
high enough to prevent aspiration of secretions, but low
enough to avoid impeding tracheal blood flow. The Amer-
ican Thoracic Society recommends that cuff pressures be
maintained at � 20 cm H2O to prevent ventilator-associ-
ated pneumonia.4 On the other hand, studies have shown
that tracheal mucosal blood flow is impeded with cuff
pressures � 30 cm H2O.5 Although there are no accepted
standards for the recommended range of ETT cuff pres-
sures, we can deduce from the previous statements that
cuff pressures should be kept above 20 cm H2O and below
30 cm H2O to avoid both under-inflation and over-infla-
tion of the cuff.

Furthermore, there is no standard for the method or the
frequency of monitoring pressure measurements. A recent
study by Letvin et al6 reported no clinical outcome benefit
with frequent monitoring of cuff pressures. A study by

Ms Babic and Mr Chatburn are affiliated with the Cleveland Clinic,
Respiratory Therapy Institute, Cleveland, Ohio.

Mr Chatburn discloses relationships with IngMar Medical, Drive/DeVilbiss,
and imtmedical. Ms Babic has disclosed no conflicts of interest.

Correspondence: Sherry A Babic RRT, Cleveland Clinic, Respiratory
Therapy Institute, M-56, 9500 Euclid Ave, Cleveland, OH 44195. Email:
babics@ccf.org.

DOI: 10.4187/respcare.06728

62 RESPIRATORY CARE • JANUARY 2020 VOL 65 NO 1



Chenelle et al7 contradicted this by reporting that a con-
tinuous cuff pressure regulator was able to maintain cuff
pressures within the safe range when compared to manual
cuff inflation. Several cuff inflation methods have been
described over the years, but there appears to be no con-
sensus on the most reliable method for maintaining safe
ETT cuff pressures. Manual methods of cuff monitoring
include simple palpation of the ETT pilot balloon, manual
cuff inflation using the minimal occluding volume, and the
minimal leak technique. When using the minimal occlud-
ing volume method, the cuff is slowly inflated using a
syringe just until no leak is heard during a positive-pres-
sure breath.8 To perform the minimal leak technique, the
cuff is slowly inflated until the air leak stops; then a small
amount of air is released to allow a slight air leak at peak
inspiratory pressure.8 These techniques are non-quantita-
tive and thus yield no data with which to control cuff
pressure. Hence, such methods are no longer recommended,
due to the risk of mucosal damage (ie, with minimal oc-
cluding volume) or silent aspiration of pharyngeal secre-
tions (ie, with minimal leak technique).9

Automatic cuff pressure control devices are available,
but there are few data to indicate whether they are neces-
sary. Cuff inflators (eg, Posey, Cuff Mate 2) allow the
clinician to inflate and measure cuff pressure simultane-
ously. However, studies have indicated that the action of
measuring cuff pressures with these devices contributes to
a loss of cuff pressure10-12

Several factors, including ventilator pressures, patient
position and/or movement, altitude, and cuff design, have
been reported to alter cuff pressures.7,13-15 In addition, there
may be a leak in either the cuff or the cuff inflation valve.
Therefore, frequent cuff monitoring is important for pa-
tient safety. Devices that allow continuous automatic cuff
pressure control would seem to provide a more stable cuff
pressure during mechanical ventilation compared to the
method of manual cuff inflation, which results in uncon-
trolled cuff pressures. The purpose of this study was to
investigate this assumption. Specifically, we hypothesized
that airway pressure oscillations during mechanical venti-
lation are transmitted to cuff pressure regardless of pres-
sure regulation method, and that 3 different automatic cuff
pressure control devices and the manual method will result
in zero change in mean cuff pressure during 12 h of sim-
ulated mechanical ventilation.

Methods

The equipment used in this study is shown in Figure 1.
We utilized the following automatic cuff pressure control
devices: PressureEyes (Bay State Anesthesia, Middleton,
MA); Tracoe (TRACOE Medical, Nieder-Olm, Germany);
and Intellicuff standalone (Hamilton Medical, Bonaduz,
Switzerland). The experimental set-up is shown in Figure

2. The outcome variable was the change in mean cuff
pressure over time (�Pcuff), which was the final mean cuff
pressure (at 12 h) minus the initial mean cuff pressure (at
3 min); pressures were measured during ventilation for the
continuous cuff pressure controllers and after disconnect-
ing from ventilation for the manual method.

This study involved experimental runs that each lasted
12 h, with 2 different inspiratory pressure targets (Pinsp),
defined as set inspiratory pressure above PEEP, of 10 and
40 cm H2O with 3 separate ETTs, with each of the 4 dif-
ferent cuff pressure monitoring methods (ie, manual, In-
tellicuff standalone, PressureEyes, and Tracoe) for a total
of 24 experimental runs. An intubation mannequin (Intu-
bation Airway, Laerdal, Stavanger, Norway) was intubated
with an 8-mm inner diameter ETT and connected to a
mechanical ventilator with the following settings: pres-
sure-controlled continuous mechanical ventilation mode
(named A/C Pressure Control on the Medtronics PB 840
ventilator), breathing frequency � 20 breaths/min, inspi-
ratory time � 1.0 s, PEEP � 10 cm H2O, and Pinsp �
10 cm H2O above PEEP and 40 cm H2O.16 When testing
the continuous cuff pressure control devices, the ETT pilot
balloon was connected to the first port of a 3-way stop-
cock. The second port was connected to a pressure trans-
ducer (Pneumotach Amplifier 1, series 1110, Hans Ru-
dolph, Shawnee Mission, Kansas) with a digital-to-analog
converter (PowerLab 8/30, ADInstruments Bella Vista,
New South Wales, Australia) and data acquisition soft-
ware (JT Posey company acquired by TIDI products, Lake
Forest, IL) to continuously record cuff pressure values.
The third port was used to connect an automatic pressure

QUICK LOOK

Current knowledge

Current practice for airway management includes main-
taining endotracheal tube cuff pressures between 20 and
30 cm H2O. Several methods and devices are used in
clinical practice to monitor cuff pressures, but there are
no concise guidelines regarding the method or frequency
for maintaining cuff pressures. Other studies have re-
ported that electronic cuff pressure controllers can main-
tain mean cuff pressure.

What this paper contributes to our knowledge

For the 3 electronic cuff pressure controllers studied,
mean cuff pressure was regulated, but airway pressure
oscillations during mechanical ventilation were trans-
mitted to cuff pressures. Automatic cuff pressure con-
trollers maintained mean cuff pressure over 12 h. Man-
ual cuff inflation allows a clinically important drop in
mean cuff pressures over 12-14 h.
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controller (Fig. 2). To test the manual method, the ETT
was first inflated with a Posey Cufflator (Posey, Arcadia,
California). After disconnecting the Posey Cufflator, the
pilot balloon was directly attached to the pressure trans-
ducer. This procedure was repeated until the initial cuff
pressure on the pressure transducer read 25 cm H2O.

With each experimental run, the ETT cuff was inflated
either manually or using an automatic pressure controller
to an initial cuff pressure of 25 cm H2O. Pressure data
were recorded at 3 min after ventilation began (to allow
for stabilization of cuff pressures; designated time � 0)
and then at 2, 4, 6, 8, 10, and 12 h of ventilation. The
DataPad feature of LabChart 8 was used to calculate av-

erage values (5 min sections of data) for mean cuff pres-
sure at each time point.

After inspecting the data for the manual method, it was
apparent that the �Pcuff could be clinically important. In an
attempt to remove possible leaks due to the measurement
equipment, we repeated the experiment with several mod-
ifications. First, we eliminated the continuous pressure
monitoring line and made measurements only at the start
and end of the 14-h period. Next, we used the AG Cuffill
device (Mercury Medical, Clearwater, Florida) for inflat-
ing and measuring cuff pressures to estimate the pressure
drop due to measurement itself. The pressure drop due to
measurement was estimated as follows:

1. The Cuffill device was turned on.
2. After a pressure reading of zero, the device plunger was

set to 1 mL and attached to the pilot balloon.
3. The plunger was used to inflate ETT cuff to 25 cm H2O.
4. The AG Cuffill was disconnected from the pilot bal-

loon.
5. The plunger was set to 0 mL, turned back on, and then

reattached to the pilot balloon.
6. The new pressure was recorded, and the difference in

the 2 pressures was defined as the pressure change due
to measurement.

This procedure was repeated 30 times, and an average
pressure change due to measurement was calculated as a
correction factor for estimating �Pcuff (ie, the correction
factor was added to the observed cuff pressure change at
14 h to estimate �Pcuff). Finally, measurements at 0 h were
made prior to connecting the ventilator, and measurements
at 14 h were made after disconnecting the ventilator to
ensure steady state.

The significance of �Pcuff for the manual method was
evaluated using a 1-sample t test with significance indicated
by P � .05 (testing the hypothesis that �Pcuff � 0) and a
2-sample t test to compare �Pcuff for Pinsp � 10 cm H2O
versus Pinsp � 40 cm H2O.

The �Pcuff for the automatic devices was always
within � 0.3 cm H2O, which was considered to be within
the error tolerance of the measurement devices and thus
statistical analysis was deemed unnecessary.

Results

Figure 3 shows representative cuff pressure waveforms
for the different Pinsp settings. Pinsp values were reflected
in changing cuff pressure. As set Pinsp increased, the am-
plitude of the transmitted pressure increased as expected.

For the manual method, Figures 4 and 5 show that mean
(SD) �Pcuff values were �9.3 (2.1) cm H2O for Pinsp � 10
cm H2O and �8.1 (1.1) cm H2O for Pinsp � 40 cm H2O.
Both of these values were significantly different from the

Fig. 1. Equipment used in the study. A: Cuff Inflator-AG Cuffill, B:
Tracoe Smart Cuff Manager, C: Intellicuff Standalone (automatic
cuff pressure control device), and D: PressureEyes (automatic cuff
pressure control device).

1. Manual (syringe)
2. Intellicuff standalone
3. PressureEyes

Ventilator
Pressure

transducer3 way stopcock
Pilot balloonEndotracheal tube

Mannequin

Data
acquisition
software

Fig. 2. Experimental set-up (continuous cuff pressure controlling
devices).
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expected drop of 0 cm H2O (P � .001). However, there was
no difference in �Pcuff for Pinsp � 10 cm H2O versus Pinsp �
40 cm H2O (P � .21).

The difference in �Pcuff between the 2 Pinsp values
was not statistically significant, although the �Pcuff for
Pinsp � 40 cm H2O was slightly lower. However, upon
repeating the experiment without continuous measurement
of pressure, both ventilating pressures resulted in essen-
tially the same �Pcuff. For Pinsp � 10 cm H2O, �Pcuff

was �11.1 (2.0) cm H2O, and for Pinsp � 40 cm H2O,
�Pcuff was �10.6 (1.3) cm H2O (P � .69).

The average �Pcuff for the automatic devices (Figs. 4
and 5) were virtually the same and not clinically important
at both low and high ventilating pressures. The most ex-
treme �Pcuff values were �0.3 (0.4) with the Intellicuff,
0.3 (0.1) with the PressureEyes, and �0.3 (0.3) with the
Tracoe.

Discussion

The results of this study support the hypothesis that
airway pressure oscillations are transmitted to the ETT
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Fig. 3. Representative cuff pressure waveforms for different inspiratory pressure settings. A: IntelliCuff. B: PressureEyes. C: Tracoe. D:
Manual.

METHODS OF CUFF PRESSURE CONTROL

RESPIRATORY CARE • JANUARY 2020 VOL 65 NO 1 65



cuff and that the automatic cuff pressure controllers we
examined do not dampen these pressure fluctuations.
Further studies are needed to determine whether the
cyclic variations in cuff pressure pose a risk to patients.

The electronic pressure controllers regulated mean cuff
pressures and kept the changes in cuff pressure well be-
low a clinically important threshold (ie, �Pcuff � 1 cm H2O).
On the other hand, uncontrolled cuff pressure (ie, the man-
ual method) resulted in a �Pcuff over 12 h of �8
to �9 cm H2O. This drop may be large enough to warrant
monitoring of manually filled ETT cuffs at intervals of at
least 12 h, given that an initial pressure in the middle of the
acceptable range (eg, 25 cm H2O) could drop below the
acceptable threshold of 20 cm H2O after 12 h. We do not
know why cuff pressure drops with the manual method,
and further study is required to understand this observa-
tion.

Our results are comparable to a study done by Chenelle
et al,7 who reported the presence of cyclic variations in
cuff pressure and that the �Pcuff during ventilation was
clinically important for the manual technique. The study
done by Dave et al17 also indicated that cuff pressure
fluctuates between inspiration and expiration.

Several limitations of this study must be mentioned.
First, there were no positional changes in the mannequin,

which has been reported to have an effect on cuff pres-
sures.7 Only one type (ie, material and shape) of ETT was
used for this study; other ETTs may perform differently.15

Finally, the airway of the mannequin was not dynamic, nor
was it heated to body temperature or humidified, which
may have had an effect on cuff pressures.18

Conclusions

Many factors have been reported to affect cuff pres-
sures, including cuff material/shape,1,2 patient position-
ing,7,14 ventilatory pressures,7,18 altitude,16 coughing, and
suctioning.8 Hence, artificial airways necessitate vigilant
monitoring to maintain cuff pressures within the recom-
mended range of 20–30 cm H2O. Uncontrolled cuff pres-
sure (ie, simple manual inflation and checking) results in
a clinically important drop in pressure over time. Elec-
tronic pressure controllers can regulate mean cuff pres-
sures and keep the �Pcuff well below a clinically important
threshold. More studies are needed to establish guide-
lines regarding the method and frequency of monitoring
cuff pressures for artificial airways, and to determine
the risk that cyclic cuff pressures pose to tracheal wall
mucosa.
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Fig. 4. Mean �Pcuff at an inspiratory pressure target of 10 cm H2O.
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