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Adverse effects associated with elevated endotracheal
(ET) tube cuff pressures above 25 cm H20 include
postoperative throat pain and tissue ischemia. Anes-
thesia practitioners’ current methods of cuff pressure
estimation are often inaccurate. This quantitative,
quasi-experimental quality improvement project eval-
uated the incidence of ET tube cuff overinflation before
and after an educational intervention that recom-
mended the use of a 5-mL over 10-mL syringe for cuff
inflation. Cuff pressures were measured at 2 hospitals
within a large academic health system. The mean ET
tube cuff pressure before education was 46.8 cm H20
and after education was 27.1 cm H20 (P=.001). The
postintervention average cuff pressure using a 10-mL

ore than 20 million endotracheal (ET)
tubes are used annually in the United
States.! Manual inflation of an ET tube
cuff by an anesthesia provider may result
in cuff pressures out of goal range, either
underinflated or overinflated. Underinflation of an ET
tube cuff can be identified by low tidal volumes and audi-
tory air leaks indicating the cuff has not adequately sealed
against the tracheal wall. Sultan et al? noted that the ET
tube cuff should be inflated to the minimum volume at
which no air leak is present with positive pressure inspira-
tion and should remain less than 25 cm H,O.

Overinflation of an ET tube cuff can cause elevat-
ed cuff pressures and may lead to adverse events.**
Overinflated cuffs are not as easily identifiable, explain-
ing why there is a higher incidence of overinflation.!*
Excessive cuff pressure may result in tracheal mucosal
injury, vocal cord dysfunction resulting from recurrent
laryngeal nerve palsy, and sore throat.?> Cuff overinfla-
tion leads to laryngotracheal complaints such as sore
throat caused by tissue ischemia.’ In fact, throat pain is
the primary complaint by patients whose ET tube cuffs
are overinflated.*

Cuff overinflation and sore throat can be avoided by
inflating the correct amount of air into the cuff.! Using a
manometer for ET tube cuff inflation yields real-time, ac-
curate cuff pressure readings, but their use in the operat-
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syringe was 36.8 cm H20 vs 21.1 cm H20 when pro-
viders used a 5-mL syringe (P=.039). The relationship
between syringe size and cuff pressure was significant
(P=.001) with a positive Pearson correlation of 0.471.
The ET tube cuff pressures were reduced by 42% after
the intervention. Average cuff pressures when provid-
ers used a 5-mL syringe were 55% lower than with use
of a 10-mL syringe. No critically high postintervention
pressures were recorded when a 5-mL syringe was
used. The authors recommend 5-mL syringes be used
for inflation of an ET tube cuff.

Keywords: Endotracheal tube, cuff pressure, measure-
ment, sore throat, tracheal ischemia.

ing room (OR) is not always readily available. Anesthesia
providers must then rely on 1 of 2 remaining inflation
methods: the minimal occlusive leak test (MOLT) or
palpation of the pilot balloon. Providers also may use
the MOLT or the palpation method for measuring ET
tube cuff pressure. The MOLT method involves inflat-
ing the ET tube cuff with air until there is an absence
of an audible air leak while simultaneously ventilating
the patient with adequate tidal volumes. Successful per-
formance suggests that air no longer flows around the
outside of the cuff but instead through the ET tube and
into the patient’s lungs as desired. Although the MOLT
may be effective, it may not be performed regularly
because of time constraints.

Palpation of the pilot balloon involves feeling the
balloon between 2 fingers to determine if the balloon is
firm enough. This indicates the sealing pressure within
the ET tube cuff is high enough to deliver adequate tidal
volumes. Although the palpation method may be consid-
ered efficient, this technique has demonstrated unreli-
ability and often leads to cuff overinflation.* If a pro-
vider routinely inflates up to 10 mL of air into the pilot
balloon, dangerously high cuff pressures (>25 cm H,0)
may result.” This is because, on average, overinflated
ET tube cuffs are filled with more than 5 mL of air.* In
theory, using a 10-mL syringe leads to cuff overinflation
because less than 5 mL is actually needed. Currently,

AANA Journal m April 2021 = Vol. 89, No. 2 147



there is no evidence that suggests using a 10-mL syringe
reliably produces cuff pressures within goal range of 18
to 25 cm H,O.

The purpose of this quality improvement project was
to evaluate the incidence of ET tube cuff overinflation
at 2 hospitals’ ORs, and to determine whether an educa-
tional intervention advocating the use of a 5-mL syringe
in place of a 10-mL syringe would reduce the incidence
of cuff overinflation.

Literature Review

A review of the literature was conducted to gain insights
into ET tube cuff pressures and educational interven-
tions. The journal databases WorldCat.org, PubMed and
MEDLINE, and Cumulative Index to Nursing & Allied
Health Literature (CINAHL) were used for the review
of the literature. The search terms endotracheal tube,
cuff, pressure, assessment, technique, tracheal ischemia,
throat pain, sore throat, and measurement were entered.
Results were narrowed to only those available online, in
English, and in full-text, peer-reviewed format between
2011 and 2018. The remaining articles were reviewed,
selecting only those that contained information regard-
ing cuff pressure measurements and comparison of
inflation techniques.

* Cuff Pressure Effect on Postoperative Throat Pain.
Ansari et al’ evaluated postextubation throat pain in
patients undergoing maxillofacial surgery. Cuff pres-
sures between an experimental and control group were
measured, and methods of cuff inflation were compared.
In the experimental group, cuff pressures were mea-
sured using a pressure gauge manometer at the begin-
ning of surgery, then adjusted once every subsequent
hour using the same pressure gauge manometer. In the
control group, an experienced anesthesiologist adjusted
the cuff pressure at the beginning of the operation via
the traditional method (palpation of the pilot balloon or
MOLT). Control group cuff pressures were also adjusted
every hour but using traditional methods. Throat pain
measurements at postoperative hours 1, 6, and 24 were
3.9, 3.1, and 1.6, respectively, in the experimental group
compared with 5.3, 4.5, and 1.9 in the control group.5
This study demonstrates that even in experienced hands,
traditional methods of cuff inflation result in higher
throat pain scores postoperatively.

Cuff pressures can increase from baseline during
laparoscopic procedures and with position changes such
as Trendelenburg. Geng et al® examined the effect of
changes in ET tube cuff pressure on postoperative sore
throat during gynecologic surgery performed laparo-
scopically vs laparotomy. Patients were intubated, and
ET tube cuffs were inflated to a set pressure of 25 mm
Hg (35 cm H,0) using handheld manometers. Cuff pres-
sures were then reassessed at intervals of 5, 15, 30, 45,
and 60 minutes. In the laparoscopic group, ETT cuff
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pressures rose as high as 34.2 + 4.8 mm Hg (46 cmH,0
+ 6 cmH,0) just 5 minutes post Trendelenburg position
change and abdominal CO, insufflation.® These pres-
sures remained elevated for the duration of the case.
Postextubation sore throat in the laparoscopic group at 2
hours postoperatively had a mean pain score of 2.5 at rest
and 2.7 when swallowing.® The laparotomy group had a
mean pain score of 0.7 at rest and 1.3 when swallowing.°
This study found that position changes and laparoscopic
abdominal insufflation caused elevated ET tube cuff
pressures, resulting in a positive correlation with the
incidence of postoperative sore throat.

Pediatric patients are at particularly high risk of cuff
overinflation. Calder et al” evaluated the incidence of and
risk factors for postoperative sore throat in 500 intubated
children aged 3 to 16 years undergoing elective same-day
surgery. The ET tube cuff pressures were assessed using
the MOLT method and then verified using handheld
manometers. Overall, cuff pressures measured ranged
from 0 to 92 cm H,0 with a median value of 16 cm H,0,
and 22% of children developed a sore throat.” There
were no complaints of sore throat in patients whose
cuff pressure measured 0 to 10 cm H?O.” As cuff pres-
sures increased, so did the incidence of sore throat. Sore
throat was present in 4% of patients with cuff pressures
between 11 and 20 cm H,0, 20% of patients with cuff
pressures between 21 and 30 cm H,0, 68% of patients
with cuff pressures between 31 and 40 cm H,0, and 96%
of patients with cuff pressures above 40 cm H,0.” Use
of cuffed ET tubes in children is growing in popular-
ity, demonstrating the incidence of sore throat with cuff
overinflation in this population.

e Inflation Method. Al-Metwalli et al* performed a
prospective, controlled, randomized, double-blind ex-
perimental study in 75 patients comparing a controlled
manometer group, pilot balloon palpation group, and a
sealing group (MOLT method). The controlled manom-
eter group had a mean cuff pressure of 25 cm H,0 and
used 4.3 mL of air for cuff inflation.* The sealing group
had a mean pressure of 20 cm H,0 using 3.8 mL of air,
and the pilot balloon palpation group had a mean pres-
sure of 48 cm H,O using 6.8 mL of air for inflation.*
The pilot balloon palpation group was the least reliable
method for verification of ET tube cuff pressures, leading
to overinflation of pilot balloons. It is noteworthy that
for the groups that had cuff pressures within range (<25
cm H,0), less than 5 mL of air was used.* This supports
the theory that using a 5-mL syringe could reduce the
incidence of ET tube cuff overinflation.

Michlig® asked 53 different anesthesia providers in
the United Kingdom to estimate the cuff pressure using
the palpation method in a cuff that had been grossly
overinflated to 120 cm H,O. This value is 4 times the
recommended maximum limit of 30 cm H,O. Eighteen
participants estimated the pressure to be too high, 17
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estimated the pressure to be too low, and 18 estimated
the pressure was correct/appropriate.® With only about
one-third of participants correctly estimating the cuff
pressure, this study clearly demonstrates that even when
a cuff is grossly overinflated, the palpation method is
highly ineffective. A prospective, observational study
performed by Khan et al’ found similar inaccuracies in
the palpation method. In 100 patients with ET tube cuffs
inflated using conventional practices for inflation, none
were within the goal range of 20 to 30 cm H,0O and 69%
were above the recommended range.’

The intubated intensive care unit (ICU) population
offers additional insight into overinflated cuff sequelae
because these patients are often intubated for longer
periods than those undergoing surgery. The hospital-
associated variable most associated with tracheal stenosis
was ET tube cuff pressures greater than 30 mm H,O
for longer than 10 days.'” An audit of 45 ICU patients
in Parkville, Australia, found that the use of the MOLT
method resulted in 14 of 45 patients with measured ET
tube cuff pressures of 41 cm H,O or higher.!! This is
of particular concern given that ICU patients are often
intubated for long periods, leading to potential long-
term damage from tracheal tissue ischemia. Totonichi
et al'? also looked at ICU patient cuff pressures. They
performed a cross-sectional study in 101 patients aged
older than 18 years who underwent open heart surgery
and were placed in a postsurgical ICU under mechanical
ventilation. On admission to the ICU, registered nurses
performed both MOLT and palpation methods of cuff
inflation for the same patient. After each method of infla-
tion was performed, exact pressures were obtained using
a manometer. In the pilot balloon palpation group, the
average ET tube cuff pressure was 54.09 cm H,O and
the range measured 12 to 100 cm H,0.'? In the minimal
occlusive volume group, the average ET tube cuff pres-
sure was 43.9 cm H,0 and the range was 22 to 100 cm
H,0.!? Although both methods led to cuff overinflation,
pilot balloon palpation generated significantly higher
cuff pressures.

e Provider Experience and Education. To determine if
provider type affects the accuracy of ET tube cuff mea-
surement, Hedberg et al'> compared nurse anesthetists
and anesthesiologists using the pilot balloon palpation
method on artificial tracheas with an ET tube cuff set at
95 cm H,0. They found that neither work experience nor
provider type had a statistically significant impact on ap-
propriate cuff inflation.'®> Overall, 89.1% of providers es-
timated the cuff pressure to be high, and 10.9% thought
the pressure was adequate to low."> An ET tube cuff pres-
sure at this level is high enough to completely occlude
tracheal blood flow, leading to tissue necrosis, yet 10%
of these providers failed to recognize the critically high
cuff pressure.!” Saracoglu et al'* also determined that
there was no difference in professional experience when
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determining accurate ET tube cuff pressures. A total of
34 anesthesia technicians, 16 anesthesia residents, and 12
anesthesiologists were asked to inflate the cuff balloon to
the level they felt was appropriate, with many performing
an air leak test (similar to MOLT). Cuff pressures were
then measured using an aneroid cuff manometer, but
values were not disclosed. The results showed no sig-
nificant difference in the average cuff pressure between
providers with different levels of professional experience,
and all cuff pressures measured were above goal range.'*

* Value of Education. The first step in making a
practice change is providing education. Siamdoust and
colleagues' provided a 2-week educational in-service
for 52 anesthesia providers on appropriate ET tube cuff
inflation. Before the educational in-service, only 24.2% of
cuff pressures were within the recommended range, with
the average pressure reading 51 cm H,0."> After the edu-
cational in-service, 39.7% of cuff pressures were within
the normal range, with an average cuff pressure of 45 cm
H,0.!° The cuff pressures improved significantly after
the intervention, suggesting that educational programs
are beneficial for cuff inflation practices.

Ashman and coworkers'® improved compliance of cuff
pressure monitoring by instituting a multistep interven-
tion consisting of departmental education, OR reference
cards, and electronic record documentation. To begin,
baseline cuff pressures were measured and results were
shared with the anesthesia providers. The initial average
cuff pressure was 34 cm H,0.'° Next, 4 studies were
presented to the anesthesia staff that showed a decrease
in postoperative pharyngeal complications when cuff
pressures were controlled; 3 of the studies showed the
inaccuracy of pilot balloon palpation. A sign was placed
in each OR that listed the recommended cuff pressures
for that institute. Last, incorporation of reminders and
cuff pressure documentation was added to the electronic
record. Postintervention average cuff pressures dropped
to an average of 29 cm H,0.'° This multistep approach to
increasing cuff pressure awareness and reduction of cuff
pressures was highly effective and was used as a guide by
the researchers of this project.

Methods

This quality improvement project took place in 25
ORs at NorthShore University HealthSystem’s Evanston
Hospital (17 ORs) in Evanston, Illinois, and Glenbrook
Hospital (8 ORs) in Glenview, Illinois. The target popu-
lation for all phases of the project consisted of approxi-
mately 110 anesthesia providers including anesthesiolo-
gists, Certified Registered Nurse Anesthetists (CRNAs),
student registered nurse anesthetists, and anesthesia
residents. In compliance with exempt-status IRB re-
quirements for maintaining confidentiality, no provider
information was recorded, including level of educational
experience. Inclusion criteria were cases performed using
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general anesthesia with an ET tube. Case exclusion crite-
ria included the use of nitrous oxide, the use of specialty
ET tubes (eg, laser or neural integrity monitor tubes),
and the use of supraglottic airway devices. Data were also
excluded if any anesthesia provider refused participation.

This quantitative, quasi-experimental project evalu-
ated ET tube cuff pressures and syringe size used for cuff
inflation before and after an educational intervention.
The study was performed in 3 phases: (1) a preinterven-
tion data collection phase, (2) an educational interven-
tion, and (3) a postintervention data collection phase.
This study was reviewed and approved by the institu-
tional review boards (IRBs) of NorthShore University
HealthSystem and DePaul University, Chicago, Illinois.
All researchers involved underwent training in research,
ethics, and compliance (Collaborative Institutional
Training Initiative [CITI Program].

* Phase 1: Preeducational Intervention Data Collection.
On day 1 of data collection, the researchers arrived unan-
nounced to the study sites. Data collected included body
mass index (BMI), patient position, ET tube size, size of
the syringe used for cuff inflation, and ET tube cuff pres-
sure (in cm H,0). A digital manometer (manufactured
and provided by Hospitech Respiration Ltd) was used for
data collection at each hospital setting. The same anes-
thesia providers were involved in several samples taken
throughout the day, but ET tube cuff pressures were
measured only once per case. The timing of ET tube cuff
measurements was variable.

The researchers arrived unannounced to prevent
anesthesia providers from adjusting their cuff inflation
practices and to provide the most accurate baseline data.
If providers inquired about the measurements that were
being collected, they were informed about the data col-
lection process, but the exact cuff pressure reading was
not disclosed. An exception was made if cuff pressures
exceeded 60 cm H,O. Per IRB requirements and to avoid
harm to the patient, cuff pressures that were found to be
greater than 60 cm H,O were disclosed to the anesthesia
provider immediately. This allowed the provider the op-
portunity to reduce the cuff pressure by removing air
from the cuff and avoiding harm to the patient. No addi-
tional measurements were taken from these rooms for the
remainder of the day because the anesthesia provider had
been made aware of his or her high cuff inflation practice
and all future cuff pressure readings could be biased.

* Phase 2: Educational Intervention. An educational
flyer was created after a thorough review of the current
literature (Figure 1). The educational flyer was designed
to make anesthesia providers aware of the current,
evidence-based methods to best verify appropriate ET
tube cuff pressures and to make the providers aware of
their own practices, in aggregate. The flyer was concep-
tually divided into 3 sections. The first section included
the range of ET tube cuff pressures and the average ET
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METHODS OF ETT CUFF INFLATION

NORTHSHORE STUDY FINDINGS
Randomized standard ETT cuff pressures were measured in all operating rooms at
NorthShore Evanston and Glenbrook Hospitals

Evanston Hospital Glenbrook Hospital
Lowest Pressure 16
Recorded (cm H20) 35
Highest Pressure
Recorded (cm H20) >99 >99
Average Pressure
Recorded (cm H20) 42 55

Did you know....
*  An endotracheal tube (ETT) cuff should be inflated to a pressure no greater than 25 cm H20?
*  Excessive cuff pressure can cause tracheal mucosal injury, vocal cord dysfunction, and/or a sore
throat.
e ETT cuffs need just enough volume to prevent air leaks during positive pressure ventilation.

How do you determine ETT cuff pressure?

Measure with a manometer Perform a minimally occlusive leak test Palpate pilot balloon

In a randomized control trial, Al-Metwalli et al. (2011) results showed:

Inflation Method ETT Cuff Pressure | Inflation Volume Used
Achieved
Manometer (control) group 25 cm H20 4.3 ml
Sealing group (minimal occlusive leak test) 20 cm H20 3.8 ml
Pilot balloon palpation group 48 cm H20 6.8 ml
PRACTICE PEARLS

The gold standard for measuring ETT cuff pressures is with the use of a monometer.
Without a monometer, the next safest way to reduce cuff over-inflation is by:
e Performance of the minimally occlusive leak test
o Deflate the cuff until a leak is audible, then re-inflate just until the leak is gone
o For accuracy, use a stethoscope just below the larynx to auscultate the leak
e Using a 5 ml syringe instead of a 10 ml syringe when inflating the ETT cuff
o Attaching a 5 ml syringe to the pilot balloon prior to intubation, serving as a
reminder to use less air and thereby keeping cuff pressures below 25 cm H20

Remember 5 for 25!

Al-Metwalli, R., Al-Ghamdi, A., Mowafi, H., Sadek, S., Abdulshafi, M., & Mousa, W. (2011). Is sealing cuff pressure, easy, reliable and safe
technique for endotracheal tube cuff inflation?: A comparative study. Saudi Journal of Anaesthesia, 5(2). 185-189. doi:10.4103/1658-
354X.82795

Hagberg. C.A. & Artime. C.A. (2015). Chapter 55: Airway Management in the Adult. In Miller’s Anesthesia (8" ed.). Philadelphia, PA: Elsevier

Saunders.

Figure 1. Educational Flyer
Abbreviation: ETT, endotracheal tube.

Try 5mL for 25cmH20 in your ETT cuff!

Figure 2. Proposed New Standard of Practice: “5 for 25"
Abbreviation: ETT, endotracheal tube.

tube cuff pressures of phase 1 from each hospital. The
second section included facts on appropriate ET tube
cuff pressures, consequences of cuff overinflation, and
the main results of the 2011 study by Al-Metwalli et al.*
The third section listed “practice pearls,” which were
evidence-based practice recommendations that describe
ways in which an anesthesia provider can reduce the
incidence of cuff overinflation. The researchers devel-
oped and included the mnemonic “5 for 25” to help the
anesthesia providers remember the most important clini-
cal pearl (Figure 2). The flyer was initially taped to the
wall above the anesthesia cart, but because of unforeseen
restrictions by the Joint Commission, the flyer had to be
removed from the wall and was then placed into the ET
tube drawer of the anesthesia cart.

* Phase 3: Posteducational Intervention Data Collection.
One week after the educational flyer was posted, ET tube
cuff pressures were again measured and recorded in the
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ETT Cuff Pressure Readings
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Figure 3. Endotracheal Tube Cuff Pressures Comparing Phase 1 With Phase 3

Abbreviation: ETT, endotracheal tube.

same manner as described in phase 1 and on the same
group of providers. Inclusion and exclusion criteria re-
mained the same as in phase 1.

Results

In total, 56 cuff pressures were measured in phases 1 (n
=30) and 3 (n=26). Each measurement was performed
on a different patient (assuming no patient came in for a
second surgery on the same day).

e Phase 1 (Preeducational Intervention). A total of 30
cuff pressures were measured in phase 1. The mean BMI
(SD) was 30.9 (8.9) kg/m?. The BMI ranged from 20 to
56 kg/m?, with a mode of 26 kg/m” (n=4) and a normal
distribution curve. The most common patient position
observed was supine (n=17). Other positions recorded
included Trendelenburg (n=2), lithotomy (n=5), prone
(n=2), reverse Trendelenburg (n=2), and lateral (n=2).
The ET tube sizes included 7.0 mm (n=12), 7.5 mm
(n=13), 8.0 mm (n=4), and 8.5 mm (n=1), producing a
normal distribution curve. In all 30 cases, 10-mL syringes
were used to inflate the ET tube cuff. The mean ET tube
cuff pressure was 46.8 (21.3) cm H,O, ranging from 16 to
100 cm H,0 and producing a normal distribution curve.
The frequencies of ET tube cuff pressures in phases 1 and
3 can be found in Figure 3.

¢ Phase 3 (Posteducational Intervention). A total of 26
cuff pressures were measured in phase 3. The mean BMI
was 27.4 (SD = 6.1), ranging from 17 - 46 with a mode
of 24, 26, and 27 (n=3). Again, the most frequently re-
corded patient position was supine (n=15). Other patient
positions included lithotomy (n=5), prone (n=4), reverse
Trendelenburg (n=1), and sitting (n=1). The ET tube
sizes used were either 7.0 mm (n=16) or 7.5 mm (n=10).
There were 2 sizes of inflation syringes used: 10 mL
(n=10) and 5 mL (n=16).
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The mean ET tube cuff pressure (SD) during phase
3 was 27.1 (19.1) ecm H2O, ranging from 11 to 100 cm
H,O (Figure 3). The most frequently recorded ET tube
cuff pressure was 18 cm H,O (n=5). The mean ET tube
cuff pressure using a 10-mL syringe was 36.8 (28.2) cm
H,0, and the mean ET tube cuff pressure using a 5-mL
syringe was 21.1 (5.7) cm H,O. The highest recorded ET
tube cuff pressure using a 5-mL inflation syringe was 33
cm H,O, whereas the highest recorded pressure using a
10-mL syringe was 100 cm H,O.

e Combined Results of Phases 1 and 3. The mean
patient BMI was not significantly different between
study phases (P=.08). The range of BMI measurements in
phases 1 and 3 combined was 17 to 56 kg/m?* However,
a Pearson correlation revealed that the relationship
between patient BMI and ET tube cuff pressure had a
significant positive correlation (r=0.27, P=.04).

The relationship between patient position and ET tube
cuff pressure was not found to be significant (r=0.05,
P=.68). Patient position did not have a normal frequency
distribution because of the large number of supine posi-
tions recorded; therefore, the effect of patient position
on ET tube cuff pressures may not have been accurately
represented in this study. The relationship between the
size of ET tube and cuff pressure was not significant
(r=0.12, P=.34).

An independent t test was done comparing ET tube
cuff pressures between phase 1 and phase 3, proving the
reduction in cuff pressure between the 2 phases was sig-
nificant (P=.01). An independent ¢ test including all 56
cases was calculated to compare the size of the inflation
syringe with ET tube cuff pressure, proving significance
in the reduction of cuff pressures using a 5-mL syringe
(P<.01). A positive Pearson correlation of 0.471 was also
found between the size of syringe and reduction in ET
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Figure 4. Proposed New Standard of Practice: “5 for 25"
Abbreviation: ETT, endotracheal tube.

tube cuff pressure. Figure 4 displays the distribution of
ET tube cuff pressures in relation to the size of the infla-
tion syringe used in phases 1 and 3 combined. The ET
tube cuffs in phases 1 and 3 inflated with 10-mL syringes
(n=40) resulted in pressures averaging 23.2 cm H,O
higher than those in phases 1 and 3 inflated with 5-mL
syringes (n=16).

To determine the presence of a significant reduction
in cuff pressures without the educational flyer being a
variable, the researchers conducted a second independent
t test with just phase 3 results comparing ET tube cuff
pressure with the size of the inflation syringe, demon-
strating a significant reduction in cuff pressure using a
5-mL syringe (P=.039).

Discussion

There was a comparable mean patient BMI in phase 1
(before the educational intervention) and phase 3 (after
the educational intervention; P=.08). Results indicated
that as the BMI increased, the ET tube cuff pressure also
increased. Due to a lack of statistical significance in the
difference of BMI between phase 1 and phase 3, it can
be assumed that the BMI did not affect the cuff pressure
between the phases. This finding suggested that any
reduction in cuff pressure was due to the educational
intervention or syringe instead of a possible reduction
in BMIL Patient position and ET tube size did not have a
significant effect on ET tube cuff pressure.

The mean ET tube cuff pressure decreased from 46.8
cm H,0 in phase 1 to 27.1 cm H,O in phase >. This rep-
resents a significant 42% reduction in average ET tube
cuff pressure (P<.001), as all syringe sizes were included
in the t test comparing cuff pressures before and after
the intervention. The educational flyer may have even
prompted providers who used 10-mL syringes to be cog-
nizant of the overall volume of air inflated.

Endotracheal tube cuff pressures for phase 1 included
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m 10ml Inflation Syringe

only 10-mL inflation syringes. The ET tube cuff pressures
for phase 3 included both 5-mL and 10-mL inflation
syringe sizes, revealing that some anesthesia providers
chose to adjust their practice by selecting a 5-mL syringe
based on the educational intervention. The independent
t test was performed a second time using only phase 3
results to account for the possible changes in cuff pres-
sures after the educational intervention. In this analysis
of syringe sizes using only phase 3 data, the average cuff
pressure when the provider used a 10-mL syringe was
36.8 cm H,O, and the average cuff pressure with use of
a 5-mL syringe was 21.1 cm H,0 (P=.039). The use of
a 5-mL syringe resulted in a 55% reduction in ET tube
cuff pressures from baseline (phase 1). Since both groups
(5-mL syringe users and 10-mL syringe users) in phase
3 had access to the educational flyer, it can be assumed
that the most important variable affecting the reduction
in cuff pressure was syringe size.

In the first phase, 7 cuff pressures were measured
critically high (>60 cm H,0), requiring the researchers
to divulge the cuff pressure readings to the provider.
Following the educational intervention (phase 3), only
2 pressures measured critically high, and both were with
the use of a 10-mL syringe for cuff inflation. No 5-mL
syringes yielded a cuff pressure above 60 cm H,O during
phase 3. The use of a particular syringe size does not
guarantee that those exact amounts of air were inflated
into the ET tube cuffs themselves. Several practitioners
stated that they used a 10-mL syringe but inflated only
5 mL of air. The results of this study demonstrate that
even if more than 5 mL of air is needed to reach a sealing
cuff pressure, the use of a 10-mL syringe is more likely
to cause cuff overinflation. Every cuff pressure reading
of 100 cm H,O in this study (both phases 1 and 3) was
achieved with a 10-mL syringe.

Overall, the data suggested that even if a 10-mL
syringe is used and the practitioner chooses to inflate
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less than 10 mL of air, the cuff is still more likely to be
overinflated. Given that the average cuff pressure using a
5-mL syringe was 55% lower than with a 10-mL syringe
and no critically high pressures were recorded using a
5-mL syringe, the authors recommend that providers
change their practice to use a 5-mL syringe when inflat-
ing ET tube cuffs. This represents a practice shift, but the
findings from this project support that overinflation can
be reduced with the use of a 5-mL syringe.

This study has some limitations. To comply with IRB
requirements in an exempt study, the recruitment email
had to be distributed before collection of any data. To
minimize the impact of the Hawthorne effect, in which
study participants may alter their behavior when they are
aware their behavior is being observed,!” the recruitment
email notifying anesthesia providers that cuff pressures
would be measured was distributed as far in advance
as possible and providers were not made aware of the
data collection dates. The recruitment email was sent 3
months before the initial date of data collection.

In compliance with IRB requirements for de-identi-
fied data, the researchers could not record the OR or
the anesthesia provider identity. It is possible that the
providers adjusted their practice throughout the data
collection period by reducing the amount of air used to
inflate the ET tube cuff for each subsequent case, thereby
lowering the cuff pressure, reducing the overall cuff pres-
sure average, and altering the frequency of distribution.
Ultimately, providers’ awareness likely had little impact
on their practice because the average cuff pressure for
phase 1 was well above goal range.

The digital manometer used to measure cuff pressures
registered any pressure above 99 cm H,O as “OP,” which
stands for “over pressure,” and the exact cuff pressure
could not be determined. When the researchers entered
this information for analysis, they used a pressure of 100
cm H,O for all pressures reading OP. Phase 1 had 2 re-
corded cuff pressures above 99 cm H,O, and phase 3 had
one cuff pressure recorded above 99 cm H,O. As a result,
the mean cuff pressures may have been underestimated,
more so in phase 1 than phase 3. Because of this, the dif-
ference in average cuff pressure from phase 1 to phase 3
may have actually been higher than the calculated 42%
reduction. Timing of ET tube cuff measurements during
a surgery was not controlled for in this study.

Conclusion

This project demonstrated that an educational flyer
reduced overall ET tube cuff pressures by 42%. The
most significant factor in maintaining cuff pressures
within goal range was the use of a 5-mL syringe, which
resulted in a 55% reduction in cuff pressures. No criti-
cally high ET tube cuff pressures were measured when
a 5-mL syringe was used. With the strong correlation
found between inflation syringe size and ET tube cuff
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pressure, the authors recommend that all providers use a
5-mL syringe when inflating an ET tube cuff. Although 5
mL of air may not be the exact volume of air required for
inflation of ET tube cuffs for all patients, it serves to limit
the amount of air initially inflated and acts as a reminder
for the anesthesia provider to be cognizant of the cuff
pressure. Future studies need to be completed to assess
the total volume of air required to yield ET tube cuff
pressures within goal range. In addition, further studies
should be done to assess the effect of patient position on
ET tube cuff pressure.

REFERENCES

1. Grant T. Do current methods for endotracheal tube cuff infla-
tion create pressures above the recommended range? A review
of the evidence. J Perioper Pract. 2013;23(12):292-295.
doi:10.1177/175045891302301205

2. Sultan P, Carvalho B, Rose BO, Cregg R. Endotracheal tube cuff
pressure monitoring: a review of the evidence. ] Perioper Pract.
2011;21(11):379-386. doi:10.1177/175045891102101103

3. Efrati S, Deutsch I, Gurman G. Endotracheal tube cuff-small impor-
tant part of a big issue. J Clin Monit Comput. 2012;26(1):53-60.
doi:10.1007/s10877-011-9333-x

4. Al-Metwalli R, Al-Ghamdi A, Mowafi H, Sadek S, Abdulshafi M,
Mousa W. Is sealing cuff pressure, easy, reliable and safe technique for
endotracheal tube cuff inflation? A comparative study. Saudi ] Anaesth.
2011;5(2):185-189. doi:10.4103/1658-354X.82795

5. Ansari L, Bohluli B, Mahaseni H, Valaei N, Sadr-Eshkevari P, Rashad
A. The effect of endotracheal tube pressure control on postextubation
throat pain in orthognathic surgeries: a randomized double-blind
controlled clinical trial. Br J Oral Maxillofac Surg. 2014;52(2):140-
143. doi:10.1016/j.bjoms.2013.10.005

6. Geng G, Hu J, Huang S. The effect of endotracheal tube cuff pressure
change during gynecological laparoscopic surgery on postoperative
sore throat: a control study. J Clin Monit Comput. 2014;29(1):141-
144. doi:10.1007/s10877-014-9578-2

7. Calder A, Hegarty M, Erb TO, von Ungern-Sternberg B. Predictors
of postoperative sore throat in intubated children. Paediatr Anesth.
2012;22(3):239-243. doi:10.1111/j.1460-9592.2011.03727 x

8. Michlig SA. Anaesthetic staff cannot identify extremely high tracheal
tube cuff pressures by palpation of the pilot balloon. Br J Anaesth.
2013;111(2):300-301. doi:10.1093/bja/aet238

9. Khan MU, Khokar R, Qureshi S, Zahrani R, Aqil M, Shiraz M.
Measurement of endotracheal tube cuff pressure: instrumental
versus conventional method. Saudi ] Anaesth. 2016;10(4):428-431.
doi:10.4103/1658-354X.179113

10. Li M, Yiu Y, Merrill T, Yildiz V, deSilva B, Matrka L. Risk factors
for posttracheostomy tracheal stenosis. Otolaryngol Head Neck Surg.
2018;159(4):698-704. doi:10.1177/0194599818794456

11 Harvie DA, Darvall JN, Dodd M, et al. The minimal leak test tech-
nique for endotracheal cuff maintenance. Anaesth Intensive Care.
2016;44(5):599-604. doi:10.1177/0310057X1604400512

12. Totonichi Z, Jalili F, Hashemian SM, Jabardarjani HR Tracheal steno-
sis and cuff pressure: comparison of minimal occlusive volume and
palpation techniques. Tanaffos. 2015;14(4):252-256.

13. Hedberg P, Eklund C, Hogqvist S. Identification of a very high cuff
pressure by manual palpation of the external cuff balloon on an endo-
tracheal tube. AANA J. 2015;83(3):179-182.

14. Saracoglu A, Dal D, Pehlivan G, Gogus FY. The professional experi-
ence of anaesthesiologists in proper inflation of laryngeal mask and
endotracheal tube cuff. Turk J Anaesthesiol Reanim. 2014;42(5):234-
238. doi:10.5152/TJAR.2014.87487

15. Siamdoust SA, Mohseni M, Memarian A. Endotracheal tube cuff
pressure assessment: education may improve but not guarantee the
safety of palpation technique. Anesth Pain Med. 2015;5(3):e16163.
doi:10.5812/aapm.5(3)2015.16163

AANA Journal m April 2021 = Vol. 89, No. 2 153



16. Ashman RE, Appel SJ, Barba AJ. Effectiveness of interventions to
increase provider monitoring of endotracheal tube and laryngeal
mask airway cuff pressure. AANA J. 2017;85(2):98-103.

17. McCambridge J, Witton ], Elbourne DR. Systematic review of the
Hawthorne effect: new concepts are needed to study research partici-
pation effects. ] Clin Epidemiol. 2014;67(3):267-277. doi:10.1016/j.
jclinepi.2013.08.015

AUTHORS

Andrea Holyszko, DNP, CRNA, is a full-time CRNA with Infinity Health-
care at a variety of Ascension Hospitals throughout metropolitan Milwau-
kee, Wisconsin. Her research focuses on endotracheal tube cuff pressures
and inflation methods.

Lauren Levin, DNP, CRNA, is a full-time CRNA at NorthShore Uni-
versity HealthSystem in Evanston, Illinois. Her research focuses on endo-
tracheal tube culf pressures.

154 AANA Journal m April 2021 = Vol. 89, No. 2

Julia Feczko, DNP, CRNA, is a part-time CRNA and part-time faculty
member at NorthShore University HealthSystem School of Nurse Anes-
thesia, Evanston, Illinois. Her research focuses include patient safety and
human factors. Email: julia.feczko@gmail.com.

Susan Krawczyk, DNP, CRNA, is a faculty member at NorthShore Uni-
versity HealthSystem School of Nurse Anesthesia, providing didactic and
simulated nurse anesthesia instruction. She is a clinical CRNA at Loyola
University Medical Center, Maywood, Illinois.

Joseph D. Tariman, PhD, ANP-BC, FAAN, is the associate codirector for
the Doctor of Nursing Practice program at DePaul University, Chicago, lllinois.

DISCLOSURES

The authors have declared no financial relationships with any commercial
entity related to the content of this article. The authors did not discuss
off-label use within the article. Disclosure statements are available for
viewing upon request.

Www.aana.com/aanajournalonline



