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Poor management of endotracheal tube cuff pressures 
occurs in more than 50% of all general anesthetics, 
leading to tracheal ischemia, tracheal rupture, sore 
throats, recurrent laryngeal nerve palsy, tracheal ste-
nosis, microaspiration, and/or inadequate ventilation. 
General endotracheal anesthesia is common practice 
throughout the world. Endotracheal tube cuffs are 
filled with a fluid (gas or liquid) to a safe and adequate 
pressure of 20 to 30 cm H2O to protect the lung paren-
chyma from aspiration while also ensuring positive 
pressure can be generated to oxygenate/ventilate 
patients. An evidence-based project to improve anes-
thesia providers’ management of endotracheal tube 

cuff pressures was performed at a military medical 
center in the southwestern United States. The inter-
vention consisted of an education presentation, avail-
ability of cuff manometers in all operating rooms, a 
charting reminder to document cuff pressures, and 
a visual prompt in the electronic anesthesia record. 
The intervention resulted in a statistically significant 
increase in safe cuff pressures (P = .0032; odds ratio = 
4.41, 95% CI = 1.71-11.3).
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M
ismanagement of endotracheal (ET) tube 
cuff pressure (CP), defined as a CP that 
falls outside the recommended range of 
20 to 30 cm H2O, is a frequent occur-
rence during general anesthetics, with 

study findings ranging from 55% to 80%.1-4 Endotra-
cheal tube cuffs are typically filled with air to a safe and 
adequate pressure of 20 to 30 cm H2O to protect the lung 
parenchyma from aspiration while also allowing positive 
pressure to oxygenate/ventilate patients.1,5-9 Mismanage-
ment of ET tube CPs can lead to complications such 
as tracheal edema, tracheal ischemia, tracheal stenosis, 
tracheal rupture, sore throats, recurrent laryngeal nerve 
palsy, microaspiration, and inadequate ventilation.5-7,10-12 
A 2012 study found tracheal ischemic lesions present in 
83% of intensive care unit patients 24 hours after extuba-
tion.7 Tracheal stenosis is the narrowing of the trachea 
and can be a result of an overpressurized ET tube cuff.13 
The signs and symptoms of tracheal stenosis, which may 
be delayed 20 years, include hoarseness, inspiratory stri-
dor, dyspnea, and complete obstruction.14,15 Although 
the potential long-term sequelae are rarely seen by indi-
vidual anesthesia providers, the literature has recurrent 
case reports of postintubation stenosis and granulomas, 
some with fatal consequences.13-17 A common complaint 
after general ET anesthesia is a sore throat, with reported 
rates of 62% and overpressurized ET tube cuffs being a 
key variable.12 Interventions such as aggressive suction-

ing, difficult intubation, or large ET tubes could also be 
contributors to potential ET tube morbidities and should 
not be ignored. However, maintaining an ET tube CP 
within the recommended range is an easy noninvasive 
intervention that would minimize the impact of this vari-
able on negative patient outcomes. There is a wealth of 
literature supporting the objective measurement for ET 
tube CP, yet overpressurized ET tube cuffs remain a per-
sistent problem. Many potential barriers may contribute 
to the persistence of this problem, including the cost and 
availability of cuff manometers, provider knowledge gaps 
regarding best practice, acceptance of minor complaints 
such as sore throats as normal, and the rarity and vis-
ibility of the major morbidities. Before implementation 
of this project, in the institution of the primary author 
(M.A.T.), 72.5% of ET tube CPs were outside the safe 
pressure of 20 to 30 cm H2O.

An evidence-based practice project was conducted at 
the primary author’s institution to improve ET tube infla-
tion pressure management by anesthesia providers. The 
intervention consisted of an evidence-based education 
intervention, cuff manometers available in all operating 
rooms (ORs), a documentation reminder, and a visual 
prompt in the electronic anesthesia record. The aims of 
the project were to remove barriers to the regular use of 
cuff manometry, resulting in the regular measurement 
and documentation of ET tube CPs within acceptable 
evidence-based limits. 
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Review of the Literature
A review of the literature was conducted using the fol-
lowing databases: the National Library of Medicine’s 
PubMed, Cumulative Index to Nursing & Allied Health 
Literature (CINAHL), Google Scholar, and Cochrane 
Reviews. Research regarding ET tube CPs is frequent 
in the literature with several recurrent themes. Among 
these themes, 20 to 30 cm H2O is frequently cited as the 
acceptable pressure range, and anesthesia providers by 
subjective measurements, such as the widely used palpa-
tion technique, are poor at estimating this pressure range. 
This review will focus on ET tube CP as it relates to the 
adult population.

•	Importance of Endotracheal Cuff Pressure 
Management. Regarding ET tube CP, the literature 
focuses on 2 extremes: what morbidities occur when 
the CP is inflated above the threshold levels and what 
morbidities occur below the threshold levels. There is 
no set standard for CP from any of the major anesthesia 
professional bodies. The American Association of Nurse 
Anesthetists, the American Society of Anesthesiologists, 
and the major European anesthesia organizations do 
not identify a specific standard for CP management and 
decline to state recommended pressure ranges for CP. 
Despite the silence of these professional societies, there 
is a significant body of evidence supporting the regular 
use of objective measurements to determine safe ET tube 
CPs.5,6,8,9,11 Therefore, it falls on the best evidence pre-
sented in the literature to recommend the best practice 
for managing CP by anesthesia providers. 

An early landmark study corroborated the findings of 
earlier animal studies that CP altered tracheal blood flow, 
specifically that capillary blood flow was compromised 
at a CP greater than 30 cm H2O and was completely oc-
cluded at pressures greater than 50 cm H2O.18 Ischemia 
caused by the overpressurization of ET tube cuffs can 
lead to tracheal lesions and subsequent granuloma de-
velopment with concurrent narrowing of the trachea and 
potentially fatal outcomes; this ischemia can occur in 15 
minutes.7,9 This complication may not be seen for years; 
one case report stated that symptomatic tracheal stenosis 
developed 20 years after intubation in a patient.14 This 
rare but tragic morbidity can be life-altering and result 
in recurrent endoscopic tracheal dilations or surgery 
to remove the stenosis.15,19 Studies using manometers 
during surgery resulted in fewer complaints of sore 
throat and lesser severity of sore throat if present.10-12 
The potential severity of complications involving over 
pressurized ET tubes and the propensity of providers to 
overestimate CPs via subjective measures supports the 
need for tools of objective measurement.5,8,10,11

A CP less than 20 cm H2O has been cited as substan-
tially increasing the risk of pneumonia development in 
intubated patients.20-22 Many of these studies take place 
in intensive care units and are not directly related to 

the timeframe in which anesthetists usually work with 
intubated patients; they do, however, highlight the im-
portance of maintaining a minimum CP that minimizes 
the risk of aspiration and other morbidities, thus increas-
ing patient safety. Ultrathin polyurethane ET tube cuffs 
may be one potential avenue to minimize the risk of low 
pressures in ET tubes, but the research is limited, and at 
present these tubes are not common in most practices.23

Other factors are present that may affect the CP during 
surgery and may be attenuated by use of a cuff manom-
eter to ensure that the CP remains within an acceptable 
range. One factor is temperature, in that ambient air 
injected into an ET tube cuff may result in an increase in 
pressure as it warms to body temperature.5,24 This effect 
may be amplified in hypothermic patients rewarmed to 
normal physiologic levels, such as patients undergoing 
coronary bypass.5,24 Another factor is anesthetics that 
include the administration of nitrous oxide because it 
will diffuse in the ET tube cuff and result in greatly in-
creased CPs over time.5,24 

• Methods to Determine Adequate Endotracheal Cuff 
Pressure. The preponderance of the literature dem-
onstrates the inadequacy of the widely used palpation 
method to determine CP. Currently the most reliable and 
accurate measure of CP is the cuff manometer. Studies 
examining the varieties of current methods used to deter-
mine adequate CP consistently illustrate the inadequacy 
of the palpation method while providing examples of 
more effective alternatives.

Stewart et al4 investigated CP measurements com-
paring subjective estimated CPs vs objective CP mea-
surements. The study participants included Certified 
Registered Nurse Anesthetists (CRNAs), student regis-
tered nurse anesthetists (SRNAs), and anesthesiologists. 
Forty providers were instructed to inflate cuffs in their 
usual manner; subsequently a cuff manometer was used 
to determine the actual pressure. The results demon-
strated that less than one-third of the providers were able 
to estimate a CP in the predetermined range and 60% 
of the measured pressures were more than 40 cm H2O; 
these numbers are consistent throughout the literature. 
Additionally, no differences in estimation accuracy were 
found between the 3 types of anesthesia providers par-
ticipating.4 

A British study investigated how pilot balloon design 
affected estimation of CPs.25 The researchers used 6 dif-
ferent styles of pilot balloons, and participants were asked 
to determine if pressures were acceptable or were below or 
above acceptable ranges. Participants determined accurate 
pressures 42.9% of the time; however, based on the study 
design, accurate pressures could have been determined 
by chance 33% of the time.25 This study demonstrated a 
recurrent theme in the literature that anesthesia providers’ 
estimates of CP are typically high and inconsistent. 

As an alternative to the palpation technique, a 2017 
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randomized controlled trial compared a palpation 
technique with a technique using a loss-of-resistance 
syringe.26 This study randomly divided patients into 
either the loss-of-resistance group or the palpation group. 
Nearly two-thirds of the patients in the loss-of-resistance 
group had CPs in the acceptable range, 20 to 30 cm H2O, 
whereas only 22.5% of cuffs in the palpation group were 
in the acceptable range. This study demonstrated that 
the loss-of-resistance syringe technique, although not as 
effective as a cuff manometer, does appear to be more 
accurate than palpation. As the authors point out, the 
loss-of-resistance syringe technique may offer benefits to 
countries and regions that cannot afford the expense of 
cuff manometers. 

A multicenter study examined the effect that a lack of 
cuff manometers has on CPs.1 The authors confirmed the 
widely published evidence that a lack of cuff manometers 
results in inadequate CPs, because only 27% of their mea-
sured CPs were in the accepted 20 to 30 cm H2O range. 
Additionally, these investigators measured the volume 
of air required to obtain a CP in the accepted range. 
Across the 3 institutions where the study was performed 
and across a range of ET tube sizes from 7.0 to 8.5 mm, 
the volume of air required to reach a pressure of 20 cm 
H2O was variable between patients but typically required 
less than 5 mL. Regression analysis revealed that 2 to 4 
mL of air was typically enough volume to achieve a CP 
of 20 to 30 cm H2O.1 Given that many providers auto-
matically place a 10-mL syringe on the pilot balloon of 
ET tubes, this study provides credence that a change of 
practice from 10-mL syringes to 5-mL syringes may be 
in order to help mitigate the risk of severely overinflated 
ET tubes. Another study found that while changing to a 
5-mL syringe did not result in reducing CPs to the ideal 
range, it did mitigate the degree to which the cuffs were 
overpressurized.27 

Other techniques such as sealing CP or minimal oc-
clusive volume, minimal leak test, and stethoscope-guid-
ed techniques are noted in the literature and demonstrate 
viable options regarding minimizing the overpressuriza-
tion of ET tubes; however, they all remain subjective 
measures and do not address the risks associated with 
underpressurized ET tubes.8,28,29 In locations where 
manometers may not be a viable option because of cost, 
these alternate techniques, including the loss-of-resis-
tance technique discussed previously, may be the best 
option available compared with the palpation technique. 
The authors in all the aforementioned studies suggest 
that an objective measure of CP, such as the cuff manom-
eter, should be used whenever they are available.1,4,8,25-29

•	Previous Education Programs Addressing Endotracheal 
Cuff Pressure. There is minimal literature regarding CP 
management and education programs to address the recur-
rent issue of inadequate CP management. The 2 articles 
reviewed are the only articles the authors found that in-

corporate an education program and CP management. A 
potential barrier to wider implementation of quantitative 
monitoring could be knowledge gaps regarding best prac-
tice; thus, the need for the education component of this 
project with the aim of closing identified knowledge gaps. 
A 2015 study investigated whether an education program 
could improve the safety of the CP palpation technique.2 
The first finding from this study was that the experience of 
the provider had no impact on the ability of the provider 
to accurately determine a safe CP.2 The second finding 
was that despite the education program, the palpation 
technique was a poor estimator of CP. 

The only available study specifically investigating CP 
management in conjunction with an education program 
and the ready availability of cuff manometers was re-
cently published in the Journal of Military Medicine.3 The 
study included a mixed group of anesthesiologists and 
CRNAs and demonstrated an improvement in CPs after 
implementation of the education program in conjunction 
with the availability of cuff manometers. This study is 
apparently the first of its kind described in the literature. 
Although the intervention was successful in lowering 
overall CPs, it did not demonstrate dramatically statisti-
cally significant improvements.

Multiple serious morbidities are associated with in-
adequately controlled and measured ET tube CPs. The 
findings across the literature suggest that CP should be 
maintained in the range of 20 to 30 cm H2O to ameliorate 
the morbidities associated with underpressurized and 
overpressurized ET tube cuffs. The preponderance of the 
literature demonstrates the inadequacy of the widely used 
palpation method to determine CP. Currently the most 
reliable and accurate measure of CP is the cuff manometer. 

Methods
The setting for this scholarly work was a military treat-
ment facility located in the southwestern United States 
serving more than 100,000 beneficiaries who receive 
care in the military health system. The anesthesia staff 
consisted of 35 CRNAs and 5 physician anesthesiologists, 
along with 6 SRNAs, who provide anesthesia services for 
approximately 800 surgeries per month. 

Institutional review board exemption was obtained 
as the project examined the impact of an educational 
intervention designed to produce an evidence-based 
modification of existing practice and no protected health 
information was collected or disclosed. The project was 
then completed in 3 phases. The first phase (preinter-
vention) consisted of the following assessments: 1) staff 
practice modalities to assess for an appropriate ET tube 
cuff inflation pressure; 2) staff knowledge of best prac-
tices to accurately assess ET tube inflation pressures; and 
(3) random checks of current CP in patients undergoing 
general ET anesthesia at the treatment facility. The first 2 
parts of phase 1 were assessed via a data collection tool. 
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The data collection tool was used to determine preinter-
vention clinician practice and baseline knowledge of best 
practice regarding CP in the anesthesia department. The 
data collection tool did cover areas outside the scope of 
this project to possibly help guide future projects, mainly 
pediatric intubation. Completed data were collected and 
evaluated to guide the education component of the in-
tervention. Following the data collection, a convenience 
sample of 40 intubated patients had their CPs evaluated 
by the primary author of this project via a single cuff 
manometer (Posey Cufflator 8199, VBM Medizintechnik 
GmbH). The manometer used for the study was the 
personal manometer of the primary author, and it was 
believed that the familiarity with this manometer would 
provide the most consistent measurements and minimize 
error throughout the study. That brand of manometer is 
the one used by the department in this study. Given the 
size of the department and with consultation of the hos-
pital statistician, it was decided that an n of 40 CPs would 
be sufficient data to detect a change in behavior.

The second phase (intervention) consisted of an 
education in-service and slide presentation (PowerPoint, 
Microsoft). This presentation was guided by the insight 
gained from the data collection tool regarding baseline 
knowledge of ET tube CPs, and it further educated the 
staff about morbidity related to inappropriate inflation 
pressures as well as best practices described in the lit-
erature. This education program was disseminated in 
the Department of Anesthesia. The methods of delivery 
were 3 separate presentations to the staff during morning 
meetings and informal teaching sessions to the staff 
about cuff manometry. Additionally, clinical tools to aid 
the clinicians in application of best practices were put in 
place. The tools consisted of the placement of ET cuff 
manometers (Posey Cufflator 8199) in all OR locations, 
charting reminders in the electronic anesthesia record, 
and visible labels on all anesthesia machines listing the 

recommended CP range of 20 to 30 cm H2O. 
The third and final phase was postimplementation 

data collection assessed by the same data collection tool 
used in phase 1. Phase 3 occurred approximately 60 days 
after the initial presentation. The subsequent data col-
lection tool was distributed, and results were evaluated. 
An additional 40 intubated patients had their CPs evalu-
ated by the same brand of cuff manometer used in the 
preimplementation sample. Last, a chart review was un-
dertaken to determine whether CPs were being charted. 

Results
A total of 30 anesthesia providers completed and re-
turned the data collection tool before the intervention, 
and 31 providers returned completed data tools after 
the intervention. Primary outcome measures improved 
substantially after the intervention. In a comparison of 
40 ET tube CPs recorded before and after implementa-
tion, safe pressures of 20 to 30 cm H2O increased from 
27.5% to 62.5% (11 vs 25, P = .0032). The incidence of 
having “not normal cuff pressures” were 4.4 times more 
likely before implementation (odds ratio = 4.394; 95% 
CI = 1.709-11.295). Endotracheal tube CPs were brought 
closer to the safe pressure range after the intervention as 
evidenced by the preintervention and postintervention 
histograms in Figures 1 and 2 and the box plot in Figure 
3. The percentage of anesthesia providers who used an 
appropriate measure to determine adequate ET tube CPs 
increased from 10% to 94% after implementation (3/30 
vs 29/31, P < .0001). 

Additionally, the frequency of checking the CP during 
the case and the anesthesia provider knowledge was 
improved. The percentage of anesthesia providers who 
monitored CP at the beginning and every hour thereaf-
ter increased from 11% to 53% (P = .0007). Anesthesia 
providers’ knowledge of an accurate CP (20-30 cm H2O) 
increased from 35% to 87% (/30 vs 27/31, P < .0001). In 
the preimplementation data, 25 (83%) of 30 respondents 

Figure 1.  Preimplementation Endotracheal Tube Cuff 
Pressures (cm H2O)

Figure 2.  Postimplementation Endotracheal Tube Cuff 
Pressures (cm H2O)
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would use a 10-mL syringe to fill their ET tube cuffs, 
with the remaining 5 respondents (17%) using a 5-mL 
syringe. The postimplementation data resulted in 20 
(63%) of 32 responses demonstrating a change of prac-
tice to regularly using a 5-mL syringe to inflate their ET 
tube cuffs (P = .0001).

Last, a chart review was undertaken to review 40 an-
esthetic charts 30 to 60 days after implementation. The 
chart review demonstrated that 30 (75%) of 40 general 
ET anesthetics had ET tube CP documented, and all pres-
sures were within the range of 20 to 30 cm H2O. The pre-
implementation data tool had a self-reported incidence of 
6 (19%) of 31 regularly documenting CPs. Seven of the 
10 charts without CP documentation were from 3 provid-
ers. These 3 providers were questioned as to why they 
chose not to document CPs. Two stated that they had 
begun to regularly check pressures but declined to docu-
ment their pressures. The third provider believed his or 
her palpation technique provided the best measure of CP 
and that the documentation of palpation was unneces-
sary. The providers of the 3 remaining undocumented 
charts reported regularly checking and documenting CPs 
but simply forgetting to document them in this instance.

Discussion
The substantially increased likelihood of a patient at this 
military treatment facility undergoing general ET anes-
thesia having an ET tube CP in the recommended range 
of 20 to 30 cm H2O after implementation is clearly dem-
onstrated by the results of the statistical analysis. This 
improvement in practice, if sustained, should result in 
the potential for fewer complications resulting from poor 
management of CPs. 

The overall staff knowledge of ET tube CPs improved 
demonstrably as evidenced by results of the postimple-
mentation data collection tool. The availability of cuff 
manometers in all anesthetic locations led to a more than 

9-fold increase in their use during general ET anesthesia. 
These changes coincided with the overall improvement 
in CP management. 

The volume of air injected into an ET tube cuff can be 
directly affected by the size of the syringe used to inflate 
the cuff, with larger syringes resulting in higher CPs.1,27 
With the literature demonstrating that a syringe size less 
than 5 mL will often result in an ET tube CP in the 20 
to 30 cm H2O range, this change to best practice should 
result in less initial overpressurization of ET tubes.1,27

Additionally, this group of anesthesia providers dra-
matically changed their documentation practice regarding 
ET tube CPs. Whether this was a result of the documen-
tation reminder in the electronic record or a result of an 
increased cognizance of ET tube CPs is perhaps an area 
of further inquiry. Another potential area of further study 
is whether the improvement in CP management will con-
tinue past the postimplementation evaluation phase.

Conclusion
The current evidence in the literature is clear that 20 to 
30 cm H2O pressure in an ET tube cuff is the range that 
provides the safest pressure margin to patients undergo-
ing general ET anesthesia. Moreover, anesthesia provid-
ers are inconsistent in subjective measures, such as the 
palpation technique, in determining optimal ET tube CP 
and the current best objective measurement is the cuff 
manometer. Additionally, changing practice by attaching 
a 5-mL syringe to the pilot balloon instead of the more 
common 10-mL syringe may result in fewer initially 
overpressurized ET tubes. 

By removing barriers to widespread use of cuff ma-
nometers in this facility, the shift in the clinical data 
obtained from before to after implementation highlights 
a knowledge shift and the implementation of evidenced-
based practice into widespread use in this anesthesia 
department. The dramatic decrease in overpressurized 
ET tube cuffs in this institution should not only result in 
a reduction of common intubation morbidities such as 
sore throat but also should minimize the risk of higher 
morbidity events such as tracheal stenosis or rupture. 
This project was well received by participants and dem-
onstrates a successful example of translating the available 
research and the implementation of evidence-based prac-
tice into daily clinical routine. 
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