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Measurement reliability of endotracheal tubes cuff pressure
between industrial and handmade devices
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ABSTRACT

Introduction: The cuff pressure is measured in industrial equipment, however, be valid in the craft equipment is still questioned.
Objective: To evaluate the reliability of the measurement methods of cuff pressure endotracheal tubes with industrialized and
handmade equipment. Method: Were analyzed 40 endotracheal tubes, two brands (Solidor and Ruschelit) and different diameter
(8,0 mm and 8,5 mm), inflated 20mL of air in the pilot balloon with plastic syringe and 20 mL, followed by pressure measurement device
with industrial (cmH2O) and handmade device (mmHg). After the conversion of cmH2O values for mmHg, the reliability and agreement
of measurements were performed by intra-class correlation (ICC) and Bland-Altman tests, respectively, using SPSS (version 15.0) and
adopting a significance level of 5% for all comparisons. Results: The data showed similarity between the different pressure equipment,
brands and diameter, and demonstrated strong correlation and agreement between the methods. Tube Rus8,0mm industrial versus
handmade (28.2±5.8 vs 28.4±6.2 mmHg: ICC=0.998; bias=0.20); Tube Solidor8.0mm industrial versus handmade (75.9±1.1 vs 76.4±1.2 mmHg:
ICC=0.878; bias=0.40); Tube Rus8.5mm industrial versus handmade (17.1±8.8 vs 17.8±8.9 mmHg: ICC=0.999; bias=0.67); Tube Sol8.5mm
industrial versus handmade (78.7±4.7 vs 78.6±4.6 mmHg: ICC=0.996; bias=-0.1). Conclusion: The high reliability and agreement presented
in this study suggest that the cuff pressure gauge handmade can be used safely to evaluate the cuff pressure of the endotracheal tube.
Keywords: endotracheal intubation, trachea, Intensive Care Unit, reproducibility of results.

INTRODUCTION
An artificial airway consists of a tube, or tracheal cannula
provided with an inflatable cuff(1-4), at the bottom end which
in turn is connected to a balloon pilot, equipped with a spring
tensioned valve and a connector that allows inflation and
deflation(5). The cuff has the function to ensure the proper
pulmonary ventilation without allowing air leakage(3,6-8), and
prevent aspiration of oropharyngeal and gastroesophageal
contents into the lungs(3,6-10).
The pressure in the cuff is harmful to the tracheal
mucosa (6,9-11) especially when the pressure setting is not
appropriate, using extremely safe values(9-11). However, the air
volume used to inflate the balloon must not generate higher
pressure than the tracheal mucosa perfusion, only a “seal”
pressure to enclose de air(7,10-12).
Martins et al. (13), call out attention to injuries arising
from the insertion of an artificial airway, claiming that they
are associated with a local trauma, extended remain, using
inappropriate caliber tubes to the patient, and high cuff
pressures.
According to Scanlan and Simmons (14), these injuries
are attributed to the fact that the artificial airway does not

have the exact shape of the patient’s anatomy, causing high
pressure on the tissue, since the tracheal mucosa has an
infusion pressure between 30 to 40 mmHg(4), and when higher
pressures are enforced to the tracheal structures, we have as
results(11,14): tissue ischemia, ciliary loss, bleeding, ulceration,
tracheomalacia (softening of the tracheal cartilage), subglottic
stenosis, and tracheoesophageal fistula(3,10,15).
In this sense, Peña et al.(3) argue that this pressure keep
between 25 to 34 cmH2O with a minimum limit of 20 cmH2O
to prevent air leakage and bronchoaspiration. Souza and
Santana (16) argue that the cuff should be kept inflated
with an ideal pressure of 20 to 30 cmH2O, to prevent any
bronchoaspiration, using a lower pressure, and damage to the
tracheal wall, in the use of a higher pressure. However, there
is no agreement to the maximum pressure value in the cuff of
the endotracheal tube to avoid injury. To Castillo et al.(11), the
critical pressure value in the cuff have been considered from
25 to 39 cmH2O, near capillary perfusion pressure(11), however,
despite the knowledge of the complications that excessive
pressure of the cuff causes and the necessity of it pressure
checking, this routine is neglected in most hospital services(11).
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Aranha et al.(6), reveal that 83,2% of Intensive Care Unit
(ICU) services do not routinely measure the pressure cuffs,
and propose a quick and low cost maneuver to adjust these
pressures using a digital pressure gauge graduated in cmH2O
coupled to the syringe of 15 cm3, with graduation.
Nowadays, there are in the market industrial devices that
are specific to measuring the pressures of the cuff, but hasn’t
been found in the scientific literature a research that has
comparing the measurement of the endotracheal cuff pressure
using industrial equipment and using a handmade device.
Thus, the aim of this study was to evaluate the reliability of
the endotracheal tube cuff pressure measurement methods
between industrial and handmade equipment.

This procedure was repeated 10 times in each endotracheal
tube and all the steps previously described were executed with
both brands and diameter of tube, by one researcher.
At the end of the measurement and register of data, the
values obtained were converted from cmH2O to mmHg (value
in cmH2O x 0.7355) for comparison, since the instruments use
different units of measurement.
Statistical analysis
The data were analyzed at the electronic spreadsheet
Statistical Package for the Social Science (SPSS – 15.0 – IBM
Corporation, USA), and the reliability and agreement of the
measures was evaluated by the intra-class correlation (ICC)
and Bland-Altman tests, respectively, using a significance level
of 5% for all the comparisons.
The classification suggested by Santos et al.(17), for the
analysis of the ICC, was used: null = 0.0; weak = 0.01 a 0.3;
regular = 0.31 a 0.6; strong = 0.61 a 0.9; very strong = 0.91 a 0.99;
and full = 1.0.

METHOD
Sample Characteristics
Forty endotracheal tubes from two different brands
(Solidor - Well/Lead Medical Cd., Ltd/China; Rusch - Rüsch
Ltd/Uruguay) with specific diameters (8.0 mm and 8.5mm)
were divided into four groups of ten tubes separated by brand
and diameter, so they could be analyzed.
All tubes were subjected to a functional inspection, and
the tubes remained in the study showed its components
unchanged, lacerations or perforations cuff.
The instruments for measurement of cuff pressure used
were an industrial analogical cufflator, graduated in cmH2O
(VBM – Germany) and an analogical pressure manometer,
graduated in mmHg (Premium – Brazil) attached to a three‑way
stopcock and to a 20 ml syringe, which is the handmade
cufflator. Both instruments were properly calibrated by
Instituto de Metrologia e Qualidade Industrial da Paraíba
(IMEQ-PB, Brazil), before the beginning of the research,
based on the Instituto Nacional de Metrologia, Qualidade e
Tecnologia (Inmetro) ordinance number 24, from February
22, 1996, about the standards of periodic calibration of the
instruments.

RESULTS
The intra-class correlation test – ICC (Figure 2A) showed a
strong correlation (ICC=0.998, p<0.001) between the measures
of the cuff pressure of the Rusch endotracheal tubes of
8.0 mm, measured by the industrial cufflator (28.2±5.8 mmHg)
and the handmade cufflator (28.4±6.2 mmHg). According to
the Bland-Altman test (Figure 2B) that evaluated the difference
between both methods of pressure measurement (industrial
and handmade cufflator), it was observed a very low and
without statistical significance bias (0.20), and the Upper Limit
of Agreement (ULA=1.292) and Lower Limit of Agreement
(LLA=-0.902) of agreement point to a difference of 0.39 mmHg
between the two measurements.

Procedures
The data were collected at the IMEQ-PB laboratory,
using the handmade and industrial cufflator as comparative
measure procedure of the method of measurement of the
cuff pressure of endotracheal tubes (Figure 1), through the
following protocol: inflation of 20 ml of air into the pilot
balloon of the tube with a plastic syringe (20 ml), followed
by the measurement of the pressure through the analogical
cufflator (VBM – Germany). After that, the balloon was
completely deflated, then it was inflated again with 20 ml
of air and a new measure was made through the handmade
cufflator (an analogical manometer graduated in mmHg and an
inflatable pear - both from the sphygmomanometer Premium
– connected to a three-way stopcock).

Figure 1 - Instruments used in the study: a) handmade cufflator; b) endotracheal
tube; c) industrial cufflator
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Figure 2 - Intra-class correlation (ICC) between handmade and industrial cuff pressure gauge (A) and Bland-Altman for differences and means of pressure
measurements of the endotracheal tube Rusch – 8.0 mm (B). Legend: ULA=upper limit of agreement; LLA=lower limit of agreement

The measurements of the cuff pressure of the Solidor
endotracheal tubes of 8,0 mm (Figure 3A), measured by
the industrial cufflator (75.9±1.1 mmHg) and the handmade
cufflator (76.4±1.2 mmHg) showed a strong correlation
(ICC=0.878; p<0.002). These measurements also showed
good concordance, since the graphic of the Bland-Altman test
(Figure 3B) also shows a low bias (0.40), and the Upper Limit
of Agreement (ULA=1.869) and Lower Limit of Agreement
(LLA=1.065) of agreement, showing a difference of 8.0 mmHg
between the two measures.
The comparison of the measures of the cuff pressure of
the Rusch endotracheal tubes of 8,5 mm (Figure 4A) showed a
very strong correlation coefficient (ICC=0.999; p<0.001) for the
variables industrial cufflator (17.1±8.8 mmHg) and handmade
cufflator (17.8±8.9 mmHg), while the scatter diagram of the
Bland-Altman test (Figure 4B) showed a low bias (0.67), with
Upper Limit of Agreement (ULA=1.734) and Lower Limit of
Agreement (LLA=-0.398) of agreement, showing a difference
of 1.336 mmHg between the two measures.
The comparison of the pressure of the Solidor endotracheal
tubes of 8.5 mm (Figure 5A) between the measures of the

industrial cufflator (78.7±4.7 mmHg) and the handmade
cufflator (78.6±4.7 mmHg) also showed a very strong correlation
coefficient (ICC=0.996; p<0.001). At the Bland‑Altman graphic
(Figure 5B) for evaluation of the methods concordance, the
comparison between the measures showed a negative and low
bias (-0.10) and a small difference (0.19) between the ULA of
1.015 and the LLA of -1.205.
DISCUSSION
The reliability and consistency of the methods adopted
on this study were determined by intra-class correlation
coefficient (ICC) tests(17,18) or reproducibility coefficient (R)(17,18)
and Bland-Altman(19,20), respectively. The latter provides a graph
that lets you easily view and interpret the size and magnitude
of differences in measurements, errors or outliers (21-23).
Through this tests can be determined the confidence interval
to the average difference and the limits of agreement. The data
presented indicate measuring error and may influence the
clinical acceptability of the methods used(21-23).
In the current study was demonstrated that beyond
the existence of a very strong correlation coefficient
3
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Figure 3 - Intra-class correlation (ICC) between handmade and industrial cuff pressure gauge (A) and Bland-Altman for differences and means of pressure
measurements of the endotracheal tube Solidor – 8.0 mm (B). Legend: ULA=upper limit of agreement; LLA=lower limit of agreement

(ICC ≥ 0.91 ≤ 0.99)(17,18), between the checking methods of
endotracheal cuff pressure, the Bland-Altman test(19,20), by
the low biases presented in both instruments, indicated high
agreement between methods, and confirmed the benefit of
practical use thereof.
The cuff pressure measurement of the endotracheal tube is
a high importance procedure for prevention and minimization
of complications associated with artificial airway institution(24),
this in turn requires the use of a device developed specifically
for this purpose, manometer and cuff gauge, methods
considered safe and reliable(6,7,10,24,25), data that corroborate
with the results of this study. However, in recent study(26), it is
observed that in Brazil many hospitals do not have such device
due to its high cost and the pressure is checked by indirect
measurements.
Thus, the replacement of an instrument or other evaluation
technique is only possible in case the new device is equivalent
to the previous one and has to be tested prior to clinical use(27).
It is very unlikely that a measurement in two different clinical
devices is exactly the same. Bland and Altman(28), propose
that the difference between the instruments be as small as

possible in order to provide equivalent, accurate and reliable
measurements(28), confirming the results of this study.
The Agência Nacional de Vigilância Sanitária – ANVISA,
Brazil(29) sorts the specific device to measure pressure cuff as
manometer and groups, in a single register, various gauges for
various purposes. However, both the industrial and artisanal
cuff gauge [also registered with ANVISA(29) in gauge category]
performs the same function: to measure a given pressure,
suggesting that there are similarities and security in both
equipments used for the measurement of this cuff study.
Several studies have showed that is not a routine of
hospital services measurement the cuff pressure(3,6,7,11,12,25) and
researches show that the method of digital palpation of the
external cuff is insufficient and ineffective to detect pressure
changes(3,7,19,11,25,30).
The issue of poor compliance of cuff pressure measurements
is something serious, among the causes observed for not
gauging, the economic justification arises between them.
The financial reality of public health services is very poor with
a deficit of basic inputs. As raised by Freitas and Schramm(31),
in Brazil the social and regional disparities mean that the
health needs vary, falling to the managers of health policies,
4
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Figure 4 - Intra-class correlation (ICC) between handmade and industrial cuff pressure gauge (A) and Bland-Altman for differences and means of pressure
measurements of the endotracheal tube Rusch – 8.5 mm (B). Legend: ULA=upper limit of agreement; LLA=lower limit of agreement

the responsibility of rationalizing the resources available(31),
since the high cost of a specific equipment to measure the cuff
pressure can be a barrier to its acquisition. Thus, the handmade
model could be an inexpensive cost-benefit in minimizing this
lack of equipment and control cuff pressures.
Sultan et al.(27) have shown that several factors influence the
variation of the cuff pressure, as a change in tracheal muscles
tonus, hypothermia, the patient position and also the cuff (27),
reinforcing the need for frequent monitoring and adjustment
of cuff pressure.
Some studies(32-34) indicates that cuff inflation must be
carried out until there is complete occlusion of the pathway
and no air leaks. However, others(35,36) show that it is essential
to control the cuff pressure.
Annoni and Pires-Neto(26) report that the technique that
uses the syringe to measure the cuff pressure is not effective
to keep the cuff pressure within the recommended limits
and therefore is not safe. However, they claim that it is an
alternative, cheap and fast method to ensure that this is
neither too high to injure the trachea nor too low to avoid
micro aspirations in hospitals where there is no specific
manometer to perform such measurements.

However, the results of this study demonstrated through
the Bland-Altman plots that practically there is no difference
between the two methods of endotracheal tube cuff pressure
from Rusch and Solidor brand with 8.0 and 8.5 mm of
diameter, measured both by industrial gauge as the artisanal
one, indicating a strong consistency in the allocation of both
methods, suggesting recommendation of this measurement
method.
The limitation of this study was the in vitro realization
doesn’t reproduce the cuff pressure variations that could
involve on the mucosa of patients with artificial airway.
Although, according to Ono et al. (37), a simple change in
the angle of the head causes changes in cuff pressure, the
authors further state that the cough reflex and the swallowing
reflex changed by the awareness are factors that alter the
pressure of the cuff. Thus, the fact that study was conducted
in vitro is a relevant limitation, because it couldn’t introduce
forms of control for many variables in an experiment in vivo.
Another limitation is due to the fact that the data collection
was not made by methodological “blind” design. In addition
to methodological limitations is the fact of not having been
assessed and calculated the existence of leakage in the
5
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Figure 5 - Intra-class correlation (ICC) between handmade and industrial cuff pressure gauge (A) and Bland-Altman for differences and means of pressure
measurements of the endotracheal tube Solidor – 8.5 mm (B). Legend: ULA=upper limit of agreement; LLA=lower limit of agreement

equipment built by hand besides not having been randomized
the order of steps.

preparation and revision of the manuscript; SSM: statistical treatment;
preparation and revision of the manuscript.
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CONCLUSION
The high reliability and agreement presented in this study
suggest that the cuff pressure gauge handmade can be used
safely to evaluate the cuff pressure of the endotracheal tube,
proving to be an useful and cost-effective tool in the Intensive
Care Unit services.
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