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Abstract
Cuff pressure gauges are the only recommended instrument to perform controls on endotracheal tube cuff pressure during 
anesthesia. No calibration is mandatory for these devices. The aim of this study was to describe the level of conformity of 
various cuff pressure gauges. The single-center measurements were performed with a cuff pressure calibrator on all cuff 
pressure gauges that were usually used in the operating room. Seven measurements (repeat three times) on each cuff pres-
sure gauges at different levels of pressures (i.e. 0, 10, 20, 27, 30, 40 and 50 cmH2O) were performed. Our homologation 
criteria were either the reliability of the leak test (value of cuff pressure gauges maintained at 120 cmH2O during 5 s) or the 
difference between the values of the cuff pressure tested and the calibrator below 1.3 cmH2O at the range of 20–30 cmH2O. 
A total of 567 measurements on 27 cuff pressure gauges were performed. Only 30% (n = 8/27) of the cuff pressure gauges 
reach our homologation criteria. 30% (n = 8/27) failed at the leak test. 48% (n = 13/27) of the cuff pressure gauges tested, had 
a calibration variation error > 1.3 cmH2O on the levels of pressure between 20 and 30 cmH2O. A minority of cuff pressure 
gauges went through our homologation criteria. These results demonstrate us that there is a real problem of the reliability 
and the follow-up of those medical devices. This study suggests to reinforce biomedical engineering control on these devices.
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1 Introduction

Tracheal intubation constitutes a routine part of anaesthetic 
practice both in the operating room as well as in the care of 
critically ill patients. Inaccurately size endotracheal tubes 
cuff may lead to inadequate ventilation during anesthesia 
[1]. Lower cuff pressure does not protect the trachea from 

leakage of gas or secretions passing around the cuff. Isola-
tion of the lower part of the airway enables efficient lung 
ventilation and reduces the risk of ventilation associated 
pneumonia [1]. With the new generation of ventilators, it is 
now easy to detect a leak of the endotracheal tube cuff and 
to correct it with some insufflation of the cuff. Besides the 
detection of a leak, monitoring cuff pressure is a well-proven 
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technique to prevent ventilator associated pneumonia as it 
decreases the risk of aspiration of respiratory secretions 
from the supraglottic space. But there is a morbidity associ-
ated with endotracheal tube cuff over-inflation. Excessive 
cuff pressures above 30 cmH2O decrease mucosal blood 
flow, with near complete stop of flow around 50 cmH2O [2]. 
Tissue ischemia may occur beyond an endotracheal tube cuff 
pressure of 30 cmH2O during a period of more than 15 min 
[3–5]. These may impair tracheal mucosal perfusion and 
cause tracheal damage like mucosal ulceration, sore throat, 
hoarseness and dysphagia [6]. To prevent those damages, it 
is necessary to adjust endotracheal tube cuff pressure [7]. 
Endotracheal tube cuff pressure monitoring is still one of 
the standard of care offered to anesthetized patients in the 
operative theater. A cuff pressure gauge is the only recom-
mended instrument to perform these controls. Although, no 
calibration is mandatory on these devices.

The aim of this study is to describe the level of conform-
ity of various cuff pressure gauges used daily in the operat-
ing room and thus to test for their reliability.

2  Methods

To test cuff pressure gauges, we used portable, round pres-
sure gauge new calibrator 700G02 (Fluke™, Eindhoven, 
Netherlands) for fast and accurate calibration test results. 
This pressure gauge calibrator had an accuracy to 0.04% of 
reading. The calibration uses measurement standards trace-
able to the National Institute of Standards and Technology 
(NIST, Gaithersburg, USA). The calibrator had a direct con-
nection to the cuff pressure gauges without the necessity to 
use an endotracheal tube cuff. No patient was necessary. It 
is not a clinical study but an experimental study on devices.

Before starting the measurement of each cuff pressure 
gauges, temperature and hygrometry were collected with 
a digital probe NUM TH METAL reference 10948 (JRI, 
Fesches-le-Châtel, France). The uncertainty of temperature 
was 0.5 °C. The uncertainty of the hygrometry was 1.2%. 
All data were collected with a Spy RF® N temperature 
recorder modele N2 reference 06429 (JRI, Fesches-le-Châ-
tel, France).

The first way to test the cuff pressure gauges was to per-
formed a leak test. This leak test was performed for each 
cuff pressure gauges by applying a pressure of 120 cmH2O 
and closing its outlet for 5 s. If the pressure was falling 
down during the following 5 s of observation, the test was 
considered as a failure. Then, seven measurements on each 
cuff pressure gauges at different pressures were made at: 
0, 10, 20, 27, 30, 40 and 50 cmH2O were performed. All 
these measurements were repeated three times for each cuff 
pressure.

As said above tissue ischemia may occur beyond a endotra-
cheal tube cuff pressure of 30 cmH2O during a period of more 
than 15 min [3–5]. Nevertheless, to use inaccurate size of 
endotracheal tubes cuff may lead to inadequate ventilation 
during anesthesia. So, for this study, the optimal pressure to 
avoid complications was first set at 27 cmH2O which explains 
why each cuff pressure gauges were tested at the pressure of 
27 cmH2O in regards to the French guidelines [8].

Our homologation criteria were: either absence of failure 
to the leak test (value of cuff pressure gauges does not move 
at the pressure of 120 cmH2O and for 5 s) or the difference 
between the values of the cuff pressure tested and the cali-
brator below 1.3 cmH2O at the range 20 and 30 cmH2O.

2.1  Statistical analysis

Variables were described using percentage, mean, standard 
deviation and quartiles. All series of measurements have been 
repeated three times in order to reduce the uncertainty using 
the formula: √(Ureading

2 + Urepetability
2 + Ustandard

2) = 0.7 cmH2O. 
The uncertainty of reading was related to the graduation of the 
pressure gauge. A “B” type of uncertainty was presented by the 
resolution of the pressure gauge graduation (gap of 2 cmH2O). 
This resolution was divided by six to obtain the uncertainty 
of reading  (Ureading = 0.33  cmH2O). The expanded uncer-
tainty of reading for a standard deviation of 95% (K = 2) was 
 Ureading = 0.66 cmH2O. The pressure gauge uncertainty of repeat-
ability was a “A” type of uncertainty. It was evaluated with the 
standard deviation from three different pressure gauges models. 
With 210 measurements, a Student’s coefficient for ten meas-
urements with a 95% confidence index = 2.23 was applied. The 
repeatability was then assessed using the formula:  Urepeatability 
Student’s * coefficient (mean standard deviation/measurement 
number) = 0.02899 cmH2O. Compared to uncertainty of the 
repeatability of the model, it is possible to estimate the validity 
of the series of measurements.  Ustandard was defined by the quar-
ter of the uncertainty precision of the pressure gauge calibrator, 
it was equal to 0.0176 cmH2O. A tolerance area of 2 cmH2O 
was selected (excluding any risk of complications). It has been 
subtracted from the propagation of uncertainties i.e. 0.7 cmH2O, 
so a conformity zone of 1.3 cmH2O (Fig. 1). The conformity of 
the manometer was validated if the leak test was negative and 
also if a difference between the displayed value of the calibrator 
and the pressure gauge was less than 1.3 cmH2O in the range 
20–30 cmH2O.

3  Results

The measurements were performed at the University Hos-
pital of Nancy (France) with all cuff pressures that were 
usually used in the operating room. The mean (SD) tem-
perature during the test were stable at 22.26 °C (1.68). The 
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mean (SD) hygrometry during the tests were 25.96% (3.23). 
27 cuff pressure gauges from three companies [Covidien 
(Dublin, Ireland) n = 7, Mallinckrodt (Dublin, Ireland) n = 17 
and Portex (La Chapelle-Saint-Luc, France) n = 3] were 
tested. All the cuff pressure gauges were from the univer-
sity hospital. A total of 567 measurements were performed: 
one leak test for cuff pressure gauges and seven measure-
ments at each defined level of pressure (0, 10, 20, 27, 30, 40 
and 50 cmH2O) repeated three times for each cuff pressure 
gauges. The real variations of the calibrator at different lev-
els of pressure of the cuff pressure gauges are represent in 
the Table 1. The measurements of the real pressure of the 
calibrator at different levels of pressure are shown in on the 
Table 2 and the Fig. 2. The variation of pressure measured 
with the calibrator at different levels of pressure per com-
pany is represented in the Fig. 3.

Only 30% (n = 8/27) of the cuff pressure gauges reached 
our homologation criteria. 30% (n = 8/27) failed at the leak 
test. 48% (n = 13/27) of the cuff pressure gauges tested, had a 
calibration variation error > 1.3 cmH2O on the levels of pres-
sure of 20–30 cmH2O. The mean (SD) [min–max] of these 
non-homologation variations of the calibration on pressure 
levels were at 20 cmH2O: + 1.8 (1) [0.1–4.1] cmH2O, at 
27 cmH2O: + 1.8 (1.2) [0.2–4.9] and at 30 cmH2O: + 1.8 (1) 
[0.3–4] cmH2O. Only 7% (n = 2/27) of cuff pressure gauges 
have failed both the homologation criteria.

At the optimal pressure to avoid complications 
(27 cmH2O), 11% (n = 3/27) of the cuff pressure gauges are 

potentially dangerous with an under estimation of the real 
pressure. The real mean pressure of these three cuff pressure 
gauges are not 27 cmH2O but 29.4, 29.7 and 31.9 cmH2O 
respectively.

There is an increase of the variations between the 10th 
and the 90th percentiles at high levels of pressure. The 
maximal difference of one measure was + 5.1 cmH2O at a 
50 cmH2O level. The higher is the pressure, the wider is the 
imprecision.

4  Discussion

This study demonstrates that the majority of the cuff pres-
sure gauges available on the market and tested in this study 
had a variation of the inflation pressure especially at the 
highest levels of pressure. For endotracheal recommended 
pressure, the difference is not clinically alarming.

In this study, some models of cuff pressure gauges could 
not be tested because they were not available in the hospi-
tal during the evaluation. The cuff pressure gauges tested 
were those used every day in the operating room of the 
single institution that conducted this evaluation. In France, 
it is not legally necessary to report on the longevity (num-
ber of years used in clinical practice) of those medical 
devices [9]. As a consequence, we did not know in our 
center for how long these devices had been in use. This 
may influence the outcome of the measurements. These 
devices required no mandatory follow-up by biomedical 
engineering. In France, medical devices are subjected to 
a classification in critical category according to Annex 
IX of European Directive/Regulation 93/42/EEC [9]. This 
classification is made according to 18 rules [9]. To date, 
cuff pressure gauges are classified in the first category and 
are not subjected to any monitoring or follow-up on their 
efficacy. This study shows that even if the results for clini-
cal level of pressure are reassuring, the differences of the 
results between every cuff pressure gauges is probably a 
reason to change the classification in the critical category 

Fig. 1  Statistical analysis of the tolerance area: an addition of uncer-
tainty of the conformity area

Table 1  Measurements of the real variations of the calibrator at dif-
ferent level of pressure of the cuff pressure gauges

Level 
pressure 
 (cmH2O)

n Mean 
 (cmH2O)

Standard 
deviation 
 (cmH2O)

Minimum 
 (cmH2O)

Maximum 
 (cmH2O)

0 27 + 0.69 1.12 0.00 4.81
10 27 + 1.18 0.97 0.11 4.55
20 27 + 1.15 0.98 0.03 4.13
27 27 + 1.08 1.09 0.01 4.91
30 27 + 1.24 0.96 0.11 4.00
40 27 + 1.21 0.98 0.02 3.54
50 27 + 1.42 1.11 0.24 4.53

Table 2  Measurements of the real pressure of the calibrator at differ-
ent level of pressure

Level 
pressure 
 (cmH2O)

n Mean 
 (cmH2O)

Standard 
deviation 
 (cmH2O)

Minimum 
 (cmH2O)

Maximum 
 (cmH2O)

0 27 + 0.6 1.2 − 0.3 + 4.8
10 27 + 10.7 1.4 + 7.9 + 14.5
20 27 + 20.5 1.4 + 17.6 + 24.1
27 27 + 27.6 1.4 + 25.1 + 31.9
30 27 + 30.5 1.5 + 27.0 + 34.0
40 27 + 40.4 1.5 + 37.3 + 43.5
50 27 + 50.6 1.7 + 47.2 + 54.5
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and then ensure regular monitoring by biomedical engi-
neering to ensure reliability. This study suggests that 
future evaluations will necessarily have to integrate the 
control of the pressure of the cuff pressure gauges with a 
calibrator. Without this controls, it will be difficult to draw 
any conclusions from studies on factors inducing tracheal 
tissue ischemia.

Some cuff pressure gauges are not adapted to the use in 
anesthesia practice. In fact, they are arbitrarily provided by 
the manufacturers of an inflation pressure area, character-
ized by a wide, falsely reassuring area, sometimes ranging 
from 0 to 35 cmH2O (Fig. 4). Inaccurate size of endotracheal 
tube cuff may lead to inadequate ventilation during anesthe-
sia and tissue ischemia may occur above 30 cmH2O [3–5]. 

Fig. 2  Variation of cuff pres-
sure gauges measured with the 
calibrator at different levels of 
pressure. Open boxes represent 
the 1st to 3rd quartiles and 
contain the median (horizontal 
bar) and the mean (blue dia-
mond); vertical bars represent 
maximum between minimum 
and Q1 − 1.5(Q3 − Q1) and, 
minimum between maximum 
and Q3 + 1.5(Q3 − Q1) (where 
Q1 is the 1st quartile, Q3 the 
3rd quartile)

Fig. 3  Variation of cuff pres-
sure gauges measured with the 
calibrator at different levels of 
pressure per company (Mall-
inckrodt n = 17, Covidien n = 7, 
Portex n = 3). Open boxes 
represent the 1st to 3rd quar-
tiles and contain the median 
(horizontal bar) and the mean 
(circle); vertical bars represent 
maximum between minimum 
and Q1 − 1.5(Q3 − Q1) and, 
minimum between maximum 
and Q3 + 1.5(Q3 − Q1) (where 
Q1 is the 1st quartile, Q3 the 
3rd quartile)
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For this study, the optimal pressure chosen to avoid com-
plications was fixed at 27 cmH2O according to the French 
recommendations [8]. So, the drawing of this pressure area 
on future devices could be modified to be within a reduced 
range of 26–28 cmH2O. Especially because this study shows 
that imprecision is more present for high levels of pressure.

In clinical practice, the uncertainty of reading was related 
to the graduation of the pressure gauge. The resolution of 
the pressure gauge graduation seems to be to low (gap of 
2 cmH2O). It’s certainly necessary to focus on digital cuff 
pressure gauges to overpass this uncertainty.

In conclusion, a minority of cuff pressure gauges, used 
daily in the operating room, goes through our homologation 
criteria. These results demonstrate that there is a real prob-
lem of reliability and follow-up of those medical devices. 
An anesthesiologist must be able to trust the devices he uses 
daily. This study suggests to perform a regular and manda-
tory follow-up by biomedical engineering on our cuff pres-
sure gauges devices. Further studies are necessary to check 
the frequency of the monitoring of cuff pressure gauges and 

the reliability according to their age and number of years 
in use.
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