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Abstract

To evaluate the effect of different inflation volume on the measurement accuracy of the modified cuff pressure measurement
method in different shapes of cuffs, so as to provide reference for the correct monitoring of cuff pressure in clinic. In vitro
study: The traditional cuff pressure measurement method (the cuff pressure gauge before measurement shows 0 cm H,0)
and the modified cuff pressure measurement method (the cuff pressure before measurement shows 25 cm H,0, 28 cm H,0,
30 cm H,O or 32 cm H,0) were used to measure cylindrical and tapered cuffs, and the effect of different inflation volume on
cuff pressure was analyzed statistically. Clinical study: patients with the artificial airway established by orotracheal intuba-
tion or tracheotomy in Neuro-ICU were prospectively selected as subjects, and the measurement procedure was the same
as in vitro study. In vitro study showed that the pressure loss values of cylindrical cuff and tapered cuff using the traditional
cuff pressure measurement method were (3.75 + 0.31) cm H,O and (4.92 + 0.44) cm H,0, respectively, and clinical study
showed that the pressure loss values were (5.07 + 0.83) cm H,O and (5.17 & 0.93) cm H,0, respectively. The actual meas-
ured values measured by the traditional cuff pressure measurement method of the two cuff shapes were compared with the
corrected target value of 28 cm H,0, and the differences were statistically significant (P < 0.000). Both in vitro and clinical
study had shown that all differences between the actual measured value and the corrected target value using the modified
cuff pressure measurement method (measured with 25 cm H,0, 30 cm H,0, 32 cm H,0) were statistically significant (P <
0.000), and the range of overall differences was (0-1.23 + 0.25) cm H,O. In vitro study had shown that the pressure vari-
ation coefficient (CV) of the tapered cuff was greater than that of the cylindrical cuff, and the difference was statistically
significant (3.08 + 0.25 VS 2.41 + 0.21, P < 0.000). The traditional cuff pressure measurement method can directly lead to
the cuff pressure drop, which is easy to cause the leakage of secretions on the cuffs and the misjudgment of the cuff pres-
sure by medical personnel. However, the modified cuff pressure measurement method can effectively reduce cuff pressure
loss, and taking the actual cuff pressure value as the inflation volume is the highest measurement accuracy.The tapered cuff
is more susceptible to air volume, so it is necessary to pay attention to its measurement and correction in clinical practice.

Keywords Modified cuff pressure measurement method - Cuff pressure - Cuff shape - Artificial airway - Measurement
accuracy

1 Introduction

Cuff management is an important part of artificial airway
management. The guidelines [1, 2] recommend that the cuff
pressure should be maintained at 25-30 cm H,O (1 cm H,O
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= 0.098 kPa), which can effectively seal the airway, pre-
vent aspiration and reduce the occurrence of complications
such as ventilator-associated pneumonia (VAP). Accurately
measuring cuff pressure is prerequisite for maintaining
cuff pressure within the normal range. Because of its sim-
ple operation and intuitive data, the cuff pressure gauge is
recommended by the Chinese Thoracic Society (CTS) [3]
to measure the pressure of high-volume and low-pressure
(HVLP) cuffs. However, in the process of clinical practice,
many low cuff pressure phenomena are still found in direct
measurement using cuff pressure gauge.In the past, it was
mostly attributed to the factors such as sputum suction,
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swallowing, changes in body position and time [4—7]. Ear-
lier study [8] had shown that using an cuff pressure gauge
to measure directly with 0 cm H,O before measurement in
accordance with the product manual will result in pressure
loss, which was mainly reflected in two aspects: one was
that a small amount of air escaped when the cuff was discon-
nected and connected; the second was that the pressure in
the cuff transferred to the internal space of the cuff pressure
gauge during the measurement, resulting in a decrease in
pressure.In order to reduce pressure loss, clinical medical
staff improved the device by introducing a three-way tap
[9].When measuring, connect the cuff pressure gauge to the
three-way tap, turn off the three-way tap after correction and
remove the cuff pressure gauge. This method can effectively
avoid the 1-2 cm H,O pressure loss of the cuff during the
disconnection and connection of the intermittent measure-
ment, but the main pressure loss caused by transferring from
the cuff to the cuff pressure gauge cannot be avoided.

For reasons of cuff pressure loss, the modified cuff
pressure measurement method was proposed [10]: con-
nect a three-way tap to the cuff pressure gauge, turn off
the three-way tap, inflate the cuff pressure gauge to 32 cm
H,O and then connect the cuff for measurement, while
another study [11] inflated to 30 cm H,O. It can be seen that
the modified cuff pressure measurement method has not yet
reached a unified consensus of the amount of inflation. The
effect of different inflation volume on the accuracy of cuff
pressure measurement is still not clear. Therefore, this study
combines in vitro experiments and clinical trials to evaluate
the effect of different inflation volume on the accuracy of
the modified cuff pressure measurement method in different
shapes of cuffs.The purpose is to clarify the optimal inflation
volume of the modified cuff pressure measurement method,
and provide a reference for the correct monitoring of cuff
pressure and prevention of complications.

2 Materials and methods
2.1 Invitro study

The study tools include the followings: Cuff pressure gauge
(German VBM Medical Technology Co., Ltd.), endotracheal
tube (ETT) of tracheotomy(Smith Medical Instruments (Bei-
jing) Co., Ltd., ETT size: 8.0, cylindrical cuff), ETT of tra-
cheal intubation (Kehui Medical Equipment International
Trade (Shanghai) Co., Ltd., ETT size: 8.0, tapered cuff),
three-way tap, and extension tube. The cuff pressure gauge
is composed of a dial, an inflatable bulb, a release valve and
an extension tube. The pressure ranges from 0 to 120 cm
H,0. It can be inflated by an inflatable bulb and deflated by
arelease valve.

@ Springer

Check the performance of the instrument before meas-
urement: (1) Check the cuff pressure gauge for air leakage:
press the Luer connector with your hand, pinch the inflatable
bulb, wait for the cuff pressure to reach 120 cm H,O, and
keep it for 23 seconds. If the pressure is stable, the perfor-
mance of the cuff is good, otherwise air leakage occurs; (2)
Check the ETT cuff for air leakage: under the premise of
ensuring tight connection, connect the three-way tap, exten-
sion tube, cuff pressure gauge and ETT. After inflating the
cuff to 30 cm H,0, observe whether the pointer moves. If it
moves, it is not available due to air leakage.

The steps are as follows: a three-way tap and an extension
tube are used to connect the cuff pressure gauge and ETT
cuff. In order to minimize the effect of the air volume in the
extension tube on the measurement results, the length of
the extension tube except the connection part is cut to lcm
under the premise of ensuring tight connection, convenient
operation and avoiding air leakage.The "traditional cuff pres-
sure measurement method"(As shown in Fig. 1-Left, "0 cm
H,O" displayed on the dial before turning on three-way tap):
(1) Inflate the cuff to 28 cm H,O ("initial corrected target
value") and turn the three-way tap to a 45° closed state. (2)
Press the release valve to deflate the cuff pressure gauge until
the dial shows 0 cm H,O, then turn on the three-way tap.
(3) Record the value ("actual measured value ") displayed
on the dial of the cuff pressure gauge after the pointer sta-
bilizes.The "modified cuff pressure measurement method"
(As shown in Fig. 1-Right, e.g "30 cm H,0" displayed on
the dial before turning on three-way tap): (1) Inflate the cuff
to the initial corrected target value of 28 cm H,O and turn
the three-way tap to a 45° closed state. (2) Press the release
valve to deflate the cuff pressure gauge until the dial shows
25 cm H,0, then turn on the three-way tap. (3) Record the
value( "actual measured value II") displayed on the dial of
the cuff pressure gauge after the pointer is stable. (4) Follow
the above steps to inflate the cuff pressure gauge until the
dial shows 28 cm H,0, 30 cm H,O, 32 cm H,0, and then
connect the ETT for measurement.

2.2 Clinical study

This study was a cross-sectional study, patients with arti-
ficial airways who were admitted to Neuro-intensive Care
Unit (Neuro-ICU) of Nanfang Hospital, Southern Medical
University (Guangzhou, China) from July 2020 to Sep-
tember 2020 were selected as study subjects. Inclusion
criteria: (1) Patients with artificial airway established
by orotracheal intubation or tracheotomy, ETT of tra-
cheal intubation with a tapered cuff or ETT of trache-
otomy with a cylindrical cuff; (2) Age of 18-80 years;
(3) Using HVLP cuff, ETT size: 7.0-8.5; (4) ETT of tra-
cheal intubation time <7 days, ETT of tracheotomy time
<30 days; (5) All the patients and their family members
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Fig.1 Schematic diagram of study tools connection (Taking ETT of
tracheal intubation with a tapered cuff as an example)—Left: Tradi-
tional cuff pressure measurement method (“0O cm H,0” displayed on

agreed to participate in the study and signed the informed
consent form. Exclusion criteria: (1) Patients in prone
position ventilation; (2) Leakage of ETT cuff; (3) Patients
with contraindication for head of the bed elevation; (4)
Pregnant or lactating women; (5) Patients with tracheal
injury, inflammation or foreign bodies.

The cuff pressure was measured and corrected after
operating factors such as sputum suction, subglottic suc-
tion, turning over and other factors that may cause cuff
pressure to drop. Patient status during measurement: the
head of the bed elevated 30°, the head in neutral position
and calm breathing state without coughing, swallowing,
agitation and no voluntary movement. The actual meas-
ured values and the corrected values were the end-expir-
atory cuff pressure values. The measurement steps were
the same as in vitro study.

This study carried out strict quality control, including
the following contents: (1) Both the cuff pressure gauge
and ETT cuffs should be checked for air leakage before
in vitro experiments and clinical trials; (2) The connec-
tion process should be tight to prevent leakage; (3) When
reading, keep the line of sight perpendicular to the cuff
pressure gauge and flush with the pointer. The researcher
and the trained Neuro-ICU nurses shall measure, read and
record at the same time. Correct target values and actual
measured values were all end-expiratory cuff pressure
values in clinical trial; (4) Avoid pulling during the meas-
urement process to inaccurate readings; (5) The patient
was measured under calm breathing to eliminate interfer-
ence from other clinical factors.

the dial before turning on three-way tap); Right: Modified cuff pres-
sure measurement method (e.g “30 cm H,O” displayed on the dial
before turning on three-way tap)

2.3 Ethical considerations

This study was in accordance with the World Medical Asso-
ciation Declaration of Helsinki-Ethical Principles for Medi-
cal Research Involving Human Subjects. Ethical approval
was obtained from the Ethics Committee of Nanfang Hos-
pital, Southern Medical University. (Approval Number:
NFEC-2020-210).

2.4 Statistical analysis

Statistical analyses were performed using SPSS ver-
sions 23.0. Measurement data were displayed as the mean
and standard deviation (X =+ s), intergroup comparisons were
conducted by the Student’s ¢ test, while intragroup compari-
sons were analyzed by the Student paired 7 test. The enumer-
ation data were expressed as number (1) and percentage (%),
and analyzed by Chi-square test or Fisher exact test. The
coefficient of variation(CV) evaluated the degree of change
of cuff pressure affected by the air volume, and the calcula-
tion formula [12]: [(P,,,0cP mean)F(Prmean-Pmin)}/2. Statistical
significance was set at P <0.05.

3 Results
3.1 Invitro study

The cylindrical cuff group and the tapered cuff group
were each repeatedly measured 30 cycles, a total of 300
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measurements. When comparing the same shape cuff group,
the differences between the actual measured value and the
corrected target value in the traditional cuff pressure meas-
urement method and the modified cuff pressure measure-
ment method (measured with 25 cm H,O, 30 cm H,0, 32
cm H,0) were statistically significant (P < 0.000).When
28 cm H,0O was measured, the actual measured value was
consistent with the corrected target value. In the traditional
cuff pressure measurement method, the pressure loss values
of the cylindrical cuff and the tapered cuff were (3.75 +
0.31) cm H,O and (4.92 + 0.44) cm H,O, respectively. The
ranges of the difference between the actual measured value
of the modified cuff pressure measurement method and the
corrected target value were (0-1.07 + 0.25) cm H,O and

(0-1.23 + 0.25) cm H,0, respectively. When comparing
different shapes of cuffs between the two groups, the actual
measured values of the traditional cuff pressure measure-
ment method and the modified cuff pressure measurement
method (measured with 25 cm H,0, 32 cm H,0) were com-
pared, and the differences were statistically significant (P
< 0.05). The CV between the two groups was statistically
significant (P < 0.000) (Table 1 and Fig. 2).

3.2 Clinical study
A total of 30 subjects were included in the clinical study,

of which 7 subjects were intubated first, followed by tra-
cheotomy, 18 cases of tracheotomy and 19 cases of tracheal

Table 1 In vitro study: the effect of different inflation volume in different shapes of cuffs on the actual measured values of the modified cuff

pressure measurement method

Cuff shape Corrected target ~ Traditional cuff pressure  Modified cuff pressure measurement method with different infla-  Coefficient of
value (cm H,0) measurement method tion volume (cm H,0) variation (CV)
0 cm H,O 25 cm H,0 28 cm H,O 30 cm H,O 32 cm H,0O
Cylindrical ~ 28.00 2425 +0.31 27.32 £0.28  28.00 £ 0.00 29.03 £0.23  29.07+£0.25 2.41+0.21
I 65.234 13.462 - -25.167 —23.028
P 0.000 0.000 - 0.000 0.000
Tapered 28.00 23.08 + 0.44 26.87 £0.37  28.00 £ 0.00 2892+ 037 2923 +0.25 3.08+0.25
I 61.604 16.784 - —13.449 -26.626
P 0.000 0.000 - 0.000 0.000
P 11.861 5.327 - 1.466 —2.544 —11.206
P 0.000 0.000 - 0.149 0.014 0.000

“The comparison between the actual measured value and the corrected target value in the same shape cuff group

"The comparison between the actual measured value of the cylindrical cuff and the tapered cuff

Fig.2 In vitro experiment/
clinical trial: comparison of the 2.007
difference between the actual
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intubation. There were no statistically significant differences
in gender, age, model, Acute Physiology and Chronic Health
Evaluation I (APACHE II) score, whether mechanical ven-
tilation and whether sedation between the two groups of
patients (P > 0.05). The baseline data of the two groups
were balanced and comparable (Table 2).

Cylindrical cuff group and tapered cuff group were
measured 180 cycles and 190 cycles, respectively, for
a total of 900 and 950 measurements. When comparing
the same shape cuff group, the differences between the
actual measured value and the corrected target value in

the traditional cuff pressure measurement method and the
modified cuff pressure measurement method (measured
with 25 cm H,0, 30 cm H,0, 32 cm H,0) were statisti-
cally significant (P < 0.000). In the traditional cuff pres-
sure measurement method, the pressure loss values of the
cylindrical cuff and the tapered cuff were (5.07 + 0.83) cm
H,0 and (5.17 + 0.93) cm H,O, respectively. The ranges
of the difference between the actual measured value and
the corrected target value of the modified cuff pressure
measurement method were (0.01 £ 0.13-1.00 + 0.46) cm
H,0 and (0.00 + 0.15-0.97 + 0.43) cm H,O, respectively.

Table 2 Comparison of general

data of two groups of patients Group t/Xz F
with different shapes of cuffs cylindrical tapered
Gender, (n,%) - 1.000°
Men 15(40.54%) 16(43.24%)
Women 3(8.11%) 3(8.11%)
Age, (Years, X + s) 51.94 + 14.44 56.37 £ 14.73 -0.922 0.363%
ETT size, (n,%) - 0.427°
7.0 1(2.70%) 2(5.41%)
7.5 1(2.70%) 6(16.22%)
8.0 8(21.62%) 7(18.92%)
8.5 8(21.62%) 4(10.81%)
APACHE 1I score, (scores, X + S) 18.61 +7.20 18.63 +5.75 —-0.009 0.993%
Whether mechanical ventilation, (n,%) - 0.091°
Yes 9(24.32%) 15(40.54%)
No 9(24.32%) 4(10.81%)
Whether sedation, (n,%) — 0.180°
Yes 4(10.81%) 14(37.84%)
no 1(2.70%) 18(48.65%)

4The Student’s ? test

"The Fisher exact test

Table 3 Clinical trial: the effect of different inflation volume in different shapes of cuffs on the actual measured values of the modified cuff pres-

sure measurement method

Cuff shape  Corrected target ~ Traditional cuff pressure Modified cuff pressure measurement method with different infla- Coefficient of
value (cm H,0) measurement method tion volume (cm H,0) variation (CV)
0 cm H,O 25 cm H,0 28 cm H,O 30 cm H,O 32 cm H,0

Cylindrical ~ 28.00 22.93 +0.83 27.00 +0.46 28.01 +0.13 28.52+0.40 28.89+0.38 298+0.44
I 81.577 29.134 -1.156 17.766 -31.125
P 0.000 0.000 0.249 0.000 0.000

Tapered 28.00 22.83 +0.93 27.03 +0.43  28.00 +£0.15 28.47+043 2892+049 3.05+0.55
I 76.805 30.883 0.242 —15.311 —26.197
P 0.000 0.000 0.809 0.000 0.000
I 1.651 —0.963 0.947 1.075 -0.767 -1.270
P 0.100 0.336 0.344 0.283 0.444 0.205

*The comparison between the actual measured value and the corrected target value in the same shape cuff group

®The comparison between the actual measured value of the cylindrical cuff and the tapered cuff
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The CV between the two groups was no statistically sig-
nificant (P = 0.205) (Table 3 and Fig. 2).

4 Discussion

The guideline [13] recommends continuous cuff pressure
monitoring on a conditional basis and regular monitoring
with cuff pressure gauges when unconditional [3]. An inves-
tigation on the current status of cuff pressure monitoring
for nursing staffs in 28 ICUs in 16 hospitals in Guangdong
Province [14] showed that the number of nursing staffs who
used the cuff pressure gauge accounted for 73.44%. It can
be seen that cuff pressure gauge monitoring is still the most
widely applied, extensive and relatively objective monitor-
ing technology.

Previous studies [7, 15] applied cuff pressure gauges to
directly measure cuff pressure, and found that low cuff pres-
sure was common in clinical practice. In the past, it was
mostly attributed to factors such as sputum suction, swal-
lowing, patient position and time. However, this study shows
that the direct measurement with 0 cm H,O of traditional
cuff pressure measurement can lead to the loss of cuff pres-
sure. In clinical study, the pressure loss values of cylindrical
cuff and tapered cuff were (5.07 + 0.83) cm H,O and (5.17 +
0.93) cm H,0, respectively, which was consistent with pre-
vious research conclusions [8, 11, 16, 17]. This is because
when the cuff is inflated to 28 cm H,O, cuff pressure is equal
to the pressure inside the cuff pressure gauge. At this point,
close the three-way tap and use the release valve to reduce
the cuff pressure gauge to 0 cm H,O before connecting to the
cuff, part of the air in the cuff escapes to the internal space of
the cuff pressure gauge due to the pressure difference, which
resulting in a pressure drop [17]. The reason for the incon-
sistent pressure loss value may be related to the different
cuffs in the shape, material and compliance, and the internal
structure of the cuff pressure gauge. In addition, this study
showed that the actual measured values of the traditional
cuff pressure measurement method were all lower than 25
cm H,O. But an in vitro experiment [18] showed that when
the cuff pressure was lower than 25 cm H,O, all the liquid
on the cuff would leak. It can be seen that the traditional cuff
pressure measurement method can easily lead to leakage of
secretions on the cuffs and increase the risk of aspiration.
However, the cuff pressure gauge is inflated to a certain value
by the modified cuff pressure measurement method before
connecting the cuff can effectively reduce the loss of air in
the cuff due to the pressure difference. This study showed
that the overall range of difference between the actual meas-
ured value and the corrected target value of the modified
cuff pressure measurement method was (0—1.23 + 0.25) cm
H,O. The results of the present study further support this
conclusion of other study [10]. Therefore, the modified cuff
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pressure measurement method is recommended for measur-
ing and correcting the cuff pressure during the monitoring
period, which can effectively reduce the risk of leakage of
secretions from the cuff to the lower respiratory tract due
to the instantaneous drop in cuff pressure,which is simple,
feasible and worthy of wide application.In order to make
up for the small amount of gas leaked during disconnection
and connection, the inflation pressure should be 2 cm H,O
higher than the corrected target value during each manual
measurement [3].

The present study showed that the modified cuff pres-
sure measurement method differed in inflation and the actual
measured values were different. In the in vitro experiments,
since there was no pressure difference, different shapes of
cuffs were measured with 28 cm H,O of the modified cuff
pressure measurement method, the actual measured value
was consistent with the corrected target value. In clinical tri-
als, when 28 cm H,O was used for measurement, the overall
range of difference between the actual measured value and
the corrected target value was (0.00 + 0.15-0.01 + 0.13) cm
H,0, which may be due to the effect of the patient’s breath-
ing [3], and there existed the possibility of a measurement
error. In addition, the results of in vitro experiments and
clinical trials showed that the modified cuff pressure meas-
urement method (measured with 25 cm H,0, 30 cm H,0, 32
cm H,0) had difference ranges of (0.68 + 0.28—1.23 + 0.25)
cm H,0O and (0.47 + 0.43-1.00 + 0.46) cm H,O between the
actual measured value and the corrected target value. The
closer the inflation volume was to the corrected target value,
the closer the actual measured value was to the corrected tar-
get value, and the measurement was more accurate. Analysis
of the reasons may be related to the application of HVLP
cuffs, when the gas capacity in the cuff changes greatly, the
pressure change of the cuff is smaller to ensure the safety of
the cuff because of the large contact area between the cuff
and the tracheal wall clinically [19]. Therefore, in order to
improve the accuracy of the measurement, it is advisable
to use the modified cuff pressure measurement method to
measure.

Cylindrical HVLP cuff is widely used in clinics because
of their excellent compliance and large contact area with
the tracheal wall, which reduces the pressure on the tracheal
mucosa. However, the diameter of the cylindrical cuff after
inflation is larger than the inner diameter of the trachea,
which is readily forming folds. When the patient is cough-
ing or restless, the secretions on the cuff are prone to leak
from the lower respiratory tract and cause aspiration or VAP.
While the tapered cuff is recommended to be used for better
fitting the patient’s airway and reducing the formation of
folds in clinical [3]. In vitro experiments revealed that the
CV of the tapered cuff was greater than that of the cylindri-
cal cuff (3.08 + 0.25 VS 2.41 + 0.21, P < 0.000), which was
in accordance with the conclusions of many previous studies
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[20-22]. The reason is that the tapered cuff has a small force
area compared with the cylindrical cuff. When the pressure
is constant, the smaller the force area is, the greater pressure
will be, and the cuff pressure is likely to be too low or too
high [17]. So it is necessary to pay attention to the measure-
ment and correction of the tapered cuff in clinical practice.
However, there is still some controversy about whether the
tapered cuff is better than the cylindrical cuff in preventing
complications. A systematic review [23] of 1324 patients in
27 ICUs included in 6 clinical randomized controlled trials
pointed out that there was no statistically significant differ-
ence in the incidence of hospital-acquired pneumonia(HAP)
between the tapered cuff group and the cylindrical cuff group
(OR =0.97,95% CI0.73-1.28, P = 0.81), and it also had no
advantage in reducing the mortality, duration of mechanical
ventilation and length of hospital stay.

The main limitation of the present study was that although
it had pointed out that the modified cuff pressure measure-
ment method with the actual cuff pressure value as the
inflation volume will measure more accurately, the method
for predicting the actual cuff pressure value is not clear in
clinical practice. Therefore, this study will further explore
the effect of nursing operation, time, mechanical ventila-
tion mode and other factors after cuff pressure correction.
Aiming to comprehensively predict the actual cuff pressure
value, improve the accuracy of cuff pressure measurement,
effectively control the cuff pressure within the normal range
and prevent complications such as aspiration and VAP.

5 Conclusion

Cuff pressure monitoring is an important part of cuff man-
agement, and measurement accuracy is closely related to
cuff pressure measurement methods. The traditional cuff
pressure measurement method can directly cause the pres-
sure to drop, which is easy to cause the leakage of secre-
tions on the cuff and the misjudgment of the cuff pressure
by medical personnel. The modified cuff pressure measure-
ment method can effectively reduce cuff pressure loss, and
taking the actual cuff pressure value as the inflation volume
is the highest measurement accuracy.Tapered cuff is more
susceptible to air volume than cylindrical cuff, and medical
personnel should pay more attention to its measurement and
correction in clinical practice.
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