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Abstract

Background: The study aimed to investigate the out-of-range cuff pressure of endotracheal tube in mechanically
ventilated patients.

Methodology: This cross-sectional study was performed in Semnan, Iran in 2019. The cuff pressure was measured
in patients aged over 18 years who were intubated for at least 24 hours. Out-of-range pressure was defined as a
pressure of < 20 cmH20 or > 30 cmH20. A multiple logistic regression model was used for analysis.

Results: Of 222 cases, 67 (30.2%) had cuff pressure in the normal range and 155 (69.8%) were not in the normal
range; 41 (18.5%) and 114 (51.4%) had low and high pressures. The two groups were not significantly different in
terms of age and gender. Longer mechanical ventilation (p = 0.004) and hospitalization place (p = 0.001) were the
two factors that had a relationship with the out-of-range pressure. The probability of out-of-range pressure was
significantly higher in the cardiac (p = 0.001, OR = 6.91) and internal medicine (p = 0.008, OR = 4.61), compared to
the emergency intensive care unit.

Conclusion: The authorities should take into consideration some important factors, such as the lack of instructions
in hospital units, lack of proficiency for correct measurement, deficient required facilities, and not using the facilities
for regular monitoring.
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1. Introduction

Maintaining an airway is the first therapeutic step for tube (ETT) has augmented. Exclusively in the United
all patients in life-threatening conditions, loss of States of America, 13-20 million ETTs are placed
consciousness, and respiratory problems.! Nowadays, yearly.?

considering the improved facilities for taking care of Endotracheal intubation is performed to maintain an

patients, the number of cases requiring endotracheal airway and ensure sufficient ventilation. However,
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dangerous and sometimes irreversible complications
are similar to other invasive treatment practices.® 4
One of the most important side effects is damage to the
tracheal mucous due to the excessive dilation of tube
cuff leading to erosion, inflammation, the softening of
the tracheal rings, tracheal dilation, hemorrhage,
infection, fistula, and tracheal stenosis. On the other
hand, the insufficient dilation of ETT cuff results in
the pulmonary aspiration of upper respiratory airways
secretions or air leakage. 58 To prevent these sequels,
the internal pressure of ETT cuff needs to be adjusted
so that despite sufficiency, it is not higher than the
blood pressure of tracheal wall capillaries.® In standard
conditions, this pressure should be 20-30 cmH,0.5

Generally, two methods are applied for stabilizing and
monitoring ETT cuff pressure in intensive care units.
The first technique is completely empirical consisting
of touching to control cuff pressure and listening to
ensure the lack of air leakage. The second method is
measuring by manometer used in more equipped
centers.® Besides, the type and quality of the tube are
of importance.*®

To achieve the optimum breathing condition in a
patient and prevent the side effects of intubation, the
ETT should be regularly controlled and adjusted to
standard conditions in patients hospitalized in the
special care units.*> 2 The compilation of guidelines in
this regard needs awareness concerning the existing
situation in the health centers. Considering the present
conditions in the hospitals of Iran and the importance
of this subject, the current study aimed to evaluate
ETT cuff pressure in mechanically ventilated patients
in the special care units of one of the referral teaching
hospitals in Iran.

2. Methodology

This cross-sectional study was carried out in Kosar
referral teaching hospital, Semnan, Iran. Ethical
approval was obtained via
IR.SEMUMS.REC.1398.19.

Data collection was completed during the first four
months of 2019. The study population entailed all the
patients aged over 18 years hospitalized in four special
care wards, namely emergency, surgery, internal
medicine, and cardiac care units during the four-month
study course and were under mechanical ventilation
for at least 24 h. other inclusion criteria encompassed
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using ETT with cuff (Size: Fr32, 1.D: 8 mm, O.D: 10.7
mm) made by HoongAn company and head being at
the position of 30-45°. Patients with tracheostomy and
cases separate from the ventilation system were not
included in the investigation.

The ethical code of IRSEMUMS.REC.1398.19 and
other needed licenses were received. Data were
extracted and collected by a thorough review of the
history and documents of the patients and interview
with the companion if needed. The data included age,
gender, ventilation duration (day), body mass index,
hospitalization unit, and hospitalization reason
(trauma or non-trauma). Afterward, the cuff pressure
was measured and recorded utilizing the Mallinckrodt
manometer (Covidien, Ireland) in the presence of a
unit nurse.

According to the standards of care for mechanically
ventilated patients, normal suitable cuff pressure was
considered as 20-30 cmH,O. Cuff pressure in each
patient was measured only once randomly in one of
the shifts of the morning (8-14), noon (14-20), or night
(20-8). Regarding the ethical considerations, in case of
cuff pressure was not in the normal range, the needed
modification was performed by the unit nurse and was
recorded in the documents.

Considering the prevalence of 80%-85% for out-of-
range cuff pressure based on the study conducted by
Saleh Moghaddam et al. and the maximum type | error
of 0.05, the sample size was calculated as 220
participants. The normally distributed variables were
described by mean and standard deviation and the
factors with non-normal distribution were described
using the median and interquartile range. Also, the
number and percentage were applied for reporting
qualitative variables.

The quantitative variables were compared between the
two groups of normal and out-of-range pressure using
the independent t-test and the Mann-Whitney U test.
Moreover, the distribution of qualitative factors
between the two groups was compared by the Chi-
Square test. The relationship of the variables with cuff
pressure was evaluated utilizing the multiple logistic
regression and the level of relationship was assessed
by the adjusted odds ratio. All the data were analyzed
using the Stata software version 11. P-value < 0.05
was considered significant for all tests.
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3. Results

The participants included 120 female and 102 male
patients with a mean age of 63.2 + 23.8 years. Most of
the cases (79.7%) were hospitalized and under
mechanical ventilation in one of the special units due
to non-traumatic reasons. The mean of cuff pressure in
the participants was 15.2 + 33.8 cmH;0. According to
the findings, the cuff pressure of 67 cases (30.2%) was
in the normal range and 155 patients (69.8%) had out-

predictors of an out-of-range cuff pressure

The two groups of normal and out-of-range pressure
were not significantly different in terms of age (p =
0.612) and gender (p = 0.207). The duration of
hospitalization with mechanical ventilation had a
range of 24 h to 43 days. The median (and interquartile
range) of mechanical ventilation time in patients with
out-of-range pressure was 3(5) days and in cases with
normal pressure was 1.5(5) days.

The patients with out-of-range pressure had longer

of-range pressure. Among the out-of-range subjects,
41 (18.5%) and 114 (51.4%) of the cases had low and
high pressures, respectively (Table 1).

mechanical ventilation than the normal pressure
88.4% group (p < 0.001). A significant difference was
observed between the units regarding the percentage
of out-of-range cuff pressure cases (p < 0.001) with a
minimum of 41.7% and a maximum of 88.4% in the
emergency and cardiac care units, respectively.

Table 1: Means of cuff pressures and frequency
distribution for each range

Range Mean + SD N (%)

240+ 15.4 41(18.5) Longer mechanical ventilation (p = 0.004) and

Low pressure

Normal pressure 374+ 249 67(30.2) hospitalization Yvard .(p :_0.001) were the on.ly factors
High pressure 11482457 114 (51.4) that had a relationship with the augmented mc.lc?ence

of out-of-range pressure (Table 2). The probability of
Al 1523+338 222 (100) out-of-range cuff pressure was significantly higher in
Al 15.23+33.8 222 (100) the participants hospitalized in the cardiac care unit (p
High pressure 11.48 +45.7 114 (51.4) =0.001, OR = 6.91) and internal medicine (p = 0.008,
All 15.23 £ 33.8 222 (100) OR = 4.61), compared to the emergence ward. No

Table 2: The relationship between patients' conditions with an out-of-range cuff pressure of endotracheal
tube based on results of multiple logistic regression analysis

Count(%) or Mean + SD 95% ClI
All Normal

Conditions

Out-of-range lower | upper

Age (year) 63.2+23.8 60.2+24.27 64.4 £ 23.33 1.01 0.98 1.02 0.573
BMI (kg/m?) 25.2+4.96 247 +4.76 254 +5.07 1.00 0.93 1.08 0.888
Vent duration (day) 3(5)" 1.5(2) 3(5) 1.24 1.07 144 0.004
Female 120 39(32.5) 81(67.5) 0.95 0.46 1.98 0.901
Gender
Male 102 28(27.5) 74(72.5) 1 - - -
Morning 74 21(28.4) 53(71.6) 0.921 0.41 205 0.546
Shift Noon 74 24(32.4) 50(67.6) 0.783 0.35 1.73  0.841
Night 74 22(29.7) 52(70.3) 1 - - -
Cardiac 69 8(11.6) 61(88.4) 6.91 2.19 21.74 0.001
) Internal 60 11(18.3) 49(81.7) 4.61 1.47 14.37 0.008
Care unit -
Surgical 69 34(49.3) 35(50.7) 1.34 0.43 420 0.617
Emergency 24 14(58.3) 10(41.7) 1 - - -
c trauma 45 17(37.8) 28(62.2) 1.31 0.41 413 0.649
ause
non-trauma 177 50(28.2) 127(71.8) 1 - - -

SD: Standard deviation, OR: Adjusted Odds Ratio, Cl: Confidence interval, BMI: Body mass index, Vent: Ventilation, *Median
(Intergquartile range)
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significant difference was reported between the
surgery care unit and the emergency ward in terms of
normal or out-of-range pressure (p = 0.617).

4. Discussion

In the present study, approximately 70% of the
measurements reported out-of-range cuff pressure.
Although this rate is similar to other studies in Iran, it
is much more prevalent than the international reports.®
13-15 This finding confirms the improper or insufficient
monitoring of ETT cuff pressure in the hospitals of
Iran.

Further evaluations of the hospitals of Iran
demonstrates that there are no serious guidelines
concerning the continuous measurement of cuff
pressure in patients under mechanical ventilation. On
the other hand, measurement is mainly performed
empirically through touching and listening. The novel
methods, which are not dependent on personal
experience are not used much due to the need for
facilities (i.e., standard manometers).

In a study conducted on adult patients hospitalized in
special care units of hospitals in South Africa, they
found that 32% of nurses checked cuff pressure
regularly every 2-4 h, 52% assessed every 6-12 h, and
15% monitored only when leakage occurred.
Moreover, they observed that 1% of nurses never
checked cuff pressure.”

Numerous factors have been reported to affect cuff
pressure changes, some of which are related to patient
conditions and others are related to the monitoring
process.® 4 1618 One of the notable variables in our
investigation was the duration of intubation, which
was also reported in the previous studies. 4 8 1419

The porosity and depreciation generated in ETT cuff
during time lead to reduced cuff pressure. Also, other
factors such as decreased dose of sedative increased
cough, and more consequences due to the discordance
of a patient with a ventilator can augment airway
pressure resulting in the elevation of cuff pressure
during the time.

The increase in the possibility of sequels, such as
micro-aspiration and tracheal stenosis during time
could be partly attributed to an alteration in cuff
pressure during the intubation period.3 ® 20 Therefore,
continuous monitoring of cuff pressure, especially in
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patients who have ETT for a long time, should be
taken into consideration.

Our results indicated that regardless of intubation
length, hospitalization units were significantly
different in terms of out-of-range pressure prevalence.
In this regard, we found that patients hospitalized in
internal medicine and cardiac care units had a higher
rate of out-of-range pressure, in comparison with
surgery and emergency units.

The latter finding might show the difference in the
attitude or performance of doctors and nurses of the
wards toward monitoring cuff pressure in
mechanically ventilated patients. No relationship was
observed between the time of measuring (the working
shift of nurses) and out-of-range cuff pressure. A
review of the literature did not reveal any comparable
and similar evidence.

We observed that in more than half of the cases, cuffs
had a pressure higher than normal (51.4%). This result
confirms the previous investigations and can highly be
related to the methods and guidelines of pressure
monitoring. A review study concluded that the
common empirical techniques for monitoring ETT
cuff pressure cause the pressure to be higher than the
normal range.® °® Methods of measuring a manometer
should replace empirical approaches by providing the
required facilities.

In the present study, no relationship was revealed
between age, gender, hospitalization reason, and out-
of-range cuff pressure, which is in line with the results
of previous studies.!? 13 18 20 Fyrthermore, we did not
observe any relationship between body mass index and
out-of-range pressure, which is consistent with some
other investigations.'> ¥ However, Taslimi et al.
reported a correlation between the two mentioned
variables.?® This controversy might be due to the

elimination of the probable impact of some
confounding  factors, including hospitalization
duration in the present study and similar

investigations.

Saleh Moghaddam et al. indicated a significant
relationship between body temperature and cuff
pressure, while did not find any relationship between
tube type and cuff pressure.’® In the present study,
body temperature was not controlled and this should
be taken into consideration for interpreting the results.
Moreover, it should be noted that a similar tube type
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was applied to all patients during the study period.
Another limitation of the current investigation was that
we evaluated neither pregnant patients nor cases aged
under 18 years.

Recent studies recommended modifying interventions
in the process of monitoring ETT cuff pressure.?% 2
According to the findings of the present study,
modifications in cuff pressure monitoring are highly
needed and recommended. To prevent the
complications of out-of-range cuff pressure (e.g.,
aspiration, stenosis, and fistula) training and
eliminating the background problems, such as the lack
of experience and skill for correct measuring among
personnel, insufficient facilities, and not regularly
using the facilities for monitoring are recommended.
Furthermore, an accurate guideline for regular
pressure monitoring along with pressure measurement
and modification at least once at each working shift
seems to be necessary.

5. Conclusion

According to the results of this study, the prevalence
of out-of-range cuff pressure was very high. The
present study was completed in a teaching hospital and
more problems are expected in non-teaching hospitals.
Our findings revealed that effective intervention for
modifying the procedure of taking care of patients
with ETT in terms of monitoring ETT cuff pressure
seems necessary in hospitals of Iran.
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