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Abstract

Background: The body position change, as a common intervention in the intensive care unit (ICU),
may affect endotracheal tube cuff pressure changes.

Aim: This study investigated the effect of body position change and vital signals on endotracheal tube
cuff pressure in children after bidirectional Glenn shunt surgery.

Method: This randomized controlled trial was conducted on 29 children with an oral endotracheal
tube hospitalized in the ICU after Glenn shunt surgery. The endotracheal tube cuff pressure was
measured at the patient’s bed placed at a 30-degree angle. Other positions included right and left
lateral in bed at a 30° upward angle as well as right and left lateral in bed angle at a 45° angle,
respectively. The measurements were repeated every 10 min three times in different positions. Vital
signals were measured in each group. The data were analyzed using SPSS 20.

Results: The results showed a significant relationship (P<0.001) between the body position change
and level of cuff pressure after positioning patient’s body on their right side at an angle of 30°, left
side at an angle of 30° (P=0.004), and right side at an angle of 45° (P=0.010). The results showed no
significant correlation between vital signals and endotracheal tube cuff pressure, except in mean
arterial pressure.

Implications for Practice: It is recommended that endotracheal tube cuff pressure in patients should
be checked and corrected (if necessary), after changing the patient’s body position.
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Introduction

The number of patients who needed endotracheal intubation for various causes has increased due
to the increasing rate of survival in patients with critical conditions. The aim is to maintain an
open airway and ensure adequate patient ventilation (1-2). It is estimated that this method has been
used 13-20 million times in America (3). Although endotracheal intubation and other treatments
have many benefits for patients, severe and sometimes irreversible complications may occur in
case these complications are ignored. Application of the endotracheal tube has revealed its
complications (2-3). The most critical complications include tracheal mucosa damage caused by
excessive dilation of the tracheal tube cuff (more than 30 cmH,0) that causes ischemia and such
complications as hypoglossal and recurrent laryngeal nerve damage, erosion, cartilage softening,
tracheal dilation, bleeding, infection and narrowing of the trachea (4). Among the challenges of
caring for patients in intensive care units (ICU), one can refer to setting the endotracheal tube cuff
pressure and the side effects of the lack of adequate cuff pressure (5). Nseir et al. showed that only
18% of patients in ICU had a standard range of endotracheal tube cuff pressure, and others had
high or low cuff pressure, despite the manual control of cuff pressure (6). Moreover, a linear
correlation exists between cuff volume and pressure after increasing cuff volume for insulation.
On the other hand, inadequate dilation of the endotracheal tube cuff (less than 18 cmH0)
contributes to aspiration of upper respiratory tract secretions. Therefore, it is essential that
endotracheal tube cuff pressure be set in appropriate intervals with a standard range of cuff
pressure (2, 4).

The changes in muscle tracheal tone, hypothermia, hyperthermia, endotracheal tube repositioning,
and intubation duration can affect endotracheal tube cuff pressure. Furthermore, prolonged
intubation and mechanical ventilation, wrong endotracheal tube size, wrong placement of
endotracheal tubes, and hypotension can cause tracheal damages. Among the various factors
mentioned, it is believed that inappropriate cuff pressure is the most critical factor in tracheal
damage (7).

It should be noted that different nursing interventions can affect the endotracheal tube cuff pressure in
patients (6, 8). Frequent change of the patient’s positions is the most prevalent nursing action in ICU
to prevent pressure ulcers and assist ventilation, according to the disease nature (9). Head and neck
movement exercises (rotating, extension, and flexion) in the supine position can displace the
endotracheal tube in patients. The extension and flexion of the head and neck cause the endotracheal
tube to move forward and toward the rear, respectively, while the impact of head and neck rotation is
unpredictable (10-14).

Overall, the literature review on endotracheal tube cuff pressure indicated that less attention has been
paid to complications from pressure changes and the factors influencing it, including body position
change, as a common intervention in ICU. Moreover, evidence indicated the effect of body position
change on endotracheal tube cuff pressure in infants after Glenn shunt surgery due to elevated head of
the bed and changes in body position. This study aimed to investigate the effect of body position
change and vital signals on endotracheal tube cuff pressure variations in children after Glenn shunt
surgery.

Methods

This randomized clinical trial study was conducted from November 2017 to March 2020, in Imam
Reza hospital, Mashhad, Iran. The study sample included all the children hospitalized in the ICU
after Glenn shunt surgery. The participants were selected through the block randomization method
using a computerized randomization planner, considering the inclusion and exclusion criteria. The
informed written consent was obtained from the patients’ legal guardians. The sample size was
determined at 26 considering means space and study hypothesis (14), and mean deviations S;=0.59,
S»=1.86, and means p;=2.11 and p,=3.21. Considering the attrition rate, 28 patients were finally
selected, and each block included 7 participants. The CONSORT diagram of the study is illustrated
in Figure 1.

The inclusion criteria included patients with an oral endotracheal tube (SUPA, Tehran, Iran)
connected to the mechanical ventilator (Drager, Germany), following the bidirectional Glenn shunt
surgery, using the off-pump technique. All the patients were intubated with a cone-shaped cuff and
had an appropriate sedation level (from -2 to 0 degree), according to Richmond Agitation-Sedation
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Figure 1. CONSORT diagram presenting the flow of participants in each stage of the randomized trial

Scale. An endotracheal tube was inserted in all patients by a specific cardiac anesthesiologist. The
endotracheal tube size was measured through the following formula:

(Age/4+4) -0.5=endotracheal tube size (15).

The children enrolled in the study had no subglottic stenosis which makes it difficult to insert the
endotracheal tube. The exclusion criteria included reluctance to continue the study (by the
patient’s guardian), reduced blood oxygen saturation of less than 75%, and increased endotracheal
tube cuff pressure of higher than 50 cmH20 lasting for half an hour post-intervention. Other
inclusion criteria included systolic blood pressure higher than 70 mmHg, central temperature
between 36-37.8 °C, and age range of 4-24 months. The VBM manometer (made in Germany),
based on water temperature, was used to determine patients’ endotracheal tube cuff pressure. The
range of the precision manometer was 0-120 cm of water. Such variables as age, gender, and
endotracheal tube size were investigated in participants. Data were collected using a demographic
checklist, endotracheal tube cuff pressure record, and Richmond Agitation-Sedation Scale. The
validity and reliability of Richmond- Agitation Scale (RASS) have been evaluated in a similar
study (16). The reliability of the endotracheal tube cuff manometer, compared to a mercury
manometer, was approved several times. In the waiting room and perfect condition, the researchers
introduced themselves and described the study design, objectives, and possible side effects to the
patient’s guardian. Subsequently, written informed consent (approved by the Ethics Committee)
was taken from them.

The patients’ central temperature was measured using a Timpani Thermometer (Ontario L4Z. V4,
Canada). The reliability of the Timpani Thermometer, compared to that of a standard thermal skin
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sensor, was approved several times. Blood pressure was checked and recorded using an arterial line in
the right or left radial artery. The reliability of the arterial pressure transducer, compared to a standard
automatic blood pressure monitoring, was approved several times. The placement of the endotracheal
tube was verified by bilateral lung auscultation, and a portable chest X-ray was performed to
accurately set the endotracheal tube placement after entering ICU. The endotracheal cuff pressure was
then measured and revised if necessary. For all the patients, the base pressure of endotracheal tube
cuff pressure was adjusted to 25 cmH20. However, the air leakage around the endotracheal tube cuff
was set between 20-30 cmH.0, as measured by the ventilator.

Patient endotracheal tube bandage was closed and fixed on 12 to 13 cm mentioned on the
endotracheal tube to prevent the endotracheal tube from entering or leaving (body position change to
the left and right) (17-19). The interval between the last suction and the next cuff pressure
measurement was set at about half an hour due to the endotracheal tube cuff pressure removal and
suction effect and considering the short-term influence on cuff pressure. The patients were placed in
the base position (Cuff pressure of 25 cmH.0, patient’s bed angle of 30°, and head placed in a neutral
position) and the patient’s cuff pressure was measured. Afterward, endotracheal tube cuff pressure
was measured and recorded three times every 10 min. In the first position, the patient was rotated to
the right, and the patient’s endotracheal tube cuff pressure was measured at the end of exhalation (3).
Other positions included left lateral in bed at an upward angle of 30° and right lateral with the
patient’s bed at an angle of 45°.

During changing positions, the location of the endotracheal tube was marked since it was not possible
to stretch the endotracheal tube. If displaced, the tracheal tube was returned to the original site. The
patient’s endotracheal tube cuff pressure after changing position and proceeding was recorded, as
mentioned previously. The bed’s angle was measured according to the procedure described in the
study conducted by Younessi et al. (20). The vital signals (systolic blood pressure, diastolic blood
pressure, mean arterial pressure, temperature, heart rate, and SPO,) in each position and at different
times were measured and recorded as well.

The manometer was connected to the manometer endotracheal balloon to prevent and reduce the
likelihood of massive air leakage from the balloon endotracheal tube cuff and reduce the cuff pressure
attached to the manometer. To avoid bias, the individuals responsible for performing the intervention,
controlling individual pressure cuff, and exchanging information about the illness were not among
them. The researcher was responsible for changing patients’ positions, and the research fellow
conducted endotracheal tube cuff pressure measurements.

All appropriate patient consent forms were prepared, through which the patients” family have given
their consent for the publication of patients’ images and other clinical information. The patients’ legal
guardians were ensured about the confidentiality of the patients’ names and initials; however,
anonymity could not be guaranteed.

Data description was presented as frequency distribution tables, graphs, and mean+SD. Data were
analyzed using repeated-measures ANOVA, Games-Howell post-hoc test, Pearson’s correlation
coefficient, and independent T-test. A p-value less than 0.05 (P<0.05) was considered statistically
significant. All statistical analyses were performed using SPSS (Version 20.0, SPSS Inc., Chicago,
IL, USA).

Results

The study was conducted on 28 children in the age range of 12-24 months and the mean age of
16.54+3.21 months, from whom 21 (75.0%) and 7 (25.0%) children were male and female,
respectively. The endotracheal tube size was between 4 and 5.5 mm, and the internal diameter of most
(51.7%) tracheal tubes used in this experiment was 5 mm. No significant relationship was observed
between demographic variables, such as age (P=0.084) and gender (P=0.070), and endotracheal tube
cuff pressure changes.

The results showed a significant relationship (P<0.001) between the body position change and level of
cuff pressure after positioning the body to the right side at an angle of 30°. The level of endotracheal
tube cuff pressure increased after changing the patient’s position. Moreover, a significant relationship
was observed between the level of endotracheal tube cuff pressure and the body position change to
the left side at an angle of 30° (P=0.004) and to the right side at an angle of 45° (P=0.001)
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Table 1. Impact of position changes on the patient’s endotracheal tube cuff pressure
Mean=SD (difference between post-

Body position intervention and basic position) P-value
Intervention 1 5.97+0.522 0.001
Basic position Intervention 2 7.48+0.925 0.004
P Intervention 3 7.59:0.827 0.012
Intervention 4 8.59+0.790 0.075

Intervention 1: 30-degree bed angle and body position shift to the right; Intervention 2: 30-degree bed
angle and body position shift to the left; Intervention 3: 45-degree bed angle and body position shift to
the right; Intervention 4: 45-degree bed angle and body position shift to the left.

since the level of endotracheal tube cuff pressure increased by changing positions in these states.
Variations of the endotracheal tube cuff pressure level after patients’ position changes are
summarized in Table 1.

No relationship was observed between endotracheal tube cuff pressure in time trend and position
changes. Results showed that the endotracheal tube cuff pressure did not significantly change after
changes in the patient’s position (Figure 2).

This study showed no significant correlation between vital signals and endotracheal tube cuff
pressure, except in a few cases. The negative correlation between endotracheal tube cuff pressure and
mean arterial pressure (MAP) was observed only 10 min after changing the patient’s position to left
lateral with a 45° bed angle (P=0.027, r=-0.32). The endotracheal tube cuff pressure was decreased
following the enhancement of the MAP in this position. Moreover, the endotracheal tube cuff pressure
was elevated in parallel with MAP (P=0.041, r=0.32) 10 min after repositioning to the left lateral with
a bed angle of 30°.

There are no relationships between the patients’ SPO2 (P=0.086) and body temperature (P=0.088)
with variations in endotracheal tube cuff pressure following position changes. Furthermore, there was
no correlation between endotracheal tube cuff pressure changes and systolic/ diastolic pressure in the
time trend presented in Figure 3.
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Figure 3. Relationship between endotracheal tube cuff pressure and systolic/ diastolic blood pressure in
patients’ time trends

Discussion

In this study, the nursing procedure’s impact and change in the body position were assessed by
endotracheal tube cuff pressure. The results of this study confirmed the hypothesis that changes in
body position could result in a significant increase in the patient’s endotracheal tube cuff pressure.
Accordingly, it was observed that changing body positions resulted in extensive variations in
endotracheal tube cuff pressure (21).

The most important finding of this study was the fact that changes in body position could have a
significant impact on endotracheal tube cuff pressure. This finding was consistent with the results of
other studies (7, 8, 11, 14). The results of another study (11) showed a statistically significant increase
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in the endotracheal tube cuff pressure due to changes in the patient’s position, particularly in a head-
down position. The discrepancies between the results obtained in this study with those obtained in the
previously mentioned studies can be due to increased airway pressure following increased intra-
abdominal pressure caused by body repositioning (22-23).

Unique features of this study include keeping the patient’s head aligned with the body’s natural axis
during position changes and measuring the endotracheal tube cuff pressure. Failure to keep the head
in line with the body’s axis and anatomical differences can cause changes in the endotracheal tube
cuff pressure, attributed to increased cervical muscle strain (24). The continuous measurement of
endotracheal tube cuff pressure during body repositioning was another unique novelty in the present
study, compared to similar studies. Previous studies have reported significant changes in endotracheal
tube cuff pressure in ICU patients (7, 25). However, in those studies, endotracheal tube cuff pressure
was assessed manually and periodically, which resulted in decreased endotracheal tube cuff pressure
(22). In this study, fixing the endotracheal tube in the middle of the patient’s mouth and checking its
position after each change in body position neutralized the impact of tube displacement on the cuff
pressure. In their study, Valencia et al. (25) reported the impact of head and body position and angle
on endotracheal tube cuff pressure. Therefore, taking this variable into account, the patient s’ head
was kept aligned with their body in the present study. Although pressure control provides essential
and valuable information about cuff pressure, low or high cuff pressure may not be measured
accurately (16).

The absolute novelty of this study was the evaluation of the impact of vital signals in different
positions on the endotracheal tube cuff pressure variations. In the study performed by Godoy et al. (7),
such thermal conditions as hypothermia and hyperthermia, and hypertensive states resulted in changes
in the endotracheal tube cuff pressure. Therefore, this study was the first comprehensive report of the
impact of some vital signals on the endotracheal tube cuff pressure.

The application of a novel approach in this study revealed the effect of vital signal changes on the
endotracheal tube cuff pressure in critically ill babies with an endotracheal tube after Glenn shunt
surgery. Although the findings of the study hypothesis were not expected, they showed that the safety
of sufficient ventilation (without mechanical ventilation complications) was associated with unstable
hemodynamic conditions (e.g., hypertensive or febrile conditions) in patients under mechanical
ventilation.

Among the limitations of this study, one can refer to the ignorance of idiosyncratic differences in the
patients regarding the anatomical status of the neck (tracheal) and the tone of muscles around the
tracheal. Due to the application of an analog manometer, errors might have occurred in reading the
numbers, which could affect the results. Continuous measurement of endotracheal tube cuff pressure
is a detailed feasible practice that has been previously performed under the researchers’ supervision in
a completely safe manner. The endotracheal tube cuff pressure is very different in different patients.
More research is needed to identify factors, activities, and personal characteristics that can affect
endotracheal tube cuff pressure.

Implications for Practice

Based on the obtained results in this study, it is recommended that endotracheal tube cuff pressure in
children should be checked and corrected (if necessary) after cardiac surgeries. This is true especially
in patients whose positions need to be changed or maintained in upward angles of the bed, including
those undergoing Glenn shunt surgery.
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