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Abstract

Aim: This study aimed to determine the effect of the methods used in endotracheal

tube fixation on haemodynamic parameters (systolic and diastolic blood pressure,

heart rate and oxygen saturation) during endotracheal suction.

Methods: The sample of this prospective, parallel two-armed, single-blind non-

randomized clinical trial study included 86 intubated patients treated in the cardio-

vascular surgery intensive care unit between September 2016 and December 2017.

The endotracheal tube was fixed with tube holders in the intervention group

(n = 43), whereas the endotracheal tube was fixed with plasters in the control group

(n = 43). The patients' haemodynamic parameters were measured before, during, at

the end of suction, and 5 and 15 min after suction.

Results: In comparison with the patients with plasters, patients with tube holders had

significantly lower systolic blood pressure 15 min after endotracheal suction and sig-

nificantly lower diastolic blood pressure during and at the end of endotracheal suc-

tion. Oxygen saturation of the patients with tube holder during, at the end, and

following 5 min after endotracheal suction were higher than patients with plaster.

Heart rate was not affected during endotracheal suction in both groups.

Conclusion: The study showed the tube holder affected the haemodynamic parame-

ters during endotracheal suction less than the plaster.
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Summary statement

What is already known about this topic?

• Endotracheal suction is one of the essential nursing care interventions with

mechanically ventilated patients.

• Nurses are responsible for selecting and using the most secure endotracheal tube

fixation.

• Haemodynamic parameters are affected during endotracheal suction.
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What this paper adds?

• Some haemodynamic parameters are affected during endotracheal suction in two

endotracheal tube fixation methods.

• The endotracheal tube holder affects systolic blood pressure, diastolic blood pres-

sure, and peripheral oxygen saturation less than plaster fixation during endotra-

cheal suction.

• The heart rate and oxygen saturation were not affected in both endotracheal tube

fixation methods during endotracheal suction.

The implications of this paper:

• The endotracheal tube holder can be used safely in the cardiovascular surgery

intensive care patients with unstable haemodynamic parameters.

• These study findings guide intensive care nurses in preventing some

haemodynamic changes caused by endotracheal suction.

1 | INTRODUCTION

Patients in the early period after cardiovascular surgery (CVS) are

generally cared for in the intensive care unit (ICU) (Budak, 2015).

An endotracheal tube (ET) is inserted into patients who cannot

make spontaneous respiration in ICU. In ICU patients who have an

ET placed, secretion accumulation may cause a bronchial obstruction

in the airways due to the inability to self-clear secretions (Martins

et al., 2019). Endotracheal suction (ES) is performed in order to

clean the airways and to maintain airway patency by enabling the

movement of secretions in the lungs of intubated patients according

to the patient needs (Afshari et al., 2014; Özden & Görgülü, 2015;

Rass et al., 2020). ES may cause adverse effects on patients'

haemodynamic parameters like increased blood pressure (BP), heart

rate (HR), and a decrease in oxygen saturation (SpO2) (Rass

et al., 2020).

One of the reasons leading to haemodynamic changes during

ES is the stimulation of the cough reflex (Rass et al., 2020). The

separation of the breathing circuit before and after suction and

connecting the patient to the respiratory device again may lead to

the movement of ET. The movement of ET causes cough develop-

ment by stimulating the tracheal and laryngeal afferent nerves. The

mechanical stimulation of the catheter during ES is another cause

of haemodynamic changes. The nociceptive stimulus such as fear,

pain, and stress cause the sympathetic nervous system's stimulation

and may lead to an increase in BP and HR and cardiac rhythm dis-

orders (Afshari et al., 2014; Johnston et al., 2020; Özden &

Görgülü, 2015; Rass et al., 2020). Another cause of haemodynamic

changes is hypoxia, which develops during suction. Interruption of

the mechanical ventilator support in ES and the withdrawal of oxy-

genated air from the airway with the secretion causes a significant

decrease in the patient's partial oxygen pressure and hypoxia.

Hypoxia can affect the cardiovascular system, causing tachycardia

and dysrhythmia (Afshari et al., 2014; Dastdadeh et al., 2016; de

Freitas Vianna et al., 2017; Kadhim, 2014), with more serious

adverse effects, particularly in patients with CVS and cardiac

arrhythmias (Kadhim, 2014). Furthermore, hypoxia leads to an

increase in BP (Afshari et al., 2014; Martins et al., 2019; Özden &

Görgülü, 2015; Shamali et al., 2019). Increased BP, disruption of

graft integrity, and separation of sutures during ES, and decreased

BP may cause insufficient myocardial perfusion. In patients who

underwent coronary artery bypass graft (CABG) and heart valve

replacement, maintaining BP and HR within normal limits is impor-

tant to prevent these complications (Özden & Görgülü, 2015).

Minimizing the movement of ET during ES is required in order

not to increase the load of the heart after CVS. When the sympa-

thetic response resulting from stimulation of tracheal and laryngeal

afferent nerves due to ET movement is reduced, haemodynamic

parameters may be less affected in CVS patients. ET fixation and

preventing its movement in intubated patients in ICU are important

nursing practices. Two methods, commercial and non-commercial,

are used in ET fixation in ICUs. Although the non-commercial

methods include fixing the ET with various types of plasters and

gauze patches, the commercial methods involve tube holders, which

allow ET movement in the mouth (Fisher et al., 2014). Past studies

showed that tube holders caused less ET movement, displacement,

and unplanned extubation than plasters and gauze patches for ET

fixation (Buckley et al., 2016; Fisher et al., 2014). Studies on the

use of tube holders for the fixation of ET are mostly focused on the

reliability of the method (Buckley et al., 2016; Fisher et al., 2014;

Komasawa et al., 2015); on the effects of pressure injuries related

to pressure caused by ET (Hampson et al., 2018; Hanonu &

Karadag, 2016; Kuniavsky et al., 2020); and on comparison of fixa-

tion time of ET (Epstein et al., 2020; Suttapanit et al., 2020). How-

ever, the effects on the haemodynamic parameter changes due to

ET movement during ES have not been investigated.
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2 | METHODS

2.1 | Aim

This study aimed to determine the effect of the methods used in ET

fixation on haemodynamic parameters [systolic blood pressure (SBP),

diastolic blood pressure (DBP), HR and SpO2] during ES; to find a safe

ET fixation method that would have minimal effect on haemodynamic

parameters that increase the workload of the heart after CVS during

ES; and to offer guidelines for nurses providing care for this patient

group.

The hypothesis of this study is that the methods

used in ET fixation variously affect haemodynamic parameters

during ES.

2.2 | Study design

This study is a prospective, parallel two-armed, single-blind non-

randomized clinical trial. This study was conducted by the TREND

guidelines. In this study, only the patient was blinded.

Investigators involved with the running of the study were not

blinded.

2.3 | Sample and setting

The study sample consisted of 86 intubated patients treated in the

CVS ICU of a university hospital in Mersin, Turkey, between

September 2016 and December 2017. The study centre is a Level III

ICU of a university hospital with seven beds, including two isolation

beds. The number of nurses per patient is one or two.

In order to calculate the sample size, a change of at least an aver-

age of 5.1 in the SBP during ES was taken as statistically significant,

and Afshari et al.'s (2014) study was taken as the reference for this

study with 5% Type I error and 90% test power. The study's sample

size was calculated as 88 patients: 44 for the intervention group

(ET holder group) and 44 for the control group (plaster group). During

the study, two patients (one patient from the plaster group and one

patient from the ET holder group) were withdrawn from the study

due to re-emergence surgery. The study analysis was completed on

86 patients (Figure 1).

2.3.1 | Inclusion criteria

The study included those patients who were 18 years old or older,

who were treated with ET and received mechanical ventilatory

F IGURE 1 Flowchart of the progress of individuals in the phases of the controlled clinical trial
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support, whose intra-arterial BP was measured, whose HR and SpO2

were monitored, whose general condition was stable, and who did not

have pulmonary problems (e.g. chronic obstructive pulmonary disease,

emphysema atelectasis).

2.3.2 | Exclusion criteria

The patients whose haemodynamic status was unstable (n = 15),

whose relatives did not give consent (n = 5), and one patient who

died during the research were excluded from the study (Figure 1).

2.3.3 | Group allocation and blinding

When the study started, the first 43 patients were assigned consecu-

tively in the control group, and the following 43 patients were

assigned consecutively in the intervention group in the CVS ICU.

When the patients were transferred to the ICU after CVS, the nurse

researcher (T. Ç. Y.) enrolled the patients who met the inclusion

criteria. In this study, due to the nature of the intervention, only the

patients were blinded. The researchers (T. Ç. Y. and G. A. U.) who

were involved in the running of the study were not blinded.

2.4 | Intervention

The study protocol was reviewed and approved by the ClinicalTrials.

gov (NCT04199039). Information collected from the patient's rela-

tives, patient file and the health care workers were used to fill out the

‘Patient Information Form’.
The control group was performed with plaster for ET fixation,

which is routinely used in the ICU where the study was conducted. ET

fixation of the patients in the intervention group was performed with

an ET holder (AnchorFast Oral Endotracheal Tube Fastener, Hollister,

Libertyville, USA) by the nurse researcher (T. Ç. Y.) when they arrived

at the CVS ICU.

The ET size was calculated by dividing the ET's internal diameter

into two, multiplying it with three, and then computing its French

value (e.g. ET with an internal diameter of 8 mm 8/2 = 4, 4 � 3 = 12

Fr). During the ES, it was ensured that the patients were in the supine

position in which the head of the bed was lifted by 30�. Before the

intra-arterial BP was measured, the transducer was reset at the right

atrial (phlebostatic axis) level (Özden & Görgülü, 2015), and the posi-

tion was not changed during all the measurements.

2.5 | Outcome measures and instruments

The primary outcome measure of the study was the effect of the tube

holder and plaster on haemodynamic parameters during ES.

Data were collected via a ‘Patient Information Form’ and the

‘Hemodynamic Parameters Form’. The ‘Patient Information Form’

consisted of descriptive information about the patients' age, gender,

chronic disease status, smoking habit, type of surgical intervention, ET

size, mechanical ventilator mode and inspired oxygen fraction.

The ‘Hemodynamic Parameters Form’ consisted of a table in

which the patients' SBP, DBP, HR and SpO2 values were recorded

before, during, and at the end of ES, and in the following 5 and 15 min.

2.6 | Procedure

According to patients' ES needs, ES was performed according to the

ES application standards and findings were observed (increase in

respiratory rate, HR increase, arterial BP increase, high-pressure

alarm in ventilator, mucus in ET, cyanosis, dyspnoea, restlessness,

sweating, disturbance of blood gas parameters and wheezing)

(Özden & Görgülü, 2015). The standard protocol comprised pre-

oxygenation with 100% oxygen for at least 1 min before suctioning;

universal precautions; no more than two insertions were performed

at one time; suctioning duration of 10–15 s with catheter with-

drawal; use of the minimum negative pressure required

(<120 mmHg); and hyperoxygenation with 100% oxygen for 1 min

following ES (Özden & Görgülü, 2015). The patients' SBP, DBP, HR

and SpO2 values, which were displayed on the bedside monitor

(Nihon Kohden, Tokyo), were recorded on the ‘Hemodynamic

Parameters Form’ just before, during, and at the end of ES, and in

the following 5 and 15 min. While applying ES by the same

researcher (T. Ç. Y.), the other researcher (G. A. U.) recorded

haemodynamic parameters from the bedside monitor.

2.7 | Ethical considerations

Before the research outset, written permission was obtained from the

Ethics Committee (date: 14 July 2016, Number: 2016/218) and from

the CVS ICU where the study would be conducted (date: 27 June

2016, Number: 24560242/622-03). Written and verbal consent was

obtained from all the patients' relatives. The study was conducted in

accordance with the principles of the Declaration of Helsinki (World

Medical Association, 2013).

2.8 | Data analysis

Data were analysed using SPPS 20 (IBM SPSS Statistics for Windows,

Version 20.0. Armonk, NY: IBM Corp.). Descriptive statistics were

presented using frequency, percentage mean and standard deviation.

Chi-square test was used to compare categorical variables. An inde-

pendent t-test was used to compare two independent groups. Analy-

sis of variance (ANOVA) was used for repeated measurements.

Finally, as further analysis, the Bonferroni–Dunn test was used for

multiple comparison analysis (post hoc) between groups. In the data

analysis of this study, the statistical significance level was set at

p < .05.
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3 | RESULTS

Table 1 shows the descriptive and clinical characteristics of the

patients. There was a significant difference between groups in terms

of gender and type of surgical intervention (p < .05). There were more

male patients in the plaster group, and it was found that CABG was

performed more in both groups (p < .05) (Table 1).

3.1 | Systolic and diastolic blood pressure

During, at the end, and in the following 15 min after the ES, SBP

values of the patients with plaster were significantly higher than their

pre-suction values (p < .01). During, at the end, and in the following

5 min of the ES, the patients' SBP values with a tube holder were sig-

nificantly higher than their values of pre-suction and in the following

15 min after the ES (p < .05). Compared with the patients with plaster,

the SBP values of the patients with a tube holder were significantly

lower only at 15 min after the ES (p < .05) (Table 2).

The patients' DBP values with a plaster during and at the end of

the ES were significantly higher than their values before ES and in the

following 5 and 15 min after the ES (p < .05). The DBP values of

the patients with a tube holder during, at the end, and in the following

5 and 15 min after the ES were significantly higher than their values

before the ES (p < .05). The DBP values of the patients with a plaster

during and at the end of the ES were significantly higher than the

values of patients with a tube holder (p < .05) (Table 2).

3.2 | Heart rate and oxygen saturation

It was observed that HR and SpO2 were not affected during ES in

both ET fixation methods (p > .05). Although there was no difference

in HR between the two fixation methods (p > .05), the SpO2 values of

the patients with a tube holder during, at the end, and in the following

5 min after the ES were higher than the patients with a plaster

(p < .05) (Table 2).

4 | DISCUSSION

Although the effects of the ES, which is routinely used by nurses to

maintain airway patency and adequate oxygenation by clearing the

secretions in ICU patients, on the haemodynamic parameters of

TABLE 1 Comparison of the patient's characteristics (n = 86)

Characteristics Plaster group (n = 43) Tube holder group (n = 43) t-test or χ2 (p)

Age, mean (SD), year 59.7 (14.8) 61.1 (12.4) �0.48 (.64)

Gender

Female 12 (27.9%) 22 (51.2%) 4.86 (.03)

Male 31 (72.1%) 21 (48.8%)

Chronic illness status

Yes 21 (48.8%) 28 (65.1%) 2.32 (.13)

No 22 (51.2%) 15 (34.9%)

Smoking habit

Yes 20 (46.5%) 19 (44.2%) 0.05 (.83)

No 23 (53.5%) 24 (55.8%)

Type of surgical intervention

CABG 34 (79.1%) 25 (58.1%) 4.37 (.04)

Heart valve replacement 9 (20.9%) 18 (41.9%)

Endotracheal tube number

7.5 7 (16.3%) 4 (9.3%) 1.49 (.47)

8 21 (48.8%) 26 (60.5%)

8.5 15 (34.9%) 13 (30.2%)

Mechanical ventilation mode

SIMV 31 (72.1%) 23 (53.5%) 3.19 (.07)

IPPV 12 (27.9%) 20 (46.5%)

Inspired fraction of oxygena

40% and below 26 (60.5%) 30 (69.8%) 0.82 (.37)

41% and over 17 (39.5%) 13 (30.2%)

Abbreviations: CABG, coronary artery bypass-graft; IPPV, intermittent positive pressure ventilation; SIMV, synchronize intermittent mechanical ventilation.
aThe lower limit of the oxygen concentration of the patients was 35%, and the upper limit was 100%.
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patients were mentioned in the literature studies (Abbasinia

et al., 2014; Afshari et al., 2014; Dastdadeh et al., 2016; de Freitas

Vianna et al., 2017; Elmelegy & Ahmed, 2016; Javadi et al., 2017;

Kadhim, 2014; Lai et al., 2017; Liu et al., 2017; Rass et al., 2020;

Shamali et al., 2019), demonstration of the effect of ES on CVS

patients is limited (Faraji et al., 2015; Mohammadpour et al., 2015;

Özden & Görgülü, 2015). It could be suggested that non-commercial

methods were used in these studies because they did not report

the ET fixation methods used. On the other hand, the effects of

plasters and ET holders on the movement of ET and unplanned

extubation were compared in the previous studies (Buckley

et al., 2016; Byun et al., 2016; Komasawa et al., 2015), but the

effects of both of the ET fixation methods on the haemodynamic

parameters of the patients with ES have not been investigated. In

this study, it was found that tube holders, effective in preventing

ET's undesired movement, affected the haemodynamic parameters

during ES less than plasters.

4.1 | Systolic and diastolic blood pressure

The separation and reconnection of the breathing circuit before and

after ES cause ET movement, which causes cough by stimulating tra-

cheal and laryngeal afferent nerves. The cough during suction causes

an increase in intrathoracic and intraabdominal pressure, cardiac out-

put, left ventricular load and BP (Özden & Görgülü, 2015; Rass

et al., 2020). Also, due to acute hypoxia occurring during ES, partial

oxygen pressure and hydrogen-ion concentrations decrease, and par-

tial carbon dioxide pressure increases. High partial carbon dioxide

pressure increases the peripheral vascular resistance and BP by stimu-

lating chemoreceptors in the aorta and carotid sinus (Özden &

Görgülü, 2015). Besides, considering that ES is one of the most painful

nursing interventions (Dastdadeh et al., 2016; Mohammadpour

et al., 2015), the pain experienced during ES causes sympathetic stim-

ulation and voluntary muscle contraction, which raises BP (Afshari

et al., 2014; Kadhim, 2014). During this procedure, the pain increases

the hearts' workload and oxygen consumption, and it may cause

severe complications in patients who have undergone CABG surgery

(Mohammadpour et al., 2015).

In this study, the SBP increased during ES in patients with plaster

and remained stable at 15 min after the ES. However, the patients'

SBP values with a tube increased at the end of the ES and returned

back to their level before the process at the 15 min after the

ES. Similarly, in previous studies, BP increased during ES and returned

to its pre-suction values within 10–15 min. Given that the application

of ES according to the ES application standards decreases the suction-

based problems (Afshari et al., 2014; Elmelegy & Ahmed, 2016;

Irajpour et al., 2014; Kadhim, 2014; Özden & Görgülü, 2015; Shamali

et al., 2019), it is an expected result that BP will reach the base values

within 15 min.

In the present study, the patients' SBP values with plaster at

15 min after ES were significantly higher than the patients with a

tube holder. As non-commercial ET fixation method was reported in

studies in which BP returned to the pre-suction values in 10–15 min

(Afshari et al., 2014; Kadhim, 2014; Özden & Görgülü, 2015; Shamali

et al., 2019), it was thought that ET was fixed by non-commercial

methods. In this study, in contrast to the research mentioned, the

patients' SBP values with a plaster did not return to the pre-suction

values within 15 min. This may be due to prolonged sympathetic

stimulation because there are more ET movements in this patient

group. At the same time, it is known that all the patients were given

sedation, but the level of sedation is not known. Therefore, the seda-

tion level of the patients in the plaster group may have caused this

result.

TABLE 2 Comparison of haemodynamic parameters of patients (n = 86)

Haemodynamic

parameters

Endotracheal tube

fixation method

Measurement times

F (p)

Bonferroni–
Dunn test

Before
suctiona

During
suctionb

At the end
of suctionc

5 min after
suctiond

15 min after
suctione

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Systolic blood

pressure

Plaster 105.8 (17.9) 108.8 (19.9) 107.8 (19.1) 106.1 (17.5) 107.3 (17.9) 3.63 (.00) b,c,e>a

Tube holder 99.7 (15.5) 103.7 (14.4) 104.2 (16.8) 103.5 (19.5) 99.6 (14.8) 2.16 (.04) b,c,d>a,e

t-test (p) 1.69 (.09) 1.36 (.18) 0.93 (.36) 0.65 (.52) 2.17 (.03)

Diastolic blood

pressure

Plaster 52.2 (10.3) 56.7 (10.2) 56.4 (9.0) 54.3 (7.6) 53.7 (8.7) 3.23 (.03) b,c>a,d,e

Tube holder 48.6 (8.6) 51.7 (6.4) 52.1 (5.4) 52.6 (6.8) 51.0 (7.0) 3.47 (.04) b,c,d,e>a

t-test (p) 1.76 (.08) 2.72 (.00) 2.69 (.00) 1.09 (.28) 1.59 (.12)

Heart rate Plaster 94.4 (16.6) 95.9 (18.3) 95.2 (18.5) 95.1 (17.2) 95.4 (16.5) 1.97 (.27)

Tube holder 93.8 (18.1) 94.5 (17.9) 94.5 (19.6) 93.9 (18.1) 93.1 (18.1) 2.14 (.50)

t-test (p) 0.16 (.87) 0.36 (.72) 0.17 (.87) 0.32 (.75) 0.62 (.54)

Peripheral

oxygen

saturation

Plaster 98.7 (2.5) 96.3 (2.3) 96.9 (2.3) 97.5 (2.3) 98.1 (2.4) 1.01 (.11)

Tube holder 98.3 (1.9) 98.2 (1.8) 98.0 (2.2) 98.8 (1.6) 98.7 (1.6) 1.15 (.48)

t-test (p) 0.84 (.41) �4.27 (.00) �2.27 (.03) �3.04 (.00) �1.36 (.18)

Notes: aBefore suction, bDuring suction, cAt the end of suction, d5 min after suction, e15 min after suction.
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In this study, DBP increased during ES and decreased after 5 min

in patients using both ET fixation methods. Some previous studies

(Afshari et al., 2014; Dastdadeh et al., 2016; Elmelegy & Ahmed, 2016),

similar to the results of this study, reported that DBP increased at the

end of the ES compared to the pre-suction and started to decrease

gradually at 5 min after the procedure. In contrast to this study, Javadi

et al. (2017) investigated the effect of different catheter size usage in

the open ES method. They found that in both groups, DBP was high

at the 5 min. A reason for the difference between the results of the

two studies may be because Javadi et al. (2017) used small (12 Fr) and

large catheters (14 Fr) by dividing the patients into groups, but in this

study, a suction catheter with a diameter appropriate to the ET size

was used.

In this study, the patients' DBP values with a tube holder during

and at the end of the ES were significantly lower than the patients

with plaster. Although high BP causes deterioration of graft integrity,

low BP may cause inadequate myocardial perfusion, and it is essential

to maintain BP and HR in the normal range in patients who underwent

CVS (Özden & Görgülü, 2015). This study found that tube holders

cause less change in BP than plasters. This result could be considered

important as it showed that tube holder could be used more safely in

the ET fixation of CVS patients.

4.2 | Heart rate

In open ES, hypoxia caused by pausing the respiratory and oxygen

supplementation stimulates the adrenergic nervous system. Cardio-

vascular and haemodynamic changes such as tachycardia occur due to

the adaptation mechanism that is activated when the arterial oxygen

saturation decreases (Afshari et al., 2014; Elmelegy & Ahmed, 2016;

Kadhim, 2014). However, HR returns to the pre-suction values within

7 min of removing the secretions by suctions (Dastdadeh et al., 2016).

In this study, with both ET fixation methods, the HR was high during

ES, and it was still high in patients with plaster in the 15 min, but this

was not a significant change. This result showed that neither fixation

methods affected HR. Similarly, Kadhim (2014) examined cardiovascu-

lar changes during ES and found that the HR increased by 24% during

ES but performed no statistical comparisons between the suction

process's measurement times. Liu et al. (2017) investigated the effect

of ES in pressure and volume-controlled ventilation modes and found

that HR increased 12% in controlled mode and 13.3% in the pressure

mode within 5 min after ES. In the study of Rass et al. (2020), it was

stated that HR (2.3 ± 7.1) increased significantly after ES compared

with before ES (p < .001).

In contrast to this study, there are some studies (Dastdadeh

et al., 2016; Elmelegy & Ahmed, 2016) showing that ES causes a sig-

nificant increase in HR (de Freitas Vianna et al., 2017; Liu et al., 2017;

Özden & Görgülü, 2015). In those studies, HR returned to pre-suction

values within 3–10 min after ES (Liu et al., 2017), whereas in some

studies, it remained high, but not significantly high, after 1–15 min

(Dastdadeh et al., 2016; Elmelegy & Ahmed, 2016; Martins

et al., 2019).

Suction-induced hypoxia affects the cardiovascular system,

resulting in tachycardia, dysrhythmia, increased BP and cyanosis. A

study reported that an open ES method caused dysrhythmia during

the procedure and found a positive correlation between cardiovascu-

lar diseases and dysrhythmia (Elmelegy & Ahmed, 2016). Although ES

may cause dysrhythmia in patients (Afshari et al., 2014; Dastdadeh

et al., 2016; de Freitas Vianna et al., 2017; Kadhim, 2014), only the

HR effect of ES was investigated in this study, and no dysrhythmia

development was observed.

4.3 | Peripheral oxygen saturation

To maintain airway patency, prevent atelectasis and ensure adequate

gas exchange, secretions in the airways are cleared by ES. ES leads to

a decrease in partial oxygen pressure, which can cause serious prob-

lems, especially in patients with CVS and arrhythmias (Kadhim, 2014).

Besides, withdrawal of air in the lungs with the catheter during ES

increases hypoxaemia risk (Afshari et al., 2014). The SpO2 value,

which allows the assessment of oxygenation changes easily

(de Freitas Vianna et al., 2017), showed a non-significant decrease in

suction during both ET fixation methods in this study. On the other

hand, the patients' SpO2 with a tube holder was higher than the

patients with a plaster during, at the end of, and within 5 min after

the ES. Although research showed that ES decreased SpO2 by 18%

(Kadhim, 2014) and that the suction process caused a significant

decrease in SpO2 (Abbasinia et al., 2014; Afshari et al., 2014; de

Freitas Vianna et al., 2017; Mohammadpour et al., 2015; Özden &

Görgülü, 2015; Shamali et al., 2019), there is also another study show-

ing no decrease as observed in this research (Dastdadeh et al., 2016).

In the studies mentioned earlier, it was reported that the SpO2 value

returned to the pre-suction values nearly between 5 and 15 min after

ES (Afshari et al., 2014; Dastdadeh et al., 2016; de Freitas Vianna

et al., 2017; Mohammadpour et al., 2015; Özden & Görgülü, 2015). In

this study, giving the patients 100% oxygen for 1 min before and after

ES, limiting the number of entrances of the suction catheter to two

times, and limiting the suction time between 10 and 15 s at each cath-

eter entrance may have prevented the development of severe hyp-

oxia. On the other hand, as the tube holder caused less change in

SpO2 than the plaster in the suction process, it was revealed that the

tube holder could be used more safely in the fixation of ET on CVS

patients.

4.4 | Limitations of the study

This study has a few limitations. The first one is evaluating the effect

of oxygenation, which may cause haemodynamic parameters changes,

with only SpO2 instead of arterial blood gas (ABG). In CVS patients,

dysrhythmia may develop in the postoperative period. However, the

lack of investigation of ES's effect on dysrhythmia development is

the second limitation of this study. Another one of the study limita-

tions was that the patients' pain and sedation levels, which could
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change the effects of ES on haemodynamic parameters in CVS

patients, were not evaluated. Finally, this study has a single-centre

design, which precludes the generalization of the results to the overall

CVS patients.

5 | CONCLUSION

This study showed that the tube holder used for ET fixation affected

the haemodynamic parameters during ES less than the plaster and

could be safely used on the patients in CVS ICU. Especially on CVS

ICU patients with unstable haemodynamic parameters, ET fixation

tube holders can be recommended. On the other hand, this study was

the first to compare the effects of two different ET fixation methods

on haemodynamic parameters during ES. For this reason, further

large-scale, multi-centre, prospective, randomized-controlled studies

are required to investigate the effect of the ET fixation methods on

haemodynamic parameters during ES so that these results could be

generalized. It is also suggested to plan new research to evaluate the

effect of two ET fixation methods on oxygenation with ABG, investi-

gate ES's effect on the development of dysrhythmia and evaluate the

level of pain and sedation.
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