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ABSTRACT

Airway suction is one of the most popular methods for drainage airways in patients with
artificial airway; thus, correct suction of airways is important. Hence, the purpose of this study is
to determine the effects of suction methods with and without normal saline on hemodynamic and
respiratory patients. This randomized crossover clinical trial was conducted on two groups
consisting of 37 mechanically ventilated patients by suctioning with and without normal saline.
After at least 2 hours, the second stage was conducted and the patients were displaced in groups
A and B. respiratory and hemodynamic parameters were measured at different intervals. The
average age of patients was 21.8 ± 51.2; in terms of consciousness, 70% of patients were Sedate.
Systolic blood pressure (P = 0.20), diastolic blood pressure (P <0.0001), average arterial pressure
(P <0.0001) and heart rate (P <0.0001) increased over time immediately after the suction and then
declined; in approximately 5 minutes after suction, it approached its baseline. This difference was
significant in other cases except for systolic blood pressure. The mean respiratory rate, mean
airway pressure, mean oxygen-saturated haemoglobin, mean end-tidal carbon dioxide were
similar in both suction groups with and without normal saline during different time steps and no
significant differences were observed. As long as there is no sufficient evidence to use normal
saline on endotracheal suctioning, this method is not recommended to be used routinely. It is
recommended to substitute strategies such as airway hydration, adequate hydration of patients,
early mobilization of patients and administration of mucolytic drugs.
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INTRODUCTION

Patients receiving mechanical ventilation
require endotracheal intubation to their airway.
endotracheal tube causes several problems for the
patient, including weakened cough reflex due to

closure of the glottis and more concentrated
secretions due to removal of a part of the upper
airway which keeps the air warm and humid1.

On the other hand, artificial airway and
positive pressure ventilation induces increased
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production of bronchial secretions; because the
patient loses the ability to cough while mechanical
ventilation, secretions tend to accumulate and
obstruct the airway2. There are ways to clean airway
including chest physiotherapy, frequent position
changes, moving a patient quickly, wetting airway
and airway secretion suctioning1. Airway suctioning
is one of the most common methods done in
patients with artificial airway3. The number of
suctions is based on patient needs1. Therefore, the
number of suctions is different in each disease. Its
average has been reported 7-18 times daily4.

Despite the necessity of suction in some
patients, this approach can lead to complications
such as damage to the trachea, bleeding, infection,
cardiovascular and hemodynamic disturbances,
impaired blood gas exchange and hypoxemia,
bronchoconstriction, atelectasis, increased
intracranial pressure, impaired blood supply to the
brain and increased resistance and airway
pressure5, 6. In addition, patients complain about
pain and discomfort and a feeling of suffocation
during suctioning7. These effects lead to an increase
in the patient’s stay in hospital and intensive care
unit and impose on-going costs to the patient and
family8. Despite all these complications, patients
believe it is necessary and makes breathing easier7.
Various methods are used to drain secretions in
the suctions. Suction may be applied open or
closed, deep or shallow, with or without normal
saline 3. Due to the health risks associated with this
suctioning approach, it is necessary to examine
the method of suctioning by nurses and guidelines
are required to prevent non-uniformity7. One of the
most common methods used to drain secretions is
to inject a normal saline before suction of trachea.
The results of a study in USA showed that 74% of
hospitals use normal saline when suctioning9. It has
been nearly two decades that normal saline has
been used before suctioning secretions, in
intensive care units around the world. This is based
on the hypothesis that 3-5ml normal saline reduces
adhesion and instillation of secretions, and makes
the suction catheter more slippery and, as a
mechanical stimulator, stimulates the cough reflex,
and ultimately leads to increased discharge of
secretions and permits easier movement of
secretions10, 2. However, there is insufficient
evidence to support this theory. Some studies have

shown that normal saline has no advantage but
can even be harmful11. Possible side effects of
insertion of normal saline during suctioning include
impaired alveolar gas exchange and decreased
oxygen-saturated haemoglobin, decreased
venous oxygen saturation, increased incidence of
nosocomial pneumonia and increased intracranial
pressure12.

Several studies have been conducted to
evaluate the effects of normal saline. Ji showed
that inserting normal saline influences haemoglobin
saturation and reduced it13, whereas Akgui showed
that normal saline did not cause significant
difference in oxygen saturation and gases in atrial
blood 14. Another study also showed that normal
saline did not influence the concentration of oxygen
and carbon dioxide, but decreased the arterial
oxygen saturation. Noting the side effects such as
increased heart rate, this study also pointed out
that stimulatory effect of normal saline on increased
cough reflex led to hypertension and increased
intracranial pressure15, while some other studies
found no change in blood pressure after suctioning
with normal saline7, 16. Meanwhile, Punchalski
pointed out the effect of normal saline to dilute
concentrated secretions and moist the suction
catheter17.

Despite many controversies, normal
saline before suctioning is one of the most common
interventions in respiratory care. Studies show that
74% of American medical centres use normal
saline for suctioning the airway17. Given that tracheal
suctioning is associated with high complications 16,

18, 19, therefore, there has been always
disagreements on how to do it and factors which
cause effectiveness of discharge14, 19. Thus, the
purpose of this study is to determine the effects of
suctioning methods with and without normal saline
on hemodynamic and respiratory condition of
patients.

MATERIALS AND METHODS

This study was a randomized crossover
clinical trial for two groups in two steps. Participants
included mechanically ventilated patients with
tracheal tube admitted to the intensive care unit of
Poursina and Razi Hospital, a referral centre for
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patients requiring special care in Rasht, Gilan
province in northern Iran.

A total of 74 patients were selected by
gradual sampling and participated in six cases
based on four random blocks each including 37
patients.

Patients were included in the study who
had a 7-8 endotracheal tube, were connected to
the mechanical ventilator with adjustable volume
for at least 48 hours and at most one week and had
a stable hemodynamic condition (high systolic
blood pressure 90mmHg, urine at least 30ml/h of
balanced electrolytes without serious arrhythmias).

Patients who had a history of heart
diseases, hypertension, chronic obstructive
pulmonary diseases and a history of cardiac and
respiratory drug use as well as patients who used
muscle relaxant drugs or their ventilator was
adjusted in the studied period and patients who
did not require suction after 2 hours were excluded.

The data was collected in three parts. The
first part is about demographic characteristics (age
and sex), the second part includes clinical
characteristics (type of disease, level of
consciousness, ventilator mode and level of PSV,
PEEP, fio2), and the third part includes results of
measurements of hemodynamic and respiratory
parameters.

Patients were initially divided in group A
(suctioning with normal saline) and B (suctioning
without normal saline) based on four random blocks
in six permutation modes AABB, BBAA, BABA,
ABAB, ABBA and BAAB which were used in 12
quaternary combinations to meet the sample size.
Legal guardians of patients were asked to provide
informed consent before enrolling in the study.

Suction was conducted only when the
patient required suction. For this purpose, the
respiratory parameters including respiratory rate,
mean airway pressure (MAP), peak airway pressure
(PIP), the degree of oxygen-saturated haemoglobin
(O

2 Sat), exhaled carbon dioxide (ETco2) and the
hemodynamic parameters including heart rate,
systolic and diastolic blood pressure and mean

arterial blood pressure were measured and
recorded before the suction. Thus, percentage of
oxygen-saturated haemoglobin and end-tidal
carbon dioxide, systolic and diastolic blood pressure
and mean arterial blood pressure and heart rate
were measured by a monitor connected to the
patient. In addition to non-invasive measurement
of blood pressure, this monitor was equipped with
pulse oximeter and Capnograph. Moreover,
respiratory rate, mean airway pressure and peak
airway pressure were measured by a ventilator
attached to the patient.

Then, suction was conducted for patients
in group A without normal saline and group B with
5ml normal saline, as follows:

Before suctioning, the patient was given
100% oxygen for 2 min; then, suction was performed
using a proper suction catheter (half of the diameter
of the endotracheal tube) for 10 seconds a central
suction with similar conditions for all patients. Then,
BP (systolic, diastolic and mean arterial blood
pressures), heart rate, respiratory rate and mean
airway pressure and peak airway pressure at
specified intervals, that is, immediately after
suctioning and then 2 and 5 minutes later, as well
as the percentage oxygen-saturated haemoglobin
and end-tidal carbon dioxide at 15, 30 and 45
seconds and then 1, 2, 3, 4 and 5 minutes
immediately after the suction were measured and
recorded.

After at least two hours (wash out), the
second phase of the study was conducted where
patients in groups A and B were replaced together.
If necessary, the suction was performed in each
groups of patients, according to the new group.
Measurements of respiratory and hemodynamic
parameters were performed at intervals.

reliability of the monitoring device, Saadat
Novin, which is capable of measuring hypertension,
oxygen-saturated haemoglobin, end-tidal carbon
dioxide as well as Evita 2 ventilator Drager, which
is capable of measuring respiratory rate and mean
airway pressure and peak airway pressure was
confirmed by repeated utilization of the clinical
environment (at least 3 times). By inserting data in
software SPSS21, descriptive (mean, frequency)
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and analytic (paired t-test, independent t, wilcoxon,
Mann-Whitney) statistics, analysis of repeated
measures (RM ANOVA) were used for analyses.
The significance level of tests was considered P
<0.05.

RESULTS

The results showed that 66% of patients
were male, age ranged between 18-78 years
(mean= 51.2 ± 21.07); in terms of alertness, 70% of
patients were Sedate and 82.4% were on breath
mode SIMV (mean, FiO2: 48/2 ± 12/8, PEEP: 5/1 ±
1/7, PSV: 12/8 ± 3/8) receiving mechanical
ventilation.

Evaluation of blood pressure conducted
in the phase prior to suctioning and three steps
after suction (immediately 2 and 5 minutes later)
found that mean systolic and diastolic pressures
before suctioning were significantly different from

the times after suctioning; therefore, no significant
difference was found in the two methods with and
without normal saline.

The repeated measure analysis of
variance (RMANOVA) on hemodynamic parameters
showed that systolic blood pressure (P = 0.20) and
diastolic blood pressure (P <0.0001) and mean
arterial pressure (P <0.0001) and heart rate
(P<0.0001) increased immediately after suction and
decreased after that over time. In 5 min after the
suction, it almost approached its baseline; this
difference was significant in other cases except for
the systolic blood pressure. In addition, the results
of RMANOVA using Green House test showed no
interaction effect between two suction methods at
different times in relation to hemodynamic
parameters

On respiratory parameters, the results
indicate that the respiratory rate, peak inspiratory

Fig. 1: (A) mean systolic (B) diastolic blood pressure (C) mean arterial blood pressure and (D)
heart rate in suction with and without normal saline at different intervals
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airway pressure (PIP) and mean airway pressure
(MAP), oxygen-saturated haemoglobin (O2sat) after
suctioning with or without normal saline increased
in both groups, but the difference was not significant.
While tidal carbon dioxide (ETco2) significantly
increased in group B in 45 seconds after suction (P
= 0.03); however, no significant increase was found
in 3 minutes (P = 0.46) and 4 minutes (P = 0.21)
after suctioning.

RMANOVA on variations of respiratory
parameters showed that the mean respiratory rate
decreased immediately after suctioning, and
increased subsequently; it approximately
approached its baseline in 5 minutes, which was
not statistically significant.

The mean peak airway pressure (PIP)
decreased immediately after suctioning by 2.4

Fig. 2: (A) the mean respiration rate, (B) PIP, (C) MAP, (D) O2Sat, (E) ETco2,
in both suctions with and without normal saline at different intervals
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cmH2o and then increased; it approached the
baseline in 5 minutes. These differences were not
significant.

Mean pressure airway (MAP) which was
9.86 cmH2o in the pre-reduction increased
gradually after the suction and reached 11cmH2o
in 5 minutes after suctioning, but the difference was
not statistically significant. The mean oxygen-
saturated haemoglobin immediately dropped after
suction, but the fluctuations were slight afterwards;
these differences were not significant.

The mean end-tidal carbon dioxide
slightly reduced immediately after suction (by
1mmHg); then, it increased and at the end of the
fifth minute after suctioning approached to the
baseline. RM ANOVA using Greenhouse test
showed no interaction effect between the two
methods of suction at different periods in relation to
respiratory parameters measured above. In other
words, respiratory response of both groups was
similar to both suction methods with/without normal
saline at different intervals and no significant
difference was found between them (Figure 2).

DISCUSSION

The results of the present study showed
that systolic and diastolic blood pressures and mean
arterial pressure increased after suctioning with or
without normal saline. Although the increase in
blood pressure was slightly higher in suction with
normal saline, this difference was not significant in
systolic and diastolic blood pressures at any time
of suction for none of the two groups. While the
increase in mean atrial blood pressure was
significant over time immediately after the suction.
Hypertension is an effect of endotracheal tube
suctioning; its major cause is the pain caused by
complications of suctioning which causes
sympathetic stimulation and muscle contraction20.
In Zaman and Shojaei, patients experienced an
increase in blood pressure, particularly systolic
blood pressure, after the suction21. Others also
evaluated the effects of suction with normal saline
on hemodynamic conditions including
hypertension; the results indicate that normal saline
inserted while suctioning increases blood pressure,
but the difference is not significant5, 7, 16, 22.

The results of this study are consistent with
above studies. However, these studies have not
evaluated mean arterial pressure. While this study
found a significant increase in mean arterial
pressure immediately after suctioning. In this case,
suction as an invasive procedure leads to
physiologic responses; the body response to
suction as a stimulator has been higher in the phase
immediately after the suction. This caused significant
changes. The increase was light; therefore, the
increase seems insignificant clinically. On the other
hand, increase in cough reflex as a result of normal
saline can lead to increase in mean atrial pressure16.

In this study, the heart rate increased in
both suctions with and without normal saline, but
the increase was higher in suction with normal
saline. However, the increase was not significant at
any other time after the suction except for
immediately after the suction. Suction can cause
both tachycardia and bradycardia (due to vagus
nerve stimulation)23. In this study, patients only
experienced increase in heart rate, while 5% of
patients experienced bradycardia in Zaman and
Shojaei21. In Akgul, the results showed an increase
in heart rate of patients in 4 and 5 minutes after the
suction with normal saline rather than the suction
without normal saline. As a stimulator, normal saline
significantly increased the heart rate in patients14.
Other study indicated that normal saline increased
heart rate in 4-5 minutes after the suction, but it had
no effect on blood pressure16, while other studies
indicated a significant difference in increased heart
rate caused by suction with and without normal
saline7, 24.

Concerning respiratory parameters,
results showed that respiratory rate, peak airway
pressure, oxygen-saturated haemoglobin and tidal
carbon dioxide immediately decreased slightly after
suction with and without normal saline. There was
a significant difference between this and the time
before suction as well as between both suctioning
groups (with and without normal saline). Above
respiratory parameters approached its baseline
subsequently after the suction by slight increase
and partial fluctuations. These effects were not
significant in none of the time intervals and in none
of the studied groups. The results also showed that
mean airway pressure increased insignificantly at
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all times after the suction in both studied groups
(with and without normal saline).

Results of some studies suggest that
suction with normal saline does not influence
oxygen-saturated haemoglobin, while other
studies indicate a decrease in this parameter even
to 5 minutes after the suction7. Akgul showed that
suction with and without normal saline
insignificantly reduced oxygen-saturated
haemoglobin14, which is consistent with this study.
In contrast, other studies indicated that normal
saline significantly reduced oxygen-saturated
haemoglobin. This reduction increased over time
by higher amount of normal saline13, 16. Najaf Yarandi
showed that oxygen-saturated haemoglobin
reduced in both suctions even in 20 minutes after
the suction; this difference was significant in suction
with normal saline15.

Another study conducted on children
showed that suction with normal saline considerably
reduced oxygen-saturated haemoglobin, which
was significant in 1 and 2 minutes after the suction12.
Another study found significant reduction in oxygen-
saturated haemoglobin in 4, 5 and 10 minutes 5.
Results of a review showed that although evidence
indicate a reduction in oxygen-saturated
haemoglobin by using normal saline, these
changes are not significant clinically25. Reduction
in oxygen-saturated haemoglobin after suction may
be due to the interruption of ventilation and anxiety
during suctioning. In these cases, the negative
effects of suction seem to be transient. Further
decrease in oxygen-saturated haemoglobin by
suction with normal saline indicates harmful effects
of normal saline o the patient’s oxygenation9. A
study using normal saline showed that only 10.7 to
18.7% of normal saline exited after the suction;
therefore, the residual can disturb the alveolar gas
exchange12.

Findings indicate that tidal CO2 increased
after suctioning by minor fluctuations, but this
difference was not significant, while Akyolcu and
Akgul showed the reduction in the amount of tidal
carbon dioxide after suctioning, which was not
significant in both groups14. Another study also
showed that tidal CO2 decreased even in 20 minutes
after suction15. Here, the differences were not

significant, while Zaman and Shoaei showed that
hyperinflation before suction increased tidal CO2.
In fact, hyperinflation which is a type on increase in
pulmonary ventilation was followed by tidal CO2

21.
Zahran found no significant difference in the amount
of CO2 before and after the suction, but a significant
increase in tidal CO2 by suction with normal saline
after the suction22. In the present study, reduced
pulmonary ventilation decreased tidal CO2

immediately after the suction; probably, drainage
secretions improved pulmonary ventilation and
increased tidal CO2.

The results of this study showed that the
effect of suction with and without normal saline on
other respiratory parameters including respiratory
rate and airway pressure was negligible and
changes were not significant. Thus, the respiratory
rate approached the baseline in 5 minutes after the
suction by partial fluctuations and the peak airway
pressure decreased over time; moreover, the mean
airway pressure slightly increased.

Drainage secretions after endotracheal
tube suctioning decreased the airway resistance,
increased the pulmonary dynamic compliance and
finally reduced the peak airway pressure; however,
the endotracheal tube suctioning is not able to
discharge secretions of the peripheral airways6.
Maybe this is a reason for keeping the airway
pressure high. In Zahran, respiratory rate
significantly increased immediately after suctioning
with and without normal saline, while lung dynamic
compliance significantly reduced simultaneously22.

In literature, little is known on the effects of
suction on airway pressure. In this regard, a study
on physiologic effects of suction with and without
normal saline on respiratory rate, peak airway
pressure and values of atrial blood gases indicated
no significant difference between two methods26.

In general, suction with or without normal
saline causes changes in hemodynamic and
respiratory parameters. Although suction with
normal saline causes negative effects, the changes
are not significant except for increase in heart rate.
This suggests that the changes do not cause a major
risk. However, results of other studies found a
significant relationship. Perhaps, the results of
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present study are due to the lack of samples and
different design of the study; therefore, a broader
study is required.

Yet, systematic reviews emphasize that
little is known on helpfulness as well as side effects
and risks of normal saline. In this regard, better
quality clinical trials are required25. It is
recommended to conduct other studies with
different designs and more samples as well as
measurements in different times.

Therefore, it is recommended to avoid
routine administration of normal saline as long as
the evidence lacks on tracheal suction. It is

recommended to substitute strategies such as
airway hydration, adequate hydration of patients,
early mobilization of patients and administration of
mucolytic drugs to minimize the side effects of
suction.
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