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Abstract:

Background: The efficiency of physiotherapy maneuvers for respiratory disorders has not
been proven because it depends on the proper performance of therapists and the patients'
collaboration. Bag squeezing which is done with manual breathing unit (MBU) is a technique
that is often studied. Aim of the study: to assess the effect of breath stacking technique on
respiratory efficiency, airway clearance and cough intensity in mechanically ventilated patients.
Materials and Method: Research design: A research design based on a quasi-experimental
approach. Settings: This study was carried out at 2 ICUs at Alexandria Main University hospital.
Subjects: A convenience sample of 80 critically ill patients was selected. Tools of the study:
two tools were used in this study. Tool I: Patient respiratory efficiency assessment: it was used
to assess patients’ respiratory efficiency; it consisted of four parts. Part I: Patient characteristics
and clinical data. Part II: Respiratory clinical parameters assessment. Part III: physiological
parameters. Part IV: assessment of airway clearance. Tool II: Cough reflex intensity scale: to
assess cough strength. Methods: Two groups (group A and group B) were used to divide the
subjects of the study. The patients in group A were subjected to breath stacking technique and
chest physiotherapy (CPT), while those in group B were received CPT. The researcher assessed
patient respiratory efficiency and cough reflex intensity before, immediately after and after 60
mins of performing interventions. Results: it was found that the number of patients in the BS
group who had no cough increased from more than half to seven patients after intervention.
Simultaneously, the number of patients who had weak audible cough increased from 11 to 20,
those with clear audible cough increased from 1 to 8, and others with strong cough increased to 5
with significant difference between groups in relation to cough strength. Conclusion: Stacked
breathing technique is notably effective in enhancing cough intensity and airway clearance,
thereby promoting respiratory efficiency.
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Introduction:

Respiratory muscle weakness is a
potentially fatal condition that affects critically
ill patients (Vanhorebeek et al., 2020).
According to Bissett et al., 2020 respiratory
muscle weakness affects approximately 63% of
patients in intensive care units. Not only does
atrophy and subsequent diaphragm dysfunction
contribute to weakening of the respiratory

muscles, which is linked to significant morbidity
in the ICU, but the extra-diaphragmatic both the
inspiratory and expiratory muscles have a
significant impact (Bureau et al., 2023).

The efficiency of coughing, which
clears the airways from secretion and shields
patients from respiratory complications is
regulated by the strength or weakness of the
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respiratory muscles. (Sykes & Morice 2021).
Breathing becomes harder, the respiratory pump
fails, and gas exchange is hampered by
respiratory muscle weakness, decreased lung
volume, and increases in respiratory elastance
and resistance. When lung or chest wall
dysfunction impairs ventilation, gas exchange
and respiratory failure results however, extended
the use of mechanical ventilation, and
respiratory muscle weakness are connected to a
higher chance of extubation failure and an
extended period of ventilator dependence (Patel
2022 et al., Bissett et al., 2020).

Chest physiotherapy (CPT), a technique
aimed to clear airway secretions that facilitates
lung expansion, fortifies respiratory musculature,
and mitigates airway obstruction along with its
associated complications, such as atelectasis and
hyperinflation. Components of chest physical
therapy encompass vibration, suctioning,
postural drainage, percussion, deep breathing
exercises, and mobilization. Currently, a
paramount approach within the realm of chest
physical therapy is the breath stacking technique
(Belli et al., 2021).

The technique of bag squeezing and
manual hyperinflation utilizing an AMBU,
commonly referred to as the breath stacking
technique, involves the generation of an increase
in inspiratory volume, thereby facilitating the
expansion of collapsed pulmonary units; in
addition, it enhances expiratory flow through the
elastic recoil of the thoracic cage, thus aiding in
the mobilization of secretions (Valer et al.,
2022). This technique, known as breath stacking,
is also referred to as lung volume recruitment
(LVR), manual or mechanical
insufflation/exsufflation, and cough
augmentation techniques (Cleary et al., 2021).

The breath stacking (BS) plays an
important role in increasing lung capacity,
treating and preventing atelectasis, improving
cough efficiency, and reducing mucus retention.
As a result, BS may diminish the occurrence of
respiratory infections and the likelihood of
respiratory failure, improve gas exchange,
improve lung compliance, reduce hospital stays
and reduce costs for patients, reduce mortality
and morbidity, and thus enhancing the overall
quality of life of patients (Sheers et al., 2023).

Breath stacking is classified as a
manually assisted cough (MAC) technique. In
MAC, once maximal respiratory stacking is
achieved and glottic became opening and cough
is timed with abdominal thrusts or lateral rib
compressions. Additionally, MAC utilizes
abdominal thrusts to increase expiratory flow.
Abdominal compression creates a sudden
increase in abdominal pressure. This results in
abdominal contents pushing up against the
diaphragm, resulting in an increase in expiratory
flow (Rose et al., 2019). Critical care nurses
play a key role in improving clinical airway
performance once patients are placed on a
ventilator. Therefore, this study was conducted
to evaluate the effects of the BS technique on
respiratory efficiency, airway clearance, and
cough intensity in mechanically ventilated
patients.
Aim of the study:

This study aimed to assess the effect of breath
stacking technique on respiratory efficiency,
airway clearance and cough intensity in
mechanically ventilated patients.
The hypotheses of this study were:
H0: there was no difference between
mechanically ventilated patients who were
subjected to breath stacking technique and chest
physiotherapy in relation to its effect on
respiratory efficiency, airway clearance and
cough intensity than who was subjected to chest
physiotherapy.
H1: mechanically ventilated patients who were
subjected to breath stacking technique and chest
physiotherapy had an improvement in
respiratory efficiency, airway clearance and
cough intensity more than those who were
subjected to chest physiotherapy.
H2: mechanically ventilated patients who were
subjected to chest physiotherapy had an
improvement in respiratory efficiency, airway
clearance and cough intensity more than those
who were subjected to breath stacking technique
and chest physiotherapy.
Operational definition: Respiratory efficiency
in this study including normal arterial blood
gases and respiratory parameters.
Subjects and methods:
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Research design: A research design based on a
quasi-experimental approach in such quasi-
experimental designs the assignment of
participants was based on selection by
researcher while subjects cannot be randomly
assigned to the study for practical or ethical
reasons. Then, the selected subject was
randomly allocated in either control or
intervention group.
Settings: This study was carried out at 2 ICUs at
Alexandria Main University hospital the
casualty care unit (unit I), and the general ICU
(unit III). The casualty care unit consists of two
rooms with four beds each. The general ICU
consists of two main halls with seven beds each.
Subjects: A purposive sample of 80 critically ill
patients was selected by the power analysis
program EPI-info7 calculated an expected
population of 100 in three months with a 5%
acceptable error, a confidence coefficient of 95%,
and a frequency of 50%. Patients who were
match the inclusion criteria was equally assigned
to two groups group A and group B.

Randomization was applied by using a
simple random method (folded paper) for the
two groups. The patients in group A were
subjected to breath stacking technique and CPT,
while those in group B was received CPT. The
patient with the following criteria was included
in this study: Adult patient (aged ≥18 years≤65
years old), Mechanically ventilated conscious
patients, patients with cough reflex intensity
score grade one or two, patient with the
following parameters: heart rate ≥60 b or ≤100
b/min, blood pressure ≥ 90/60 or ≤150/90
mmHg, central venous pressure ≥ 6 or ≤ 15
cmH2O, respiratory rate ≥12 cycle/min or ≤ 22
cycle/min, temperature ≥ 36.5◦C or ≤ 37.5◦C.
Patient with the following criteria will be
excluded from the study; patient on sedation,
patients who were contraindicated for breath
stacking; undrained pneumothorax, severe
bronchospasm, rib fracture, obese patients,
patients who were contraindicated for abdominal
thrust ; pregnant patients, recent abdominal
surgery, obese patients, and hyperglycemic
patients (RBG ≥ 200 mg/dl) and hyperglycemic
patients (RBG ≥ 200 mg/dl).
Tools of the study: This study utilized two tools.
Tool I: Patient respiratory efficiency
assessment: This tool was created by the

researcher after reviewing the related
(Fernandes et al., 2022, Charu et al., 2023,
Magni et al., 2024, Oliveira et al., 2023,
&Reyes et al., 2020) to assess patients’
respiratory efficiency after breath stacking
technique, it consists of four parts.
Part I: Patient demographic characteristics
and clinical data.

This part included demographic
characteristics such as age, sex, clinical data
included vital signs, level of consciousness using
four score scale, past medical and surgical
history, current diagnosis, and prescribed
medications.
Part II: Respiratory clinical parameters
assessment.

This part was used to record
physiologic response before and after the
application of stacked breathing technique and
chest physiotherapy (CPT) which included the
following:
- Oxygenation status parameters included
arterial blood gases (ABG), peripheral oxygen
saturation (Spo2) which was measured by pulse
oximeter of bedside monitor, oxygen
concentration percent and duration.
- Mechanical ventilator data included tidal
volume (Vt), peak airway pressure (PIP), plateau
airway pressure (Pplat), mean airway pressure
(MPAW) it was calculated by following formula
[MPAW = (inspiratory time x frequency) / 60 x
(PIP – PEEP) + PEEP}, static compliance (Cs) it
was calculated by following formula [Cs=Vt /
(Plateau airway pressure - PEEP)], dynamic
compliance (Cdyn) it was calculated by following
formula [Cdyn = Vt / (Peak airway pressure –
PEEP)], minute ventilation (VE) it was
calculated by following formula [VE= Vt × RR],
and duration of mechanical ventilation in days.
Part III: Physiological parameters included
respiratory assessment (respiratory rate and
breathing sound), heart rate, blood pressure
(systolic and diastolic blood pressure), main
arterial pressure (MAP) = DP + 1/3(SP – DP),
and body temperature.
Part IV: assessment of airway clearance
included assessment of breath sound for quality
of air entry for both right and left side of chest
and measurement of suctioned sputum in
milliliter. Breath sounds were scored with 1 if
present and 0 if diminished.
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Tool II: Cough reflex intensity scale: this tool
was adopted from Li et al., 2023 and Jia et al.,
2021 which is valid and reliable for critically ill
patients to assess cough strength. It included
four grades grade I (no cough), grade II (weak
audible cough), grade III (clear audible cough),
and grade VI (strong loud cough).
Methods:
- After explaining the study's objective, the
administrative authorities of the previously
mentioned setting gave permission to conduct
the study.
- The research was approved by the faculty of
medicine, Alexandria university research Ethics
Committee (no. 0307101)
- Five experts in critical care nursing conducted
a check on the validity of the content.
- Reliability of the patient respiratory efficiency
assessment tool (tool I) was tested using
Cronbach’s Alpha test and result was 0.93%.
- To assess the clarity, applicability, and
feasibility of the study, a pilot study was
conducted on 8 patients (10%) of the sample.
- Data collection was done as follows: This
study included all mechanically ill patients
admitted to the previously mentioned unit who
fulfilled the inclusion criteria and consented to
be enrolled. The study subjects were being
randomized and equally assigned to two groups
(group A and group B), each consisted of 40
patients.
For both groups:
- Demographic and clinical data of both groups
was obtained by using tool I Part I, the
consciousness level (by four score) using Part I
of tool I.
- Cough reflex intensity scale, breath sounds for
quality of air entry, amount of suctioned sputum,
physiological parameters, mechanical ventilator
data and oxygen status parameters were assessed
for every patient immediately before,
immediately after interventions then after 60-
minutes of performing breath stacking and chest
physiotherapy.
- Cough was semi -objectively evaluated by the
researcher using cough reflex intensity scale
(tool II) in the presence of two nurses and the
final score was determined according the
decision of two person versus one. The safety of
conventional chest physiotherapy and BS
techniques is being investigated, the researcher

assessed the physiological parameters;
respiratory rate, heart rate, blood pressure (tool I,
Part II) before interventions as a baseline and
stopped the session if there was any change in
physiological parameters by 20% from the
baseline after implementation of any
intervention.
- Conventional chest physiotherapy (CPT) was
done by the researcher for both groups as
follows; (postural drainage, positioning, chest
percussion, chest vibration, and suctioning).
- Postural drainage technique was provided by
the researcher as follows: position the patient in
the left, right, head down, or Trendelenburg
positions according to the affected lobe, each
position will be maintained for approximately 10
minutes.
- Chest percussion: technique was provided as
follows: position the patient according to the
affected lobe, during the technique, place a
folded towel over the patient ' s chest, cup the
hand as if to hold water, palm facing downward,
and keep the wrist and forearm as relaxed as
possible and Percuss the chest wall rhythmically
while applying moderate force to the ribs, on the
sides of the chest, and on the sides of the back.
Each tap should make a hollow sound and be
applied for a period of 3-5 minutes for a session.
- Chest vibration: the technique was given by
placing the patient with their affected lung on
top, placing a folded towel over their chest, and
firmly placing both hands over the chest wall to
be treated, then when the patient breathes out,
they should experience a fine shaking movement
by tightening the muscles in their forearm and
applying moderate downward pressure to the
chest and applied for a period of 3-5 minutes for
a session.
- In addition to the previous intervention group
A was received manual-assisted stacked
breathing technique as follows:
- The researcher disconnected the patient from
ventilator then, attached the patient's
endotracheal tube adaptor to the manual
resuscitation bag (MRB) with one-way valve.
The researcher squeezed the MRB slowly and
twisted it to deliver greater airflow into the
patient's lungs and held the bag at the end of
inspiration for up to 2-3 seconds breaths without
breathing out. This sequence was repeated for 2-
3, using ‘OK’ sign to communicate with the
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patient once the patient feels their lungs are full,
as indicated by the sign. After that, the
researcher removed the resuscitation bag and
allowed the patient to exhale or cough timed
with abdominal thrust.
- Abdominal thrust provided by the researcher as
follows: placed his index fingers on the patient's
hip bones and slid his thumbs towards the belly
button, then placed the heel of one hand one
inch above the belly button and place the other
hand on top of the first hand, interlocked his
fingers with straight elbows and fingers pointed
away from the chest. The researcher followed
the patient's breathing for mechanically
ventilated patients and at the start of expiration
applied one quick forceful push inward and
upward through the abdomen and asked the
patient to cough strongly.
- The previous steps were repeated for 3-5
cycles of breath-stacking for a period of 10
minutes with a break every 5 minutes and any
secretions were removed by suctioning.
- The conventional chest physiotherapy
interventions alone or combined with stacked
breathing technique were performed by the
researcher in the form of twice sessions a day for
three days and each session lasted for 45-60
minutes.
- The appropriate statistical analysis was used to
compare the outcomes between the two groups
after the completion of the study.
- Using the appropriate statistical tests the
collected data was analyzed included; F test
(ANOVA) with repeated measure, partial eta
squared, student t-test, and Chi square test to
assess the effect of stacked breathing techniques
on respiratory function of critically ill patients.
Ethical consideration:

Following an explanation of the study's purpose
and an assurance that the data collected would
only be used for the study, the relatives who
were included in the study provided written
informed consent. They were made aware that
the patient could leave the study at any moment.
the researcher guaranteed the upkeep of
namelessness of the subject information
employing a code number. the researcher the
maintenance of confidentiality of the subject
data using a code number. Patients’ privacy
ensured regarding the collected data was

maintained during the implementation of the
study.

Results:

Table I shows that 35% of the patients in the
study were female, whereas 65% were male in
both groups; 37.5% of patients in the CPT group
and 47.5% in BS were aged over 50-60 years.
Regarding patients' diagnoses, 70% of patients
in the BS group and 67.5% in the CPT group
experienced respiratory disorders. Furthermore,
the mean BMI was 36.3 in the BS group and
42.8 in the CPT group. Additionally, there was
no notable distinction between the two groups.

A comparison of the mean changes in
physiological parameters between the studied
groups can be observed in Table II. In the BS
group, respiratory rate decreased significantly
from 21.6 - 20.9 c/m after 60 mins (p=0.005).
Furthermore, there was significant difference
between group (p= 0.009). Considering heart
rate, it diminished significantly from 93.3 – 88.5
b/m after 60 mins (p=0.000). It is evident that
body temperature decreased significantly in the
BS group from 37.5ᵒc to 37.3ᵒc (P = 0.006), but
there was no significant difference between both
groups.

Table III displays the mean differences in
oxygen levels for the studied groups. In the BS
group, there was a notable significant increase in
Sao2 from 95.5 to 96.5 after 60 mins (p=0.000).
Correspondingly the peripheral oxygen
saturation levels (SPO2), significantly rose from
95.7 to 96.8 after 60 mins (p=0.001). It can be
observed that the fraction of inspired oxygen
(FiO2) decreased significantly in the BS group
from 41.4 to 40.4 (P = 0.001). Additionally,
there was insignificant difference between the
studied groups in all previously mentioned
parameters.
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Table IV presents the mean changes in
ventilator data for the analyzed groups. In the
BS group, there was a significant increase in Vt
from 484.7 to 613.3 (p < 0.00) and insignificant
in VE from 10399.4 to 11210.9 after 60 mins.
Furthermore, significant difference in Vt and VE
between the groups was observed after 60 mins
of the intervention (p = 0.040,0.039) respectively.
Regarding PIP, there was a significant decrease
from 20.88 to 19.25 after 60 mins (P = 0. 001) In
addition, there was significant difference
between groups after 60 mins (P = 0.047). It can
be observed that the static compliance (Cstat)
increased significantly in the BS group from
65.91 to 82.41 (P = 0.001), without significant
difference between the two groups.

Referring to table V, the number of
patients in the BS group who had no cough
increased from more than half (28 patients) to
seven patients after 60 mins of the intervention.
Simultaneously, the number of patients had weak
audible cough increased from 11 to 20, those
with clear audible cough increased from 1 to 8,
and others with strong cough increased to 5 with
statistically significant difference observed (P <
0.001). Moreover, there was significant
difference between groups immediately after and
after 60 mins (p=0.044, <0.001) respectively.

As proved in table VI, the percent of
patients with diminished air entry decreased

significantly from 40% to 20% (p=0.001).
Moreover, there was a significant difference
between groups after 60 minutes of performing
interventions. In addition, the percent of patients
who did not produce sputum while suctioning in
BS group decreased significantly from 82.5% to
50% (p=<0.001) and in CPT decreased from
92.5% to 77.5%. Furthermore, there was
significant difference between groups
immediately after and after 60 minutes (P= 0.04,
0.01) respectively. Also, it was noted that the
mean amount of sputum in BS group increased
significantly from 42.87 ml to 78.79 ml
(p=<0.001) and it increased significantly in CPT
grom from 43.81 ml to 62.01 ml (p=<0.001).
Furthermore, there was significant difference
between groups after 60 minutes (p= 0.002).

As shown in table VII, the number of
patients who successfully weaned in the BS
group was 21, compared to 14 for the CPT
group. In addition, there were 27 patients who
did not re- intubate in the BS group, compared
to 19 for the CPT group, with a statistically
significant difference (P < 0.05). As a result,
there was a significant difference between
groups in the duration of mechanical ventilation,
with the mean duration in the BS group being
4.8 days as compared with 7.3 in the CPT group
(p=005).

Table I: Distribution of the studied groups according to clinical data (n=40):
Patient clinical data BS group

(n=40)
CPT group
(n=40)

Test of sig.


P

No. % No. %

Age 1.022 MCp
= 0.8318 – 30 4 10 4 10

>30-40 7 17.5 8 20
>40-50 10 25 13 32.5
>50 - 60 19 47.5 15 37.5
Sex

0 1Male 26 65 26 65
Female 14 35 14 35
Current diagnosis ≠
Cardiovascular disorder 4 10 1 2.5 1.92 0.36
Respiratory disorder 28 70 27 67.5 2.15 0.11
Neurological disorder 13 32.5 19 47.5 1.88 0.25
Endocrine disorder 1 2.5 1 2.5 0 1
Renal disorder 3 7.5 9 22.5 3.53 0.12
BMI
Mean± SD 36.36 ±10.29 42.83 ±13.85

t =
6.37 0.12

CPT: chest physiotherapy, BS: breath stacking, ≠: more than one,  Chi square, MC: Monte Carlo, t: Student t-test
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Table II: The mean changes and differences of physiological parameters in studied groups:

Physiological parameters
Immediately

before
Immediately

after After 60 mins F P Partial eta
squared

Mean ± SD Mean ± SD Mean ± SD
RR (c/m)
BS group 21.63 2.54 21.54 2.19 20.95 2.02 5.750* 0.005* 0.733
CPT group 21.86 3.28 22.64 2.87 22.31 2.46 2.914 0.096 0.145

t (p) 0.349 (0.728) 1.929 (0.058) 2.690* (0.009*)
HR (b/m)
BS group 93.33 8.99 90.40 8.80 88.53 8.17 36.323* 0.000* 0.992
CPT group 94.50 32.30 93.98 26.81 88.92 10.82 0.853 0.430 0.041

t (p) 0.221(0.826) 0.801(0.425) 0.181(0.857)
MAP
BS group 91.38 10.74 91.44 11.27 91.06 11.24 0.837 0.437 0.021
CPT group 92.87 11.24 92.96 11.21 92.91 11.34 0.051 0.951 0.001

t (p) 0.607(0.546) 0.607(0.546) 0.732(0.466)
Temp (°C)
BS group 37.54 0.25 37.39 0.24 37.33 0.25 5.538* 0.006* 0.527
CPT group 37.41 0.24 37.42 0.26 37.40 0.21 0.792 0.457 0.020

t (p) 0.605(0.547) 0.629(0.531) 1.465(0.147)
CPT: chest physiotherapy, BS: breath stacking, t: Student t-test for comparing the two groups in each period, F: F test (ANOVA) with
repeated measure for comparing different periods in each group *: Statistically significant at p ≤ 0.05, ±SD: standard deviation, Partial eta
squared: Small effect <0.5, Medium effect (0.5- <0.8), Large effect (>0.8)
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Table III: The mean differences of oxygen status parameters in studied groups:

ABG
Immediately

before
Immediately

after After 60 mins
F P Partial eta

squared
Mean ± SD Mean ± SD Mean ± SD

PH
BS group 7.41 0.04 7.42 0.03 7.42 0.03 0.307 0.736 0.008
CPT group 7.41 0.04 7.42 0.04 7.41 0.03 1.718 0.186 0.042

t (p) 0 (1) 0 (1) 1.216 (0.228)
PaCO2
BS group 42.56 8.76 42.82 8.44 43.53 7.10 3.433 0.071 0.081
CPT group 43.60 8.35 43.85 7.69 44.36 6.70 1.760 0.179 0.043

t (p) 0.544 (0.588) 0.571(0.570) 0.540 (0.591)
HCO3
BS group 23.32 3.92 23.54 3.53 23.39 3.25 0.246 0.783 0.006
CPT group 23.02 3.56 23.33 3.36 22.85 2.84 0.645 0.527 0.016

t (P) 0.357 (0.722) 0.266 (0.791) 0.786 (0.434)
SaO2
BS group 95.57 2.44 96.88 3.76 96.77 3.83 10.156* <0.000* 0.743
CPT group 95.96 1.94 95.54 4.58 95.32 3.79 2.866 0.098 0.068

t (p) -0.794 (0.430) 1.430 (0.175) 1.702 (0.093)
PaO2
BS group 111.9 24.1 111.9 22.5 110.9 19.5 0.213 0.808 0.005
CPT group 109.9 19.4 109.4 17.0 108.2 14.3 1.117 0.332 0.028

t (p) 0.398 (0.691) 0.544 (0.588) 0.687 (0.494)
Spo2
BS group 95.72 1.95 96.47 2.69 96.81 2.79 9.762* <0.001* 0.708
CPT group 95.61 1.83 95.70 1.84 95.77 3.79 1.335 0.269 0.033

t (p) 0.266 (0.791) 1.494 (0.139) 1.398 (0.166)
Fio2
BS group 41.46 7.54 42.21 7.85 40.42 8.99 10.869* <0.001* 0.976
CPT group 41.58 6.60 43.79 7.35 43.67 7.33 2.418 0.128 0.058

t (p) 0.079 (0.937) 0.931(0.354) 1.772 (0.080)
Hypoxic index
BS group 2.90 0.87 2.97 0.94 2.83 0.77 1.278 0.284 0.032
CPT group 2.66 0.79 2.65 0.79 2.67 0.78 0.097 0.908 0.002

t (p) 1.306 (0.195) 1.678 (0.097) 0.904 (0.369)
Oxygen index
BS group 4.02 1.04 4.32 2.09 3.99 1.03 0.780 0.463 0.027
CPT group 4.08 0.98 4.24 0.96 4.16 1.02 2.271 0.111 0.063

t(p) 0.244 (0.808) 0.212 (0.833) 0.667 (0.507)
t: Student t-test for comparing the two groups in each period F: F test (ANOVA) with repeated measure for
comparing different periods in each group *: Statistically significant at p ≤ 0.05, Partial eta squared: Small
effect <0.5, Medium effect (0.5- <0.8), Large effect (>0.8)
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Table IV: The mean differences of mechanical ventilator data in studied groups:

Mechanical ventilator data
Immediately

before
Immediately

after After 60 mins
F p Partial eta

squared
Mean ± SD Mean ± SD Mean ± SD

Vt
BS group 484.7 89.0 532.3 114.1 613.3 160.2 16.898* <0.00* 0.514
CPT group 528.8 175.3 508.9 108.1 537.1 107.0 0.841 0.435 0.022

t (p) -1.181(0.242) 0.830 (0.410) 2.125*(0.040*)
PIP
BS group 20.88 1.79 19.89 2.43 19.25 2.27 8.701* 0.001* 0.539
CPT group 20.20 2.79 20.25 2.60 20.52 2.71 1.472 0.236 0.038

t (p) 1.170 (0.246) 0.570 (0.571) 2.025* (0.047) *
Pplat
BS group 12.01 1.57 11.87 1.29 11.89 1.22 1.225 0.303 0.047
CPT group 12.02 1.58 12.00 1.43 11.99 1.50 0.114 0.892 0.003

t(p) 0.014 (0.989) 0.405 (0.687) 0.270 (0.788)
MPAW
BS group 10.34 0.98 11.39 4.50 10.30 0.94 1.369 0.264 0.052
CPT group 10.54 1.48 10.73 1.25 10.42 0.94 2.383 0.099 0.061

t(p) 0.601(0.550) 0.862(0.392) 0.495(0.622)
Cs
BS group 65.91 12.25 75.11 65.04 82.41 68.63 10.343* <0.001* 0.379
CPT group 65.79 14.41 66.76 20.89 70.57 15.78 2.401 0.130 0.061

t(p) 0.011(0.991) 0.740 (0.462) 0.864 (0.395)
Cdyn
BS group 33.73 8.50 37.02 11.88 37.04 8.65 2.902 0.101 0.104
CPT group 41.72 23.71 35.52 10.92 40.38 14.45 3.905 0.056 0.095

t (p) 1.908(0.062) 0.519(0.606) 1.055(0.295)
VE
BS group 10399.4 1918.9 11406.6 2386.3 11210.9 2134.4 3.437 0.076 0.121
CPT group 11601.5 4508.7 11719.6 2948.9 12393.9 2240.6 2.000 0.166 0.051

t (p) 1.461(0.150) 0.449 (0.655) 2.114* (0.039*)
Chest PT group: chest physiotherapy, BS group: breath stacking, t: Student t-test, ±SD: standard deviation, *: Statistically significant at p ≤
0.05. (Vt): Tidal volume, (VE): Minute ventilation, (PIP)Peak airway pressure, (Pplat): Plateau airway pressure, (MPAW): Mean airway pressure,
(Cs): Static lung compliance, (Cdyn): Dynamic compliance, Partial eta squared: Small effect <0.5, Medium effect (0.5- <0.8),
Large effect (>0.8)

Table V: Distribution of studied groups according to cough reflex intensity:

Cough reflex intensity
Immediately

before
Immediately

after 60 mins
Fr p Partial eta

squared
NO. % NO. % NO. %

BS group
- No cough 28 70 16 40 7 17.5
- Weak audible 11 27.5 15 37.5 20 50 45.648* <0.001* 0.891
- clear audible. 1 2.5 9 22.5 8 20
- strong, loud cough 0 0 0 0 5 12.5
CPT group
- No cough 27 67.5 27 67.5 26 65
- Weak audible 10 25 9 22.5 9 22.5 2.333 0.311 0.045
- Clear audible. 3 7.5 4 10 5 12.5
- Strong, loud cough 0 0 0 0 0 0

 (MCp) 1.025(0.732) 6.237*(0.044*) 20.958*(<0.001*)
2: Chi square test for comparing the two groups in each period, MC: Monte Carlo, Fr: Friedman test for comparing different
periods in each group, *: Statistically significant at p ≤ 0.05, Partial eta squared: Small effect <0.5, Medium effect (0.5-
<0.8), Large effect (>0.8)
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Table VI: Distribution of studied groups according to assessment of airway clearance:
Immediately

before
Immediately

after After 60 mins
F P Partial eta

squared
No % No % No %

Air entry
BS group

Present 24 60 25 62.5 32 80 14.25* 0.001* 0.950
Diminished 16 40 15 37.5 8 20

CPT group
3 0.22 0.038Present 19 47.5 20 50 21 52.5

Diminished 21 52.5 20 50 19 47.5
 (p) 1.26 (0.26) 1.27 (0.26) 6.77* (0.009*)

Sputum assessment Fr P
No sputum

0.846
0.839

CPT group 37 92.5 24 60 31 77.5 19.538* <0.001*
BS group 33 82.5 15 37.5 20 50 27.263* <0.001*

( p) 1.83(0.18) 4.05*(0.04*) 6.55*(0.01*)
Amount of sputum (ml) Mean ± SD Mean ± SD Mean ± SD F P

0.917
0.464

BS group 42.87 15.77 53.84 17.93 78.79 26.67 83.775* <0.001*
CPT group 43.81 20.06 48.31 19.91 62.01 19.91 25.840* <0.001*

t (p) 0.23(0.82) 1.31(0.20) 3.19*(0.002*)
 2: Chi square test for comparing the two groups in each period, t: Student t-test for comparing the two groups in each
period, Fr: Friedman test for comparing different periods in each group, F: F test (ANOVA) with repeated measure for
comparing different periods in each group, *: Statistically significant at p ≤ 0.05

Table (VII): Distribution of studied patients in both groups according to weaning success,

duration of mechanical ventilation:
2: Chi square test for comparing the two groups in each period, MC: Monte Carlo

Discussion:

Coughing is a natural defense mechanism
that clears the airways and stops aspiration. This
physiological maneuver necessitates the best
possible coordination and use of the larynx,
respiratory muscles, and airway caliber (Enrichi et
al., 2020). In this study, it was found that the
number of patients in the BS group who had no
cough increased by more than half to seven patients
after the

intervention. Simultaneously, the number of
patients had weak audible cough increased
from 11 to 20, those with clear audible cough
increased from 1 to 8, and others with strong cough
increased to 5 with significant difference between
groups in relation to cough strength.

The previously mentioned results may be
ascribed to the fact that the breath stacking is
designed to facilitate re-expansion of collapsed

Patients’ outcome
BS group CPT group

 p
No. % No. %

Weaning success
2.513 MCp=0.28Yes 21 52.5 14 35

No 19 47.5 26 65
Number of re-intubated patient

4.013* 0.05*No 27 80.96 19 64.29
Yes 14 19.04 21 35.71

Duration of mechanical ventilation/day
Mean ± SD 4.83 ±3.4 7.3 ± 4.2 t =2.885* 0.005*
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pulmonary regions, enhance the efficacy of cough
reflexes, influence the elastic recoil of the lungs and
thereby augmenting the effectiveness of coughing
during forced expiration. The principal role of breath
stacking is not associated with the mobilization of
secretions, as is typically observed in conventional
techniques. Indeed, it emulates the mechanisms of
coughing and enhances peak cough flow, thereby
transporting secretions towards the upper airways
(Chicayban et al., 2020).

The preceding findings align with a prior
review conducted by Spinou 2020 evidence
suggested that breath stacking significantly
enhanced the cough peak flow (CPF), cough
strength and effectiveness in patients exhibiting
muscular weakness, in comparison to unassisted
coughing. Moreover, by increasing inspired
volumes, breath stacking can improve mucus
clearance and decrease atelectasis by increasing
peak cough flow. (Charu et al., 2023, Magni et al.,
2024). Reyes et al., 2020 discovered that expiratory
muscle training (EMT) combined with BS
voluntary improve CPF more than EMT alone. Up
to 30 minutes were spent with elevated PCF values
in a previous study done by Cleary et al., 2021.

The results concerning this research display
that the percent of patients with diminished air entry
and the percent of patients who did not produce
sputum while suctioning in both groups decreased
significantly and the mean amount of sputum with
suctioning after the usage of BS increased
significantly. The preceding findings align with a
prior result of studies done byMarbate et al., 2022
and van der Lee et al., 2021. It was concluded in
these studies that stacked breathing was effective to
improve patients expiratory flow rate and thereby
improve and promote airway clearance. Moreover,
breath stacking technique can increase inspired
volumes that lead to greater peak cough flow,
allowing for improvements in mucus clearance and
reduction in atelectasis (Dorça et al., 2020)

The findings of this research indicate that
the implementation of breath stacking led to a
significant reduction in respiratory rate, heart rate,
and body temperature, while no alterations were
observed in mean arterial blood pressure.
Furthermore, there was a significant increase in Vt,
VE and static compliance. Moreover, there was a
significant decrease in PIP. These results might be
linked to the fact that the decrease in respiratory

rate (RR) and heart rate (HR) following the BS
performance can be understood by the lowered
energy demands caused by enhanced lung volume
(Vt), improved static pulmonary compliance and
the recruitment of alveoli. Furthermore, bag
squeezing can facilitate airway clearance by
effectively removing secretions leading to reduced
PIP and lower bacterial colonization which, in turn
results in a decrease in body temperature
(Fernandes et al., 2022, Oliveira et al., 2023,
Luthfianto & Irdawati 2023).

It was reported by Mani et al., 2022 &
Brito et al., 2025 that patients could inhale larger
volumes and sustain inspiration for extended
durations by using a one-way valve device, which
encouraged the accumulation of consecutive
inspiratory volumes while preventing expiration. It
has been demonstrated that increasing the
mobilization of secretion cannot be achieved by
stimulating cough or tracheal aspiration without
first utilizing physical therapy techniques.
(Almeida et al., 2020). Another trial done by van
der Lee et al., 2021 comparing the trial group with
the cough assist device to the control group, the
researcher observed improvements in tidal volumes
and lung compliance.

The end results of using manual cough
assisted techniques in a previous case report
showed improvement in heart rate, blood pressure,
oxygen saturation, and respiratory rate at the end of
the fourteenth day of intervention (Kumar &
Kamble 2023). The breath stacking technique is
based on physiological principles that include
improving depth of breathing, increasing lung
volume and elastic recoil, improving rib cage
mobility and flexibility, and stretching respiratory
muscles. (Charu et al., 2023 and Magni et al.,
2024).

In the contrary to the results of this study
Sheers et al., 2021, 2022 reported that there were no
changes in static lung volumes and no treatment
effect on lung volumes between studied groups.
Moreover, Oh et al., 2022 reported that there was a
decrease in systolic arterial pressure during lung
volume recruitment. In the earlier randomized
clinical trial performed by Fernandes et al., 2022
there was no changes in heart rate. Our findings are
in conflict with those of Siriwat et al., 2018 who
compared the effects of air stacking by using
mechanical insufflation-exsufflation with
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conventional chest physical therapy found no
significant difference in the two groups’ physical
measurement data for RR, and HR. Nevertheless,
after four days, there was no statistically significant
change between the groups’, heart rates, and
breathing patterns according to daily recorded data.
Also, HR significantly increased in both treatment
arms after 1 hour in another study done byMartí et
al., 2022.

The current study results indicated a
significant increase in Sao2 within the BS group,
while the fraction of inspired oxygen (FiO2)
decreased considerably. But there was no
significant difference with CPT group. The reason
behind this improvement in oxygen saturation
might be, stacked breathing induce slow and deep
breathing. Stacking of air for 10 seconds improves
the collateral ventilation and surface area for the
better oxygenation purpose. There is an
improvement in inspiratory capacity and lung
volume which resulted in better ventilation and
effective gaseous exchange thereby improving
oxygen (Delgado & Bajaj 2023).

The previous findings were in the line with
the findings of Fernandes’s et al., 2022 and Oh et
al., 2022 studies there were a significant increase in
PaO2 /FiO2 and SpO2 after BS. In another study
done by Marbate et al., 2022 assessed the instant
impact of the stacked breathing technique on SpO2,
conducted six sessions and it was found an
extremely significant improvement with each
session each day. Additionally, it was noted that
stacked breathing might be more beneficial than
deep breathing exercises for enhancing gas
exchange in a study done by Gayathiri & Anandhi
2021. Moreover, the present study validated the
findings of Knudsen et al., 2020 who reported that
patients undergoing MV improved their oxygen
saturation levels quickly and required less oxygen
therapy. SaO2 and Pao2 significantly increased after
1hour (Martí et al., 2022). Li et al., 2024 found
that after comparison to the control group, there
was a significantly higher partial pressure of
oxygen, lower levels of oxyhemoglobin saturation,
and a lower partial pressure of carbon dioxide in the
cough machine assistance and care bundle
combined therapy. In the contrary to this study
finding no change was found in SpO2 in previous
studies done by Pellegrino et al., 2021 and Siriwat
et al., 2018.

In this research, the number of patients
who remained free from re-intubation in the BS
group exceeded that in the CPT group,
accompanied by a shorter duration of mechanical
ventilation since the capacity to clear obstructive
debris from the airway and a robust cough are
essential for effective weaning from mechanical
ventilation, it is logical to assume that cough
strength assessed before extubation could offer
valuable insights into the likelihood of extubation
failure (Chicayban et al., 2020). Utilizing BS has
been demonstrated to improve airway clearance as a
result, it aids in extubation. Acute respiratory failure
(ARF), which follows extubation and leads to re-
intubation and weaning failure, may be caused by a
decrease in airway clearance efficiency and
respiratory muscle weakness. In patients who have
acquired weakness in the intensive care unit, air
stacking in conjunction with chest physical therapy
appears to have no effect on preventing post-
extubation acute respiratory failure. (Wibart et al.,
2023).

Conclusion:

According to the statistical analysis, it is
determined that the stacked breathing technique is
notably effective in enhancing cough intensity and
airway clearance, thereby promoting respiratory
efficiency. Additionally, stacked breathing has
demonstrated safety in restoring pulmonary
function, enhancing lung volumes, maximal
respiratory pressures, and oxygen saturation, while
also decreasing patients' respiratory effort
Recommendation:

1- The use of breath stacking technique is part of
daily care for mechanically ventilated patients who
are complaining of secretion with a weak cough.
2- Organizing in-service training for critical care
nurses on the performance of breath stacking
technique.
3- Replicate the study to evaluate and compare the
effect of annual breath stacking on non-
mechanically patients.
4- Replicate the study to compare between annual
breath stacking as a method of cough assisted
device and other mechanical methods such as
PEEP-ZEEP maneuver, mechanical
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insufflation/exsufflation for mechanically ventilated
patients
Limitation of study:

The study's limitations were primarily
reflected in the inability to obtain a larger sample
size for a variety of reasons. To start, the rate of
successful spontaneous breathing trials is
inconsistent and insufficient. Secondly, patients
with exclusion criteria ensure that the sample meets
the relatively strict inclusion criteria in order to
eliminate any doubts about the efficacy of the
technique. This results in a small sample size and
impacts the generalization of findings. Due to
hemodynamic instability or other vital
abnormalities, two patients in group (A)
experienced transient hypotension, which ended the
session. The process and the outcome may be
impacted by the weariness or exhaustion of the
patients. Another drawback is that APACHE was
not used to assess the severity of the patients'
conditions.
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