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ABSTRACT

Introduction: Coronary artery bypass graft (CABG) is the primary surgical process to reduce

mortality in patients with coronary artery disease. Atelectasis, as the most important
Article info: : pulmonary complication, postpones the recovery period. One of the most innovative
Received: 26/09/2023 methods for preventing atelectasis is continuous positive airway pressure (CPAP).

Accepted: 02/03/2024 Objective: The present study evaluated the effect of adding CPAP to the cardiac rehabilitation

Available Online: 01/04/2024 :  program after CABG on exercise and respiratory parameters.

Materials and Methods: This research was a randomized clinical trial conducted on 40 patients
of two intervention groups (20 patients) and control (20 patients) after CABG. They were
randomly assigned with four block randomizations to receive CPAP mask besides incentive
spirometry (IS) in the intervention group or only IS in the control group. Data collection tools
were demographic information, modified Borg scale 10, exercise, and respiratory parameters.
Participants were assessed from the first to the fourth days of the study. The repeated
measures analysis of covariance, t-test, Mann-Whitney test, and multivariate analysis of
covariance were used for data analysis.

Results: There were 17 men and 3 women in the intervention group and 12 men and 8

women in the control group. Their MeanSD age was 59.80+9.54 years in the intervention

and 54.45+11.32 years in the control group. From the first to the third day, the values of

dyspnea (P=0.001), leg effort (P=0.001(, walking time (P=0.001), and peripheral oxygen

saturation before and after walking (P=0.001) were statistically significant in both groups.

Considering the group effect, dyspnea (P=0.002), leg effort (P=0.001), walking time (P=0.001),

:  and peripheral oxygen saturation before and after walking (P=0.001) were significant between

Keywords: . the two groups. Considering the group and time effect, the tidal volume (P=0.001), minute
: ventilation (P=0.006), forced vital capacity (P=0.001), forced expiratory volume in one second

Coronary artery bypasses graft ) e
(P=0.001), and peak expiratory flow (P=0.001) were significant.

(CABG), Atelectasis, Incentive :
spirometry, Continuous . Conclusion: Adding a ventilation assist gadget featuring CPAP to cardiac rehabilitation
positive airway pressure : programs may improve the exercise and respiratory parameters after CABG.

* Corresponding Author:

Mohammad Taghi Moghadamnia, Associate Professor.

Address: Department of Medical-Surgical Nursing, School of Nursing and Midwifery, Guilan University of Medical Sciences, Rasht, Iran.

Tel: +98 (911) 3312939

E-mail: moghadamnia@gums.ac.ir

Nursing and Midwifery April 2024, Volume 34, Number 2



https://orcid.org/0000-0003-1221-2038
https://orcid.org/0000-0002-3380-5142
https://orcid.org/0000-0001-8508-946X
https://orcid.org/0000-0002-9195-9094
mailto:moghadamnia@gums.ac.ir
https://hnmj.gums.ac.ir//
https://hnmj.gums.ac.ir//
https://doi.org/10.32598/jhnm.34.2.2100
http://hnmj.gums.ac.ir/page/121/Open-Access-Policy
https://crossmark.crossref.org/dialog/?doi=10.32598/jhnm.34.2.2100
http://hnmj.gums.ac.ir/page/121/Open-Access-Policy

April 2024, Volume 34, Number 2

Journal of Holistic
Nursing and Midwifery

Highlights

« Currently, incentive spirometry (IS) is used to prevent atelectasis. However, modern methods like continuous posi-
tive airway pressure (CPAP) could be effective.

* Considering the group effect, amounts of dyspnea, leg effort, walking time, and peripheral oxygen saturation
before and after walking were significant between the two studied groups who received routine IS or CPAP mask
besides IS.

* Adding a ventilation assist gadget featuring CPAP to cardiac rehabilitation programs may improve the exercise and
respiratory parameters after cardiac surgery.

Plain Language Summary

Atelectasis is one of the most important pulmonary complications after coronary artery bypass graft (CABG), report-
ed in 95%-100% of all patients after this surgery. Several rehabilitation strategies have been applied to minimize or
prevent postoperative pulmonary complications. Chest physiotherapy and regular incentive spirometry (IS) are used
to maintain airway patency and prevent or reverse alveolar atelectasis. In typical methods, the patient should be very
active in performing breathing exercises and spirometry after the operation. However, most of them neglect these
exercises due to their old age, fatigue after the operation, or pain in the sternum. On the other hand, the situation
is more difficult due to the lack of proper supervision of the rehabilitation of the clients. Continuous positive airway
pressure (CPAP) encourages the client to do it due to the lack of constant monitoring and the patient’s passiveness.
Thereupon, another method of atelectasis prevention is the use of noninvasive positive pressure ventilation, espe-
cially CPAP. In this method, all respiratory parameters improve by alveolar re-opening and increasing oxygenation.
This study showed that adding a ventilation assistant gadget featuring CPAP to IS in cardiac rehabilitation programs
improved the exercise and respiratory parameters after CABG.

Chest physiotherapy, concentrating on deep breath-
ing and encouraging coughing, can treat postoperative
atelectasis. Regular incentive spirometry (IS) is used
to maintain airway patency and prevent or reverse al-
veolar atelectasis. However, several publications have
not revealed any evidence that IS therapy can prevent
pulmonary complications after cardiac surgery. A new

Introduction

oronary artery disease (CAD) is the most
prevalent cardiovascular disease [1, 2] and
the leading cause of mortality worldwide,
with up to 17.3 million deaths every year [3].
According to official data provided by the

Ministry of Health and Medical Education in Iran, 33% to
38% of deaths are due to CAD, especially acute myocar-
dial infarction [4]. The mortality rate is controlled or pre-
vented by appropriate treatments [5]. Coronary artery
bypass graft (CABG) is the choice of treatment for these
patients, which may cause complications [6].

Pulmonary complications are among the most important
complications that postpone recovery [7, 8]. Atelectasis is
one of the serious pulmonary complications after CABG
that usually occurs in the lower lobe of the lungs close to
the heart [9]. The incidence of atelectasis has been report-
ed to be 95%-100% in all patients undergoing CABG on the
first and second postoperative days [10]. Several rehabili-
tation strategies have been applied to minimize or prevent
postoperative pulmonary complications [8].

meta-analysis conducted by Sullivan et al. reveals that
IS alone has little effect in reducing mortality from
postoperative pulmonary complications and length
of hospital stay [10]. Evidence-based studies show no
benefit for IS in preventing postoperative pulmonary
complications [9-11]. Noncompliance of most patients
with cardiac rehabilitation programs, especially IS (due
to time-consuming, postoperative fatigue, and the
probability of staff supervision deficiency because of a
high number of patients and additional workload), has
encouraged researchers to adopt new methods in the
cardiac rehabilitation process. Another method of at-
electasis prevention is using noninvasive positive pres-
sure ventilation mode, especially continuous positive
airway pressure (CPAP) [12].
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Studies show no evidence of a reduction in pulmonary
complaints after using IS after cardiac surgery. The use
of CPAP during inhalation and exhalation periods in the
cardiac rehabilitation program of hospitalized patients
after CABG has improved the relevant clinical results.
Continuous positive airway pressure increases walking
time and ventilatory performance and improves respi-
ratory pattern [8]. Since atelectasis is an essential pul-
monary complication after cardiac surgery, resulting in
pneumonia and acute respiratory failure [8, 13, 14], us-
ing a method that can help reduce the severity of these
complications after cardiac surgery can help the patient
recover faster and the medical service delivery systems
to save costs. Therefore, this study evaluated the effect
of adding CPAP to the cardiac rehabilitation program
after CABG on exercise and respiratory parameters in
admitted patients.

Materials and Methods

The current study is a randomized controlled trial per-
formed on 40 patients undergoing CABG in one of the
educational and remedial centers, Guilan University of
Medical Sciences, Guilan Province, Iran, from Septem-
ber to November 2018 for 50 consecutive days. The
sample size was estimated as 20 people in each group
with 95% confidence and 10% type Il error based on
the results of Pantoni et al’s study (MeantSD were
90.2+2.8 and 92.8+2.3 in the control and intervention
groups, respectively) and using the oxygen saturation
index of the peripheral blood in the two-domain test
[8]. Samples were entered into this study based on the
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inclusion criteria. First, they were randomly allocated by
flipping the coin to determine intervention or control,
and then, with four block randomizations, defined the
sequences of the intervention (20 patients) and control
(20 patients) groups.

The inclusion criteria were elective CABG with cardio-
pulmonary bypass, sternotomy incision and use of sa-
phenous vein, internal mamillary artery or radial vein
graft, ability to perform an exercise, no previous cardiac
surgery, non-use of intra-aortic balloon pump, no per-
manent pacemaker, no valvular heart disease, and no
chronic obstructive pulmonary disease (COPD) history
based on the medical record (Figure 1).

In this study, all information was obtained from the
registered medical records of the patients and the re-
searcher’s observations, which consisted of three gen-
eral sections. The first part included demographic infor-
mation: Age, gender, and body mass index (BMI). The
second part involved extraction of non-spirometry re-
sults consisting of dyspnea-using modified Borg scale 10
for dyspnea score (16), leg effort-using rate of perceived
exertion (RPE) scale, walking time, SpO, before walking,
and SpO, after walking from the first to the third day of
study that measured with calibrated pulse oximeter ac-
curate model. This research divides the Borg scale into
two sections: Modified CR-10 and RPE. Modified CR-10
is used to assess the degree of dyspnea, rated from O
to 10. Zero means nothing at all, 0.5=extremely slight,
1=very slight, 2=slight, 3=moderate, 4=somewhat se-
vere, 5=severe, 7=very severe, 9=extremely severe (al-

Eligible patients to participate in the present
study = 42 people

Two people left the
study due to non-
follow-up of the
intervention

Total number of analyzed patients = 40
people

20 people in the
control group

Figure 1. CONSORT study flowchart

]
20 people in the
intervention

group
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most maximal). RPE is used to measure the perceived
exertion during a patient’s activity, which is rated from
6 to 20. Six means no exertion at all (no muscle fatigue,
breathlessness, or difficulty in breathing), 7=extremely
light (very, very light), 9=very light (like walking slowly
for a short while and very easy to talk), 11=light (like
alight exercise at patient own pace), 12=moderate,
13=somewhat hard (fairly strenuous and breathless
and not so easy to talk), 15=hard ( heavy and strenuous
and upper limit for fitness training as when running or
walking fast, 17=very hard (very strenuous and patient
is very tired and breathless, very difficult to talk), 19=ex-
tremely hard (the most strenuous effort that patient
has ever experienced, 20=maximal exertion (maximal
heaviness). There are not explanation for items 6, 8 in
CR—10and for items 8, 14, 16 in RPE inn original version
of scale [16]. These two sections are illustrated as two
separate checklists. It is noticeable that the research-
er recorded the total time of physical activity and the
amounts of SpO, right before and after physical activity.
The third part contained extracting spirometry results
using a computed spirometry test consisting of tidal vol-
ume (VT), respiratory rate (RR), minute ventilation (VE),
forced vital capacity (FVC), forced expiratory volume in
one second (FEV,), FVC/FEV,, and peak expiratory flow
(PEF) on the fourth day of study. One person did all spi-
rometry tests for all samples. The walking time was re-
corded based on the researcher’s observation.

Patients in the control group received routine IS, and
patients in the intervention group received CPAP mask
with controlled pressure set 3-5 cm H,O besides IS as
prescriptive cardiac rehabilitation for three days (8).
Two masks (made by Vygon Co., France) were used in
this study. The masks were disinfected with ethylene
oxide gas after use for each patient. At the time of this
intervention, the samples of the intervention and con-
trol groups were separated from each other in two dif-
ferent rooms to prevent sensitivity to the change in the
routine method. In our research environment, patients
undergoing CABG were admitted to open heart ICU for
two days after surgery. Then, on the third day after sur-
gery, the patient is transferred to an open-heart ward
and monitored for four more days. After studying the
patient’s medical record and reviewing the inclusion
criteria, the researcher provided a complete description
of the study process, the non-use of any invasive pro-
cedure, and the confidentiality of personal information.
Then, agreement consent was signed, and the research-
er completed the questionnaire.

In the cardiac rehabilitation program, 48 hours after
the operation, the patients in the control group re-
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ceived a routine program, including using IS and deep
breathing exercises for half an hour before starting to
walk. In addition to receiving routine IS for 30 minutes,
patients in the intervention group were used to apply
continuous positive airway pressure with balanced air-
way pressure in the inhalation and exhalation periods of
4-6 cm H,0 according to the patient’s tolerance. Then,
two hours after applying continuous positive airway
pressure with balanced airway pressure during inhala-
tion and exhalation periods, active physical exercises in
the form of walking for 5 to 10 minutes on the first day
(depending on the patient’s tolerance), 10 to 15 min-
utes on the second day, and 15 minutes and more on
the third day, were done. The control group also had
the same amount of activity due to the possibility of the
patient’s intolerance to this mask; the researcher was
present throughout the intervention.

The findings of this study were analyzed by SPSS soft-
ware, version 16 after coding. Before analyzing data, the
Shapiro-Wilks test was used to determine the normal
distribution of data. Non-spirometry variables were
analyzed using descriptive statistics such as MeanSD,
time effect, group effect, and interaction between
group and time using repeated measure analysis of
variance. The spirometry variables were analyzed us-
ing descriptive statistics such as mean, standard devia-
tion, first and third quartile. Finally, repeated measures
analysis of covariance, t-test, Mann-Whitney test, and
multivariate analysis of covariance were used to analyze
the relationship and significance of dependent and in-
dependent variables in non-spirometry and spirometry
parameters as multivariate. The statistical tests were
considered significant when P<0.05.

Results

There were 17 men and 3 women in the intervention
group and 12 men and 8 women in the control group.
Their mean age was 59.80+9.54 years in the interven-
tion and 54.45+11.32 years in the control group. Their
mean BMI was 27.24+2.55 kg/m? in the intervention
group and 27.56%3.62 kg/m? in the control group. The
statistical test showed that age, gender, and BMI had a
normal distribution. No significant differences were ob-
served between groups regarding gender, age, and BMI
(Table 1).

The two groups’ spirometry and non-spirometry vari-
ables were different, presenting lower values for dys-
pnea and leg effort and higher values for walking time
and SpO, before and after walking in the intervention
group. Dyspnea and leg effort had similar decreasing
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Table 1. Demographic indicators of samples in the intervention and control groups (n=20)

No. (%)/MeantSD

Group
Variables P
Intervention Control
Female 3(15) 8(40)
Sex 0.155"
Male 17(85) 12(60)
Age 59.80£9.54 54.45+11.32 0.114™
Body mass index (kg/m?) 27.56%3.62 27.2442.55 0.748 ™
"The chi-square test, “The Independent t-test.
trends during three days, and walking time increased ables, interactions between group and time were insig-
in the intervention group. SpO, before and after walk- nificant in dyspnea and leg effort variables (Table 2).
ing had increasing trends in the intervention group but
fixed in the control group. Although the group effect Comparison of means and standard deviations of spi-
was statistically significant in all non-spirometry vari- ~ rometry parameters on the fourth day in the interven-

tion and control groups indicated that values like VT,

Table 2. Comparing non-spirometry variables from the first to the third days considering time, group, and groupxtime effects

MeantSD P
Variables Day Time Effect” Interaction
Intervention Control Group Ef- Between
(n=20) (n=20) iz il Control fect’ Group and
Efe Time®
1% 1.200£0.784 2.050+1.645
Dyspnea 2nd 0.325:0.494 1.725+1.508 0.001 0.001 0.001 0.153
31 0.05040.153 1.078+0.889
1% 8.95+1.504 12.2043.071
Leg effort 2nd 7.30£0.979 11.15+3.345 0.001 0.001 0.001 0.428
31 6.45£0.510 9.70+2.774
1% 42455£75.586  277.70+120.496
Walking time 2nd 825.05:92.482  519.20+182.434 0.001 0.001 0.001 0.001
31 1316.30£384.728  698.65+261.124
1% 93.70+1.380 92.95+1.432
Spv(aélli)(ie:gre 2nd 95.30+1.418 93.15+1.785 0.001 0.096 0.001 0.001
31 97.10£1.021 93.80£1.936
1% 95.40+1.536 92.55+2.14
Ss\gfk?nﬂ;r 2nd 96.80+1.704 93.1542.519 0.001 0.114 0.001 0.048
31 98.50£0.607 93.8542.498

“Repeated measures analysis of variance.
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Table 3. Comparing spirometry indices on the fourth day in the intervention and control groups

Variables Group MeanSD Median (Interquartile Range) P
Intervention 484.40+34.614 496.50 (475.00-507.75)
VT (mL) 0.001"
Control 406.65+52.443 407.00 (368.25-433.00)
Intervention 16.25+2.403 16.00 (14.00-18.00)
RR (min) 0.462™
Control 16.85+2.700 17.00 (14.25-19.00)
Intervention 7854.80+1192.476 7894.00 (6734.50-8899.00)
VE (L/min) 0.020™
Control 6855.15+14070775 6725.50 (5403.00-8182.25)
Intervention 2.441+0.718 2.220(1.897-3.142)
VC (L) 0.001™
Control 1.504+0.504 1.605 (1.040-1.862)
Intervention 2.18740.619 2.070 (1.715-2.510)
FEV, (L) 0.001™
Control 1.300+0.444 1.390 (0.792-1.617)
Intervention 90.369+9.770 93.285 (85.707-96.815)
FVC/FEV1 0.372"
Control 86.807+12.196 87.755 (81.092-96.787)
Intervention 5.652+1.976 5.195 (3.972-7.577)
PEF (L/min) 0.001™
Control 3.003+1.129

Abbreviations: VT: Tidal Volume; RR: Respiratory rate; VE, Minute ventilation; FEV,: Forced expiratory volume in one second; FVC: Forced

vital capacity; PEF: Peak expiratory flow.

"The Mann-Whitney U test, ” The Independent t-test.

VE, FVC, FEV, and PEF in the intervention group were
higher than in the control group. Significant statistical
differences were seen between groups in VT (P=0.001),
VE (P=0.020), FVC (P=0.001), FEV, (P=0.001), and PEF
(P=0.001), but none in RR and FVC/FEV  (Table 3).

The study showed that non-spirometry variables were
higher in the intervention group. The effect of age was
significant just in dyspnea. Gender and BMI did not af-
fect any non-spirometry variables. In addition, all non-
spirometry parameters affected the group (Table 4).

A comparison of the two groups showed that the
mean values of all spirometry parameters in the inter-
vention group were higher than those in the control
group. Regarding the relationship between dependent
variables in spirometry parameters and independent
variables in both groups simultaneously and controlling
the additional and continuous effect of independent
variables demonstrated that age significantly affected
VT (P=0.001), FVC (P=0.001), and FEV, (P=0.001), and
impact of gender was significant just in FVC (P=0.017).
Also, BMI was significantly effective in FVC (P=0.004) and

PEF (P=0.008). Besides, the effect of group in the inter-
vention group was significantly different from the con-
trol group in VT (P=0.001), VE (P=0.006), FVC (P=0.001),
and FEV (P=0.001). These results were shown in Table
5. Comparing mean values of spirometry parameters
on the fourth day of study considering age, gender, and
BMI effectiveness indicated that all spirometry variables
were higher in the intervention group except FVC/FEVl.

Discussion

The current study’s findings indicate that using CPAP and
routine cardiac rehabilitation positively improves non-spi-
rometry and spirometry parameters. This study showed a
significant difference in dyspnea between the two groups on
the days under investigation. So, all these days, the amount of
dyspnea in the intervention group was always lower than in
the control group. In a study conducted by Kamisaka et al. to
determine the effect of ventilation aids on reducing dyspnea
while walking, especially in patients with cardiac and pulmo-
nary dysfunction after cardiovascular surgery in Japan, the
rate of dyspnea after using the ventilation aids, there was a
significant difference compared to the previous session [14].
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Table 5. Multivariate analysis of covariance based on the effect of age, gender, BMI, and group in the intervention and control groups

3 95% Cl P
)
'g Group Gender R L U Effect of Effectof Effectof Effect of
> ower pper Age’  Gender”™ BMI Group”
Female 472.522+24.677 422.373 522.671
Intervention
Male 491.720+10.582 470.216  513.225
VT (mL) 0.034 0.448 0.171 0.001
Female 398.296+15.491 366.815  429.778
Control
Male 404.818+12.401 379.615  430.020
Female 17.968+1.495 14.930 21.005
Intervention
Male 16.020+0.664 14.717 17.322
RR (min) 0.716 0.571 0.306 0.782
Female 16.316+0.938 14.409 18.223
Control
Male 17.102+0.751 15.576 18.629
Female 8467.742+730.829 6982.519 9952.965
Intervention
Male 7862.090+313.388 7225.210 8498.971
VrﬁiLL)/ 0142 0834 0085 0006
Female 6519.488+458.782 5587.130 7451.846
Control
Male 6915.362+367.283 6168.953 7661.770
Female 2.173+0.278 1.608 2.739
Intervention
Male 2.597+0.119 2.355 2.840
FVC (L) 0.001 0.017 0.004 0.001
Female 1.098+0.175 0.743 1.453
Control
Male 1.621+0.140 1.337 1.906
Female 2.078+0.252 1.566 2.591
Intervention
Male 2.299+0.108 2.079 2.519
FEV1 (L) 0.001 0.111 0.005 0.001
Female 1.017+0.158 0.696 1.339
Control
Male 1.357+0.127 1.100 1.615
Female 96.178+6.375 83.221 109.134
Intervention
Male 88.966+2.734 83.410 94.522
FVC/FEV1 0.607 0.086 0.378 0.294
Female 91.980+4.002 83.846 100.113
Control
Male 83.895+3.204 77.384 90.406
Female 5.699+0.838 3.995 7.403
Intervention
Male 5.823+0.359 5.093 6.554
PrEnan)L/ 0059 0320 0008  0.001
Female 2.2351£0.526 1.166 3.305
Control
Male 3.260+0.421 2.404 4.117

Abbreviations: VT: Tidal volume; RR: Respiratory rate; VE: Minute ventilation; FVC: Forced vital capacity; FEV,: Forced expiratory volume in
one second; PEF: Peak expiratory flow.

P on multivariate analysis of covariance.

]
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Also, the findings showed that the leg effort was signif-
icantly different between the two groups. So, all these
days, the leg effort in the intervention group was lower
than in the control group. In this regard, research by Fer-
reira et al. to determine the effect of IS and CPAP dur-
ing exhalation simultaneously in preventing pulmonary
complications showed that the amount of leg effort by
the patient during the 6-minute walking test in the con-
trol group was significantly more than that in the inter-
vention group [5].

On the fourth day of the study, VT, VE, FVC, FEV,, and
PEF as spirometry variables were higher in the interven-
tion group. In addition, dyspnea was just influenced by
age and group. Besides, the group influenced the other
non-spirometry parameters, too. Also, VT was influ-
enced by age and group, and VE was just affected by
group, but no independent variables influenced RR.

In this regard, the study by Kamisaka et al. using ven-
tilatory assistant gadgets in patients with cardiopul-
monary dysfunctions after CABG showed a significant
difference in the dyspnea group compared before us-
ing ventilatory assistant gadgets [14]. Additionally, Fer-
reira et al. proved that using CPAP and IS together sig-
nificantly reduced dyspnea score and perceived effort
sensation [5]. Previously, Pantoni et al. indicated that
walking time was significantly different between groups by
43.4 s. Although Olper et al. although this study showed
that CPAP increased lung capacity [8], Al-Mutairi did not
report a significant difference between the IS group and
4-h CPAP. Of course, 2-h CPAP was statistically significant
[9]. On the other hand, when using noninvasive venti-
lation, Preisig et al. did not mention any significant dif-
ference between the intervention and control groups
[16]. In this context, we demonstrated that CPAP and IS
reduce dyspnea and leg effort. The findings of our study
showed that the walking time and SpO, improved after
the intervention. A possible mechanism for the results
of the present study may be related to CPAP decreasing
the physiologic work of breathing, thereby unloading
the respiratory musculature and reducing the likelihood
of fatigue. It may have decreased the presence of hy-
poxia during walking and potentially contributed to the
observed improvement in walking time.

Using plethysmography during walking, Pantoni et al.
showed significant differences in VT and VE between
the two groups [8]. Also, Al-Mutairi et al. demonstrated
no significant difference in RR among all study groups
[9]. Age, BMI, and group variables did not affect FVC
and FEV,, but gender influenced FVC. Contrary to the
results obtained in this study, Bittencourt et al., in a
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randomized controlled trial, proved that no difference
was seen between the two groups in amounts of FVC
and FEV, before and after cardiac rehabilitation [17].
Perhaps different research communities and the dura-
tion of rehabilitation programs caused this variation in
the results of the two studies. Additionally, Guimaraes
et al. demonstrated no significant difference in FVC
and FEV, between the two groups in the 1%, 2" and
24" hours after the operation [18]. A low sample size
and different research communities led to these diver-
sities among the above two studies. Therefore, FVC/
FEV, was not influenced by any independent variables,
including age, gender, BMI, and group, but PEF was
affected by BMI and group. On the other hand, Fer-
riera et al. indicated no significant differences in FVC,
FEV,, and PEF variables in two control and intervention
groups before and 18 months after the operation pe-
riods [5]. Probably, different methods applied in their
study and measuring these variables before and after
intervention yielded different results.

Findings of this study indicate that values of VT, FVC,
FEV,, and PEF were statistically significant between the
two groups, while RR, VE, and FVC/FEV1 were not. It
seems that because of adequate ventilation in the inter-
vention group and prevention of pulmonary endothelial
dysfunction and due to the increase of alveolar stability,
atelectasis is prevented, and oxygenation is improved.
However, appropriate pulmonary muscles and dia-
phragm function were effective. They caused significant
differences in spirometry parameters in the two studied
groups. Since most of the spirometry parameters such
as VT, VE, FVC, FEV,, and PEF were influenced by the
group significantly and due to the researcher’s interven-
tion, applying a ventilator assistant instrument featur-
ing CPAP along with routine cardiac rehabilitation, it
seems that increased pulmonary capacity is associated
with this respiratory assistant procedure. It appears that
in the intervention group, due to the proper establish-
ment of ventilation, pulmonary endothelial dysfunction
is prevented, and by increasing the stability of the al-
veoli, the amount of atelectasis decreases and improves
oxygenation. In addition, the proper functioning of the
lung and diaphragm muscles is also effective in improv-
ing the patient’s respiratory condition [19, 20, 21].

Placing a bulky mask of CPAP on the face of patients can
cause anxiety, and this change can affect physiological pa-
rameters, including cardiovascular and respiratory function.

The study shows that adding a ventilation assistant
gadget featuring CPAP to IS in cardiac rehabilitation pro-
grams improves the exercise and respiratory parameters
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after CABG, which can be considered in patients under-
going cardiac surgery. Usage of CPAP may cause alveolar
re-opening and increase oxygenation, leading to non-
spirometry and spirometry parameters (i.e. VT, VE, FVC,
FEV, and PEF) improvement after CABG. Therefore, it
is recommended that a ventilatory assistant instrument
featuring CPAP as a simple and modern tool to improve
exercise and respiratory parameters should be applied.
It can also be suggested to policymakers for rehabilita-
tion programs after coronary artery bypass surgery.
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