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Pulmonary complications are among the most frequently reported complications after Coronary Artery 
Bypass Graft (CABG) surgery. However, the risk of PPCs is not equal for all patients. In the intensive 
care unit, patients have different adherence to 2 commonly used positive-expiratory-pressure (PEP) 
therapy devices: the PEP bottle and the PEP mask. The aim of this study was to investigate outcome 
measures of two different positive end expiratory pressure applications post CABG surgery. Sixty male 
patients who underwent CABG aged from 40-60 years old and recruited from the national heart institute 
enrolled in that study for two weeks. They were assigned into three matched groups: Group (A): 
consisted of 20 patients, which received Pep/Rmt with face mask Group (B): consisted of 20 patients, 
which received Pep/Rmt with mouth piece. Group (C): The control group consisted of 20 patients, which 
received routine chest physiotherapy program (postural drainage, percussion, vibration, and deep 
breathing exercises). The program continued for two weeks. Data obtained from the three groups at the 
beginning of the study and after the end of two weeks regarding respiratory muscle strength (MIP, MEP), 
walking distance and dyspnea scale were statistically analyzed and compared. Group A showed a 
significant increase in the MIP, walking distance and a significant decrease in the dyspnea index at rest 

and at activity compared with that of group C (p>0.05), while there was no significant difference between 

groups in MEP; and nosignificant difference between group A and B and between group B and C in MIP, 
walking distance and dyspnea index at rest and at activity (p > 0.05). Using Pep/Rmt with face mask is 
effective more than using Pep/Rmt with mouth piece; however, patients were more compliant, 
comfortable and cooperative with mouth piece more than face mask. 

Keywords: CABG, Pep/Rmt, Respiratory muscle strength, walking distance, dyspnea index. 

 
INTRODUCTION 

Cardiovascular disease (CVD) is a term that 
describes a family of diseases with a common set 
of risk factors resulting from atherosclerosis 
(furring or stiffening of artery walls), especially 
coronary heart disease, stroke and peripheral 
arterial disease (Wilkins et al., 2017). Coronary 
artery bypass grafting (CABG) becomes a primary 

care for patients with coronary artery disease 
(Kikuchi and Mori, 2017). It is a recognized 
method of coronary revascularization, 
demonstrated in numerous clinical studies for 
improving the prognosis among ischemic heart 
disease patients (Kerendi et al., 2011). Patients 
with poor cardiac function or complex coexisting 
conditions (e.g., lung disease or stroke) initially 
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appeared to have better early clinical outcomes 
when off-pump CABG (Shroyer, et al., 2017). 
Minimally invasive and robotic assisted 
approaches have also been developed. Minimally 
invasive cardiac surgery does not use CPB and 
can be performed through smaller incisions. This 
approach has gained popularity and is most often 
used for LIMA to LAD grafts. Additional benefits 
may also include reduced operative time, reduced 
recovery time, and decreased need for blood 
transfusion, less time under anesthesia, 
decreased length of ICU stay, less pain (Dioda to 
and Chedrawy, 2014). The most frequent organ 
dysfunctions after cardiac surgery are pulmonary 
dysfunction (up to 79%), ventricular dysfunction 
(up to 70%), postoperative cognitive dysfunction 
(up to 65%), and acute kidney injury in a third of 
all patients (Hill et al., 2018). Pulmonary risk score 
system (PRS) is used to determine a patient's risk 
of developing postoperative pulmonary 
complications: age>70, productive cough, 
diabetes mellitus, and history of tobacco smoking, 
chronic obstructive pulmonary disease, and body 
mass index. The patients were stratified into 2 risk 
groups on the basis of their scores (low risk 
defined as zero or one point and high risk as two 
or more point) Hulzebos et al., (2006). 
Postoperative pulmonary impairments such as 
atelectasis, pleural effusion, pulmonary oedema, 
bronchospasm and pneumonia are significant 
complications after cardiac surgery and the 
reported incidence for postoperative pulmonary 
complications varies from 5 to 90 % depending on 
how the complications are defined (Urell  et al., 
2016). Post-operative pulmonary complications 
have been defined as a pulmonary abnormality 
that produces identifiable disease or dysfunction 
that is clinically significant and adversely affects 
the clinical course (Reeve, 2008). Post- Operative 
Pulmonary Complications represent a major part 
of the risks related to surgery and anesthesia. 
(Canet and Mazo, 2010). Reduction in respiratory 
muscle strength, obtained using measurement of 
maximal inspiratory pressure and maximal 
expiratory pressure generated at the mouth has 
been reported during the hospital stay after 
cardiac surgery (Barros et al., 2010 and Morsch et 
al., 2009). Respiratory muscle strength training is 
one of the procedures followed, among several 
ones also used for respiratory therapy. The 
respiratory muscle strengthening promotes better 
efficacy in airway clearance, inspiratory pressure 
and maximal expiratory, and prevent fatigue of the 
respiratory muscles (Oliveira et al., 2009). (Riedi 
et al., 2010) has reported an 11 % reduction in 

MIP five days after surgery, and (Morsch et al., 
2009) a 36 % reduction in MIP six days after 
surgery. Reduced respiratory muscle strength in 
the early postoperative period after cardiac 
surgery might be due to sternal pain that affects 
the possibility of performing the respiratory muscle 
tests properly. Quality of Life is recognized as an 
important outcome and a patient’s response to the 
disease treatment or a special process. Change in 
patients’ physical activity is one of the important 
outcomes of CABG surgery, therefore evaluating 
physical function is one of the main parts of 
treatment (Baig et al., 2013). Physiotherapy has 
been advocated as an important component in the 
prevention of PPCs following surgery and has 
been regularly utilized in both pre and 
postoperative care since the 1960s despite 
evidence for its effectiveness being limited 
(Reeve, 2008). Resistive breathing such as 
positive expiratory pressure (PEP) has been 
incorporated in routine postoperative care after 
open heart surgery in many medical centers. The 
technique was developed in Denmark in the 1970s 
and was primarily used with the aim of mobilizing 
secretions. Inspiratory resistance positive 
expiratory pressure (IR-PEP) has also been 
introduced in an attempt to enhance the function 
of the diaphragm after open heart surgery 
(Westerdahl et al., 2001). PEP therapy generates 
an increase in transluminal airway pressure by 
creating resistance to air flow during expiration. 
This increase in airway pressure prevents airway 
collapse, increases lung volumes, assists with 
secretion clearance, and improves alveolar 
ventilation (Fagevik et al., 2015). The PEP device 
consists of a face mask or mouthpiece and a one-
way valve to which expiratory resistors can be 
attached. A manometer is inserted into the system 
between the valve and the resistance to monitor 
the pressure. This should be 10-20 cmH2O at 
mid-expiration. Tidal breathing, with a slightly 
active expiration, is used and the lung volume is 
retained at a higher level than the usual residual 
volume by avoiding complete expiration (Bhowmik 
et al., 2009). PEP therapy adjuncts to aid sputum 
clearance include the PEP mask, Flutters, Cornet 
and Acapella. Flutter, Cornet and Acapella also 
incorporate an oscillatory element, which provides 
expiratory vibration, aiding sputum movement into 
larger airways. When compared to conventional 
chest physiotherapy (PD, percussion, chest 
shaking, huffing and directed coughing), these 
devices have been shown to be as effective as 
each other (Mikelsons, 2008). The theoretical 
benefit of PEP therapy is the ability to enhance 



Ali et al.,                                                             Expiratory pressure applications post CABG surgery 

 

                                                      Bioscience Research, 2018 volume 15(4):4465-4474                                   4467 

 

and promote mucus clearance by either 
preventing airway collapse by stenting the airways 
(Placidi et al., 2006) or increasing intra-thoracic 
pressure distal to retained secretions, by collateral 
ventilation or by increasing the functional residual 
capacity (Darbee et al., 2005). Positive end 
expiratory pressure (PEEP) improves oxygenation 
in many situations: it recruits previously 
unventilated alveoli, increases end expiratory lung 
volume, and reduces right-to-left intrapulmonary 
shunting (Smith and Fletcher, 2000). 
 
MATERIALS AND METHODS 

Experimental study design was conducted at 
the National Heart Institute, with a sample of sixty 
patients who underwent CABG, aged from 40-60 
years old. They were referred from the physician 
and randomly assigned into three matched groups 
A&B&C; Group a received PEEP with face mask. 
Group B received PEEP with mouth piece and 
group C received routine chest physiotherapy. 
Informed consent was taken from all the patients 
included in the study. The practical part continued 
from Feb 2017 to May 2018. 

Ethical Consideration:  
Purposes of the study, methodology and 

experiments protocol were explained to every 
patient participated in the study and they agreed 
to share in this study. Informed consent was 
signed by each patient. Confidentiality was 
assured. 

Ethical committee:  
The study was approved from ethical 

committee of Faculty of Physical Therapy, Cairo 
University. 

Inclusion criteria:  
The inclusion criteria were as follows: Male 

and female patients underwent CABG, their age 
will range from 40-60 years old, all of them have 
reduced PaO2 (< 85 mmHg). 

Exclusion criteria: 
 Patients with Previous cardiac surgery, 

Pacemaker implantation, atrial fibrillation, chronic 
heart failure, Utilization of intra-aortic balloon 
pump. Utilization of mechanical ventilation longer 
than 24 hours, acute myocardial infarction within 6 
months prior to the surgery. The study protocol 
was explained in details for every patient before 
the initial assessment. All patients were informed 

about the purpose, nature of the study and a 
written informed consent was obtained before 
participation in the study; giving agreement to 
participation and publication of the results of the 
study. Initial medical screening was performed for 
each patient by the physician; clinical history was 
documented for all patients. 

Procedure of the Study:  
Demographic data, clinical characteristics and 

all medical history were collected from patients' 
file. 

A- Evaluation Procedure 
Measurement of Maximal Respiratory 

Pressures (MRP): is the most widely used 
noninvasive method in the clinic for evaluation of 
respiratory muscle strength (RMS) (Pessoa et al., 
2014). 

Steps of measuring:  
1-The device is at zero and calibrated before each 
measurement. 
2-To measure MIP, the patient sits upright and 
maximally inhales from RV into a handheld 
pressure manometer and sustain effort for more 
than 1 sec. For MEP the patient maximally 
exhales from TLC. Nose clips are required. The 
patient is coached to ensure adequate lip seal 
around the mouth piece and achieve maximum 
voluntary effort, and the effort is repeated until at 
least three measurements have < 20% variability 
between them. The highest mouth pressure 
achieved which could be maintained for at least 1 
sec was collected for data processing. 

2-Walking distance: 
using The 6-min walking test (6 MWT), it is a 

simple test, which does not require expensive 
equipment or advanced training, it has been used 
for measuring functional capacity after cardiac 
surgery (De Cicco et al., 2007).The patients were 
instructed to walk as far as possible along a 40-m 
straight, flat hospital corridor in 6 min. The test 
was symptom-limited, so patients who became 
symptomatic (e.g. angina, severe dyspnoea, 
dizziness and musculoskeletal pain) were told to 
stop walking and restart when possible. 
Encouragement was not given. The total distance 
walked was measured to the nearest metre and 
recorded. Before the test, the patient’s resting 
heart rate and blood pressure were monitored in 
sitting position (El-Zorkany and Nour, 2009). 
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3-The Borg scale: 
The brog scale is a psychophysical measure 

in which a subject reports symptoms associated 
with a current physical activity, e.g., exercise. The  

 
Borg scale rates dyspnea on a scale of 0-10 to 
quantify the intensity of dyspnea during activity 
(Scherr et al., 2013). 
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B- Treatment procedure: 
1- Positive end expiratory pressure therapy 

(Pep/Rmt):  
Pep/Rmt consists of: Valve, Mouth piece/face 

mask, Resistors, Manometer (-30:+30) with t- 
connector. Verbal explanations, about the 
importance of the treatment program as a whole 
and specifically of this modality, were given to all 
patients. Each patient in the study group was 
trained to use (Pep/Rmt) device for 15-20 minutes 
(gradual increase up to 20 minutes) with two 
sessions daily for two consecutive weeks.  

Pep/Rmt was introduced to the patients as 
follows: 

1. The patients sat comfortably and upright 
while holding the mouthpiece /facemask tightly 
between the lips. 

2. Adjustment was done for the expiratory 
resistor dial to the prescribed setting. 

3.  The patients had to breathe from the 
diaphragm, taking in a larger than normal tidal 
breath, but not to total lung capacity. 

4. The patients had to exhale gently, the 
pressure in the current study was detected by the 
diameter of the valve used which was 1.5-2.0mm, 
this estimated diameter according to the 
manufacturing company was chosen in this study 
to normalize the reduced lung volumes and 
oxygenation which are most common 
complications after CABG surgery. 

5. Exhalation time lasted approximately 3 
times longer than inhalation. 

6. The patients had to perform 10–20 PEP 
breaths, and then performed 2–3 forced 
exhalation maneuvers or huffs. 

7. The patients had to repeat steps 3–6 until 
secretions were cleared, or until the 
predetermined treatment period had elapsed.  

Statistical analysis: 
Descriptive statistics and MANOVA-test were 

conducted for comparison of subject 
characteristics between groups. Chi- squared test 
was used for comparison of sex and risk factors 
distribution between groups. Normal distribution of 
data was checked using the Shapiro-Wilk test for 
all variables. Levene’s test for homogeneity of 
variances was conducted to test the homogeneity 
between groups. Mixed MANOVA-test was 
conducted for comparison of pre and post 
treatment mean values of MIP, MEP and walking 
distance in each group as within group 

comparison and between groups. Post-hoc tests 
using the Bonferroni correction were carried out 
for subsequent multiple comparison. Kruskal-
Wallis test was carried out for comparison of 
median values of dyspnea index between the 
three groups and was followed by Mann–Whitney 
U test to identify the significance difference 
between each two groups Wilcoxon signed ranks 
test was conducted for comparison of median 
values of dyspnea index between pre and post 
treatment in each group The level of significance 
for all statistical tests was set at p<0.05. All 
statistical measures were performed through the 
statistical package for social studies (SPSS) 
version 19 for windows. 
 
RESULTS 

Subject characteristics.  
Table 1 showed the subject characteristics of 

the three groups. There was no significant 
difference between groups in the mean age, 
weight, height and BMI (p<0.05). Also, there was 
no significant difference in sex and risk factors 
distribution between groups (p<0.05). 

Effect of treatment on MIP, MEP and 
walkingdistance: 

Mixed MANOVA revealed that there was a 
significant interaction of treatment and time (Wilks’ 
Lambda = 0.43; F (6,110)=9.51, p=0.001). There 
was a significant main effect of time (Wilks’ 
Lambda=0.02; F(3,55)=732.87, p=0.001).There 
was no significant main effect of treatment(Wilks’ 
Lambda=0.85; F (6,110)=1.47, p=0.19). Table 2 
showed descriptive statistics of MIP, MEP and 
walking distance as well as the significant level of 
comparison between groups and significant level 
of comparison between pre and post treatment in 
each group. There was no significant difference 
between the three groups in all parameters pre-
treatment (p>0.05). Post treatment group A 
showed a significant increase in the MIP and 
walking distance compared with that of group C 
(p>0.05), while there was no significant difference 
between groups in MEP; and non significant 
difference between group A and B and between 
group B and C in MIP and walking distance 
(p>0.05). Comparison between pre and post 
treatment in the three group revealed a significant 
increase in MIP, MEP and walking distance post 
treatment compared with that pre-treatment in 
(p>0.001). 
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Table 1. Subject characteristics and risk factors of group A, B, and C: 

 
Group A Group B Group C  

 ±SD  ±SD  ±SD p- value 

Age (years) 53.15 ± 4.14 54.6 ± 4.3 54.1 ± 4.05 0.53* 

Weight (kg) 80.3 ± 6.7 80.8 ± 4.78 81.45 ± 6.5 0.83* 

Height (cm) 163.1 ± 5.51 164.25 ± 5.04 163.6 ± 4.87 0.77* 

BMI (kg/m²) 30.26 ± 3 30.05 ± 2.83 30.45 ± 2.39 0.89* 

Males/females 12/8 13/7 13/7 0.93* 

Obesity 8 (40%) 10 (50%) 9 (45%) 0.81* 

     

Diabetes 3 (15%) 4 (20%) 5 (25%) 0.73* 

Hypertension 16 (80%) 15 (75%) 17 (85%) 0.73* 

Smoking 9 (45%) 7 (35%) 8 (40%) 0.81* 

Dyslipidemia 17 (85%) 17 (85%) 18 (90%) 0.86* 

Number of grafts:  
One graft 
(unilateral  

saphenous vein) 

6 (30%) 5 (25%) 4 (20%) 0.76* 

Number of grafts:  
Two grafts 
(bilateral 

 saphenous vein) 

12 (60%) 14 (70%) 13 (65%) 0.8* 

Positive  
Family history 

5 (25%) 6 (30%) 4 (20%) 0.76* 

 , Mean; SD, standard deviation; p-value, level of significance; * Non-significant. 

Table 2. The frequency distribution and chi squared test for comparison of sex distribution 
between group A, B and C. 

 Group A Group B Group C χ2value p-value Sig 

Females 8 (40%) 7 (35%) 7 (35%) 0.14 0.93 NS 

Males 12 (60%) 13 (65%) 13 (65%)    

χ2 : Chi squared value p value: Probability value NS: Non significant 

Table 3: Mean MIP, MEP and walking distance pre and post treatment of group A, B and C 

 
Group A Group B Group C p-value 

  ±SD  ±SD  ±SD A vs B A vs C B vs C 

MIP (cmH2O)       

Pre 57.9 ± 31.34 54.75 ± 29.58 43.5 ± 19.94 1* 0.3* 0.59* 

Post 73.2 ± 32.53 63.85 ± 30.43 50.25 ± 21.03 0.9* 0.04** 0.4* 

 
p = 0.001** p = 0.001** p = 0.001**    

MEP (cmH2O) 
  

 
 

  

Pre 56.65 ± 24.81 62.75 ± 23.9 67.4 ± 23.42 0.42* 0.16* 0.54* 

Post 77.25 ± 26.26 77.45 ± 23.85 75.2 ± 23.1 0.97* 0.79* 0.77* 

 
p = 0.001** p = 0.001** p = 0.001**    

Walking  
distance (m)   

 
 

  

3rd day 150.25 ± 31.26 151.75 ± 31.21 146.5 ± 32.81 0.88* 0.71* 0.6* 

2nd weeks 312.75 ± 41.4 296.75 ± 25.25 289.25 ± 31.63 0.13* 0.03** 0.45* 

 
p = 0.001** p = 0.001** p = 0.001**    

 , Mean; SD, standard deviation; p-value, level of significance; * Non-significant; **Significant 
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Table 4: Mediandyspnea index pre and post treatment of group A, B and C 

 
Group A Group B Group C p-value 

 Median (IQR) Median (IQR) Median (IQR) A vs B A vs C B vs C 

Dyspnea index       

Pre 3 (2,3) 2.5 (2,3) 2 (1,3) 0.73* 0.18* 0.35* 

Postat rest 0.5 (0.12,1) 1 (0.5,1.75) 1 (1,2) 0.08* 0.007** 0.22* 

 
p = 0.001** p = 0.001** p = 0.001**    

Pre 3 (2,3) 2.5 (2,3) 2 (1,3) 0.88* 0.71* 0.6* 

Postat activity 1 (0.62,2) 1 (1,2) 2 (1,3) 0.34* 0.009** 0.06* 

 
p = 0.001** p = 0.001** p = 0.31*    

IQR, Interquartile range; p-value, level of significance; * Non-significant; ** Significant 
 

Effect of treatment on dyspnea index: 
There was no significant difference between 

the three groups in dyspnea index pre-treatment 
(p>0.05). Post treatment group A showed a 
significant decrease in the dyspnea index at rest 
and at activity compared with that of group C 
(p>0.05), while there was no significant difference 
group A and B and between group B and C in 
dyspnea index at rest and at activity (p>0.05), 
Table (3). Comparison between pre and post 
treatment in the three group revealed a significant 
decrease in dyspnea index at rest post treatment 
compared with that pretreatment (p>0.001). Group 
A and B showed a significant decrease in 
dyspnea index at activity post treatment compared 
with that pretreatment (p>0.001). There was no 
significant difference between dyspnea index pre 
treatment and that post treatment at activity 
(p>0.05). 

DISCUSSION 
Breathing exercises are regularly prescribed 

during the initial post-operative days after cardiac 
surgery in Sweden. Hourly deep breathing 
exercises performed with a PEP device were 
reported to be first choice treatments during the 
hospital stay (Westerdahl and Olsén, 2011). PEP 
device is to expire against a resistance, for 
example against half closed lips (pursed lips 
breathing) is frequently used by patients with 
chronic obstructive disease. The expiratory 
resistance is thought to slow down expiration and 
increase lung volume, and may prevent or reduce 
airway collapse (Westerdahl, 2004). Since the 
original PEP devices were developed and 
described, PEP device designs have been 
modified to allow for the patient interface to 
consist of either a face mask or a mouthpiece. 
The traditional main components of the device, 
however, remain the same, and consist of a one-
way valve connected to either a small-exit orifice 
or, more commonly, an adjustable expiratory 

resistor. A disposable or permanent manometer is 
incorporated into the system between the one-
way valve and the resistor to measure the 
expiratory pressure (Myers, 2007). The results of 
this study come in agreement with the randomized 
prospective study done by (Sehlin et al., 2007) 
with 20 healthy volunteers using the PEP bottle 
and the PEP mask; continuous recordings of 
airway pressure and airflow were made. The 
measurement sequence consisted of 3 sessions 
of 10 breaths with the PEP bottle and the PEP 
mask. A rest period of 15 min separated the PEP 
bottle and PEP mask measurements. The study 
concluded that PEP bottle and the PEP mask 
showed major differences in the relationship 
between airflow and airway pressure. These 
findings might explain the observed differences in 
patient adherence to these therapies. The results 
of this study come in agreement with the study 
done by Ferreira et al. (2010) on sixteen patients 
submitted to CABG, they were randomized to 
control group (n=8) or to IS+EPAP (n=8). The 
protocol IS+EPAP was carried out in the 
immediate postoperative period and during four 
more weeks in domicile. Eighteen months after 
CABG, the muscle respiratory strength, the 
functional capacity, the pulmonary function, the 
quality of life and the physical activity levels were 
assessed. The conclusion was that patients who 
were submitted to IS+EPAP presented less 
dyspnea and lower sensation of effort after 6 
MWT, as well as improvement in life quality 18 
months after CABG. In contrast, a study 
conducted by Nicolini et al., (2014) on Fifty 
Subjects with neuromuscular disease randomly 
assigned to receive noninvasive ventilation (NIV) 
via nasal mask or mouthpiece ventilation. The 
study showed that mouthpiece could represent a 
very useful alternative because it reduces 
claustrophobia, the mask is poorly tolerated and 
less comfortable than mouth piece. This study 
reflected that increase of respiratory muscle 
strength, walking distance and decrease of 
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dyspnea index for (Group A) was better than 
(Group B) and (Group C) after two weeks due to 
the following possible explanations: Pep/Rmt with 
face mask applies more positive pressure at the 
end of expiration that helps to activate or recruit 
more alveoli, keep them open, consequently 
increase functional residual capacity, improves 
ventilation perfusion matching. Furthermore, 
Pep/Rmt encourages patients to huff or cough for 
getting rid of secretions, so it prevents airway 
collapse and helps the resolution of atelectasis 
which is most common complication after cardiac 
surgery. Besides, Pep/Rmt helps to redistribute 
the extra-vascular lung water due to the positive 
pressure it applies which help to move fluid from 
peri-vascular lymph vessels (less compliant) 
which has less capacitance to more compliant 
peri-bronchial lymph vessels, hence Pep/Rmt 
reduces the incidence of pulmonary edema which 
is another post- operative pulmonary complication 
after cardiac surgery. Pep/Rmt shifts the pressure 
volume curve to the left and downward because it 
changes the volume of the lung with less 
pressure, so it improves lung compliance. A study 
done by (Urell et al., 2016) showed that there is a 
relation between lung function and respiratory 
muscle strength after discharge following cardiac 
surgery. 

Study limitations 
The present study has limitations that should 

be considered, such as restriction to short term 
follow up. Lack of research for measuring longer 
term outcomes and comparing between Pep/Rmt 
with face mask and mouth piece. 

CONCLUSION 
It was concluded that patients who underwent 

elective cardiac surgery with cardiopulmonary 
bypass exhibited reductions in postoperative 
respiratory muscle strength and dyspnea index. 
Therefore, the application of positive end-
expiratory pressure with facemask improved the 
recovery of those patients in comparison with the 
Pep/Rmt with mouthpiece and routine chest 
physiotherapy intervention alone. So expiratory 
training using Pep/Rmt device with facemask 
improves respiratory muscle strength, walking 
distance and dyspnea index for those patients 
after CABG surgery. 
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