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ABG Arterial blood gases 
ACC American college of cardiology 
ADA Americans with disabilities act 
AHA American heart association 
ARDS Acute respiratory distress syndrome. 
AVR Aortic valve replacement 
BMI Body mass index 
CABG Coronary artery bypass grafting 

Coronary artery disease CAD 
CE Continuous exercise 
CIMT Carotid intimal medial thickness 

CKD Chronic kidney disease 

CPT Chest physical therapy 

CPAP Continuous positive airway pressure 

CR Cardiac rehabilitations 

CTR Chest tube removal 
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DM Diabetes mellitus 

ET Endurance training 
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FEV1 Forced expiratory volume in 1s 
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FVC Forced vital capacity 

HDL High-density lipoprotein 
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MI Myocardial infarction 

MRI Magnetic resonance imaging 

MVR Mitral valve replacement 
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PCI Percutaneous coronary intervention 
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PRISMA Preferred reporting items for systematic reviews and meta-analyses 
RH-PAT Reactive hyperemia- peripheral arterial tonometry 
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Chapter1: Introduction 

Postoperative pulmonary complications 

In spite of the recent developments in the field of preoperative care, 

postoperative pulmonary complications (PPCs) remain a principal reason for 

operation-related morbidity and mortality. PPCs are the respiratory system disorders 

that typically occur during the first postoperative week. These PPCs range from lung 

atelectasis to respiratory failure (Miskovic and Lumb, 2017). 

The surgery and anesthesia impose factors that predispose the occurrence of 

PPCs. Surgery may cause depressed lung function, as the surgical pain impacts 

normal breathing. Anesthesia elicits adverse intraoperative, and, to a lesser extent, 

postoperative effects on pulmonary functions (Makhabah et al., 2013). 

PPCs are predictors of the postoperative health outcomes of patients and 

increase the risk of admission to the intensive care units (ICUs), the prolongation of 

hospital stay length, and mortality (Fernandez-Bustamante et al., 2017). 

Patients undergoing cardiac surgery are particularly vulnerable for developing 

PPCs.  During cardiac surgery, several factors act integrally and are implicated in the 

occurrence of PPCs. These include general anesthesia, mechanical ventilation 

duration, cardiopulmonary bypass, and the sternotomy incision (Naveed et al., 2017).   

The use of cardiopulmonary bypass (CPB) and general anesthesia is a main 

factor influencing the patient outcome in cardiac surgeries. Post-operative pulmonary 

complications (PPCs) have been attributed to several factors related to CPB. In part, 

substance-related factors; blood being exposed to artificial materials, or other factors 

including variability in body temperature, ischemia-reperfusion of organs, surgical 

trauma, and endotoxins release, all of these elicit acute inflammatory response (De 

Backer et al., 2009). As regards anesthesia, they possibly predispose to PPCs through 

reducing the functional residual capacity and vital capacity and widening the alveol-

arterial oxygen gradient, with subsequent hypoxemia and atelectasis.  In fact, the 

anesthetic drugs are predisposing to PPCs via immunity dysfunction, which 
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subsequently yields to lung injury ( Justus et al., 2019).  

In this regards, there are several postoperative techniques controlling lung 

function and maintaining the normal function of several organs those can be applied 

for the patients who had CABG. These postoperative techniques could therefore 

reduce the mortality rate among patients. The techniques include mucous suction, 

exercise producing positive pressure and physiotherapy that could potentially increase 

the level of respiratory volumes and oxygen saturation (Westerdahl et al., 2005).  

Role of Physiotherapy 

        Taking into consideration the postoperative pulmonary complications (PPC) that 

may develop, physiotherapists pre-surgery should identify those patients at-risk and 

prevent or minimize the possibility of complications. Moreover, Physiotherapists have 

a role in improving physical activity in all phases of cardiac rehabilitations (CR) 

(Themistocleous et al., 2017).   

Pre-surgical physiotherapy  

Preoperative physiotherapy in patients undergoing CABG includes different 

interventions such as inspiratory muscle training (IMT), respiratory exercises, aerobic 

exercise, education and counselling. The IMT interventions are addressed to improve 

oxygen saturation, gas exchange and to reduce postoperative complications while 

psycho-emotional strategies based on education and counselling seem to contribute to 

a reduction in preoperative anxiety and depression (Perelló-Díez and Paz-Lourido, 

2018).  

         Physiotherapists are involved in the preparation of cardiac patients before 

surgery Weakness of the inspiratory muscles in the pre-surgical phase is a risk factor 

for the development of pulmonary complications post-surgery (Miranda et al., 2011). 

         Pre-surgical phys

capacity and educate on the exercises. Physiotherapists educate patients on how to get 

out of bed and chair, demonstrate and inform them about huffing, coughing 

techniques, breathing exercises and lower limb mobilization (Leguisamo et al., 2005). 

Common techniques that are currently applied, include deep breathing exercises, such 

as incentive spirometry, hyperinflation therapy including intermittent positive 
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pressure breathing (IPPB), continuous positive airway pressure (CPAP), and 

insufflation/exsufflation, and chest physical therapy (CPT) (often combined with 

aerosolized mucolytic administration, coughing exercises, postural drainage, and 

percussion and vibration) (Groom, 2012). 

        Wound management and protection necessary immediately after the operation, 

should be taught to the patient during pre-surgical physiotherapy. In the first three 

-surgery, protection involves placing the hands on the sternum during 

coughing, without applying 

patient is instructed to place the hands into the armpits and gently stabilize the thorax. 

Moreover, overweight patients or those with severe cough are trained to use a 

stabilizing belt which offers an additional protection (Themistocleous et al., 2017).  

Post-surgical physiotherapy   

          Following cardiac surgery, the inspiratory muscle strength and the functional 

capacity of the lungs decrease occurs (Moreno et al., 2011). Post-surgery pain may be 

responsible for the reduced functional capacity and impairment of ventilation. As a 

result, the majority of these individuals may have PPC which are responsible for 

longer duration of hospitalization, morbidity and mortality (Perelló-Díez and Paz-

Lourido, 2018).  

Phase I of cardiac rehabilitation   

        The inpatient stage is often referred to as phase I (acute) which is important in 

education and mobilization. It was suggested that patients should receive a graded 

mobilization and exercise program so that by discharge time the patient is ambulant 

and be able to attend the ADL. Kinesiotherapy is useful in phase I, as patients often 

struggle with pain, thus develop poor postural habits, abnormal motor control and 

decreased endurance due to activity avoidance (Themistocleous et al., 2017). 

       Phase I occurs over a variable time frame (usually 1-

severity of the cardiac event and the length of time that the patient remains an 

inpatient. Phase I incorporates a combination of supportive counseling and 

reassurance for risk factor modification, medication adherence and education on when 

and how to resume daily living activities. This is complemented by early mobilization 
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to prevent the deleterious effects of bed rest and to initiate a progressive increase in 

activity to allow for, at the minimum, basic self-care at discharge from the hospital. 

Evidence suggests that active engagement in CR at an inpatient stage may improve 

uptake of phase II programs by as much as 93% (Ting et al., 2014). 

Phase II of cardiac rehabilitation   

        The second phase is the initial post-discharge stage. At this stage patients may 

feel isolated and insecure and may present elevated anxiety signs. Phase II usually 

involves patients attending a hospital-based program as an outpatient, weekly or twice 

weekly over a 6- to 12-week period (Abell et al., 2016). Phase II programs provide 

initial physical, psychological, and social assessments to facilitate return to everyday 

function, and education regarding cardiovascular disease risk factors, and exercise and 

lifestyle changes that may have long-term cardioprotective effects (Woodruffe et al., 

2014).  

         Exercise consultation is advantageous at this stage in order to enhance 

adherence to both lifestyle modification and maintenance of exercise in phase II and 

future phases of CR. Moreover, physiotherapists at this phase should prescribe 

individualized home-walking programs and help patients to progress to phase III 

(Themistocleous et al., 2017).  

Phase III of cardiac rehabilitation  

        This phase is traditionally the outpatient education and structured exercise 

program component of CR, lasting for 6-12 weeks. The key component of this phase 

is mainly the physical exercise, however, education and psycho-social counseling 

regarding risk factors and lifestyle modification are important. health and fitness 

benefits from exercise have a direct dose response relationship and therefore patients 

prior to phase III should undertake a risk stratification assessment as it is essential for 

their participation into an exercise program. The purpose of the risk-stratification is to 

likelihood of adverse effects (Proudfoot, 2006). 

        Phase III is community-based and aims to maintain activity beyond the period of 

subacute care to provide long-term benefits of exercise and minimise the risk for 

secondary events (secondary prevention). Current evidence suggests that participation 

in phase III is highly beneficial in reducing major adverse cardiac events. Although 
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the improvements in cardiorespiratory fitness, haemodynamic, and muscle functions 

during early rehabilitation are clear, it is essential to continue with lifelong exercise 

training as these benefits are all but lost within 3

et al., 2010). 

        During the program, physiotherapists should initially and continuously monitor 

and evaluate patients in order to ensure their safety and effectiveness of exercise. The 

monitoring level is based o

response, rate pressure product, RPE, observation and oxygen saturation levels. 

Moderate physical activity most of the days with a duration of 30 minutes is 

beneficial and may alter the CVD risk factors. However, continuous exercise (CE) 

may be very challenging for a patient with CHD, therefore, it is advisable to include 

ons into the exercise program (Themistocleous et al., 2017).  

Novel findings and significance of the topic 

Given the ongoing prevalence of postoperative morbidity and mortality, 

especially those attributed to the PPCs after elective cardiac surgery, it appears that 

standardization of the postoperative physiotherapy alone is not sufficient to preclude, 

or even minimize, the PPCs and the irrelated morbidity and mortality.  

Despite the well-documented importance of postoperative physiotherapy, little 

is established on the value of preoperative intervention in patients undergoing cardiac 

surgery. Very limited studies have been published investigating the potential effects 

of preoperative physiotherapy on the cardiorespiratory and musculoskeletal traits after 

CABG surgery. The preoperative techniques have the main goal for mitigating the 

potential PPCs after heart surgery. In turn, such techniques could reduce the mortality 

among those patients. 

Thus, in this work, we performed a clinical trial and conducted a systematic 

review and meta-analysis in an attempt to obtain any evidence derived suggesting 

potential benefits that could aid in the prophylaxis against the development PPCs. 

The previously conducted pooled analyses either evaluated the effect of the 

preoperative intervention on patients undergoing any type of major surgery, or did not 

specify chest physiotherapy as the intervention procedure. Hence, we believe that, in 
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order to fill this gap in the postoperative care and in the literature, a meta-analysis 

regarding the original articles addressing such issues is required. 

Aim of the Work 

             The overall aim of this study was to assess the importance of applying 

preoperative chest physiotherapy on patients undergoing open heart surgery.  

Aim 1: 

Does Preoperative Chest Physiotherapy Affect the Postoperative 

Pulmonary Complications and Lung Functions in Patients undergoing 

Elective Cardiac Surgery? A Systematic Review and Meta-Analysis 

 We aimed to assess the value of preoperative chest physiotherapy in patients 

undergoing elective cardiac surgeries through reviewing and meta-analyzing the 

articles investigating this issue.  

Aim 2 

The Effect of Preoperative Chest Physiotherapy on Oxygenation and Lung 

Functions among Open Heart Surgery Patients: A Randomized Controlled Trial. 

 We aimed to investigate the role of preoperative chest physiotherapy on pulmonary 

functions and the length of staying at the hospital among patients undergoing open 

heart surgeries. 

Aim 3 

The preoperative chest physiotherapy and the amount of oxygen needed after 

CABG surgery: A randomized controlled trial 

 We aimed to assess the relationship between the preoperative chest physiotherapy 

 supplementation needed for 

CABG patients. 

Aim 4 

The effect of cold application on pain due to chest tube removal  
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 We aimed to examine the effect of cold application on pain intensity during chest 

tube removal 

Chapter 2: Study 1 

Effectiveness of Preoperative Chest Physiotherapy in Patients Undergoing 

Elective Cardiac Surgery, a Systematic Review and Meta-Analysis 

Methods 

Study design 

This is a systematic review and meta-analysis that was conducted in accordance with 

the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

statement. The review was registered in the Research Registry (reviewregistry1278). 

Literature Search Strategy 

         The included studies were those evaluating the preoperative chest physiotherapy 

value in adult patients who undergo elective cardiac surgery. The search was 

performed using the electronic resources; the Cochrane Central Register of Controlled 

Trials, the PubMed central database, and Embase. 

Selection Strategy and Criteria 

        The search was conducted with the restriction limiting results to original articles 

published from January 2000 to December 2021. The search was performed using the 

- -

t 
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search was performed by two independent reviewers (the first and second authors). 

Then articles were matched and screened to ensure eligibility. 

Inclusion Criteria 

Original articles available in English were included. According to PICO, we included 

the studies meeting the following criteria: study design all original articles that 

included randomized controlled trials or observational studies from 2000 until 

conducting the analysis (mid-2021), participants patients undergoing elective 

cardiac surgery, intervention preoperative chest physiotherapy, control patients 

undergoing elective cardiac surgery without preoperative chest physiotherapy, 

outcome measures the effect of intervention on PPCs and any other effect. 

Exclusion Criteria 

Animal studies, studies completed prior to the year 2000, commentaries, or general 

discussion papers whose authors did not present original data were excluded. Studies 

assessing physiotherapy regimens other than chest physiotherapy and those applying 

postoperative physiotherapy programs other than the routine therapies were also 

excluded. 

Data Extraction, Data Collection, and Analysis 

        Each article was read carefully and any relevant data were extracted (including 

medical history, baseline preoperative data, type and details regarding the 

intervention, description of the intervention; type, time, duration, rate, and the used 

device, lung function tests, muscle strength, operative events, length of hospital stay, 

the occurrence of postoperative pulmonary complications, and the study conclusions). 

The extracted data were registered, tabulated, and analyzed. 

Bias 

         Methodological quality check lists were used as tools for bias risk assessment. 

The included studies were assessed for potential bias using the Cochrane 

 risk of bias. 

Summary Measures 



            

13 

 

         The primary outcomes were the incidence of postoperative complications and 

the changes in the lung function parameters, and the secondary outcomes were the 

surgery duration, the length of stay in the ICU and hospital, and the time of 

mechanical ventilation. 

The assessed lung function parameters were: 

 FEV1% predicted: forced expiratory volume (FEV1%) of the patient divided by 

the average FEV1%. 

 FVC% predicted: forced vital capacity (FVC%) of the patient divided by average 

FVC%. 

 Pi-max: maximum inspiratory pressure. 

Data about the ongoing RCTs related to the study topic was evaluated and described 

in the Discussion section. 

Statistical Analysis  

       The retrieved data were presented as mean and standard deviation (SD) for 

numerical data, and frequency and percentage for categorical data. The meta-analysis 

and bias assessment were accomplished using the Review Manager software 

(RevMan version 5.4, the Cochrane Collaboration, London, UK). The choice of this 

software was based on established validity by Cochrane Collaboration. Review 

Manager (RevMan) is Cochrane's software for preparing and maintaining Cochrane 

reviews. RevMan Web has been designed to integrate with other systematic review 

software and new features and updates are added regularly (Revman, 2022).  

https://training.cochrane.org/online-learning/core-software/revman 

 Dichotomous data were expressed as a risk ratio, with 95% confidence 

intervals (CIs) to compare intervention and control groups at the study level. For 

continuous outcomes, the mean differences in effects between the intervention and 

control groups were computed at the study level and pooled into weighted mean 

differences (WMDs). 

Results 

          The search of the electronic resources first yielded a total of 24,106 records. 
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After duplication adjustment, the search provided 1123 results. Based on the title, 898 

publications were excluded. Then, after checking abstracts, another 199 publications 

were found not to meet the eligibility criteria, so they were further excluded. After 

checking the full texts, an additional 16 articles were excluded. Thus, 10 studies were 

finally eligible for this systematic review (Figure 1). 

 

Figure 1: PRISMA study selection flow chart. 

         The included articles were published from 2006 to 2019. The populations were 

patients scheduled for elective CABG/cardiac surgery in the Netherlands, Turkey, 

Taiwan, Iran, Brazil, Pakistan, and China (Table 1). 
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Table 1: The included studies, the place of their performance, design and the objected 

patients 

The included studies had a total population number of 1458. They were classified into 

two groups: the interventional (I) group, involving 651 patients, and the control (C) 

group involving, 807 patients. Five studies investigated a sample size of <100 

(Hulzebos et al., 2006 b, Savci et al., 2011, Tung et al., 2012, Sobrinho et al., 2014, 

Shakuri et al., 2015), and the others investigated a sample size of >100 (Hulzebos et 

al., 2006 a, Vakenet et al., 2013, Fayyaz et al., 2016Vakenet et al., 2017, Chen et al., 

2019). 

All patients were adults, with a mean age of 60.36 ± 12.78. Male predominance was 

noted, as 1019 (69.9%) patients were males, while only 439 patients were females. 

This dominance was noted in the majority of studies, with only one study reported an 

equal contribution of both genders (Hulzebos et al., 2006 b) (Table 2). 

Study Study place Study design Objected patients 

Hulzebos et al., 2006 a Netherland RCT 
Patients planned for elective 
CABG 

Hulzebos et al., 2006 b Netherland RC pilot study 
Patients planned for elective 
CABG, with high risk to develop 
PPCs. 

Savci et al., 2011 Turkey RCT 
Patients planned for elective 
CABG 

Tung et al., 2012 Taiwan RC pilot study 
Patients planned for open cardiac 
surgery 

Vakenet et al., 2013 Netherlands 
Observational 
cohort study 

Patients planned for elective 
CABG, with high risk to develop 
PPCs 

Sobrinho et al., 2014 Brazil          RCT 
Patients planned for elective 
CABG 

Shakuri et al., 2015 Iran          RCT 
Patients planned for open cardiac 
surgery 

Fayyaz et al., 2016 Pakistan RCT 
Patients planned for elective 
CABG 

Vakenet et al., 2017 Netherlands 
2ry analyses of 

RCT. 
Patients planned for elective 
CABG 

Chen et al., 2019 China RC pilot study 
Patients planned for open cardiac 
surgery. 
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Table 2:  A summary of the sociodemographic data included in the studies. 

The percentages of smokers ranged from 25% to 70% in the review studies, BMI 

ranged from 25.66 to more than 30, and the comorbidities were mainly diabetes 

mellitus, hypertension, and hyperlipidemia. Both groups in all studies were matched 

according to the prevalence of risk factors and the comorbidities (Table 3). 

Table 3:   The studies patients risk factors and comorbidities 

Study N (total: I-C) Mean age (I - C)   Male % (I  C) 

Hulzebos et al., 2006 a 276: 139-137 66.5  67.3 77.7 - 78.1 

Hulzebos et al., 2006 b 26: 14-12 70.14  70.5 50 - 50 

Savci et al., 2011 43: 22-21 62.82  57.48 86.4  90.5 

Tung et al., 2012 35: 15-20 52.5  54.7 93.3 - 70 

Vakenet et al., 2013 346: 94-252 66.8   68.4 61.7 -  68.3 

Sobrinho et al., 2014 70: 35-35 58.9  61.4 65.7  82.9 

Shakuri et al., 2015 60: 30-30 54.4  59.3 63.3 - 66.1 

Fayyaz et al., 2016 170: 85-85 39.44 - 39.33 -- 

Vakenet et al., 2017 235: 119-116 66  67.5 78.2-  80.2 

Chen et al., 2019 197: 98-99 61.86  61.86 74.5  68.7 

Total 1458:651-807 60.36 69.9 

Study Smoking % 
(I - C) 

BMI mean 
(I - C) 

Comorbidity 
% (I  C) 

Hulzebos et al., 2006 a 32.4 - 38 28.3  28.1 HTN: 57  54.5 
DM: 43.9  32.8 
COPD: 19.4  21.9 
Hyperlipidemia: 25.9 - 26.3 

Hulzebos et al., 2006 b 29 - 25 26.13 - 28.32  DM: 14  25 
COPD: 43-17 

Savci et al., 2011 70.95 - 71.62 27.49 - 25.73  HTN, DM, hyperlipidemia, 
alcohol consumption, inactivity, 
and family history 

Tung et al., 2012 60 -70 27.8 - 26.3 <3: 86.7  80 
>3: 13.3 - 20 

Vakenet et al., 2013 -- 30 (%):27.7 -27.8 DM: 34  57.1 

Sobrinho et al., 2014 67 - 67 27.08 - 26 -- 
Shakuri et al., 2015 30 - 33.3 26.8 - 27.7 DM: 36.7 - 26.6 
Fayyaz et al., 2016 -- 28.36- 26.20 -- 
Vakenet et al., 2017 34.5 -  36.2 28.6 -  28.1 HTN: 58.8  44 

DM: 42.9  30.2 
Chen et al., 2019 44.9 - 37.4  26.07 - 25.66  DM: 25.5 - 27.3 
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          Concerning the type of preoperative intervention in the included studies, some 

used respiratory training protocols, with an incentive spirometer (Shakuri et al., 2015; 

Fayyaz et al., 2016; Tung et al., 2012), one study combined incentive spirometer with a 

threshold loading device (Valkenet et al., 2017), and others used threshold loading 

devices for chest physiotherapy (Hulzebos 2006a; Hulzebos et al., 2006b; Savci et al., 

2011; Vakenet et al., 2013, Sobrinho et al., 2014, Chen et al., 2019)  (Table 4). 

          The time frame for preoperative intervention application differed considerably 

among the included studies, ranging from 5 days to 10weeks. The frequency of 

performing the interventional program ranged from twice a day (Chen et al., 2019), to 

three times every two weeks (Tung et al., 2012). The duration of training sessions 

ranged from 20 (Hulzebos et al., 2006 a; Hulzebos et al., 2006 b; Vakenet et al., 2013; 

Chen et al., 2019) to 60 min (Tung et al., 2012) (Table 4). 

Table 4: The type and description of intervention in the included studies  

HTN: 56.1 - 67.7 
Hyperlipidemia: 5.1 - 3.0 

Study  Preoperative 
intervention 

Time frame / 
frequency 

Session 
duration 

Used tool 

Hulzebos et al., 

2006 a 

IMT; incentive 
spirometry, once a 
week with supervision 
by a physical 
therapist.  

2  10 weeks / 
daily 

20 
minutes 

Threshold - 
IMT®  

Hulzebos et al., 

2006 b 

IMT; incentive 
spirometry, once a 
week with supervision 
by a physical 
therapist.  

2 - 4 weeks / daily 20 
minutes 

Threshold - 
IMT®  

Savci et al., 2011 IMT under the 
supervision of a 
physical therapist.  

5 days /daily 30 
minutes 

Threshold 
IMT, 
Respironics, 
Pittsburg, 
PA, USA). 

Tung et al., 2012 Individualized, 
tailored exercises  
PIEP. The PIEP was 
set at a low intensity, 
i.e., achieving 50
60% maximal oxygen 
consumption 
(VO2 max) for this 
population, by an 
expert panel. 

2 weeks / once or 
twice a weak (3 
times) 

40
60 min 

Cycle 
ergometer, 
spirometer, 
SF-36 
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          Preoperatively, the control groups underwent the usual management (Hulzebos et 

al., 2006a; Hulzebos et al., 2006b; Tung et al., 2012; Sobrinho et al., 2014; Valkenet et 

al., 2013), or usual management in addition to 1 day of chest physiotherapy (Valkenet et 

al., 2017), limbs and trunk mobilization (Savci et al., 2011), or abdominal breathing 

training (Chen et al., 2019) (Table 5). 

           Postoperatively, both groups received chest physiotherapy and mobilization 

schemes Hulzebos et al., 2006 a; Hulzebos et al., 2006b; Tung et al., 2012; Vakenet et 

al., 2013; Shakuri et al., 2015; Vakenet et al., 2017), or physiotherapy, as required 

(Sobrinho et al., 2014) (Table 5). 

 

 

 

Vakenet et al., 2013   Unsupervised IMT 
program at home 

2 weeks / daily 20 
min/day 

Threshold 
IMT, 
Respironics,  
New Jersey, 
PA, USA). 

Sobrinho et al., 2014 Breathing exercises  Daily till surgery, 
once a day 

Not 
specified 

Threshold - 
IMT®  

Shakuri et al., 2015 Exercises and 
auxiliary activities for 
extension and rotation 
of thoracic vertebrae, 
breathing exercises, 
exercises to expand 
lung lobes, aerobic 
exercises at a constant 
low speed for all the 
patients.  

 25 
minutes 

flow-
incentive 
spirometer-
based 

FS)  

Fayyaz et al., 2016 Incentive spirometry -- -- -- 

Vakenet et al., 2017 IMT; incentive 
spirometry; education. 

2 weeks / daily   

Chen et al., 2019 IMT.  5 days / twice a 
day 

20 
minutes 

Threshold 
IMT device 
(HS730-010; 
Philips 
Respironics, 
Pittsburgh, 
PA, USA). 
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Table 5: The preoperative procedure in the control group and the postoperative in both 

groups 

Regarding studies outcomes, the primary outcome was occurrence of 

postoperative pulmonary complications (PPCs) in the study of Hulzebos et al., 2006 a, 

Tung et al., 2012, Vakenet et al., 2013, and Chen et al., 2019, the occurrence of adverse 

Study  Preoperative control group 
management 

Postoperative both groups 
management 

Hulzebos et al., 2006 

a 

Care as usual the day before 
surgery (ie, instruction on 
deep breathing maneuvers, 
coughing, and early 
mobilization). 

Incentive spirometry, chest physical 
therapy, and mobilization scheme 
after operation. 

Hulzebos et al., 2006 

b 

Care as usual the day before 
surgery (ie, instruction on 
deep breathing maneuvers, 
coughing, and early 
mobilization). 

Incentive spirometry, chest physical 
therapy, and mobilization scheme 
after operation. 

Savci et al., 2011 Mobilization, active 
exercises of upper and lower 
limbs, chest physiotherapy.  

Chest physical therapy, and 
mobilization scheme after operation. 

Tung et al., 2012 Care as usual the day before 
surgery (ie, instruction on 
deep breathing maneuvers, 
coughing, and early 
mobilization). 

Incentive spirometry, chest physical 
therapy, and mobilization scheme 
after operation. 

Vakenet et al., 2013 Received usual care (no 
IMT) 

Incentive spirometry, chest physical 
therapy, and mobilization scheme 
after operation. 

Sobrinho et al., 2014 Only guidelines ward routine 
before surgery 

Physical therapy as needed by staff 
physiotherapy service. 

Shakuri et al., 2015 -- 
 

Incentive spirometry, chest physical 
therapy, and mobilization scheme 
after operation. 

Fayyaz et al., 2016 -- -- 

Vakenet et al., 2017 Care as usual the day before 
surgery (ie, instruction on 
deep breathing maneuvers, 
coughing, and early 
mobilization). 

Incentive spirometry, chest physical 
therapy, and mobilization scheme 
after operation. 

Chen et al., 2019 Both groups received both 
usual care (i.e. education, 
coughing and early 
mobilization) and abdominal 
breathing training before the 
surgery.   

Chest physical therapy, and 
mobilization scheme after operation. 
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events, and patient satisfaction and motivation in the study of Hulzebos et al., 2006 b, 

the inspiratory muscle strength in the studies of Savci et al., 2011 and Sobrinho et al., 

2014, spirometry parameters in the study of  Shakuri et al., 2015,   postoperative 

oxygenation in the study of Fayyaz et al., 2016 and quality of life assessment in the 

study of Vakenet et al., 2017. The postoperative stay length was the secondary outcome 

in 5 studies (Hulzebos et al., 2006 a; Hulzebos et al., 2006 b; Vakenet et al., 2013; 

Sobrinho et al., 2014; Chen et al., 2019) (Table 6). 

Table 6: The included studies outcomes 

        In all studies, the basic preoperative pulmonary functions, respiratory muscle test 

parameters, and ABGs were comparable in the two groups. 

Study  Outcome measure 

Hulzebos et al., 2006 a  The primary outcome: the incidence of PPCs, 
 The secondary outcome was duration of postoperative 

hospitalization.  

Hulzebos et al., 2006 b 
 Primary outcome variables were the occurrence of 

adverse events, and patient satisfaction and motivation.
 Secondary outcome variables were postoperative 

pulmonary complications and length of hospital stay. 
Savci et al., 2011  Inspiratory muscle strength (cmH2O). 

 Quality of life was assessed using the Nottingham 
Health Profile. 

 Anxiety and depression were measured using the 
Hospital Anxiety and Depression Scale (HADS). 

Tung et al., 2012  Pulmonary complication-related parameters.  
 Quality of life assessment using Short Form 36-Health 

Survey (SF-36).  
Vakenet et al., 2013  The primary outcome measure: postoperative pneumonia. 

 The secondary outcome measures: ventilation time, 
postoperative length of stay (LOS) at the intensive care 
unit (ICU) and total LOS. 

Sobrinho et al., 2014  The respiratory muscle strength. 
 Pulmonary volumes. 
 Duration of hospital stay after surgery. 

Shakuri et al., 2015  Spirometry parameters. 
 ABG parameters. 

Fayyaz et al., 2016  Postoperative oxygenation. 

Vakenet et al., 2017  Quality of life assessment using Short Form 36-Health 
Survey (SF-36). 

Chen et al., 2019  The primary outcome variable was the occurrence of 
postoperative pulmonary complications.  

 The secondary outcome variables were inspiratory 
muscle strength, lung function and length of 
hospitalization. 
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The pooled analysis revealed no significant differences between the interventional 

and control groups in the surgery time (Figure 2) and the ICU duration (Figure 3) (p = 

0.84 and 0.92, respectively), with no heterogeneity in the results (p = 0.06 and 0.62, 

respectively).
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Figure 10: Funnel plot for the PPCs incidences reported by the studies. 

 

Regarding the QoL results in this systematic review, 3 of the 10 included studies 

introduced at least one QoL parameter, with different scales used by the authors. 

Vakenet et al. (2017) demonstrated that Qol differences were less in the interventional 

group compared to the control group, yet with non-statistical significance (p > 0.05); the 

work of Savci et al. (2011) also failed to reveal a statistically significant difference 

between both groups in the assessed physical component of QoL (p > 0.05). In contrast, 

Tung et al. (2012) noticed an intervention-related significant improvement in the general 

QoL (p < 0.001). Anxiety and depression were evaluated in the study of Savci et al. 

(2011), which showed that their expressions were lower in the intervention group. 

However, this difference was significant only in the anxiety component (p < 0.05). 

A summary of the study outcomes is demonstrated in Table 7. 
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Table 7: The outcomes summary of the included studies. 
 

Study Outcome Measure 

Hulzebos et al., 
2006a 

The primary outcome: a statistically significant difference was found between 
the two groups in the incidence of PPCs (p = 0.02). 
The secondary outcome: a statistically significant difference was found between 
the two groups in the LOS (p = 0.02). 

Hulzebos et al., 
2006b 

Primary outcome: the feasibility of the intervention was good. No adverse events 
were reported. A statistically significant difference was found between the two 
groups in the satisfaction scores and the muscle strength. 
Secondary outcome: a statistically significant difference was found between the 
two groups in the incidence of PPCs, but not in the LOS (p = 0.24) 

Savci et al., 2011 Statistically significant difference was found between the two groups in the MIT, 
the improvement in QoL, and the anxiety score of HADS. 

Tung et al., 2012 Significant reduction in the non-invasive ventilator (p = 0.012), the time to 
ambulance, and the PPCs, and better general health scores were shown in the 
intervention group 

Vakenet et al., 
2013 

Statistically significant difference was found between the two groups in the 
incidence of PPCs, but not in the LOS 

Sobrinho et al., 
2014 

Statistically significant difference was found between the two groups in the MIT 
and LOS. 

Shakuri et al., 2015 Significant changes in predicted FVC, PEF, and PCO2 concentration in the 
interventional group compared to the control group. 

Fayyaz et al., 2016 Significant postoperative improvement of PO2 and PCO2 in the interventional 
group compared to the control group. 

Vakenet et al., 
2017 

No significant differences in change of QoL scores over time were found 
between the intervention and control groups. 

Chen et al., 2019 Statistically significant difference was found between the two groups in the 
incidence of PPCs, the MIT, and LOS. 

PPCs: postoperative pulmonary complications; LOS: length of stay; QoL: quality of 
life; HADS: Hospital Anxiety and Depression Scale. 

When examining the conclusions reached by the included studies, there was unanimous 

agreement on the importance and significance of preoperative chest physiotherapy in 

patients undergoing elective cardiac surgery. 

The critical assessment graph and a summary of the risks of bias within each study are 

shown in Figure 11 and Figure 12. The study by Fayyaz et al., 2016 shows a number of 

shortcomings, some shortcomings were also shown in the other studies. However, this is 

not peculiar during meta-analysis of original articles, and was shown by almost all the 

published meta-analysis studies.  
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Figure 11: Risk of bias graph of the included studies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Risk of bias summary of the included studies. 
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Discussion              

            The studies included in this review explored variable methods for 

preoperative chest physiotherapy. Several strategies are created to intervene in an 

attempt to prevent PPC development. Interventions may be preoperative, to adjust 

the physiology of respiration, or intraoperative and postoperative, to minimize the 

adverse events of surgery and anesthesia (Shander et al., 2011). Despite this, there 

are no established guidelines for preoperative protocols of management. Even if they 

are present, they are outdated or infrequent (Fleisher et al., 2014). This lack of 

consensus leads to considerable variation in clinical practice (Odor et al., 2020). 

The current study pooled analysis demonstrated that there was no effect of 

the intervention on the surgery time or the ICU stay duration, while it favorably 

affected the mechanical ventilation and the length of hospital stay. 

The association of preoperative chest physiotherapy with shorter hospital stay 

was also documented in previous studies (Kundra et al., 2010; Melnyk et al., 2011).  

Nardi et al. (2019) observed that the length of the postoperative hospital stay in the 

group that had preoperative training was reduced compared to the control group, but 

without a statistically significant difference. 

The short hospital stay affords the patients the chance to continue the 

recovery in their familiar home environment, saving the hospital resources for new 

patients to receive health care services (Santa-Mina et al., 2014; Gomes-Neto et al., 

2016). 

In contrast with the findings of our study, the previous meta-analyses did not 

reveal a significant difference between the interventional and control groups in the 

mechanical ventilation time (Marmelo et al., 2018; Katsura et al., 2015; Hulzebos et 

al., 2012). However, we can state that the significant difference found in our study 

could be a quasi-significance, due to the heterogeneity found in the results.  

The meta-analysis of this study showed that there was a significant difference 

between the interventional and control groups in the pulmonary functions, including 

FEV1% predicted, FVC% predicted, and Pi-max, favoring the interventional group. 
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However, only the FEV1%predicted showed homogenous results. 

The Pi-max was the most commonly tested lung function parameter in the 

included studies. Pi-  and 

has been adopted as a reliable indicator for the weaning from mechanical ventilation 

in many hospitals (Passarelli et al., 2011). In our meta-analysis, the evidence of the 

-

analysis conducted by Marmelo et al. (2018), the authors found significant 

improvement of the Pi-max related to the intervention. On the other hand, Katsura et 

al. (2015) reported no statistically significant effect in a three-articles meta-analysis, 

in spite of the fact that a tendency toward a favoring effect was found in all three 

articles. 

The current meta-analysis revealed that intervention proved to be protective 

against the existence of PPCs. Consistent with our findings, the recent meta-analysis 

conducted by Odor et al. (2020) disclosed evidence of the prophylactic effect of 

preoperative physiotherapy against the occurrence of PPCs. Our findings were also 

congruent with the most recent meta-analysis conducted by Rodrigues et al. (2021), 

which demonstrated that preoperative chest physiotherapy (breathing interventions) 

helped to improve postoperative respiratory performance in patients undergoing 

cardiac surgery. Moreover, the authors concluded that such interventions reduced 

PPCs and the length of hospital stay. Other previous studies affirmed the effect of 

preoperative intervention on PPCs. This was investigated in patients who underwent 

oncologic thoracic surgeries (Garcia et al., 2016), cardiac Westerdahl et al., 2005; 

Marmelo et al., 2018), intra-abdominal (Moron et al., 2016), and cardiac and 

abdominal surgery (Katsura et al., 2015). In these meta-analyses, a total of 31 

studies reported decreased PPCs in the interventional group, while only 8 did not 

find this relationship. The study of Kamarajah et al. (2019) highlighted that pre-

habilitation improved rates of morbidity, including for PPCs, and overall 

complications after both major abdominal and cardiothoracic surgery. 

The recently published work of our group showed supporting findings 

(Shahood et al., 2022). Our RCT demonstrated overall significant postoperative 

improvements in lung function and oxygen saturation in the intervention group 
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compared with the control group. An earlier RCT conducted by Sweity et al. (2021) 

to assess the effect of preoperative incentive spirometry was compatible with our 

findings, as the study showed a significant difference between the interventional and 

control groups in the incidence of postoperative atelectasis, mechanical ventilation 

duration, and hospital LOS. The median of the amount of arterial blood oxygen and 

oxygen saturation was significantly improved in the intervention group. 

The QoL outcome exhibited heterogeneity in the measured scale and the 

obtained results. The variability in the used methods makes it difficult to obtain a 

consensus about the results (Pucci et al. 2012; Peric et al., 2016). The QoL 

articles assessing this outcome, since we could not conduct a meta-analysis in view 

of the heterogeneity in the quantification scales. In this regard, Valkenet et al. (2017) 

reported that the intervention group showed less reduction in QoL values than the 

control group, but without a statistical significance. Savci et al. (2011) also failed to 

reveal a statistically significant difference between either groups in the assessed 

physical component of QoL, while Tung et al. (2012) proved a significant 

improvement in the general QoL. 

The lack of evidence found in this review is in accordance with Marmelo et 

al. (2018), Katsura et al. (2015), and Santa-Mina et al. (2014), who reported similar 

findings. Hulzebos et al. (2012) actually found better QoL results in the control 

groups. 

Anxiety and depression was evaluated in the study of Savci et al. (2011), 

which showed that anxiety and depression tendencies were lower in the intervention 

group than in the control group. However, this difference was significant only in the 

anxiety component. In congruence, an earlier study demonstrated that the patients 

who were preoperatively educated, with guidance on the physiotherapeutic 

ventilation training, exhibited reduced anxiety levels compared with those did not 

receive this guidance (Garbossa et al., 2009). 

It is worth noting that all the included patients were those scheduled for 

CABG, except for those in the studies of Tung et al. (2012) and Chen et al. (2019), 
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which also included patients with valve surgeries. Both types of surgeries are open 

heart surgeries, with the indicated general anesthesia, median sternotomy incision, 

cardiopulmonary bypass, and mechanical ventilation. All of these are factors 

implicated in the predisposition to PPCs and hence, both types of surgeries were 

included in the analysis. 

Working to prevent or reduce the incidence of pulmonary complications 

occurring in patients after heart surgery is a major goal among health workers. To 

achieve this goal, it is recommended to educate patients about how important is to 

learn the physical therapy techniques. These techniques could help improve the 

respiratory functions and promote the expansion of the lungs, identifying patients at 

high-risk for the development of pulmonary complications after surgery. In this 

vein, physical therapy is highly regarded among the basic treatments and should be 

offered to the patients in intensive care units. This study confirms the potential 

performance of a rehabilitation program before cardiac surgery, recommending its 

availability to all patients, if possible, in order to make the post-operative period less 

traumatic, and to facilitate a faster functional recovery. 

Strengths and Limitations 

This study is strengthened by including a meta-analysis in addition to the 

systematic review of the included studies. Moreover, the pooled analysis included a 

large number of patients, thus yielding a rather firm conclusion. This study is limited 

by the fact that one of the included ten studies was not an RCT. Moreover, due to the 

lack of assessment of certain variables in some studies, the highest number of 

studies included in a meta-analysis was in the hospital stay length (eight studies), 

and the other variables were analyzed in a fewer number of studies. Moreover, based 

on the selected publications, the resulting sample was not representative of the 

Organisation for Economic Co-operation and Development (OECD) countries with 

advanced health systems since Netherlands and Turkey were the only OCED countries, 

from where publications were included. The analysis was also limited by the variability 

in the length of the intervention since it varied between 5-10 weeks and 20-60 

minutes per trial. However, this was expected in view that postoperative 

management is still not standardized among health facilities. We believe that such an 
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issue could not preclude the conduction of the analysis, and the obtained results 

could be a preliminary data that shed light on the importance of routine 

implementation of postoperative chest physiotherapy in patients undergoing cardiac 

surgery. Furthermore, despite receiving some preoperative and postoperative 

interventions by the control groups, they still can be considered control groups due 

to the homogeneity in these received interventions among the included studies. 

Some shortcomings of the included studies might have impact on the obtained 

results. However, this is inevitable during meta-analyses conduction. The data 

obtained can be considered as initial results until more inclusive RCTs are 

conducted involving a larger meta-analysis.  

Conclusions 

The current work concluded that preoperative chest physiotherapy can yield 

better outcomes in patients undergoing elective cardiac surgery. 

The meta-analysis demonstrated no significant differences between the 

interventional and control groups in the surgery time and the ICU duration, but a 

significant difference in the time of mechanical ventilation and the hospital stay 

length, favoring the interventional group. A significant difference was shown in the 

FEV1% predicted, FVC% predicted, and Pi-max, favoring of the interventional 

group. The most notable significance was shown in the analysis of hospital stay 

length and the FEV1% predicted. The intervention was proved to be protective 

against the occurrence of PPCs. 
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Chapter 3: Study 2 

The effect of preoperative chest physiotherapy on oxygenation and lung function 

in cardiac surgery patients: a randomized controlled study 

Patients & Methods 

Study design 

        This randomized controlled study was carried out in the cardiothoracic surgical 

department, intensive care unit and preoperative outpatient clinic of Pécs Clinical 

Centre, Heart Institute, Pécs, Hungary between April 2019 and October 2019. The 

study was approved by the Regional Ethical Committee of Clinical Research (4114. 

316-474/KK15/2011). The study is reported according to CONSORT guidelines19 

and the protocol was registered on ClinicalTrials.gov (NCT04665024). 

Study population and sample size 

Adult patients scheduled for open heart surgery were eligible for the study. 

Patients with a history of strokes, musculoskeletal disorders, or psychological 

disorders were excluded. The power of the study was estimated using G*Power 

3.1.9.4, with a 95% confidence level (Z-score = 1.96), and a margin of error 

(confidence interval) of +/- 5%. According to the previous study performed by 

Manzano et al. (2008), the minimum required sample size, calculated based on an O2 

saturation estimated a mean difference of 2% (standard deviation of 1.9), was 20 

participants in each group. Informed written consent was obtained from each patient.  

Blinding and randomization 

Eligible patients were randomly allocated to the intervention or control during 

their outpatient visit after being scheduled for cardiac surgery. The study was blinded 

by an independent hospital employee who prepared opaque sealed envelopes 

containing either number 1 (intervention group) or number 2 (control group). The 

patient then chose one of the opaque envelopes and was assigned to that group by the 

same employee. 
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Interventions 

The intervention group underwent breathing exercises preoperatively after 

weaning from the ventilator, while the other group underwent the postoperative 

exercise only. Both were monitored for seven days after surgery. In the outpatient 

clinic, all patients received guidance on surgery and possible postoperative conditions. 

Patients in the intervention group received a standard educational paper about 

breathing exercise, written in an easily understandable language with pictures and 

shapes that describe the preoperative program elements (appendix). In the outpatient 

clinic, two experienced registered physical therapy specialists explained how to 

perform chest physiotherapy exercises, and trained patients on the breathing exercise. 

These two physiotherapists were well-trained on the intervention exercise protocol 

that was presented in a written form to ensure standardization of the introduced 

intervention.  The breathing exercises were performed as demonstrated in appendix 1 

with added training on using an incentive spirometer (Respiflo FS, 

https://www.oxygen-ium.gr/en/proionta/respiflo-fs-kendall-2/), and patients were 

instructed to perform breathing exercises for 30 minutes daily with 0.5 to 1 minute 

breaks. Each patient practiced the exercises for one week before surgery. The 

physiotherapists trained each patient three times: once on the first day, on the third 

day and one day prior to surgery. In both groups, patients underwent routine 

postoperative daily chest physiotherapy until discharge. 

Anthropometric measurement of each subject was performed by trained nurses 

in the morning after fasting for at least 8 hours. Participants wore light clothing 

without shoes during collection of anthropometric data. Weight was measured in kg 

(to the nearest 100 grams) using an electronic digital scale and its accuracy was 

periodically verified using reference weights. Height was measured in cm (measured 

to the nearest mm) on scales with height, the subject standing with the back against 

the gauges and feet on the weighing platform. Weight and height were recorded. Body 

mass index (BMI) was calculated as kg/m2.  

Outcome measures 

The primary outcome measures were differences between the groups in 
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respiratory function and oxygen saturation. Forced vital capacity (FVC), forced 

expiratory volume in the first second (FEV1%) and oxygen saturation (SpO2) were 

measured in the outpatient clinic (first measurement), one day before surgery (second 

measurement) and for 7 consecutive days after surgery. Spirometry was performed 

using an Otthon 2.0 - Mobile Handheld Spirometer 

(https://www.healthcarehk.com/product/thor-2-0-mobile-handheld-spirometer/). 

Calibration check was used to regularly validate the calibration of the device, as 

required by the latest recommendations of the American Thoracic Society (ATS) and 

European Respiratory Society (ERS) for standardization of spirometry (Graham et al., 

2019). The measurement was performed with the patient in a sitting position 

according to the ATS recommendations. The value recorded was the best of three 

consecutive attempts. Oxygen saturation was measured by pulse oximeter (FaceLake 

FL400 Pulse Oximeter, https://facelake.com/products/fl400-pulse-oximeter). The 

validity of measures was secured since the used device was created according to FDA 

standards (FDA 510(k) Number: K082641, suitable for use by medical professionals). 

The secondary outcome measure was the difference in the length of postoperative 

hospital stay between groups. 

Statistical Analysis  

Numerical values were tested for normality using Shapiro Wilk test, which confirmed 

data normality, then accordingly, numerical data were presented as mean and standard 

deviation, while categorical data are presented as number and percentage. The chi-

square test was used to compare the categorical data. The t test (unpaired) was used to 

compare differences in FVC, FEV1 and SPO2. ANOVA was used to compare 

differences in repeated measures across the pre- and postoperative days using IBM 

chosen as the level of statistical significance. 

Results 

Of 122 patients enrolled, 12 patients were excluded based on eligibility criteria, 

leaving 110 patients in the study population; 55 in each group. Nine patients from the 

intervention group and 1 patient in the control group did not complete the study, 

leaving 100 patients, 46 in the intervention group and 54 in the control group (Figure 
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13).  

Figure 13: CONSORT flow diagram. 

         Ages ranged from 40 and 83 years, and males comprised 61% with no 

statistically significant differences between groups in clinical and demographic 

characteristics (Table 8).  
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Table 8: Distribution of patients regarding their characteristics 

Characteristics Group 1 
45 

Group 2 
55 

 
X2 

 
P 

Age (years) N % N % .146 .985 
 40 - <51 2 4.4 3 5.5 

51 - <62 10 22.2 11 20 
62 - <73 20 44.4 24 43.6 

          73-  83 13 28.9 17 30.9 
Gender   

Male 28 62.2 33 60 .051 .82 
Female 17 37.8 22 40 

Weight (kg) .059 .97 
47- <70 13 28.9 16 29.1 
70-<93 23 51.1 27 49.1 
93- 114 9 20 12 21.8 

Height (cm)   
150-< 162 11 24.4 13 23.6 .01 .99
162-< 174 22 48.9 27 49.1 
174- 185 12 26.7 15 27.3 

BMI 
Normal weight 11 24.5 11 20 2.02 .57 
Overweight 22 48.8 25 45.45 
Obese 8 17.9 16 29.1 
Extreme obese 4 8.8 3 5.45 

Previous Diseases   
Hypertension 25 55.6 36 65.45 1.02 .31
Diabetes 15 33.4 16 29.1 .12 .74 
COPD 5 11.1 10 18.18 .97 .32
Pulmonary Fibrosis 2 4.4 1 1.82 .59 .44
Chronic Bronchitis 3 6.7 10 18.18 2.9 .088 

Smoking  
Yes  Current smokers 9 20 17 30.9 2.49 .11 

Ex-smokers  3 6.7 6 10.9 
No 33 73.4 32 58.2   

Type of surgery 
CAB
G 

On-pump 25 62.2 30 65.45 .4 .82 
Off-pump 3  6  

Valve surgery 13 29 13 23.55   
CABG + Valve surgery 4 8.8 6 10.9 

The most common operation was coronary artery bypass graft (64%). There were no 

significant differences between groups in respiratory function or O2 saturation in the 
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preoperative outpatient clinic or day 0, while differences in these measures were 

found for the postoperative 7 day measurements were evident. ANOVA tests 

confirmed the statistically significant changes in the measures variables across the 

follow-up days (p<0.001) (Tables 9, 10, Figures 14-16).  

Table 9: The mean of percentage of lung function measures in studied groups  

 Group 1 
Mean (SD) 

Group 2 
Mean (SD)  

T test P value 

FVC (%predicted) 
Outpatient clinic 93.6 (17.7) 91.9 (18.4) 2.22 0.054 
day  0 96.8 (17.5) 91.32 (15.8) 3.67 .068 
day 1 36.98 (6.88) 29.67 (5.98) 6.036 .000** 
day 2 48.76 (13.27) 35.28 (8.17) 5.646 .000** 
day 3 64.00 (16.2) 36.6 (5.51) 5.56 .001** 
day 4 68.5 (22.4) 45.38 (10.66) 3.060 .018* 
day 5 72.2 (14.5) 50 (11.1) 6.37 .000** 
day 6 78.8 (11.53) 60.1 (9.46) 9.58 .000** 
day 7 87.9 (11.1) 65.02 (10.3) 11.9 .000**
ANOVA test 78.698 229.694   
P value .000** .000** 
FEV1 (%predicted) 
Outpatient clinic  96.3 (18.15) 95.31 (16.6) 2.94 .065 
day  0 98.67 (18.01) 96.76 (17.36) 3.886 .057 
day 1 40.24 (9.11) 31.3 (7.5) 5.414 .000** 
day 2 52.72 (15.2) 39.31 (9.044) 4.575 .000** 
day 3 68.38 (17.9) 38.36 (6.41) 5.18 .001**
day 4 65.1 (20.4) 47.67 (6.28) 1.89 .116
day 5 74 (11.2) 53.2 (10.04) 7.47 .000**
day 6 82.3 (12.8) 62.8 (8.11) 9.02 .000**
day 7 91.04 (11.9) 67.2 (9.4) 11.74 .000** 
ANOVA test 75.11 269.36   
P value .000** .000** 
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Table 10: The mean of O2 saturation (%) in studied groups 

O2 saturation 

(%) 

Group 1 

Mean (SD) 

Group 2  

Mean (SD) 

T test P value 

Outpatient clinic  97.3 (1.15) 97.15 (1.4) .692 .492 

day  0 97.41 (.933) 97.43 (1.08) .564 .913

day 1 96.65 (1.69) 94.77 (1.02) 2.16 .041* 

day 2 97.73 (1.66) 96.3 (.952) 4.57 .000** 

day 3 97.33 (1.8) 96.11 (.78) 2.23 .046* 

day 4 96.21 (1.6) 95.41 (.753) 1.975 .048* 

day 5 97.44 (.98) 96.11 (1.07) 4.761 .000**

day 6 98.1 (.877) 95.7 (1.37) 8.45 .000** 

day 7 98.4 (.88) 95.63 (.974) 13.97 .000** 

ANOVA test 11.41 43.35   

P value .000** .000**   

. 
 

         

Figure 14: Median, interquartile range and mean (red diamond) of forced vital 



            

42 

 

capacity (FVC%) in the intervention and control groups. 

 

 

Figure 15: Median, interquartile range and mean (red diamond) of O2 saturation (%) 

in the intervention and control groups. 

Figure 16: Median, interquartile range and mean (red diamond) of forced expiratory 

volume in first second (FEV1%) in the intervention and control groups. 
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The postoperative hospital stay length ranged from 7 to 20 days, with statistically 

significant longer stay in the control group (Table 11). 

Table 11: The distribution of patients' postoperative hospital stay length between the 
two groups 

 Group 1 n (%) Group 2 n (%) X2 P 

value 

 Hospital stay (days) 

  7- <12 45 (100) 39 (70.9) X2 = 6.711 .000** 

 12- <16 0 (0) 10 (18.2) 

 16-20 0 (0) 6 (10.9) 

 Mean ± SD 7.82 ± .72 11.42 ± 3.01 T = - 8.57 .000** 

 Mechanical ventilation time (hours) 

 2-7 26 (57.78) 25 (45.45) X2 = 1.5 .22 

 7-15 19 (42.22) 30 (54.55) 

 Lung complications 

 Yes  Atelectasis  1 (2.22) 4 (7.27) X2 = 3.7 .052 

Pneumonia 0 (0) 3 (5.55) 

Total  1 (2.22) 7 (12.73) 

 No 44 (97.78) 48 (87.27) 

 Discussion 

        Postoperative pulmonary complications are a principal contributor to morbidity 

and mortality in patients undergoing major surgery despite advances in perioperative 

care. PPCs are disorders of the respiratory system such as atelectasis and respiratory 

failure that occur within the first postoperative week (Sabaté et al., 

2014). Interventions used for prevention of postoperative PPCs include preoperative 

measures to support the respiratory system, and intraoperative or postoperative 

measures to eliminate anesthesia-associated adverse events (Shander et al. 

2011). Compared with measures taken to minimize postoperative cardiovascular 

complications, interventions for respiratory disorders are outdated and clinical 

practices are not standardized (Fleisher et al., 2014; Odor et al., 2020). 
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Physical training for the prevention of PPCs include endurance training (ET), 

respiratory muscle training (RMT) or both. Preoperative RMT strengthens inspiratory 

muscles by improving neural control and increasing the diaphragm thickness with 

enhancement of the aerobic mechanical performance (Downey et al., 2007; Jaenisch 

et al., 2017). Strengthening the respiratory muscles sustains an elevated ventilation 

workload in the early postoperative period. It also helps in atelectasis prevention and 

gas exchange improvement (Assouline et al., 2021). ET has been shown to improve 

early cardiovascular adaptation by means of an increase in blood volume and 

enhanced vasodilatation, sympathetic neural drive relief and improved ventricular 

relaxation. All these factors facilitate the delivery and uptake of oxygen to 

accommodate the demand of energy within active skeletal muscle (Murias et al., 

1985; Roman et al., 2016). In addition, ET elevates ventilation load and physiological 

adaptive alterations within the respiratory muscles, which may confer higher strength 

and resistance to fatigue (Assouline et al., 2021). Chest physiotherapy is one of the 

procedures applied to eliminate PPCs after cardiac surgery, although there is no 

evidence to confirm the efficacy of these techniques (Herdy et al., 2008). No 

consensus has been reached on the most appropriate and effective treatment (Saglam 

et al., 2008). Therefore, this study was an attempt to investigate the role of 

preoperative chest physiotherapy on pulmonary function and length of stay in patients 

undergoing open heart surgery. 

In our study, respiratory physiotherapy was effective in improving lung 

function and oxygenation of the blood. There were statistically significant differences 

in measures of respiratory function in the postoperative days, suggesting that 

preoperative chest physiotherapy expanded the lungs, promoted circulation of air to 

all pulmonary regions, increased the expiratory volume, improved the movement of 

the rib cage, and increased vital capacity. An increase in inspiratory muscle strength 

that occurred in the preoperative period could be responsible for higher functional 

capacity compared to individuals with weak muscles before surgery (Melly et al., 

2018; Valkenet et al., 2011). The findings of our study are consistent with previous 

studies (Shakuri et al., 2015; Nardi et al., 2017; Snowdon et al., 2014; Westerdahl et 

al., 2001; Felcar et al., 2008). Nardi et al reported improved physical and respiratory 

conditions in patients who underwent pre-operative respiratory exercises. These 
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findings have also been confirmed (Melly et al., 2018). A systematic review of these 

studies showed improvements in functional capacity and decreased PPC in 

postoperative outcome in cardiac surgery patients (Hulzebos et al., 2012). Moreover, 

the breathing exercise alone demonstrated efficiency in decreasing PPCs after cardiac 

surgery (Thybo et al., 2018). 

The postoperative hospital stay length in our study ranged from 7 to 20 days, 

but most did not exceed 12 days of hospital stay (84%). There was a statistically 

significant difference between groups in the length of hospital stay. Nardi et al also 

reported shorter lengths of hospital stay in the group treated preoperatively, but 

without statistical significance. The association of breathing exercise with less 

hospital stay length has also been documented in other studies (Felcar et al., 2008; 

Kundra et al., 2010; Melnyk et al., 2011; Arthur et al., 2000). 

A recent meta-analysis analyzed a total of 12 randomized controlled trials 

(RCTs) involving the application of respiratory physiotherapy in patients undergoing 

abdominal and thoracic surgery (Odor et al., 2020). Physiotherapy protocols included 

both preoperative and postoperative interventions. They concluded that physiotherapy 

protocols reduced the incidence of PPCs. The largest and best quality RCT that 

included both preoperative and postoperative physiotherapy exercises revealed a 

statistically significant difference in developing PPCs postoperatively.  

Strength and limitations  

The strength of our study is that it was a prospective RCT that emphasizes the 

effect of preoperative and postoperative physiotherapy on patients needing cardiac 

surgery. A limitation of this study is that it may be difficult to generalize the findings 

of the present study due to the relatively small number of subjects. The different types 

of surgery is also a limitation of the present study.  

Conclusion 

This study concluded that preoperative chest physiotherapy is effective in 

improving respiratory functions following the open heart surgery.    
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Chapter 4: Study 3 

The preoperative chest physiotherapy and the amount of oxygen 

needed after CABG surgery: A randomized controlled trial 

Patients & Methods 

          This is a randomized controlled prospective study that was conducted after the 

approval of the Regional Ethical Committee of Clinical Research (4114. 316-

474/KK15/2011), in the period from April 2019 to October 2019. The study setting 

was the preoperative outpatient clinic, cardiothoracic surgery department, and the 

intensive care unit of the University hospital. This study was reported according to 

CONSORT guidelines (Figure 17) (Schulzet al., 2010) and the protocol was 

registered on ClinicalTrials.gov (NCT04665024). 
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Figure 17: CONSORT flow diagram. 

Study population and sample size 

          Eighty adult patients planned for CABG surgery were enrolled in this study. An 

informed written consent was requested form each patient. Patients with 

musculoskeletal diseases, central nervous system, or psychological diseases were 

excluded. Twelve patients were excluded based on eligibility criteria, then finally, 68 

patients were the study population; they were allocated equally into two groups; group 

1 (intervention group): received preoperative chest physiotherapy program and group 

2 (control group): did not receive the preoperative chest physiotherapy. Both groups 

underwent the routine care and the postoperative chest physiotherapy. Four patients 
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from the interventional group did not complete the study.  Therefore, the 

interventional group included 30 patients and the control group included 34 patients.  

Blinding and randomization 

         The patients were allocated to their groups blindly and randomly after choosing 

on of opaque sealed envelopes those were prepared by an independent person who 

further conducted the patient recruiting to their suitable group.  

Interventions 

         In the outpatient clinic, all patients were informed about surgery and the 

possible postoperative complications. Patients received a standard educational paper, 

describing the program elements, written in an easily understandable language with 

physiotherapy exercises and informed them to practice the exercises daily for one 

week preoperative. The patients in group one achieved physiotherapists' supervision 

for the training program three times a week, once at the first day, second in the third 

day and the last at one day prior to the operation.  

         For both groups, a post-operative daily chest physiotherapy program was 

pre and postoperative chest physiotherapy program were the same. Both were carried 

out according to the previously described protocol (Shakouri et al. 2015) and the 

hospital guidelines. 

Outcome measures 

Primary outcome measures 

          The primary outcome measure in this study was the difference between both 

groups in the average O2 supplementation needed postoperatively. 

Statistical Analysis  

          All statistical methods were applied using version 22.0 of SPSS software 

(Beaver, 2014) and p< 0.05 was chosen as a level of significance. Numerical values 
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were tested for normality using Shapiro Wilk test, which confirmed data normality, 

then accordingly, numerical data were presented as mean and standard deviation, 

while categorical data are presented as number and percentage. The descriptive 

group differences in the baseline data, chi-square test was used for the categorical 

variables (gender, smoking, previous diseases, and type of surgery) and t-tests was 

used for the continuous variables (age and BMI). The bivariate correlation was used 

to investigate the significant associations in the studied variables. Then, regression 

test was used to find out the predictors of the dependent variable (amount of the 

oxygen needed). The independent-samples T-test test was used to compare the 

average amount of O2 needed for CABG patients between patients who had 

physiotherapy. 

Results 

        The mean age of participants was 67.7, the average BMI was 28.1. The average 

amount of O2 needed over the seven postoperative days was 3.3 Litre/minute. Around 

65.6% of the study participants were male patients, 37.5% were smokers. The CABG 

surgery for 14.1% of the participants was accompanied by either an aortic valve 

replacement (AVR) or mitral valve replacement (MVR), while majority of the 

participants (85.9%) had just a CABG surgery. No significant differences were found 

 

 

 

 

 

 

 

 



            

50 

 

Table 12:  

 
Variable 

Control group 
n=34 

Experimental 
group n=30 

 
P-value 

 mean SD mean SD  
Age 68.14 8.15 67.21 6.78 0.62 
BMI 28.70 3.96 27.27 4.98 0.21 

 n % n % P-value 
Gender     0.99 
          Male 22 64.7% 20 66.7%  
         Female 12 35.3% 10 33.3%  
Smoking 0.65 
           No 21 61.7% 20 66.7% 
           Yes 13 38.3% 10 33.3% 
Previous diseases 0.14 
           No 2 5.9% 5 16.7% 
           Yes 32 94.1% 25 83.3% 
Surgery 0.99 
 CABG 29 85.3% 26 86.7% 

CABG with AVR or MVR 5 14.7% 4 13.3% 

         The results of bivariate correlation showed a significant association between the 

average amount of O2 needed and the type of open-heart surgery performed. The 

CABG patients, whose surgeries were accompanied by either AVR or MVR, needed 

higher mean postoperative O2 needed than other patients with just a CABG. Most 

importantly, a negative significant correlation was found between the average amount 

of O2 needed and chest physiotherapy before the open-heart surgery. Patients who had 

chest physiotherapy needed lower average amounts of O2 tha

chest physiotherapy (table 13). 

Table 13: Bivariate correlations between the average O2 

characteristics 

 Age Gender BMI Smoking Prev. D Op. CP 
gender 0.05 1.00      
BMI 0.11 -0.03 1.00     
Smoking -0.3** 0.15 -0.02 1.00    
Prev. D 0.07 -0.04 0.16 0.07 1.00   
Op. 0.12 -0.19 -0.05 -0.18 -0.24* 1.0  
CP -.10 0.00 -0.18 -0.06 -0.18 0.0 1.00 
O2 mean 0.08 -0.15 0.02 0.07 0.13 0.31* -0.30* 
Prev.D: previous diseases, Op.: operations, CP: chest physiotherapy, *: statistically significant 
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             Linear regression analysis was run to find out the significant model to predict 

2 needed. Univariate regression analysis revealed 

that only preoperative chest physiotherapy was a significant predictor for the O2 

supplementation need (p=0.026). Implementing variables of preoperative chest 

physiotherapy and and the operation type (because p<0.1) in a model demonstrated 

that these predicting variables all together significantly predicted the average amount 

of O2 needed (F (2, 61) = 4.51, p = 0.015, R2
Adjusted = 0.1). Within the model 

predicting the average amount of O2 needed, it was found that the significant predictor 

was the chest physiotherapy (  = -0.28, p <0.05) (Table 14). 

Table 14: Regression analysis for prediction of the needed O2 needed  

Univariate linear regression analysis 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 95.0% Confidence 
Interval for B 

 B Std. Error Beta   Lower 
Bound 

Upper 
Bound 

Smoking 0.34 0.424 0.102 0.809 0.421 -0.504 1.19 

Age 0.02 0.028 0.099 0.783 0.437 -0.033 0.077 

gender -0.31 0.432 -0.089 -0.705 0.483 -1.169 0.559 

CP -0.91 0.398 -0.279 -2.284 0.026* -1.703 -0.113 

Op -0.97 0.532 -0.226 -1.824 0.073 -2.035 0.093 

Prev. D 0.77 0.653 0.148 1.179 0.243 -0.535 2.076 

Multivariate linear regression analysis 

Model Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 95.0% Confidence 
Interval for B 

 B Std. Error Beta   Lower 
Bound 

Upper 
Bound 

Op -0.973 0.514 -0.226 -1.892 0.063 -2.001 0.056 

CP -0.909 0.39 -0.279 -2.333 0.023* -1.689 -0.13 
     Prev.D: previous diseases, Op.: operations, CP: chest physiotherapy, *: statistically significant 

  

 The results of the independent-samples T-test showed significantly higher average 

amounts of O2 

physiotherapy than those who had preoperative chest physiotherapy (Table 15). 
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Table 15: The Independent-Samples T-test 

 
 

 Mean (SD)  
(Control group 

n=34) 

Mean (SD) 
(Experimental 
group n=30) 

t  p 

The average amount of 
O2 needed post CABG 
surgery 

3.8 (1.6) L/min 2.8 (1.5) L/min 2.3* 0.013* 

Discussion 

          The aim of this study was to assess the relationship between the preoperative 

chest phy

supplementation needed for CABG patients. 

         The results showed some significant associations between the preoperative chest 

rage O2 supplementation 

needed for CABG patients. For instance, the average amount of O2 needed and the 

type of open-heart surgery performed were associated. In other words, the average 

amount of O2 needed postoperatively was higher in patients who had CABG surgeries 

with either AVR or MVR than other patients with just a CABG. This finding can be 

explained that those patients with more complicated surgeries will experience more 

postoperative complications. Moreover, they will need more O2 to recover from these 

complications. This study finding is incongruent with the findings reported by Chan et 

al. (2012) who reported that the O2 consumption significantly improved in the 

patients with CABG plus MVR, while the CABG only group did not show a 

significant change in the amount of oxygen supplementation. However, in their study, 

they did not apply preoperative chest physiotherapy, which could be a contributing 

factor in such controversy (Chan et al., 2012).   

          In addition, a negative significant relationship was found between the average 

amount of O2 needed postoperatively and chest physiotherapy before the CABG. 

Furthermore, the results of regression analysis showed that the preoperative chest 

physiotherapy is a significant predictor for the average amount of O2 needed post 

CABG. So, patients who had chest physiotherapy prior to their CABG surgeries 

needed lower average amounts of O2

This result is explainable by the fact the chest physiotherapy is effective in improving 
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the respiratory function and oxygenation.  

         To the best of our knowledge, no previous studies investigated the effect of 

preoperative chest physiotherapy on post CABG O2 supplementation. However, 

within the same context, the most recent meta-analysis conducted by Odor et al. 

(2020), in which a total of 12 RCTs including 1345 patients, concluded an overall 

benefit of prophylactic physiotherapy in reducing the development of PPCs (Odor et 

al., 2020).  

         This study also aimed to compare the average amount of O2 needed for CABG 

patients between patients who had preoperative chest physiotherapy and those who 

difference in the average amounts of O2 needed post CABG surgery; higher average 

had preoperative chest physiotherapy. This result showed that the preoperative chest 

physiotherapy is essential in enhancing the postoperative oxygenation and recovery of 

the patient undergoing CABG. Furthermore, poor oxygenation and more O2 supply 

physiotherapy. In consistency with our finding, it was observed that a low rate of 

postoperative pulmonary complications in the treated groups of patients in 

comparison with the control group, and this was associated with better SaO2 values 

(Nardi et al., 2019). These findings were also confirmed by other former studies 

(Valkenet et al., 2013). 

Limitations 

           This study is limited by non-measuring the respiratory muscles strength at the 

follow up analysis, both elements would yield more a firm conclusion.  It is important 

to note that the intervention (chest physiotherapy) was responsible for 10% of the 

oxygen demand in total according to the regression model, the oxygen demand being 

determined by 90% by other variables not measured by the study. This 10% 

explanation therefore indicates that chest physiotherapy is not the strongest variable in 

the model predicting oxygen demand. 
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Conclusion 

         Significant associations between the preoperative chest physiotherapy and 

participants

physiotherapy improving effect on the respiratory function and oxygenation.  
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Chapter 5: Study 4 

       The effect of cold application on pain due to chest tube removal  
 

The literature has highlighted the need to assess the importance of physiotherapy in 

practice. In addition to physiotherapy, great emphasis should be placed on pain relief 

during procedures associated with cardiac surgeries. 

Patients & Methods 

Design 

A semi experimental design (study - control) was used 

Setting  

The current study was conducted at the Cardiothoracic Surgical Department 

and Intensive Care Unit at Pécsi Tudományegyetem Klinikai Központ 

Szívgyógyászati Klinika, Pecs, Hungary. Between November 2017 July 2018.  

Sample  

A convenient sample of 100 patients hospitalized in the Cardiothoracic Surgical 

Department and Intensive Care Unit (ICU) and who had chest tubes for duration at 

least 24 hours after cardiac-thoracic surgery. Patients were assigned to two groups 

Study group Applied cold application with soft ice pack gel which comprised 50 

patients, Control group without application with ice bag which comprised 50 patients 

Inclusive criteria: 

 18 years old or older. 

 Patients with normal vital signs. 

 Able to report pain.  

 6 hours after the last painkiller administration, for experimental group. 

 Have one or two mediastinal, pericardial or pleural tubes. 

Exclusive criteria:  

 Mechanical ventilation support. 
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 Communication problems. 

 Psychiatric disorder / Mental disabilities or with communication problems. 

Tools of Data Collection 

First Part: Demographic information was collected from the patients' medical 

records regarding: gender, age, surgical procedure, and length of surgery, type of 

chest tube, number of days chest tube was inserted, indication of chest tube insertion, 

skin temperature, heart rate, systolic, and diastolic blood pressure. 

Second Part: The Visual Analogue Scale is an instrument used to measure the 

intensity of pain. Scores are based on self-reported measures of symptoms that are 

recorded with a single handwritten mark placed at one point along the length of a 10-

cm line that represents a continuum between the two ends of the scale

cm) (Alexander, 2007). 

Methods: 

The study group: 

 

mark the pain they feel with the chest tube in place on the VAS and 

measured the skin temperature of the area where the ice was applied (1st 

measurement).  

 The researcher placed a single layer of sterile gauze pad around the area 

of insertion to skin of the chest tubes and placed an ice pack on top of 

them. The researcher kept the patient in the same position throughout the 

ice application and stayed with the patient to prevent the slippage of ice 

pack from its place  

 The researcher terminated the ice application when the skin temperature 

reached 13 0C and give the patient the VAS one more time asking him/her 

to mark the pain. It took average nine minutes for the skin to reach 13 0C 

(2nd measurement)  
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 Immediately after the chest tube removal (CTR) by the physicians, the 

researcher measured the skin temperature of the areas and asked the 

patient to mark the pain he/she felt during the removal of the chest tube on 

the VAS (3rd measurement)  

 Five to Ten minutes after the CTR, researcher measured the skin 

temperature of the patient for the last time and recorded both the pain 

measurements as well as the skin temperatures which terminate the 

application (4th measurement).  

The Control Group 

 The control group received Analgesics before two hours of chest tube 

removal. 

 The research

mark the pain they feel with the chest tube in place on the VAS and 

measured the skin temperature of the area around the chest tube (1st 

measurement). 

 Immediately after the CTR by the physicians, the researcher measured the 

skin temperature of the areas and asked the patient to mark the pain 

he/she felt during the removal of the chest tube on the VAS (2nd 

measurement)  

 Five to Ten minutes after the CTR, researcher measured the skin 

temperature of the patient for the last time and recorded both the pain 

measurements as well as the skin temperatures (3rd measurement)  

Data Analysis 

In the statistical analysis, for the descriptive analysis, the categorical data were 

arranged in tables of absolute and relative frequencies. Numerical values were tested 

for normality using Shapiro Wilk test, which confirmed data normality, then 

accordingly, numerical data were presented as mean and standard deviation, while 

categorical data are presented as number and percentage. The independent t- test was 
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used to compare the means of continuous independent variables relative to the groups. 

In all of the analyses, standard 0.05 p-values and 95% confidence intervals were 

applied.

Result:

Table 15 illustrates that one hundred chest tubes were inserted to patients in study 

group and control group (Study Group: 50 patients using ice pack during chest tube 

removal, while Control Group: 50 patients without using ice-pack during chest tube 

removal). This table shows that (30.0%) of patients were female and (70.0%) were 

male in study group. In control group (84.0%) were male and (16.0%) were female. 

The mean age was 65.4±7.1 years old in study group and 60.4±7.3 years old in 

control group. It can be seen that the mean duration of chest tube was 25.6±5.8 hours 

in study group and 27.8±9.9 hours in control group. 

Table 16: Socio- Demographic Characteristics of the control and Studied Groups

Characteristics Study Group
(n=50)

Control Group
(n=50)

No % No %
Gender
Male 42 84.0 35 70.0
Female 8 16.0 15 30.0
Age (in years)
Mean ±SD 60.4±7.9 62.4±7.1
Type of Chest Tubes
Mediastinal & Pericardial 24 48.0 45 90.0
Mediastinal, Pericardial or Pleural 26 52.0 5 10.0

Figure 18: Duration of Chest Tube Insertion/Hours
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Table 16 illustrates the pain intensity between the two groups before, immediately 

after, and 5-10 min after removal. The means of pain intensity scores before chest 

tube removal were 2.4 ±2.8 for study group, while 2.6 ±2.1 for control group, pain 

intensity was insignificantly different between the two groups before intervention (P > 

0.05). The means of pain intensity scores immediately after removal were 2.3±2.2 for 

study group, while 7.4±2.0 for control group, pain intensity was significantly different 

between the two groups immediately after removal (P < 0.01). The means of pain 

intensity scores after 5-10 min removal were 0.1±0.4 for study group, while 1.1±1.3.0 

for control group, pain intensity was significantly different between the two groups 5-

10 min after removal (P < 0.01).

Table 17: Pain Intensity Scores over Time

Pain Intensity Study group Control group t P

Mean ±SD Mean ±SD
Pain (Immediately before 
Removal)

2.4 2.8 2.6 2.1 0.40 0.69

Pain(Immediately after 
Removal)

2.3 2.2 7.4 2.0 12.12 0.0001

Pain (5-10 min after 
Removal)

0.1 0.4 3.2 1.3 16.12 0.0001

Significant level at P < 0.05

Figure 19: Pain Intensity Visual Analog Scale (VAS)
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Figure 20: Temperature over Time (Celsius).

Figure 21: SPO2 over Time (%).
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Figure 22: Systolic Pressure over Time (mmHg).

Figure 23: Diastolic Pressure over Time (mmHg).

Discussion

Experiencing pain is a major considered issue in hospitalized patients. several efforts 

are exerted to manage pain and to reduce it as far as possible (Charnock and Evans, 

2009). The CTR causes pain for parietal pleura, pectoral muscle and other type of 

fibers, including inter-costal nerve fibers (Friesner et al., 2006).
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In the present investigation, it was observed that the visual analogue score obtained 

immediately before chest tube removal were mild in study group and was higher than 

other score gotten for other time points in control group. The VAS scores got 

immediately after chest tube removal were moderate in control group, while it was 

mild in study group. The VAS scores got 5-10 minutes after CTR in cold application 

group produced the most enhancement in pain and was the most effective in relieving 

the pain association with CTR. The findings of the current study were in agreement 

with Ertug and Ulker (2012) who conducted a controlled clinical trial, to survey 

impact of cold application on pain because of chest tube removal. Cold was applied to 

the study group and the skin temperature and pain intensity was measured 4 times; 

prior to the application of cold, before removing chest tube, not long after the removal 

of chest tube, five minutes after the removal of the chest tube. The visual analogue 

scale score was measured immediately after the removal of the tube in the 

experimental group was 3.8, compared with 5.6 in the control group. There was 

significant difference in pain between the two groups.  Similar study was conducted 

by Abdoullah  who agreed with our examination and found correlation 

between control and study groups as regards to pain intensity measurement observed 

that the visual analogue score obtained immediately after chest tube removal were 

mild in study group and was higher than other score obtained for other time points in 

control group. The VAS scores got 15 minutes after CTR in cold application group 

produced the most enhancement in pain and was effective in relieving the pain 

association with CTR. Also, perceived pain was the most intense during CTR (VAS 

2) in control group. Also, the study of Demir and Khorshid (2010) who found that 

study done by Miller et al. (2008) who expressed that the finding of his investigation 

don't support that pain intensity scores & pain distress scores were not significantly 

different between the patients who received ice and the one who received tap water. A 

10 minutes use of ice brought about subcutaneous tissue cooling and absence of pain 

in a few investigations. The results of the current study incongruity with study 

conducted by Sauls (2002) indicate that ice compression was ineffective in relieving 

the CTR pain. The inconsistency of our results with those of study may be due to 

some differences in the methodologies of the studies.  
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The findings of the present examination uncovered that there is a statistically 

significant decrease in pain intensity at the two measurement points after chest tube 

removal in the studied group compared to the control group. The findings of the 

current study are similar to what was reported by Mohamed et al. (2017) who found 

that, there is a statistically significant decrease in pain intensity at the three 

measurement points in the studied groups (cold application group, breathing exercise 

group and cold application and breathing exercise combined group) compared to the 

control group. The findings of the current investigation are like what was reported by 

Gorgi et al. (2017) and Mazloum et al (2012) whom examined the effect of cold 

application combined with a breathing exercises technique on pain intensity during 

chest tube removal and found that utilizing cold application joined with breathing 

exercises technique was effective in decreasing pain intensity. However, the study 

findings are different from what was reported by Mohamed et al. (2017) who found 

that cold therapy was not very efficient in diminishing pain. The patients in the cold 

application group reported that pain intensity at 15 and 30 minutes after chest tube 

removal was like to the control group. The study findings are different from what was 

reported by Rafii (2010) who examined utilizing the cold bag and breathing technique 

to diminish anxiety level at 30 minutes after chest tube removal.  

Limitation of the study: 

 This study was conducted among a limited number of patients undergoing 

open heart surgery. Therefore, the findings cannot be generalized to other 

patients who experience CTR.  

 In this study, patients might have responded differently to pain based on their 

physical condition, emotional and cultural states.  

Recommendations 

The study recommends the following for future research 

1. The study can be conducted with a larger group in different setting 

for better generalization. 
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2. A comparative study can be done to assess the effectiveness of ice 

application with other non -pharmacological interventions. 

3. Nurses and patients need to understand that non-pharmacological 

pain management  

4. Incorporation of theoretical and practical non-pharmacological pain 

management methods in nursing Curricula.  

5. In-service training programs for nurses in ICU about the utilization 

of non-pharmacological approaches  

Conclusion  

Based on the study findings, it could be concluded that the application of ice 

pack during CTR appears to have a remarkable effect on pain intensity. Thus it can be 

used as a non-pharmacological intervention as it provides a safe and effective 

reduction in pain without side effects. 
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Chapter 6: Summary of novel findings and clinical implications 

Summary of novel findings 

 The preoperative chest physiotherapy intervention favoably affected the time 

of the mechanical ventillation and the length of the hospital stay. 

 Preoperative physiotherapy proved to be protective against the existence of 

PPCs.  

 Preoperative physiotherapy caused significant improvement of the 

postoperative pulmonary functions. 

  Preoperative physiotherapy caused improvement in the postoperative 

oxygenation of the blood and decreased the need for oxygen supplementation. 

 The application of ice pack during chest tube removal appears to have a 

remarkable effect on pain intensity. Thus it can be used as a non-

pharmacological intervention as it provides a safe and effective reduction in 

pain without side effects. 

Clinical implications 

 Working to prevent or reduce the incidence of pulmonary complications that 

are occurring in patients after heart surgery is a major goal among health 

workers. To achieve this goal, it is recommended to educate patients about 

how important is to learn the physical therapy techniques. These techniques 

could help improving the respiratory functions, and promoting the expansion 

of the lungs, and identifying the high - risk patients for the development of 

pulmonary complications after surgery. In this vein, physical therapy is highly 

regarded among the basic treatments and should be offered to the patients in 

intensive care units. 

 This study is confirming the potential performance of the rehabilitation 

program before cardiac surgery, and recommending its achievement to all 
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patients if possible, in order to make the post-operative period less traumatic, 

and to facilitate a faster functional recovery. 

 Preoperative physical therapy techniques could to reduce the need for oxygen 

supplementation, which reflects improving the respiratory functions. This 

further emphasizes the importance for implication preoperative physiotherapy 

as a routine preoperative preparation for patients undergoing cardiac surgeries. 

 This study findings suggest considering the use of cold application as a 

standardized technique during chest tube removal to reduce the patient pain 

and help to diminish procedure associated distress that may affect patient 

outcome. 
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