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Sa-nit Homruen (2016). Comparison between low and high inspiratory flow rate of incentive
spirometry on lung volume, respiratory muscle strength and dyspnea score after cardiac
surgery. Master thesis, M.Sc. (Physical Therapy). Bangkok: Graduate School,

Srinakharinwirot University. Advisor: Asst. Prof. Dr. Sukalya Kritsnakriengkrai

The objective of this study was to compare the effects of high inspiratory flow rates
(HF), low inspiratory flow rates (LF) of flow-oriented incentive spirometry (IS) and control of
diaphragmatic breathing exercise (DBE) on vital capacity (VC), respiratory muscle strength
(MIP, MEP) and dyspnea score. Secondary outcomes were pain score and length of hospital
stay. The sixty-three patients undergoing cardiac surgery were randomly divided into three
groups, the control group (n=21), LF group (n=21) and HF (n=21) groups. All of the variables
were assessed on the pre-operative and the first to sixth post-operative day. Length of hospital
stay and any complications were recorded. The data were analyzed using two-way mixed
ANOVA. Bonferroni was used for Post hoc test. The VC of all the three groups showed
significantly decrease on the first post-operative day (p=0.500) and gradually increased and
nearly the baseline on the sixth post-operative day (p=0.270). The respiratory muscle strength
dropped on the first post-operative day and increase to baseline. Had the dyspnea score
significantly increased on the first post-operative day and then returned to the baseline on the
fifth post-operative day for the HF groups and on the sixth post-operative day for the LF group
but not reach the baseline for the control group. Pain score showed a significant increase on
the first post-operative day and constantly decreasing from then on. On the sixth post-operative
day, only pain score of HF group still remain (p=0.020). Length of hospital stay of control group
seems to stay longer than the other two groups. However, there are no significant differences
when comparing between groups. All of the variables did not show significant differences when
compared between groups. This study concluded that in cardiac surgery patients, the IS
training with HF and LF were not more effective in term of lung volume than the DBE. The use
of IS with LF increased respiratory muscle strength faster than other groups. The dyspnea of
using IS with HF returned to normal earlier than the use of IS with LF and the DBE although
pain score was still higher in IS with HF. Incentive spirometry seemed to be effective to prevent

lung complications after cardiac surgery.
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CHAPTER 1
INTRODUCTION

Background

Coronary artery disease is amount of blood supplying the cardiac muscles with
oxygen and energy. The cardiac muscle may ischemia and infarction, that effect to increase
cardiac workload and induce cardiac muscles injury. Valvular heart diseases are the abnormal
structure of heart valve that effect to the cardiac output, stroke volume and may be effect to
blood circulation. The common treatment to correct heart diseases is the cardiac surgery.

Cardiac surgery is the surgical treatment of heart disease conditions including
coronary artery bypass grafting (CABG), correcting congenital heart disease, or treating
valvular heart diseasem'

Median sternotomy is a common incision to open the thorax and induces respiratory
dysfunction (2). Patients undergoing cardiac surgery often develop pulmonary dysfunction with a
significant reduction in lung volume and decrease respiratory muscle strength (3-4). Atelectasis
is the main pulmonary complication of postoperative cardiac surgery which associated with
reduced lung capacity (5). Thoracic surgery causes diaphragm muscle fiber weakness ©
resulting in decreasing inspiratory muscle strength (7). Lung mechanics changing caused by
the postoperative fear and pain which affecting the performance of periodic deep inspiration
and effective cough that allowed accumulating secretion, collapsing lung and reducing gas
exchange ®12).

Physical therapy treatments for cardiac surgery patients are integral part in managing
the care of patients. Both in pre and post operatively physical therapy contribute a significantly
better prognosis. The preoperative physical therapy techniques aim to prevent pulmonary
complications, and the postoperative management is to improve pulmonary expansion and
bronchial hygiene " '*'.

Incentive spirometry is commonly used for preventing and managing the postoperative
pulmonary complications in cardiac surgery (15). It is widely used in hospitals because of its low
cost and easy to use. It is encourage through visual feedback to deep inspiration until total

lung capacity and sustain at maximal inspiration (SMI). The maximal inspiration causes an
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increase in lung volume. During inspiration period, inspiratory muscles are working to expand
lung, it means that during the use of incentive spirometer, respiratory muscles are being
trained.

The different types of devices, volume and flow oriented incentive spirometers are
currently available. Volume oriented incentive spirometer actually measure and visually indicate
the volume achieved during the SMI. Flow oriented incentive spirometer, on the other hand,
measure and visually indicate inspiratory flow.

Several studies investigated the effect of using flow and volume oriented incentive
spirometers on breathing pattern and showed that there were larger abdominal motion 7o) and
greater diaphragmatic mobility s during the use of volume oriented incentive spirometer.
During the use of flow oriented incentive spirometer showed higher respiratory frequency and
sternocleidomastoid activity (18). The result from previous studies seemed to show that the use
of volume oriented incentive spirometer induced breathing pattern better than flow incentive
spirometer. However, Chang et al. 2010, indicated that not the type of device but the
inspiratory flow rate during the use of incentive spirometer was a significant factor determining
the resultant of breathing pattern. The study showed that using incentive spirometry with low
inspiratory flow rate resulted in greater abdominal wall motion than using with high inspiratory
flow rates )

The Cochrane systematic review of preoperative physical therapy for cardiac surgery
patients demonstrated that the preoperative physical therapy with an exercise component
reduced postoperative pulmonary complication including atelectasis, pneumonia and reduced
length of hospital stay (20). Freitas et al. 2012, has updated the systematic reviews to compare
the effect of incentive spirometry for preventing postoperative pulmonary complications in adults
undergoing CABG. The results showed that there was no evidence of benefit from incentive
spirometry when compared with preoperative education or standard physical therapy for
preventing postoperative pulmonary complication and reducing length of hospital stay. There
was evidence that incentive spirometry was better than intermittent positive pressure breathing
(IPPB) in increasing respiratory muscle strength (21). However, the systematic reviews
suggested that currently available trials of incentive spirometry contributed little to making

decision on it use because of the small number of studies and the methodological limitation. A



large randomized controlled trial (RCT) to assess the benefits of incentive spirometry in
patients with CABG is needed.

Although the evidence has not strongly supported the use of incentive spirometry for
preventing pulmonary complication after cardiac surgery, incentive spirometry is still widely
used among health professionals. In Thailand, most cardiac surgery patients are provided flow
oriented incentive spirometer. To date, there have been no studies on the effectiveness of low
or high inspiratory flow rate of incentive spirometry in cardiac surgery patients. The purpose of
the current study is to compare the use of flow oriented incentive spirometry between with high
and low inspiratory flow rate, in order to demonstrate the appropriateness treatment of incentive

spirometry in clinical practice.

Research question
Are the effects of using flow oriented incentive spirometer with low inspiratory flow
rate different from the effects of using it with high inspiratory flow rate on lung volume,

respiratory muscle strength and dyspnea score in cardiac surgery patients?

Objectives

1. To compare the effects of two inspiratory flow rates (high and low) of flow oriented
incentive spirometry and control of deep breathing on lung volume: vital capacity (VC) in
cardiac surgery patients.

2. To compare the effects of two inspiratory flow rates (high and low) of flow oriented
incentive spirometry and control of deep breathing on respiratory muscle strength: inspiratory
muscle strength (MIP) and expiratory muscle strength (MEP) in cardiac surgery patients.

3. To compare the effects of two inspiratory flow rates (high and low) of flow oriented
incentive spirometry and control of deep breathing on dyspnea score in cardiac surgery

patients.



Hypothesis

1. Training of flow oriented incentive spirometry with low inspiratory flow rate can
increase lung volume (VC) more than training with high inspiratory flow rate and control of deep
breathing.

2. Training of flow oriented incentive spirometry with low inspiratory flow rate can
increase MIP and MEP more than training with high inspiratory flow rate and control of deep
breathing.

3. Dyspnea score when training flow oriented incentive spirometry with low
inspiratory flow rate and control of deep breathing are lower than training with high inspiratory

flow rate.



CHAPTER 2
LITERATURES REVIEW

1. Cardiac surgery

Cardiac surgery is the surgery on the heart or great vessels performed by cardiac
surgeons. Frequently, it is done to treat complications of ischemic heart disease and
atherosclerosis by CABG and treat valvular heart disease from various causes including
endocarditis, rheumatic heart disease @

Coronary artery disease is usually caused by a cholesterol deposits or plaques inside
the artery. These plaques are also called atheromass and they cause a thickening of the
arterial wall and a narrowing of the arterial space through which blood flows to reach the heart.
The amount of blood supplying to cardiac muscles with oxygen and energy. The most common
therapeutic options are medical therapy including lifestyle modification, percutaneous coronary
intervention, and CABG.

CABG is a highly effective treatment of coronary artery disease other than medicine
treatment, medical intervention (percutaneous coronary intervention, PCIl) and non-surgical
treatment. It is better expect long lasting treatment for angina, reduce the incidence of sudden
cardiac death and make patients longer live. There are two procedure of surgery, the surgery
using an artificial lung and heart assist called the on-pump CABG and the conventional CABG
or standard CABG.

Valvular heart diseases may be caused by congenital deformities, infection or
disease such as rheumatic fever or coronary thrombosis. The defect of the cardiac valve may
become stenosis, insufficient or prolapsed. Stenosis is a narrowing or constriction of a valve
that prevents the valve to open completely. The abnormal deposits and scar of leaflets are
often the cause. Valvular stenosis obstructs blood flow and the cardiac must contract forcefully
in order to sustain cardiac output. Insufficiency imply to regurgitation or a leak back of blood
into the heart through a valve whose leaflets fail to close completely. The hypertrophy of valve
is the cause. Valvular dysfunction increases the work of the heart, requiring the chamber to
pump harder to force blood through a stenosis valve or maintain adequate flow if blood is

seeping back. However, abnormal valve structure results in turbulent blood flow, which
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increases the hemodynamic stress on structure and lead to progressive damage and
dysfunction @

Median sternotomy is a type of surgical procedure in a vertical incision along
the sternum. The sternum has to be retracted progressively to avoid fractures of the bones with
excessive postoperative pain due to costovertebral joint strain. The sternopericardial ligaments
are freed from the posterior surface of the sternum using a towel. If the patient have too
spastic, the anaesthetist used another dose of muscle relaxant drug. The relaxant drug induces
respiratory dysfunction and involves respiratory muscle weakness. The wires can either be
placed parasternally or through the sternal bone. It is important to avoid an override or shift of
the sternal edges by placing the wires at a proper distance from each other. The sternum is
responsible for the stability of the chest, which is the precondition of respiration (2). If the
sternum is not stability, that was effect to the pattern of respiration. That made to corrupt

sternocostal joint and costovertebral joint movement.

2. Post-operative pulmonary complication

The cardiac surgery carries on with a particularly high risk of pulmonary complications

(4'5). The postoperative respiratory complications have been shown significant postoperative

morbidity and mortality (22_23). The important complications are atelectasis and pneumonia 2429
associated with the surgical process. Postoperative pulmonary complications are clinically
significant alterations in pulmonary function y and decrease respiratory muscle strength (6).

The etiologies of these pulmonary complications related to the process of surgery are
associated with the anesthesia, surgical trauma, time of surgery, duration of using mechanical
ventilator and surgical pain. The most frequent pulmonary complications during anesthesia are
adverse drug effects and inadequate ventilation of the lung. The inadequate ventilation may be
caused by difficulty tracheal intubation and breathing system disconnection during anesthesia,
the respiratory obstructions is the common cause of inadequate ventilation and impairs gas
exchange. Obstruction may occur at any point from gas delivery system through the airway
and bronchi to the expiratory parts of the breathing system. The commonest sites for
obstruction are the larynx (laryngospasm), bronchi (bronchospasm). Therefore, the reduction of
functional residual capacity (FRC) and hypoventilation that occur during anesthesia make

. (26-27)
alveolar collapse or atelectasis .



Sedative drug is commonly used for patients being on mechanical ventilation. Minimal
sedation is a drug induced cognitive function and coordination which may impair but unaffected
to ventilation and cardiovascular function. Moderate sedation is a drug induced depression and
consciousness will be responds purposefully following verbal commands. Cardiovascular
function is usually maintained but unaffected to airway and spontaneous ventilation. Deep
sedative is a drug induced depression and consciousness but will be responded purposefully
following painful stimulation. The ability to maintain ventilator function independently may be
impair and may require assistance in maintaining airway. Cardiovascular function is usually
maintained. Sedative drug also produce a mild reduction muscle relaxant by reduction muscle
tone.

Muscle relaxant drugs are the part of drug used in surgical process. Muscle relaxant
drugs acts by blocking the function of the nicotinic receptor at neuromuscular junction and

response to reduction muscle tone which implied to decrease the respiratory muscle strength
(28)

The pain and fear of pain resulting from the surgical wound affect the performance of
deep inspiration and effective coughing, which are associated with the changes in lung
mechanics ©5. 2% 29). Postoperative sternal pain is commonly reported during hospital stay (®10
and a worsening of pain correlates with the decreasing lung function and maximal inspiratory

pressure (MIP) during 1St postoperative days (9).

3. Physical therapy for cardiac surgery

The physical therapy treatments for cardiac surgery patients are integral part in
managing the care of patients. Both in pre and post operatively physical therapy contribute a
significantly better prognosis. Before heart surgery, patients will receive pre-operative
extensive education by the doctors, nurse and physical therapist. The preoperative physical
therapy involves education and management for preventing postoperative pulmonary
complication, including breathing training, coughing training, ambulation training and incentive
spirometry. The postoperative physical therapy program is to prevent complications, decrease
hospital length of stay and mortality from multiple factors including correct the ventilation by

breathing exercise, improve lung volume by incentive spirometry, decrease secretion retention



by techniques for bronchial hygiene, and activate the activities of daily living (ADL) by early
mobilization ="

There are several physical therapy techniques used for bronchial hygiene in cardiac
surgery patient with median sternotomy. Coughing is the key in clearing the mucus of airways.
A forced but not strained expiration, following a deep inspiration, may help a person cough.
Huffing was a type of cough. It also involves taking a breath in and actively expiration. It is
not a forceful as a cough but less tiring. Autogenic drainage was a respiratory self-drainage
technique that utilizes controlled expiratory airflow as tidal breathing to mobilize secretions.
Active cycle breathing technique (ACBT) was a simple technique of breathing to loosen and
clear sputum, to improve ventilation and to maintain the lungs in good condition n

The Cochrane systematic review of preoperative physical therapy for cardiac surgery
patients demonstrated that the preoperative physical therapy with an exercise component
reduced postoperative pulmonary complication including atelectasis, pneumonia and reduced

length of hospital stay ok

4. Incentive spirometry

. . E (32)
Incentive spirometer was constructed to increase the performance of the lung and

maintains the alveolar stability (33'35. Maximal inspirations during performing incentive

spirometer cause an increase in lung volume and an end inspiratory pause maintains the
alveolar stability.

The procedures of training with incentive spirometry are normally slow inspiration to
raise the ball and sustain maximal inspiration until total lung capacity (36). Frequency and
duration of using incentive spirometry are varied. Some suggestions have been made in

clinical trials. Rafea et al. 2009 recommended 10 breaths every 1-2 hours during awake N,

Renault et al. 2009 recommended 10 breaths 5 times a day ) and Kundra et al. 2010

recommended 15 breaths every 4 hours (39). On average of training with incentive spirometry

from the previous studies are about 60 breaths per day.



4.1 Type of incentive spirometer
Incentive spirometer devices can generally be categorized as volume

oriented devices and flow oriented devices.

4.1.1 Volume Oriented Device

A volume oriented incentive spirometer device is a true volume
displacement incentive spirometry. A corrugated large-bore breathing hose and mouthpiece
connect the patient to a flexible plastic bellows. During inspiration, as the patient draws air
through the breathing hose, the bellows rises, the indicator on the device enclosure indicates
the volumetric displacement. Once it reaches its maximum displacement for a given breath, the
patient has to hold the bellows in place for 5 to 10 seconds (the end-inspiratory hold). After
completion of the maneuver, allow gravity to return the bellows to its initial starting position
(40). Volume oriented incentive spirometer has been demonstrated that it increased abdominal
movement more than flow-oriented incentive spirometer (16). However volume-oriented is not

available in clinical practice in Thailand.

4.1.2 Flow Oriented Device

A flow oriented incentive spirometer, balls are enclosed in three
connected plastic flow tubes. As the patient inspiration through the mouthpiece, pressure
drops and causes the ball in the first tube to rise to a level equivalent to the flow around it.
Each tube is calibrated such that all displacement of its ball equals a specific flow, as indicated
on the wall of the tube. As flow exceeds the maximum for the first tube, the ball in the second
tube rises, followed by that in the third tube. To maintain an end-inspiratory hold with this type
of device, the patient is instructed to keep the indicator balls elevated to full displacement for
as long as possible (40). Volume measurements derived from flow oriented incentive spirometers
should be treated only as rough estimates of actual inspired volume (40). Since there is no
conclusive evidence to support the use of one type or brand of incentive spirometer device
over others, the decision as to which equipment is best currently must be based on empirical
assessment of patient acceptance, ease of use, and cost (36). However, most hospitals in

Thailand provide flow oriented incentive spirometer to the cardiac surgery patients.
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4.1.3 Contraindications

4.1.31 Patients who cannot be instructed or supervised to
assure appropriate use of the device.

4.1.3.2 Patients in whom cooperation is absent or patients
unable to understand or demonstrate proper use of the device such as very young patients and
others with developmental delays, patients who are confused or delirious and heavily sedated
or comatose.

4.1.3.3 Incentive spirometry is contraindicated in patients unable
to deep breathe effectively due to pain, diaphragmatic dysfunction, or opiate analgesia.

4.1.3.4 Patients unable to generate adequate inspiration with a

vital capacity 10 mL/kg or an inspiratory capacity 33% of predicted normal.

4.2 Comparison between volume and flow oriented incentive spirometry

Several studies have been conducted on the effect of volume oriented and
flow oriented incentive spirometry on breathing pattern in healthy subjects. Parreira et al. 2005
showed that abdominal motion was larger during the use of volume oriented incentive
spirometry compared to flow-oriented incentive spirometry (16). Yamaguti et al. 2010 also
showed that performing volume oriented incentive spirometry or diaphragmatic breathing
exercise promoted greater diaphragmatic mobility than performing with flow oriented incentive
spirometry (17). The study of Tomich et al. 2007 demonstrated that during the use of flow
oriented incentive spirometry showed higher respiratory frequency and sternocleidomastoid
activity than the use of volume oriented incentive spirometry (18). Rafea et al. 2009
demonstrated that training with volume oriented incentive spirometry improved FVC and FEV,
more than flow oriented incentive spirometry training at the 7th day after upper abdominal
surgery (37). From the results of the previous studies almost showed better outcomes of the

volume oriented incentive spirometry than flow oriented incentive spirometry.
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4.3 Comparison between high and low inspiratory flow rates of flow oriented
incentive spirometry
Recently, Chang et al. 2010 indicated that the type of incentive spirometer,
flow or volume, had little effect on breathing pattern. The inspiratory flow rate used during the
use of incentive spirometry is the most significant factor. High inspiratory flow rates resulted in
greater chest wall motion than low inspiratory flow rates, while low inspiratory flow rate
increased abdominal wall motion more than high inspiratory flow rate (19). Therefore, the
current study was designed to investigate the effect of different inspiratory flow rate of the flow

oriented incentive spirometry.

4.4 Effect of incentive spirometry for postoperative pulmonary complication

Several studies have been evaluated the efficacy of incentive spirometry for
postoperative pulmonary complication. Jenkins et al. 1989 showed that the addition of
incentive spirometry to a regimen of early mobilization, huffing and coughing confers no extra
benefit after uncomplicated CABG (41). Crowe et al 1997, showed that the addition of incentive
spirometry to physical therapy could not reduce atelectasis when compared to physical therapy

alone (42). Matte et al. 2000 showed that the incentive spirometry could prevent pulmonary

complication after CABG (43). The study of Oikkonen et al. 1991, showed that the incentive
spirometry decreased the incidence of atelectasis after cardiac surgery (44). Savci et al. 2006,
showed that the incentive spirometry decreased atelectasis and increased aerated lung area
after cardiac surgery (45). The results of the effect of incentive spirometry were inconclusive in
decreasing the post-operative pulmonary complication. The updated systematic reviews of the
effect of incentive spirometry in adults undergoing CABG showed that there was no evidence of
benefit from incentive spirometry when compared with preoperative education or standard
physical therapy for preventing postoperative pulmonary complication and reducing length of

. @1
hospital stay = .

However, the systematic reviews suggested that currently available trials of
incentive spirometry contributed little to making decision on it use because of the small number
of studies and the methodological limitation. A large RCT to assess the benefits of incentive

spirometry in patients with CABG is needed.
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4.5 Effect of incentive spirometry for respiratory muscle strength

When the patients perform incentive spirometry, the lung will expand in the
period of deep inspiration and inspiratory muscles are working to expand the lung. These mean
that during training with incentive spirometry, respiratory muscles are being trained. There are
few studies investigated the efficacy of incentive spirometry for the respiratory muscle strength
after cardiac surgery. Renault et al. 2009, showed that inspiratory muscle strength was
significant decreased on the 1St postoperative day and it was recovery from 2”d to 7th
postoperative day. The effect of incentive spirometry was not significant different when
compared to deep breathing exercise (38). Romanini et al. 2007, showed that the incentive
spirometry group increased inspiratory and expiratory muscle strength after myocardial
revascularization, when compare with intermittent positive pressure breathing group (46). The
systematic review contrast result from previous studies has shown that incentive spirometry no
improvement in the muscle strength between groups who received IS demonstrated by

. . . " ) (21)
maximal inspiratory pressure and maximal expiratory pressure

5. Measurement of respiratory systems
5.1 Pulmonary function test

Pulmonary function tests is the most common measurement of lung function,
specifically the amount of lung volume and air flow which are resulting from the inspiration and
expiration. The measurement during slow inspiration and expiration composes of lung capacity
and lung volume (Figure 1). Functional residual capacity (FRC) is the volume in the lungs at
the end expiratory position. Vital capacity (VC) is the volume of air breathed out after the
maximal inspiration. Residual volume (RV) is the volume of air remaining in the lungs after a
maximal expiration. Inspiratory reserve volume (IRV) is the maximal volume that can be
inhaled from the end inspiratory level. Tidal volume (TV) is the volume of air moved into or out
of the lungs during quiet breathing. Inspiratory capacity (IC) is the sum of IRV and TV, and
Expiratory reserve volume (ERV) is the maximal volume of air that can be exhaled from the
end-expiratory position (47_48). The VC is the capacity change of the lung between a full
inspiration and a maximal expiration (48_49). In normal individual, FVC is equal to VC. In the
case of airway obstruction, FVC is lower than VC. The VC maneuver may be performed in

different ways assessing during inspiratory maneuver, starting from end-tidal volume the
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subject expires maximally and subsequently makes a full inspiration. The VC of Thai peoples

are usually 2.4 - 4.8 liters depending on age and high. It reduces in obstructive and restrictive

49
defects ( ).

Inspiratory

reserve volume |Inspiratory

CapACty | vita) capacity
r\/ Tidal volume
Expiratery
i Functional
reserve volume ;
residual
Residual volume| capacity Residual volume

Total lung

capacity

(50)

Figure 1 Normal spirogram

5.2 Measurement of respiratory muscle strength

Respiratory muscle strength can be measured in airway pressure. Airway

pressures are assessed by measuring the maximal inspiratory mouth pressure (MIP) and

maximal expiratory mouth pressure (MEP). The pressure measured during these maneuvers

reflects the pressure developed by the respiratory muscles, plus the passive elastic recoil

pressure of the respiratory system including the lung and chest wall (48). The values of MIP and

MEP are an index of inspiratory and expiratory muscle strength respectively (

51-52)



14

5.3 Dyspnea score
Borg’'s scale is commonly used for assessing dyspnea in cardiac surgery
patient (53). Borg’'s scale consists of a vertical scale labeled 6 to 20 with corresponding verbal
expressions of progressively increasing sensation intensity and scale labeled also correlates
with heart rate. For measurements of effort while using incentive spirometer, patients was
instructed to point to the number on the Borg’'s scale that best indicated the intensity of their
sensation of respiratory effort at that particular point in time. Dyspnea score in English and Thai

version is shown in Appendix B.



CHAPTER 3
METHODS

1. Research Design
This study was a randomized controlled trial with double blind (subject and outcome

assessor) and was registered in a publicly accessible clinical trial data base with the protocol

number TCTR 20140528001.

2. Ethical consideration

This study was approved by the ethics committee of the Central Chest Institute of

Thailand and approved on 7 January 2014.

3. Population

The participant admitted valvular disease or CABG surgery with median sternotomy
for correcting disease. Patients were uncomplicated cardiac event, age equal or more than 40
years old, all gender was included, good communication and cooperation. Participants were
excluded from this study if they had respiratory diseases, hemodynamic instability and the
especially was undergoing invasive mechanical ventilation supports for a period exceeding 24

hours after admission to the intensive care unit.

4. Research setting

This research was set at the Central Chest Institute of Thailand, Nonthaburi, Thailand.
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5. Sample size calculation

G Power program was used to calculate the sample size in this study. ANOVA with
Repeated measures and interactions within-between factors was used to calculate with an
expected statistical power of 0.8, alpha error probability of 0.05 and effect size of 0.29
(calculated from Chang et al. 2010). The determined sample size for this study was 42
subjects. 50% drop-out rate should be concerned and then in totally 63 patients or 21 patients

per group were recruited.

6. Sampling techniques
The participants in this study were randomly by computer generated numbers and
sealed envelopes and allocated into three groups (control group, low inspiratory flow rate group

and high group)

7. Variable
Independent variable: two inspiratory flow rates (low and high) of flow-oriented 1S
Dependent variable: VC, MIP, MEP, Dyspnea score

Control variable: physical therapy treatment

8. Outcome measures

Primary outcomes: VC, MIP, MEP and Dyspnea score

Secondary outcomes: length of hospital stay, pain score

9. Materials and research tools

Lung volume was measured using KoKo Spirometer from Feraris Respiratory, Inc.,
USA. The Respiratory muscle analyzer (RPM) from Micro Medical Ltd. England used to
measure the respiratory muscle strength. Dyspnea score was rated using rate of perceived
exertion (Borg’s scale) chart. Visual analog scale (VAS) was used to rate of pain score. Flow

oriented incentive spirometer used in this study was Triflo Il. Teleflex medical. USA.
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10. Intervention

All patients were received physical therapy treatment once a day at post-operative

period.

Post-operative physical therapy treatment includes:

Day 1: Diaphragmatic breathing exercise, cough training, ROM exercise and bed
mobility.

Day 2: Diaphragmatic breathing exercises, exercise intervention in each groups,
cough training, ROM exercise, bed mobility, sitting, standing with exercise and walking
(distance 10-20 m.), if these was a problem secretion retention, postural drainage was
provided.

Day 3: Same as day 2 and ROM exercises in sitting position, increase walking
distance to 50-100 m.

Day 4: Same as day 3 and increase walking distance to 100-150 m.

Day 5: Same as day 4 and increase walking distant to 150-200 m. or as tolerate.

Day 6: Same as day 5 and increase walking distant to 150-200 m. or as tolerate, up-
down stair and discharge planning (home program).

The LF group received low inspiratory flow rate of flow oriented incentive spirometry in
sitting position. Participants performed a slow breath keeping only the first ball on the top ( 600
ml/sec) for 5 breaths per set, 3 sets per time, 4 times per day at around 9 am, 11 am, 14 pm
and 16 pm.

The HF group received high inspiratory flow rate of flow oriented incentive spirometry
in sitting position. Participants performed a slow breath keeping 3 balls at the top (more than
600 to 1200 ml/sec) for 5 breaths per set, 3 sets per time, 4 times per day same time.

The control group received only physical therapy treatment without incentive

spirometry. They performed a slow deep breathing for 5 breaths per set, 3 sets per time, 4
times per day same time.
The patients would discharge on 6th or 7th post-operative day. If the participants had

to admit more than 7-10 days, the complication and length of hospital stay were recorded.
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11. Experimental procedure

Patients who underwent cardiac surgery in the Central Chest Institute of Thailand
were recruited. Patients were explained the objectives and procedures of the study. If they
agreed to participate, they had to sign a consent form. The patients were randomly assigned
to three groups.

Control group received chest physical therapy treatment without incentive spirometry.

Low inspiratory flow rate group (LF) received chest physical therapy treatment with

low inspiratory flow rate of incentive spirometry.

High inspiratory flow rate group (HF) received chest physical therapy treatment with

high inspiratory flow rate of incentive spirometry.

The treatment was provided by experience physical therapists. Lung volume (VC),
respiratory muscle strength (MIP and MEP), dyspnea score (Borg’s RPE scale) and pain score
(VAS) were measured at pre and the first day to the sixth day of post-operation. If patient did
not discharge on the seventh day after operation, the complication and duration of
hospitalization were recorded. All outcomes were measured by an investigator blinded to study

group’s assignment.

12. Outcome measurement

12.1 Pulmonary function
Pulmonary function test was performed with spirometry according to the
ATS. VC was measured in sitting position. Participant breathed in and out through a mouth
piece was applied. The participants were instructed to breathe slowly 1-2 breaths and take a
slow maximal inspiration follow by a slow maximal expiration. The cycle should be repeated

again about 3 times not more than 8 times. The best value was recorded.

12.2 Respiratory muscle strength
Respiratory muscle strength was measured using the technique proposed
by ATS. Patients were in a sitting position, normal inspiration, connected to maneuver and
breathing through a one-way tube with a small hole preventing closure of the glottis. The
participant was breathing out slowed to residual volume and then a big deep inspiration against

the maneuver for the MIP test. The participants were breathing in slowed to total lung capacity
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and then take a big expiration against the maneuver for the MEP test. Each maneuver was
sustained for at least 1 second. The cycle should be repeated again about 3 times not more

than 8 times. The highest value was recorded.

12.3 Dyspnea score
Borg's RPE scale labeled 6-20 to predict rate of dyspnea after using
incentive spirometer was asked from the patients. The score was recorded. Thai version of

Borg’'s RPE scale which was cross translated is shown in appendix A.

12.4 Pain score
Pain perception of the surgical wound was evaluated from patients using

visual analog scale (VAS). VAS in Thai version is shown in Appendix B.

13. Data Analysis

Data was analyzed using SPSS version 11.5 program. Normal distributions of all
data were assessed using Kolmogorov-Smirnov. ANOVA was used to compare the general
characteristic data and length of hospital stay between groups. Chi-Square test was used to
compare number of gender between groups. Two-way Mixed ANOVA was used to compare
the main effect of all outcome measures between pre-operative day and the 1St to 6th post-
operative day within group and between groups. Pair-wise multiple comparisons were made

using Bonferroni. Significant difference was set at p<0.05.



CHAPTER 4
RESULTS

Ninety-nine patients who admitted for cardiac surgery between April 2014 and August
2014 were invited to participate in the study and underwent screening for the research inclusion
criteria. Thirty-six patients were excluded because of hemodynamic instability (high blood
pressure, abnormal EKG, N=21), using mechanical ventilation supports for a period exceeding
24 hours after admission to the intensive care unit (N=12) and subject denial to participate in
this study (N=3). Sixty-three participants were successfully randomized into group of 21 (Figure
2). The general characteristics tested were shown normal distribution. The comparisons of
general characteristics between groups were not difference (Table 1). The underlying diseases
found that the HT and DM or both. The cardiac surgeries are the CABG and valve surgery or

both. The underlying diseases and operation procedures are show in Table 2



Patients undergoing cardiac surgery Excluded patients

via median sternotomy (N=99) ® Hemodynamic instability (N=21)

® Using mechanical ventilation
exceeding 24 hours after

admission to the ICU (N=12)

—

A 4

® Deny to participate in the study

63 patients
(N=3)

!

Preoperative measurement for baseline

(VC, MIP, MEP, RPE and VAS)

Randomization

v } :

Group 1 (N=21) Group 2 (N=21) Group 3 (N=21)
Without incentive Low inspiratory flow High inspiratory flow
spirometry rate of incentive rate of incentive

spirometry spirometry
! ]
3L

Postoperative measurement on day 1 to day 6

(VC, MIP, MEP, RPE, VAS) and record length of hospital stay

!

Data

Figure 2 Flowchart demonstrating the research methodology



Table 1 Distribution of general characteristic and pre-operative data by groups
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P- values
Control group LF group HF group
Variable Between
(N=21) (N=21) (N=21)
group
Men/ Women 14/7 13/8 9/12 1.00
Age (year) 60.38+8.26 55.28+9.87 56.0+9.64 0.16
Weight (kg.) 59.41+9.44 62.06+11.3 64.91+10.2 0.23
Height (cm.) 161.48+10.05 164.05+7.74 161.95+8.76 0.60
BMI (kg/mz) 22.8+3.28 23.1+4.64 24.7+3.43 0.25
VC 63.00+£19.29 68.24+11.80 63.33+19.47 0.50
MIP 46.45+17.68 61.10+26.96 60.62+29.00 0.15
MEP 62.23+20.10 66.67+27.73 60.00+25.01 0.68
Dyspnea
6.29+0.72 6.62+1.50 6.95+1.63 0.28

score
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Table 2 Distribution of underlying diseases and operation procedures by groups

Control group LF group HF group
Variable
(N=21) (N=21) (N=21)
Underlying diseases
No underlying disease 13 17 9
HT 5 3 6
DM - - 1
HT+DM 3 1 5
Operation procedures
CABG 9 3 3
Valve surgery 10 17 16
CABG + Valve o . )

HT: hypertension, DM: diabetic mellitus. CABG: Coronary arteries bypass grafting.
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The vital capacity

The VC represents of the lung volume. There was a significant decrease on the 1St
post-operative day and then gradually increasing over 6th day after operation (p<0.01). There
were not significantly differences when comparing between three groups (p<0.001). The
interaction between intervention and time failed to reach statistical significance (p<0.001).

The comparison between days and pre-operative day found that the 1St— 6th post-
operative day were the significant decrease of vital capacity (p<0.001) in all 3 group. There
was no significant difference when comparing between groups in all of the Gth days post-
operation. The 1St and 2nd day in each group was not significant differences within groups
(p>0.05) and between groups on 2nd post-operative day (p=0.177). The comparison between
2nd and 3rd days within groups were showed significant differences in control (p<0.01) and LF
(p<0.001) groups, but not difference in HF (p=0.10). As well as the past, when comparison
between groups were shown no significant difference between groups on the 3rd (p=0.186)
post-operative day. The 3rd and 4th days were significant within all three group (p<0.01) but not
significant difference between groups, when comparison on 4th post-operative day (p=0.222).
The 4th and 5th were shown significant difference within the control group (p=0.03) but the other
groups not shown the significant difference within groups (p=1.000) and between groups on 5th
days (p=0.124). The 5th and 6th days were shown significant difference within the control group
(p=0.020) but the other groups not shown the significant difference within groups (p>0.05) and
between groups on 6th day (p=0.270).

On the 6th day, the patients were discharged from the hospital. The comparison
between pre-operative and post-operative day 6th in each group were shown the significant

difference within groups. All the groups were shown the coincided p-values (p<0.01).
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Figure 3 The comparison of VC from pre-operative day to the 6th post-operative day within and

between groups

The p-value of significant difference:

Control group:
LF group:
HF group:

(C) p<0.05,(C,) p<0.01, (C,) p<0.001
(L) p<0.05, (L) p<0.01, (L,) p<0.001
(H) p<0.05, (H,) p<0.01, (H,) p<0.001
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Figure 4: The comparison of VC from pre-operative day to the 6th post-operative day within

groups of control group.

The p-value of significant difference: (C) p<0.05, (C1) p<0.01, (C2) p<0.001
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Figure 5 The comparison of VC from pre-operative day to the 6th post-operative day within

groups of LF group.

The p-value of significant difference: (L) p<0.05, (L) p<0.01, (L,) p<0.001
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Figure 6 The comparison of VC from pre-operative day to the 6th post-operative day within

groups of HF group.

The p-value of significant difference: (H) p<0.05, (H;) p<0.01, (H,) p<0.001



Table 3 The comparison between groups on each days of VC.
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p-value
Day Control group LF group HF group Between
group
Pre-operative  63.00+19.29 68.24+11.80 63.33+19.47 0.496
Post-operative
* 23.77+7.98 < 27.059.07 = 25.14+7.41 0.343
2" 26.77+10.37 32.38+10.73 28.81£10.14 0.177
3" 33.05+11.16 39.38+9.39 34.62+13.47 0.186
4" 39.55+14.25 47.10212.21 7 43.05+13.74 " 0.222
5" 44.77+14.42 52.05+11.45 44.38+13.97 0.124
th C L H2
6 49.18+15.94 54.33+10.46 47.38+15.92 0.270

The p-value of significant difference:
Control group: (C) p<0.05,(C4) p<0.01, (C,) p<0.001
LF group: (L) p<0.05, (L;) p<0.01, (L,) p<0.001
HF group: (H) p<0.05,(H) p<0.01, (H,) p<0.001
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The respiratory muscle strength

The respiratory muscle strength demonstrated the dropped from pre-operative on the
1St post-operative day, but gradually increased up until the 6th post-operative day. The
respiratory muscle strength of the LF and control group was return to baseline on the 6th post-
operative day while the HF group was still significant lower than baseline. However there were

not significantly differences when comparing between three groups (figure 7-14 and table 4-5).

The maximum inspiratory pressure

The maximum inspiratory pressure is representation of inspiratory muscle strength.
The comparison of MIP between days within groups on pre-operative and the 1St post-operative
day were shown the significant differences decrease within group (p<0.01) and not significant
differences between the group on pre-operative day (p=0.152) and 1St post-operative day
(p=0.20). The 1St and 2nd day in each group was not significant differences within groups
(p>0.05) and between groups on an post-operative day (p=0.733). The comparison between
2nd and 3rd days were not significant differences within all groups (p>0.05) and between groups
on 3rd post-operative day (p=0.32). The 3rd and 4th days were significant within control (p=0.02)
and LF group (p<0.001) but not significant difference in HF (HF: p=0.078) and between groups
on 4th post-operative day (p=0.057). The 4th and 5th were not shown the significant difference
within groups (p>0.05) and between groups on 5th days (p=0.270). The 5th and Gth days were
not shown significant difference within all groups (p>0.05) and between groups on 6th day
(p=0.311).

On the 6th day, before the patients were discharged from the hospital. The comparison
between pre-operative and post-operative day 6th were not shown the significant difference
within a control (C: p=0.54) and LF group (LF: p=0.23) but HF group was shown that the
significant difference (HF: p=0.03).
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Figure 7 The change of MIP from pre-operative day to the Gth post-operative day within and

between groups

The p-value of significant difference:
Control group: (C) p<0.05,(C4) p<0.01, (C,) p<0.001
LF group: (L) p<0.05, (L4) p<0.01, (L,) p<0.001
HF group: (H) p<0.05,(H;) p<0.01, (Hy) p<0.001
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Figure 8 The comparison of MIP from pre-operative day to the 6th post-operative day within

groups of control group.

The p-value of significant difference: (C) p<0.05, (C1) p<0.01, (C2) p<0.001.
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Figure 9 The comparison of MIP from pre-operative day to the 6th post-operative day within

groups of LF group.

The p-value of significant difference: (L) p<0.05, (L) p<0.01, (L,) p<0.001)
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Figure 10 The comparison of MIP from pre-operative day to the 6th post-operative day within

groups of HF group.

The p-value of significant difference: (H) p<0.05, (H;) p<0.01, (H,) p<0.001
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Table 4 The comparison between groups on each days of MIP

p-value
Control
Day LF group HF group Between
group
group
Pre-operative ~ 46.45+17.68 61.10+26.96 60.62+29.00 0.152
Post-operative
* 14.45+7.90 17.48+6.54 19.14410.35 0.196
2" 21.00£9.10 22.20+6.98 21.33+8.17 0.733
3" 24.59+11.93 % 27.76+6.33 20.57+13.87 0.317
4" 29.91+13.67 37.52+8.96 30.86+17.72 0.057
th C1 H1
5 35.73+15.34 42.48+12.77 42.62+19.70 0.270
6" 40.91+15.61 48.24+15.58 47.81+22.94 " 0.311

The p-value of significant difference:

Control group: (C) p<0.05,(C4) p<0.01, (C,) p<0.001

LF group:
HF group:

(L) p<0.05, (L) p<0.01, (Ly) p<0.001
(H) p<0.05,(H,) p<0.01, (H,) p<0.001
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The maximum expiratory pressure

The maximum expiratory pressure is representation expiratory muscle strength. The
comparison of MEP between days within groups, pre-operative day and the 1St post-operative
day were shown the significant differences decrease within each group (p>0.05) but not
showed that the significant differences between group on pre-operative day (p=0.675) and the
1" post-operative day (p=0.845). 1St and 2nd day in each group was not significant differences
within groups (p>0.05) and between groups on 2nd post-operative day (p=0.791). The
comparison between 2nd and 3rd days were shown significant differences within LF group (LF:
p=0.02) but not significant differences within control (p=0.157) and HF group (p=1.000) and
between groups on 3rd post-operative day (p=0.991). The 3rd and 4th days were significant
within LF group (LF: p=0.018) but not significant difference in control (p=0.785) and HF
(p=1.000) and between groups on 4th post-operative day (p=0.961). The 4th and 5th were not
shown the significant difference within groups (p>0.05) and between groups on 5th days
(p=0.979). The 5th and 6th days were not shown significant difference within all groups (p>0.05)
and between groups on 6th day (p=0.924).

On the 6th day, before the patients were discharged from the hospital. The
comparison between pre-operative and post-operative day Gth were not shown the significant
difference within a control (C: p=0.221) and LF group (LF: p=0.121) but HF group was shown
that the significant difference (HF: p=0.012).
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Figure 11 The change of MEP from pre-operative day to the Gth post-operative day within and

between groups

The p-value of significant difference:
Control group: (C) p<0.05,(C,) p<0.01, (C,) p<0.001
LF group: (L) p<0.05, (L;) p<0.01, (L,) p<0.001
HF group: (H) p<0.05,(H,) p<0.01, (H,) p<0.001
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Figure 12 The comparison of MEP from pre-operative day to the 6th post-operative day within

groups of control group.

The p-value of significant difference: (C) p<0.05, (C1) p<0.01, (C2) p<0.001.



80

70

60

50

40

CmHz0

30

20

10

39

Maximal expiratory pressure

Pre-OP

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

== ow flow

Figure 13 The comparison of MEP from pre-operative day to the 6th post-operative day within

groups of LF group.

The p-value of significant difference: (L) p<0.05, (L) p<0.01, (L,) p<0.001)
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Figure 14 The comparison of MEP from pre-operative day to the 6th post-operative day within

groups of HF group.

The p-value of significant difference: (H) p<0.05, (H;) p<0.01, (H,) p<0.001



Table 5 The comparison between groups on each days of MEP

p-value
Day Control group LF group HF group Between
group
Pre-operative  62.23+20.10 66.67+27.73 60.00+25.01 0.675
Post-operative
* 21.77¢11.67 % 23.43+8.77 " 23.14+7.64 0.845
7 28.738.34 26.62+7.81 " 27.5749.90 0.791
3" 34.59+16.15 ' 34.48+8.06 34.05+14.79"  0.991
4" 38.46+17.08 ' 39.9149.11 " 39.91+17.56 0.961
th (G L H1
5 43.68+20.98 43.71+8.59 44.76+19.66 0.979
6" 48.23+21.26 49.57+10.53 47.38419.35 " 0.924

The p-value of significant difference:
Control group: (C) p<0.05,(C4) p<0.01, (C,) p<0.001
LF group: (L) p<0.05, (L;) p<0.01, (L,) p<0.001
HF group: (H) p<0.05,(H) p<0.01, (H,) p<0.001
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The dyspnea score

The dyspnea score in each group is shown in Figure 15-18. The dyspnea of using IS
of all three groups were significant increased from baseline on the 1St post-operative day
(p<0.01). On the 6th day, before the patients were discharged from the hospital. The dyspnea
score was then gradually decreased and returned to baseline on the 5th post-operative day for
the HF groups (p=0.054) and on the 6th post-operative day for the LF group (p=0.173) but not
recovery to baseline for the control group (p=0.16). The comparison of dyspnea score between
groups on the 6th post-operative day was not significantly difference (p=0.667).

The comparison of dyspnea score between days within groups, pre-operative day and
the 1St post-operative day were shown the significant differences decrease within each group
(p<0.01) but not showed that the significant differences between group on pre-operative day
(p=0.282) and the 15t post-operative day (p=0.475). The 1" and 2m| day in all group was not
significant differences within groups (p=1.00) and between groups on 2nd post-operative day
(p=0.893). The comparison between 2nd and 3rd day in each group was not significant
differences within groups (p=1.00) and between groups on 3rd post-operative day (p=0.573).
The 3rd and 4th day in each group was not significant differences within groups (p=1.00) and
between groups on 4th post-operative day (p=0.926). The 4th and 5th day in all group was not
significant differences within groups (p=1.00) and between groups on 5th days (p=0.908). The
5th and 6th day in each group was not significant differences within groups (p=1.00) and

between groups on 6th day (p=0.667).
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Figure 15 The change of Dyspnea score from pre-operative day to the 6th post-operative day

within and between groups

The p-value of significant difference:
Control group: (C) p<0.05,(C,) p<0.01, (C,) p<0.001,
LF group: (L) p<0.05, (L) p<0.01, (L,) p<0.001
HF group: (H) p<0.05,(H4) p<0.01, (H,) p<0.001
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Figure 16 The comparison of Dyspnea score from pre-operative day to the 6th post-operative

day within groups of control group.

The p-value of significant difference: (C) p<0.05, (C1) p<0.01, (C2) p<0.001.
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Figure 17 The comparison of Dyspnea score from pre-operative day to the 6th post-operative

day within groups of LF group.

The p-value of significant difference: (L) p<0.05, (L) p<0.01, (L,) p<0.001
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Figure 18 The comparison of Dyspnea score from pre-operative day to the 6th post-operative

day within groups of HF group.

The p-value of significant difference: (H) p<0.05, (H;) p<0.01, (H,) p<0.001



Table 6 The comparison between groups on each days of dyspnea score.

p-value
Day Control group LF group HF group Between
group
Pre-operative  6.29+0.72 6.62+1.50 6.95+1.63 0.282
Post-operative
* 9.81+2.66 10.6242.62 10.81£3.11 " 0.475
2" 9524327 ' 9.76+1.84 " 9.90+2.57 " 0.893
3" 9.14+3.04 0.86+2.67 " 10.00£2.70 " 0.573
th C IL H
4 9.43+3.59 9.14+2.59 0.48+2.64 0.926
th C L
5 8.86+3.12 9.24+2 62 9.05+2.65 0.908
6" 8.95+2.85 8.48+2.46 8.29+2.00 0.667

The p-value of significant difference:
Control group: (C) p<0.05,(C,) p<0.01, (C,) p<0.001
LF group: (L) p<0.05, (L;) p<0.01, (L,) p<0.001
HF group: (H) p<0.05,(H) p<0.01, (H,) p<0.001
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The pain score

Pain score showed a significant increase on the 1St post-operative day and constantly
decreasing from then on (p<0.001). On the 6th post-operative day, pain score still remain on
the HF group (p=0.020). The trend of pain score throughout the period of 6th post-operative
days is present on Figure 19-22.

The comparison of pain score between days within groups, pre-operative day and the
1" post-operative day were shown the significant differences decrease within each group
(p<0.01) but not showed that the significant differences between group on pre-operative day
(p=0.210) and the 1" post-operative day (p=0.811). The 1" and 2nGI day in each group was not
significant differences within groups (p=1.00) and between groups on 2nd post-operative day
(p=0.712). The comparison between 2nd and 3rd day in each group was not significant
differences within groups (p>0.05) and between groups on 3rd post-operative day (p=0.754).
The 3rd and 4th day was shown significant differences in LF group (p<0.01) but not significant
differences within groups in other groups (p=1.00) and between groups on 4th post-operative
day (p=0.906). The 4th and 5th day in each group was not significant differences within groups
(p=1.00) and between groups on 5th days (p=0.697). The 5th and 6th day was shown significant
differences in HF group (p=0.017) but control (p=0.05) and LF (p=0.165) group was not
significant differences within groups. When comparisons between groups was shown not

significant differences on the 6th day (p=0. 566).
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Figure 19 The change of pain score from pre-operative day to the Gth post-operative day within

and between groups

The p-value of significant difference:
Control group: (C) p<0.05,(C,) p<0.01, (C,) p<0.001
LF group: (L) p<0.05, (L) p<0.01, (L,) p<0.001
HF group: (H) p<0.05,(H,) p<0.01, (H,) p<0.001
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Figure 20 The comparison of Pain score from pre-operative day to the 6th post-operative day

within groups of control group.

The p-value of significant difference: (C) p<0.05, (C1) p<0.01, (C2) p<0.001.
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Figure 21 The comparison of Pain score from pre-operative day to the 6th post-operative day

within groups of LF group.

The p-value of significant difference: (L) p<0.05, (L) p<0.01, (L,) p<0.001
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Figure 22 The comparison of Pain score from pre-operative day to the 6th post-operative day

within groups of HF group.

The p-value of significant difference: (H) p<0.05, (H;) p<0.01, (H,) p<0.001



Table 7 The comparison between groups on each day of pain score.

p-value
Day Control group LF group HF group Between
group
Pre-operative 0.01+£0.07 0.40+1.33 0.051£0.24 0.210
Post-operative
1% 4.43+2.99 3.97+1.59 4284228 0.811
2" 3.01+1.88 % 3.03+1.47 339+161 ~  0.712
3" 2.12+1.86 | 2.49+1.41 " 2444179 0.754
o 1.7742.01° 1.89+1.25 201+185 "  0.906
th C L H1
5 1.43+1.58 1.53+1.51 1.8241.58 0.697
6" 0.66+1.04 0.90+1.27 1.03£1.09" 0.566

The p-value of significant difference:
Control group: (C) p<0.05,(C,) p<0.01, (C,) p<0.001
(L) p<0.05, (L) p<0.01, (L,) p<0.001
(H) p<0.05,(H;) p<0.01, (H,) p<0.001

LF group:
HF group:



54

The length of hospital stay

The average hospital stay with the complication for the control group was 44.00+£32.52
days; the LF was group 20.33+6.42 days; and the HF group was 11.80+2.77 days. The patient
description for post-operative complications in control group are 1 anemia, 1 HR arrhythmia, 1
secretion retention with lung collapse and 1 non healing median sternotomy with emphysema.
LF group have 1 anemia and 2 uncontrolled hypertension. HF group have 2 anemia, 2 Median
sternotomy infection and 1 Urinary infection. The control group seems to stay in the hospital
longer than the other two groups. However, there are no significant differences when

comparing between groups. They are shown in Table 8 and Figure 23.



Table 8 Post-operative complication

55

Length of hospital Average
Groups Complication (n)
stays (days) (SD)
Anemia (1) 17
HR arrhythmia (1) 15
Control Secretion retention with lung 54 44.00
group collapse (1) (35.52)
Non healing median sternotomy 90
with emphysema (1)
Anemia (1) 13
20.33
LF group Uncontrolled hypertension (2) 23
(6.42)
25
Anemia (2) 1
13
11.80
HF group Median sternotomy infection (2) 9
(2.77)
10
Urinary infection (1) 16




Days

90

80

70

60

50

40

30

20

10

Length of hospital stay

M Control [ Low flow [ High Flow

Figure 23 Mean of length of hospital stays in each group
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CHAPTER 5
DISCUSSION

Incentive spirometry has been reported that it was not effective than deep breathing
exercise in cardiac surgery patient. However Chang et al. 2010 found the flow rate was
important. How showed about while HF Show using accessory muscle movement. So the
objective of this study was to compare the effect of incentive spirometry between the trainings
with LF and HF. This was based on the idea that the training with low inspiratory flow rate was
better than the other training. According to the study of Chang et al. 2010, incentive spirometry
with low inspiratory flow rate showed greater abdominal wall motion than using with high
inspiratory flow rates (19). The hypothesis concerning low and high inspiratory flow rates is high
inspiratory flow rate may induce respiratory accessory muscle and dyspnea during performing
while low inspiratory flow rate may induce lower dyspnea symptom with the use of incentive
spirometry. Training with LF of IS in cardiac surgery patients may improve their lung volume
and other outcomes more than HF of IS and the untrained group. However most of the results
of the study were not showed any significant difference between LF of incentive spirometer or

HF of incentive spirometer or DBE group.

1. Effect on lung volume

The current study focused on the effect on lung volume in cardiac surgery patients
because the cardiac surgical procedure mainly limits the lung movement. Surgical trauma and
anesthesia contribute to the changes in pulmonary mechanics, decrease in lung volume and
respiratory muscle strength. The drugs used to stop heart and lungs from functioning during
surgery caused to decrease diaphragm functioning (27). The decreasing of lung expansion and
impaired ventilation affected lung volume and contributed secretion retention. The surgical
trauma from the waste product and pain or fear of pain also affected abnormal lung
mechanisms. Anesthesia and surgical trauma contributed to changes in pulmonary
mechanisms, decrease in lung volume and changes in production of surfactant, causing the
secretion to decrease lung expansion and impair gas exchange. Moreover, the complications

caused patient to not being able to receive the oxygen fully as the result increased dyspnea
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score. All of the complications above also caused the patient to not being able to fully inhale
and consequently change the breathing pattern for leave from pain from the decreased lung
volume.

The results of this study show the significant decrease in VC on the 1St post-operative
day and not fully returned to base line on the 6th post-operative day of all of the three groups
are consistent with the previous studies (38). Post-operative pain, drowsiness, and analgesia
contributed to a slow and shallow breathing pattern, decreased in lung mobility and ventilation

8,11 . . . . . L. L. 4
®10 In this situation, performing deep breathing is important to prevent lung complications &9

and IS may be appropriate for re-expansion the lung (31).

The comparing between the LF, HF and control of DBE groups did not show any
significant difference on VC which consistent with the study by Renault et al. 2009 in CABG
patients (38). DBE is easy to perform as patients can control by themselves. IS helps to prevent
atelectasis by deep breathing with a visual feedback (31). The hypothesis of this study was from
the results of Chang et al. 2010 that performing IS with LF in healthy individual induced more
abdominal wall motion than HF (e which may increase more lung volume than HF. However,
the results of this study did not show as the hypothesis, this may be due to the different in
study subjects. In our study, we found that on the first period of post-operation, the patients in
HF group could not generate force to keep three balls to the top. Therefore, all three groups
were trained of deep breathing exercise not far different pattern on the first period of post-

operation.

2. Effect on respiratory muscle strength

The results of this study showed that the respiratory muscle strengths of all three
interventions groups significantly decreased on 1" day, but this study cannot clearly confirm
that the respiratory muscle increased strength by incentive spirometry or spontaneous recovery
of patient. The pains and the diaphragmatic dysfunctions in addition from surgical procedure
and anesthesia mainly cause to reduce the respiratory muscle strength on the first period of
post-operation (11)_ A few days after operation, pain was decrease from drug used or the
wound healing process, then the respiratory muscle can produce more force. The breathing
exercise after surgery generated lung expansion by recruiting the motor unit of respiratory

muscle. The LF group and control of DBE group may aggravate pain less than HF group as
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shown in the figure 7 that on the Gth post-operative day, the pain score of these 2 groups
returned to baseline. The respiratory muscle strength then, return to normal while the HF

groups was still lower MIP and MEP than the pre-operative day.

3. Effect on dyspnea

Dyspnea score was measured the feeling of patients when performing incentive
spirometry. Surgical trauma affected lung volume and respiratory muscle strength.

On the 1St day after operation, the dyspnea score was increased. In all three groups
this could be explained by the pain of the surgery wound limited the function of respiratory
muscles (8). On the first few days after operation the HF group could not greater force to hold
all 3 balls to the top, the late period of admition the HF group could keep all 3 ball to the top of
IS the dyspnea score in the HF group. While LF group had to hold only one ball to the top of
IS. Even though the LF group control the force to keep only one ball than generate out of their
force to all 3 balls. Therefore, the result of the current study found that the dyspnea score of

the HF group recovery to baseline earlier than LF and control group.

4. Effect on pain

This study showed that the pain in each groups significantly increased on the 'lSt day
after surgery. The cause of pain was increase by thoracic incision on surgical procedure an
The median sternotomy procedure was performed by cutting the sternum bone and several
muscles to open the thoracic. The thoracic incision caused more pain to the patient.
Anesthesia was out of effect after finishing the surgical process. When the patient woke up
after operation, if the anesthesia was effective, the patient would feel a little pain However,
when the anesthesia became ineffective, the pain was increasing. On the post-operative
period in the hospital, the patient can request medicine from doctor or nurse to reduce pain.
The surgical pain affected to the breathing pattern that patient could not take to fully deep
breath. The change of pain pattern of all three groups are the same showing that the train of
IS or DBE not effect to the recovery of pain. Mainly pain management of the cardiac surgery

patients were the admit state of analgesic drug.
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5. Effect on length of hospital stay

Usually, the patient who had no complications should stay in hospital for 7-10 days.
The means of length of hospital stays for low and a HF group were in the normal length but for
the control group were extended beyond the normal length. In the cases of complications
occurring, the patient had to stay in the hospital for a longer time. The result observation in the
duration of hospitalization found that the control group stayed longer than the other two groups.
There was one patient in control group with non-healing surgical incision with emphysema had
to be admitted for 90 days. Atelectasis was found in only one patient, but not in the other
groups using incentive spirometry. The Crowe and Bradley studies showed the incentive
spirometry may reduce the incidence of atelectasis (42). Jenkin et al. 1989 compared incentive
spirometry, deep breathing exercise and conventional therapy. It showed that there was no
difference between groups in recovery of pulmonary function or incidence of pulmonary

L (41)
complications

6. Study limitations

In interpreting these findings, a number of limitations should be acknowledged.
Anesthetics effect and operation time were not recorded. The season of measurement on post-
operative period was inaccurate between days. On the 1St day of post-operative, patients on the
HF group cannot inspiration with the high inspiratory flow rate because of pain and anesthetic
effect. The physical therapy routine treatment cannot control because of symptoms in each
patients. However, further study examining the use of incentive spirometry in patient should
consider the ability and symptoms are given specifically regarding the use of inspiratory flow
during incentive spirometry and should find the minimum clinically important difference in

patients.
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7. Implication to practices

This study suggests the effects of trainings with low and high inspiratory flow rate was
not difference in lung volume but the high inspiratory flow rate was easy to train than low
inspiratory flow rate. Although the 1St post-operative period patient cannot inspiration with high
inspiratory flow rate, but in the late period patient can inspiration easy and dyspnea lower than
low inspiratory flow rate. However the high inspiratory flow rate may effect to surgical wound
because of the high inspiratory flow rate induce the chest wall movement as Chang et al. 2010.

The use of IS with low and high inspiratory flow rates can be applies use in the each
period of post-operative. Thus, from researcher aspect it is more likely beneficial to use both of
the method. On the 1St post-operative day, the physical therapy may train with DBE to stimulate
the respiratory function and start training 1S with LF on the an day, more over to stimulate the
restoration of the respiratory muscle strength. When the pain was decreased, patient may train
with HF to prevent lung atelectasis that may occur.

However, they should focus on the need to assess the frequency and the correct
achievement of the technique since its effectiveness can be influenced by many factors. If the
patient does not adapt or intentionally avoid performing one of the techniques, the other can be
used with equal effectiveness. However, there is a need for frequent physiotherapeutic

supervision.

8. Conclusion

This study suggested that all intervention techniques were equally effective in
enhancing lung volume, respiratory muscles strength and dyspnea score. The used of incentive
spirometry with high or low inspiratory flow rate technique is not different from deep breathing
exercises. Consequently, according to the clinical indication, physical therapy can justifies using
or not made no difference depend on the objective of treatment. If the physical therapy want to

use visual feedback for stimulate attention of patients that should be use the IS.
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Rating of perceived exertion (Borg’s scale)

Thai version

6 Nothing at all li&nazls
7 Very very light ifﬁﬂﬁﬂ'\ﬂ

8

9 Very light Tawmiias
10

11 Fairly light SuiFnnitan
12

13 Somewhat hard Aaudnsiuitay
14

15 Hard Witae

16

17 Very hard Wiagan
18

19 Very very hard mﬁamnnﬁqm(ﬁan)
20

Dyspnea score (54)

70






72

No pain Worst possible pain

10 cm.

Visual analog scale

(Adapted from Cox JM. Education today 2013)

a
Y316 thaunnge

10 cm.

Visual analog scale: Thai version






Comparison between pre- and post-operative days within groups of VC

74

Groups Comparison between pre- and Mean Std.  p-value
post-operative days within groups  Difference  Error

Control Pre-operative 1St 38.95 3.96 <0.001
2" 3595 350 <0.001

3" 2929 360 <0.001

4" 2252 330 <0.001

5" 1752 274 <0.001

> 13.38  2.62  0.001

% Pre-operative ~ -38.95  3.96  <0.001

Vi) -3.00 165  1.001

3 967 215  0.005

4" 1643 240 <0.001

5" 2143 283  <0.001

6" 2557  3.08 <0.001

2" Pre-operative ~ -35.95 350 <0.001

i, 3.00 165  1.001

<2 6.67 135  0.002

Y 1343 177  <0.001

a 1843 247  <0.001

6" 2257 235 <0.001

rd Pre-operative -29.29 3.60 <0.001

1" 9.67 215  0.005

2" 6.67 135  0.002

4" -6.76 163 0.010

5" 1176 241 <0.001

6" 1591 236 <0.001
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th

4 Pre-operative -22.52 3.30 <0.001
1" 16.43 240 <0.001

2" 1343 177 <0.001

3" 6.76 163  0.010

5" -5.00 134 0.028

6" -9.14 161  <0.001

" Pre-operative ~ -17.52 274  <0.001
1" 2143  2.83 <0.001

2" 18.43 217  <0.001

S 1176 211 <0.001

% 5.00 134  0.028

6" 4.14 107  0.020

g Pre-operative ~ -13.38  2.62  0.001
1% 2557  3.08 <0.001

2" 2257 235 <0.001

3" 15.91 236 <0.001

4" 9.14 161  <0.001

5" 4.14 107 0.020

Low inspiratory flow rate Pre-operative 1St 41.19 249 <0.001
g 3586  2.85 <0.001

g 28.86  2.69 <0.001

4" 2114 254  <0.001

5" 16.19  2.90 <0.001

6" 1391 261  0.001

1St Pre-operative -41.19 249 <0.001
2" -5.33 150  0.043

i 1233 1.77  <0.001

4" 2005  1.78 <0.001

5" 2500 229 <0.001

6" 2729 215 <0.001
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Pre-operative -35.86 2.85 <0.001
1" 5.33 150  0.043

3" -7.00 154 0.004

4" 1471 1.89  <0.001

5" 1967 195 <0.001

6" 2195 194 <0.001
Pre-operative -28.86 2.69 <0.001
1" 12.33 1.77  <0.001

2" 7.00 154  0.004

4" 7.71 168  0.004

L 1267 171  <0.001

6" 1495 159  <0.001
Pre-operative -21.14 254 <0.001
b 2005  1.78  <0.001

2" 14.71 1.89  <0.001

3" 7.71 168  0.004

5" -4.95 158  0.109

6" 7.24 147 0.002
Pre-operative -16.19 290 <0.001
1" 2500 229 <0.001

g 19.66  1.95 <0.001

3" 1267 171  <0.001

4" 4.95 158  0.109

6" 2.29 101 0717
Pre-operative -13.91 2.61 0.001
1" 2729 215 <0.001

2 21.95 1.94 <0.001
3 14.95 1.59 <0.001
4 7.24 147  0.002
5 2.29 1.01 0.717
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High inspiratory flow rate Pre-operative 1 38.19 3.99 <0.001
2" 3452 392 <0.001

3" 2871 371 <0.001

4" 2029 292 <0.001

5" 18.95 269 <0.001

6" 1595  2.82 <0.001

B Pre-operative ~ -38.19  3.99  <0.001
2" -3.67 137 0.305

3" -9.48 242 0018

4" 17.91 256  <0.001

5" 1924 262 <0.001

6" 2224 315  <0.001

g Pre-operative ~ -3452 392 <0.001
1* 3.67 137 0.305

i -5.81 1.82  0.097

4" 1424 190 <0.001

5" 1557 214  <0.001

6" 1857 270 <0.001

3rd Pre-operative -28.71 3.71 <0.001
1" 9.48 242  0.018

» 5.81 182  0.097

" -8.43 1.80  0.003

" -9.76 176 <0.001

6" 1276 2.00 <0.001

" Pre-operative -20.29 292 <0.001
1" 17.91 2.56  <0.001

" 1424 190 <0.001

3" 8.43 1.80  0.003

5" -1.33 0.90  1.001

6" 4.33 154  0.223
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th

Pre-operative -18.95 2.69 <0.001
1" 19.24 262 <0.001

2" 1557 214  <0.001

3" 9.76 1.76  <0.001

4" 1.33 0.90  1.001

6" -3.00 140  0.924

" Pre-operative ~ -15.95  2.82  <0.001
1" 2224 315 <0.001

2" 1857 270 <0.001

S 12,76 2.00 <0.001

4" 4.33 154 0223

5" 3.00 140  0.924
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Comparison between pre- and post-operative days within groups of MIP

Comparison between pre- and Mean Std.
Groups p-value
post-operative days within groups Difference Error

Control Pre-operative 1St 33.33 3.80 <0.001
2" 27.43 357  <0.001

3" 23.43 374  <0.001

4" 18.05 373 0.002

5" 12.33 287  0.007

2 7.33 3.04 0536

N Pre-operative -33.33 3.80 <0.001

% -5.91 174 0.059

& -9.91 235  0.009

4" 1529 281  0.001

5" 2100 313  <0.001

6" -26.00 325  <0.001

" Pre-operative -27.43 357  <0.001

15 5.91 174 0.059

3" -4.00 154  0.366

" -9.38 184  0.001

B 1510  2.33  <0.001

6" -20.10 248  <0.001

i Pre-operative -23.43 3.74 <0.001

1" 9.91 235  0.009

2" 4.00 154  0.366

4" -5.38 138 0.019

5" -11.10 171 <0.001

6" -16.10 180  <0.001
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th

4 Pre-operative -18.05 3.73 0.002
1" 15.29 281 0.001

2" 9.38 184  0.001

3" 5.38 138  0.019

5" 5.71 186  0.124

6" -10.71 172 <0.001

. Pre-operative -12.33 287  0.007
1" 21.00 313 <0.001

g 15.10 233 <0.001

™ 11.10 171 <0.001

" 5.71 186  0.124

6" -5.00 162 0123

6th Pre-operative -7.33 3.04 0.536
r 26.00 325  <0.001

e 20.10 248  <0.001

- 16.10 180  <0.001

4" 10.71 172 <0.001

5" 5.00 162 0123

Low inspiratory flow rate = Pre-operative ! 43.62 6.22 <0.001
o™ 38.81 580  <0.001

' 33.33 578  <0.001

4" 23.57 548  0.007

5" 18.62 585  0.099

" 12.86 459 0233

* Pre-operative -43.62 6.22 <0.001
o 4.81 173 0.240

" 1029 209  0.002

4" 2005 240  <0.001

5" -25.00 328  <0.001

6" 3076  3.85  <0.001
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nd

Pre-operative -38.81 5.80 <0.001

1" 4.81 173 0.240

3" -5.48 175 0112

4" 15.24 154 <0.001

5" 2019  2.85  <0.001

6" 2595 331  <0.001

i Pre-operative -33.33 578  <0.001
1" 10.29 209  0.002

g 5.48 175 0.112

4" -9.76 188  0.001

" 14.71 239  <0.001

6" 2048  3.06  <0.001

4th Pre-operative -23.57 5.48 0.007
r 20.05 240  <0.001

2" 15.24 154  <0.001

- 9.76 188  0.001

5" -4.95 201 0482

6" -10.71 298  0.038

5" Pre-operative -18.62 585  0.099
1 25.00 328  <0.001

X 20.19 285  <0.001

gji 14.71 239  <0.001

4" 4.95 201 0482

6" 5.76 274  1.000

" Pre-operative 1286 459  0.233
1" 30.76 385  <0.001

e 25.95 331  <0.001

3" 20.48 3.06  <0.001

4" 10.71 298  0.038

5" 5.76 274 1.000
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High inspiratory flow

Pre-operative 1 41.48 5.33 <0.001
rate

2" 39.29 564  <0.001

3" 31.05 523  <0.001

4" 20.76 377  <0.001

5" 18.00 358  0.001

" 12.81 350  0.033

B Pre-operative -41.48 533  <0.001

g -2.19 161  1.000

™ -10.43 248  0.009

" -20.71 285  <0.001

5" 2348 336  <0.001

6" 2867 445  <0.001

r Pre-operative -39.29 5.64 <0.001

1™ 2.19 161 1.000

- -8.24 251 0078

4" -18.52 281  <0.001

5" -21.29 323  <0.001

6" 2648 394  <0.001

3rcl Pre-operative -31.05 5.23 <0.001

1% 10.43 248  0.009

2 8.24 251  0.078

4" -10.29 301  0.058

5" 1305 363  0.038

6" 1824 418  0.006

4th Pre-operative -20.76 3.77 <0.001

1" 20.71 2.85  <0.001

o 18.52 281  <0.001

3" 10.29 301  0.058

5" 2.76 151 1.000

6" 7.95 277 0.200
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th

Pre-operative -18.00 3.58 0.001
1" 23.48 336  <0.001

2" 21.29 323  <0.001

3" 13.05 363  0.038

4" 2.76 151 1.000

6" -5.19 184 0223

6th Pre-operative -12.81 3.50 0.033
1" 28.67 445  <0.001

e 26.48 3.94  <0.001

™ 18.24 418  0.006

4" 7.95 277 0.200

5" 5.19 184 0223
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Comparison between pre- and post-operative days within groups of MEP

Comparison between pre- and post- Mean Std.
Groups p-value
operative days within groups Difference Error

Control Pre-operative 1St 40.57 447 <0.001
2" 3391 447  <0.001

3" 2781 535  0.001

4" 2362 469  0.001

5" 1848 476  0.020

6" 14.05 498 0.221

¥ Pre-operative 4057 447 <0.001

7, 6.67 224 0.157

B 1276 3.64  0.046

4" 16.95 3.89  0.006

5" 2210 468  0.003

6 2652 475 <0.001

2nd Pre-operative -33.91 447 <0.001

¥ 6.67 224 0.157

3 610 273 0.785

4" 1029 3.01  0.058

v 1543 398  0.020

6 19.86  3.90  0.001

3" Pre-operative 2781 535  0.001

1" 12.76 364  0.046

2" 610 273 0.785

4" 419 153 0.269

5" 933 230 0.013

6" 13.76 220 <0.001
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th

4 Pre-operative -23.62 469 0.001
1" 16.95  3.89 0.006

2" 1029  3.01 0.058

3" 419 153  0.269

5" 514 152  0.063

6" 957 169 <0.001

" Pre-operative 1848 476  0.020
1" 2210 468  0.003

2" 1543  3.98  0.020

G 933 230 0.013

3 514 152  0.063

6" 443 107  0.010

Gth Pre-operative -14.05 498 0.221
™ 2652 475 <0.001

7 19.86  3.90 0.001

g 13.76 220 <0.001

4" 957  1.69 <0.001

5" 443 107 0.010

Low inspiratory flow rate Pre-operative 1St 43.24 6.33 <0.001
B 4005 627 <0.001

St 3219 637  0.001

4" 2676 623  0.007

5" 2295  6.02 0.023

6" 1710 553  0.121

* Pre-operative 4324 633  <0.001
2" 319 165 1.000

i 11.05 220  0.001

4" 16.48  2.02  <0.001

5" 2029 213 <0.001

6" 2614 246 <0.001
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Pre-operative -40.05 6.27 <0.001
1" 319  1.65  1.000

3" 786 200 0.018

4" 1329 181 <0.001

5" 1710 1.93  <0.001

6" 2295 252  <0.001
Pre-operative -32.19 6.37  0.001
1" 11.05 220  0.001

2" 786 2.00 0.018

4" 543 139 0018

i 924 156 <0.001

6" 1510  1.94  <0.001
Pre-operative -26.76 6.23 0.007
g 1648  2.02 <0.001

7 1329  1.81 <0.001

g 543 139 0018

5" 381 115  0.071

6" 967 197  0.002
Pre-operative -22.95 6.02 0.023
1 2029 213 <0.001

o¥ 1710 1.93  <0.001

.o 924 156 <0.001

4" 3.81 115 0.071

6" 586 171  0.057
Pre-operative -17.10 553 0.121
1" 2614 246 <0.001

2 22.95 2.52 <0.001
3 15.10 1.94 <0.001
4 9.67 1.97 0.002
5 5.86 1.71 0.057




89

High inspiratory flow rate  Pre-operative 1 36.86 5.27 <0.001
2" 3243 554  <0.001

3" 2595  4.92  0.001

4" 2040 401  0.001

5" 1524 357  0.008

6" 1262  3.09 0.012

o Pre-operative 3686 527 <0.001
2" 443 243 1.000

3" 1091 277 0017

4" 16.76 356  0.003

i 2162 4411  0.001

6" 2424 391 <0.001

2nd Pre-operative -32.43 554 <0.001

4.43 2.43  1.000

3 648 362  1.000
4" 1233 441 0.147
5" 1719 478  0.038
6" 19.81 469  0.009
3" Pre-operative 2595 492  0.001
1 1091 277 0.017
o¥ 648 362  1.000
4" 586  1.81 0.085
5" 1071 3.01  0.041
6" 1333 340 0.018
4th Pre-operative -20.10 4.01 0.001
1" 16.76  3.56  0.003

2 12.33 411  0.147
3 5.86 1.81 0.085
5 -4.86 213  0.701
6 -7.48 272 0.261
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Pre-operative -15.24 3.57 0.008
1" 2162 411  0.001
2" 1719 478 0.038
3" 1071 3.01  0.041
4" 486 213 0.701
6" 262 161 1.000
Pre-operative -12.62 3.09 0.012
1" 2424 391 <0.001
2" 19.81 469 0.009

3 13.33 3.40 0.018
4 7.48 272  0.261
5 2.62 1.61 1.000
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Comparison between pre- and post-operative days within groups of Dyspnea score

Comparison between pre- and Mean Std.
Groups p-value
post-operative days within groups Difference Error

Pre- st

Control 1 -3.52 0.62  <0.001

operative

2" -3.24 0.77  0.009

3" -2.86 071 0.014

4" -3.14 0.82  0.022

5" -2.57 065  0.017

6" -2.67 067  0.016

1St Pre-operative 3.52 0.62 <0.001

i 0.29 0.84  1.000

4 0.67 0.85  1.000

4" 0.38 070 1.000

5" 0.95 0.83  1.000

" 0.86 0.80  1.000

2nd Pre-operative 3.24 0.77 0.009

1" -0.29 0.84  1.000

L 0.38 0.75  1.000

4" 0.10 0.76  1.000

5" 0.67 0.78  1.000

6" 0.57 0.75  1.000

3" Pre-operative 2.86 071 0014

1" -0.67 0.85  1.000

2" -0.38 0.75  1.000

4" -0.29 0.90  1.000

5" 0.29 0.64  1.000

6" 0.19 059  1.000
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th

4 Pre-operative 3.14 0.82 0.022
1" -0.38 0.70  1.000
2" -0.10 0.76  1.000
3" 0.29 0.90  1.000
5" 0.57 070  1.000
6" 0.48 071 1.000
" Pre-operative 2.57 0.65 0.017
1" -0.95 0.83  1.000
iy -0.67 0.78  1.000
cp -0.29 0.64  1.000
" -0.57 070 1.000
6" -0.10 058  1.000
6th Pre-operative 2.67 0.67 0.016
' -0.86 0.80  1.000
e -0.57 0.75  1.000
cm -0.19 059  1.000
4" -0.48 071 1.000
5" 0.10 058  1.000
Pre- .
Low inspiratory flow rate e -4.00 0.66 <0.001
2" -3.14 0.44  <0.001
o -3.24 0.61  0.001
4" 2,52 053  0.003
5" 2,62 065 0.013
6" -1.86 063  0.173
1St Pre-operative 4.00 0.66 <0.001
2" 0.86 070 1.000
3" 0.76 0.78  1.000
4" 1.48 0.84  1.000
5" 1.38 0.95  1.000
6" 2.14 0.94 0706
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nd

Pre-operative 3.14 0.44 <0.001

1" -0.86 0.70  1.000

3" -0.10 043  1.000

4" 0.62 038 1.000

5" 0.52 053  1.000

6" 1.29 058 0793

3rd Pre-operative 3.24 0.61 0.001
1" -0.76 0.78  1.000

i 0.10 043  1.000

" 0.71 050  1.000

5" 0.62 070 1.000

6" 1.38 0.74  1.000

¥ Pre-operative 2.52 0.53 0.003
1" -1.48 0.84  1.000

e -0.62 038  1.000

3" -0.71 050  1.000

5" -0.10 0.60  1.000

6" 0.67 072 1.000

5" Pre-operative 262 065  0.013
1* -1.38 0.95  1.000

28 -0.52 053  1.000

3" -0.62 070 1.000

4" 0.10 0.60  1.000

6" 0.76 0.44  1.000

Gth Pre-operative 1.86 0.63 0.173
1" -2.14 0.94 0706

e -1.29 058  0.793

3" -1.38 0.74  1.000

4" -0.67 072 1.000

5" 0.76 0.44  1.000
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High inspiratory flow rate e 1St -3.86 0.78 0.002
operative

2" 2.95 071 0.010

3" -3.05 065  0.003

4" -2.52 0.66  0.024

5" -2.10 061  0.054

6" 1.33 053 0418

B Pre-operative 3.86 0.78  0.002

i 0.91 059  1.000

i 0.81 068  1.000

4" 1.33 072 1.000

5" 1.76 0.81  0.879

6" 2.52 073  0.050

" Pre-operative 2.95 071  0.010

e -0.91 059  1.000

3" -0.10 053  1.000

4" 0.43 0.56  1.000

B 0.86 067  1.000

6" 1.62 070  0.655

3" Pre-operative 3.05 065  0.003

1" -0.81 0.68  1.000

2" 0.10 053  1.000

4" 0.52 046  1.000

5" 0.95 043 0793

" 1.71 057  0.145

4th Pre-operative 2.52 0.66 0.024

1" -1.33 072  1.000

e -0.43 0.56  1.000

3" -0.52 046  1.000

5" 0.43 051 1.000
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6 1.19 0.60  1.000
" Pre-operative 2.10 0.61 0.054
1" 1.76 0.81  0.879
2" -0.86 0.67  1.000
3" -0.95 043  0.793
4" -0.43 051  1.000
6" 0.76 058  1.000
" Pre-operative 1.33 053 0418
7 -2.52 073  0.050
2" 1.62 070  0.655
3" 1.71 057  0.145
4" 1.19 0.60  1.000
5" 0.76 058  1.000
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Comparison between pre- and post-operative days within groups of Pain score

Comparison between pre- and post- Mean Std.
Groups p-value
operative days within groups Difference  Error

Control Pre-operative 1St -4.41 0.65 <0.001
2" -3.00 041 <0.001

3" 2,11 0.41  0.001

4" 176 044 0015

5" -1.41 0.34  0.011

6" 065 023 0225

. Pre-operative 4.41 0.65 <0.001

2k, 1.41 0.44  0.089

3" 2.31 057 0.014

4" 2.66 0.62  0.008

5" 3.00 0.64 0.003

6" 3.77 0.62 <0.001

2nd Pre-operative 3.00 0.41 <0.001

¥, -1.41 0.44  0.089

2 0.89 027  0.068

4" 1.24 0.35 0.039

5" 1.59 0.37  0.007

6" 2.35 0.32  <0.001

3rd Pre-operative 2.1 0.41 0.001

1" -2.31 057 0.014

" 089 027 0.068

4" 0.35 0.19  1.000

5" 0.70 024  0.204

6" 1.46 0.25 <0.001
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th

4 Pre-operative 1.76 0.44 0.015
1" 266 062 0.008

2" 124 035 0.039

3" 035 019 1.000

5" 0.34 022  1.000

6" 1.11 023  0.003

5" Pre-operative 1.41 034 0.011
1" 300 064 0.003

bhs 159 037 0.007

9 070 024 0.204

4" 034 022 1.000

6" 0.77 022 0.050

6th Pre-operative 0.65 0.23 0.225
1" 377 062 <0.001

2" 235 032 <0.001

3" 146 025 <0.001

4" 411 023  0.003

5" 077 022  0.050

Low inspiratory flow rate Pre-operative 'lSt -3.56 043 <0.001
5™ 263 039 <0.001

< 208 033 <0.001

4" 148 026 <0.001

5" 113 029 0017

6" 050 024 1.000

* Pre-operative 3.56 043  <0.001
2" 0.93 029 0.083

3" 1.48 028  0.001

4" 2.08 025 <0.001

5" 2.43 0.40  <0.001

6" 3.07 0.40 <0.001
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nd

Pre-operative 2.63 0.39 <0.001

1" 093 029 0.083

3" 0.55 021  0.395

4" 114 024  0.002

5" 1.50 035 0.007

6" 2.13 0.31  <0.001

3rCI Pre-operative 2.08 0.33 <0.001
1" 148 028  0.001

2" 055 021 0.395

4" 0.60 012  0.002

9 0.95 032 0.154

6" 1.59 0.24  <0.001

4th Pre-operative 1.49 0.26 <0.001
. 208 025 <0.001

2" 114 024  0.002

3" 060 012 0.002

5" 0.36 027  1.000

6" 0.99 021  0.002

5" Pre-operative 1.13 029 0017
i 243 040 <0.001

5™ 150 035 0.007

< 095 032 0.154

4" 036 027 1.000

6" 0.63 021  0.165

" Pre-operative 0.50 024  1.000
1" 307 040 <0.001

2" 213 031 <0.001

3" 159 024 <0.001

4" 099 021 0.002

5" 063 021 0.165
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High inspiratory flow rate Pre-operative 1 -4.23 0.48 <0.001
2" 334 035 <0.001

3" 239 038 <0.001

4" 196 042 0.003

5" 177 036  0.002

6" 098 025 0.020

o Pre-operative 4.23 048 <0.001
2" 0.89 028 0.100

3" 1.84 043  0.008

4" 2.27 059 0.022

9 2.46 059  0.011

6" 3.25 0.54 <0.001

2nd Pre-operative 3.34 0.35 <0.001
. 089 028 0.100

3" 0.95 027  0.041

4" 1.38 040  0.056

5" 1.57 042 0.027

6" 2.36 0.37  <0.001

3rd Pre-operative 2.39 0.38 <0.001
i -1.84 043  0.008

5™ 095 027 0.041

4" 0.43 0.38  1.000

5" 0.62 043  1.000

6" 1.41 0.38  0.028

4" Pre-operative 1.96 042  0.003
1" 227 059 0.022

2" 138 040 0.056

3" 043 038 1.000

5" 0.19 0.16  1.000

6" 0.98 029 0.068
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th

5 Pre-operative 1.77 0.36  0.002
1" 246 059 0.011

2" 157 042 0.027

3" 062 043 1.000

4" 019 0.6  1.000

6" 0.79 020 0.017

" Pre-operative 0.98 025 0.020
1" 325 054 <0.001

2" 236 037 <0.001

BE -1.41 0.38  0.028

4" 098 029 0.068

5" 079 020 0017
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Inclusion criteria

Yes

No

- Patients undergoing on-pump cardiac surgery with median
sternotomy for correcting valaular disease or CABG
- Equal or more than 40 years of age

- Good communication and cooperation

Exclusion criteria

Yes

No

Respiratory diseases

- History of cardiac arrest

Hemodynamic instability
- Difficult to understand or perform the measures or physical

therapeutic conducts

Uncomplicated cardiac event (Any severe or acute cardiovascular

condition including acute MI, unstable angina, or cardiac arrest)
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Pre-operative

Parameters

Predicted value Date (__/

/

)

% Predicted

VC

MIP (CmH,0)

MEP (CmH,0)

Pain score

Dyspnea score

ly1)a

Urauniga

Pre-OP ‘I
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Post-operative

Exclusion criteria

Yes

No

- Undergoing invasive mechanical ventilation supports for a period
exceeding 24 hours after admission to the intensive care unit

- Hemodynamic instability

- Reoperation

Parameters

Predicted

value

Days

VC

MIP

(CmH,0)

MEP

(CmH,0)

Pain score

Dyspnea

score

Comment

Dischard (__/

—)

Pain score
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Postoperative fear

Decrease ventilation

A
Decrease deep

inspiration

Ineffective cough

and pain
Anesthetic drug

Median

sternotomy

\

Cardiac surgery

Bronchospasm

Accumulating

secretion
A

Paralyze cilia /

Impaired the mucocillary

clearance

Muscle relaxant drug

PT Treatment

Reduce lung volume ‘.

Respiratory muscle
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weakness
A
Incentive -
spirometer Low and High inspiratory flow rate

Conceptual framework
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The raw data of vital capacity

Group | Predicted value | VCP | % | VC1 | % [ VC2 | % | VC3 | % | VC4 | % | VC5 | % | VC6 | %
A 1.98 103 | 62 | 059 | 30 | 059 | 30 | 041 | 21| 0.8 | 40 | 0.82 | 41 | 0.84 | 42
A 3.63 249 | 69 | 098 | 27| 09 | 256|099 |27 | 127 | 35| 183 | 50 | 2.04 | 56
A 2.64 294 | 112 |1 079 | 30 | 141 | 53 | 131 | 50 | 1.7 | 64 | 2.08 | 79 | 2.36 | 89
A 3.09 234 | 76 | 038 |12 | 107 |35 | 161 |52 | 158 | 51| 172 |56 | 1.98 | 64
A 3.45 153 | 44 | 017 | 5 | 017 | 5 | 048 | 14 | 047 | 14 | 0.96 | 28 | 0.96 | 28
A 3.32 1.28 | 39 05 [ 156|076 | 23 | 096 | 29 | 113 | 34 | 1.57 | 47 | 1.62 | 49
C 2.4 151 | 61 | 063 | 26 | 063 | 26 | 0.76 | 32 | 119 | 49 | 1.22 | 51 | 14 | 58
A 2.9 174 | 60 | 059 | 20 | 059 | 20 | 0.92 | 32 | 0.88 | 30 | 1.03 | 36 | 1.2 | 41
Cc 3.81 217 | 57 | 1.05 | 28 | 1.26 | 33 | 146 | 38 | 1.65 | 43 | 1.75 | 46 | 2.12 | 56
A 3.55 212 | 60 | 066 | 19 | 0.87 | 26 | 1.01 | 28 | 099 | 28 | 1.11 | 31 | 112 | 32
A 2.15 168 | 78 05 | 23055 |26 | 077 | 36 | 1.05 | 49 | 1.18 | 55 | 1.45 | 67
A 3.99 103 | 26 | 077 |19 | 07 |18 | 1.09 | 27 | 111 | 28 | 1.23 | 31 | 1.18 | 30
A 3.61 166 | 46 | 093 | 26 | 0.77 | 21 | 0.98 | 27 | 1.31 | 36 | 1.21 | 34 | 1.62 | 45
Cc 2.7 165 | 61 | 068 | 256 | 051 | 19 | 0.81 | 30 | 0.86 | 32 | 0.96 | 36 | 1.07 | 40
B 3.71 269 | 73 | 076 | 20 | 0.78 | 21 | 0.78 | 21 | 1.52 | 41 | 1.71 | 46 | 1.97 | 53
B 3.24 186 | 57 | 085 | 26 | 1.36 | 42 | 1.36 | 42 | 169 | 52 | 1.8 | 56 | 1.99 | 61
C 2.53 072 | 29 | 075 |30 083 |33 |065]|26|075|30|075 | 30| 084 | 33
Cc 2.5 154 | 62 | 069 | 28 | 069 | 28 | 0.77 | 31 | 0.8 | 32| 0.88 | 35 | 0.93 | 37
C 2.57 157 | 61 | 083 |32 | 083 |32|1.01 |39 |101|39|098 |38 | 1.2 |47
Cc 3.46 241 | 70 07 |20 | 07 | 20| 0.7 | 20 | 1.05 | 30 | 1.12 | 32 | 1.12 | 32
Cc 3.24 1.63 | 50 04 |12 1059 |18 | 121 |37 | 114 | 35| 114 | 35| 1.16 | 36
C 2.41 202 | 84 | 041 |17 | 079 | 33 | 142 | 59 | 142 | 59 | 1.556 | 64 | 2.06 | 85
A 1.9 128 | 67 | 062 | 33 | 0.62 | 33 | 0.86 | 45 | 0.85 | 45 | 0.85 | 45 | 0.96 | 51
B 3.2 215 | 67 | 088 | 28 | 0.94 | 29 | 1.54 | 48 | 154 | 48 | 1.8 | 56 | 2.03 | 63
B 3.81 247 | 65 | 054 | 14| 06 |16 | 092 | 24 | 098 | 26 | 1.33 | 35 | 1.33 | 35
B 2.92 207 | 71 | 108 |37 | 1.5 |51 | 158 | 54 | 1.68 | 58 | 1.74 | 60 | 1.82 | 62
B 3.45 274 | 79 07 |20 | 0.84 | 24 | 1.59 | 46 | 1.77 | 51 | 1.97 | 57 | 2.07 | 60
B 2.97 191 | 64 | 053 |18 | 054 | 18 | 117 | 39 | 12 |40 | 1.3 | 44 | 1.29 | 43
A 3.74 159 | 42 | 051 |14 | 058 | 16 | 0.78 | 21 | 1.04 | 28 | 1.07 | 29 | 1.18 | 32
Cc 2.09 156 | 75 | 037 |18 | 04 |19 | 036 |17 | 0.84 | 40 | 0.91 | 44 | 09 | 43
B 2.45 127 | 52 | 054 | 22 | 054 | 22 | 064 | 26 | 0.76 | 31 | 0.78 | 32 | 0.89 | 36
B 3.06 25 82 (07525079 |26 | 091 |30 | 107 | 35| 123 |40 | 148 | 48
C 3.19 204 | 64 | 069 | 22 | 083 | 26 | 098 | 31 | 15 | 47 | 145 | 45 | 1.63 | 51
A 2.25 155 | 69 | 072 |32 | 075 |33 | 105 |47 | 119 |53 | 13 |58 | 1.27 | 56
C 242 092 | 38 | 061 |25 |046 | 19 | 057 | 24 | 056 | 23 | 0.75 | 31 | 0.78 | 32
B 4.04 173 | 43 | 062 | 15| 067 | 17 | 098 | 24 | 1.08 | 27 | 1.75 | 43 | 1.56 | 39
C 3.18 177 | 56 | 073 | 23 | 097 | 31 | 1.01 | 32 | 148 | 47 | 1.5 | 47 | 1.31 | #1
C 2.37 123 | 52 | 081 |34 | 12 | 51| 116 |49 | 136 | 57 | 1.22 | 51 | 1.22 | 51
B 2.64 188 | 71 | 095 | 36 | 1.38 | 52 | 1.24 | 47 | 1.25 | 47 | 1.45 | 65 | 1.38 | 52
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Group | Predicted value | VCP | % | VC1 | % [ VC2 | % | VC3 | % | VC4 | % | VC5 | % | VC6 | %
B 2.56 155 | 61 | 062 |24 | 0.79 | 31 | 0.98 | 38 | 0.91 | 36 | 0.96 | 38 | 1.02 | 40
C 3.29 338 | 103 | 092 | 28 | 1.08 | 33 | 1.06 | 32 | 1.99 | 60 | 1.85 | 56 | 2.2 | 67
B 3.79 205 | 54 (121 (32| 12 |32 |171 |45 | 186 |49 | 215 | 57 | 219 | 58
B 1.53 138 | 90 | 06 |39 | 057 | 37 | 067 | 44 | 1.03 | 67 | 0.73 | 48 | 0.82 | 54
C 2.83 298 | 105 | 127 | 45 | 161 | 57 | 215 | 76 | 233 | 82 | 245 | 87 | 2.39 | 84
B 3.44 1.82 53 | 055 |16 | 105 |31 | 133 |39 | 14 | 41 1.6 | 47 | 1.96 | 57
B 2.52 203 | 81 [ 092 |37 | 111 | 44 | 117 | 46 | 1.33 | 53 | 1.64 | 65 | 1.65 | 65
B 4.06 3.28 | 81 08 [ 20 | 148 | 36 | 1.63 | 40 | 1.92 | 47 | 2.53 | 62 | 2.42 | 60
A 3.06 205 | 67 | 065 (21| 06 |20 | 06 |20 | 09 |29 | 112 | 37 | 1.34 | 44
A 2.72 1.67 | 61 096 | 35| 1.2 |44 | 144 | 53 | 1.75 | 64 | 1.653 | 56 | 1.64 | 60
C 3.54 26 73 1 28| 11 |31 |135 |38 | 192 |54 | 191 |54 | 189 | 53
B 2.99 209 | 70 | 124 | 41 | 141 | 47 | 148 | 49 | 215 | 72 | 229 | 77 | 2.04 | 68
A 2.77 229 | 83 | 095 |34 | 094 | 34 | 118 |43 | 191 |69 | 196 |71 | 208 | 75
B 3.14 241 | 77 | 09 [ 29 | 113 | 36 | 1.54 | 49 | 1.84 | 59 | 1.94 | 62 | 2.07 | 66
Cc 3.78 117 | 29 05 | 13064 | 17 | 084 | 22 | 124 | 33 | 1.06 | 28 | 1.1 29
C 4.02 278 | 69 12 |30 | 096 |24 | 152 |38 | 162 |40 | 1.59 | 40 | 1.83 | 46
B 3.77 2.71 72 | 167 | 44 | 131 | 35 | 1.38 | 37 | 1.97 | 62 | 1.77 | 47 | 2.02 | 54
A 1.72 1.08 | 63 | 048 | 28 | 0.42 | 24 | 0.51 | 30 | 0.56 | 33 | 0.57 | 33 | 0.8 | 47
A 3.38 298 | 88 | 067 | 20 | 0.58 | 17 | 1.07 | 32 | 1.57 | 46 | 2.01 | 59 | 1.86 | 55
A 3.29 135 | #1 086 | 26 | 1.02 | 31 | 121 | 37 | 1.24 | 38 | 1.29 | 39 | 1.29 | 39
B 3.83 267 | 70 | 096 | 25 | 1.27 | 33 | 148 | 39 | 22 | 57 | 253 | 66 | 2.57 | 67
Cc 2.37 1.72 73 | 052 (22| 06 |25 |0.76 |32 |09 |41 | 124 |52 | 104 | 44
A 2.63 1.7 65 | 054 | 21| 052 |20 | 058 |22 |055]|21]|065]|25]| 067 |25
Cc 3.08 179 | 58 | 0.69 | 22 | 091 | 30 | 0.74 | 24 | 0.94 | 31 | 0.91 | 30 | 0.93 | 30
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Appendix L




The raw data of maximum inspiratory pressure

Group | MIP-P | MIP-1 | MIP-2 | MIP-3 | MIP-4 | MIP-5 | MIP-6
A 33 8 18 18 22 28 34
A 55 26 21 31 37 50 49
A 43 20 26 37 50 37 61
A 21 6 13 31 30 33 32
A 53 9 8 6 8 25 19
A 64 9 30 35 43 49 62
C 36 18 18 29 34 33 37
A 44 18 18 12 17 20 27
C 92 37 42 46 58 70 80
A 55 31 31 42 40 57 60
A 48 6 10 11 15 26 34
A 60 21 40 43 54 65 60
A 42 18 18 21 25 27 45
Cc 27 5 14 1.z 18 27 31
B 113 21 27 27 49 50 58
B 65 19 26 26 41 44 46
C 11 7 21 24 33 33 33
C 63 13 13 21 22 26 37
C 51 8 8 12 12 16 25
C 82 19 19 19 49 62 62
C 47 13 15 18 28 28 29
C 68 18 24 41 41 57 77
A 34 20 23 21 23 23 21
B 37 10 16 39 39 74 71
B 55 4 7 14 19 25 25
B 43 18 18 30 35 38 47
B 110 14 20 31 40 48 80
B 92 18 20 36 47 41 52
A 61 9 24 45 49 59 64
C 29 11 10 10 19 26 21
B 37 18 24 22 40 42 40
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Group | MIP-P | MIP-1 | MIP-2 | MIP-3 | MIP-4 | MIP-5 | MIP-6
B 53 15 24 31 32 39 33
C 60 13 29 37 35 34 59
A 43 13 15 16 25 22 35
Cc 34 18 16 24 25 19 16
B 80 17 17 30 28 45 55
C 52 22 22 41 44 38 32
C 58 32 30 41 49 51 51
B 43 28 24 23 31 31 33
B 50 16 25 37 38 43 45
C 120 13 28 31 80 83 99
B 59 15 17 25 52 67 51
B 24 21 17 19 26 19 24
C 115 32 20 72 66 63 66
B 46 11 26 32 39 36 42
B 56 34 24 22 35 47 46
B 119 12 29 26 40 43 80
A 63 7 12 17 8 27 33
A 65 32 28 37 38 50 50
C 79 22 25 33 49 62 75
B 39 25 15 27 22 24 44
A 83 12 22 23 45 48 52
B 71 17 28 35 43 47 35
C 31 18 24 26 35 30 33
C 64 19 19 29 36 38 47
B 49 22 42 30 52 52 63
A 25 8 11 11 13 11 20
A 62 6 13 15 26 38 40
A 36 11 34 29 36 39 39
B 42 12 22 21 40 37 43
C 97 47 34 29 69 73 67
A 13 13 12 10 20 10 12
C 57 17 17 21 35 26 27
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The raw data of maximum expiratory pressure

Group | MEP-P | MEP-1 | MEP-2 | MEP-3 | MEP-4 | MEP-5 | MEP-6
A 55 16 26 25 26 31 32
A 82 42 35 39 44 55 64
A 51 14 44 37 44 41 52
A 43 12 28 38 28 30 42
A 38 10 25 19 25 35 36
A 76 16 35 39 52 60 67
C 36 26 26 29 33 36 39
A 72 18 18 11 17 26 31
C 83 20 38 33 38 39 52
A 65 48 43 54 53 60 65
A 47 10 15 21 21 26 34
A 72 15 3L 89 98 117 123
A 88 41 33 33 41 46 53
C 54 14 25 26 34 52 48
B 153 29 29 29 44 48 51
B 63 26 34 34 45 44 42
C 24 16 29 24 27 27 30
C 54 17 17 24 24 34 42
C 51 15 15 26 26 23 32
C 80 22 22 22 28 65 65
C 46 19 19 24 31 31 31
C 73 32 32 41 41 54 77
A 47 21 21 30 35 35 31
B 56 17 29 44 44 45 51
B 67 6 5 18 18 32 39
B 42 16 32 46 51 58 59
B 91 19 24 32 45 54 60
B 63 17 15 39 40 47 40
A 30 17 17 32 31 35 34
C 34 10 13 19 25 33 32
B 61 26 28 36 47 50 50




Group | MEP-P | MEP-1 | MEP-2 | MEP-3 | MEP-4 | MEP-5 | MEP-6
B 51 23 17 36 41 43 50
C 38 21 38 33 43 42 45
A 47 29 34 34 40 30 34
C 32 23 18 31 33 26 25
B 84 20 17 33 32 33 63
C 53 25 44 42 39 36 31
C 50 33 39 37 45 45 46
B 43 31 27 27 34 35 41
B 56 34 35 49 49 53 57
C 123 14 33 38 75 84 84
B 56 34 36 32 50 50 56
B 38 15 29 26 34 29 26
C 94 35 15 90 98 105 96
B 56 21 27 30 35 34 41
B 42 30 29 32 46 54 57
B 100 9 31 29 27 40 50
A 81 18 31 33 33 37 42
A 74 34 32 49 50 58 64
C 97 39 26 30 45 50 65
B 54 26 22 45 40 42 49
A 117 18 22 24 49 62 57
B 70 43 37 34 34 46 54
C 71 24 47 45 48 47 44
C 51 28 21 26 27 33 35
B 110 28 30 47 54 50 71
A 41 12 21 20 23 21 34
A 73 7 23 24 24 32 33
A 58 38 37 50 46 59 59
B 44 22 26 26 28 31 34
C 44 29 31 33 33 40 38
A 53 22 21 25 34 26 28
C 72 24 31 42 45 38 38

121






The raw data of pain score

Group

Pre-OP

D1

D2

D3

D4

D5

D6

>
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w
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1.6

0.4

3.1

3.1

5.3
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4.6

29

1.6

2.8

1.8

2.3

1.7

0.7

0.6

0.2

10

5.3

4.3

43

4.4

1.8

5.1

3.6

0.2
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The raw data of dyspnea score
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The raw data of length of hospital stay
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