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Abstract

Backround: Coronary Artery Bypass Graft (CABG) surgery
is a form of heart surgery that redirects blood around
clogged arteries to increase blood flow and oxygen to the
heart.

During CABG surgery, the surgeon uses a portion of a
healthy vessel (either an artery or vein) from the leg,
chest, or arm to create a bypass around the clogged
artery. Patients typically receive 1 to 5 bypasses per
operation depending on how many coronary arteries (and
their main branches) are blocked.

During CABG surgery with cardiopulmonary bypass a
heart-lung machine artificially maintains blood circulation
and oxygenation while the surgeon operates on the heart.

Aims and Objectives: To increase cardiac efficiency,
increase exercise tolerance or endurance and to get the
effective and better post-operative results. Further at the
end of the study we should be able to plan out an
effective treatment plan for post-operative CABG patients
and know the effect of Master 2-minute step test and 6-
minute walk test in post–operative CABG patients.

Methodology: Study was conducted in Hero DMC heart
institute in Punjab. Sixty-seven study participants (aged
between 40 years to 70 years) were randomly recruited to
the study. Recruited study participants received treatment
in two sessions that is master 2-minute step test
procedure was used in morning and 6-minute walk test
procedure was used in evening session. Assessment and
reassessment was done before and after completion of
treatment procedure on every day and data was collected
using assessment format for 3rd and 7th day.

Outcome measures: Primary outcome in both master 2-
min step test and 6-min walk test showed that there
occurs decrease in heart rate, respiratory rate, increase in
oxygen saturation and decrease in exertion. Secondary
outcomes included more decrease in heart rate,
respiratory rate and fatigue and increase in oxygen

saturation. Improvement in faster heart function
elaborated from the Heart rate (p<0.05) with both
procedures that is master 2-minute step test and 6-
minute walk test.

Conclusion: The result obtained after statistical analysis
shows that both master 2-minute step test and 6-minute
walk test has the additional advantage of faster recovery
as analyzed from mean of the before and after exercise
using Tukey’s method on both of 3rd day and 7th day.

Keywords: Cardiac rehabilitation; Cardiac
physiotherapy; Physiotherapy; Cardiovascular physiotherapy

Introduction
Coronary artery bypass graft (CABG) surgery is a form of

heart surgery that redirects blood around clogged arteries to
increase blood flow and oxygen to the heart [1].

During CABG surgery, the surgeon uses a portion of a
healthy vessel (either an artery or vein) from the leg, chest, or
arm to create a bypass around the clogged artery [2]. Patients
typically receive 1 to 5 bypasses per operation depending on
how many coronary arteries (and their main branches) are
blocked [2].

During CABG surgery with cardiopulmonary bypass a heart-
lung machine artificially maintains blood circulation and
oxygenation while the surgeon operates on the heart [2].

Cardiac rehab is a program designed specifically for patients
with cardiac patients either patient had undergone cardiac
surgery or not. It includes exercise, lifestyle changes,
education, and emotional support. It can help improve
patient’s health and enable them to live a more active life after
patient have had a heart attack or heart surgery or if patient
have a long-term heart problem such as heart failure. Cardiac
rehab can also help patient return to work safely and in a
timely manner.

Patient may start a cardiac rehab program while he or she is
still in the hospital after having treatment for a heart attack or
other heart problem, soon after leaving the hospital, or at any
other time to help prevent future heart problems, improve the
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quality of life, and make healthier. The physiotherapist will give
an exercise prescription that gives patient and cardiac rehab
team guidelines for the frequency, duration, and intensity of
exercise. The prescription will be based on your medical
condition and patients’ fitness level.

Indications
1. CABG surgery may be required in people with coronary

artery disease (CAD) blood vessels can become partially
or completely blocked so the heart does not receive
enough oxygen, leading to angina (chest pain) or
myocardial infarction (heart attack) [3].

2. If left untreated, CAD may lead to a heart attack [3].

3. Some patients may need to undergo CABG surgery on an
emergency basis during or immediately following a heart
attack to limit damage to the heart [4].

4. CABG surgery is a therapeutic intervention after
medication and lifestyle changes have not worked [4].

Materials and Methods

Operational tools
1. Countdown timer (or stopwatch): To measure the time

duration.

2. Two small cones to mark the turnaround points.

3. A chair that can be easily moved along the walking
course.

4. Worksheets on a clipboard.

5. A source of oxygen.

6. Sphygmomanometer: To measure the blood pressure.

7. Measuring tape: To measure distance covered.

8. Stepper: A 20 cm high single-step device with no handles
is used [5].

9. Pulse oximeter: A device used to measure pulse and Spo2.

Research Methodology

Type of study
This study was an experimental type of study.

Care manager
Care manager position was created and assigned to work in

group practices. Trainee physiotherapist was selected for this
position and given training to prepare him for the role as care
manager. The initial training was followed by focused training
on CABG rehabilitation. In addition, administrative and clinical
issues were addressed. Supervisors were available on an as
needed basis for the care manager to assist them in working
with study participants. Care manager was provided with a
study kit containing paper copies of the study assessments,

patient education booklets and handouts, screen shots of the
data fields, and feedback reports form to use in the patient
treatment and assessment purpose. Further, individual
supervise sessions with the project leader were available on an
as needed basis for the care manager to assist him in working
with study participants.

Study participants selection
Sixty-seven persons with the age group 40-70 years served

as study participants. Initial screening was done using
assessment format and study participants were assessed for all
the inclusion and exclusion criteria.

If study participants fulfilled all the criteria of the study, they
were explained about the ongoing research and all the aspects
including procedures. Their informed consent form was signed
and study participants were taken for study.

Inclusion criteria
1. All study participants with the age group of 40 years to 70

years.

2. Study participants with two or three vessels involvement.

3. Study participants with no endocrine abnormalities as
hyper or hypothyroidism.

4. Study participants with no other organ involvement.

Exclusion criteria
1. Study participants with associated neurological and

psychological abnormalities as stroke, dementia etc.

2. Study participants with cardiac pacemakers.

3. Study participants with ballooning of the vessels.

4. Study participants with post–operative complications as
severe alterations in B.P., Pulse, E.C.G. abnormalities etc.

5. Study participants who showed inconsistency with initial
stages of exercise rehabilitation.

6. Study participants with lower limb injury like traumatic
injury.

Sample size and source
Sixty-seven study participants had been selected randomly

from the Unit: Hero heart, D.M.C. and H. on the basis of
clinical evaluation.

Procedure
The study participants were initially assessed using a set

assessment format. The study participants were assessed for
all the inclusion and exclusion criteria as defined earlier. If the
study participant fulfilled all the criteria they were explained
about the ongoing research and all the aspect including
procedure and risks of the study. Thereafter, an informed
consent form was signed and the study participants were
taken for the study. Sixty-seven study participants were
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included in the study and were randomly assigned. After that
treatment was given in two sessions that is master 2-minute
step test procedure was used in morning and 6-minute walk
test procedure was used in evening session. Assessment and
reassessment was done before and after completion of
treatment procedure on every day and data is collected using
assessment format for 3rd and 7th day.

In the morning step test was performed along with basic
exercises first which included chest expansion exercises,
spirometery, ankle toe-movement, shoulder elevation
exercises and leg stretching exercises. In the evening, same
procedure was used with 6-minute walk test. Test was stopped
immediately if patient complained of any type of fatigue, pain
or breathlessness. Test was also stopped if any alteration in
detected in patients ECG, BP or excessive fall or increase in HR.
All the data collected was arranged in a tabular form and then
data was analyzed using statistical calculations.

Results
Within group analysis (Figures 1-8) (Tables 1-8).

Figure 1 Master 2-min step test.

Table 1 Master 2-minute step test.

Repeated ANOVA and

Tukey's Test (Post HOC)

 

Group A (Master 2-minute step test)

H.R.

3rd

dayB
3rd dayA 7th dayB 7th

dayA

Mean 98.12 111.97 97.28 104.76

S.D. 7.94 7.711 5.765 6.46

Number 67 67 67 67

F test 468.19

Table Value at 0.05 2.65

P value <0.001

Result Significant

Tukey’s method

(Pair wise comparison)

 

 

-- 3rd dayB -- --

3rd

dayA
13.86SI
G

3rd

dayA
--

7th

dayB
0.84NSI
G

14.69SI
G

7th

dayB

7th

dayA
6.65SIG 7.21SIG 7.48SI

G

Figure 2 For 6-minute walk test.

Figure 3 Master 2-minute step test.

Table 2 For 6-minute walk test.

Repeated ANOVA and

Tukey's Test (Post HOC)

 

Group B (6-minute walk test)

H.R.

3rd

dayB
3rd dayA 7th dayB 7th

dayA

Mean 99.24 112.6 97.73 104.37

S.D. 7.721 8.027 5.658 6.122

Number 67 67 67 67

F test --
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Table Value at 0.05 2.709

P value 1

Result Not Significant

Tukey’s method

(Pair wise comparison)

 

 

-- 3rd dayB -- --

3rd

dayA
13.36SI
G

3rd dayA --

7th

dayB
1.51SIG 14.87SI

G
7th

dayB

7th

dayA
5.14SIG 8.23SIG 6.65SI

G

Figure 4 For 6-minute walk test.

Table 3 Master 2-minute step test.

Repeated ANOVA and

Tukey's Test (Post HOC)

 

Group A (Master 2-minute step test)

R.R.

3rd

dayB
3rd

dayA
7th

dayB
7th

dayA

Mean 23.46 29.79 22.09 25.34

S.D. 2.732 2.538 1.368 1.822

Number 67 67 67 67

F test 425.44

Table Value at 0.05 2.65

P value <0.001

Result Significant

Tukey’s method

(Pair wise comparison)

 

 

-- 3rd

dayB
-- --

3rd

dayA
6.33SI
G

3rd

dayA
--

7th

dayB
1.38SI
G

7.71SI
G

7th

dayB

7th

dayA
1.89SI
G

4.45SI
G

3.26SI
G

Table 4 For 6-minute walk test.

Repeated ANOVA and

Tukey's Test (Post HOC)

 

Group B (6-minute walk test)

R.R.

3rd

dayB
3rd

dayA
7th

dayB
7th

dayA

Mean 23.27 29.07 21.85 24.64

S.D. 1.746 2.238 1.645 1.583

Number 67 67 67 67

F test --

Table Value at 0.05 2.709

P value 1

Result Not Significant

Tukey’s method

(Pair wise comparison)

 

 

-- 3rd

dayB
-- --

3rd

dayA
5.81SI
G

3rd

dayA
--

7th

dayB
1.42SI
G

7.23SI
G

7th

dayB

7th

dayA
1.38SI
G

4.44SI
G

2.8SIG

Figure 5 Master 2-minute step test.

Table 5 Master 2-minute step test.

Repeated ANOVA and

Tukey's Test (Post HOC)

 

Group A (Master 2-minute step test)

SpO2

3rd

dayB
3rd

dayA
7th

dayB
7th

dayA

Mean 96.7 94.27 98.87 97.63

S.D. 2.195 2.7 0.886 1.434

Number 67 67 67 67

F test 150.51

Table Value at 0.05 2.65

P value <0.001
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Result Significant

Tukey’s method

(Pair wise comparison)

 

 

-- 3rd

dayB
-- --

3rd

dayA
2.44SI
G

3rd

dayA
--

7th

dayB
2.17SI
G

4.6SIG 7th

dayB

7th

dayA
0.93SI
G

3.36SI
G

1.24SI
G

Figure 6 For 6-minute walk test.

Figure 7 Master 2-minute step test.

Table 6 For 6-minute walk test.

Repeated ANOVA and

Tukey's Test (Post HOC)

 

Group B (6-minute walk test)

SpO2

3rd

dayB
3rd

dayA
7th

dayB
7th

dayA

Mean 97.31 95.31 99.31 98.36

S.D. 1.794 2.298 0.802 1.011

Number 67 67 67 67

F test --

Table Value at 0.05 2.709

P value 1

Result Not Significant

Tukey’s method

(Pair wise comparison)

 

 

-- 3rd

dayB
-- --

3rd

dayA
2SIG 3rd

dayA
--

7th

dayB
2SIG 4SIG 7th

dayB

7th

dayA
1.05SI
G

3.05SI
G

0.96SI
G

Figure 8 For 6-minute walk test.

Table 7 Master 2-minute step test.

Repeated ANOVA and

Tukey's Test (Post HOC)

 

Group A (Master 2-minute step test)

Borg Scale

3rd

dayB
3rd

dayA
7th

dayB
7th

dayA

Mean 0 3.01 0 1.18

S.D. 0 0.275 0 0.458

Number 67 67 67 67

F test 1827.7

Table Value at 0.05 2.65

P value <0.001

Result Significant

Tukey’s method

(Pair wise comparison)

 

 

-- 3rd

dayB
-- --

3rd

dayA
3.02SI
G

3rd

dayA
--

7th

dayB
0SIG 3.02SI

G
7th

dayB
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7th

dayA
1.18SI
G

1.84SI
G

1.18SI
G

Table 8 For 6-minute walk test.

Repeated ANOVA and

Tukey's Test (Post HOC)

 

Group B (6-minute walk test)

Borg Scale

3rd

dayB
3rd

dayA
7th

dayB
7th dayA

Mean 0 2.75 0 0.82

S.D. 0 0.438 0 0.386

Number 67 67 67 67

F test --

Table Value at 0.05 2.709

P value 1

Result Not Significant

Tukey’s method

(Pair wise comparison)

 

 

-- 3rd

dayB
-- --

3rd

dayA
2.75SIG 3rd

dayA
--

7th

dayB
0SIG 2.75SIG 7th dayB

7th

dayA
0.83SIG 1.93SIG 0.83SIG

Discussion
Pair wise comparison of the mean H.R., R.R., Spo2, Borg’s

scale of both master 2-minute step test on 3rd and 7th days
before and after the application of exercises using Tukey’s
method show that results are significant in both master 2-min
step test and 6-min walk test. Further, it shows that there
occurs decrease in heart rate, respiratory rate, increase in
oxygen saturation and decrease in exertion.

As deducted from graphs there is more decrease in heart
rate, respiratory rate and fatigue and increase in oxygen
saturation.

The results obtained are evidently supported by various
studies done before which include

Stern et al. in 1983 study, exercise substantially increased
the mean work capacity and decreased fatigue after three and
six months of exercise training for exercise group compared to
other 2 groups [6].

Foster et al. in 1984, demonstrated a significant increase in
exercise tolerance when compared to the control group [6].

Sulivan et al. in 1988, demonstrated a decrease in resting
and exercise heart rate as well as an increase in VO2 peak [6].

Squires et al. in 1990, demonstrated that exercise training
results in an improvement in systemic oxygen transport, a
reduction in myocardial oxygen requirement for a given

amount of work, and a decrease in the extent of ischemia
during physical activity [6].

Tsoukas et al. in 1995, demonstrated that post infarction
short-term exercise training could increase exercise tolerance,
decrease heart rate, blood pressure and double product
response to exercise while also improving the ischemic
threshold [6].

Autonomic nervous system, HRV and exercise
During exercise, cardiovascular parameters change to supply

oxygen to working muscles and to preserve perfusion of vital
organs [7]. The vascular resistance and heart rate are
controlled differently during physical activity. At the onset of
exercise heart rate (and cardiac output) elevation is mediated
mostly by central command signals via vagal withdrawal. As
work intensity increases and heart rate approaches 100 beats/
min, sympathetic activity begins to rise, further increasing
heart rate and plasma nor epinephrine concentration and
vasoconstricting vessels in visceral organs.

With cessation of exercise, loss of central command,
baroreflex activation and other mechanisms contribute to a
rise in parasympathetic activity, causing a decrease in heart
rate despite maintained sympathetic activation. Later,
sympathetic withdrawal after exercise was also observed.

This is also deducted from the statistical analysis as
mentioned above that master 2-minute step test and 6-minute
walk test are helpful in speedy recovery after CABG as
predicted from p value for heart rate(p<0.05).

Conclusion
The result obtained after statistical analysis show that both

master 2-minute step test and 6-minute walk test has the
additional advantage of faster recovery as analyzed from mean
of the before and after exercise of recovery both of 3rd day and
7th day.

Limitations of the Study
1. Due to shortness of time number of study participants

was small (67 study participants).

2. Study participants of 40-70 years are taken for study.

3. Single hospital population was taken for study.

4. Post discharge follow-up was not taken, so long term
effect cannot be predicted.
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