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ABSTRACT

Background: Phase Il cardiac rehabilitation is
essential for management post coronary artery
bypass graft (CABG), especially in patients with
left ventricular systolic dysfunction. Change in
functional capacity after phase Il cardiac
rehabilitation (AMETs) is an indicator of
cardiopulmonary and hemodynamic
improvement after CABG. This study assessed
the correlation of AMETs as a predictor of
major adverse cardiac event (MACE) 3 months
after CABG in patients with left ventricular
systolic dysfunction.

Methods: A cohort study was conducted on
patients  with left  ventricular  systolic
dysfunction who underwent CABG between
January 2019 to January 2021. Then patients
were recruited to phase Il cardiac rehabilitation,
AMETs was measured and tabulated by
differences of functional capacity before and
after the program. The abnormalities of AMETSs
were discovered as a predictor of MACE
determined by cut-off point, which s
combination of death and rehospitalization.
Patients were monitored for 3 months after
CABG.

Result: Among 91 patients, 24.2% had MACE
(6.6% death and 17.6% rehospitalization). We
found significant correlation between AMETSs
and MACE with cut-off point 3.25 METs (p
<0.001). Multivariate analysis using logistic
regression showed lower AMETs group had

significant correlation with MACE (OR 0.135; p
0.03). Kaplan Meier survival analysis showed
lower AMETs group was predictor of MACE on
3 months after CABG, risk of MACE
occurrence 3.9 times than higher AMETSs group
(p <0.001).

Conclusion: Change in functional capacity
could predict MACE on 3 months follow-up of
left ventricular systolic dysfunction patients who
underwent CABG.

Keywords: Change in functional capacity; left
ventricular systolic dysfunction; MACE; CABG

INTRODUCTION

Ischemic heart disease is a major
global cause of death and also a public
health burden that is difficult to treat.
Ischemic heart disease or coronary heart
disease (CAD) is defined as a syndrome of
recurrent and transient episodes of chest
pain that reflects an imbalance between
oxygen availability and consumption.
Coronary heart disease is a cause of
mortality in the United States, which is 31%
of all causes of death in 2013 in the country
are caused by ischemic heart disease.™”
Coronary heart disease is the highest
contributor to cardiovascular death in the
world and accounts for 12.9% of total
overall deaths in Indonesia as the second
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rank, after stroke as the leading cause of
death.>*

Coronary revascularization has been
widely considered to improve symptoms
and improve prognosis. Percutaneous
coronary intervention (PCI) and coronary
artery bypass surgery (CABG) are effective
and beneficial in patients with significant
coronary artery disease lesions. Concrete
coronary artery surgical measures are
indicated to improve symptoms, prolong
life, and improve quality of life. Research
conducted by Esmaeeli et al, showed an
improvement in functional capacity in
patients undergoing coronary artery bypass
surggry before and after 18 months follow
up.”

The main objective of the heart
rehabilitation  program as  secondary
prevention of coronary heart disease is to
increase activity tolerance in patients
undergoing coronary artery bypass surgery.
Phase Il heart rehabilitation programs can
provide significant improvements in
intolerance of activity and functional
capacity, increase psychosocial well-being,
improve symptoms that limit physical
activity, reduce disability, and reduce
cardiovascular morbidity and mortality.”®

Decreased left systolic function is a
predictor of mortality in IHD patients and
according to the results of previous studies,
cardiac rehabilitation can improve left
ventricular systolic function. However, there
is still little information about the effects of
heart rehabilitation exercises on the left
ventricular ejection fraction. Many literature
reviews do not provide clear information
about the uniformity of exercise and the best
time to start heart rehabilitation in IHD
patients. In  research conducted by
Haddadzadeh and colleagues, exercise
programs that begin as early as possible 1
month after treatment and are carried out for
12 weeks in IHD patients can improve heart
muscle contractility assessed from the left
ventricular ejection fraction.’

Based on the results of previous
studies, guidelines for cardiac rehabilitation
exercises were issued in patients with

systolic dysfunction who were clinically
stable using pharmacological therapy. HF-
ACTION trial study, showed that patients
with stable systolic heart failure could
undergo aerobic heart rehabilitation
exercises and the procedure was safe for
patients, there was even a tendency to
decrease rehospitalization and mortality in
these patients.™

The study aims to assess the impact
and relationship between functional capacity
changes after phase Il cardiac rehabilitation
as a predictor of major cardiovascular
events (MACE) in the form of
rehospitalization and mortality in 3 months
in patients with left ventricular systolic
dysfunction who underwent previous
coronary artery bypass surgery.

METHODS

This study was a study with a cohort
design that analyzed the changes in the
functional capacity of the heart function
before and after phase Il heart rehabilitation
as a predictor of major cardiovascular
events and also a prognosis in patients with
left ventricular systolic dysfunction who
undergo coronary artery bypass surgery,
where the sampling technique as an
executive sampling.

The sample of this study was the
patients who underwent coronary artery
bypass surgery and followed by phase Il
cardiac rehabilitation program subsequently,
at the Adam Malik General Hospital (RSUP
HAM) Medan from the period January 2019
- January 2021.

The cardiac rehabilitation program
was carried out for 6 weeks with 12
meetings where each training session with a
duration of 30-40 minutes consists of
warming up; followed by aerobic exercise
consisting of 3 stages which are walking for
10 minutes, treadmill for 10 minutes, and
cycling for 10 minutes; then followed by a
cooling down. At the first heart
rehabilitation meeting, an evaluation was
conducted with 6MWT (six minutes
walking test) where functional capacity was
assessed in METs using formulas from
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ACSM guidelines. The intensity and
duration of the exercise program are
gradually increased every week according to
the patient's ability and tolerance. At the end
of phase Il cardiac rehabilitation, an
evaluation of functional capacity with
6MWT after the program was performed,
then a recording of changes or differences in
functional capacity was made on the study
subject. Data on patients undergoing cardiac
rehabilitation are further verified by the
Cardiologist, especially a Consultant of
Cardiac Prevention and Rehabilitation of the
University of North Sumatera / Adam Malik
General Hospital.

The mortality and rehospitalization
due to cardiovascular events in patients
consist of worsening heart failure,
cardiogenic shock, arrhythmias, strokes,
myocardial infarction, and revascularization

were recorded in 3 months period.
Evaluations and research results were
obtained through telephone interviews,

interviews when patients were treated in the
outpatient center, and from the medical
record of the patients. After all, data has
been collected, data processing and data
analysis were carried out to test the
hypotheses that have been established.

Statistical analysis was conducted
using SPSS software. Bivariate analysis was
analyzed using the Chi-Square test or Fisher
test for categorical variables. As for numeric
variables, the T-independent or Mann-
Whitney test is used. Bivariate analysis with
Cox Regression analysis was used to define
the causal association of variables with
mortality and rehospitalization. All numeric
data was converted into categorical data
based on the cut-off value data obtained
from the Receiver Operating Characteristic
(ROC) curve. The odds ratio (OR) and 95%
confidence intervals (ClI) for each risk factor
were obtained. Variables that have a p-value
<0.05 will be included in the multivariate
analysis.

A multivariate analysis was then
carried out to find out what factors are
related to bound variables and control
confounding variables so that a pure
relationship is obtained between one free
variable and the bound variable. The
Logistic Regression test was also used
between categorical variables. A survival
test was also carried out using the Kaplan
Meier curve to see the patient's prognosis
for 3 months of monitoring.

RESULTS

There was a total of 91 samples in
this study which are described in Table 1.
The average age of the study population was
57.45 + 5.26 years, with the majority sex
was male (84.6%). From history taking, it
was known that the most common risk
factor for CAD was smoking (79.6%)
followed by dyslipidemia  (60.4%),
hypertension (53.8%), and diabetes (42.9%).
From the physical examination, the average
systolic and diastolic blood pressure was
121.07 * 19.30 mmHg and 73.43 + 11.15
mmHg. From laboratory examination, the
middle value from the random blood
glucose level, HDL, and LDL were 115
mg/dL, 38 mg/dL, and 103 mg/dL
respectively. From the echocardiographic
examination, the median value of the left
ventricular ejection fraction was 47%, with
a normal diastolic function assessment of
42.9%, grade 1 diastolic dysfunction 31.9%,
grade 2 diastolic dysfunction 18.7%, and
grade 3 diastolic dysfunction 6.6%. Therapy
given to postoperative patients CABG
consisted of Aspirin (97.8%), Clopidogrel
(27.5%), ACE inhibitors (45.1%), ARB
(47.3%), Beta-blockers (94.5%), Statins
(98.9%), MRA (13.2%). In the 3 months
follow-up period, there were 6.6% mortality
and 17.6% rehospitalization of the total 91
samples.

Table 1. Baseline characteristic in general

Variable Mean® Median® n (%)

Age 57.45 £ 5.26

Sex

Male 77 (84.6)

Female 14 (15.4)
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Table 1 Continued...
IHD Risk Factors
Hypertension 49 (53.8)
Smoking 70 (79.6)
Diabetes 39 (42.9)
Dyslipidaemia 55 (60.4)
Systolic BP 121.07 £19.30
Diastolic BP 73.43+11.15
Random Blood Glucose 115 (60-318)
HDL Level 38 (18-68)
LDL Level 102 (38-188)
LVEF 47 (35-52)
LV Diastolic Function
Normal 39 (42.9)
Diastolic Dysfunction Grade | 29 (31.9)
Diastolic Dysfunction Grade Il 17 (18.7)
Diastolic Dysfunction Grade 111 6 (6.6)
Therapy post CABG
Aspirin 89 (97.8)
Clopidogrel 25 (27.5)
ACE inhibitor 41 (45.1)
ARB 43 (47.3)
Beta-blocker 86 (94.5)
Statin 90 (98.9)
MRA 12 (13.2)
Diuretic 40 (44.0)
Antidiabetic 39 (42.9)
MACE
No MACE 69 (75.8)
Mortality 6 (6.6)
Rehospitalization 16 (17.6)

#: Kolmogorov-Smirnov p normality test >0.05 (normal distribution)
P- Kolmogorov-Smirnov normality test p <0.05 (not normally distributed)

The median value of 6MWT
distance was 260 meters before program and
500 meters after program. Based on the
results of 6MWT, the median value of
functional capacity before the program was
4,71 METs, and the average functional
capacity after the program was 8.66 = 1.89
METs, while changes of functional capacity

before and after the program (AMETs) in
average were 3.82 + 0.91 METs. Maximum
heart rate when a heart training test is
carried out in a phase Il heart rehabilitation
program, with the median value of 121
times/minute. These data are provided in
Table 2.

Table 2. Data characteristics of phase Il cardiac rehabilitation program after CABG surgery

Variable Mean? Median®
6MWT pre-rehabilitation (meter) 260 (100-450)
6MWT post-rehabilitation (meter) 500 (200-700)
Functional capacity pre-rehabilitation program (METS) 4.71(1.73-8.1)
Functional capacity post-rehabilitation program (METS) 8.66 + 1.89

Functional capacity change post-rehabilitation program (AMETs) | 3.82 + 0.91

Maximal heart rate during the stress test (minute) 121 (74-151)

#: Kolmogorov-Smirnov p normality test >0.05 (normal distribution)
P: Kolmogorov-Smirnov normality test p <0.05 (not normally distributed)

Independent T-test means

analysis test showed a significant difference
between changes in functional capacity
between subjects with MACE or without
MACE (Table 3). Subjects with MACE had
smaller functional capacity changes which
is 2.68 METs, compared with subjects
without the incidence of MACE which is
4.19 METs (p <0.001).

Table 3. Functional capacity change correlation with MACE

Mean(Standard p 95% CI
Deviation) value*
MACE 2.68 (0.54) <0.001 | 150 (1.18-
(n=22) 1.81)
No MACE 4.19 (0.68)
(n=69)

*Independent T-test

ROC curve analysis shows an AUC
predictor value of 94.8% with p <0.001 at
the optimal cut-point value (cut off) change
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in  post-program  functional  capacity
(AMETs) to major cardiovascular events
was < 3.25 METs, with 95% sensitivity and
specificity 87%. Data was shown on Figure
1 and Table 4.

ROC Curve

0s8

0.6

Sensitivity

04

0.2

0.0
0o 02 0.4 06 [VR:] 10

1 - Specificity
Figure 1. ROC curve of functional capacity change and MACE

Table 4. Cut off value of functional capacity change as a
predictor of MACE

Cut-off Sensitivity Specificity AUC p-value

AMETs

<3.25 95% 87% 0.948 <0.001
Chi-square bivariate analysis

showed significant differences in major
cardiovascular events between the low
AMETs group and the high AMETs group
with a value of p <0.001 (Table 5). The

prevalence ratio was also acquired with the
value of 3.9, meaning that the risk for major
cardiovascular events in the low AMETs
group is 3.9 times greater than the high
AMETSs group.

Table 5. Bivariate analysis of functional capacity grouping and
MACE

MACE p*
*) )
n % n %
(AMETs) High 15 46.9 17 53.1 0.001
Low 7 11.9 52 88.1
Total 22 24.2 69 75.8

*Chi-Square test

From the results of Kaplan Meier's
curve analysis, it was found that patients
with low AMETs had lower survival rates
than high AMETs from the 6" week to the
12" week in the monitoring period (Figure
2). In addition, the mean survival in the low
AMETs group was the 9" week of
monitoring. During the total 3 months of
monitoring, the incidence of MACE in the
low AMETs group was 46.87%, while in the
high AMETs group was 11.86%. The
likelihood of MACE occurring in the low
AMETS group is 3.9 times higher compared
to the high AMETs group at 3 months post
CABG monitoring (RR 3.9, p <0.001).
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Figure 2. Kaplan Meyer survival curve of functional capacity change grouping

DISCUSSION

In this study, subjects with MACE
had smaller functional capacity changes,
which is 2.68 METs, compared with
subjects without the incidence of MACE
which is 4.19 METs (p <0.001). This is in

line with the review articles study conducted
by Prabhu et al in 2020 that showed an
increase in functional capacity after a heart
rehabilitation program assessed with 6MWT
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conducted by Osailan & Abdelbasset in
2019 also showed an increasing of
functional capacity and hemodynamic
response in post CABG patients underwent
a heart rehabilitation program for 8 weeks
assessed by incremental shuttle walking test
(ISWT). The study also showed that the
increasing in functional capacity after heart
rehabilitation could decrease
rehospitalization events. Community
research by Pack et al in 2013 also
concluded that post-CABG  patients
undergoing rehabilitation programs
experienced a 46% reduction in overall
cardiac death in the 10-year evaluation.?
This study also showed that cut-off
point < 3.25 METs had 95% sensitivity and
specificity 87% with an AUC predictor
value of 94.8% with p <0.001lin predicting
MACE. This study also showed that the
likelihood of MACE occurring in the low
AMETs group was 3.9 times higher
compared to the high AMETs group at 3
months post-BPAK monitoring (RR 3.9, p

<0.001).
Physical and aerobic exercise
programs in cardiac rehabilitation can

increase functional capacity without causing
further complications in IHD patients.
Maximum oxygen consumption (VO2 max)
is the Dbest indicator for assessing
cardiorespiratory fitness levels, where high
VO2 max is related to cardiovascular
function, lungs, and better neurohormonal,
and can reduce mortality. Heart
rehabilitation programs can also increase
functional capacity due to increased cardiac
output and improved post CABG heart
function due to improvement in ventricular
filling and pumping, as well as increasing of
the difference in arteriovenous oxygen
content, which shows the amount of oxygen
taken by the respiratory system and used
optimally by the musculoskeletal system
during exercise.>™® The positive effects of
physical exercise on cardiac rehabilitation
include improving endothelial function and
increasing  nitric  oxide, increasing
myocardial blood flow, lowering blood
pressure, and decreasing the progression of

coronary artery atherosclerosis, where the
overall result will improve the heart's
performance and functional capacity of
patients after CABG surgery.'*

CONCLUSION

Changes in functional capacity
before and after completing phase Il cardiac
rehabilitation program in coronary heart
disease patients underwent coronary artery
bypass surgery related to  major
cardiovascular events, both mortality and
rehospitalization, during the 3 month
postoperative evaluation. The cut off value
of functional capacity change < 3.25 METs
is a predictor of overall major adverse
cardiovascular events in 3 months after
coronary bypass surgery, with a sensitivity
of 95% and a specificity of 87%. Based on
survival analysis, the low functional
capacity change group had a risk of major
cardiovascular events 3.9 times greater than
the high functional capacity change group.
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