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Introduction
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Coronary artery bypass grafting (CABG) is one of the treatment choices for
revascularization in ischemic heart disease'. Cardiac Rehabilitation (CR) is a
structured program, which includes exercises, lifestyle modifications, psychosocial
support and education compatible with special conditions of each patient. CR is
associated with improved clinical outcomes in a broad spectrum of cardiac disease***.
The beneficial effect of CR has been proven in patients with ischemic heart
diseases™®.

Post-operative atrial fibrillation (AF) and atrial arrhythmias are common
complications following CABG surgery’. Electrocardiography (ECG) is the method
of choice to detect electrical instability of atrial conduction abnormalities. For this
purpose, P wave dispersion (PWD), P wave maximum duration (Pmax) and P wave
minimum duration (Pmin) were calculated in ECG to provide information about
inhomogeneous and discontinuous atrial conduction which in turn closely related to
supraventricular arrhythmias and AF®.

There are studies, in which CR program improves atrial and ventricular
functions in patients with ischemic heart disease”'’. The aim of this study was to
evaluate the effect of CR on atrial conductions in patients who underwent isolated
CABG surgery.

Materials and Methods

The investigation conforms with the principles outlined in the Declaration of
Helsinki. The study was approved by the local ethics committee. All participants gave
written informed consent before inclusion.

Patients were selected among cases that underwent isolated CABG surgery in
a community tertiary hospital between July 2016 and July 2019. Exclusion criterion

were; patients who had AF or atrial flutter in their ECG during pre- or post-operative



follow-up, unsuitable ECG to read, history of pacemaker implantation, post-operative
junctional rhythm, patients under hemodialysis during follow-up, myocardial
infarction during follow-up, and pre-excitation syndromes. After the exclusion
criterion was applied 545 patients were included in the study, retrospectively. The
demographic characteristics, concomitant diseases and cardiovascular risk factors of
the patients were recorded.

Patients were than divided into two groups. One group (Rehab +) included
patients who participated in CR program after isolated CABG surgery. The other
group (Rehab -) included patients who did not want to participate or could not be
participated in CR program after isolated CABG surgery. ECG data of the both
groups before operation and six months after the operation [in the end of CR program
for Rehab (+) and in the routine follow-up for Rehab (-) group]| were evaluated from
the computer system of the hospital.

All the patients are routinely invited to CR program after full recovery of the
surgery (~3 months after surgery) in our hospital. CR program was performed 3 days
per week for 10 weeks in the hospital. Patients who accepted to be enrolled in CR
program first underwent exercise tolerance test in cardiac rehabilitation unit. Exercise
capacities of the patients were assessed with Cycle Ergometer (Ergoline Ergoselect 2
model 600 and Opticare software program). Target heart rate and maximum heart rate
were calculated using Karvoneen formula [(Maximal heart rate - resting heart rate) x
Intensity% + resting heart rate] individually for every patient according to their age
and gender. At the beginning of the test, cycling with 30 watts of pedal load and 15
watts increment was applied every two minutes with constant pedaling speed of 55-65
per minute. The test was stopped if the patients reached to target heart rate or if the

patients wanted to stop due to fatigue. Initially the ratio of maximum load to patient’s



body weight (watt/kg) was calculated. This ratio was used as an indicator of physical
fitness. The values lower than 1.4 watt/kg indicated an untrained person or patients
with moderate to high risk for cardiac complications during physical stress according
to the recommendations of the American Heart Association''. If the ratio was lower
than 1 watt/kg, the patients started the program with low-intensity intermittent
training to provide a better compliance with the program. When the ratio was 1.4 and
over, exercise program was continued with constant heart rate (endurance training)
method. Individual exercise programs were revised by weekly assessments according
to improvements in physical fitness. Each training session included reduced load
warming and cooling periods for five minutes in the beginning and the end of the
training. After cycle ergometer training, each exercise session was finished with
stretching and strengthening exercises. After the program, the patients were
encouraged to perform aerobic exercises by themselves during their daily life.

12- lead Surface ECG (Nihon Kohden Corporation, Cardiofax M Model ECG-
1250, Tokyo, Japan) were performed in the supine position, with a 25 mm/sec paper
speed and a voltage of 10 mm/sec for each patient. All ECGs were taken after the
patient rested in supine position for 15 minutes in a quiet room at ideal room
temperature and were stored in a digital system. Analyses were performed by two
cardiologists who were blinded to the patients’ data via using the software of Adobe
Photoshop (Adobe Systems, Inc., San Jose, California, USA) with *400%
magnification. Heart rate and PR interval was recorded for each patient. For each
lead, P-wave durations and PWD were calculated manually according to previous
studies'?. Pmax and Pmin were detected in any of the measured leads. PWD was
defined as the difference between Pmax and Pmin. The inter-observer and intra-

observer co-effiencients of variation were 2.0% and 2.4%, respectively.



Statistical Analysis

Statistical analyses were performed using the SPSS version 24.0 (SPSS Inc.,
Chicago, Illinois, USA). Whether the variables show normal distribution; visual
(histograms, probability curves) and analytical methods (Kolmogorov-Simirnov and
Shapiro-Wilk) were evaluated. Numerical variables showing normal distribution were
mean =+ standard deviation (SD), numerical variables not showing normal distribution
were expressed as median (interquartile range) and categorical variables as percentage
(%). Chi Square or Fisher exact test were used to compare categorical variables in
between groups. Since the distributions of the differences in the dependent variables
(ECG parameters) were non-normally distributed, the Wilcoxon signed-rank test was
used to assess the changes in ECG parameters. The distribution of differences
between the ECG parameters were assessed using histogram pilots to ensure they
were symmetrical in shape since the Wilcoxon signed-rank test requires dependent
variables with symmetrical distribution. The McMemar’s test was used to compare
the differences in categorical variables. Throughout the present study, a p-value of
<0.05 was considered significant.

Results

Among 545 patients, rehab (-) group included 255 patients and rehab (+)
group included 290 patients. Table 1 showed demographic information of the both
groups. Rehab (+) group had significantly higher rate of patients with peripheral
artery disease (PAD) and hypertension. However, there was no significant difference
between groups in terms of ECG findings before the surgery.

Table 2 showed ECG findings for rehab (+) group. The table included
comparison of ECG findings before operation and after CR program. There was

significant difference in ECG findings of all parameters. Heart rate [Before CR: 78



(71-87) vs. After CR: 71 (65-79); P<0.001], PR interval [Before CR: 148 (132-164)
vs. After CR: 154 (140-170); P<0.001], Pmax duration [Before CR: 94 (88-102) vs.
After CR: 94 (86-100); P=0.033], Pmin duration [Before CR: 71 (65-77) vs. After
CR: 78 (74-86); P<0.001], and PWD [Before CR: 23 (19-27) vs. After CR: 12 (10-
16); P<0.001] were significantly changed after CR program.

ECG findings of rehab (-) group were given in table 3. The table included
comparison of ECG findings of the group before and six months after operation. Heart
rate [Preoperative: 81 (71-89) vs. Postoperative: 72 (65-83); P<0.001], PR interval
[Preoperative: 144 (130-160) vs. Postoperative: 148 (134-167); P<0.001] were
significantly changed after the operation. There was no significant difference in terms
of Pmax duration, Pmin duration, and PWD.

Table 4 included comparison of ECG findings between Rehab (+) and Rehab
(-) group. There was no significant difference in terms of heart rate and PR interval
between groups. However, there was significant difference in terms of Pmax duration
[Rehab (-) group: 96 (90-102) vs. Rehab (+) group: 94 (86-100); P<0.001], Pmin
duration [Rehab (-) group: 72 (66-76) vs. Rehab (+) group: 78 (74-86); P<0.001 ], and
PWD [Rehab (-) group: 24 (20-30) vs. Rehab (+) group: 12 (10-16); P<0.001].

Discussion

In this study, we aimed to evaluate the effect of CR program on atrial
conductions in patients who underwent isolated CABG surgery. Our study
demonstrated that after CR program following CABG surgery, Pmax duration and
Pmin duration significantly changed when compared to control group who did not
underwent CR program following CABG surgery. As a result, PWD, which is one of
the main parameters of an indirect indicator of impairment of atrial conduction, was

decreased significantly.



In literature, close relationship between atrial conduction and PWD was shown
by previous studies. Dilaveris et al. "> compared patients with a history of paroxysmal
AF with healthy controls and found that paroxysmal AF patients had higher PWD
than healthy controls. Based on previous studies, Centurion commented that PWD
was associated with an abnormality in atrial conduction, and increased PWD might
lead to AF shortly*.

There are several reasons related to impairment in atrial conductions. One of
the reasons is ischemia. Dilaveris et al.'” showed that PWD was higher in patients
with stable angina when compared to the patients without stable angina. Additional to
that, Ozmen et al.'® showed that PWD was significantly higher during ischemia
created by occlusion of the vessel with balloon angioplasty compared to baseline
measurements. Other etiologic factor for atrial conduction abnormality is increased
afterload which then leading to diastolic dysfunction. Even without diagnosis of
hypertension, afterload increase might lead to atrial conduction abnormalities'’.
Another factor related to atrial conduction abnormality is the imbalance between
sympathetic and parasympathetic control of the cardiac conduction. May et al.'®
showed that the autonomic dysfunction might lead to atrial conduction abnormalities.
For all these etiologic factors, previous studies showed beneficial effect of CR

program. CR program could increase myocardial perfusion'*

, might decrease arterial
stiffness and aortic afterload”' and might have beneficial effects on autonomic control
of cardiac conduction®. Improvement of atrial conduction and decrease in PWD after
CR program in our study might be explained based on this information.

Another finding of our study was change of heart rate and PR interval in post-

operative follow up. In both groups, post-operative heart rate significantly decreased

and PR interval significantly increased. However, there was no significant difference



between the groups in post-operative ECG findings. These findings suggested that,
heart rate and PR interval might change after isolated CABG surgery and these
changes were independent whether patient participated in CR program or not.
Therefore, it is not possible to comment that CR program might effect the heart rate or
PR interval in post-operative follow up.

In conclusion, patients should be encouraged to participate in CR program
after CABG surgery. Our findings referred that atrial conduction could be improved
by CR program following CABG surgery; thereby improvement in atrial conduction
could reduce atrial arrhythmias.

Study Limitations

There are several limitations in our study. First, because parameters identified
retrospectively, this study included limitations inherent in any retrospective analysis.
Second, we did not follow up the patients in long-term to evaluate long-term
outcomes of ECG findings. Third, we did not have follow up of patients about atrial
arrhythmias that at least 24-hour rhythm monitoring could be applicable to detect
atrial arrhythmias. Therefore we could not evaluate direct association between atrial
arrhythmia with ECG findings.
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Table 1. Pre-operative demographic, clinical, and electrocardiographic findings of both groups before

isolated coronary artery bypass surgery

Patients who did Patients who P value
not undergo underwent
Cardiac Cardiac
Rehabilitation Rehabilitation
(n=255) (n=290)
Age (years) 59.2+9.5 599+84 0.332
Gender (male -%) 196 (76.9) 225 (77.6) 0.841
HFrEF (n-%) 19 (7.5) 16 (5.5) 0.358
PAD (n-%) 14 (5.5) 34 (11.7) 0.010
Smoking (n-%) 93 (36.5) 93 (32.1) 0.280
DM (n-%) 144 (56.5) 163 (56.2) 0.951
Hypertension (n-%) 189 (74.1) 240 (82.8) 0.014
Previous MI (n-%) 33 (12.9) 52 (17.9) 0.109
LVEF (%) 59 (50-60) 60 (50-60) 0.059
Stroke (n-%) 21 (8.2) 17 (5.9) 0.278
Creatinine (mg/dL) 0.87 (0.74-1.04) 0.90 (0.77-1.05) 0.350
Heart Rate (/min) 81 (71-89) 78 (71-87) 0.132
PR interval (ms) 144 (130-160) 148 (132-164) 0.136
P wave max (ms) 96 (90-102) 94 (88-102) 0.104
P wave min (ms) 72 (66-76) 71 (65-77) 0.205
P wave dispersion (ms) 24 (20-28) 23 (19-27) 0.079

HFrEF: heart failure with reduced ejection fraction, PAD: peripheral artery disease, DM: diabetes
mellitus, MI: myocardial infarction, LVEF: left ventricular ejection fraction

Table 2. Electrocardiographic findings of the patients in Rehab (+) group before surgery and after

cardiac rehabilitation following isolated coronary artery bypass surgery.

Rehab (+) group (n=290)

Before CABG surgery

After Cardiac

P value

Rehabilitation




Table 3. Preoperative and postoperative (6 months after surgery) ECG findings of the patients who did

not undergo cardiac rehabilitation after isolated coronary artery bypass surgery (Rehab — group).

Rehab (-) group (n=255) Preoperative Postoperative P value
Heart Rate (/min) 81 (71-89) 72 (65-83) <0.001
PR interval (ms) 144 (130-160) 148 (134-167) <0.001
P max (ms) 96 (90-102) 96 (90-102) 0.214
P min (ms) 72 (66-76) 72 (66-76) 0.970
P wave dispersion (ms) 24 (20-28) 24 (20-30) 0.428

Table 4. Comparison of ECG findings of the patients between rehab (-) and rehab (+) groups six

months after coronary artery bypass surgery.

Rehab (-) group Rehab (+) group P value
Heart Rate (/min) 72 (65-83) 71 (65-79) 0.305
PR interval (ms) 148 (134-167) 154 (140-170) 0.058
P max (ms) 96 (90-102) 94 (86-100) <0.001
P min (ms) 72 (66-76) 78 (74-86) <0.001
P wave dispersion (ms) 24 (20-30) 12 (10-16) <0.001
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