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Abstract
Coronary artery disease (CAD) is a major public health problem in India and is one of the leading causes of 
mortality and morbidity. Impairment of heart rate variability (HRV) has been observed in patients with CAD. 
Percutaneous transluminal coronary angioplasty (PTCA) is one of the common modalities of treatment of 
CAD. In this study we have studied the effect of successful elective PTCA on HRV parameters in patients 
with CAD.

Material and Method: HRV parameters in both time and frequency domain were studied in 30 male patients 
before PTCA, one day and three day after PTCA.

Results: - The time and frequency domain parameters between pre PTCA and 1st day post PTCA were 
not found to be statistically significant. Changes in the time domain parameter rMSSD and SDNN was 
statistically significant between pre and 3rd day post PTCA but no significant difference was observed in 
pNN50. A significant decrease in LF n.u and increase in HF n.u was observed between pre and 3rd day post 
PTCA.

Conclusion: Revascularization with PTCA results in improvement of the autonomic tone. Improved 
autonomic modulation is seen as early as 3rd day post PTCA. It indicates that restoring the blood flow 
reverses to some extent the autonomic modulatory effect of coronary artery disease.
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Introduction
Heart rate variability (HRV) is defined as the 

physiological variation in the duration of intervals 
between sinus beats1. The property of automaticity is 
intrinsic to the pacemaker tissue of the heart but the rate 

and rhythm are influenced by the autonomic nervous 
system. HRV reflects the activity of the divisions of the 
autonomic nervous system on the heart rate (HR)2.

HRV is a non invasive, affordable and reproducible 
technique to measure the autonomic function. HRV is 
altered in conditions such as obesity, diabetes mellitus, 
asthma and also coronary artery disease(CAD).

Coronary artery disease is a major public health 
problem in India and is one of the leading causes of 
mortality and morbidity3. Impairment of HRV in CAD 
has been extensively studied and has been attributed to 
arrythmias and risk of sudden cardiac deaths4,5,6. PTCA 
is one of the common modalities of treatment of CAD. 
Successful PTCA results in improved left ventricular 
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(LV) systolic function, reduced anginal symptoms, 
increased exercise capacity and an increase in survival7,8.

However, there is limited information on the effect 
of successful PTCA on the recovery pattern of HRV. 
The importance of studying the recovery pattern of 
HRV following PTCA is to understand the mechanisms 
involved in arrhythmias and reperfusion injuries. 
Variable alterations in HRV have been documented in 
patients after undergoing PTCA. Some studies have 
shown a decrease in the parasympathetic tone associated 
with or without an increase in the sympathetic tone 
following revascularisation9,10.

The reason for these variations may be due to 
incomplete understanding of the manner in which 
obstruction to coronary artery and its reperfusion affects 
HRV.

Thus, in this study, influence of successful elective 
PTCA on the parameters of HRV in patients with 
uncomplicated CAD was evaluated. In addition, the 
alteration in HRV based on the artery involved is also 
studied.

Material and Method
Male patients admitted to the hospital with 

TMT positive for inducible angina and angiography 
with a single vessel block of more than 70% were 
screened. Patients in the age group of 40-65 years and 
satisfying the exclusion criteria were recruited for the 
study. The control group consisted of age, sex and 
anthropometrically matched TMT negative subjects. 
The patients with diseases or on drugsthat altered the 
autonomic functions, athletes and obese individuals 
were excluded from the study.

The sample size of 30 was determined based on the 
projected availability of patients during the period of 
study.

Detailed protocol of the study, extent of their 
involvement, the right to terminate during the study and 
the possible complications was explained in patient’s 
own language. An informed written consent was 
obtained from the participants.

Detailed history was taken followed by clinical 
examination of the subject and the findings were 
confirmed by the attending physician/cardiologist. Their 

height was measured in meters using a stadiometer 
and weight was measured in kilograms using sensitive 
balance. BMI was calculated by using the formula 
weight in Kg/height in meter 2. Waist circumference was 
measured at a level midway between the lowest rib and 
the iliac crest, the hip circumference at the level of the 
great trochanters and Waist hip ratio was calculated.

The HRV recordings were done between 9.00am 
to 12.00 noon of the day in a quiet semi-dark room to 
avoid the bias of changes due to circadian rhythm. HRV 
recordings were done a day before, 24 hours after and on 
the third day after PTCA.

The patient scheduled for HRV recording was 
instructed to abstain from rigorous exercise, consumption 
of alcohol, stimulants beverages like coffee or tea and 
smoking. The patient was rested for period of 15 minutes 
in supine position. 5 min ECG was recorded by placing 
the electrodes in right infraclavicular, left infraclavicular 
and left iliac regions. The ECG was analyzed using RMS 
Vagus HRV software (RMS, India).

The analysis from the HRV software provides 
information about time domain and frequency domain 
parameters.

Statistical Analysis: The data was expressed 
as mean + standard deviation. One way analyses of 
variance (ANOVA) were used to test the difference 
between groups.

Results
The mean age of our study population was 

53.97±6.42yrs. The mean BMI was 25.69±2.57kg/m2 
and 0.88±0.87 was the mean waist hip ratio. The resting 
heart rate was 88.77±4.20 beats/min.

The time and frequency domain parameters between 
before PTCA and 1st day post PTCA were not found to 
be statistically significant.

Time domain parameters rMSSDand SDNN was 
statistically significant between pre and 3rd day post 
PTCA but no significant change was observed in pNN50. 
A significant decrease in LF n.u and increase in HF n.u 
was observed between pre and 3rd day post PTCA.

No statistical significance was found between the 
involved artery and alteration of HRV.
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Table No. 1: Comparison of HRV pre, 1st and 3rd day post PTCA

HRV parameters (n=30) Pre PTCA Post day 1 Post day 3 

HR (beats/min) 88.77±4.20 89.60±2.71 84.73±3.89

SDNN(ms) 20.08±7.43 19.12±9.04 26.30±10.40

rMSSD 12.62±7.77 12.29±7.53 19.69±10.08

pNN50 1.92±4.19 1.78±5.50 2.34±6.17

LF ms2 51.50±44.95 49.50±39.55 42.70±33.93

HF ms2 21.47±19.00 23.00±22.74 36.26±34.95

LF (n.u.) 67.95±14.12 65.67±14.89 55.06±15.60

HF (n.u.) 31.98±14.12 34.28±14.91 44.83±15.77

LF/HF ratio 2.70±1.26 2.38±1.24 1.56±1.16

Table No. 2: Comparison of HRV parameters pre, 1st and 3rd day post PTCA

Dependent Variable Comparison between Mean Difference Std. Error Sig.

SDNN(ms) Pre
Post Day 1 0.959 2.33 1.000

Post Day 3 -6.22 2.33 0.028

rMSSD Pre
Post Day 1 0.33 2.20 1.000

Post Day 3 -7.07 2.20 0.006

pNN50 Pre
Post Day 1 0.14 1.38 1.000

Post Day 3 -0.42 1.38 1.000

LF (n.u.) Pre
Post Day 1 2.27 3.84 1.000

Post Day 3 12.88 3.84 0.004

HF (n.u.) Pre
Post Day 1 -2.30 3.86 1.000

Post Day 3 -12.84 3.86 0.004

LF/HF Ratio Pre
Post Day 1 0.32 0.31 0.925

Post Day 3 1.14 0.31 0.002

Discussion
Alteration of HRV in CAD has been implicated 

in various adverse outcomes like arrhythmias and also 
death. Ischemia and infarction resulting from CAD are 
known to alter the functioning of the autonomic balance 
to the heart. However, little information exists on the 
modulation of autonomic system following PTCA, 
which is a common modality of treatment of CAD.

We have studied the effect of successful PTCA on 
the parameters of heart rate variability a day before, 
one day and three day after the procedure. Both the 
time domain and frequency domain parameters were 
assessed. In the time domain, SDNN, rMSSD, pNN50 
were assessed and in the frequency domain L.F, H.F, 
and LF/HF ratios were analysed.

Time domain parameter SDNN assesses overall 
variation in the heart rate. rMSSD estimates the vagally 
mediated changes reflected in HRV, pNN50 correlated 
with parasympathetic nervous system activity. 
Frequency domain parameter L.F reflects baroreflex 
activity, H.F reflects parasympathetic activity and LF/
HF ratio reflecting the sympathovagal balance11,12.

In our study,there was a significant improvement 
in rMSSD and SDNN accompanied by decrease in LF 
nu and increase in HF nu three day post PTCA. This 
indicatesa decrease in sympathetic tone and a shift in the 
autonomic balance towards parasympathetic system.

In a similar study by Ali Aydinlar et al, found SDNN, 
rMSSD and HF to be increased and LF to be decreased 
immediately after PTCA indicating an increase in 
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parasympathetic tone associated with a decrease in 
sympathetic tone13.

Astudy by Agnieszka Janowska-Kulińskaet al 
analysed the effect of PTCA before and 24 hours the 
procedure found a decrease in HF and increase in LF/
HF ratio indicating an increase in the sympathetic tone 
and decrease in the balance between sympathetic and 
parasympathetic tone. They attributed this to changes 
induced by myocardial reperfusion which produced a 
pressure overload and strain on the myocardial fibers. 
Denervation of the myocardial nerve endings due to 
accumulation of potassium, adenosine, free radical 
and mitochondrial loading with calcium has also been 
hypothesized14.

Similar findings were reported in a study by 
Kanadasi et al. They assessed the HRV parameters 24h, 
10 days and 30 days after PTCA and found a reduction 
in HRV 24 hafter PTCA which was more significant in 
patients with previous Myocardial infarction. Recovery 
was only observed 10th day post PTCA9.

Variable alterations in HRV have been observed 
in the above studies with some showing changes in 
the autonomic regulation as early as 24 h after the 
procedure. Our study has shown an increase in the HF 
nu one day post PTCA. However statistical significance 
has not been achieved. Ethnicity could be implicated for 
the delayed recovery as Indians are more prone to CAD 
and at an earlier age than the western population. Further 
research is needed in this direction.

Studies by Tseng et al, Sedziwy E et al, Wennerblom 
B et al have shown a more gradual recovery of the HRV. 
Tseng et al showed an improvement in the sympathovagal 
balance 1 month post PTCA. Sympathovagal imbalance 
did not correlate with the severity of the CAD score 
in this study15. Sedziwy E et al 16 showed increase in 
parasympathetic control of the heart rate two weeks after 
successful PTCA. Beneficial increase influenced both 
parts of the autonomic nervous system.

Wennerblom B et al10 studied the effect of complete 
revascularisation on the HRV parameters 1 month 
and 6 months after PTCA in patients with no previous 
myocardial infarction. They found partial normalization 
of vagal tone at 6 months post PTCA. Thus, concluding 
that ischemia may not be the only mechanism causing a 
reduction in HRV.

Incomplete restoration of the autonomic balance 

could be due to still unrecognised factors influencing 
HRV other than the blood supply.

Location of the involved artery did not significantly 
alter the HRV parameters in our study. Similar results 
have been reported by Kanadsi et al9. However Agnieszka 
Janowska-Kulińskaet et al have reported statistically 
significant decrease of HF accompanied by an increase 
in LF/HF following angioplasty of the right coronary 
artery(RCA). PTCA of left anterior descending(LAD)
caused no significant changes in the HRV indices and 
in circumflex artery there was significant decrease of 
time domain indices and a marked increase of the LF/
HF ratio13.

Improvement in the autonomic balance in the above 
mentioned studies have occurred over varying time 
periods. Although the exact mechanism underlying these 
is not known, one can hypothesize these to be attributed 
to the differences in the selection of patient groups. Some 
studies included patients with previous MI and patients 
with complicated CAD while these being excluded in 
others. Presence or absence of diabetes mellitus which 
is known to modify autonomic function, could also have 
influenced the results. Presence of collateral circulation 
could be another factor influencing the results, as 
presence of collaterals would not cause a marked change 
in HRV parameters following restoration of blood flow. 
The reasons for these discrepancies could also be due 
to not completely understood underlying mechanism of 
HRV changes associated with myocardial ischemia and 
improved perfusion.

From this study we can conclude that myocardial 
ischemia is not the only mechanism altering the HRV 
since recovery of HRV does not take place immediately 
post PTCA. Delayed and incomplete restoration of HRV 
could explain prolongation in the recovery of the patients 
and susceptibility to arrythmias post PTCA.

Conclusion
Revascularization with PTCA results in improvement 

of the autonomic tone. Improved autonomic modulation 
is seen as early as 3rd day post PTCA. It thus indicates 
that restoring the blood flow reverses to some extent the 
autonomic modulatory effect of coronary artery disease.

Limitations of the study – The present study is of 
a short duration. A longer follow up of the patients is 
required to study the recovery pattern of HRV following 
PTCA.
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