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Abstract

The purpose of this study was to evaluate the prognostic value of heart rate variability (HRV) in elderly patients with
multivessel coronary artery disease on the background of invasive and non-invasive treatment.

Methods and Results: This study included 254 patients over age 65 with lesions of the left trunk of the left coronary artery
in combination with lesions of 2 or more coronary arteries. To assess HRYV, all patients underwent 24-hour Holter ECG monitoring
at baseline and one year later. Depending on the treatment strategy, patients were divided into 3 groups. Group 1 consisted of 99
patients who, in addition to the standard treatment, underwent percutaneous coronary intervention (PSI) (from 1 to 4 stents); Group
2 included 86 patients who, in addition to the standard treatment, underwent coronary artery bypass grafting (CABG) (from 2 to
4 shunts); Group 3 included 69 patients who received only optimal drug therapy (ODT). The results have shown that a decrease
in HRV is an independent predictor of complications associated with an increase in coronary insufficiency in CAD patients. Such
indicators of HRV as SDNN, SDNNi, TP, VLF, and LF have a significant positive predictive value in patients undergoing ODF
and/or undergoing PCI. For patients undergoing CABG, at least in the first year after surgery, HRV cannot be considered as an
independent prognostic marker. For elderly patients with multivessel coronary artery disease, 24-hour Holter ECG monitoring

with subsequent analysis of HRV is recommended to assess the recovery process and pharmacotherapy. (International Journal
of Biomedicine. 2021;11(3):260-264.)
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Introduction lesion, that is, they represent a complex and severe category
of patients. Along with the development of the therapeutic

Coronary artery disease (CAD) remains the most direction of treatment, there is a continuous development
common human disease, and the mortality it causes is higher of surgical methods for the treatment of CAD. The modern
than all other causes of death.!) Patients with CAD are a rather direction of surgical interventions involves both minimally

heterogeneous group; more than half of them have a multivessel invasive percutaneous coronary intervention (PCI) and open
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heart surgery (coronary artery bypass grafting [CABG]). In
the light of the constant improvement and development of new
directions in CAD treatment, it is relevant to identify various
prognostic markers that make it possible to assess the course
of the disease, especially since some of the most commonly
used indicators, for example, the ejection fraction, in some
cases may be insufficiently informative and may not correlate
with the severity of the clinical condition, especially with the
progression of coronary atherosclerosis.®

Undoubtedly, dysfunction of the central and autonomic
nervous systems, along with heredity and endocrine-metabolic
imbalance, is a significant factor affecting the development of
CAD. The sympathetic/parasympathetic imbalance leads to
an increase in the inflammatory status in the cardiovascular
system and biotransformation of atherosclerotic plaques with
the development of coronary complications.®

It should be remembered that the parasympathetic
system directly affects the electrophysiological properties of
the myocardium, and can also inhibit adrenergic activity.®
One of the effective and available methods for studying the
state of the autonomic nervous system (ANS) is the analysis
of heart rate variability (HRV). This method allows us to
assess the state of both sympathetic and parasympathetic
divisions of the ANS. At the same time, low HRV correlates
to a greater extent with the risk of sudden death (SD) than
some generally accepted indicators of the clinical severity of
the patient’s condition: LVEF, ventricular arrhythmias, and
degree of exercise tolerance.®® With aging, the autonomic
effect on the cardiovascular system weakens, and the
autonomic regulation of the heart gradually disintegrates.
This fact correlates with the results of experimental studies,
which have shown a weakening of functional connections
between parts of the central nervous system in aged animals.
#7) The data obtained in a number of studies ¥ also indicate
a weakening of the effect of the ANS on the cardiovascular
system with age.®1V

The purpose of this study was to evaluate the prognostic
value of HRV in elderly patients with multivessel coronary
artery disease on the background of invasive and non-invasive
treatment.

Materials and Methods

This study included 254 patients over age 65 with lesions
of the left trunk of the LCA in combination with lesions of 2
or more coronary arteries. All patients received the standard
basic therapy (ODT): antiplatelet therapy (acetylsalicylic acid,
clopidogrel), B-blockers (bisoprolol), ACE inhibitors, statins
(rosuvastatin).

Depending on the treatment strategy, patients were
divided into 3 groups. Group 1 consisted of 99 patients who,
in addition to the standard treatment, underwent PSI (from 1
to 4 stents); Group 2 included 86 patients who, in addition to
the standard treatment, underwent CABG (from 2 to 4 shunts);
Group 3 included 69 patients who received only ODT.

Based on the results of one-year follow-up, each group
was divided into 2 subgroups: (A) those who reached at least
one endpoint and (B) those who did not reach the endpoints.

The following endpoints were studied: lethal outcome,
myocardial infarction (non-fatal), progression of coronary
insufficiency, development and progression of heart failure
(HF), repeated hospitalizations associated with an increase in
coronary insufficiency, the need for surgery.

To assess HRV, all patients underwent 24-hour
Holter ECG monitoring at baseline and one year later. Key
indicators:

mRR (ms), the average duration of all RR intervals

SDNN (ms), the standard deviation of NN intervals

SDNN index (SDNNi) (ms), the mean of the standard
deviations of all the NN intervals for each 5 min segment of a
24h HRV recording

RMSSD (ms), the square root of the mean squared
difference between adjacent R-R intervals

pNNS50, the percentage of successive RR intervals that
differ by more than 50 ms

HF power (ms?), the absolute power of the high-
frequency band (0.15-0.4Hz); LF power (ms?), the absolute
power of the low-frequency band (0.04-0.15Hz)

VLF power (ms?), the absolute power of the very-low-
frequency band (0.0033—-0.04 Hz)

ULF power (ms?), the absolute power of the ultra-low-
frequency band (<0.003 Hz)

TP, total power (ms?)

LF/HF, the ratio of LF-to-HF power

The results were evaluated using the CardioSens+v.3.0
(KhAI Medica, Ukraine).

Statistical analysis was performed using the statistical
software «Statistica». (v6.0, StatSoft, USA). For all types
of analysis, the value of P<0.05 was considered statistically
significant.

Results

In Group 1 (PCI group), there were no differences in
HRYV between subgroups at baseline. At the same time, in both
subgroups, baseline SDNN <50 ms were noted. A number of
studies have shown that a decrease in SDNN less than 50 ms
has a predictive value for detecting ventricular arrhythmias
and SD risk,®'® as well as the LF/HF ratio >1.5, which
indicates a shift in the autonomic balance towards an increase
in sympathetic tone.'

In the dynamics, there were significant differences
in the time-domain HRV indicators between subgroups.
In particular, we found a significant increase in night-time
SDNN in Subgroup B, compared to Subgroup A (68.3+10.8
ms vs. 43.248.8 ms, P=0.000). Frequency-domain HRV
indicators were also significantly better in Subgroup B than in
Subgroup A (LF power: 995+274.5 ms? vs. 359.8+151.4 ms?,
P=0.000), which indicates an increase in the sympathetic tone
of the ANS. In general, in Subgroup A, the HRV indicators
did not change during one year, compared to Subgroup B,
with a positive dynamic of both time-domain and frequency-
domain HRV indicators (Table 1). In Subgroup B, we found a
decrease in the night-time HR from 76.24+6.1 bpm to 60.3+3.6
bpm (P=0.01), an increase in mRR from 765.5£8.5 ms to
1005.5£70 ms (P=0.01).
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Table 1.
HRYV indices in PCI group
Subgroup A Subgroup B P
(n=57) (n=42) B
Indicator
baseline| 2N¢YCA | pIpageline| ONCYCAr | p
follow-up follow-up
mRR, 868 | 916.5 765.5 | 1005.5
ms +146 | 642 |98 185 | 170 |0-01{0.000
SDNN, | 365 | 432 295 | 683
ms f125 | +88 009 135 | Lj0g [0:01/0.000
SDNNi, | 369 | 39.1 292 | 639
ms 1124 | 4115 (08| 133 | 194 [001)0.000
. 114705 | 19007 843 | 39885
TRms® | ege's | 27172 (071 £188 | £1120.8 |0-02(0-000
L, 6175 | 9275 396 | 1280.8
VLE ms* | 35575 | 12823 |94 169 | +364.8 |0-02|0-000
L | 430 | 3598 230 | 995
LEms* | 379 | 1514 |987| Y90 | w2745 |0-02|0.000
, | 210 44 60.5 40
HEms® | 56 | 4156 (053] 4375 | +13.6 [0-22(0-241
22 46 47 1.9
LEHE | 5o | 448 (939 414 | +1.04 [0-25/0.000
P, .- between subgroups one year after PCI
Table 2.
HRYV indicators in the CABG group
Subgroup A Subgroup B P
(n=52) (n=34) s
Indicator
baseline| ORCYCAL | p Ipaseline| OBV | p
follow-up follow-up
mRR, 878.5 | 929.4 979 | 9354
ms +047 | 2013 |078| £121 | +g27 |0-78]0.758
SDNN, | 346 | 443 59.5 43
ms 175 | +100 (059 So45 | 143 [0-62]0.510
SDNNi, | 385 | 442 508 | 446
ms 183 | +109 [082] g4 | is7 [0-65(0.844
o | 1549 | 20176 4075 | 1992.5
TPms® | 703’5 | 1977.8 [0-72] 10833 | 15076 | 0 [0-891
717.4 | 1014.4 1615 | 984.8
VLE ms* | Hheae| 14965 |040] 1040 | +274.9 |0-62(0.752
4263 | 3363 1070.5 | 389.1
LEms® | oge | 11300 |0-82] 18065 | £187.4 |0-59(0-128
.| 1845 | 2727 621 | 1958
HE ms* | oo | Z177 |0-62| 1578 | +132.1 | 0-6 (0033
21 1.9 29 26
LE/HF S | ok lo2o] 551 3P |oss|o.oon

P, . between subgroups one year after CABG

A significant increase in such indicators as SDNN,
including SDNNIi (from 29.2+3.3 ms to 63.9+£9.4 ms, P=0.01),
TP (from 843188 ms? to 3988.5+1129.8 ms?, P=0.02), and
VLF power from 396+69 ms? to 1280.8+364.8 ms?, P=0.02)
indicates a reliable predictive value of the HRV changes
(Table 1).

In Group 2 (CABG group), there were no differences
between subgroups, both at baseline and one year later (Table
2). In generally, the dynamics of HRV indices was not so
pronounced, which, most likely, is associated with surgical
intervention that disturbs the neurohumoral relations and a
relatively short follow-up period. Previously, it was shown
that one year after CABG, HRV parameters remain sharply
reduced, while in patients with CABG performed 3 years
ago, the values of the main HRV parameters are close to
patients with normal HRV parameters, i.e. there is a certain
restoration not only of the coronary circulation but also of the
neurohumoral relations.

In Group 3 (ODT group), there were no baseline
differences in HRV in subgroups. It should be noted, however,
there was a general decrease in HRV. In dynamics, the best HRV
indicators were observed in Subgroup B (Table 3).

Table 3.
HRYV indices in ODT group
Subgroup A Subgroup A P
(n=46) (n=23) AB
Indicator
. one-year . one-year
baseline follow-up P |baseline follow-up P
mRR, 1017 | 909.8 812.4 | 9204
ms +66.1 | +104.9 (003 17233 | L1643 [002|0.746
SDNN, | 49.1 | 381 287 | 546
ms 109 | 91 [059] i49 | igp [0:02/0.000
SDNNi, | 47.1 | 382 7785 | 442
ms 116 | 2904 [004048| 479 [0.02/0.009
| 2101 | 151109 11423 | 2003.4
TPms* | Y155 | 17175 |096| 1218'5 | 17049 |0-02]0.009
111885 | 763.8 5693 | 1118.4
VLE ms* | [g75 | 1368|004 215 | 46082 |0-04]0-004
284 | 245.6 264.1 | 853.8
LEms® | Je5 | £135.5 [074] iggls | 1994 |0-03]0.000
120 | 1205 995.8 | 1227.2
HEms* | 63 | 177 099 L6736 | 6746 |0-24]0-000
28 23 22 2.9
LemE | G815 Joes| A% | 2%, |o46]0.02

P, ,- between subgroups one year after ODT

In particular, a greater increase in SDNN can be noted
in Subgroup B (54.6+8.2 ms) than in Subgroup A (38.1£9.1
ms) (P=0.000). The VLF power was 1118.4+608.2 ms? in
Subgroup B and 763.84368 ms? in Subgroup A (P=0.004).
In Subgroup A, we found no positive dynamics in HRV;



S. Ya Abdullaeva et al. / International Journal of Biomedicine 11(3) (2021) 260-264 263

a decrease in mRR from 1017+66.1 ms to 909.8+104.9 ms
(P=0.03), SDNNi from 47.1£1.6 ms to 38.2+9.04 ms (P=0.04),
as well as VLF power from 1188.5+87.5 ms? to 763.8+368
ms? (P=0.04). On the contrary, in Subgroup B, a significant
positive dynamic of both time-domain and frequency-domain
HRYV indicators was recorded. SDNN and mRR significantly
increased, and not only relative to the initial data, but also
more than 50 ms, which significantly reduces the SD risk.!?
The frequency-domain HRV parameters also improved: TP
from 1142.34218.5 ms? to 2003.4+704.9 ms? (P=0.02), VLF
power from 569.3+221.5 ms? to 1118.4+£608.2 ms? (P=0.04),
LF power from 264.1+£88.5 ms? to 853.8+99.4 ms? (P=0.03)

Discussion

HRV assessment is well known as a method for
predicting unfavorable outcomes in various cardiovascular
diseases. The first major study to demonstrate the predictive
ability of HRV in relation to overall mortality was the study
by Kleiger et al.,® which started in 1987 and overturned the
accepted ideas about the features of the course of the early
period after acute myocardial infarction. In that study, the
Holter tapes of 808 patients who survived acute myocardial
infarction were analyzed. HRV was defined as SDNN in a
24-hour continuous electrocardiogram recording made 11£3
days after acute myocardial infarction. The mean follow-up
time was 31 months. The relative risk of mortality was 5.3
times higher in the group with SDNN less than 50 ms than
in the group with SDNN of more than 100 ms. A hypothesis
to explain this finding is that decreased HRV correlates with
increased sympathetic or decreased vagal tone, which may
predispose one to ventricular fibrillation.

According to our study, the dynamics of HRV indices
has a significant prognostic value in elderly patients with
multivessel coronary artery disease, especially in patients who
underwent PCI with stenting of one or more arteries on the
background of ODT, and in patients receiving only ODT. In
patients who had CABG, the dynamics of HRV indices was
not so pronounced, which, most likely, is associated with
surgical intervention that disturbs the neurohumoral relations
and a relatively short follow-up period.( Initially, there were
no differences in subgroups, while it should be noted that
SDNN values <50 ms were recorded in all 3 groups, which
is a marker of a poor prognosis (in particular, ventricular
arrhythmias and the SD risk).(6!®

According to the results of the annual observation,
significant differences in the time-domain indicators of HRV
between subgroups are recorded. In particular, a significant
increase in SDNN can be noted in Subgroup B of patients
who underwent PCI. Frequency-domain HRV indices were
also significantly better in the subgroup of patients who did
not reach any endpoint than in the subgroup of patients who
reached at least one endpoint, which indicates an increase in
the sympathetic tone of the ANS.

In the ODT group, a similar dynamic was observed: a
greater increase in SDNN in Subgroup B than in Subgroup A.
Among the frequency-domain HRV indicators, the VLF was a
noteworthy index.

Thus, the study of time-domain and frequency-domain
HRYV indicators is a very promising tool in the study of the
ANS in elderly patients with multivessel coronary artery
disease. It should be noted that the method has advantages,
such as non-invasiveness, safety, and the possibility of
long-term observation. The relationship between HRV and
the structural and functional state of the heart in CAD, in
particular, after CABG, has not been sufficiently studied.
In this regard, further research is needed to study HRV in
elderly patients.

Conclusions

1. A decrease in HRV is an independent predictor
of complications associated with an increase in coronary
insufficiency in CAD patients.

2. Such indicators of HRV as SDNN, SDNNi, TP, VLF,
and LF have a significant positive predictive value in patients
undergoing ODT and/or undergoing PCI.

3. For patients undergoing CABG, at least in the first year
after surgery, HRV cannot be considered as an independent
prognostic marker.

4. For elderly patients with multivessel coronary artery
disease, 24-hour Holter ECG monitoring with subsequent
analysis of HRV is recommended to assess the recovery
process and pharmacotherapy.
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