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Abstract
Background:  The aim of our study was to examine the possibility of ventricular extrasystole (VES) management in CAD 

(coronary artery disease) patients by attenuating the sympathetic activity with a course of electrical stimulation of the vagus nerve. 
Methods: A decrease in sympathetic tone was achieved via vagus nerve electrical stimulation (VNES). VNES was performed in 48 
male CAD patients, mean age 53.5±4.1 years. Antiarrhythmic drug therapy was canceled prior to VNES therapy. The effect of VNES 
on heart rate variability (HRV) and VES were carefully studied. All the patients received a 24-hour ECG monitoring.  HRV was 
calculated for high frequency (HF) and low frequency (LF) bands and the LF/HF index was determined. Results: Immediately following 
VNES therapy, 30 patients (group 1) reported alleviation of angina signs and the LF/HF index was significantly decreased (p=0.001). 
Eighteen patients (group 2) showed no change either in health or the LF/HF index. According to ECG and echocardiography, the VES 
number did not significantly change immediately after VNES therapy. One month after the VNES course, group 1 reported further 
improvement in health; the LF/HF index approached normal values. In group 2, the LF/HF significantly decreased (p=0.043). However, 
in the entire study sample, the VES number significantly decreased overall (p=0.025). Conclusion: VNES attenuated the cardiac effects 
of hypersympathicotonia decreased the ischemic impact on the myocardium, alleviated the cardiac angina signs, and beneficially 
influenced the VES number in CAD patients. 
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Abbreviations
EF, ejection fraction; IVS, interventricular septum; LVPW, left ventricle posterior wall; EDV, end diastolic volume; HR, heart rate; 
VES, total ventricular extrasystole number; MI, myocardial infarction; bpm, beats per minute; VNES, vagus nerve electrical stimulation; 
LF/HF, low frequency/high frequency.

CLINICAL RESEARCH

Introduction
Hyperactivation of the sympathetic nervous system 

(SNS) is a significant pathophysiological factor determining the 
chronicity of heart failure of ischemic origin [1-3]. Along with 
straightforward cardiac ischemia, an increase in the SNS activity 
is one of the main predictors of cardiac arrhythmias including 
VES [4-6]. A well-recognized method to detect VES is a 24-hour 
ECG monitoring (24h-ECG) which enables the evaluation of the 
status of the autonomic nervous system as well, in patients [1-7]. 

The evaluation is based on a calculation of the HRV parameters. 
Activities of the parasympathetic and sympathetic components 
of autonomic innervation are differentially associated with the 
high and low frequency HRV components [8-11]. Suppression 
of the SNS hyperactivity is considered an important component 
in the treatment of cardiac failure in CAD patients [2, 8, 9, 12]. 
To achieve this, clinicians use various pharmacological tools 
ranging from ganglionic blockers and β-adrenoblockers to central 
α2-adrenomimetics [13-17]. Simultaneously, attention is paid to 
a possibility of drug-free correction of the autonomic nervous 
system status in patients with heart failure, including those with 
cardiac rhythm abnormalities [18-20]. 

The aim of our study was to examine the possibility of 
ventricular extrasystole (VES) management in CAD  patients by 
attenuating the sympathetic activity with a course of electrical 
stimulation of the vagus nerve (VNES).
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Methods
Study population

The study included 48 male patients mean age 53.5 ± 4.1 
years with CAD associated with angina, functional class II or more. 
All patients showed no indications for surgical CAD treatment 
(direct myocardial revascularization) at the time of examination. 
Fourteen days prior to the examination, antiarrhythmic therapy, 
including β-adrenoblockers, was canceled for all the patients. 
The background antianginal therapy remained unchanged, 
which included the prolonged release of nitrates and calcium 
antagonists such as amlodipine and nifedipine. The 42 (87.5%) 
patients included in the study had acute myocardial infarction. 

Clinical endpoints
All patients underwent general clinical and instrumental 

(ECG, echocardiography) examinations as well as 24h-ECG 
(ECG Holter monitoring) with determination of the following 
parameters: minimum, maximum, and daily average heart 
rate (HR); total VES number (number of single, bigeminal, 
trigeminal, and paired VES). Calculation of the HRV value was 
done in the HF and LF bands. The LF/HF ratio was determined 
as an indicator of the presence or absence of autonomic nervous 
system dysfunction [21, 22]:  LF/HF value above 1.5 suggested 
hyperactivity of the sympathetic component; LF/HF in the range 
of 1.2 to 1.5 suggested a mixed type of the autonomic nervous 
system; LF/HF of 1.0 to 1.1 was considered normal; and LF/
HF less than 1.0 indicated the pronounced vagotonic type of the 
autonomic nervous system. 

Technique of vagus nerve stimulation

To correct the autonomic nervous status in our patients, 
indirect electrical stimulation of the nucleus dorsalis nervi vagi 
in the central nervous system via VNES therapy was performed, 
similar to our prior work [20]. The stimulation was performed 
using bipolar pulses of low frequency electrical current flowing 
through the electrodes located on the internal surfaces of the 
auricles (Figure 1) in the area of the afferent nerve endings of 
the r. auricularis n. vagi [23]. The course of the VNES therapy 
consisted of 10 sessions with a gradual increase in the intensity 
of the electric current (from 0.05 to 0.15 mA) and the duration 
of each session (from 5 to 30 min). The patient’s condition was 

evaluated before and after each session. Follow-up 24h-ECG 
monitoring was performed immediately after the VNES course 
and one month after the treatment. 

Statistical analysis of data was done by using the statistics 
and analytics software package STATISTICA developed 
by StatSoft Inc., USA (1984–95). Data were analyzed with 
nonparametric sign test. Data are presented as mean ± standard 

error of the mean. Differences with p < 0.05 were regarded as 
significant. 

The study complied with Good Clinical Practice 
requirements based on the Declaration of Helsinki (1964) 
amended in 2008. Study protocol and informed consent process 
were approved by the local Ethics Committee.

Results
Data of initial instrumental examination in CAD patients 

Data from the echocardiography and 24h-ECG monitoring 
studies of the patients at the time of their enrolment in the study 
are presented in Table 1. In the study sample, the daily average 
HR varied from 54 to 73 bpm (average 61.71 ± 6.03 bpm). A 
variation of the daily maximum HR ranged from 96 to 164 bpm. 
The minimum night HR ranged to a lesser degree, from 40 to 57 
(average 46.82 ± 4.42 bpm).

The VES number varied from 985 to 18488 (average 
3559.59 ± 2424.33) per day including isolated VES from 55 to 
9782 (average 2202.71 ± 1177.52) per day; paired VES from 3 to 
75 (average 29.71 ± 17.47) as well as episodes of bigeminal and 
trigeminal VES from 26 to 1544 (324.82 ± 361.55). Autonomic 
balance, calculated as LF/HF ratio, was 1.92 ± 0.34 ranging from 
1.5 to 3.2 suggesting pronounced sympathicotonia in all the 
patients of the sample studied. 

Toward the seventh or eighth session, 30 patients (62.5%) 
reported a decrease in the intensity and frequency of the angina 
attacks as well as an improvement in a feeling of general wellbeing, 
decrease in fatigue during physical exercise, and an improvement 
in sleep quality. Six patients (12.5%) reported a decrease only 
in the intensity of the angina attacks; 12 patients (25%) did not 
notice any change at all in their health condition. This differential 
response to the treatment persisted until the completion of the 
VNES course. Based on these results, the patients were assigned 
into two groups: group A included 30 patients (62.5%)  who 
reported beneficial effects of the VNES course; group B included 
18 patients  (37.5%) without positive VNES effects. 

Clinical results immediately after VNES therapy 
Data of the instrumental examinations, performed 

immediately after the VNES course, did not show any statistically 
significant changes for the entire patient sample (Table 2). For 
instance, the average LF/HF index decreased to 1.67 ± 0.42 
(p=0.117), whereas the daily VES number decreased to an 
average of 2439.25 ± 1536.08 (p=0.118) per day. However, an 
analysis of the same parameters within groups A and B showed 
different trends. Originally, group A showed a significantly 

Table 1. 
Clinical characteristic of patient groups

Parameters Patients

Group A Group B Entire patient 
sample

EF, % 50 ± 9.92 60 ± 10.45 53.33 ± 4.44
IVS, mm 11 ± 2.75 10 ± 1.14 10.33 ± 0.44

LVPW, mm 10 ± 1.13 9 ± 0.84 9.33 ± 0.44
EDV, mL  155 ± 46.22 205 ± 9.00 175.33 ± 19.78

Average HR,bpm  59.75 ± 4.25 60.87 ± 6.51 61.71 ± 6.03
Minimum HR,bpm 47.50 ± 2.25 46.70 ± 4.49 46.82 ± 4.42
Maximum HR,bpm 128.75 ± 17.36 120.35 ± 18.15 124.88 ± 16.96

VES 2301.5 ± 1405.3 4001.0 ± 2171.41     3559.6 ± 2424.33
LF/HF 2.43 ± 0.78 1.85 ± 0.20 1.92 ± 0.34

Figure 1. 
Topographic location of the afferent 
nerve endings of cranial nerves on a 
surface of an auricle. 1: n. facialis; 
2: r. auricularis n. vagi; 3: parotid 
salivary gland. 
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more pronounced disturbance of the autonomic nervous system 
according to the LF/HF index compared with group B (2.43 ± 
0.78 versus 1.85 ± 0.20, respectively). Immediately post VNES 
therapy, the LF/HF index in group A was 1.25 ± 0.25, which was 
significantly lower than it was prior to the treatment (p=0.001). 
The autonomic nervous balance in group B did not significantly 
change; the LF/HF index was 1.71 ± 0.21 (p=0.536). At the same 
time, the ECG data and echocardiography in these groups did 
not show any statistically significant changes in the parameters 
characterizing the cardiac function, including the VES number.

Clinical results one month after VNES therapy 

Data of the follow-up examinations performed one month 
after the VNES course showed an improvement in the feeling 
of the wellbeing and health in group A patients; some patients 
in group B also reported positive dynamics. In more detail, data 
from the 24h-ECG monitoring showed that the LF/HF ratio 
approached normal values ranging from 1.0 to 1.1 (average 1.02 
± 0.03). Group B did not show any significant decrease in the 
sympathetic tone; the LF/HF ratio ranged from 1.3 to 1.7 (average 
1.56 ± 0.15; p=0.043).

Evaluation of the VES number showed a decrease in the 
VES frequency in the patients examined (Table 3). The analysis 
of the daily VES frequency within the entire sample group of 
patients revealed a statistically significant decrease in the average 
total VES number to 1233.48 ± 885.23 per day (p=0.025), ranging 
from 785 to 6300. The daily VES number in group A decreased 
by more than 30%. The average VES number of episodes was 
1055.72 ± 703.27 per day. The patients in group B did not 
experience any decrease in the total number of VES.

Discussion 
Our data suggested that CAD was associated with 

a disturbance of the autonomic nervous regulation of the 
heart toward hypersympathicotonia, which could provoke 
electrophysiological remodeling of the cardiac muscle. In 
these circumstances, a course of neuronal stimulation by low 

frequency electrical current pulses enabled the autonomic 
nervous regulation of the heart to normalize in CAD patients. 
The effects of the VNES therapy consisted of an improvement 
in the clinical condition of CAD patients and a decrease in the 
total daily VES number. Efficient neuronal stimulation consisted 
of an application of the electrical pulses to the internal auricular 
surfaces in the region of the afferent vagus nerve endings [23, 24]. 
A similar experimental treatment resulted in an antiarrhythmic 
effect in rats [25]. The mechanistic basis of the VNES treatment 
can be related to the inhibition of stress-induced noradrenaline 
release from the sympathetic nerve endings in the myocardium. 
The high likelihood of this mechanism can be confirmed by 
the fact that the afferent vagal stimulation leads to a reflex 
excitation of the efferent vagal activity and to the inhibition of 
the efferent sympathetic activity [26]. Our data suggested that 
the antiarrhythmic effect observed post VNES treatment might 
involve certain delayed mechanisms, such as an attenuation 
of the ischemia influence on the myocardium. The presence 
of such an effect was confirmed by the fact that those patients 
who benefited from VNES therapy reported about a definite 
decrease in the intensity and frequency of the cardiac angina 
attacks, alleviation of fatigue during physical exercises, and 
improvement of sleep quality and general health. This hypothesis 
was also supported by the fact that the group of patients with 
pronounced hypersympathicotonia developed a statistically 
significant decrease in the LF/HF index after VNES therapy. 
However, we did not observe statistically significant changes 
in the parameters characterizing cardiac function, including the 
daily VES number immediately post VNES therapy. Significant 
changes developed only one month after the completion of the 
VNES therapy and consisted of a decrease in the total daily VES 
number in patients who also reported continued improvement in 
their feelings of wellbeing and general health. Such a delayed 
result could have developed as a consequence of the changes in 
the cardiomyocyte metabolism induced by the normalization of 
the autonomic nervous system regulation and by a decrease in 
the influence of ischemia on the myocardium. This hypothesis 
does not contradict our prior data which revealed changes in the 
myocardium of CAD patients after VNES therapy, including an 
induction of the ATP and HSP-70 protein synthesis [20]. 

One of the known possible mechanisms triggering 
ventricular arrhythmias in chronic CAD patients is a reentry 
caused by the presence of altered electrophysiological 
properties in the myocardium, such as an altered structure of 
the cardiomyocyte plasma membrane and the altered electrical 
stability of the cardiomyocytes due to neurohumoral factors 
[27-29]. Thus, the degree of vasoconstriction corresponds to the 
degree of the increased sympathetic activity. According to the 
experimental data, the electrical stimulation of the vagus nerve 
in such a situation enables the prevention of the development of 
arrhythmia in the ischemic myocardium [31-31]. Some authors 
report that a similar procedure also enhances prevention against 
recurrent angina attacks [32]. 

In conclusion, there is evidence for the pathophysiological 
rationale of drug-free correction of the autonomic nervous 
regulation of the heart in CAD patients aimed, among other 
things, at the prevention of cardiac arrhythmias. The role of the 
metabolic component in the normalization of the functional status 
of the heart after a course of auricular vagus nerve stimulation 
warrants further study. 

Table 2. 
The effect of VNES therapy on LF/HF index in patient groups

Patients Time of examination

Before VNES 
course

Immediately after 
VNES course

One month after 
VNES course

Entire patient 
sample

1.92 ± 0.34 1.67 ± 0.42 1.51 ± 0.14

Group A 2.43 ± 0.78 1.25 ± 0.25  
р = 0.001

1.02 ± 0.03

Group B 1.85 ± 0.20 1.71 ± 0.21 1.56 ± 0.15  
р = 0.043

Table 3. 
The effect of VNES therapy on the total daily number of ventricular 
extrasystoles in patient groups

Patients Time of examination

Before VNES 
treatment

Immediately after 
VNES course

One month after 
VNES course

Entire patient 
sample

3559.6 ± 2424.33 2439.25 ± 1536.08 
(р = 0.118).

1233.48 ± 885.23  
(р = 0.025)

Group A 2301.5 ± 1405.3 1457.3 ± 542.02 1055.72 ± 703.27 
(р = 0.036)

Group B 4001.0 ± 2171.41 3421.17 ± 2676.28 3445.74 ± 2568.36



77                             S. V. Popov et al. / International Journal of BioMedicine 3(2) (2013) 74-77

Acknowledgements
The authors thank Alexander A. Kostrikin, Chief Executive 

Officer at EPTronic LLC, for providing equipment and Igor V. 
Antonchenko, Leading Research Fellow at FSBI “RI Cardiology” SB 
RAMS, for helpful suggestions. 

References
1. Olshansky B, Sabbah HN, Hauptman PJ, Colucci 

WS. Parasympathetic nervous system and heart failure: 
pathophysiology and potential implications for therapy. 
Circulation 2008; 118(8):863-71. 

 2.  Singh RB, Kartik C, Otsuka K, Pella D, Pella J. 
Brain-heart connection and the risk of heart attack. Biomed 
Pharmacother 2002; 6 Suppl 2:257-65. 

 3. Packer M. The neurohormonal hypothesis: a theory to 
explain the mechanism of disease progression in heart failure. J 
Am Coll Cardiol 1992; 20(1):248-54.

4. Akutsu Y, Kaneko K, Kodama Y, Li H-L, Kawamura M, 
Asano T,  et al. The significance of cardiac sympathetic nervous 
system abnormality in the long-term prognosis of patients with 
a history of ventricular tachyarrhythmia. J Nucl Med 2009; 
50(1):61-7.

5. Brunner-La Rocca HP, Esler MD, Jennings GL, Kaye 
DM. Effect of cardiac sympathetic nervous activity on mode of 
death in congestive heart failure. Eur Heart J 2001; 22(13):1136-
43. 

6. Algra A, Tijssen JG, Roelandt J R, Pool J, Lubsen J. 
Heart rate variability from 24-hour electrocardiography and the 
2-year risk of sudden death. Circulation 1993; 88(1):180-5.

7. Seely AJE, Macklem PT. Complex systems and the 
technology of variability analysis. Crit Care 2004; 8(6):R367-84. 

8. Floras JS. Sympathetic nervous system activation in 
human heart failure: clinical implications of an updated model. J 
Am Coll Cardiol 2009; 54(5):375-85. 

9. Watson AMD, Hood SG, Ramchandra R, McAllen RM, 
May CN. Increased cardiac sympathetic nerve activity in heart 
failure is not due to desensitization of the arterial baroreflex. Am 
J Physiol Heart Circ Physiol 2007; 293(1):H798-804. 

10. Notarius CF, Floras JS.  Limitations of the use of 
spectral analysis of heart rate variability for the estimation of 
cardiac sympathetic activity in heart failure. Europace 2001; 
3(1):29-38. 

11. Van de Berne P, Montano N, Pagani M, Oren R, Somers 
VK. Absence of low-frequency variability of sympathetic nerve 
activity in severe heart failure. Circulation 1997; 95(6):1449-54.

12. Dibner-Dunlap ME, Thames MD. Control of 
sympathetic nerve activity by vagal mechanoreflexes is blunted 
in heart failure. Circulation 1992; 86(6):1929-34.

13. Rosen VM, Taylor DC, Parekh H, Pandya A, Thompson 
D, Kuznik A,  et al. Cost effectiveness of intensive lipid-lowering 
treatment for patients with congestive heart failure and coronary 
heart disease in the US. Pharmacoeconomics 2010; 28(1):47-60. 

14. Francis GS, Tang WH. Pathophysiology of congestive 
heart failure. Rev Cardiovasc Med 2003; 4 Suppl 2:S14-20.

15. Girgis I, Chakko SC, de Marchena E, Jara C, Diaz P, 
Castellanos A, et al. Effect of clonidine on heart rate variability in 
congestive heart failure. Am J Cardiol 1998; 82(3):335-7.

16. Lang CC, Rayos GH, Chomsky DB, Wood AJ, Wilson 
JR. Effect of sympathoinhibition on exercise performance in 
patients with heart failure. Circulation 1997; 96(1):238-45.

17. You-hua Z, You-cheng S, Jun Z, Xian-qi Y. Sympathetic 
inhibition with clonidine improves autonomic balance in 
congestive heart failure. Int J Cardiol 1997; 59(2):139-44. 

18. Sabbah HN. Electrical vagus nerve stimulation for the 
treatment of chronic heart failure. Cleve Clin J Med 2011; 78 
Suppl 1:S24-9. 

19. Zhang Y, Popovic ZB, Bibevski S, Fakhry I, Sica DA, 
Van Wagoner DR, et al. Chronic vagus nerve stimulation improves 
autonomic control and attenuates systemic inflammation and 
heart failure progression in a canine high rate pacing model. Circ 
Heart Fail 2009; 2(6):692–9.

20. Zamotrinsky A, Afanasiev S, Karpov RS, Cherniavsky 
A. Effects of electrostimulation of the vagus afferent endings in 
patients with coronary artery disease. Coronary Artery Disease 
1997; 8 variability--what they really mean and what we really 
measure. Am J Cardiol 1993; 72(11):821-2.

22. Bigger JT Jr, Fleiss JL, Steinman RC, Rolnitzky LM, 
Kleiger RE, Rottman JN. Frequency domain measures of heart 
period variability and mortality after myocardial infarction. 
Circulation 1992; 85(1):164-71. 

23. Khlopov NA, Sharafislamov FS, Rubakova LC. 
Topographic-Anatomical Basis of Acupuncture. Moscow: 
Nauka,1988. [ Book in Russian].

24. Zamotrinsky AV, Kondratiev B, de Jong JW. Vagal 
neurostimulation in patients with coronary artery disease. Auton 
Neurosci 2001; 88(1-2):109-16.

25. Belkina LM, Matsievskii DD, Saltykova VA, Radzievskii 
SA, Korchazhkina NB. Electroacupuncture effect on the systemic 
hemodynamics in animals with postinfarct cardiosclerosis. Biull 
Eksp Biol Med 1999; 127(1):29-34. [Article in Russian].

26. Schwartz PJ, Pagani M, Lombardi F, Malliani A, Brown 
AM. A cardiocardiac sympathovagal reflex in the cat. Circ Res 
1973; 32(2):215-20.

27. Сhen SW. A wavelet-based heart rate variability 
analysis for the study of nonsustained ventricular tachycardia. 
IEEE Trans Biomed Eng 2002; 49(7):736-42. 

28. Ciaccio EJ. Localization of the slow conduction zone 
during reentrant ventricular tachycardia. Circulation 2000; 
102(4):464-9.

29. Horvath G, Racker DK, Goldberger JJ, Johnson 
D, Jain S, Kadish AH. Electrophysiological and anatomic 
heterogeneity in evolving canine myocardial infarction. Pacing 
Clin Electrophysiol 2000; 23(7):1068-79.

30. Zhang Y, Yamada H, Bibevski S, Zhuang S, Mowrey 
KA, Wallick DW, et al. Chronic atrioventricular nodal vagal 
stimulation: first evidence for long-term ventricular rate control in 
canine atrial fibrillation model. Circulation 2005; 112(19):2904-
11.

31. Li M, Zheng C, Sato T, Kawada T, Sugimachi M, 
Sunagawa K. Vagal nerve stimulation markedly improves long-
term survival after chronic heart failure in rats. Circulation 2004; 
109(1):120-4.

32. Nakayama Y, Miyano H, Shishido T, Inagaki M, Kawada 
T, Sugimachi M, et al. Heart rate-independent vagal effect on 
end-systolic elastance of the canine left ventricle under various 
levels of sympathetic tone. Circulation 2001; 104(19):2277-9.

 


