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Background: Control of sympathetic hyperactivity is pivotal for treatment of heart failure (HF)
in patients with coronary artery disease (CAD). Our earlier studies demonstrated that the auricular
pulsed electrical stimulation of the vagus nerve (VNS) beneficially affected condition of CAD patients
with HF. The aim of our study was to evaluate changes in heart rate (HR) and the levels of heat shock
proteins in peripheral blood lymphocytes in patients with CAD in the course of VNS.

Methods: The study comprised 70 individuals aged 50–68 years with chronic coronary
insufficiency, severe left ventricular dysfunction, and NYHA functional class (FC) III–IV HF. Main
group included 63 patients who received VNS course (group 1). Control patients (n = 7) received
sham therapy (group 2).

Results: According to the results of 6-minute walk test and 24-hour ECG monitoring,
administration of VNS improved clinical condition of 58 of 63 patients, decreased HF FC, and
attenuated HR. Clinical condition in sham therapy group did not change. Immunoenzyme method
demonstrated that hsp70 and hsp60 contents in peripheral blood lymphocyte lysate increased by
58% and 48% (P < 0.05), respectively, in patients who initially had HR < 80 bpm. The hsp70 level
significantly increased and hsp60 level remained unchanged in patients with initial HR > 80 bpm.

Conclusions: Correction of autonomous nervous status by VNS attenuated HR and improved
functional state of the heart in CAD patients. Cardiotropic effect of VNS was the most pronounced
in patients with preserved endogenous stress-limiting systems associated with hsp60 and/or hsp70.

autonomous nervous system; coronary artery disease; heart failure; heart rate, heat shock proteins;
vagus nerve stimulation

Hyperactivation of the sympathetic nervous system
(SNS) is an important pathophysiologic factor
determining chronic course of ischemic heart
failure (HF).1,2 Correction of SNS hyperactiv-
ity is an essential component of treatment of
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HF in patients with coronary artery disease
(CAD).2–4 However, pharmacological correction
of the inotropic myocardial response may be
challenging to achieve in patients with severe
HF.5 Pharmacological downregulation of SNS is

ª 2016 Wiley Periodicals, Inc.
DOI: 10.1111/anec.12349

548

Ann Noninvasive Electrocardiol 2016;21(6):548–556



also not always feasible. These considerations
provide rationale for the development of new
nonpharmacological approaches for treatment of
patients with HF.

The function of the autonomic nervous system
can be modulated by nonpharmacological meth-
ods. The autonomic regulation status is usually
estimated based on heart rate (HR), HR variability,
and QT duration. Among these parameters, resting
HR is of high significance.6–13 Resting HR is
inversely related to the lifespan. Increase in
this parameter is associated with greater risk of
death.6–8 HR modulation is both a sign and a result
of change in balance of the autonomic nervous
system.

HR may be controlled via vagus nerve stimula-
tion (VNS). Vagus nerve nuclei can be stimulated
through the sensory nerve endings of the auricular
branch of the vagus nerve (r. auricularis n. vagi)
located beneath the skin of the internal surface
of the auricles14,15 Previously, we demonstrated
that the course of the auricle pulsed electrical
stimulation of the vagus nerve nuclei improves
condition of patients with nonischemic HF.16,17

Improvement of the myocardial function is
accompanied by positive changes in the metabolic
parameters of the myocardium. In particular, evi-
dence suggests that vagus nerve nuclei stimulation
can affect the cellular resistance factors such as
heat shock protein hsp70. In the presence of
pathological process, organism preserves ability to
additionally activate endogenous defense factors
that include heat shock proteins.18 However,
indications and details for the procedure of the
vagus nerve nuclei stimulation in different groups
of patients with HF require further study and
elaboration.

The aim of our study was to evaluate changes
in HR and the levels of heat shock proteins in
peripheral blood lymphocytes in patients with
chronic coronary insufficiency and severe left
ventricular (LV) dysfunction in the course of
nonpharmacological correction of hypersympa-
thicotonia.

METHODS

Study Population

The study comprised a total of 70 individuals
aged 50 to 68 years with chronic coronary in-
sufficiency and severe LV dysfunction. According
to NYHA classification, patients had functional

class III-IV HF. At a time of enrolment into the
study, all patients had stable clinical condition
with unchanged symptoms of chronic heart failure
(CHF) for at least 30 days. Their HR was over
60 beats per minute (bpm) and LV ejection
fraction was less than 40%. Patients were free
of LV dyssynchrony and valvular heart disease.
All patients received optimal therapy for CHF
unchanged for at least 30 days prior to the
study and during the entire follow-up period.
Pharmacological therapy included inhibitors of
angiotensin-converting enzyme, β-adrenoblockers,
diuretics, nitrates, and cardiac glycosides. Patients
were randomized into two groups with comparable
clinical characteristics (Table 1). Main group
(group 1) comprised 63 patients who were adminis-
tered with the course of the pulsed electrical stim-
ulation of r. auricularis n. vagi. Patients of control
group (group 2, n = 7) received sham treatment.
Randomization of patients into groups of different
sizes was based on the following considerations:
(1) primary statistical hypothesis consisted in the
presence of differences between patients’ initial
condition and the condition after the course of
vagus nerve electrical stimulation in group 1; (2)
we did not do intergroup comparisons though we
compared subgroups 1a and 1b formed from group
1; (3) group 2 was assigned to check whether
sham treatment modulated physiological condition
of patients and, therefore, we compared their initial
condition with posttreatment condition which did
not affect statistical power of the conclusions based
on the comparisons of parameters in group 1; (4)
ethical committee recommended us to limit the size
of group 2 to minimize time and efforts for patients
and physicians without affecting statistical power
of comparisons in main group.

All clinical instrumental examinations were
performed at the stage of enrolment of patients into
the study and one day after the completion of the
course of auricle vagal nerve electrical stimulation.

Assessment of HR

HR increase is one of the most apparent signs of
sympathetic hyperactivity.19,20 HR was measured
by 24-hour Holter ECG monitoring (MARS PC,
GE Medical Systems Information Technologies,
Wauwatosa, WI, USA) at a time of enrolment
of patients into the study and one day after the
completion of the course of r. auricularis n. vagi
electrical stimulation.
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Table 1. Clinical Characteristics of Control and Main Group of Patients with Heart Failure

Patient Groups

Indicator Control (n = 7) VNS (n = 63) P

Age (years) 59.571 ± 12.447 55.446 ± 11.971 NS
NYHA FC III HF, n 7 60 NS
NYHA FC IV HF, n 0 3 NS
Duration of heart failure (years) 8.142 ± 1.864 6.539 ± 2.123 NS
HR (bpm) 76.000 ± 9.521 74.968 ± 11.967 NS
Office SBP (mmHg) 120.285 ± 9.013 121.571 ± 14.658 NS
Office DBP (mmHg) 77.285 ± 4.715 77.746 ± 8.978 NS
AMI, n (%) 3 (42.8) 21 (33.3) NS
Dyspnea, n (%) 7 (100) 63 (100) NS
Edema, n (%) 1 (14.2) 19 (30.1) NS
Ascite, n (%) 0 3 (4.7) NS
Hydrothorax, n (%) 1 (14.2) 2 (3.1) NS
Hydropericardium, n (%) 1 (14.2) 1 (1.5) NS
Fatigue, n (%) 7 (100) 63 (100) NS

VNS = electrical stimulation of the auricular branch of the vagus nerve; HR = heart rate; bpm = beats per minute; SBP = systolic
blood pressure; DBP = diastolic blood pressure; FC = functional class; HF = heart failure; AMI = acute myocardial infarction;
NS = statistically nonsignificant differences between groups.

Six-Minute Walk Test

Six-minute walk test (6MWT) enabled reliable
evaluation of physical activity and exercise tol-
erance in patients with CHF before and after
treatment.21 According to instructions, patients
were asked to walk as quickly as they can for
six-minutes along the corridor. Before and after
six minutes of walking, HR and arterial blood
pressure (ABP) were measured. Covered distance
was used to determine the CHF functional class
based on a standard scale (108). Self-measurements
of HR and ABP were taken in a sitting position
in a chair with support to the back and the arms
in a quiet room with automatic tonometer. Two
measurements with two-minute interval between
them were taken both before and after six-minute
walk. Results of every measurement were stored
in the device and controlled by physician. Average
values were used for the analysis.22,23

The Technique of Vagal Nerve Electrical
Stimulation

To correct the status of autonomic nervous
system in patients, we performed indirect electrical
stimulation of the vagus nerve nuclei as described
earlier.16,17,24

Stimulation was delivered by low frequency
bipolar electrical pulses through the leads attached
to internal surfaces of the auricles (Fig. 1) in the

Figure 1. Afferent nerve endings of cranial nerves on a
surface of an auricle, (1) n. facialis; (2) r. auricularis n.
vagi; and (3) parotid salivary gland.

proximity of sensory endings of r. auricularis n.
vagi.14,15

Electrical stimulation of the auricular branch
of the vagus nerve was delivered as a course of
15 procedures with stepwise increases in current
strength from 0.05 mA to 0.15 mA and in duration

550 � A.N.E. � November 2016 � Vol. 21, No. 6 � Afanasiev et al. � Nonpharmacological Correction of Hypersympatheticotonia,



of stimulation from 5 s to 30 min. Amperages
and times were as follows: 0.05 mA for 1 min
(procedure 1), 0.05 mA for 5 min (procedure 2
and 3), 0.08 mA for 10 min (procedures 4 and
5), 0.1 mA for 15 min (procedures 6 and 7),
0.12 mA for 20 min (procedure 8 and 9), and
0.15 mA for 30 min (procedure 10 to 15). Sham-
controlled patients received treatment in the same
environmental conditions and the electrodes were
applied at the same area, but without delivering the
electric pulses.

The Presence of Stress Proteins

The presence of hsp60 and hsp70 proteins was
evaluated by immunoenzymatic method25 with
ELISA Kits (USA) according to manufacturer’s
protocol. Hsp60 and hsp70 contents were tested in
the lysate of lymphocytes isolated from peripheral
blood of patients.26,27 Blood samples were obtained
at the time of enrolment of patients into the study
and one day after the last procedure of VNS.

Statistical Analysis

Checking the hypothesis for Gaussian distribu-
tion of data by Kolmogorov-Smirnov test with
Lilliefors correction and Shapiro-Wilk normality
tests discarded this hypothesis. Therefore, sta-
tistical significance of the results was evaluated
by the Mann-Whitney-Wilcoxon test. Values were
considered statistically significant when P was
<0.05. Results are presented as M ± SD (M
is arithmetic mean; SD is standard deviation),
median, and the lower and the upper quartiles.

The work was carried out according to Declara-
tion of Helsinki developed by the World Medical
Association. Protocol of the study and the text of a
patient’s informed consent were approved by the
local ethics committee of the authors’ institute.

RESULTS

The study did not reveal any changes in clinical
condition of patients from the sham-treated group.
Table 2 demonstrates that the results of 6MWT did
not significantly change after treatment.

On the opposite, in main group, electrical stim-
ulation of the auricular branch of the vagus nerve
resulted in a significant increase in 6MWT distance
(Table 3). The course of electrical stimulation
improved clinical condition in 58 of 63 patients.

Functional class of HF decreased from IV to III in
3 patients, from III to II in 52 patients, and from III
to I in 3 patients. DyspnEA and signs of fatigue
decreased in 45 and 49 patients, respectively.
Alleviation of edema occurred in 13 of 17 patients.
Nobody of patients had ascites, hydrothorax or
hydropericardium.

In main group, 24-hour Holter ECG monitoring
was performed in 44 patients who responded
with improvement of clinical condition after the
course of electrical stimulation. In this cohort,
32 patients initially had HR less than 80 bpm
(subgroup 1a); after the electric stimulation, HR
fall was documented in 26 of them (Fig. 2). HR
was initially over 80 bpm in other 12 patients
(subgroup 1b); HR decreased only in 8 of them after
the course of electrical stimulation. The mean HR
values are presented in Figures 2 and 3. Tables 4
and 5 compare HR variability parameters.

Table 6 shows that control and main groups did
not differ in the initial contents of hsp60 and hsp70
proteins. Contents of hsp60 and hsp70 proteins
did not significantly change after sham treatment.
In main group, vagus nerve electrical stimula-
tion exerted different effect on these proteins.
In subgroup 1a, hsp70 and hsp60 significantly
decreased by 58% and 48%, respectively (P<0.05).
In subgroup 1b, the electrical stimulation induced
significant increase in hsp70 content only (P < 0.05)
though the magnitude of this increase (by 85%)
was significantly higher than in subgroup 1a (P <

0.05). Content of hsp60 protein did not significantly
change after the treatment course in subgroup 1b.
However, it is worthy of note that initial hsp60
content in this group was 1.6 times higher than in
patients of subgroup 1a. In samples obtained from
patients who did not respond with HR decrease to
the VNS, treatment-induced changes in the stress
proteins were statistically insignificant (data not
shown).

DISCUSSION

Treatment of patients with HF may require
suppression of hypersympathicotonia3,19 which
is an important element of pathogenesis of
CHF.1,2 Main sign of hypersympathicotonia is
elevated resting HR. Value of resting HR is of
high significance. Indeed, an increasing body of
evidence suggests that HR is inversely related to
the lifespan. In patients stratified by resting HR,
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Table 2. Results of Six-Minute Walk Test in Control Group before and after Sham Treatment

Parameter M ± SD ME Min-Max LQ-UQ

6MWT before sham treatment (m) 211.4 ± 40.1 200.0 160.0–270.0 175.0–250.0
6MWT after sham treatment (m) 213.6 ± 38.5 205.0 155.0–270.0 190.0–250.0

6MWT = six-minute walk test distance.

Table 3. Results of Six-Minute Walk Test in Main Group before and after the Course of Transcutaneous Electrical
Stimulation of the Auricular Branch of the Vagus Nerve

Parameter M ± SD ME Min-Max LQ-UQ

6MWT before VNS (m) 265.4 ± 38.9 275.0 175.0–300.0 255.0–290.0
6MWT after VNS (m) 376.4 ± 39.4 385.0 290.0–435.0 350.0–395.0

6MWT = six-minute walk test distance; VNS= electrical stimulation of the auricular branch of the vagus nerve.

Figure 2. Mean values of heart rate in patients before and after
the course of vagus nerve stimulation or sham treatment. *P < 0.05
compared with initial pretreatment values. 1: patients received VNS
treatment. 1a: patients from group 1 whose pretreatment heart rate was
�80 bpm. 1a1: patients from subgroup 1a whose heart rate decreased
after VNS course. 1a2: patients from subgroup 1a whose heart rate
did not change after VNS course. 1b: patients from group 1 whose
pretreatment heart rate was >80 bpm. 1b1: patients from subgroup
1a whose heart rate decreased after VNS course. 1b2: patients from
subgroup 1a whose heart rate did not change after VNS course.
2: patients received sham treatment.

HR increase is associated with greater risk of
death. This correlation may be due to high basal
metabolic rate and cardiovascular-related mortality
risk.6–8 Accelerated resting HR represents an inde-
pendent predictor of noncardiovascular mortality

in both genders, and of cardiovascular mortality
in men, independent of age and the presence
of hypertension in a large French population.9,10

Resting HR and blood pressure proportionally raise
the risk for diabetes mellitus in healthy men
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Figure 3. Individual points for mean heart rate before and after VNS.
Group 1: patients received VNS treatment. Subgroup 1a: patients from
group 1 whose pretreatment heart rate was � 80 bpm. 1b: patients
from group 1 whose pretreatment heart rate was >80 bpm. Subgroup
2: patients received sham treatment.

Table 4. Comparison of the Initial Standard
Deviations of all NN Intervals between Subgroups 1a

and 1b (Mann-Whitney U Test)

Subgroups SDNN (ms)

Subgroup 1a (n = 32) 107.500 ± 30.456
Subgroup 1b (n = 12) 81.666 ± 28.262*

SDNN = standard deviation of all NN intervals.
*Statistically significant difference (P < 0.05).

and women.11 In Western societies, sympathetic
overactivity and, correspondingly, high HR is
frequently found in a distinct subgroup of subjects,
who exhibit the characteristic features of the
insulin resistance syndrome.8 Among CAD patients
with hypertension, resting HR predicts adverse
outcomes, and on-treatment resting HR values
are more predictive than baseline values;13 the
adverse effects of fast HR and high BP are
independent of each other.12

Decline in HR is associated with favorable
findings on cardiovascular health and with
observed long term declines in cardiovascular

mortality.28 Slowing HR could potentially decrease
the progression of atherosclerosis by reducing
the local pro-atherosclerotic vascular environment.
This effect may be involved in beneficial effects
of HR lowering agents in prevention of CAD.29

HR is considered a therapeutic target in HF.30

However, according to European Guidelines on
cardiovascular disease prevention.31 “No trial of
heart rate lowering for CVD prevention in a
healthy population has been conducted to date;
therefore, pharmacological lowering of HR in
primary prevention cannot be recommended.”
Moreover, pharmacological correction of elevated
HR in patients with severe HF is sometimes
impossible to achieve.

These considerations provided rationale for
the use of transcutaneous electrical stimulation
of the auricular branch of the vagus nerve in
order to lower HR and alleviate symptoms of
CHF in the presence of standard therapy. The
course of electrical stimulation enabled to decrease
HF functional class by one grade in 58 of 63
patients and to improve 6MWT results. Our results
agree with data of other studies.32–34 Authors of
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Table 5. Comparison of the Standard Deviations of all NN Intervals between Patients from 1a and 1b Subgroups
with and without VNS-Induced Heart Rate Decrease (Mann-Whitney U test)

SDNN (ms)

HR Decreased HR Did not Decrease

Subgroup 1a 101.230 ± 30.284 (n = 26) 134.667 ± 8.687* (n = 6)
Subgroup 1b 63.666 ± 23.534# (n = 8) 104.5 ± 24.826*# (n = 4)

SDNN = standard deviation of all NN intervals; HR = heart rate.
*Statistically significant differences for comparisons between patients whose heart rate decreased and did not decrease within
each subgroup (P < 0.05). #Statistically significant differences for intergroup comparisons (P < 0.05).

Table 6. The Levels of Stress Proteins hsp60 and hsp70 in Peripheral Blood Lymphocytes before and after the
Course of Transcutaneous Electrical Stimulation of the Auricular Branch of the Vagus Nerve

Main Group (Group 1)

Control Group (Group 2), n = 5 Subgroup 1a Subgroup 2

Before Sham After Sham HR <80 bpm, n = 28 HR >80 bpm, n = 8

Parameters Treatment Treatment Before VNS After VNS Before VNS After VNS

Hsp60 131.5 ± 34.3 133.8 ± 34.0 103.9 ± 75.1 154.3 ± 92.6* 166.5 ± 97.2 165.0 ± 168.7
Hsp70 9.4 ± 6.7 14.3 ± 12. 3 12.9 ± 5.8 20.5 ± 9.1* 12.0 ± 6.8 22.4 ± 22.0*

VNS = electrical stimulation of the auricular branch of the vagus nerve; HR = heart rate; bpm = beats per minute; hsp = heat
shock protein.
*Statistically significant differences between heat shock protein levels before and after treatment (P < 0.05).

these works suggest that the VNS can improve the
quality of life and LV function in patients with
CHF and severe systolic LV dysfunction. In these
works, an attenuation of hypersympatheticotonia
was achieved through the feed-back mechanism
of increase in parasympathetic activity. For this
purpose, direct stimulation of the vagus nerve was
achieved through implantation of an electronic
device. In our study, vagus nerve was stimulated
transcutaneously through the sensory endings of
the auricular branch of the vagus nerve (ramus
auricularis nervi vagi).14,15

We believe that significant improvement of
6MWT and decrease in functional class of HF
after the VNS were caused by establishing new
balance between sympathetic and parasympathetic
innervation and lowering HR. A change in HR
is considered the most obvious and clinically
significant indicator and outcome of shift in the
autonomic nervous system balance.20,35

Elevated HR occurs due to an increased sym-
pathetic and decreased parasympathetic tone. This
altered balance of the autonomic nervous system
tone could explain and increase in events with
the increased HR. Blood flow changes, associated
with high HR, contribute to the formation of
the atherosclerotic lesion and the occurrence

of the cardiovascular event.36 Williams with
coworkers proposed hypothesis of lipoprotein-
induced relationships of coronary heart disease
with resting HR.37 HR may be also associated
with status of body hemostasis associated with
particular metabolic conditions expressed in serum
triglycerides levels.38

It is still unclear what upper limit of HR
should be considered normal. In patients with
CAD and left-ventricular systolic dysfunction, HR
of 70 bpm or greater is considered elevated and
identifies those at increased risk of cardiovascular
outcomes.39,40 Other study suggests that the
relative risk for cardiovascular death increases
when HR > 60 bpm. More specifically, the relative
risks for cardiovascular death in groups with HR
60–80, 80–100, and >100 bpm are 1.35 (1.01 to
1.80), 1.44 (1.04 to 2.00), and 2.18 (1.37–3.47),
respectively, when compared with patients with
HR <60 bpm.9 Resting HR of 60–80 bpm is
considered normal.41 Based on this assumption,
we divided our patients into two subgroups: HR
� 80 (subgroup 1a) and >80 bpm (subgroup 1b).
Decrease in HR was documented in majority of
our patients after the course of transcutaneous
electrical stimulation of the auricular branch of
the vagus nerve. It occurred in both subgroup 1a
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and 1b. The fact that patients of subgroup 1a more
often experienced HR decrease after the treatment
can be explained by their better initial balance of
autonomic innervation. After transcutaneous vagus
nerve electrical stimulation, HR decrease was
absent in sham-treated patients, but was present in
main group on unchanged pharmacological therapy
for CHF. In our opinion, this fact suggests that
transcutaneous vagus nerve electrical stimulation
changes autonomic regulation of the heart. These
changes are evidently aimed at maintaining func-
tional self-consistency of the myocardium through
establishing new balance between sympathetic and
parasympathetic innervation.

According to existing concept, in the course
of the correction of autonomic status in patients
with CHF, more favorable functional conditions
for the myocardium are achieved through an
additional activation of the endogenous stress-
limiting systems, in particular, associated with
heat shock proteins.42 In our study, contents of
hsp60 and hsp70 remained unchanged in sham-
treated group. On the contrary, in main group,
we observed the diversification of the effect.
Indeed, subgroup 1a had an increase in hsp60 and
hsp70 contents by 1.5 times and more. Patients
of subgroup 1b had an increase in hsp70 content
only. These results agree with data regarding
nature of heat shock proteins. Proteins of hsp70
family are cytoplasmic proteins whereas hsp60
are localized in mitochondria.43–45 It is possible
that mitochondrial localization of hsp60 underlies
the observed pattern of changes in heat shock
protein contents, in particular, high initial content
of hsp60 in subgroup 1b. Indeed, in case of
severe long-term tachycardia, energy metabolism
of the cells is under stress.46 In the presence
of HF, this is an additional factor negatively
affecting mitochondria as main energy factories
of the cell.47,48 Perhaps, when HR is higher than
80 bpm, endogenous stress-limiting mechanisms,
associated with hsp60, are close to exhaustion.
Such interpretation of the obtained results agrees
well with data of other studies showing decreased
or unchanged levels of heat shock proteins in
peripheral blood lymphocytes in patients with
postinfarction cardiosclerosis. These data suggest
about exhaustion of adaptive capabilities which is
an unfavorable prognostic factor.26,27

Therefore, based on the obtained results, we
conclude that correction of the autonomic nervous
system status through the course of the transcuta-

neous electrical stimulation of the auricular branch
of the vagus nerve efficaciously improves cardiac
function and is associated with reduction in HR
and an increased expression of heat shock proteins
hsp60 and/or hsp70 in patients with HF of high
functional classes. Cardiotropic effect of the course
is more efficacious in patients with the preserved
reserve of the endogenous stress-limiting systems
associated with hsp60 and/or hsp70 proteins.
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