Series «Mediciney. Issue 32

UDC 612.172.2:615.22:616.12

THE EFFECTIVENESS OF BIOFEEDBACK IN THE TREATMENT
OF DIFFICULT-TO-CONTROL ARTERIAL HYPERTENSION
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Review is devoted to difficult-to-control arterial hypertension and possibilities of biofeedback as
additional method to standard antihypertensive therapy. Reasons and current approaches to therapy of
difficult-to-control arterial hypertension are discussed. Particularities of biofeedback therapy and variants of
the technical implementation of the different loops are described. Recent publications that contain data of the
effectiveness of biofeedback among hypertensive patients are given. Relevance of this problem among
patients with difficult-to-control arterial hypertension is proved.
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Ornsy mpucBSYEHHH NpoOJIeMi BaXKOKOHTPOJLOBAHOI apTepiajbHOi TinepTeHsii Ta MOXKINBOCTI
3aCTOCYBaHHs 0i0JIOTIYHOTO 3BOPOTHOTO 3B'A3KY B SKOCTI JOIMOBHEHHS J0 CTaHIAAPTHOI aHTUTiNEPTEH3UBHOT
Tepamii. Po3risiHyTO NpUYMHM BUHUMKHEHHS Ba)XKKOKOHTPOJILOBAHOI apTepiayibHOI rinepreHsii, cydacti
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O030p mocBsimieH mNpoOiieMe TPYIHOKOHTPOJIMPYEMOI apTepualbHOM TI'MIICPTEH3MHM M BO3MOXKHOCTH
NPUMEHEHHUs! OMOJIOrnYecKod 00paTHOM CBSA3M B Ka4eCTBE JONOJIHEHHS K CTAHJAPTHOW aHTUTUIEPTEH3UBHOM
Tepanuu. PaccMOTpeHbl NpUYMHBI BO3HUKHOBEHUS TPYIHOKOHTPOJIHPYEMOH apTepuanbHON TUIEpPTEH3UH,
COBPEMEHHBIE MOJIXO0/bI K Tepanuu. V310xeHbl 0cOOEHHOCTH OMOIOrHUecKOi 0OpaTHOM CBSA3M M BapHaHTHI
peanuzanyu KOHTYpoB. IIpuBeneHbI MyOJIMKaUMU TOCIEIHUX JIET, MOCBSILIEHHBIE OLEHKE 3((PEKTHBHOCTH
Ononorndyeckoil 0OpaTHO CBSI3M y NMALMEHTOB C apTepHaIbHON runepreHsueil. JlokaspiBaeTcs akTyalbHOCTb
M3y4aeMoH MpoOIeMbl B OTHOLLICHUH TPYIHOKOHTPOJIUPYEMOI THIIEPTEH3NH.

K/IFIOYEBBIE C/IOBA: TpynHOKOHTpOJIMpYEMas apTepualibHasi THIIEPTeH3Us], Onoornueckast ooparHas
CBsI3b, BAPHAOEIBHOCTD CEPICYHOTO pUTMA

the population over 25 years old is about 40 %.

This prevalence of HT is irregular among the
Arterial hypertension (HT) is one of the  different ethnic groups and gender [1-2].

most common  cardiovascular  diseases. Due to the extensive development of the

According to the World Health Organization, pharmaceutical industry, antihypertensive drugs

the prevalence of high blood pressure (BP) in  may be selected for patients considering their
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individual characteristics, stage and severity of
the disease, and also the presence of
comorbidities. However, some individuals have
difficulties in achieving the target values of BP
even if they use combined drug treatment [3].
Clinical researches show that approximately
20% of patients needs three or more
antihypertensive drugs for successful correction
of BP [4].

There are circa 30,4-31,8 % of patients with
an inadequate response to therapy [5], among
them 10 % of cases is resistant HT [6]. This
indicates that, despite the obvious success of
drug therapy, the problem of difficult-to-control
HT has not lost its value.

DIFFICULT-TO-CONTROL AND
REFRACTORY HT - DEFINITION AND
ETIOLOGY

The target level of BP during therapy should
be less than 140/90 mm Hg. Inability to achieve
this level by a combination of antihypertensive
drugs indicates the presence of difficult-to-
control or refractory HT. An additional criterion
of difficult-to-control HT is the lack of
reduction of BP at night, i.e. «<non-dipper» type
[7]. The terms «difficult-to-control» and
«refractory (resistant)» HT should not be
considered as fully equivalent.

The clear term of difficult-to-control HT is
not provided in the scientific literature. For
practical aim it has been proposed to use in
clinical cases in which control of BP cannot be
achieved by using two antihypertensive drugs
in adequate fixed dose. That is, the term
«difficult-to-control HT» means a broader
concept, which includes of true refractory and
pseudo-resistant HT [5].

The frequency of difficult-to-control HT
correlates with age. This pathology occurs more
frequently among the elderly patients. The high
prevalence of the disease among black
individuals is also noted [8]. According to data
of population studies 12 % of patients receiving
antihypertensive drugs have resistance to
treatment [9].

Difficult-to-control HT is diffuse due to the
presence of undiagnosed secondary HT,
isolated systolic HT, severe course of essential
or secondary HT (renovascular, endocrine)
[10]. The prevalence of secondary HT among
patients with difficult-to-control type is 20 %.
Among the total population of people with HT
the secondary forms occupy about 5-6 % [11].
The most common reasons of all types of
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secondary HT are renovascular and renal
parenchymal diseases (20 % of all cases of
difficult-to-control HT), rarely HT occurs as a
consequence of pheochromocytoma (0,1-0,6 %
in the general population of individuals with
HT, but there are no data about individuals with
difficult-to-control HT), hyperaldosteronism
(20 % among patients with the resistant HT),
Cushing's disease or syndrome, thyroid disease
[10].

Difficult-to-control HT is  frequently
observed among patients with diabetes type 2
and metabolic syndrome. This is due to the fact
that in diabetes as a result of direct effects on
vascular endothelial cells is broken processes of
endothelium-dependent vasodilation [12]. As a
consequence, it was shown increasing of BP.

It is known that difficult-to-control HT is
associated with obstructive sleep apnea. [3] It is
believed that the periodic hypoxemia observed
during sleep apnea leads to a permanent
increase in the activity of sympathetic system.
The elements of the pathogenesis not only
predispose to persistent increase of BP, but also
help stimulate the production of mediators of
vasoconstriction, which reduces the
effectiveness of drug therapy [13].

There is evidence of genetic predisposition
of difficult-to-control HT [14]. The prevalence
of mutations in the beta and gamma subunits of
the sodium channel glomerular renal epithelium
was higher for patients with difficult-to-control
HT than in those with normal BP. Patients with
genotype 3 786SSNOS have a higher risk of
developing difficult-to-control HT. This is due
to the fact that this genotype is associated with
reduced nitric oxide synthase activity [15].

Specific antibodies play important role in
pathogenesis of difficult-to-control HT. In 44 %
of patients with severe HT have been
discovered agonist antibodies to alpha 1-adre-
noceptors [16]. The role of antibodies to
angiotensin II receptor first type (AT1) is also
known in the development of HT [17].

Overweight is one of the reasons for the
difficulties in controlling the blood pressure.
The prevalence of obesity in the population
leads to an increasing the cases of difficult-to-
control HT [6]. Every 10 % of excess weight
accompanied by increasing in systolic BP by
6,5 mm Hg. However, in people with a body
mass index over 30 kg/mz, which corresponds
to the first degree of obesity, the likelihood of
developing difficult-to-control HT is higher
than in those with the normal body weight [18].



The term «resistant HT» was firstly
proposed in 1988 for describing cases in which
the wuse of antihypertensive drugs in
combination with lifestyle modification
(restriction of salt intake, exercise stress) does
not lead to the normalization of BP levels [19].

Currently resistant HT involves cases when
it is impossible to achieve target level of BP by
using three or more antihypertensive drugs
including diuretics [20]. The American Heart
Association suggests using the term resistant
HT even in cases when treatment with 3 drugs
in combination with a diuretic helps achieve
target BP. In this case, the patient should take a
triple therapy for more than one month.
Daugherty study showed that more than half of
patients with suspected difficult-to-control HT,
had controlled BP after prescribing of such
therapy during a year [21].

Low loyalty of patients to treatment leads to
the development pseudo refractory HT. Only
50 % of people with HT continue to regularly
take antihypertensive drugs during for 12
months after their prescription [22]. Therefore,
the exact prevalence of true refractory HT is not
known. This data varies from 5 % to 50 % in
the different populations [23].

There are many reasons for the development
of difficult-to-control HT. However, it is
believed that most of the presented pseudo-
resistant HT cases [24]. The reasons of pseudo-
resistant form may include the following
factors: errors in the measurement of BP
(including «white coat» HT and a violation of
the measurement technique); poor patient
loyalty to drug therapy; failure to comply by
patient recommendations for lifestyle changes;
irrational mode of appointment of prescription
of antihypertensive drugs (including an
inadequate combination of drugs, insufficient
dosage and the multiplicity of taking drugs).

According to the European Association of
Cardiology, to pseudo resistant HT should also
include the volume overload and taking
medications that increase BP (non-steroidal and
steroidal anti-inflammatory drugs, ampheta-
mine, nicotine, caffeine, sympathomimetic, oral
contraceptives, tricyclic antidepressants,
monoamine oxidase inhibitors) [25].

DIFFICULT-TO-CONTROL HT AND THE
RISK OF COMPLICATIONS

Lowering BP during antihypertensive
therapy is accompanied by a reduction in
cardiovascular mortality and disability [26].
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Inability to achieve BP control on the
recommended target level, i.e. the presence of
difficult-to-control HT leads to a significant
increase in the risk of complications from
cardiovascular system [27]. Hypertrophy of the
left ventricle develops faster among patients
with difficult-to-control HT. Increase in
myocardial mass leads to increased risk of
ischemia, heart failure, sudden cardiac death.
ALLHAT study confirms the rapid progression
of organ damage in difficult-to-control HT [28].

Patients with uncontrolled BP have a higher
risk of developing cognitive impairment than
those with controlled HT [29].

The average 10-year risk of developing
coronary heart disease and stroke, according to
Framingham scale was higher among people
with difficult-to-control HT. The risk of renal
failure is also increase [30].

Monitoring more than 50,000 patients with
HT showed that the risk of cardiovascular
events increases more significantly in the
population of patients with difficult-to-control
HT [31].

There is a significant positive correlation
between the level of BP and total mortality. The
increase in BP leads to an increase in risk [32].
Given that difficult-to-control HT is often
accompanied by the presence of diabetes,
obesity and other metabolic disorders, there is
an increase of cardio-vascular risk in 2—6 times
[33].

CURRENT APPROACHES TO THE
TREATMENT OF DIFFICULT-TO-
CONTROL HT

Lifestyle plays an important role in the
development of HT [34]. Therefore, treatment
of HT, including difficult-to-control, should
start with lifestyle modifications activities [1].

Patients with overweight should be
recommended to decrease body weight. Weight
loss in individuals with obese helps reduce BP
levels. Target body mass index must be from 18
to 25kg/m2, the recommended waist
circumference should be less than 102 cm for
men and less than 88 c¢cm in women [3]. The
loss of one kilogram can reduce the level of
systolic BP by 0,13 mmHg and diastolic by
0,07 mm Hg [35].

An important element of lifestyle
modification is to reduce salt intake. Excessive
salt intake is considered one of the factors in the
pathogenesis of HT resistant to medical therapy
[36]. The current recommendations to reduce
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salt intake look this way — daily consumption of
salt should not exceed 5—6 g. As a result it can
reduce SBP by 5,39 mm Hg and diastolic BP by
2,82 mm Hg. For difficult-to-control form of
HT the reduction of salt intake less than
3 grams per day has a more pronounced effect
[37]. Restriction of salt intake, combined with
the DASH-diet causes a decrease in systolic BP
by 11,5 mm Hg [38].

There is a linear relationship with the use of
alcohol. Increased consumption of alcohol
causes increase in BP and moderate drinking
may not have such an effect. Daily use of
ethanol for men should not exceed 35 ml and
for women no more than 17 ml [39].

Smoking has a negative effect on the
cardiovascular system. Tobacco addiction leads
to the development of endothelial dysfunction
as a result, production of vasodilators decreases,
vascular stiffness increases [40].

Within 15 minutes after smoking one
cigarette SBP may raise in 10-30 mmHg and
DBP in 5-10 mm Hg. This is due to the
activation of the sympathetic system [41].
Smoking cessation may decrease BP to
4,6 mm Hg [42].

Regular physical activity should be one of
the obligatory components of therapy of
difficult-to-control HT [4]. Sedentary lifestyle,
especially when it combined with an
unbalanced diet, contributes to the development
of metabolic syndrome, which is often
accompanied by difficult-to-control HT [43].

There is decrease in systolic BP by 6,9
mmHg and diastolic pressure by 4,9 mm Hg
during regular exercise. 30 minutes of aerobic
exercise per day help keep target BP even after
reduction of dose of one of the drugs [44].

Difficult-to-control HT requires efforts to
identify the causes and elimination of reasons
of pseudo resistance. It is necessary to exclude
or confirm the etiology of the secondary HT
[45]. If it is possible to identify the cause, the
treatment of the main disease should be
prescribed [1].

It is important to review the previously
received therapy before the start of drug
treatment of HT. Some drugs can raise BP [20].
Non-steroidal anti-inflammatory drugs
(NSAIDs) and corticosteroids (SCS) may
reduce the effectiveness of antihypertensive
therapy and contribute to development of
difficult-to-control HT [46]. The wuse of
NSAIDs among patients with HT is
characterized by 1,32-times increased risk of
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CKD, as a result it contributes to the
deterioration of the control of BP [47].

Antihypertensive drugs are an integral part
of the treatment of HT. Usually it is impossible
to reach the target level of BP without a drug
therapies. This is especially true for patients
with difficult-to-control HT [48].

Currently there is little evidence from
clinical studies about the treatment of difficult-
to-control HT. Thus, there are no
recommendations about the best combinations
of drugs, or the benefits of any strategy in this
variant of HT [20].

The effectiveness of the antihypertensive
therapy combinations was evaluated only in a
few large clinical trials. There are FEVER,
ADVANCE and ACCOMPLISH. In all these
studies, there was no group of patients with
difficult-to-control HT. Therefore the results
can only be extrapolated as recommendations
for the prevention of mortality and
cardiovascular events in this group of patients.

Due to the absence of randomized clinical
trials, the selection of therapy for people with
difficult-to-control HT occurs empirically,
given the national guidelines for the treatment
of essential HT [1]. The best treatment strategy
in this case is to select a combination of
antihypertensive drugs, which will affect the
various links in the pathogenesis and
development of physiological mechanisms of
HT, as well as to take into account the
individual patient comorbidities. The most
popular combinations of antihypertensive drugs
used for the treatment of difficult-to-control HT
are: ACE inhibitor/RAAS blocker + CCB +
thiazide/thiazide-like diuretics; ACE
inhibitor/RAAS blocker + CCB + loop diuretic;
ACE inhibitor/RAAS blocker + CCB + diuretic
+  mineralocorticoid  antagonist;  ACE
inhibitor/RAAS blocker + CCB + diuretic +
beta-blocker; ACE inhibitor/RAAS blocker +
CCB + diuretic + alpha-blocker; ACE
inhibitor/RAAS blocker + CCB + diuretic +

vasodilator.

1. The combination of an ACE
inhibitor/RAAS blocker + CCB +
thiazide/thiazide-like diuretic

The most appropriate combination of

antihypertensive drugs in the treatment of
difficult-to-control HT includes angiotensin-
converting enzyme (ACE) inhibitor or blocker
of the renin-angiotensin-aldosterone system
(RAAS), dihydropyridine calcium channel
blockers (CCB) and a thiazide/thiazide-like



diuretic [49]. Before prescribing the treatment,
individual characteristics of the patient and his
comorbidities should be considered. For
example, if there are signs of congestive heart
failure calcium antagonists should be avoided.
It is necessary to avoid an ACE inhibitor in the
presence of bilateral renal artery stenosis [20].

This combination is considered as the most
effective treatment of difficult-to-control HT.
This drug affects various mechanisms of the
pathogenesis of HT. It helps achieve the best
results of treatment [50].

Triple antihypertensive therapy in the case
of difficult-to-control form of HT reduces risk
of cardiovascular complications [51]. The risk
of cardiovascular events among patients
receiving the combination of an ACE inhibitor,
a diuretic and a CCB, was reduced by 12 %
[52].

The optimal dose of an ACE inhibitor for
the treatment of difficult-to-control HT should
be at least 50% from the maximum
recommended. It is 5 mg for ramipril and 4 mg
for perindopril. Required dosage for RAAS
blockers is 50 mg for losartan and 80 mg for
valsartan [53].

Among CCBs is recommended using
amlodipine, nifedipin with long term action
[54]. BP control was achieved in 62,5 % of
patients with difficult-to-control HT during
using of amlodipine (10 mg) and olmesartan
(40 mg). In the placebo group, BP control was
only in 184 % of individuals [55]. The
usefulness of the BPC as a component of
antihypertensive therapy was shown in the
study FEVER, which studied the effect of
felodipine in addition to diuretics on the
prognosis of patients with HT and a high risk of
cardiovascular events. Patients treated with a
combination of felodipine had greater BP
reduction compared to the placebo group (mean
BP was 137,3/82 mm Hg versus
142,5/85 mm Hg). And the risk of stroke
decreased by 28 % [56].

Study ACCOMPLISH shows the necessity
of adding an ACE inhibitor to CCB. It has been
demonstrated that the combination of CCB
(amlodipine) with ACE inhibitor (benazepril) is
preferable than the combination of ACE
inhibitor and diuretic (hydrochlorothiazide) in
terms of prediction of cardiovascular events.
The combination of an ACE inhibitor + CCB
reduces the risk of cardiovascular death by
22 %. However, significant differences in the
reduction of BP weren't observed. 75,4 % of
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patients achieved BP control with the
combination of ACE inhibitor + CCB, and
72.4 % of patients who used ACE inhibitor +
diuretic [57].

Patients with difficult-to-control HT often
have the presence of hidden fluid retention.
Therefore, diuretics are an important part of an
effective antihypertensive therapy in this group
of individuals [58].

A meta-analysis of studies has demonstrated
that diuretics lead to a significant decrease in
SBP. This is especially important in the
treatment of patients with difficult-to-control
HT [59]. Diuretics can potentiate the effect of
other antihypertensive drugs [60].

For most patients with difficult-to-control
HT are recommended to prescribe hydrochlo-
rothiazide or chlorthalidone. [3] Daily use of
these drugs improves BP control among
patients with difficult-to-control form of HT.

Clinical studies have demonstrated greater
efficacy of chlorthalidone as a component of
antihypertensive therapy among patients with
difficult-to-control HT [61]. It is recommended
starting treatment with a dose of 12,5 mg of
chlorthalidone per day, then, if it is necessary, it
can be increased to 25 mg.

Chlorthalidone has a longer duration of
action than hydrochlorothiazide. Some authors
recommend replace hydrochlorothiazide to
chlorthalidone in the treatment of patients with
resistant and refractory HT because of more
pronounced antihypertensive effect [20].
Clinical data suggest that chlorthalidone leads
to more reduction in cardiovascular morbidity
and risk of complications than
hydrochlorothiazide [62]. However, the
European Society of Cardiology guidelines do
not indicate the benefits of this drug.

Due to long half-life chlorthalidone can
cause hypokalemia and renal failure in
predisposed individuals [63]. In elderly people
or patients with a combination of difficult-to-
control HT and renal failure chlorthalidone can
be replaced by indapamide. Use of indapamide
leads to a significant decrease in SBP (-
22,2 mm Hg) compared with the combination
with hydrochlorothiazide (-17,27 mm Hg) [64].
The effective starting dose of indapamide is
1,5 mg per day.

2. The combination of an ACE
inhibitor/RAAS blocker + CCB + loop
diuretics

Given that difficult-to-control HT is often
combined with diabetes type 2 or impaired
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glucose tolerance, the use of thiazides in this
group of patients is limited [65]. Loop diuretics
are recommended in addition to an ACE
inhibitor/RAAS blocker and CCB among
patients with metabolism disorders, gout, and
hypokalemia [66].

Loop diuretics are also recommended among
patients with concomitant nephropathy and with
glomerular filtration rate less than 30 mL/min
[24]. The dose of loop diuretic (furosemide,
torasemide) is dependent on the severity of
renal dysfunction. Given the short-term activity
of furosemide and torasemide, drugs should be
taken twice per day. This not only helps better
control of BP, but also helps prevent increase in
activity of RAAS [67]. Torasemide has a longer
duration of action than furosemide, therefore it
may be used once per day.

3. Antagonist of mineralocorticoid
(spironolactone) in the treatment of difficult-
to-control HT

Spironolactone and other potassium-sparing
diuretics are used as a supplement to the basic
combination of drugs among patients with
difficult-to-control HT [10]. Compared with
placebo, use of low daily doses of
spironolactone (25 mg per day) among patients
with difficult-to-control HT leads to significant
decrease in SBP (13 mm Hg) and diastolic BP
(6 mm Hg) [68].  Contraindication  for
antagonist of mineralocorticoid is level of
potassium in the blood more than 5 mmol/I.

Effectiveness of spironolactone as an
additional drug to the combination of an ACE
inhibitor, a CCB and a diuretic is associated
with a significant reduction in BP. This
combination is more effective than combination
with beta or alpha-adrenergic receptor blockers
[69].

Despite the fact that spironolactone is the
most effective drug in HT caused by primary
aldosteronism, the use of high therapeutic doses
among patients with difficult-to-control HT
demonstrated decrease in SBP by 14-322
mmHg and DBP by 7-12,5mm Hg.
Apparently, it is due to the development of
secondary hyperaldosteronism in these patients
[70].

Achieving BP control during use of
spironolactone in addition to triple combination
is observed more frequently (58 %) than using
the combination with doxazosin (42 %) or
bisoprolol (43 %) [71]. The decrease in SBP
and DBP among patients receiving combination
with spironolactone is suitably — 32 mm Hg and

98

— 12 mm Hg. Use of doxazosin as a fourth
component of the treatment is reduced SBP by
16 mm Hg and DBP by 7 mm Hg [72].
4. The beta adrenergic receptor antagonists
in the treatment of difficult-to-control HT
Beta adrenergic receptor antagonists (Beta-
blockers or BB) belong to the second-line drugs
in treatment of difficult-to-control HT. BBs are
recommended for patients with HT and
coronary heart disease or heart failure, with
severe sympathicotony [20]. They are not
recommended as first-line drug in case of the
absence of such indications, as their role in the
prevention of cardiovascular events is less
significant than using ACE inhibitors or RAAS
blockers and CCBs [7]. ASCOT study shows
that the combination with the BB has worse

dynamics of BP as compared to the
combination of an ACE inhibitor and CCB
[73].

If difficult-to-control HT is not accompanied
with organic disorders of the heart, beta-
blockers are recommended to prescribe as the
fifth drug in case of inefficiency of the four
drugs therapy (diuretic + ACE inhibitor/RAAS
blocker + CCB + antagonist ~of  mineralo-
corticoid) [74].

5. Alpha-adrenergic receptor blockers in the
treatment of difficult-to-control HT

Alpha adrenergic blockers are also
recommended as the second-line drugs in
treatment of difficult-to-control HT. In 42 % of
difficult-to-control HT cases BP control is
achieved by using doxazosin in addition to the
main combination [75]. During taking
doxazosin as the fourth component of the
treatment SBP is reduced by 16 mm Hg and
DBP by 7 mm Hg [70].

Alpha-blockers do not have the impact on
the prognosis of complications among patients
with difficult-to-control HT, so their use is
limited [74].

6. Vasodilators in the treatment of difficult-
to-control HT

Among the vasodilators only the use of
minoxidil has been studied among patients with
difficult-to-control HT. This drug, in addition to
first-line agents, helps achieve the control of BP
[75]. Using a combination with minoxidil was
associated with a reduction in BP from
162,4+15,1/83,2+12,7mmHg to 1358+
12,2/72,8 £ 6,9 [71]. The results confirmed that
minoxidil has indications for use in the
subgroup of patients with difficult-to-control
HT and with chronic kidney disease [76].



The  combination and  dosage  of
antihypertensive drugs is chosen based on the
individual needs of patient, presence of
concomitant diseases. Use of small doses of
several drugs with different mechanisms of
action is more effective than monotherapy with
high doses [77]. However, due to the absence of
large randomized clinical trial, there is no
evidence of the benefits of a particular
combination of drugs among patients with
difficult-to-control HT [20].

7. Invasive treatment

Ineffectiveness of pharmacological therapy
in combination with lifestyle modification leads
to necessities to use invasive methods as an
additional treatment of difficult-to-control HT
[78]. There are some invasive methods in order
to achieve BP control methods: sympathetic
denervation of the renal arteries; electrical
stimulation of the carotid sinus baroreceptors;
neurovascular decompression; formation of
arteriovenous anastomoses.

According to the recommendations of the
European Society of Cardiology the presence of
a true refractory HT with the level of office BP
over 160/110 mm Hg, and high blood pressure
during daily monitoring are indications for
invasive intervention [20]. Invasive methods
are considered an additional method for the
treatment of HT.

Electrical stimulation of baroreceptors
located in the carotid sinus leads to a decrease
in SBP and DBP. The receptors are located in
the area of the carotid bifurcation. They are able
to respond to changes in pressure inside the
vessel and can regulate sympathetic tone in the
opposite direction [79]. Surgery includes the
implantation of special devices, new of its
provide unilateral stimulation. It is safer for
patients as compared to the bilateral devices
[80]. As a result of this treatment in 43 % of
patients with uncontrolled BP it is possible to
reduce SBP to less than 140 mm Hg. In a year
in 81 % of patients maintained a stable decline
of SBP over 10 mm Hg, and in 63 % of cases
target BP is achieved [81].

Denervation of the renal arteries is
percutaneous intervention for ablation of the
sympathetic nerves. Normally, the sympathetic
innervation activates renin secretion and
constriction of vessels of the kidneys, resulting
in increased reabsorption of sodium and
increased BP. Denervation excludes the
influence of the sympathetic nerves and thus, it
is possible to achieve control of BP [82].
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However SYMPLICITY HTN-3 study showed
that the benefits from the renal denervation
compared with optimal medical therapy is not
significant, the difference in the degree of
reduction in BP also was not significant [83].
After renal denervation ambulatory SBP
decreased by 6,8 mm Hg and in the control
group by 4,8 mm Hg [84].

Microvascular decompression is indicated
among patients with refractory to the treatment
HT due to neurogenic causes. The technique is
based on the effects of arterial compression of
the brain stem on the regulation of the
cardiovascular system [85]. The studies show
that after decompression 14 of 28 patients with
difficult-to-control HT achieved normalization
of BP without medication. For rest of them is
needed medical support to achieve the target
level. However, long-term results of the
intervention are a cause for discussion [86].
Arteriovenous anastomosis is a device similar
to a stent. Its implantation provides the
connection of the external iliac vein and the
same artery. Constant lumen of device and
blood flow pressure is maintained due to the
property of shape memory. Reduction in blood
pressure is due to increased pliability of the
artery walls and reduces their resistance [87].
Arteriovenous anastomosis causes a significant
decrease in blood pressure, and decreases the
risk of complications. After the intervention
there is decrease SBP to 20 mm Hg and DBP to
14,7 mm Hg. In the control group, there is no
statistically significant reduction in BP. This
method may be useful for the treatment of
patients with HT refractory to medical
correction [88].

BIOFEEDBACK - PHYSIOLOGICAL
ASPECTS

The difficulty in achieving target level of BP
leads to searching of additional non-
pharmacological treatments for HT. One of
such methods is biofeedback (BFB).

Biofeedback is a noninvasive method for
assessing the functioning of the regulatory
systems of the body. The level of human health
and the ability to monitor the condition of the
body in a variety of adverse conditions depends
on the quality of regulatory systems [89]. In
addition, biofeedback is a method of treatment.
It helps to involve patient in the process of
treatment [90].

The process of self-control learning requires
special equipment to convert physiological
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signals into visual and auditory. Using a
computer monitor, patients receive feedback
that helps them develop control over
physiological  processes. The  processes
occurring in the body are illustrated on the
monitor. That serves as a guide for the use of
feedback for the purpose of controlling and
monitoring [91]. Patients become active
members of the therapeutic process. They may
learn self-regulation without feedback displays
in front of them and it will be possible to
perform biofeedback sessions at home.
Availability of personal computers, smart
phones and mobile devices, simplifies the
implementation of procedures and provides
controlled results [92].

Due to biofeedback patient may self-assess
and manage health. Changes in the activity of
the autonomic nervous system due to chronic
stress represent one of the most important
factors for a large group of diseases. These
diseases are known as psychosomatic disorders.
All regulatory systems are divided into three
parts: sensor, integrative (central) and effector
[93]. Sensor part is represented by the sense
organs and receptors. Through them, the
information comes into integrative part, which
includes the structure of the central nervous
system, the highest vegetative centers. After the
analysis of the incoming information the
transfer of solutions aimed at optimizing the
regulatory systems on the effector unit occurs
[94].

The effectiveness of biofeedback is
associated with the formation of neural
connections and the possibility of further direct
access to them. Biofeedback is aimed at
combating stress through relaxation techniques.
The method appears to be most effective for
conditions that are heavily influenced by stress
[95].

Methods (contours) of biofeedback can be
realized through physiological parameters
which available to measure [96]. The most
common of them are temperature biofeedback,
galvanic skin response training, electro-
myography (EMG) Dbiofeedback, circuit
electroencephalography, respiratory biofeed-
back, heart rate variability (HRV), combination
of HRV and respiration.

Temperature biofeedback

Changes in temperature of the skin reflect
the diameter of the arterioles. Their dilatation
can cause stimulation of beta-adrenergic
receptors. As the result the skin surface
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temperature increases [97]. Narrowing causes
stimulation of alpha-adrenergic receptors,
resulting the temperature will decrease [98].

Implementation of  the cutaneous
thermometry biofeedback requires a device
which consists of a plate capable to change its
resistance in response to the level of oscillation
in body temperature. Device sensors are
attached to the fingers. Indicator can convert
changes to degrees. It is used to make diagram
that provide feedback [99].

Method can be used as additional therapy of
chronic pain [100], headache [101], anxiety
disorders, Raynaud's disease [102].

Galvanic skin response (GSR)

Evaluation is carried out using biofeedback
measuring bioelectric  properties of skin
depending on the activity of the sweat glands.
Stress increases the activity of the sweat glands,
accordingly, there are observed changes in the
properties of the skin surface [103]. Negative
emotions reduce the electrical resistance of the
skin. Relaxation exercises leads to an increase
in electrical resistance [104].

Biofeedback technique with loop galvanic
skin response involves using skin electrodes
that measure electrical resistance of the skin
during the training. For better control it is
useful to combine GSR with measuring skin
temperature [105].

Method is used in the treatment of epilepsy
[106], Tourette's syndrome [107], headache
[108].

Contour with electroencephalography
(EEG), or neurofeedback.

Electroencephalograph determines
bioelectric activity of the brain. Waves of
different frequencies reflect its condition.
Stress, trauma and somatic pathology can
change the normal characteristics of these
waves. It is reflects the irregular brain
regulation [109].

Sensors located on the skin of the patient's
head record biopotentials of the brain. This
biopotentials are recorded by computer
software as an electroencephalogram. Efficien-
cy of biofeedback is improved by using not
only visual but also audible signals
representative of cerebral activity [110].

In practice, the method is used in the
treatment of anxiety and depressive disorders
[111], stress, epilepsy [112], migraine [113],
disorders of concentration and hyperactivity
[114].

Respiration biofeedback



The correct depth and rhythm of breathing
helps achieve physical and mental relaxation. It
involves meditation principles [115].

Sound amplifiers are used for control
biofeedback. It helps more clearly hear the
breathing. Device for graphic recording of
frequency and amplitude of respiratory
movements are also used [116].

Method can be used in pulmonology as
additional therapy of asthma [117], obstructive
sleep apnea [118]. It is used in anxiety disorders
[119], panic attacks [120], chronic pain
syndrome [121], stress [122].
Electromyography (EMG)

Biofeedback with EMG is based on the
appearance of bioelectric potentials in skeletal
muscle during their tension [123].

On certain muscle groups applied electrodes.
The evidence of the degree of muscle tension is
demonstrated on the monitor. The task of the
patient is to achieve muscle relaxation using
biofeedback. [124].

Therapy is effective in the presence of
muscle spasm [125], pain [126] as well as
during rehabilitation after injury, stroke [127].
Heart rate variability (HRV)

HRV is a measure of the stability of
psychological and behavioral flexibility that
reflects a person's ability to effectively adapt to
the changing circumstances of the environment
and the internal homeostasis [128].

Clinical significance of HRV was noted in
1965, when it was found that fetal distress
preceded by changes in the HRV before any
changes of heart rate [129]. Subsequently, HRV
analysis showed that reduced potential of
regulatory systems can contribute to the
development of depression, anxiety, functional
gastrointestinal ~disorders, diseases of the
cardiovascular system, including the tendency
to increase blood pressure [130]. Low HRV is
considered to be an independent predictor of
future health problems. It is correlated with all
causes of mortality [131].

Estimation of HRV is based on measuring
the time intervals between the RR intervals on
ECG [132]. Method allows you to assess the
condition of mechanisms of regulation of
physiological functions of the body, the activity
of neurohumoral component of the regulatory
function and the relationship between the
activity of the sympathetic and parasympathetic
autonomic nervous system [133].

The combination of HRV and respiratory
biofeedback
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The functioning of the cardiovascular
system is controlled by neurohumoral
regulatory systems. There are various methods
that can be used to influence them [134]. One of
the most effective is with biofeedback of HRV
and paced breathing. This method of
implementation of HRV is one of perspective
directions in treatment of hypertension, heart
failure (HF), coronary heart disease (CHD)
[135].

Biofeedback of HRV and paced breathing is
based on teaching of the patients slow, deep
breathing. Anatomical proximity of the
respiratory center and nucleus of the vagus
nerve leads to high efficiency. Thus, it is
possible to influence the HRV parameters due
to stimulating activity of the respiratory center
[136]. The regulation of BP is carried out by a
complex network of pressure sensitive of
mechanosensitive baroreceptors or neurons
which are located in the heart and the aortic
arch. Factors that change BP are also affected
by oscillation in the heart rate, which confirms
their relationship [137].

During biofeedback training heart rate may
change due to a certain frequency and
amplitude of respiratory movements and the
influence of the vagus nerve [138]. Changing
the frequency and depth of breathing leads to
increased sympathetic or parasympathetic
influence on the heart [139]. Potentials induced
palpitations, can be used to determine the
influence of afferent pathways of the heart to
the brain and effects on them. The HRV may
reflect the interaction between the heart and the
brain [136].

Parasympathetic component of HRV can be
increased during pacing breath. It demonstrates
good results as the additional therapy of arterial
hypertension [140]. Deep, slow breathing
improves baroreflex sensitivity, as the result
there is an antihypertensive effect [130].

The vagus nerve is the main channel through
which the afferent signals from the heart and
other internal organs are transmitted to the
brain, including the baroreflex signals [131]. In
case of increase in BP baroreceptors generate
action potentials more often. The more its
stretch, the more action potentials is produced
and transmitted to the brain structure [90].
Increased in their activation inhibits vascular
center and stimulates the nucleus of the vagus
nerve. The end result is the inhibition of
activation of the sympathetic and parasym-
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pathetic nervous system. Thus, the regulation of
blood pressure is carried out [132].

The effect of impulses on the vagus nerve
especially pronounced when the respiratory rate
is less than 8,5 breaths per minute, or during
deep breaths. It is believed that this breathing
version of «trains» baroreflex [93], in the future
it has an effect on blood pressure reduction.

CLINICAL APPLICATIONS IN
BIOFEEDBACK THERAPY

Biofeedback  involves complex  of
therapeutic and preventive measures that allow
learning the skills of self-control and
optimizing the performance of regulatory
systems [127]. Simple exercises aimed at
relaxation, help learn to control various
functions of the body, including to regulate
blood pressure [136].

The method is widely implemented in
various branches of medicine. [133] at present
the biofeedback is one of the important
directions of scientific research and is used as
an auxiliary therapy in the following areas:
Cardiology — treatment of HT [126],
arrhythmias [134], heart failure [140], coronary
heart discase [141].

*  Pulmonology — treatment of obstructive
sleep apnea [115], asthma [116].
Gastroenterology — chronic constipation
[133], irritable bowel syndrome [134].
Rheumatology — Raynaud's

[101].

disease

Urology — erectile dysfunction [142].
Neurology — headaches [112], chronic
pain syndrome [99], post-traumatic stress,
anxiety disorders [143], depressive disorders
[110].

Pediatrics — hyperactivity disorder and
disturbance of concentration in children [113].
Biofeedback in cardiology

Biofeedback has a great therapeutic potential
in treatment of cardiovascular diseases, because
many of them are associated with dysregulation
of the autonomic nervous system [144]. HRV is
an informative method for detecting the activity
of the predominance of one of the parts of the
autonomic nervous system. It is useful in
determining therapeutic tactics and choice of
antihypertensive agent among patients with HT
[145].

Biofeedback therapy is used to reduce the
activation of the sympathetic-adrenal system in
case of heart failure (HF). It helps to slow down
the progression of disease [131]. The use of a
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combination of biofeedback therapy with
standard medical therapy leads to increased
exercise tolerance among patients with left
ventricular ejection fraction more than 31 %
[146].

Among patients with coronary heart disease
biofeedback training helps to normalize
autonomic regulation. And the wuse of
techniques aimed at relaxation helps improve
the quality of life [147]. Biofeedback is
increasingly being used as a part of cardiac
rehabilitation programs [148].

Experience in the use and effectiveness of
biofeedback for arterial hypertension

One of the key mechanisms of hypertension
is an imbalance of the regulatory systems of the
body, so it makes sense to combine standard
pharmacological treatment and biofeedback
therapy [149].

Data from clinical studies and their meta-
analysis demonstrate the effectiveness of
biofeedback of HRV and paced breathing for
the treatment of patients with hypertension and
prehypertension [150]. In a three-month
observation biofeedback sessions significantly
improved the sympathetic-vagal regulation with
tendency to normalization of blood pressure in
individuals with prehypertension [151]. Among
patients with prehypertension therapy trainings
help to prevent further progression of the
disease [152]

Biofeedback training includes abdominal
type of slow breathing. It helps effectively
control of BP among patients with a tendency
to hypertension [153]. Standard short record
(5 minutes) of biofeedback in contour of HRV
can be considered as a method of estimation of
functioning  vagal regulation of the
cardiovascular system among patients with high
BP [154].

Regular biofeedback training in hospital
helped in reducing SBP by 7,5 mm Hg and
DBP by 4 mm Hg. Indicators of changes in
blood pressure in the control group were less
pronounced. There was reducing SBP by

2,9mmHg, DBP by 1,5mmHg [155].
Duration of study was 9 weeks. Longer training
may significantly reduce BP after the

completion of a course of training [156].
Ambulatory monitoring of patients shown that
biofeedback training can reduce the SBP in rest
by 9,5mm Hg. The hypotensive effect is
persists for 8 weeks after the completion of a
course of training [157].



Evaluation of biochemical parameters of
blood among patients with hypertension who
have sessions of biofeedback shows a decrease
of cortisol and aldosterone. There is also
decrease in psycho-emotional stress, which
indirectly affects the function of the adrenal
cortex and production of vasopressors [158].

Studies of the Department of Internal
Medicine KhNU Karazin show that after 10
sessions of biofeedback with standard medical
therapy background, positive dynamics of the
main indicators of HRV is observed. In
comparison with the isolated anti-hypertensive
therapy, additional biofeedback therapy among
patients with controlled HT make possible to
reach target levels of SBP and DBP [159].
Standard drug therapy reduces SBP by 26,6 %,
and with the addition of biofeedback training
SBP is improved by 32,3 % [160].

The results of observations show that
treatment, including systematic biofeedback
sessions with paced breathing and medical
therapy background leads to significant
improvement in the quality of patient's life with
controlled hypertension [161]. The use of
biofeedback of HRV and paced breathing in
hypertensive patients can achieve better control
of BP, heart rate and HRV parameters [162].

The results showed BQI positive dynamics
in the biofeedback group. It shows the
optimization of the functioning of regulatory
systems. This indicates the existence of the

REFERENCES

Series «Mediciney. Issue 32

regulation system «training» effect as a result of
biofeedback. Therefore, the method can be used
as additional therapy [162].

Studies confirm the effectiveness of therapy
with biofeedback of HRV and paced breathing
among patients with controlled hypertension.
This demonstrates the possibility of its use in
addition to standard medical support for these
patients. However, the technique continues to
be studied. In particular, there is no data on the
use of biofeedback therapy in difficult-to-
control HT, which makes the problem relevant.

CONCLUSION

The prevalence of difficult-to-control HT is
30,4-31,8 %. Inability to achieve BP control
with  standard  antihypertensive  therapy
background is a reason for the study of new
drugs, the introduction of invasive methods to
treat HT and finding additional non-
pharmacological therapies. One of such
promising areas is the study of biofeedback.
Regular sessions of biofeedback in addition to
lifestyle modifications and standard medical
therapy among patients with controlled
hypertension allow optimizing treatment.
However, there are no data on the effectiveness
of biofeedback among patients with difficult-to-
control HT. Therefore, the widespread
introduction of biofeedback therapy in clinical
practice requires further scientific clinical
studies.

1.

Unifikovanij klinichnij protokol pervinnoi, ekstrennoi ta vtorinnoi (specializovannoi) dopomogi
«Arterial'na gipertenzijag». — Praktichnij likar. — 2013. — No 2. —5.43-51.

2. Sung Sug (Sarah) Yoon. Hypertension Prevalence and Control Among Adults / Sung Sug (Sarah) Yoon,
Cheryl D. Fryar, Margaret D. Carroll. // United States-NCHS Data Brief. — 2015. — Ne 220.

3. Kovalenko V. N. Rukovodstvo po kardiologii / Kovalenko V. N. — Kiiv: Morion, 2008. — 1404 s.

4. Amosova E. N. Klinicheskaja kardiologija / Amosova E. N. — Kiiv: Zdorov'e, 1998. — 704 s.

5. Systolic and diastolic short-term blood pressure variability and its determinants among patientss with
controlled and uncontrolled hypertension: A retrospective cohort study / Martino F. Pengo, Giacomo
Rossitto, Valeria Bisogni et al.]. // Blood Pressure. — 2015. — C. 24(2). 124-9.

6. High prevalence of masked uncontrolled hypertension in people with treated hypertension / José R.
Banegas, Luis M. Ruilope, Alejandro de la Sierra et al.]. / European Heart Journal. — 2014. — Ne 35. —
P. 3304-3312.

7. Julian P. Yaxley. Resistant hypertension: an approach to management in primary care / Julian P. Yaxley,
Sam V. Thamba. // J Family Med Prim Care. — 2015. — Ne 4. — P. 193—-199.

8.  Prevalence and clinical characteristics of isolated-office and true resistant hypertension determined by
ambulatory blood pressure monitoring / Rios MT, Dominguez-Sardina M, Ayala DE et.al.]. //
Chronobiol Int. — 2013. — Ne 30. — P. 207-20.

9.

Josep Redon. Improving Knowledge of Arterial Resistant Hypertension: What Is Relevant? / Josep
Redon. // Rev Esp Cardiol. — 2014. — Ne 67. — P. 251-3.

103



Journal of V. N. Karazin" KhNU. 2016

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Svishhenko E. P. Gipertonicheskaja bolezn'. Vtorichnye gipertenzii. / Svishhenko E. P., Kovalenko
V. N. — Kiev: Lybid', 2002. — 504 s. Secondary Hypertension. / SUPPLEMENT TO JAPI. — 2013. —
Ne 61. — P. 24-26.

ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with
the EASD: The Task Force on diabetes, pre-diabetes, and cardiovascular diseases of the European
Society of Cardiology (ESC) and developed in collaboratio / Ryden L, Grant PJ, Anker SD et al.]. / Eur
Heart J. —2013. — Ne 34. — P. 3035-87.

The Role of Continuous Positive Airway Pressure in Blood Pressure Control for Patients With
Obstructive Sleep Apnea and Hypertension: A Meta-Analysis of Randomized Controlled Trials. / Xinyu
Hu, Jinqi Fan, Shaojie Chen et al.]. // The Journal of Clinical Hypertension. — 2015. — Ne 17. — P. 215—
222.

Yook Chin Chia. Prevalence and predictors of resistanthypertension in a primary care setting: across-
sectional study / Yook Chin Chia, Siew Mooi Ching. // BMC Family Practice. —2014. — Ne 15. — P. 131.
Association study of NOS3 gene polymorphisms and hypertension in the Han Chinese population /
Linhong Wanga, Chong Shenb, Song Yangc et al.]. // Nitric Oxide. — 2015. — Ne 51. — P. 1-6.
Lin-Shuang Zhao. Effect of prazosin on diabetic nephropathy patients with positive al-adrenergic
receptor autoantibodies and refractory hypertension / Lin-Shuang Zhao, Chun-Yan Xu. // Experimental
and therapeutic medicine. — 2014. — Ne 27. — P. 177-182.

Molecular Mechanism of Attenuated Inverse Agonism of ARBs for Active-State of AT1 receptor.
Research & Reviews / Takanobu Takezako, Hamiyet Unal, Sadashiva S Karnik et al.]. // Journal of
Hospital and Clinical Pharmacy. — 2015. — Ne 1. — P. 17-20.

Do Obese Individuals With Hypertension Have More Difficult-to-Control Blood Pressure and End
Organ Damage Than Their Nonobese Counterparts? / Mark David Jesky, Manvir Kaur Hayer, Mark
Thomas, Indranil Dasgupta. // The Journal of Clinical Hypertension. — 2015. — Ne 17. — P. 466-472.
Gifford R. W. Jr. Resistant hypertension / Gifford R. W. Jr. // Hypertension. — 1988. — Ne 11. — P. 67-70.
ESH/ESC Guidelines for the management of arterial hypertension: The Task Force for the management
of arterial hypertension of the European Society of Hypertension (ESH) and of the European Society of
Cardiology (ESC) / Giuseppe Mancia, Robert Fagard, Krzysztof Narkiewicz etal.]. // Journal of
Hypertension. — 2013. — Ne 31. — P. 1281-1187.

Kai Liu. Should More Significance Be Granted to Medication Response to Antihypertensives among
patientss With Resistant Hypertension? / Kai Liu, Di Shi, Xiaoping Chen. / Hypertension. — 2014. —
Ne 63. —P. e83.

Resistant hypertension? Assessment of adherence by toxicological urine analysis / Jung O., Gechter JL.,
Wunder C. et al.]. // J Hypertens. — 2013. — Ne 31. — P. 766-774.

Heart disease and stroke statistics—2015 update: A report from the American Heart Association /
Mozaffarian D, Benjamin EJ, Go AS et al.]. // Circulation. — 2015. — Ne 131. — P. 29-322.

Teresa Gijon-Conde. Resistant Hypertension: Demography and Clinical Characteristics in 6292 Patients
in a Primary Health Care Setting / Teresa Gijon-Conde, Auxiliadora Graciani, José R. Banegas. // Rev
Esp Cardiol. — 2014. — Ne 67. — P. 251-3.

Kaplan N. Kaplan’s Clinical Hypertension / Kaplan N, Victor G.R., 2015. — 471 P. — (11th edition).
Clinical practice guidelines for management of hypertension in the community. A statement by the
American Society of Hypertension and the International Society of Hypertension. / Weber MA, Schiffrin
EL, While WB et al.]. // J Clin Hypertens. — 2014. — Ne 16. — P. 14-26.

Yook Chin Chia. Prevalence and predictors of resistanthypertension in a primary care setting: across-
sectional study / Yook Chin Chia, Siew Mooi Ching. / BMC Family Practice. — 2014. — Ne 15. — P. 131.
Treatment-resistant hypertension and the incidence of cardiovascular disease and end-stage renal
disease: results from the antihypertensive and lipid-lowering treatment to prevent heart attack trial
(ALLHAT) / Muntner P, Davis BR, Cushman WC et al.]. / Hypertension. — 2014. — Ne 64. — P. 1012—
21.

Dietary Sodium, and Cognitive Decline: Results From the Women\'s Health Initiative Memory Study /
Haring B, Wu C, Coker LH et al.]. / Am J Hypertens. — 2016. — Ne 29. — P. 202-16.

Dynamic resistant hypertension patterns as predictors of cardiovascular morbidity: a 4-year prospective
study / Tsioufis C, Kasiakogias A, Kordalis A et al.]. / J Hypertens. — 2014. — Ne 32. — P. 415-422.

104



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Series «Mediciney. Issue 32

Resistant hypertension: a frequent and ominous finding among hypertensive patients with
atherothrombosis. / Kumbhani DJ, Steg PG, Cannon CP et al.]. // Eur Heart J. — 2013. — Ne 34, — P.
1204-14.

Thomopoulos C. Effects of blood pressure lowering on outcome incidence in hypertension: 3. Effects
among patientss at different levels of cardiovascular risk—overview and meta-analyses of randomized
trials. / Thomopoulos C, Parati G, Zanchetti A. // J Hypertens. — 2014. — Ne 32. — P. 2305-2314.
Schmidt, M. Obesity in young men, and individual and combined risks of type 2 diabetes, cardiovascular
morbidity and death before 55 years of age: a Danish 33-year follow-up study / M. Schmidt [et al] //
BMJ Open. —2013. — Vol. 3, Ne 4. P. 25-29.

Sima Ghezelbash. Lifestyle modification and hypertension prevention / Sima Ghezelbash, Azam
Ghorbani. // ARYA Atherosclerosis Journal. —2012. — Ne 8. — P. 202-207.

The effects of weight loss and salt reduction on visit-to-visit blood pressure variability: results from a
multicenter randomized controlled trial / [K. M. Diaz, P. Muntner, E. B. Levitan et.al.]. // J Hypertens. —
2014. — Ne 4. — P. 840-848.

World Health Organization. A global brief on hypertension: silent killer, global public health crisis
(World Health Day 2013). Report, 1-39. Geneva, Switzerland: World Health Organization. 2013.

He F. J. Effect of longer term modest salt reduction on blood pressure: Cochrane systematic review and
meta-analysis of randomised trials / F. J. He, J. Li, G. A. Macgregor. / BMJ. —2013. — Ne 3. — P. 346.
Perez V. Sodium-to-Potassium Ratio and Blood Pressure, Hypertension, and Related Factors / V. Perez,
E. T. Chang. // Adv Nutr. — 2014. — Ne 6. — P. 712-741.

Relationship between alcohol dependence and new detected hypertension in adult residents of Xuzhou
city / [Z. Dong, P. Lou, P. Zhang et al.]. / Zhonghua Xin Xue Guan Bing Za Zhi. — 2015. — Ne 12. — P.
1083-1087.

Leone A. Vascular pathology from smoking: look at the microcirculation / A. Leone, L. Landini. // Curr
Vasc Pharmacol. —2013. — Ne 4. — P. 524-530.

Cigarette Smoking and Hypertension / [A. Virdis, C. Giannarelli, M. Fritsch Neves et.al.]. // Current
Pharmaceutical Design. — 2015. — Ne23. — P. 2518-2525.

Blood Pressure Control in Hypertensive Patients, Cardiovascular Risk Profile and the Prevalence of
Masked Uncontrolled Hypertension (MUCH). / [N. Naser, A. Dzubur, A. Durak etal.]. / J Clin
Biochem Nutr. —2016. — Ne 14. — P. 139-144.

The global cardiovascular risk transition: association of four metabolic risk factors with national income,
urbanization, and Western diet in 198 and 2008 / [G. Danaei, G. Singh, C. J. Paciorek etal.]. //
Circulation. — 2013. — Ne 127. — P. 1493-1502.

Eckel R. H. 2013 AHA/ACC guideline on lifestyle management to reduce cardiovascular risk: A report
of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines /
Eckel. // Journal of the American College of Cardiology. — 2014. — Ne 63. — P. 2960.

Lechenie arterial'noj gipertenzii v osobyh klinicheskih situacijah / Pod red. V.N. Kovalenko,
E. P. Svishhenko. — Kamenec-Podol'skij. — ChP Moshaka P.1., 2005. — 504 P.

Albishri J. NSAIDs and hypertension / Albishri. // Anaesth Pain & Intensive Care. — 2013. — Ne 2. — P.
171-173.

Tofan N. Peculiarities of pharmacotherapy in arterial hypertension and comorbid pathology / N. Tofan,
M. Marish, V. Shtanko. // Rev Med Chir Soc Med Nat Iasi. —2015. — Ne 4. — P. 1092-1097.
Management of Hypertensive Patients With Multiple Drug Intolerances: A Single-Center Experience of
a Novel Treatment Algorithm / [S. Antoniou, M. Saxena, N. Hamedi et al.]. // Journal of Clinical
Hypertension. —2016. — Ne2. — P. 129-138.

Smith S. M. Epidemiology, prognosis, and treatment of resistant hypertension / Smith. //
Pharmacotherapy. — 2013. — Ne 33. — P. 1071-1086.

Optimising hypertension treatment: NICE/BHS guideline implementation and audit for best practice /
[T. McCormack, C. Arden, A. Begg et al.]. / Br J Cardiol. — 2013. — Ne 20. — P. 1-16

S. Padwal R. Assessment and management of resistant hypertension / R. S. Padwal, S. Rabkin, N. Khan.
// CMAJ. —2014. — Ne 186. — P. 689-697.

Effects of combination of perindopril, indapamide, and calcium channel blockers among patientss with
type 2 diabetes mellitus: results from the Action In Diabetes and Vascular Disease: Preterax and
Diamicron Controlled Evaluation (ADVANCE) trial. / [J. Chalmers, H. Arima, Woodward M et al.]. //
Hypertension. — 2014. — Ne 63. — P. 259—64.

105



Journal of V. N. Karazin" KhNU. 2016

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Prevalence of optimal treatment regimens among patientss with apparent treatment-resistant
hypertension based on office blood pressure in a community-based practice network / [M. Egan, Y.
Zhao, J. Li et al.]. // Hypertension. — 2013. — Ne 62. — P. 691-697.

A medication adherence and persistence comparison of hypertensive patients treated with single-,
double- and triple-pill combination therapy / L.Xie, F. Frech-Tamas, E. Marrett, O. Baser. / Current
Medical Research and Opinion. — 2014. — P. 2415-2422.

Clinical effects of combined olmesartan medoxomil and amlodipine on clinic and ambulatory blood
pressure in elderly patients with resistant hypertension / S.Ding, J. Liu, Q. Fu, Y. Zheng. // Arch
Gerontol Geriatr. —2013. — Ne 57. — P. 423-427.

Impact of the 2014 Expert Panel Recommendations for Management of High Blood Pressure on
Contemporary Cardiovascular Practice / [W. B. Borden, T. M. Maddox, F. Tang etal.]. / J Am Coll
Cardiol. — 2014. — Ne 64. — P. 2196-2203.

Systolic Blood Pressure and Cardiovascular Outcomes During Treatment of Hypertension / [M. A.
Weber, G. L. Bakris, M. R. Weir et al.]. // AIM. — P. 501-508.

Evidence-based guidelines for the management of high blood pressure in adults / [P. James, S. Oparil, B.
Carter et.al.]. // Report from the panel members appointed to the eighth joint national committee (JNC 8)
JAMA. —2014. — Ne 5. — P. 507-520.

Dose doubling, relative potency, and dose equivalence of potassium-sparing diuretics affecting blood
pressure and serum potassium: systematic review and meta-analyses / [G. Roush, M. Ernst, J. Kostis
et al.]. // Journal of Hypertension. — 2016. — Ne 1. — P. 11-19.

Messerli F. H. Treatment-resistant hypertension: another Cinderella story / F. H. Messerli, S. Bangalore.
// Eur Heart J. —2013. — Ne 34. — P. 1175-1177.

Yaxley J. P. Resistant hypertension: an approach to management in primary care / J. P. Yaxley,
S. V.Thambar. // J Family Med Prim Care. — 2015. — Ne 2. — P. 193—-199.

Kumar N. Management of patients with resistant hypertension: current treatment options / N. Kumar, D.
A. Calhoun, T. Dudenbostel. // Integr Blood Press Control. —2013. — Ne 6. — P. 139-151.
Hydrochlorothiazide vs. Chlorthalidone as the Optimal Diuretic for the Management of Hypertension /
K.Tziomalos, V. G. Athyros, D. P. Mikhailidis, A. Karagiannis. // Current Pharmaceutical Design. —
2013. - Ne 21. - P.3766-3772.

Parallel-Group 8-Week Study on Chlorthalidone Effects in Hypertensives With Low Kidney Function /
[M. Cirillo, F. Marcarelli, A. A. Mele et al.]. / Hypertension. — 2014. — Ne 63. — P. 692—697.
Evidence-based diuretics: focus on chlorthalidone and indapamide / J. J.DiNicolantonio, J. Bhutani,
C.J. Lavie, J. H. O'Keefe. // Future Cardiology. — 2015. — Ne 2. — P. 203-217.

Weber M. A. Exploring Issues in Difficult-to-Treat Hypertension / Michael Weber. / The Journal of
Clinical Hypertension. — 2013. — Ne 12. — P. 859-864.

Weber F. Treatment Resistant Hypertension—Investigation and Conservative Management / F. Weber,
M. Anlauf. // Dtsch Arztebl Int. —2014. — Ne 25. — P. 425-431.

Wolley M. J. Resistant Hypertension and Chronic Kidney Disease: a Dangerous Liaison. / M. J. Wolley,
M. Stowasser. // Curr Hypertens Rep. — 2016. — Ne 5. — P. 36.

Effect of Spironolactone in Resistant Arterial Hypertension. A Randomized, Double-Blind, Placebo-
Controlled Trial (ASPIRANT-EXT). / [J. Vaclavik, R. Sedlak, J. Jarkovsky etal.]. / Medicine
(Baltimore). — 2014. — Ne 27. — P. 162.

Spironolactone versus placebo, bisoprolol, and doxazosin to determine the optimal treatment for drug-
resistant hypertension (PATHWAY-2): a randomised, double-blind, crossover trial / [B. Williams,
T. M. MacDonald, D. J. Webb et al.]. // Lancet. — 2015. — Ne 386. — P. 2059-2068.

Sternlicht H. Spironolactone for resistant hypertension—hard to resist? / H. Sternlicht, G. L. Bakris. //
The Lancet. —2015. — Ne 386. — P. 2032-2034.

Management of resistant hypertension: aldosterone antagonists or intensification of diuretic therapy? /
[U. Verdalles, S. G. De Vinuesa, M. Goicoechea et al.]. / Nephrology (Carlton). — 2015. — Ne 20. — P.
567-571.

The ASCOT Trial-are beta-blockers still useful as antihypertensive medication? / M.Moser, T. D. Giles,
T. G. Pickering, R. G. Victor. // J Clin Hypertens (Greenwich). — 2006. — Ne 10. — P. 723-8.
Management of resistant hypertension. Expert consensus statement from the French Society of
Hypertension, an affiliate of the French Society of Cardiology / [T. Denolle, B. Chamontin, G. Doll
et al.]. // Presse Med. —2014. — Ne 12. — P. 1325-331.

106



74.

75.

76.

77.

78.

79.

80.

8l1.

82.

&3.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Series «Mediciney. Issue 32

McComb M. N. Direct Vasodilators and Sympatholytic Agents. / M. N. McComb, J. Y. Chao. //
J Cardiovasc Pharmacol Ther. — 2016. — Ne 1. — P. 3—19.

Sica D. A. Minoxidil: an underused vasodilator for resistant or severe hypertension / Sica. // J Clin
Hypertens (Greenwich). —2004. — Ne 5. — P. 283-287.

Gorostidi M. Combination Therapy in Hypertension / M. Gorostidi, A. de la Sierra. / Advances in
Therapy. — 2013. — Ne 4. — P. 320-336.

Oparil S. New Approaches in the Treatment of Hypertension / S. Oparil, R. E. Schmieder. // Circulation
Research. —2015. —Ne 116. — P. 1074-1095.

Lohmeier T. E. The Baroreflex as a Long-Term Controller of Arterial Pressure / T. E. Lohmeier,
R. Iliescu. // Physiology (Bethesda). — 2015. — Ne 2. — P. 148-158.

Victor G. R. Carotid baroreflex activation therapy for resistant hypertension / Ronald Victor. // Nature
Reviews Cardiology. —2015. — Ne 12. — P. 451-463.

Zhang J. Carotid Baroreceptor Stimulation: A Potential Solution for Resistant Hypertension / J. Zhang,
S. Zhou, G. Xu. // Interv Neurol. —2014. — Ne 3. — P. 118-122.

Effectiveness of Renal Denervation Therapy for Resistant Hypertension. A Systematic Review and
Meta-Analysis / [M. 1. Davis, K. B. Filion, D. Zhang et al.]. // J] Am Coll Cardiol. — 2013. — Ne 3. — P.
231-241.

SYMPLICITY HTN-3 Investigators. A controlled trial of renal denervation for resistant hypertension /
[D. L. Bhatt, D. E. Kandzari, W. W. O\'Neill et al.]. // N Engl J Med. — 2014. — Ne 370. — P. 1393-1401.
Barley J. Microvascular Decompression Surgery for Refractory Hypertension of Neurogenic Causes /
J. Barley, C. Ellis. / The Journal of Clinical Hypertension. — 2013. — Ne 3. — P. 217.

Sindou M. Hypertension of neurogenic origin: effect of microvascular decompression of the CN I1X-X
root entry/exit zone and ventrolateral medulla on blood pressure in a prospective series of 48 patients
with hemifacial spasm associated with essential hypertension / M. Sindou, M. Mahmoudi, A. Brinzeu. //
J Neurosurg. —2015. — Ne 6. — P. 1405-1413.

Arteriovenous anastomosis: is this the way to control hypertension? / [A. E. Burchell, M. D. Lobo, N.
Sulke et.al.]. / Hypertension. — 2014. — Ne64. — P. 6-12.

Central arteriovenous anastomosis for the treatment of patients with uncontrolled hypertension (the ROX
CONTROL HTN study): a randomised controlled trial / [M. D. Lobo, P. A. Sobotka, A. Stanton et al.]. //
Lancet. —2015. — Ne 9978. — P. 1634-1641.

McCraty R. Heart Rate Variability: New Perspectives on Physiological Mechanisms, Assessment of
Self-regulatory Capacity, and Health risk / R. McCraty, F. Shaffer. // Glob Adv Health Med. — 2015. —
Ne 1. - P. 46-61.

An investigation on biofeedback analysis and psychosomatic applications / S.Saha, D. Dey,
I. Bhattacharyya, A. Das. // Recent Developments in Control, Automation and Power Engineering
(RDCAPE), 2015 International Conference. — 2015. — P. 38-43.

Peripheral visual performance enhancement by neurofeedback training / [W. Nan, F. Wan, C. I. Lou
et al.]. // Appl Psychophysiol Biofeedback. —2013. — Ne 4. — P. 285-291.

A smartphone based cardiac coherence biofeedback system / J.De Jonckheere, 1. Ibarissene, M.
Ibarissene, R. Logier. / Conf Proc IEEE Eng Med Biol Soc. — 2014. — P. 4791-4794.

Fiziologija cheloveka/ v 3-h tomah. pod red. Shmidt R., Tevs G., Ul'mer H.F. (per. s angl. pod red. ak.
P.G. Kostjuka). T. — 1. — M: Mir, 2005. — 323.

Cohen R. A. Neural Mechanisms of Attention / Ronald Cohen. // The Neuropsychology of Attention. —
2014.-P. 211-264.

Biofeedback-based training for stress management in daily hassles: an intervention study / [Y. Kotozaki,
H. Takeuchi, A. Sekiguchi et al.]. // Brain Behav. — 2014. — Ne 4. — P. 566-579.

Durand V. M. Abnormal psychology: an integrative aproach / V. M. Durand, D. Barlow. — Stamford,
CT: Cengage Learning, 2015. — 784 c.

Hodges G. J. Effect of skin temperature on cutaneous vasodilator response to the B-adrenergic agonist
isoproterenol / G. J. Hodges, D. L. Kellogg, J. M. Johnson. // Journal of Applied Physiology. — 2015. —
Ne 7. —P. 898-903.

Freedman R. R. mechanisms of temperature biofeedback / Robert Freedman. // Biofeedback and Self-
regulation. — 1991. — Ne 2. — P. 95-115.

Schwartz M. S. Biofeedback, Fourth Edition: A Practitioner\'s Guide / M. S. Schwartz, F. Andrasik.,
2016. — (4th edition).

107



Journal of V. N. Karazin" KhNU. 2016

98. Neuromechanical Responses After Biofeedback Training in Participants With Chronic Low Back Pain:
An Experimental Cohort Study / [I. Pagé, A. Marchand, F. Nougarou et al.]. // Journal of Manipulative
and Physiological Therapeutics. — 2015. — Ne 7. — P. 449-457.

99. The Interplay of Pain-Related Self-Efficacy and Fear on Functional Outcomes Among Youth With
Headache / [E. Carpino, S. Segal, D. Logan et al.]. // The Journal of Pain. —2014. — Ne 5. — P. 527-534.

100. A randomized-controlled trial of heart rate variability biofeedback for psychotic symptoms. / A.Clamor,
J. Clamor, J. F. Thayer, T. M. Lincoln. // Behav Res Ther. — 2016. — Ne 87. — P. 207-215.

101. Metrological evaluation of skin conductance measurements. / J.Ogoreve, G. GerSak, D. Novak,
J. Drnovsek. // Measurement. — 2013. — Ne 9. — P. 2993-3001.

102. Critchley H. Electrodermal Activity (EDA). / H. Critchley, Y. Nagai. // Encyclopedia of Behavioral
Medicine. — 2013. — P. 666—669.

103. Towards a Mobile Galvanic Skin Response Measurement System for Mentally Disordered Patients. /
[F. Gravenhorst, A. Muaremi, G. Troster et al.]. // Proceedings of the 8th International Conference on
Body Area Networks. —2013. — P. 432-435.

104. Self-control of epileptic seizures by nonpharmacological strategies / [I. Kotwas, A. McGonigal,
A. Trebuchon et al.]. / Epilepsy & Behavior. —2016. — Ne 55. — P. 157-164.

105. Biofeedback Treatment for Tourette Syndrome: A Preliminary Randomized Controlled Trial / [Y. Nagai,
A. E. Cavanna, H. D. Critchley et al.]. // Cognitive & Behavioral Neurology. —2014. — Ne 1. — P. 17-24.

106. Bembalgi V. Comparative study on the efficacy of electromyography and galvanic skin resistance
biofeedback in tension type headache: a single blinded randomized controlled trial. / V. Bembalgi,
K. R. Naik. // International Journal on Disability and Human Development. —2013. — Ne 3. — P. 353-361.

107. Electroencephalographic neurofeedback: Level of evidence in mental and brain disorders and
suggestions for good clinical practice / [J. Micoulaud-Franchia, A. McGonigal, R. Lopez etal.]. //
Neurophysiologie Clinique/Clinical Neurophysiology. —2015. — Ne 6. — P. 423-433.

108. D. Corydon Hammond. Book Review: Handbook of Quantitative Electroencephalography and EEG
Biofeedback: Scientific Foundations and Practical Applications / D. Corydon Hammond. // Clin EEG
Neurosci. — 2014. — Ne 45. — P. 59-60.

109. Sacchet M. D. Neurofeedback training for major depressive disorder: recent developments and future
directions. / M. D. Sacchet, 1. H. Gotlib. // Expert Rev Neurother. —2016. — Ne 9. — P. 1003—-1005.

110. Tanga V. Psychobehavioral therapy for epilepsy / V. Tanga, R. Michaelis, P. Kwan. // Epilepsy &
Behavior. —2014. — Ne 32. — P. 147-155.

111. Biofeedback in the prophylactic treatment of medication overuse headache: a pilot randomized
controlled trial. / [M. Rausa, D. Palomba, S. Cevoli et al.]. / ] Headache Pain. —2016. — Ne 1. — P. 87.
112. Clinical and neurophysiological data of neurofeedback therapy in children with ADHD / A. Kubik,

P. Kubik, M. Stanios, B. Kraj. // Przegl Lek. — 2016. — Ne 3. — P. 148-151.

113. Ginsberg G. P. Editorial: Dysregulation of Autonomic Cardiac Control by Traumatic Stress and Anxiety.
/ Ginsberg. // Front Psychol. —2016. — Ne 7. — P. 945.

114. Sonic respiration: controlling respiration rate through auditory biofeedback / [J. Harris, S. Vance,
O. Fernandes et al.]. / CHI'14 Extended Abstracts on Human Factors in Computing Systems. — 2014. —
P. 2383-2388.

115. Psychologically based therapies to improve lung functioning in students with asthma / [C. Maykela, M.
Brayb, N. Gelbarc et. al.]. / International Journal of School & Educational Psychology. — 2016. — Ne2. —
P. 79-85.

116. Kilig Z. Use of complementary and alternative therapies among sleep problems in individuals with
chronic diseases / Z. Kilig, A. Sentiirk, S. Goris. // Spatula DD. — 2015. — Ne 5. — P. 69-77.

117. Cuyler R. N. Effects of therapeutic relationship, expectancy, and credibility in breathing therapies for
anxiety / Robert Cuyler. // Bulletin of the Menninger Clinic. — 2015. — Ne 4. — P. 356-361.

118. Poppy L. A. Schoenberg. Biofeedback for Psychiatric Disorders: A Systematic Review. / Poppy L. A.
Schoenberg, Anthony S. David. / Applied Psychophysiology and Biofeedback. —2014. — Ne 2. — P. 109—
135.

119. Go-with-the-Flow: Tracking, Analysis and Sonification of Movement and Breathing to Build
Confidence in Activity Despite Chronic Pain / [A. Singh, S. Piana, D. Pollarolo et al.]. / Human—
Computer Interaction. —2016. — Ne 3. — P. 335.

120. Wearable Biomedical Measurement Systems for Assessment of Mental Stress of Combatants in Real
Time / [F. Seoane, 1. Mohino-Herranz, J. Ferreira et al.]. // Sensors. — 2014. — Ne 14. — P. 7120-7141.

108



Series «Mediciney. Issue 32

121. Identification of isometric contractions based on High Density EMG maps. / M.Rojas-Martinez,
M. A. Mafanas, J. F. Alonso, R. Merletti. // Journal of Electromyography and Kinesiology. — 2013. —
Ne 1. —P. 33-42.

122. Surface EMG Biofeedback, in Surface Electromyography : Physiology, Engineering, and Applications /
A.Gallina, M. Gazzoni, D. Falla, R. Merletti. — Hoboken, New Jersey: John Wiley & Sons, Inc, 2016. —
570 c.

123. Kang D. Y. Deep cervical flexor training with a pressure biofeedback unit is an effective method for
maintaining neck mobility and muscular endurance in college students with forward head posture / Dong
Yeon Kang. // J Phys Ther Sci. —2015. — Ne 27. — P. 3207-3210.

124. Jahanbazi A. Effects of EMG Biofeedback on Pain and Quality of Life in Cervical Dystonia / A.
Jahanbazi, A. Chitsaz, K. Asgari. // J Neurol Disord. — 2013. — Ne 2. — P. 144.

125. Giggins O. M. Biofeedback in rehabilitation / O. M. Giggins, U. M. Persson, B. Caulfield. // J Neuroeng
Rehabil. —2013. — Ne 10. — P. 60.

126. Lehrer P. M. Heart rate variability biofeedback: how and why does it work? / P. M. Lehrer, R. Gevirtz. //
Front Psychol. —2014. — Ne 5. — P. 756.

127. Kimmel H. D. Instrumental conditioning of autonomically mediated responses in human beings /
Kimmel. / Am Psychol. — 1974. — P. 325-335.

128. Cardiovascular dysfunctions and sympathovagal imbalance in hypertension and prehypertension:
physiological perspectives / [G. K. Pal, P. Pal, N. Nanda et.al.]. // Future Cardiology. — 2013. — Ne 9. —
P. 53.

129. Shaffer F. Heart rate variability anatomy and physiology / F. Shaffer, J. Venner. // Biofeedback. — 2013.
—Ne 41.-P. 13-25.

130. Gomes J. S. Cardiovascular Biofeedback and its Applications: Review of Literature / J. S. Gomes,
M. F. Coghi. // Av. Psicol. Latinoam. — 2013. — Ne 2. — P. 1794-4724.

131. Gevirtz R. The Promise of Heart Rate Variability Biofeedback: Evidence-Based Applications / Richard
Gevirtz. // Biofeedback. —2013. — Ne 3. — P. 110-120.

132. Shaffer F. A healthy heart is not a metronome: an integrative review of the heart\'s anatomy and heart
rate variability / F. Shaffer, R. McCraty, C. L. Zerr. // Front Psychol. —2014. — Ne 5. — P. 1040.

133. Utilizing heartbeat evoked potentials to identify cardiac regulation of vagal afferents during emotion and
resonant breathing / S.MacKinnon, R. Gevirtz, R. McCraty, M. Brown. // Appl Psychophysiol
Biofeedback. —2013. — Ne 38. — P. 241-255.

134. Research and development of portable hypertension therapeutic apparatus based on biofeedback
mechanism / [R. Huang, H. He, X. Pi et al.]. / Sheng Wu Yi Xue Gong Cheng Xue Za Zhi. — 2014. —
Ne 31. —P. 586-589.

135. Lehrer P. M. How does heart rate variability biofeedback work? Resonance, the baroreflex, and other
mechanisms. / M. Lehrer. / Biofeedback. —2013. — Ne 41. — P. 26-31.

136. Sympathetic Nerve Fibers in Human Cervical and Thoracic Vagus Nerves / [A. Seki, H. R. Green,
T.D. Lee et al.]. // Heart Rhythm. —2014. — Ne 11. — P. 1411-1417.

137. Rhoades R. A. Medical Physiology: Principles for Clinical Medicine. 4th ed. / R. A. Rhoades,
D. R. Bell. — Baltimore, MD: Lippincott Williams & Wilkins, a Wolters Kluwer business; 2013. —
P.311-325.

138. Alternative medicine in atrial fibrillation treatment—Yoga, acupuncture, biofeedback and more /
[A. Kanmanthareddy, M. Reddy, G. Ponnaganti et al.]. //J Thorac Dis. —2015. — Ne 7. — P. 185-192.

139. McKee M. Biofeedback in the treatment of heart failure / M. McKee, C. Moravec. // Cleve Clin J Med. —
2010. — Ne 77. — P. 56-59.

140. Randomized controlled trial of heart rate variability biofeedback in cardiac autonomic and hostility
among patients with coronary artery disease / [I. Lin, S. Fan, H. Lua et al.]. / Behaviour Research and
Therapy. — 2015. — Ne 70. — P. 38—-46.

141. The role of biofeedback in the rehabilitation of veno-occlusive erectile dysfunction. / [M. R. Al-Helow,
H. Abdul-Hady, M. M. Fathalla et al.]. // Egyptian rheumatology and rehabilitation. — 2014. — Ne41. —
P. 179-186.

142. Clinical effectiveness of stress-reduction techniques among patientss with hypertension: systematic
review and meta-analysis. / [E. Nagele, K. Jeitler, K. Horvath et al.]. // Journal of Hypertension. — 2014.
— Ne 32. —P. 1936-1944.

109



Journal of V. N. Karazin" KhNU. 2016

143. A brief review and clinical application of heart rate variability. Biofeedback in sports, exercise, and
rehabilitation medicine / [G. E. Prinsloo, L. Rauch, W. E. Derman etal.]. / The Physician and
Sportsmedicine. — 2014. — Ne 42. — P. 88-99.

144. Newman J. B. Heart disease: from psychosocial to pathophysiological to treatment with biofeedback —
An overview / Jan Newman. // Biofeedback. —2013. — Ne 41. — P. 39-42.

145. Exercise-based cardiac rehabilitation among patientss with chronic heart failure: a Dutch practice
guideline. / [R. J. Achttien, J. B. Staal, H. M. Kemps et al.]. / Netherlands Heart Journal. — 2015. —
Ne 23. - P. 6-17.

146. Siah K. T. Chronic constipation and constipation predominant. IBS: separate and distinct. Disorders or a
spectrum of disease? / K. T. Siah, R. K. Wong, W. E. Whitehead. // Gastroenterology & Hepatology. —
2016.—Ne 12. - P. 171-178.

147. Feasibility of a capnometry device for respiratory biofeedback among patientss undergoing coronary
artery bypass graft surgery. / O.Grishin, V. Gultyaeva, M. Zinchenko, D. Uryumtsev. // Biomedical
Engineering and Computational Technologies (SIBIRCON), 2015 International Conference on 28-30
Oct. 2015. — P. 22-26.

148. Protocol for heart rate variability biofeedback training / [P. Lehrer, B. Vaschillo, T. Zucker et.al.]. //
Biofeedback. —2013. — Ne 41. — P. 98-109.

149. Hasan W. Autonomic cardiac innervation: Development and adult plasticity. / Hasan. // Organogenesis.
—2013.—Ne 9. —P. 176-193.

150. Effect of feedback signal on blood pressure self-regulation capability in individuals with
prehypertension or stage I hypertension: a randomized controlled study / [M. Wang, N. Chang, M. Hsich
et al.]. // Journal of Cardiovascular Nursing. — 2016. — Ne31. — P. 166-172.

151. Comparative study of Heart Rate Variability in normotensive offsprings of hypertensive parents /
[S. Chinagudi, A. Herur, S. Patil et al.]. // Biomedical Research. —2013. — Ne 24— P. 123-126.

152. Effects of heart rate variability biofeedback on cardiovascular responses and autonomic sympathovagal
modulation following stressor tasks in prehypertensives / S. Chen, P. Sun, S. Wang et al.]. // Journal of
Human Hypertension. —2016. — Ne 30. — P. 105-111.

153. The success of heart rate variability biofeedback parameters in persons with different levels of blood
pressure. / Poskotinova L.V., Demin D.B., Krivonogova E.V. et al.]. / Vestn Ross Akad Med Nauk. —
2013. — No 7. —P. 20-23.

154. Cernes R. RESPeRATE: the role of paced breathing in hypertension treatment. / Cernes R., Zimlichman
R.//J Am Soc Hypertens. —2015. — Ne 9. — P. 38-47.

155. Effect of slow abdominal breathing combined with biofeedback on blood pressure and heart rate
variability in prehypertension. / Shu-Zhen Wang, Sha Li, Xiao-Yang Xu et.al.]. / The Journal of
Alternative and Complementary Medicine. — 2010. — Ne 16. — P. 1039-1045.

156. Device-guided breathing exercises for the treatment of hypertension: An overview. / Kornelis JJ van
Hateren, Gijs WD Landman, Susan JJ Logtenberg et al.]. / World J Cardiol. — 2014. — Ne 6. — P. 277—
282.

157. Shaffer F. Biofeedback. Textbook of complementary and alternative medicine / Shaffer F., Bieber E. J.,
Bauer. B. A. — Abingdon, Oxfordshire: UK: Informa Healthcare, 2006. — (2).

158. Effectiveness of biofeedback in the closed loop of heart rate variability and paced breathing in the
patients with somatoform autonomic dysfunction. / Akhimienmhona P. D, Oreofe A. B, Belal S. A. S,
Kulyk V. L. // Vestnik Har'kovskogo nacional'nogo universiteta imeni V.N. Karazina. Serija «Medicinay.
—2014. — Ne 28. —S. 23-27

159. Belal S. A. S. The influence of biofeedback sessions in closed loop of heart rate variability and paced
breathing on systolic blood pressure control during standard drug therapy in patients with arterial
hypertension. / Belal S. A.S, Vodyanitska N. A, Yabluchansky M.I. // Vestnik Khar'kovskogo
nacional'nogo universiteta imeni V. N. Karazina. Serija «Medicina». —2015. — Ne 29. — S. 11-21.

160. Vpliv seansiv biologichnogo zvorotn'ogo zv'jazku v konturi metronomizovannogo dihannja ta
paremetriv variabel'nosti sercevogo ritmu na jakist' zhittja pacientiv iz arterial'noju gipertenzieju. /
Nazarenko E. O, Radchenko A. O., Belal S. A. S, Yabluchansky M. I. // Ukrains'kij naukovo-medichnij
molodizhnij zhurnal. — 2015. — Ne 3. — P. 103-106.

161. Implementation of Biofeedback in a Closed Loop of Heart Rate Variability and Paced Breathing among
patientss with Arterial Hypertension / O. L. Kulik, O. J. Schmidt, S. A. S. Belal, I. A. Rank. // Journal of
V. N. Karazin KhNU, series «Medicine». —2014. — Ne 1108. — P. 10-15.

110



Series «Mediciney. Issue 32

162. Ispol'zovanie biologicheskoj obratnoj svjazi v zamknutom konture variabel'nosti serdechnogo ritma i
metronomizirovannogo dyhanija u pacientov s arterial'noj gipertenziej / A. L. Kulik, E. Ju. Shmidt //
Materiali naukovo-praktichnoi konferencii za uchastju mizhnarodnih specialistiv «Aktual'ni pitannja
suchasnoi psihiatrii, narkologii ta nevrologii», Kharkiv, 14-15 kvitnja 2014 r. / Za zagalnoju

redakciyeyu prof. V. I.Ponomar'ova. — Kharkiv

111



