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B INTRODUCTION

The principal reason for the impaired regulation of systemic blood pressure (BP) lies in
acute or chronic stress situations involving social determinants, such as globalization, urbanization,
income level, education and housing conditions [1].

The initial signs of functional disorders in the circulatory system shown as «maladaptation
syndrome» (decreased physical tolerance, increased anxiety and transient vegetative disorders)
become evident as early as in the school age. Therefore the preventive examinations show that
58.3-74.6% of school children, without any health complaints present transient BP fluctuations
which ranges are wider than the statistically normal range [2], and, if medical advice is sought,
neurocirculatory dystonia (NCD), neurocirculatory asthenia [3, 4], vegetovascular dystonia (VVD)
[5] or somatoform dysfunction of the vegetative nervous system (SDVNS, IDC-10 code: F 45.3) [6]
is diagnosed. There is no generally accepted SDVNS classification [7].

The following clinical signs and symptoms of SDVNS are known: pain syndrome (cephal-
gias, cardialgias, abdomenalgias, etc.); signs of vagotony; signs of sympatheticotony, systemic BP
disorders.

In the structure of cardiovascular (CV) diseases, SDVNS occurs three times more frequent-
ly than the organic pathology and is of great social and economic importance as it may limit the
choice of profession and be an insuperable obstacle to military service [8]. The 10-year prospective
study provided the conclusive evidence that SDVNS can be considered as the borderline condition
preceding one or other form of arterial hypertension in 30% of the monitored children [9].

According to the modern concepts [6, 10] SDVNS is a stress-induced phychovegetative
cardiovascular disorder, its treatment is based on elimination of all stress-provoking factors, selec-
tive use of mild sedative or tonic agents depending on the VNS imbalance (such as valerian, moth-
erwort, glycine or eleuterococcus, ginseng, Chinese magnolia vine), nootropics, tranquilizers and
neuroleptics. With the profound predominance of one of the VNS segments, either beta-adreno-
blockers (to suppress sympathetic nervous system activity), or beladonna drugs (to reduce vagus
nerve activity) are administered. Physical therapy (massage, electrically-induced sleep therapy or
exercise therapy) and balneotherapy are used.

Arterial hypertension (AH, increased blood pressure or hypertension, hypertensive or
hypertonic disease — ICD-10 code: 110-115) is one of the key risk factors for CV diseases. Hyperten-
sion is a silent and invisible killer that induces evident symptoms rarely [1]. Globally, there are more
than a billion of people suffering from hypertension or 20% of the global population. Hypertension
causes myocardial infractions and cerebral strokes. Increased blood pressure kills nine million
people every year [11].

The algorithms for AH diagnostics and drug therapy are known, help physicians to solve the
challenging task of AH patient treatment and to develop more effective schemes for BP drug therapy
[12]. However according to the study results carried out within the targeted program “Prevention
and Treatment of Arterial Hypertension in the Russian Federation”, AH incidence rate is 39.5%
of the examined subjects, AH awareness — 77.9%, with 59.4% of the population treated, and the
treatment efficacy only 21.5% [13]. In 2003 — 2013, AH incidence in Russian men was increased
on 20% [14]. In the USA, 68% of people with high BP values were aware of their disease; of them,
53.6% were treated. However, only 27.4% of the treated people had the adequate BP control (below
140/90 mm Hg) [15].

Therefore the relevance of seeking methods for correction of VNS balance in AH both in the
population and in each individual clinical case is still high.



Chronic arterial hypotension (CAH, primary arterial hypotension, essential arterial hy-
potension, chronic hypotension, hypotonic disease — ICD-10 code: 195.0) is diagnosed in 33% of
women and 4% of men [16, 17], achieving about 12-15% in the population, being only inferior to
SDVNS in incidence rates. However due to the long-term compensated condition and low rates
of medical referrals of the population, low awareness of physicians in the diagnostic criteria and
absence of perfect treatment methods, actual incidence rates of CAH are largely higher than the val-
ues stated above [18]. Meanwhile, CAH is a risk factor for vascular (hypotensive) encephalopathy,
atherosclerosis, resistant arterial hypertension, ischemic heart disease and other cardiovascular
diseases, and it worsens quality of life and working capacity as early as in the young age [19]. In
CAH exposed to stress factors both transient cerebrovascular disorders and severe cerebral disor-
ders [20], the body is actively ageing [14, 16].

The principal CAH syndrome is decreased BP combined with the decreased total peripheral
resistance and specific clinical symptoms. The first symptoms such as complaints on headaches,
vertigos, syncopes, weakness, tearfulness, liability to depression, weather sensitivity, etc., allowing
to suspect hypotensive VVD, reveal CAH most often as early as at the age of 8-9 years [21].

In ongoing emotional and age-specific stresses (extension periods, psycho-neuroendocrine
changes, pregnancy, etc.), clinical symptoms are gradually aggravating [22]. However such con-
dition remains compensated for a long time, subjects consider themselves to be relatively healthy
managing their health problems on their own using folk treatment methods (coffee, tinctures of
hawthorn, schizandra, eleuterococcus, ginseng, etc.).

Only the presentation of symptoms (syncope crises and severe symptoms of psycho-veg-
etative dysregulation) makes them refer to physicians [23].

The recommendations available in the literature for drug therapy of CAH-related disorders
are divided into two types: pathogenetical (aimed to increase BP) and symptomatic treatment [24-
26].

The recommendations on CAH treatment are extensive but not sufficiently systematized
due to unpredictable multiple symptoms and absence of reasonability in drug selection, moreover,
most drugs used have serious limitations and adverse effects if taken for a long time.

Among physiotherapy procedures in CAH, general body conditioning, dosed physical ex-
ercise, balneotherapy, photo- and electrotherapy, acupuncture and massage [27, 28] are recom-
mended.

Moreover, recently as the close relationship between CAH and chronic fatigue syndrome
[29-31] was established, the search for new effective and reliable methods for BP management has
acquired a special importance. The ultimate goal for such efforts is the development of methods for
timely, safe and individualized management of adaptive body capabilities in decreased BP.

Therefore the disorders of the systemic BP regulation are widely spread in all age groups
of the global population. However, despite the available range of drug products, it is not always
possible to achieve long-lasting stable target effect. On the other hand, long-term drug therapy
may result to addiction to one or another drug, withdrawal (“rebound”) syndrome, resistance and
adverse effects.

Considering information expansion of the modern society, etiology and pathogenesis of
systemic BP dysregulation, the necessity of the search for new and improvement of the known
methods of non-drug BP therapy is evident, among which physical therapy has the leading role as
the most natural trend for recovery of impaired functions [32-36].

Almost for 10 years, the dynamic electric neurostimulation (DENS) has been successfully
used for systemic BP management, both in polyzonal technique and within any single exposure
area [37-39]. However the accumulated experience of the use shows some disadvantages such
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as: inconvenience in emergency care in under extreme situations, use only for AH and moderate
temperature [40, 41].

The fundamentally new physical therapy device for transcutaneous electric neurostimula-
tion (TENS) ABP-051 has been designed. Used in systemic BP disorders, it shows high efficacy
both in hypertension and hypotension, with the increase in the cohort (proportion) of treatment
responders.

B 1. ABP-051

1.1. Indication

Transcutaneous electrostimulator ABP-051 intended for normalization of blood pressure
manufactured by Inferum LLC (Ekaterinburg, Russia) is an autonomous physical therapy device for
non-invasive exposure to the low-frequency electric current impulses in distal dermatometer areas
located in the left forearm.

It is intended for general regulating exposure to human physiological functional systems
(PHFS) in treatment and prevention facilities, home and field settings to provide treatment and
secondary preventive care in systemic BP disorders and concomitant symptoms in persons above
14 years.

Procedure course promotes:

Management and stabilization of the impaired BP;

Elimination of pain syndrome and other symptoms accompanying BP increase or decrease;
Improvement of the overall health condition;

Improvement of the emotional condition;

Improvement of the working capacity;

Decrease of weather sensitivity and time dependence;

Improvement of patient’ quality of life.

Device ABP-051 is approved for medical use by the Federal Service for Surveillance in
Healthcare and introduced to the Registry of the Medical Devices (Marketing authorization N¢ RZN
2016/3776 dated March 31, 2016; EC Certificate N° 1942/MDD dated September 1, 2017) and
conforms with TU 9444-005-12342964-2015.

1.2. Program and exposure parameters

The Program of the device exposure is the further development of TENS and DENS. The
hallmark of device ABP-051 is formation of hormetic [42-46] electric current parameters for dual
functional signaling by the Monte Carlo method [47] to restore intermittent activity of the function-
ing structures [48].

Two automatic software programs are used in ABP-051. Program No 1 is intended for
management of increased BP and systemic AH, while Program No 2 is used for management of
decreased BP and CAH. Each such program consists of consequent series of electric impulses
(Fig. 1) differing in frequency, stimulation time intervals and exposure amplitude (Fig. 2) which
makes the electrostimulator effective and prevents body adaptation to it.
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1.3. Main technical characteristics
Main technical device characteristics are shown in Table 1.
Table 1
Major technical characteristics of ABP-051

Description Value and purpose

Exposure purpose: Arterial hypertension
Program No 1 Working impulse rates, Hz 9,2and 77
Total operation time, min. 5
Exposure purpose: Arterial hypotension
Pl e 2 Working pulse rates, Hz 77 and 140, amplitude modulation with
frequency: 4
Total operation time, min. 6
Electric pulse | ppage 1,y 3010V
amplitude '
(load-free) Phase 2, V 95:25
Dimensions (without the cuff), not more than, mm 75x75x40

Electrostimulator weight (with the cuff and built-in electrodes | 0,1
(without power supply cells)), not more than, kg

Power consumption, not more than mA 200

Supply voltage, V 3+0,6

Galvanic batteries,
Type AAA (R03), 2 pcs.

Degree of the device body protection IP41 pcs.

Electric power supply source

Degree of protection of the working units from electric Class BF
current damage

1.4. Appearance and design
Appearance and design of the device are shown in Fig. 3.

1
0

Fig. 3 Appearance and
design of ABP-051




External side of the device contains screen and control keys as follows:
1 — ON/OFF button, Program No 1 (contains three relief points on its surface)

2 — LED indicator, Program No 1. After the LED starts flashing white, a sound signal occurs to state
that Program No 1 operation is over

3 —Program No Symbol for management of increased BP (orange)

4 — Symbol of the correct device installation on the forearm for Program No 1 for management of
increased BP (orange)

5 — Battery compartment lid
6 — Cuff for fixing the device upon the wrist
7 — ON/OFF key, Program No 2 (contains one relief point on its surface)

8 — Light emitting diode, Program No 2. After the light emitting diode starts flashing white, a sound
signal occurs to state that Program No 2 operation is over

9 — Program No 2 symbol for management of decreased BP (blue)

10 — Symbol of the correct installation of the device on the forearm for Program No 2 for manage-
ment of decreased BP (blue)

11 — Low battery indicator

Internal side of the device contains:

12 - Cuff holder

13 — Operational surface of the device body
14 — Electrodes for electric stimulation

W 2. INDICATIONS FOR THE USE,CONTRAINDICATIONS AND
POTENTIAL ADVERSE EFFECTS OF ABP-051

2.1. Indications for the use

® NCD of hypo- or hypertensive type (CV dysfunction in VVD syndrome, SDVNS) as a sup-
plement to drug therapy or as an individual treatment method,;

® Episodes of BP increase in stress situations, weather changes, change of time zones, etc.
in persons with labile AH form;

® Steady high systemic BP in patients with AH —as a supplement to complex drug treatment;
Low BP in CAH patients — as a supplement to complex drug treatment;
@ The device is indicated for the use in persons above 14 years.

2.2. Contraindications for the use
Absolute contraindications:

Individual intolerability of the electric current;
Presence of an implanted pacemaker;

Atrial fibrillation;

General contraindications to physical therapy.
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Relative contraindications:

Open skin wounds or injuries in the distal third of the left forearm
(macerations, wounds, burns, exanthema, etc.);

Neoplasms (tumors) of any etiology or location;

Acute fevers of unclear etiology;

Acute psychotic, alcohol or drug-induced excitation;

Pregnancy.

2.3. Potential adverse effects

Any known adverse effects of ABP-051 use are not shown.

B 3. MECHANISM OF ACTION OF ABP-051

3.1. Mechanism formula for systemic BP management

Systemic BP is managed as a result of reconstruction of the body sanological functional
system [48, 49, 50] per the type of artificial stabile functional connection (ASFC) [51], as the orig-
inal exposure of ABP-051 signals to nervous-vascular receptors in the distal segments in left fore-
arm dermatometers which have segmentary and suprasegmentary connection with cardiovascular
and vasomotor centers.

3.2. Pathogenesis of systemic BP disorders and their general treatment
approach

Modern biomedical science considers SDVNS, AH and CAH as stress-induced psycho-veg-

etative cardiovascular disorders [5, 10, 15, 17, 20, 52].
More than 100 years ago, W.B. Cannon was the first to describe somatic changes in negative
emotions [53] and introduced later the term “stress” to physiological and psychological practice
[54]. Later H. Selye described the general adaptation syndrome [55] and two specific stress types:
positive stress and negative stress.

In positive stress - eustress (ancient Greek 0 — “good, genuine” and stress) —physiological
functional system (PHFS, Fig. 4) formed by the body under external exposure provides restoration
of normal human homeostasis; the stress ends with a positive adaptive result (UAR); and PHFS as
no longer needed, is dissociated preserving the “functional system with the advanced UAR predic-
tion” in the memory [56, 57].

In negative stress case — distress, the body is unable to achieve UAR [58] and to stabilize
homeostasis. In such cases, a focus of continuous nervous excitement arises in CNS — unsatisfied,
pathological dominant (PD) which causes dysregulative pathology of the vasomotor center (VMC)
and clinical picture of SDVNS [50, 52, 59].

If PD is not eliminated timely, it leads, sooner or later, to formation and consolidation of
the pathological functional system (PFS) — a never-ending, vicious circle, a rigid cyclical program
— chronic dysregulative disorder [60]. Each type of the systemic BP disorder and the clinical syn-
drome has its own PFS. The stressor impairing the general homeostasis ceased exciting nerve re-
ceptors, and PFS activity continues, and energy resources (biophysical) and material (biochemical)
body resources are wasted strenuously in vain (Fig. 5).

19 -
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PFS is a permanent generator of irritations maintaining persistent imbalance in VNS and
the hypothalamus-pituitary gland-adrenal gland system. This, in its own turn, leads to the impaired
tone and geometry of resistant peripheral vessels (initially functional; afterwards, morphological
re-modulation of arterioles, terminal arterioles, capillaries and venules); increase or decrease of
peripheral blood flow resistance with the impaired microcirculation, lower perfusion rates and met-
abolic disorders in target organ tissues; centralized or decentralized blood circulation; and arterial
hypertension or hypotension in the systemic circulation. AH or CAH form so up to drug-resistant
and complicated disease forms [18, 36, 61-65].

In such settings, the use of ABP-051 is pathogenetically justified and associated with the
universal biological categories and principles. Systemic BP is corrected with the introduction of
ABP-051 device into external behavioral chain of the body self-regulation (Fig. 6). This provides
PFS elimination, activation of the sanological system and restoration of the general integrative
cerebral control [50, 57, 60, 66] forming ASFC as result of which the brain restores its original
capabilities to control the systemic BP homeostatic balance [51].

_____________________ ABP-051 corrector
................... of the systemic AP

[ BEHAVIORAL REGULATION ]

CNS

BP

normalization]
cortex VEGETATIVE 120/80 [ BAROREGEPORS
- HEECTHASMUERY .+, REGULATION mm Hg
"
vMC ¥,

Humoral-hormonal
regulation

PNS RECEPTORS
OF THE LEFT FOREARM SKIN

| Fig. 6. Scheme of the artificial sanogenetical system
for systemic BP management using ABP-051
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Such cerebral phenomenon was first discovered by V.N. Smirnov and Y.S. Borodkin [67]
as they were using tagged-in electrodes to restore normal CNS balance (excitement-inhibition).
The ASFC phenomenon shows mainly the rehabilitation of the previously existing but later impaired
cerebral connections which provides opportunity for more comprehensive use of cerebral reserves
and their control.

It is explained by the fundamental physiological principles: dual functional signaling and
antagonistic regulation (any such event involves both activating and inhibiting structures), intermit-
tent activity of the functioning structures and latent adaptation reserve (any activity is maintained by
intermittent functioning of individual groups within the homogeneous structure) and the principle
of long-term matrix memory (by which the first principles are maintained). The further studies
showed that stimulation frequency and certain treatment exposure time are important to obtain the
consistent reaction as the short-term exposure may end with the rapid ASFC fading [49, 50, 51, 52,
56, 57, 59, 60].

3.3. Selection of exposure area

To provide effective formation of ASFC and obtain the expected body reactions in response
to ABP-051 exposure in patients with systemic BP disorder, two exposure areas were selected
(Fig.7). The areas were selected in accordance with the universal biogenetical metamerism princi-
ple, peculiarity of segmentary distribution of somato-visceral innervations and somato-vegetative
integrations, and also availability of emergency care procedures with regards to exposure individu-
alization and standardization.

Cs-Gs; Cs-GCg, Thy;

CS'Th‘ . N. radialis, N. radialis, CB'Th1 .
N. medialis dors. posterior N. medialis
antebtrachlal antebrachial  antebrachial antebrachial

cutan.

cutan. cutan.

C-GC;
N. lateralis
antebrachial
cutan.

Co-Cs;
N. radialis,

Ce-Thy; superficial.

N. ulnaris
palmar.

N. ulnaris
dorsal.

G-GCs;
N. medianus

Volar wrist Dorsal wrist

Fig. 7. Left forearm and hand. Segmentary innervation and skin sensitivity distribution in accor-
dance with the peripheral nerves [68, 69]. ABP-051 electrode positions required for the treatment
procedures with the use of: Program No 1 (P. No 1) and Program No 2 (P. No 2)
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The evolution-mediated particularities of the metameric structure of human upper extrem-
ities are known [70-74]. They are presented as the common vegetative-segmentary innervation
available for internal organs and for certain metameres: one and the same spinal segments con-
tribute to innervation (although dissimilar in its nature) of dermatometers of the arm and cardio-
vascular organs [75, 76]. For instance, forearm skin is somatically innervated from segments of
C5-CB, Th,; sympathetical arm innervation from Th,-Th.; vegetative heart innervation from CS-C5, Gy,
Th,-Th,; and aorta - from Th,-Th, [70, 72, 73, 77].

The cardiovascular center and vasomotor center are represented by network-connected,
dynamic community of CNS structures, and they include sympathetic nervous system centers and
pre-ganglion spinal neurons G, Th -Th,; parasympathetic nervous system centers represented by
pre-ganglion neurons of the vagus nerve, by the higher VNS centers and individual nuclei of the
hypothalamus, limbic system and cerebral cortex [77-81].

The spinal intimal dynamic contacts make the concept of impulse switch from the somatic
segment to the vegetative segment and vice versa and also on suprasegmentary-integrative levels.
The cervix-thorax ganglion plays an important role in differentiation of exposure areas and commu-
nicative topology (C,-Cg; n. vagus; n. vertebralis; n. cardiacus cervicalis inferior).

W 4. TECHOLOGY OF ABP-051 USE

4.1. Procedure conditions and preparation

Treatment procedures with the use of ABP-051 do not require any specific conditions. It is
desirable that the room in which the device exposure occurs, is clean, dry and light.

Before the device is used, its operator should:

@ Review and always bear in mind the precautions stated in the operation manual of ABP-051
electrostimulator.

@ Decide on of indications and contraindications to the device use (Sections 2.1 and 2.2).
It should be considered that if there are any relative contraindications, the device may be
used only after a consultation with an experienced physician.

Before the device is used, the patient should be warned:

® ltis notallowed to discontinue the drug treatment on his own in the period of BP treatment
using device ABP-051: after a steady therapeutic effect is obtained, drug doses may be
changed only by the attending physician.

® The use of ABP-051 should be promptly discontinued if any allergic or any other unexpect-
ed reactions occur as the result of a skin contact with the device or working electrodes; in
such a case, the patient should promptly consult the specialist.

Before the treatment, each patient should review the device and possible nature of sensa-
tions occurring during the session of the device exposure, the intended treatment purpose should
be explained to him/her; he/she should take off all items from the left arm/hand (wrist watch, rings,
chains, etc.) and free the distal third of his/her left forearm from the clothes.
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For a treatment session using device ABP-051, a patient should take any body position
comfortable for him/her (either a sitting or supine position). The procedure is not made while the
patient stays in a vertical position.

During the procedure, the patient should never read, sleep, touch the device body or change
the device position on his/her arm on his own.

After the treatment procedure, it is recommended to have rest for 20-30 min.

After each treatment procedure, the device electrodes should be wiped with a soft absor-
bent cloth slightly impregnated in the disinfectant solution (such as 3% aqueous hydrogen peroxide
solution). Take precautions to avoid any liquid getting into the device.

Store the device with its electrodes dry.

4.2. Procedure technique for management of the increased BP and systemic
arterial hypertension (Program No 1)

4.2 1. Take off all objects from the left forearm and free from the clothes.

4.2.2. Select the exposure area. The exposure area zone for patients with high BP is on
anterior surface of the distal third of the left forearm.

4.2.3. Treat the device electrodes and the patient’s skin in the exposure area, with a moist
napkin or tampon slightly moistened with water or saline solution (0.9% aqueous sodium chloride
solution) to ensure better contact.

4.2 4. Put the patient’s left hand into the device cuff so that.

4.2.5. Shift it upon the forearm.

4.2.6. To ensure proper treatment efficacy, place the device to the lower third of the forearm
so that right rim of the device body is parallel to the radiocarpal fold (Fig. 8).

WNY34NI

Radiocarpal fold

Fig. 8. The proper working position of the device on left
forearm for management of the increased BP
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4.2.7. Tighten and fix the cuff so that that close contact is maintained between the device
electrodes and the skin; while avoiding any empty areas between the cuff and the forearm surface
but so that the forearm is not strapped over-tightly. The patient should never feel any discomfort.

4.2.8. Turn the device on pressing ON/OFF key, Program No 1 (Fig. 3, Position 1). The
appropriate light emitting diode signal will appear on the screen (Fig. 3, Position 2), and automatic
Program for high BP management will be activated, to operate for 5 min.

4.2.9. After the treatment session, the appropriate sound signal will be heard, the device
will be turned off automatically, and the LED signal will fade away.

4.2.10. To turn off the device forcefully, press and hold ON/OFF key, Program No 1 (Fig. 3,
Position 1), pressed for more than 1 second; the device will emit the appropriate sound signal and
be turned off, and the LED signal will fade away.

4.2.11. After the device is turned off, relax the cuff fixture and take ABP-051 from the pa-
tient’s arm.

4.2.12. After the treatment session, it is recommended that the patient should rest for 20-
30 min.

4.3. Procedure technique for the management of low BP and chronic arterial
hypotension (Program No 2).

4.3.1. Take off a wrist watch or bracelets from the distal third of the left forearm and free
from the clothes.

4.3.2. Select the exposure area. The exposure area for patients with low BP is the posterior
surface of the distal third of the left forearm (Fig. 9)

4.3.3. Treat the device electrodes and the patient’s skin in the exposure area, with a moist
napkin or tampon slightly moistened with water or saline solution (0.9% aqueous sodium chloride
solution) to ensure better contact

4.3.4. Put the patient’s left hand into the device cuff so that.

4.3.5. Shift it upon the forearm.

4.3.6. To ensure proper treatment efficacy, place the device in the lower third of the fore-
arm, so that right rim of the device body is parallel to the radiocarpal fold (Fig. 9).

Radiocarpal fold

Fig. 9. The proper working position of the device on the left
forearm for management of low BP
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4.3.7. Tighten and fix the cuff so that that a close contact is maintained between device
electrodes and the skin; while avoiding any empty areas between the cuff and the forearm surface
but so that the forearm is not strapped over-tightly. The patient should never feel any discomfort.

4.3.8. Turn the device on pressing ON/OFF key, Program No 2 (Fig. 3, Position 8). The
appropriate light emitting diode signal will appear on the screen (Fig. 3, Position 7 and 8), and
automatic program for low BP management will be activated, to operate for 6 min.

4.3.9. After the treatment session, the appropriate sound signal will be heard, the device
will be turned off automatically, and the light emitting diode signal will fade away.

4.3.10. To turn the device off forcefully, press and hold ON/OFF key, Program No 2 (Fig. 3,
Position 7 and 8), pressed for more than 1 second; the device will emit the appropriate sound signal
and be turned off, and the light emitting diode signal will fade away.

4.3.11. After the device is turned off, relax the cuff fixture and take ABP-051 from the pa-
tient’s arm.

4.3.12. After the treatment session, the patient should rest for 20-30 min.

4.4. General treatment recommendations

Usually, the treatment procedures are made 1-3 times daily, within a 14-day treatment

course, preferably in one and the same time of the day; after the targeted BP value is achieved
regardless of BP level before the treatment procedure. The device exposure has the cumulative
effect — that is, BP becomes steadily stable to the end of the treatment course.
In the event of occasional (but recurrent) BP increase or decrease a treatment course of not less
than 14 days, 1-3 procedures a day, is required. In the beginning of the treatment, a temporary BP
destabilization can occur followed by the steady BP decrease in hypertension or steady BP growth
in hypotension).

With the diagnosis of labile AH (a rare occasional and insignificant BP increase up to not
more than 150 mm Hg), ABP-051 device may be used as monotherapy. Such approach suppresses
and prevents the disease transfer from aggravating into persistent AH form.

AH patients (hypertensive disease) need recurrent regular treatment courses at least once in a
month (for instance: since 1st through 14th day of each month).

AH or CAH patients aged above than 70 years need a more sparing rates of BP decrease.
For that, one exposure session using ABP-051 once a day is recommended. In such cases, the
recommended duration of each treatment course should be not more than 7-8 days. After 10-15
day break, it is appropriate to repeat the same treatment. During the first treatment courses, BP may
slightly fluctuate.

In patients with resistant, non-controlled AH (persistently high SBP — more than 180 mm
Hg despite the drug therapy), the number of procedures using ABP-051 per day, and duration of the
treatment course should be determined after consultation with the attending physician.
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W 5. EFFICACY OF ABP-051

Study design: multi-center prospective randomized, placebo-controlled study

Clinical study sites: State Budgetary Healthcare Institution of the Sverdlovsk Region
“Sverdlovsk Region Clinical Hospital No 1” (Ekaterinburg) [82]; Budgetary Healthcare Institution of
the Udmurt Republic “Republican Clinical-Diagnostic Center” of the Ministry of Health of Republic
of Udmurtia (Izhevsk) [83].

Study aim: to assess efficacy of new physiotherapy device “Transcutaneous electrostim-
ulator for blood pressure management ABP-051” in AH and CAH patients.

Inclusion and exclusion criteria: in accordance with the indications and contraindica-
tions for the use of ABP-051 (Sections 2.1 and 2.2).

Clinical study control specifications:
@ study protocol “Efficacy and Safety of ABP-051 device for BP Management”;

@ Package insert;

@ Patient’s voluntary informed consent for the study and for processing of his/her personal
data;

@ Patient’s study log;

® Patient’s questionnaire;

@ Patient monitoring card, 2 forms;

® Adverse reaction records sheet;

® Reporting form for any adverse event induced by the medical device (event/event risk).

Study patients: 153 patients of both sexes (of them: 57 male and 96 female) aged 20-80
years, (average age: 62.5+11.6 years) suffering from AH (initial BP value: 140/90 mm Hg or more)
or CAH (initial BP value: less than 100/60 mm Hg). Average disease duration was 20.3+1.8 years.

The patients’ diagnoses were verified in accordance with the recommendations of the Rus-
sian Medical Society for AH, namely: “Clinical Recommendations: AH in Adults” and “National
Guidelines: Gardiology” prepared under the aegis of the Russian Society of Cardiology and the
Association of Medical Societies for Quality.

Examination methods: general clinical tests (complete blood count and urine analysis,
ECG, fluorography; gynecological examination for female patients); office BP measurement (OM-
RON Compact semi-automatic tonometers, Japan-Russia); daily BP monitoring (BPLab equipment
for daily BP monitoring, Russia).

Patient groups and treatment methods:

Group 1: Group 1: 38 AH patients treated with ABP-051 under Program No 1, during the
conventional standard drug treatment and/or hypotensive therapy.

Group 2: 39 AH patients having placebo procedures during the conventional hypotensive
treatment; device ABP-051 was used in mock-operation mode. Such mode fully simulated the op-
eration mode: the light emitting diode signal was flashing; the operational sound worked while the
electrodes were disconnected from the circuit.

Group 3: 38 CAH patients treated with ABP-051 and Program No 2.

Group 4: 38 CAH patients receiving similar placebo procedures.
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Mathematical methods

Statistical significance of the differences was determined with the Student’s t-test or Pear-
son’s chi-squared test depending on the distribution parameters. The accepted significance level
of the differences was p<0.05. Data were processed using standard package of applied software
“SPSS 13.0 Mathematica 5.1”.

Considering the uniform study design, patient examination methods and treatment out-
come assessment, it is possible to develop the uniform database for the two independent studies
and to analyze it. The study design is shown on Figure 10.

Total patients:
153

AN

Subjective and objective data assessment

VAR

Simple randomization

VAR B W\

Group 1 Group 2 Group 3 Group 4
AH patients, AH patients, CAH patients, CAH patients,
39 subjects 38 subjects 38 subjects 38 subjects
Treatment with Placebo treatment Treatment Placebo treatment
the use of with use of
ABP-051 ABP-051
J |\ J |\ J

Fig.10 Group distribution of the patients
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Study results

All patients tolerated the treatment procedures well. There were no adverse effects or bal-
neoreactions.

AH patients total of 77 patients (of them: 24 men and 53 women) took part in the study,
average age: 51.2 + 2.5 years. The AH patients were divided into the treatment group and control
group (placebo group) (Group 1 and 2, respectively). In its turn, each of the groups was divided into
Sub-Groups 1.1 (19 patients) and 2.1 (19 patients) in which the patients had SDVNS (NCD, VVD)
and/or AH of Stage 1; and also into Sub-Groups 1.2 (20 patients) and 2.2 (19 patients) in which
they had AH of Stage 2 and 3.

When ABP-051 was used for 9 days, with Program 1 and standard drug treatment, patients
of Group 1.1 had the significant SBP decrease, from 149.3+7.2 to 130.2+5.3 mm Hg (p<0,05). DBP
reported in patients of such sub-group decreased also evidently, but the statistical significance of
differences was not achieved (Table 2).

Table 2

BP values in Sub-Group 1.1 patients with SDVNS and AH of Stage 1
prior to and after the treatment course

Prior to e treg A Afte e trea e 3 A

SBP 145.3£11.2 130.2+£9.2* 15.1£3.2
DBP 82.3+2.4 76.3+1.8 6.0£0.7

Note: * means significant differences (p<0.05).

The use of ABP-051 and Program No 1 for 9 days and in combination with conventional
hypotensive treatment in patients of Sub-Group 1.2. also showed the significant SBP decrease from
175.3+13.2 t0 160.2+9.8 mm Hg (p<0.05). DBP in patients of such sub-group tended to decrease
evidently (Table 3).

Table 3

BP values in Sub-Group 1.2 patients with AH of Stage 2 and 3,
prior to and after the treatment course

BP q Prior to the treatme Afte e treatme 3 A
SBP 175.3¢13.2 160.2+9.8™ 15.1£3.6
DBP 92.7+2.4 86.3+1.8 6.4+0.8

Note: * means significant differences (p<0.05)

Likewise, in both AH patient groups, there was next-to-identical difference in SBP and DBP
decreases (efficacy A) over the time.

As the analysis of BP values in patients receiving the treatment with Program No 1 showed,
there were gender-dependent, but clearly positive unidirectional changes over the time, both in
male and female patients (Fig. 11).
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Fig.11. Gender-dependent SBP changes in AH patients over
the time

It is noteworthy that SBP values both in male and female patients became normal evidently
from treatment day 6-7.

Placebo treatment in AH patients of Sub-Groups 2.1 and 2.2 (control group) showed no
therapeutic effects: there were SBP and DBP decreases — only on 1...2 mm Hg.

The individualized analysis of hypotensive effects of the treatment course using ABP-051
showed an overwhelmingly larger number of AH Stage 1 patients, who achieved the targeted BP
values (33 out of 39 patients; 84.6%) as compared to patients of the group who received placebo
treatment combined with their hypotensive treatment and did not have any significant therapeutic
effects.

CAH patients. There were 76 young CAH patients enrolled to the study (of them: 51
female and 25 male): 20-40 years (average age: 32.4+5.1 years).
The use of ABP-051 and Program No 2 for 7 days in CAH patients (Group 3) showed a statistically
significant SBP increase from 97.1+3.8 up to 114.9+4.1 mm Hg (p<0,001) on treatment day 5.
DBP values in patients of the same group were also increased, although without any statistical
significance (Table 4).
In the control group of CAH patients (Group 4), the placebo treatment did not provide any therapeu-
tic effects: after the treatment course, SBP and DBP were increased on not more than 1...2 mm Hg.

Table 4

BP values in CAH patients of Group 2, prior to and after
the treatment course

BP q Prior to the treatme Afte e treatme 3 A
SBP 97.1+3.8 114.9:4.1* 17.8+0.3
DBP 64.3+3.1 71.5+3.8 7.2+0.7

Note: * means significant differences (p<0.05).
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The segregated analysis of BP values in patients receiving the treatment with the use of
Program No 2, showed that the positive health changes over the time did not have any significant
gender-dependent difference (Fig. 12).

mm Hg
150
100 ,M
50
=& \en =@ \Women
0 T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 day

Fig.12. Gender-dependent SBP changes in CAH
patients over the time

The individualized analysis of therapeutic effects of the treatment course with the use of
ABP-051 and Program No 2 showed significantly more CAH patients of Group 2 who achieved
steady normalization of their BP values (31 out of 38 patients; 81.6%) than those of the control
group in which placebo was administered and in which no such effects were achieved.

Summary and recommendations
Therefore the clinical study showed that:

® Transcutaneous electrostimulator for blood pressure management ABP-051 (Marketing
authorization No RZN 2016/3776 dated March 31, 2016) conforms with the manufacturer’s
regulatory, technical and operational documents;

® The use of the electrostimulator is proven to be effective in treatment of patients with the
increased BP and AH, and decreased BP and CAH;

® The treatment courses using ABP-051 provides steady and statistically significant SBP
improvement and evident tendency to normalization of DBP values by treatment day 5-7;

@ Mediatory effects by ABP-051 used to manage increased systemic BP are equal to those in
management of SDVNS (NCD, VVD) and AH of Stage 1, 2 and 3;

@ The use of ABP-051 for BP management allows to reduce drug doses and can be rec-
ommended as a supplement to hypotensive drug treatment or as an individual treatment
method (SDVNS and AH of Stage 1);

@ Toachieve steady therapeutic effects in patients with AH of Stage 2 and 3, it is recommend-
ed to have a course of BP management with the device for at least 14 days;

® Control placebo groups of AH and CAH did not have any therapeutic effects;
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17.

@ The use of ABP-051 for BP management in such patient categories can be considered as
safe; no adverse effects or balneoreactions were reported,;

@ ABP-051 can be recommended for the wide use in clinical practice of treatment and pre-
vention facilities, or by a patient in home settings provided that the patient consults his/her
physician in advance.
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