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Pesome

XpoHuyeckmne HerHdEKLMOHHbIe 3a60/1eBaHNA NPeACTaBAAIOT BaXHY0 MeANKO-CoLManbHyto NpobaeMy AN cMCTeMbl 34paBooOXpaHeHns. OnTuManb-
Has ¢apMaKoTepanusa He BCerJa OKasblBaeTCs A0CTaTOYHO 3PPEKTUBHON, a MPUMEHEHME XUPYPIrUYECKUX METO/OB leHeHUs BO3MOXKHO He Yy BCex
6OIlebIX‘ Kp0Me TOro, BaXXHbIM 3B€HOM KOMIM/IEKCHOI0 BeAeHUA TaKnX NalnMeHTOB ABAAETCA A03MPOBaHHaH ¢I/I3VI‘-IeCKaF| AKTUBHOCTb, OAHaKOy 60/1b-
LWMHCTBA U3 HUX HW3KasA TONePaHTHOCTb K HarpyskaM He Mo3BO/IAET MX OCYLLEeCTBAATD, 3anycKas MOPOYHbIA KPYr, MPUBOAALLMIA K CHUKEHUIO GYHK-
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Abstract

Chronic non- infectious diseases represent an important medical and social problem for the healthcare system. Optimal pharmacotherapy is not
always effective enough, and the use of surgical treatment methods is not possible in all patients. In addition, an important link in the comprehensive
management of such patients is dosed physical activity, however, in most of them, low exercise tolerance does not allow them to exercise, starting
a vicious circle that leads to a decrease in the functional reserve of the body. In this case, the use of non-pharmacological treatment methods, for
example, enhanced external counterpulsation, may be useful. This review is devoted to the analysis of literature data on the possibilities of using this

method, which is important in clinical practice.

Key words: chronic non- infectious diseases, enhanced external counterpulsation, non-pharmacological treatment methods

339



340

REVIEW ARTICLES The Russian Archives of Internal Medicine ® Ne 5 e 2024

Conflict of interests
The authors declare no conflict of interests

Sources of funding
The authors declare no funding for this study

Article received on 15.07.2024
Reviewer approved 02.09.2024
Accepted for publication on 17.09.2024

For citation: Nikolaeva N.A.,, Lishuta A.S., Voronkova O.O. et al. The Method of Enhanced External Counterpulsation in Clinical Practice. The Russian
Archives of Internal Medicine. 2024; 14(5): 339-351. DOI: 10.20514/2226-6704-2024-14-5-339-351. EDN: HWSHUA

IHD — ischaemic heart disease, CPST — cardiopulmonary stress test, ECP — external counterpulsation, DM — diabetes mellitus, CVD —
cardiovascular diseases, EECP — enhanced external counterpulsation, LV EF — left ventricle ejection fraction, CNCD — chronic non-communicable
diseases, COPD — chronic obstructive pulmonary disease, CRD — chronic respiratory diseases, CCI — chronic cardiac insufficiency, 6SMWT —

6-minute walk test

Introduction

Chronic non-communicable diseases (CNID) are
one of the global problems all over the world due to
their high incidence, poor prognosis (incapacitation and
death) and negative impact on the quality of patients’
lives [1]. Almost a half of the world population have at
least one chronic condition [2]. According to the Russian
Society for the Prevention of Noncommunicable Dis-
eases [3], the most common CNCD are cardiovascular
diseases (CVD), malignancies, chronic respiratory dis-
eases (CRD), and diabetes mellitus (DM). These condi-
tions deplete the functional reserves of the human body
and reduce the intensity of compensatory and regenera-
tive responses.

Currently, pharmacological and surgical treatment
strategies have been actively developing, and they can
improve the well-being of such patients. However, it is
worth mentioning that even the optimal drug therapy
in such patients is not always efficient enough, and sur-
gery is possible not in all patients. Besides, in recent
decades, physical exercises have been widely used for
the management of patients with CNCDs. A systematic
overview [4], comprising results from 85 meta analy-
ses on 22 various chronic conditions, demonstrated
that graduated exercises are a safe way to boost physi-
cal and functional capabilities in patients with CNCDs.
It means aerobic training, strength training, combined
exercises with weight, as well as a majority of other
training protocols, typical for a specific condition of the
body. Still, not all patients can do exercises due to poor
tolerance and long-lasting hospitalisations, thus bring-
ing about a vicious circle of muscle dysfunction result-
ing in body de-training and depletion of its functional
reserves. Such cases require additional non-drug thera-
pies, one of which is enhanced external counterpulsa-
tion (EECP), which allows patients not only to boost
their motor performance, but can also be used together
with physical exercises.

Background of the method

The external counterpulsation (ECP) method has
been used in the clinical practice since recently. The
term “counterpulsation” appeared just in the second half
of the 20th century. It was used in 1962 for the first time
to describe a mechanism of fast reverse movement of the
blood in the aorta. Then the new method was tested in
an experiment in dogs. Cuffs were placed on the lower
extremities of animals, then air was pumped to increase
the diastolic pressure in the aorta. Some time later, these
experiments were used to create the first device for ECP
in humans as an alternative to intra-aortic balloon coun-
terpulsation, which is an invasive and technically sophis-
ticated method. First ECP devices used only two cuffs;
later, the addition of a buttock cuft enhanced the haemo-
dynamic efficacy of the method, hence the name of the
method.

A modern EECP device comprises an electronic con-
trol unit, compressor, air hoses, couches, fitted cuffs for
patient’s shanks, hips and buttocks, electrodes to syn-
chronise the device with the patient's ECG and finger
photoplethysmograph (Fig. 1).

EECP mechanism of action

During the diastolic phase, the air is quickly and
consistently pumped from the cuff from the bottom
up (from shanks to buttocks), which compresses arte-
rial vessels. The resulting reverse arterial blood flow
and increased diastolic pressure in the aorta facilitate
an increase in perfusion pressure in arterial vessels
and better organ perfusion. Before systole, cuffs are
deflated; therefore, blood from the heart is pumped to
partially empty vessels with lower resistance, reducing
the afterload [5].

The EECP mechanism of action includes haemody-
namic, neurohumoral and tissue effects (Table 1).

Haemodynamic effects are associated with increased
diastolic coronary blood flow, increased venous return
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Figure 1. Device for enhanced external counterpulsation
Note: 1 — electronic control unit; 2 — compressor; 3 — air hoses; 4 — couch; 5 — cuffs; 6 — electrodes; 7 — finger photoplethysmography

Table 1. Effects of enhanced external counterpulsation

- Increased diastolic coronary

- Improvement of the elastic
properties of blood vessels (reduction

- Improvement of endothelial

- Improvement of metabolic
activity in tissues;

- Increased tissue resistance to
ischemia;

- Increased insulin sensitivity;

blood flow;

- Improvement of systemic of stiffness);
microcirculation;

- Reduction of postload on the function;

heart; - Formation of collaterals

- Increased venous return; (angiogenesis);

- Slowing down the progression of

atherosclerosis;

to the heart, better system microcirculation, as well
as reduced afterload to the heart. The haemodynamic
effect of EECP is based on an increase in perfusion
pressure in coronary arteries during the diastole and
lower resistance to the cardiac output during left ven-
tricle systole [6].

Vascular effects are due to better elastic properties
of vessels and endothelial function, formation of collat-
erals and slowing down of atherosclerosis progression.
It has been found out that EECP improves athrombo-
genic activity of the vascular wall, increases antitrom-
bin III and plasminogen levels, and reduces antioxidant
tissue-type plasminogen activator inhibitor levels [7].
Also, EECP causes an increase in nitrogen oxide levels
and reduction in endothelin 1 levels [8], as well as con-
tributes to neoangiogenesis activation. This effect is

possible due to shear stress in vessel endothelial cells,
resulting from friction between a blood layer and vessel
wall. Faster blood flow in arteries during compres-
sion of lower limbs increases this value and stimulates
release of various vasoactive substances (a-actin, von
Willebrand factor, basic fibroblast growth factor, hepat-
ocyte growth factor, vascular endothelial growth factor,
and nitrogen oxide) [9-11].

Tissue effects are associated with better metabolic
activity in tissues, better tissue resistance to ischaemia
and insulin sensitivity.

This review presents results of an analysis of the lit-
erature data for 1998-2024 from PubMed, RSCI (Rus-
sian Science Citation Index), Scopus on the use of
EECP in clinical settings. The following keywords were
used: external counterpulsation, non-drug treatment,
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These
the capabilities of this method in various conditions, as
well as discuss possible mechanisms of positive effect

rehabilitation. scientific researches describe

from EECP, which is of importance in clinical practice
and further studies.

Use of the method
in clinical practice

In clinical settings, EECP was used for the first time
in patients with chronic cardiac insufficiency (CCI) [12]
and ischaemic heart disease (IHD) [13]. In the Russian
clinical recommendations on stable IHD, EECP is rec-
ommended for the management of refractory (both to
drug therapy and surgery) angina (grade of recommen-
dation A, level of evidence 2) [13]. In the European clini-
cal recommendations, EECP is suggested for the man-
agement of symptoms in patients with severe angina,
which is refractory to optimal drug therapy and revas-
cularisation (grade of recommendation IIb, level of evi-
dence B) [14]. Currently, EECP is included in the stan-
dards of management of patients with stable IHD [15]
and CCI [16].

The method is unique since it is cost-effective and can
be used in outpatient settings, therefore, it is available
for a majority of patients. Also, EECP does not require a
high level of body training, that is why the method can
be used to treat patients who are not able to do exercises.
In Russia, EECP has been included into territorial pro-
grams of compulsory health insurance for patients with
IHD. At the same time, poor awareness of this method
among healthcare providers and patients and inadequate
availability of required equipment at the hospitals are
still a problem.

Indications for EECP

Stable IHD (refractory angina) is the main indication
for the use of this method, including cases where surgical
revascularisation is not possible.

Also, EECP has proven to be effective in the manage-
ment of patients with other conditions (including CCI,
acute ischaemic cerebrovascular event, cognitive disor-
ders, central retinal artery occlusion, inner ear diseases,
ischaemic erectile dysfunction, obliterating diseases of
lower limb arteries, chronic obstructive pulmonary dis-
ease), so the use of this method in these conditions is
justified [17].

Contraindications to EECP
Despite the efficiency and safety, EECP has a number
of contraindications [18, 19]:
« a history of thrombophlebitis and/or phlebitis;
« stage 2-3 pulmonary hypertension;

o decompensated cardiac insufficiency;

o myocardial infarction within the last three
months;

« instable angina;

« uncontrolled arterial hypertension;

» haemorrhagic conditions (blood-clotting disorder
with the international normalised ratio of > 2.0 or
prothrombin time > 15 s);

« severe cardiac valve pathology;

o critical ischaemia of lower extremity arteries;

o abdominal and/or thoracic aortic aneurysm;

o irregular and tachysystolic atrial fibrillation,
frequent ventricular extrasystoles, heart rate of
> 135 or < 35 bpm);

o cardiac catheterisation within the last two weeks;

o surgery within the last six weeks;

e pregnancy.

Use of EECP in cardiology

As mentioned earlier, the capabilities of EECP are
widely used in CVD management, and the effects of this
procedure are studied most in this group of patients.
The first large-scale study was MUST-EECP [20], which
demonstrated the positive effect of a course of EECP
in reduction of the number of angina episodes, thus in
reduction in the need for nitroglycerine products, as
well as longer physical exercise tolerance and the time
to segment depression of > 1 mm during the stress test.
According to V. Singh et al. (2018) [21], 163 patients
participating in the study also experienced reduction in
clinical signs of IHD. According to R. Subramanian et
al. (2005) [22], patients with CCI have elevated left ven-
tricle ejection fraction (LV EF) after a course of EECP:
from 46.40 + 15.88 % to 50.05 £ 13.20% (p < 0.001).
Similar results were described in a study by A. Sardari et
al. (2016) [23]: after a course of EECP, LV EF increased
from 42.65 + 11.82% to 44.26 + 11.86% (p < 0.001).
In addition to increased LV EF, EECP improves exercise
tolerance. It was demonstrated in a study by E. Wu et
al. (2013) [24], where exercise tolerance was evalu-
ated using the 6-minute walk test (6MWT). Following
EECP, the distance walked by patients increased by 7 %,
from 410 m to 439 m (p < 0.001). The long-term effects
of EECP on the structural and functional parameters of
heart and vessel condition, exercise tolerance, and qual-
ity of life of patients with stable IHD with CCI, were
studied in the Russian EXCEL study [25]. 120 patients
were randomly divided into three groups of 40 sub-
jects; two groups were treated with an optimal drug
therapy plus EEPC once every six or 12 months, while
the third group had placebo counterpulsation. During
a 12-month follow-up period, groups 1 and 2 demon-
strated better cardiac performance (LV EF increased
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from 40.6 £ 7.5 to 47.5 + 10.2 % and from 41.3 £ 6.8 to
43.9 + 10.3 %, respectively), as well as better exercise
tolerance during 6MWT (distance walked increased
by 44.5 % and 24.9 %, respectively) and improved qual-
ity of life, as evidenced by specialised questionnaires.
These positive changes lasted for the entire study;, i.e.
36 months [26].

Also, patients with THD often have peripteral artery
conditions, which are a relative contraindication to
EECP. However, a study by B. Thakkar et al. (2010) [27]
demonstrated safety of the method in such patients,
provided they do not have signs of critical ischaemia of
lower extremities. In another study [28], a course of ther-
apy (35 EECP sessions) in patients with obliterating ath-
erosclerosis of lower limb arteries resulted in significant
reduction in leg pain, calf muscles myotonia and chills in
feet. Also, this category of patients demonstrated a sig-
nificant increase in the rheographic index of shanks and
feet (by 23.9 % and 23.2 %, respectively), longer distance
of pain-free walking (in controls, an increase in distance
was 64.5 £ 25.1 m (p < 0.05), while in the EECP group
the distance increased by 250 + 31.2 m (p < 0.05)), and a
higher ankle-brachial index in the anterior and posterior
tibial artery (by 31.4 and 35.2 %, respectively (p < 0.05).
In this case, the positive effect of EECP was a result of
endothelial effects.

Often, patients with ITHD have arterial hyperten-
sion, when endothelial cells are damaged. A study by
J. Liang et al. (2021) [29] demonstrated positive effects
of EECP: reduction in systolic (133.2 + 4.9 mm Hg vs.
139.3 £ 6.4 mm Hg, p < 0.05) and diastolic (83.4 £ 4.5 mm
Hg vs 89.5 £ 7.6 mm Hg, p < 0.05) blood pressure and
better reparative capability of endothelial cells.

’ Cardiac effect

|

Use of EECP in pulmonology

As far as the use of EECP in patients with CRDs is
concerned, the studies are scarce and mechanisms of
positive effects are understudied. The largest study is the
study by M. Zhao et al. (2020) [30] to evaluate the effects
of EECP on exercise tolerance of healthy volunteers and
patients with chronic obstructive pulmonary disease
(COPD). This randomised clinical trial enrolled 72 sub-
jects aged 27 to 82 years of age who were randomly
assigned to two groups: EECP group and non-EECP
group. Depending on the highest oxygen consumption,
groups with normal exercise tolerance, low exercise tol-
erance and COPD (symptoms, risk factors and the ratio
of 1 second forced expiratory volume to forced vital
capacity of < 70 %) were assigned as well. To evaluate the
efficiency of a 15-session EECP, cardiopulmonary stress
test (CPST) results obtained before and after the course
were used. The study showed a considerable improve-
ment in the anaerobic threshold of oxygen consumption,
highest oxygen consumption, aerobic pulse threshold,
anaerobic threshold of training load, metabolic equiva-
lent of the anaerobic threshold, and highest metabolic
equivalent in all subgroups of the EECP group vs. non-
EECP group (p < 0.05). It has been demonstrated that
EECP improves exercise tolerance, which is very impor-
tant for patients with COPD. Although this study did
not evaluate the pulmonary function, a small sampling
study showed positive changes in the pulmonary func-
tion of patients with COPD who underwent a course
of EECP. Another US clinical study conducted in 2021
[31] evaluated the efficiency of EECP in the manage-
ment of long COVID-19. The study enrolled 16 patients
with confirmed long COVID. Of note, in addition to

[ Peripheral (extracardiac) effects }

Reduction of l o
postload o \
l ’ Increased coronary blood flow ‘ o =
e~y Increased lung Increased perfusion
Reducing the need for O2 Pl e perfusion of muscle tissue
FRpE— Increasing the shear stress
collaterals l i
| Improvement of endothelial function | ‘ Neoangiogenesis ’ Increasing the functional Increasing the
— reserve of the lungs functional reserve
\ /,// / (respiratory volumes) of muscles
— ——
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P e
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myocardium

Improving the functional status

Figure 2. Mechanism of action of enhanced external counterpulsation in chronic respiratory diseases
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long COVID, these patients had comorbidities, such as
IHD and/or arterial hypertension. All patients had 15 to
35 EECP sessions. After a course of therapy, exercise
tolerance (6MWT) was significantly better (the distance
increased by 200.00 + 180.14 m, p = 0.002) vs. base-
line. Also, 44 % of study subjects noted improvement in
their dyspnoea (Rose scale), 63 % of subjects had better
angina functional status (Canadian Cardiovascular
Society classification). A recent pilot study conducted at
the Sechenov University [32] also showed the efficiency
of EECP in patients with CRDs. The study enrolled
30 subjects aged 35 to 74 years of age with severe and
moderate ventilation disorders without comorbidities.
All patients had a 20-session course of EECP. Unlike
other studies, in addition to CPST and 6MWT, EECP
efficiency was for the first time evaluated using body
plethysmography and a study of diffusing lung capac-
ity. A course of therapy resulted in significant positive
changes in lung capacity: 18 % increase in the total lung
capacity, mostly due to the lung capacity, which grew
by 24 % (p < 0.001). It is worth noting that there were
no significant changes in diffusing lung capacity. CPST
showed a significantly higher anaerobic threshold, ven-
tilation reserve and exercise tolerance (p < 0.001). There
is also a description of EECP use in post-COVID syn-
drome management [33]. In October 2020, a 38-year-
old otherwise healthy woman had COVID-19 infection
without pneumonia. Once a majority of symptoms had
resolved, she was still complaining of dyspnoea during
exercises, weakness and headache. The symptoms per-
sisted for three months, then the patient had one-hour
long EECP sessions three times per week. After 10 days
of the therapy, the patient noted improvement in her
dyspnoea; five weeks later, she reported that she had the
pre-disease physical performance.

The primary points of EECP application in patients
with CRDs can be: impaired lung perfusion and diffusing
capability, reduced muscular strength and endurance,
increased muscular fatigue, and impaired diaphragmatic
mobility. Respiratory muscle dysfunction, together
with limb muscle dysfunction, is a significant problem
in patients with CRDs; it contributes to the develop-
ment and persistence of respiratory insufficiency [34].
Thus, the mechanism of EECP action in CRDs (Fig. 2) is
likely to be a result of better perfusion of the lung tissue
(improperly ventilated alveolar and bronchiolar areas),
diaphragm and other respiratory muscles. M. Melin et
al. (2018) [35] demonstrated that EECP can induce a
response by skeletal muscle cells and increase expression
of their growth factors, thus increasing muscle metabo-
lism and ability to oxygenate muscles. These mechanisms
facilitate better functional reserve of the body, which
decreases in this group of diseases.

Use of EECP in endocrinology

According to study results, EECP has positive effect
on glycaemic control in patients with DM2. Studies
by P. Sardina et al. (2016) [36, 37] confirm that in two
weeks after a course of 35 sessions, fasting glycaemia,
postprandial glycaemia and glycated haemoglobin
levels dropped by 12.0, 13.5, and 19.6 %, respectively.
The positive change in insulin resistance index HOMA-
IR after a course of EECP was -31.1%. Also, a signifi-
cant reduction in pro-inflammatory cytokine levels and
advanced glycation end product lasted up to 6 months
after a course of therapy. Besides, a number of studies
[38, 39, 40] demonstrated positive effect of EECP on
DM complications, such as diabetic retinopathy and
diabetic nephropathy.

Use of EECP in neurology
Studies demonstrate improvement in cerebral
blood flow and artery collateralisation in the ischaemic
area after a stroke following EECP [41], so that this
method can be used for the management of neurologi-
cal patients. Better cerebral perfusion contributes to
better metabolism of neurons and glial cells, as well as
remyelination, and can affect motor function recov-
ery in patients with upper limb palsy [42]. Accord-
ing to G. Kozdag et al. (2013) [43], EECP facilitates
improvements in all cognitive areas, except for verbal
and visual memory tests. Q. Zhou et al. (2004) [44]
were the first to notice that, among 33 patients with
Parkinson’s disease treated with EECP, 87.9 % demon-
strated improvement in symptoms, probably due to
better cerebral blood flow, which, in turn, improved
performance of various neurotransmitters and recep-
tors in dopaminergic neurons in the substantia nigra of
the brain stem. Also, EECP improved insomnia due to
better cerebral blood flow and modulation of respec-

tive neurotransmitters [45].

Use of EECP in ophthalmology

A retrospective analysis by Chinese scientists [46]
showed positive effects of EECP in combination with
drug therapy in patients with ischaemic eye diseases and
stenotic carotid artery. Another study [47] demonstrated
that EECP increased the mean blood velocity, end dia-
stolic and peak systolic blood flow in ophthalmic arter-
ies and central retinal artery in patients with ischaemic
neuropathy of the optic nerve, and improved vision and
haemodynamic parameters.

Use of EECP in otorhinolaryngology

In a study by C. Offergeld et al. (2000) [48], EECP
therapy in patients with acute persistent hearing loss
and tinnitus resulted in better blood flow in carotid
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arteries (by 19 %) and better blood flow in spinal arter-
ies (by 11%). Besides, 47 % of patients reported tinni-
tus improvement, 28 % of patients noted better hearing,
which lasted for a year after the therapy.

Use of EECP in urology

A study by S. Froschermaier et al. (1998) [49]
reported for the first time about significantly increased
peak systolic blood flow in cavernous artery and subse-
quent improvement in erectile function, which lasted
for over 6 months. Another study by W. Lawson et al.
(2007) [50] demonstrated EECP efficiency in ischaemic

Table 2. Characteristics of the EECP research

erectile dysfunction management in patients with
refractory angina. Comparison of the values of the
International Index of Erectile Function before and
after EECP showed improved erectile function (p =
0.003), satisfaction with sexual intercourse (p = 0.009)
and overall satisfaction (p = 0.001). Considering that
currently erectile dysfunction is treated mostly with
phosphodiesterase type 5 inhibitors, which are con-
traindicated in patients with IHD taking nitrates, this
method can be a useful alternative.

The main characteristics of EECP studies are pre-
sented in Table 2.

Research Nosology Research design, n Endpoints Results
MUST- CHD Randomized, blind, The duration of physical activityand ~ An increase in the time to ST segment
EECP (1999) placebo-controlled; the time to ST segment depression depression =1 mm (p=0,01) compared to
[20] n=139; 8 weeks >1 mm, the average daily number the baseline and placebo group. Episodes
of angina attacks and the use of of angina pectoris were less frequent in the
nitroglycerin active EECP group compared with placebo
(p <0.05)
Singh et al. CHD with Non-randomized, Severity of angina pectoris according A decrease in the severity of angina pectoris
(2018) [21] or without uncontrolled; to the CCS classification, severity and the severity of shortness of breath,
diabetes n=163; 12 months. of dyspnea on the MRC scale, a decrease in fasting glycemia and HbAlc
mellitus indicators of glycemic control (p <0.001)
type 2 (fasting glycemia and HbAlc)
Subrama- CHD, CHF Non-randomized, LVEF, CASP, Al An increase in LVEF compared to the
nian et al. uncontrolled; baseline level after the course of EECP
(2005) [22] n=72; 8 weeks (p <0.001). A decrease in CASP, Al with
normal blood pressure, an increase in
CASP, AT with low blood pressure and left
ventricular dysfunction (p <0.05)
Sardarietal. CHD, CHF Non-randomized, LVEF, duration of physical activity, After the course of EECP, LVEF, maximum
2018 [23] uncontrolled; workload workload and duration of physical activity
n=34; 7 weeks increased compared to the baseline level
(p <0.001)
Wu etal. CHD Non-randomized, Exercise tolerance (6MWT), quality After the course of EECP, exercise tolerance
(2013) [24] uncontrolled; of life (SF-36), severity of angina increased compared to the baseline level,
n=34; 6 months pectoris according to the CCS quality of life improved and the severity
classification of angina pectoris decreased (p <0.001)
EXCEL CHD, CHF Randomized, placebo- Exercise tolerance (6MWT), An increase in exercise tolerance, quality
(2024) [25] controlled; quality of life (MLHFQ and SE- of life, functional parameters of the vascular

n=120; 36 months

36), functional parameters of the
vascular bed (capillaroscopy) and
heart (LVEF), adverse cardiovascular

clinical outcomes

bed and heart (p < 0.05) compared with
the baseline and placebo group, as well
as a decrease in the incidence of adverse

outcomes
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Table 2. Continued

Research Nosology Research design, n Endpoints Results
Badtieva et Obliterating ~ Non-randomized, The frequency of characteristic A decrease in the severity of symptoms in
al. (2019) athero- controlled; complaints, the pain-free walking the EECP group, an increase in the pain-
[28] sclerosis of n=68; 7 weeks distance, the state of peripheral free walking distance, an improvement in
the vessels hemodynamics, the ankle-shoulder peripheral hemodynamics and an increase
of the lower index in the ankle-shoulder index
extremities (p <0.05)
Liang et al. Arterial Randomized, Blood pressure, FDV, EPC A decrease in systolic and diastolic blood
(2021) [29] hyperten- controlled; n=40; pressure, an increase in the value of FDV
sion of the 7 weeks and an improvement in EPC function
1st degree (p <0.05)
Zhao et al. COPD Randomized, Physical endurance: Compared with the baseline and the control
(2020) [30] controlled; n=72; anaerobic threshold oxygen uptake, group, indicators of physical endurance
3 months maximum oxygen uptake, anaerobic  increased (p <0.05)
threshold impulse, anaerobic
threshold metabolic equivalent and
maximum metabolic equivalent
(CPST)
Sathy- Long-Covid ~ Non-randomized, Exercise tolerance (6MWT), severity ~ After the course of EECP, exercise tolerance
amoorthy uncontrolled; of shortness of breath on the Rose increased compared to the baseline level
etal. (2021) n=16; 5 months scale, DASI activity index, quality (p=0.002), the severity of shortness of
[31] of life (SAQ and PHQ-9), fatigue breath decreased, the indicators of the DASI
(PROMIS), severity of angina activity index, quality of life improved and
pectoris according to the CCS the severity of angina pectoris decreased
classification (p <0.001)
Nikolaeva Chronic Non-randomized, Pulmonary volumes, lung diffusion After the course of EECP, an increase in
etal. (2023) lung uncontrolled; capacity, exercise tolerance (CPST, total lung capacity was observed, and
[32] diseases n=30; 4 weeks 6MWT) exercise tolerance increased compared to
with the baseline level (p <0.001). There was
ventilation no significant dynamics in the diffusion
disorders capacity of the lungs
Sardina et Diabetes Randomized, Fasting plasma glucose, postprandial A decrease in glycemic control indicators
al. (2016) mellitus controlled; n=30; 3and  glycemia, HbAlc compared to the baseline level and the
[36, 37] type 2 6 months control group (p <0.05)
Yang et al. Ischemic Non-randomized; Visual acuity, visual fields and Improvement of visual acuity, visual fields
(2013) [46] ophthal- controlled; optical hemodynamics and optical hemodynamics compared to
mopathy n=65; 2 months baseline and control group (p <0.05)
Zhu et al. Front Non-randomized, The average blood flow rate, peak An increase in the blood flow rate in the
(2015) [47] ischemic uncontrolled; systolic velocity and final diastolic ocular artery and central retinal artery, a
optic n=16; 2 weeks velocity in the ocular artery and decrease in intraocular pressure, an increase
neuropathy central retinal artery, the value of in visual fields and visual acuity (p <0.05)

intraocular pressure, visual fields

and visual acuity
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Table 2. The end

Research Nosology Research design, n Endpoints Results

Offergeld et Diseases of Non-randomized, The volume of blood flow in the An increase in blood flow in the internal

al. (2000) the inner ear  uncontrolled; internal carotid arteries and in carotid arteries and in the vertebral

[48] n=33; 12 months the vertebral arteries, the intensity arteries, a decrease in the intensity and/or
and/or appearance of noise and appearance of tinnitus, an increase in the
the audibility threshold (audiogram)  hearing threshold (p <0.05)

Froscher- Erectile Non-randomized, Penile rigidity, peak systolic blood Increased penile rigidity, peak systolic blood

maier et al. dysfunction  uncontrolled; flow and erection quality flow and erection quality (p <0.05)

(1998) [49] n=13; 3 weeks

Lawsonetal. CHD, Non-randomized, International Index of Erectile Improvement of erectile function (p < 0.05)

(2007) [50] erectile uncontrolled; Function, DAST activity index and DASI activity index. There were no

dysfunction ~ n=120; 7 weeks significant changes in orgasmic function

and sexual desire

Note: EECP — enhanced external counterpulsation; CHD — coronary heart disease; CHF — chronic heart failure; CASP — central aortic systolic pressure; Al — augmentation
index; FDV — flow-dependent vasodilation; EPC — endothelial progenitor cells; COPD — chronic obstructive pulmonary disease; LVEF — left ventricular ejection fraction;

CPST — cardiopulmonary stress test; SMWT — 6-minute walking test

Conclusion

EECP has been used as a support therapy for dec-
ades, and it has proven its efficiency and safety in
management of various diseases. In recent years, great
achievements have been made in understanding the
physiological mechanisms of its effects for the body in
some CNCDs, including THD, CCI, DM2, COPD, etc.
Nonetheless, a lot of aspects of this method in clini-
cal settings are still unclear and require further stud-
ies in order to assess EECP capabilities and evaluate
long-term effects. Also, a range of indications is grow-
ing. A promising area is the study of EECP efficiency in
CNCDs, such as systemic connective tissue disorders
and kidney diseases.

Bknapg aBTOpOB:

Bce aBTOpbI BHEC/IN CYLECTBEHHbIN BKAaZ, B MOATOTOBKY paboTbl, Npoy4/n
1 006punu GuHaNbHYIO BEpCUIO CTaTbk nepes nybankavmen
Hukonaesa H.A.: nonck nnTepaTypHbIX UCTOYHUKOB, HamMMCaHWe pyKo-
nnucKn, pefakTMpoBaHue ctatbun

Jinwyta A.C.: pejakTMpoBaHue CTaTby, YTBepXaeHne puHasbHOro Ba-
puaHTa pyKonucu

BopoHkoBa O.0.: MOUCK AMTEpaTYPHbIX MCTOYHUKOB, pPeAaKTMpoBaHue
cTaTbu

CnenoBa O.A.: MOWCK AMTepaTYypPHbIX WCTOYHWUKOB, pejaKTMpoBaHue
CTaTbk

MeTtyxoBa FO.A.: NONCK IMTEPaTYPHbIX MICTOYHUKOB, HanN1caHne pyKonucu
BeneHkoB HO.H.: Hay4HOe KOHCY/NbTUPOBaHMe, peAaKTUpOBaHUE pPyKo-

nucK, yTeepxaeHne oKoH4aTe/IbHOro BapuaHTa cTaTbu

Author contribution:

All the authors contributed significantly to the study and the article, read
and approved the final version of the article before publication
Nikolaeva N.A.: search for literary sources, writing of the manuscript,
editing the article

Lishuta A.S.: editing of the article, approval of the final version of the
manuscript

Voronkova O.0.: search for literary sources, editing the article

Slepova O.A.: search for literary sources, editing the article

Petukhova Yu.A.: search for literary sources, writing of the manuscript
Belenkov Yu.N.: scientific advice, editing the article, approval of the final

version of the manuscript

Cnucok nutepatypsbl / References:

1. WHO. Noncommunicable Diseases: Mortality
(2019). [Electronic resource]. URL: https://www.who.
int/gho/ncd/mortality_morbidity/en/. (date of the application:
15.04.2024).

2. Barnett K., Mercer S.W., Norbury M., et al. Epidemiology of
multimorbidity and implications for health care, research, and
medical education: a cross-sectional study. Lancet 2012 Jul 7
380(9836): 37-43. doi: 10.1016/50140-6736(12)60240-2.

3. /JpankuHa O.M., KoHuesasa A.B., Kaannnna A.M. n gp.
MpodunakTmka XpOHNYECKUX HEUHPEKLMOHHBIX
3abonesaHuii B Poccuitckont epepaunn. HaymoHanbHoe
pykosoacTeo 2022. KapanosackyasapHas Tepanua
v npodunaktuka. 2022; 21(4): 3235. doi: 10.15829/1728-
8800-2022-3235.

Drapkina O.M., Kontsevaya A.V., Kalinina A.M,, et al.

2022 Prevention of chronic non-communicable

347



348

REVIEW ARTICLES

The Russian Archives of Internal Medicine ® Ne 5 e 2024

10.

1.

diseases in the Russian Federation. National guidelines.
Cardiovascular Therapy and Prevention. 2022; 21(4): 3235.
doi: 10.15829/1728-8800-2022-3235. [In Russian]

Pasanen T., Tolvanen S., Heinonen A., et al. Exercise

therapy for functional capacity in chronic diseases:

an overview of meta-analyses of randomised controlled
trials. Br J Sports Med. 2017 Oct; 51(20): 1459-1465.

doi: 10.1136/bjsports-2016-097132.

Mamuesa 3.A,, JinwyTta A.C., benenkos tO.H. n ap.
BO3MOXHOCTU NPUMEHEHUSA YCUNEHHOW HapYXHO
KOHTPMNYNbCaL MK B KIMHUYECKOM NpaKTuKe. PaunoHanbHas
®dapmakoTepanus B Kapguonorum 2017; 13(2): 238-247.

doi: 10.20996/1819-6446-2017-13-2-238-2475.

Mamieva Z.A,, Lishuta A.S., Belenkov Yu.N., et al. The
possibilities of using enhanced external counterpulsation in
clinical practice. Rational Pharmacotherapy in Cardiology
2017; 13(2): 238-247. doi: 10.20996/1819-6446-2017-13-2-
238-2475. [In Russian]

Bokepusa /1.A., bokepusa O.J1,, Monakosa Y.A. HapyxHasa
KOHTPNyNbCaLna B Ie4eHUU 60/bHbIX ULIEMUYECKO
60/1e3HbIO CepALa: OT MEXaHU3MOB AeNCTBUA A0
K/MHUYeCKUX pe3ynbTaToB. [pyAHas 1 cepgevHo-cocyamncras
xupyprus, 2012; 54 (2): 47-54.

Bokeria L.A., Bokeria O.L., Polyakova U.A. External
counterpulsation in the treatment of patients with coronary
heart disease: from mechanisms of action to clinical results.
Thoracic and Cardiovascular surgery, 2012; 54 (2): 47-54.

[In Russian]

Pa6oe B.B., AHTunosa M.A., FOguHa H.B. u ap. BansaHue
HapyXHOW KOHTPNYy/bCaL MM Ha Ba3OPeryaunpyoLyto

1N aTPOMBOreHHY0 PYHKLMM COCYANUCTOrO SHAOTENUA

y 60/1bHbIX CTEHOKapAuel Hanpsxerus. Cubupckuin
MeAMLMHCKUI )KypHan, 2013; 28 (1): 11-17.

Ryabov V.V., Antipova M.A,, Yudina N.V. et al. The effect of
external contrapulsation on vasoregulatory and atrombogenic
functions of the vascular endothelium in patients with angina
pectoris. Siberian Medical Journal, 2013; 28 (1): 11-17.

Akhtar M., Wu G.F,, Du Z.M. et al. Effect of external
counterpulsation on plasma nitric oxide and

endothelin-1 levels. Journal of the American College

of Cardiology. 2006; 98(1): 28-30. doi: 10.1016/j.
amjcard.2006.01.053.

Xu L., Chen X., Cui M. et al. The improvement of the shear
stress and oscillatory shear index of coronary arteries during
Enhanced External Counterpulsation in patients with coronary
heart disease. PLoS One. 2020 Mar 19; 15(3): e0230144.

doi: 10.1371/journal.pone.0230144.

Qin X., Deng Y., Wu D. et al. Does Enhanced External
Counterpulsation (EECP) Significantly Affect Myocardial
Perfusion? A Systematic Review & Meta-Analysis. PLoS

One. 2016 Apr 5; 11(4): e0151822. doi: 10.1371/journal.
pone.0151822.

Russo T.A., Banuth A.M., Nader H.B. et al. Altered shear stress
on endothelial cells leads to remodeling of extracellular
matrix and induction of angiogenesis. PLoS One. 2020 Nov 19;
15(11): e0241040. doi: 10.1371/journal.pone.0241040.

12.

Mapees B.1O., DomuH U.B., Arees ®.T., n ap. KnnHuyeckune
pekomeHgaunn OCCH — PKO — PHMOT. CeppaeyHasn
HeAOCTaTOYHOCTb: XpoHuyeckas (XCH) n octpas
AekoMmneHcuposarHas (O4CH). lnarHocTuka,
npo¢unaktTuka u nevyenmne. Kapgunonorus. 2018;

58(6S): 8-158. doi: 10.18087/cardio.2475

Mareev V.Yu., Fomin L.V., Ageev F.T. et al. Russian Heart Failure
Society, Russian Society of Cardiology. Russian Scientific
Medical Society of Internal Medicine Guidelines for Heart
failure: chronic (CHF) and acute decompensated (ADHF).
Diagnosis, prevention and treatment. Kardiologiia. 2018;
58(6S): 8-158. doi: 10.18087/cardio.2475. [In Russian]

. CTtabusbHas nwemmnyeckas 60se3Hb cepala. KnnHmyeckme

pekomeHgaummn 2020. Poccuitckuii KapAnonornyeckmnin
XypHan. 2020; 25(11): 4076. doi: 10.15829/1560-4071-
2020-4076.

2020 Clinical practice guidelines for Stable coronary artery
disease. Russian Journal of Cardiology. 2020; 25(11): 4076.
doi: 10.15829/1560-4071-2020-4076. [In Russian]

. Knuuti J. 2019 PekomeHaauumn ESC no gnarHocTuke

1 NeYeHUI0 XPOHNYECKOrO KOPOHAapPHOro CUHAPOMa.
Poccuiickuii Kapamoornieckuii )ypHan. 2020; 25(2): 3757.
doi: 10.15829/1560-4071-2020-2-3757.

Knuuti J. 2019 ESC Guidelines for the diagnosis and
management of chronic coronary syndromes The Task

Force for the diagnosis and management of chronic

coronary syndromes of the European Society of Cardiology
(ESC). Russian Journal of Cardiology. 2020; 25(2): 3757.

doi: 10.15829/1560-4071-2020-2-3757. [In Russian]

. Mpukas MunnctepcTea 3a4paBooxpaHeHuns

Poccuiickoit degepauun ot 28 anpens 2027 r. Ne 410H

«O6 yTBEpXAEHUN CTaHAAPTa MeJNLUHCKON MOMOLLM
B3POC/IbIM NPU CTabUNLHON UleMnYecKoii 6one3HN cepjla
(AnarHocTuKa, neyeHne N AUCNAHCEPHOE HAaBIOAeHIE)».
[3nekTponHbIl pecypc]. URL: https://www.consultant.
ru/document/cons_doc_LAW_384782/ (aaTta o6paljeHus
25.04.2024).

. Mpukas MunuctepcTea 3gpaBooxpaHeHuns Poccuitckoii

degepaunm ot 24 gekabpsa 2012 r. N2 1554H

(pea. 0T 20.04.2022) «O6 yTBEpPHKAEHUM CTAHAAPTA
cneymannsnMpoBaHHON MeANLMHCKON MOMOLLM NpK
CepAevHO HeAOCTAaTOMHOCTUY [DNEKTPOHHBIN pecypc].
URL: https://www.consultant.ru/document/cons_doc_
LAW_145585/ (aaTta o6paweHus 25.04.2024).

Lin S., Xiao-Ming W., Gui-Fu W. Expert consensus on the
clinical application of enhanced external counterpulsation in
elderly people (2019). Aging Med. (Milton). 2020; 3(1): 16-24.
doi: 10.1002/agm2.12097.

. Caceres J., Atal P., Arora R., et al. Enhanced external

counterpulsation: A unique treatment for the “No-Option”
refractory angina patient. | Clin Pharm Ther. 2021 Apr;
46(2): 295-303. doi: 10.1111/jcpt.13330. Epub 2021 Jan 7.

. TabpyceHko C.A., ManaxoB B.B., MaceHko B.I.

Mcnonb3oBaHWe MeToZa HapyKHOM KOHTPMYy/ibcaLum
B KOMM/IEKCHOM N1e4eHUM 6O/IbHbIX UIWEMUYECKON 601€3HbIO

cepaua. Atepocknepos u gucaunuaemun. 2010; 1: 31-36




Apxusb BHyTpeHHE MeAMuMHEL ® No 5 o 2024

OB3OPHBIE CTATbHU

Gabrusenko S.A., Malakhov V.V., Masenko V.P., The use of
the method of external counterpulsation in the complex
treatment of patients with coronary heart disease.
Atherosclerosis and Dyslipidemia. 2010; 1: 31-36 [In Russian]

20. Arora R.R., Chou T.M., Jain D., et al. The multicenter study of
enhanced external counterpulsation (MUST-EECP): effect of
EECP on exercise-induced myocardial ischemia and anginal
episodes. | Am Coll Cardiol. 1999 Jun; 33(7): 1833-40.
doi: 10.1016/50735-1097(99)00140-0.

21. Singh V., Kumari G., Chhajer B., et al. Enhanced external
counterpulsation effectiveness on clinical parameters in
diabetic and non-diabetic coronary heart disease patients.
Asian Journal of Pharmaceutical and Clinical Research. 2018;
11(7): 151-157. doi: 10.22159/ajpcr.2018.v11i7.25219.

22. Subramanian R., Nayar S., Meyyappan C., et al. Effect
of Enhanced External Counter Pulsation Treatment on
Aortic Blood Pressure, Arterial Stiffness and Ejection
Fraction in Patients with Coronary Artery Disease.

J Clin Diagn Res. 2016 Oct; 10(10): OC30-OC34.
doi: 10.7860/JCDR/2016/23122.8743.

23. Sardari A., Hosseini S.K., Bozorgi A. et al. Effects of Enhanced
External Counterpulsation on Heart Rate Recovery in Patients
with Coronary Artery Disease. ] Tehran Heart Cent. 2018 Jan;
13(1): 13-17.

24. Wu E., Martensson J., Brostrom A. Enhanced external
counterpulsation in patients with refractory angina
pectoris: a pilot study with six months follow-up
regarding physical capacity and health-related quality
of life. Eur J CardiovascNurs. 2013 Oct; 12(5): 437-45.
doi: 10.1177/1474515112468067.

25. benenkos FO.H., /lnwyta A.C., Cnenosa O.A. n ap.
Mccneposanme EXCEL: ganTtenbHoe HabogeHne
3¢ PeKTUBHOCTN MeJMKaMEHTO3HON N HeMe/JMKaMeHTO3HO

pea6VInVITaLI,VIVI 60/1bHbIX CEPAe‘-IHOl‘/’I HegO0CTaTO4YHOCTbIO

uweMmuyeckom stuonorun. Kapguonorus. 2024; 64(1): 14-24.

doi: 10.18087/cardio.2024.1.n2615.

Belenkov Yu.N., Lishuta A.S., Slepova O.A., et al. The
EXCEL Study: Long-term Observation of the Effectiveness
of Drug and Non-drug Rehabilitation in Patients with
Ischemic Heart Failure. Kardiologiia. 2024; 64(1): 14-24.
doi: 10.18087/cardio.2024.1.n2615. [In Russian]

26. lnwyTa A.C., Cnenosa O.A., Hukonaesa H.C. n ap.
JlonrocpoyHble 3G deKTbl yCUEHHON HapyXHOM
KOHTPNy/AbCalMM B BeleHUN NaLNEHTOB C ULIEMNYECKOW
60/1€3HbI0 CepALLa, OCTIOXHEHHON cepAeYHON
HeAOCTAaTOYHOCTbH: AaHHble nccnegoBanma EXCEL.
Poccuiicknii Kapamonornyecknii )ypHan. 2024; 29(6): 5886.
doi: 10.15829/1560-4071-2024-5886.

Lishuta A.S., Slepova O.A., Nikolaeva N.S, et al. Long-
term effects of enhanced external counterpulsation

in the management of patients with coronary artery
disease complicated by heart failure: data from the EXCEL
study. Russian Journal of Cardiology. 2024; 29(6): 5886.
doi: 10.15829/1560-4071-2024-5886. [In Russian]

27. Thakkar B.V., Hirsch A.T., Satran D., et al. The efficacy and

safety of enhanced external counterpulsation in patients with

28.

29.

30.

31.

32.

33.

34.

35.

36.

peripheral arterial disease. Vasc Med. 2010 Feb; 15(1): 15-20.
doi: 10.1177/1358863X09106549.

baaTtuesa B.A., Bopowwunosa /].H., Cnynnasa H.B.
MpuMeHeHMe MeTOAa YCUACHHO HapyXHO
KOHTPMy/bCaL MM B Ie4EHUN U peabuanTaLum nayMeHToB
C 061M1TepUpYIOLLMM aTEPOCKNEPO30M COCYA0B HUMKHUX
KOHeYHOCTel. Bonpockl KypopTonoruu, ¢pusmotepanuu

1 neve6HON Gpusnyeckom KyabTypsl. 2019; 96(4): 5-11.

doi: 10.17116/kurort2019960415.

Badtieva V.A., Voroshilova D.N., Sichinava N.V. Use of
enhanced external counterpulsation in the treatment

and rehabilitation of patients with atherosclerosis
obliterans of the lower extremity. Problems of balneology,
physiotherapy, and exercise therapy. 2019; 96(4): 5-11.

doi: 10.17116/kurort2019960415. [In Russian]

Liang J., Shi J., Wei W., et al. External Counterpulsation
Attenuates Hypertensive Vascular Injury Through
Enhancing the Function of Endothelial Progenitor

Cells. Front Physiol. 2021 Feb 12; 11: 590585.

doi: 10.3389/fphys.2020.590585.

Zhao M., Huang Y., Li L., et al. Enhanced External
Counterpulsation Efficacy on Exercise Endurance in

COPD Patients and Healthy Subjects: A Pilot Randomized
Clinical Trial. Int ] Chron Obstruct Pulmon Dis. 2020 Jan 7;
15: 25-31. doi: 10.2147/COPD.S225566.

Sathyamoorthy M., Verduzco-Gutierrez M., Varanasi S.,

et al. Enhanced external counterpulsation for management
of symptoms associated with long COVID. Am Heart | Plus.
2022 Feb 12; 13: 100105. doi: 10.1016/j.ahjo.2022.100105.
Hukonaesa H.A., benenkos tO.H., nwyTta A.C.

1 Ap. YCMneHHana HapyXHaa KOHTPNy/ibCcaumna Kak
CpeACTBO HeMe/JMKaMeHTO3HOro IeYeHNA NaLMeHTOB

C TAXKE/ILIMU U CPeJHETAXKE/IbIMU BEHTUNALUOHHBIMU
HapyweHuamu. Tepanus. 2023; 9(6): 8-14.

doi: 10.18565/therapy.2023.6.8-14.

Nikolaeva N.A., Belenkov Yu.N,, Lishuta A.S, et al.
Enhanced external counterpulsation as a measure of
non-drug treatment of patients with severe and moderate
ventilation disorders. Therapy. 2023; 9(6): 8-14.

doi: 10.18565/therapy.2023.6.8-14. [In Russian]

Dayrit J.K., Verduzco-Gutierrez M., Teal A., et al. Enhanced
External Counterpulsation as a Novel Treatment for Post-
acute COVID-19 Sequelae. Cureus. 2021 Apr 7; 13(4): e14358.
doi: 10.7759/cureus.14358.

Barreiro E., Sznajder J.I., Nader G.A,, et al. Muscle dysfunction
in patients with lung diseases: a growing epidemic.

Am ] Respir Crit Care Med. 2015 Mar 15; 191(6): 616-9.

doi: 10.1164/rccm.201412-21890E.

Melin M., Montelius A., Ryden L., et al. Effects of enhanced
external counterpulsation on skeletal muscle gene expression
in patients with severe heart failure. Clin Physiol Funct
Imaging. 2018; 38(1): 118-127. doi :10.1111/cpf.12392.
Sardina P.D., Martin J.S., Avery J.C., et al. Enhanced external
counterpulsation (EECP) improves biomarkers of glycemic
control in patients with non-insulin-dependent type Il

diabetes mellitus for up to 3 months following treatment.

349



350

REVIEW ARTICLES

The Russian Archives of Internal Medicine ® Ne 5 e 2024

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

ActaDiabetol. 2016 Oct; 53(5): 745-52. doi: 10.1007/s00592-
016-0866-9.

Sardina P.D., Martin J.S., Dzieza W.K., et al. Enhanced external
counterpulsation (EECP) decreases advanced glycation end
products and proinflammatory cytokines in patients with
non-insulin-dependent type Il diabetes mellitus for up to

6 months following treatment. Acta Diabetol. 2016 Oct;
53(5): 753-60. doi: 10.1007/s00592-016-0869-6.

LiH.L., Zhou J.W., Zuo W. Effects of external counter-pulsation
combined with laser photocoagulation fortreatment of non-
proliferative diabetic retinopathy. Guoji Yanke Zazhi. 2016;

16 (11): 2082-4. doi: 10.3980/j.issn.1672-5123.2016.11.24.

Liu C.T., Wang X.J., Li X, et al. Effects of enhanced
extracorporeal counterpulsation on early renal injury in
elderly patients with type 2 diabetic nephropathy. Chin ] Clin
Res. 2017; 30(3): 342-344.

Duan H.Y. Clinical efficacy analysis of enhanced external
counterpulsation in the treatment of diabetic nephropathy.

Jf Youjiang Med Univ Nationalities. 2015; 3: 384-386.

JHeeBa M.A,, KocTeHko E.B., PasymoB A.H. n gp. YcunerHas
Hapy»Haf KOHTPMy/bCal A — MeTO/, HeNHBa3NBHOMO
BCMOMOraTe/IbHOro KpoBOOGpalLeHNsA B KOMMNNEKCHOM
BOCCTaHOBUTE/NIbHOM /leHeHUW NaLUeHTOB Nocsie
1leMmUYecKoro nHcynbta (0630p). Bonpocsl KypopTosioruu,
dusmnoTepanum n neyebHoii Gusmnyeckon kynbTypsl. 2015;
92(3): 45-52. doi: 10.17116/kurort2015345-52.

Eneeva M.A,, Kostenko E.V., Razumov A.N., et al. Enhanced
external counterpulsation — a method of noninvasive auxiliary
blood circulation in the complex rehabilitation treatment of
patients after ischemic stroke (review). Issues of balneology,
physiotherapy and therapeutic physical education. 2015;
92(3): 45-52. doi: 10.17116/kurort2015345-52. [In Russian]
Liu J.Y., Xiong L., Stinear C.M., et al. External counterpulsation
enhances neuroplasticity to promote stroke recovery.

J NeurolNeurosurg Psychiatry. 2019 Mar; 90(3): 361-363.

doi: 10.1136/jnnp-2018-318185.

Kozdag G., Iseri P., Gokge G., et al.Treatment with enhanced
external counterpulsation improves cognitive functions in
chronic heart failure patients. Turk Kardiyol Dern Ars. 2013 Jul;
41(5): 418-28. doi: 10.5543/tkda.2013.24366.

Zhou Q. Observation of 33 cases of Parkinson's disease
treated with external counterpulsation. J. Luzhou Med.Coll.
2004; 27 (1): 56-7.

Gottlieb S.S., Pifia I.L. Enhanced external counterpulsation:
what can we learn from the treatment of neurasthenia? ] Am
Coll Cardiol. 2006 Sep 19; 48(6): 1206-7. doi: 10.1016/j.
jacc.2006.04.054.

Yang Y., Zhang H., Yan Y., et al. Clinical study in patients with
ocular ischemic diseases treated with enhanced external
counterpulsation combined with drugs. Mol Med Rep.

2013 Jun; 7(6): 1845-9. doi: 10.3892/mmr.2013.1445.

Zhu W, Liao R., Chen Y., et al. Effect of enhanced
extracorporeal counterpulsation in patients with non-arteritic
anterior ischaemic optic neuropathy. Graefes Arch Clin Exp
Ophthalmol. 2015 Jan; 253(1): 127-33. doi: 10.1007/s00417-
014-2823-z.

48. Offergeld C., Werner D., Schneider M., et al. Die
pneumatische externe Gegenpulsation (PECP): Neue
Behandlungsmoglichkeit bei therapierefraktaren
Innenohrstérungen? [Pneumatic external counterpulsation
(PECP): a new treatment option in therapy refractory inner ear
disorders?]. Laryngorhinootologie. 2000 Sep; 79(9): 503-9.
German. doi: 10.1055/s-2000-6941.

49. Froschermaier S.E., Werner D., Leike S., et al. Enhanced
external counterpulsation as a new treatment modality
for patients with erectile dysfunction. Urol Int. 1998;

61(3): 168-71. doi: 10.1159/000030315.

50. Lawson W.E., Hui J.C., Kennard E.D., et al. Effect of enhanced
external counterpulsation on medically refractory angina
patients with erectile dysfunction. Int ] ClinPract. 2007 May;
61(5): 757-62. doi: 10.1111/j.1742-1241.2007.01328 .x.

MHpopmaums 06 aBTopax

Hukonaesa Hagexpaa AngpeeBHa ] — acnupaHT, accucTeHT Kadepbl
rocnutanbHoi Tepanumn N2 1 KM um. H.B. Ckandocosckoro MMIMy
uM. U.M. CeueHoBa (CeueHOBCKMit yHuBepcuTeT), Mockea, e-mail:
nadnikolya@yandex.ru, ORCID ID: http://orcid.org/0000-0001-8907-
8370

NnwyTa Anekceit CepreeBuy — K.M.H., npodeccop Kadezpbl FocnuTab-
Hoi Tepanum Ne 1 IKM um. H.B. Ckandocosckoro NMMIMY nm. U.M. Ce-
yeHoBa (CeyeHoBCKMIA yHUBepcuTeT), Mocksa, e-mail: alexeylish@gmail.
com, ORCID ID: http://orcid.org/0000-0003-3391-0193

BopoHkoBa Onbra OsieroBHa — K.M.H., aCCUCTEHT Kadeapbl rocnuTaib-
Hoi Tepanum N2 1 IKM mm. H.B. Ckandocosckoro NMMIMY mnm. U.M. Ce-
yeHoBa (CeuyeHOBCKMIA yHuBepcuTeT), Mocksa, e-mail: voronkova.oo@
gmail.com, ORCID ID: http://orcid.org/0000-0002-4705-8037

CnenoBa Onbra AneKcaHAPOBHA — K.M.H., aCCUCTEHT Kadespbl roc-
nuTansHol Tepanun N2 1 MKM um. H.B. Ckandocosckoro MNMMIMY
uM. N.M. CeyeroBa (CeuyeHoBCKMI yHuBepcuTeT), Mocksa, e-mail:
slepova_o_a@staff.sechenov.ru, ORCID ID: http://orcid.org/0000-0002-
1172-1116

MetyxoBa HOnua AnekceeBHa — cTyjeHTKa 5-oro Kkypca WKM
uM. H.B. Ckandocosckoro MMIMY um. .M. CeyeHoa (CeueHoB-
CKUi yHuBepcuTeT), Mockea, e-mail: juliya.petukhova@mail.ru, ORCID
ID: http://orcid.org/0009-0006-6546-7041

Benenkos FOpuii Hukntny — akagemuk PAH, npodeccop, 4.M.H., 3aBe-
ayrowmii Kapegpoit rocnutanbHon Tepanum N2 1T KM um. H.B. Ckando-
cosckoro MMIMY um. .M. CeyeHosa (CeyeHOBCKMit yHUBepcuTeT), Mo-
ckBa, e-mail: belenkov_yu_n@staff.sechenov.ru, ORCID ID: http://orcid.
org/0000-0002-3014-6129

Information about the authors

Nadezhda A. Nikolaeva — postgraduate student, assistant of the
Department of Hospital Therapy No. 1 of the N.V. Sklifosovsky Insti-
tute of Cardiology, .M. Sechenov First Moscow State Medical University
(Sechenov University), Moscow, e-mail: nadnikolya@yandex.ru, ORCID
ID: http://orcid.org/0000-0001-8907-8370

Alexey S. Lishuta — candidate of medical sciences, professor of the de-
partment of hospital therapy No. 1 of the ICM named after. N.V. Skli-
fosovsky PMGMU named after. THEM. Sechenov (Sechenov Univer-
sity), Moscow, e-mail: alexeylish@gmail.com, ORCID ID: http://orcid.
org/0000-0003-3391-0193




Apxusb BHyTpeHHE MeAMuMHEL ® No 5 o 2024

OB3OPHBIE CTATbHU

Olga O. Voronkova — PhD, Assistant of the Department of Hospital Ther-
apy No. 1 of the N.V. Sklifosovsky Institute of Cardiology, I.M. Sechenov
First Moscow State Medical University (Sechenov University), Moscow,
e-mail: voronkova.co@gmail.com, ORCID ID: http://orcid.org/0000-
0002-4705-8037

Olga A. Slepova — candidate of medical sciences, assistant of the de-
partment of hospital therapy No. 1 ICM named after. N.V. Sklifosovsky
PMGMU named after. THEM. Sechenov (Sechenov University), Mos-
cow, e-mail: slepova_o_a@staff.sechenov.ru, ORCID ID: http://orcid.
org/0000-0002-1172-1116

Yulia A. Petukhova—5th year student at IKM.N. V. Sklifosovsky PMGMU
named after. THEM. Sechenov (Sechenov University), Moscow, e-mail:
juliya.petukhova@mail.ru, ORCID ID: http://orcid.org/0009-0006-6546-
7041

Yuri N. Belenkov — Academician of the Russian Academy of Sciences,
Professor, Doctor of Medical Sciences, Head of the Department of Hos-
pital Therapy No. 1 of the N.V. Sklifosovsky Institute of Cardiology,
I.M. Sechenov First Moscow State Medical University (Sechenov Uni-
versity), Moscow, e-mail: belenkov_yu_n@staff.sechenov.ru, ORCID
ID: http://orcid.org/0000-0002-3014-6129

ABTOp, OTBeTCTBEHHbIN 3a nepenucky / Corresponding author

351



