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Abstract

Aim. To assess the effectiveness of the complex treatment of patients with stable angina pectoris using the method
of external counterpulsation (ECP).

Methods. 92 patients with chronic stable angina were included in the comparative analysis, which divided into
2 groups: 57 patients received one course of treatment using the ECP method (main group), 35 patients received only
drug treatment (control group). Before and after the therapy, a general clinical examination (including determining
the functional class of angina pectoris and the need to use nitroglycerin preparations), coronary angiography,
echocardiography, exercise stress test (stress ECG), and quality assessment using the Seattle Angina Questionnaire
(SAQ) was performed.

Results. The decrease in the average functional class of angina was more significant in the main group com-
pare to the control group — from 2.28+0.73 to 0.9340.80 (p <0.05) versus from 2.34+0.73 to 1.83+0.71 (p <0.05).
A decrease of at least 1 functional class more often occurred in the main group — 78.9% of patients versus 57.1%
(p=0.0258). The use of nitroglycerin sharply decreased after treatment in the group, that use the ECP method (by
51.6%; p=0.002), whereas in the control group, despite a slight decrease (by 22.7%), the changes did not reach sta-
tistical significance (p=0.0736). Both groups showed similar dynamics of changes in echocardiography. The diffe-
rences were obtained only for the dynamics of the ejection fraction of the left ventricle (LVEF), which was greater
in the main group — an increase of 4.69+5.56% versus 1.75+5.15% (p=0.0448). The dynamics of all indicators of
exercise stress test significantly differ between groups, and if for the main group it is positive, in the control group
it is negative. Some indicators of quality of life change insignificant and similar for both groups (for example, on
the scale for limiting physical exertion), and on some scales (stability scales for attacks and the frequency of an-
gina attacks), the improvement in the main group is much more significant in comparing with the control group:
30-37 points versus 12—13 points, respectively (p <0.0001). The overall quality of life assessment score improved
more in the group, that use the ECP method: +96.10+40.73 versus +45.31+£35.06 the control group (p <0.0001).
Conclusion. The method of external counterpulsation (ECP) can be used in clinical practice as part of a compre-
hensive treatment of patients with stable angina pectoris; it can significantly reduce the class of angina pectoris and
the need to use nitroglycerin preparations, improve a number of indicators of echocardiography, electrocardiogra-
phy with exercise and quality of life indicators.
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Cardiovascular diseases represent the leading cause
of death worldwide. About 6.3 million patients in
the USA suffer from ischemic heart disease (IHD),
which is the cause of death of approximately every
sixth patient [1]. Angina is one of the forms of THD.
According to the American Heart Association, the
prevalence of angina pectoris in the USA accounts
for about 35 cases per 1000 people [2]. The mor-

tality rate of patients with stable effort angina is
quite high and amounts to approximately 4% per
year, and in patients with unstable angina pecto-
ris, it is 7%—8% per year [3]. Given these circum-
stances, the problem of effective treatment of IHD
remains relevant.

A variety of clinical forms of IHD, stages of
the disease, options for their course, and disease
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complications are factors that often complicate the
treatment process. Currently, various methods are
used to treat IHD [4]. Drug therapy is the main
method and includes the administration of anti-
anginal drugs, such as beta-adrenoreceptor antago-
nists, calcium antagonists, and long-acting nitrates,
which are referred to as first-line therapy. The use
of drugs that improve disease prognosis is of no
small importance. They include antiaggregants,
statins, and angiotensin-converting enzyme (ACE)
inhibitors.

Recently, in clinical practice for the treatment
of angina pectoris, other drugs with a different me-
chanism of action, related to the so-called second-
and third-line therapy, are being used more often.
These include nicorandil, ivabradine, ranolazine,
trimetazidine, perhexiline, allopurinol, molsido-
mine, and fasudil [5].

Despite the active use of a sufficiently broad
range of drugs, drug treatment is often not effec-
tive enough for several reasons, such as low patient
adherence to treatment, different individual pa-
tient sensitivity to various drugs, development of
treatment tolerance, and side effects. The progres-
sion of coronary artery atherosclerosis also plays
an important role, as it leads to the development of
a more severe functional class (FC) of angina pec-
toris, despite active drug treatment.

In cases of insufficiently effective drug therapy,
the use of myocardial revascularization methods
leads to good results. Currently, the main methods
of myocardial revascularization are endovascu-
lar treatment and coronary artery bypass grafting
(CABGQG). Nevertheless, surgical interventions do
not eliminate the cause of the disease, and the prob-
lem of IHD treatment remains relevant due to the
accumulation of data from long-term follow-up of
patients who underwent invasive treatment.

The main problem is the development of angi-
na recurrence, which is caused by restenosis at the
sites of stent implantation or occlusion of coronary
artery bypass grafts, as well as the progression
of coronary artery atherosclerosis and incom-
plete myocardial revascularization. The results
of some studies have shown that approximately
30% of patients have symptoms of angina pecto-
ris within a year after revascularization procedures
[6], and after five years, some patients require re-
peated myocardial revascularization. However, for
one reason or another, repeated revascularization
cannot be performed on these patients. First, these
are patients who refuse repeated interventions, who
have various contraindications for repeated sur-
gery, with diffuse lesions of the vascular bed, di-
seases of small vessels, and who have a history of
myocardial revascularization with a poor result.
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As aresult of this, there is a need to search for new
therapeutic methods of IHD.

External counterpulsation (ECP) is a relative-
ly new, non-invasive, safe, and effective method of
treating various forms of IHD, including stable ef-
fort angina. The main principle of the ECP appara-
tus is to increase the perfusion of coronary blood
flow by increasing the blood pressure in the dia-
stole, which is implemented by compression and de-
compression of special cuffs placed on the patient’s
legs and buttocks. Studies have shown high safety
and good tolerance of the ECP method, which led
to the active introduction of this method of treat-
ment in the USA and several other countries.

As a rule, this treatment method is prescribed
to patients who have already received one or more
revascularization procedures, who are undergo-
ing maximum medical treatment, and, despite this,
have severe angina pectoris FC (III or IV), which
is called refractory angina. Now, the ECP method
is actively used to treat refractory angina. The ECP
method is recommended by the European Society
of Cardiology in the official recommendations of
2019 for diagnostics and treatment of stable IHD
with a class of recommendations IIb at the level of
evidence base B.

Despite the rather extensive experience with
using this method in patients with refractory angi-
na, it is usually not prescribed at the initial stage of
treatment to patients in addition to first-line therapy.
This method is prescribed, as a rule, when all other
treatment methods are ineffective, including revas-
cularization procedures, as well as first-, second-,
and third-line drug therapies. It is the therapy of the
last line.

It should be recognized, however, that this tech-
nique is non-invasive and usually performed on an
outpatient basis. This enables this method to be
used in combination with first-line therapy in pa-
tients with stable effort angina even before using
revascularization procedures. Therefore, the ECP
method might be able to maximize the optimi-
zation of non-invasive treatment, namely the re-
duction of angina pectoris FC, improvement of
quality of life, reduction of the need for nitroglyce-
rin preparations, reduction of further need for myo-
cardial revascularization procedures which may be
economically justified.

Given the above, we aimed to evaluate the ef-
ficiency of the complex treatment of patients with
stable effort angina using the ECP method.

This study included 92 patients, the main group
consisted of 57 patients who received at least 20
hours of ECP therapy, and the control group inclu-
ded 35 patients. The selection of patients for the
ECP course was based on known indications and
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contraindications to this method of treatment, and
the personal preferences of the patients were con-
sidered.

The criteria for inclusion in the study were the
following.

1. Stable effort angina of I-IV FC (according to
the classification of the Canadian Association of
Cardiology).

2. Relapse of angina pectoris after invasive in-
terventions (surgical treatment or angioplasty).

3. Refusal of the patient from invasive proce-
dures, high risk of invasive procedures, the inabili-
ty to perform the invasive treatment.

Before starting treatment with the ECP meth-
od, all patients received comprehensive informa-
tion about this method of treatment and its possible
side effects. All patients underwent coronary angi-
ography before treatment.

In the main group, there were 57 patients, of
whom 43 (75.4%) were men and 14 (24.6%) were
women. The average age of the patients was 63.07
+ 7.44 years. The mean value of angina FC before
treatment was 2.28 + 0.73. The analysis of coronary
angiograms of patients of this group showed that
most had the three-vessel disease of the coronary
arteries (33 patients, 57.9%), in 16 patients (28.1%),
the two-vessel disease was diagnosed, and eight pa-
tients (14.0%) had a single-vessel disease.

In the main group, 27 patients had a history of
myocardial infarction, which amounted to 47.4%
of the total number of patients. Arterial hyperten-
sion was diagnosed in 27 (47.4%) patients, and dia-
betes mellitus was observed in 7 (12.3%) patients.
Revascularization procedures before treatment us-
ing ECP were performed in 5 (8.8%) patients, one
patient (1.8%) underwent coronary artery bypass
grafting, and 4 (7%) patients underwent angioplas-
ty with stent implantation.

Patients received basic optimal drug thera-
py with nitrates, antiplatelet agents, calcium an-
tagonists, ACE inhibitors, beta-adrenoreceptor
antagonists, ivabradine, statins, and diuretics. Ni-
troglycerin preparations were used by 31 patients,
which accounted for 54.4% of the total number of
patients.

The efficiency of ECP therapy and the signif-
icance of the study were assessed using a control
group. The control group was formed for com-
parative analysis and included 35 patients. As in
the main group, there were more men than wom-
en in the control group. It comprised 35 patients,
26 (74.3%) men and 9 (25.7%) women. The average
age of patients was 61.09 £+ 5.44 years. The mean
value of angina FC was comparable to angina FC
in the main group and averaged 2.34 = 0.73. As in
the main group, when analyzing coronary angio-

grams, in control group patients, three-vessel dis-
ease of the coronary arteries more often prevailed,
while two-vessel disease and single-vessel disease
were detected less frequently (51.42%, 28.6%, and
20.0% of cases, respectively).

Table 1 presents the clinical characteristics of
patients in both groups.

In the control group, the history of myocardial
infarction was noted in 9 (25.7%) patients, arteri-
al hypertension in 15 (42.9%) patients, and diabe-
tes mellitus in 6 (17.1%) patients. Revascularization
procedures (angioplasty with stent implantation)
were performed in 3 (8.6%) patients. As in the main
group, in the control group, all patients received
basic optimal drug therapy, including nitrates, an-
tiplatelet agents, calcium antagonists, ACE inhibi-
tors, beta-adrenoreceptor antagonists, ivabradine,
statins, and diuretics. Nitroglycerin preparations
were used by 22 (62.9%) patients.

All patients underwent a general clinical exam-
ination before and after the treatment, in both the
main group and the control group, including histo-
ry taking, complaints taking, and complete physical
examination. The quality of life was assessed using
the Seattle Quality of Life Questionnaire.

A General Electric ultrasound scanner, model
Vivid 4, using a 3S transthoracic sensor, was used
to perform echocardiographic examinations. The
following echocardiographic parameters were cal-
culated for all patients:

— end-diastolic diameter of the left ventricle;

— end-diastolic volume of the left ventricle;

— end-systolic volume of the left ventricle;

— stroke volume of the left ventricle;

— ejection fraction of the left ventricle;

— anteroposterior diameter of the left atrium;

— volume of the left atrium;

— degree of mitral regurgitation; and,

— indicators of tissue Dopplerography — the ve-
locity of the mitral annulus (in tissue pulsed-wave
Dopplerography, determining the maximum speed
of movement of the mitral annulus in the phase of
rapid filling of the left ventricle, ‘e), the ratio E/e.’

An echocardiographic study was performed for
all patients in both the main group and the control
group. In the main group, study 1 was performed
before ECP treatment, and study 2 was performed
after its completion. In the control group, study 1
was performed before the start of drug treatment,
and study 2 was performed after two months.

Exercise electrocardiography (stress ECG tests)
was performed at least twice in all patients in both
groups. Test 1 was performed before the prescribed
treatment for ECP, and Test 2 was performed im-
mediately after termination. A Contec model
80008 treadmill, equipped with a wireless record-
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Table 1. Clinical characteristics of patients in the main and control groups

Group
Indicator External counter- Control p
pulsation (n = 57) (n=135)
Clinical characteristics of patients
Age at the time of treatment, years 63.07+7.44 61.09+5.44 0.2544
Gender (men/women), n 43/14 26/9 0.9013
Functional class of angina pectoris before treatment 2.28+0.73 2.34+0.73 0.5966
Single-vessel disease of coronary arteries 8 (14.0%) 7 (20.0%) 0.4857
Two-vessel disease of coronary arteries 16 (28.1%) 10 (28.6%) 0.7869
Three-vessel disease of coronary arteries 33 (57.9%) 18 (51.42%) 0.4653
History of myocardial infarction 27 (47.4%) 9 (25.7%) 0.0388
History of coronary artery bypass grafting 1(1.8%) 0 (0.0%) 0.4308
History of angioplasty 4 (7.0%) 3 (8.6%) 0.7849
Diabetes mellitus 7 (12.3%) 6 (17.1%) 0.5157
Hypertensive disease 27 (47.4%) 15 (42.9%) 0.6732
Nitroglycerin intake 31 (54.4%) 22 (62.9%) 0.4247
Antiaggregant intake 56 (98.2%) 35 (100.0%) 0.4308
Calcium antagonists intake 17 (29.8%) 13 (37.1%) 0.4672
Angiotensin-converting enzyme inhibitors intake 41 (71.9%) 19 (54.3%) 0.0845
Beta-adrenoreceptor antagonist intake 52 (91.2%) 31 (88.6%) 0.6771
Ivabradine intake 12 (21.1%) 5 (14.3%) 0.4169
Statin intake 49 (86.0%) 34 (97.1%) 0.0798
Diuretic intake 23 (40.4%) 13 (37.1%) 0.7595

ing of the patient’s electrocardiogram during stress
testing, was used to conduct stress testing.

Before the start of treatment, all patients of both
the main and control groups underwent selective
coronary angiography, which was performed using
angiographic devices from various manufactu-
rers, such as the Axiom Artis system by Siemens
(Germany), Innova 2100 by GE (USA), and Allura
FD20 by Philips (USA).

For catheterization of the aorta followed by
catheterization of the coronary arteries, the right or
left transfemoral approach was used according to
the Judkins method. Access to the femoral artery
was provided by the Seldinger method under local
anesthesia, namely with 20 ml of 0.5% procaine
solution (procaine hydrochloride). Selective coro-
nary angiography was performed using Judkins or
Amplatz catheters. In contrast, the contrast agent
Omnipack 350 was used. To contrast the left and
right coronary arteries, standard projections, and in
some cases, additional projections were used.

Coronary angiogram analysis was performed on
monitors using programs integrated into the sys-
tem. The analysis determined the type of blood
supply to the heart, the lesion location in the coro-
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nary arteries by segments, the condition of the
main trunk of the left coronary artery, the number
of affected arteries, their diameter, and the degree
of development of collateral blood flow.

Treatment with ECP was performed using a de-
vice of the Vasomedical company, model TS-4.
Before the start of the treatment session, blood
pressure was measured in all patients, and the cli-
nical status was assessed. After changing clothes
(the patient put on special underwear that reduced
the likelihood of the skin irritation), the patient laid
on the treatment bed of the ECP apparatus. Spe-
cial cuffs were placed on the patient’s legs and
buttocks. An electrocardiogram was taken using
three electrodes that were applied to the patient’s
skin and transmitted signals to the control screen
of the ECP apparatus. A plethysmograph sensor
was placed on the patient’s finger, the signals from
which were also transmitted to the ECP apparatus
screen so that the patient’s plethysmogram was dis-
played under its signal from the electrocardiograph
(in single-channel mode).

After turning on the device, the air is supplied
from the compressor to the cuffs strictly during
diastole, and before the next systole, air from the



Original research article

Kazan Medical Journal 2020, vol. 101, no.2

Table 2. Comparison of the indicators before treatment and after treatment for the group of external counterpulsation (ECP)

and the control group.

Main group (ECP. n =57) Control group (n = 35)
Indicator - -
Before treat After treatment p Before treat After treatment p
ment ment
Left ventricular end-
clt ventricular ¢ 5.32+0.75 5.25+0.67 0.3047 5.27+0.48 5.21+0.47 0.0411
diastolic dimension. cm
Left ventricular end- 802142699 | 79.82:2621 | 06028 | 93.07:19.48 | 90.41:27.88 | 0.4414
diastolic volume. ml
Stroke volume of the left | yo. 1) 04 | 480041132 | 00018 | 544421210 | 54.86£1954 | 08314
ventricle. ml
Left ventricular ejection 57.46+9.99 62.15£9.00 | <0.0001 58.70+6.53 60.45+9.55 0.0711
fraction. %
Left atrium dimension. cm 3.85+0.42 3.824+0.40 0.4590 3.98+0.43 3.95+0.48 0.2845
Left atrium volume. ml 61.91£22.08 | 57.11£17.20 0.0071 65.15£20.06 | 64.33£22.53 0.2343
Degree of mitral 0.8840.48 0.82+0.44 0.1240 0.77+0.33 0.7340.31 0.1088
regurgitation. severity
Mitral annular early 7.02+£1.57 7.31+1.85 0.0016 7.19+1.92 7.36+2.03 0.0543
velocity (e'). cm/s
E/e' ratio. n 12.10+4.72 11.63+4.46 0.1050 13.34+3.91 13.07+3.80 0.2028
tTlfIle sxer‘“se performance | ¢ ¢11108.09 | 370.00£116.63 | <0.0001 | 302.57+131.18 | 297.14£127.38 | 03391
Exercise performed. meta- | 5 5,,) g5 7.15+1.91 <0.0001 5.8742.15 5.7842.10 0.3575
bolic equivalent
Time before the onset of
ST-segment depression 174.91489.71 | 258.35:101.97 | <0.0001 | 204.57+105.95 | 200.29+104.92 | 0.4321
by 1l mm. s
Angina class 2.28+0.73 0.93+0.80 <0.0001 2.34+0.73 1.83+0.71 0.0030
Scale of physicalactivity | = 67 47,615 | 65006568 | 00319 | 64.07:698 | 63354831 | 05614
restrictions. %
Scale of stability of angina
. 63.16£15.02 | 93.33£10.91 <0.0001 53.71£15.92 | 65.71£13.35 | <0.0001
attacks. %
Scale of frequency of 56.67+20.64 93.33+8.09 <0.0001 51.43£15.74 | 64.29+12.67 0.0007
angina attacks. %
Scale of satisfaction with
N 66.21£1530 | 83.97£10.77 | <0.0001 64.80+14.47 76.92+8.86 0.0003
treatment. %
Scale of attitude to the 4591£15.03 | 59.80£15.03 | <0.0001 | 46.90+21.58 | 55.96:16.61 | 0.0394
disease. %
Overall quality of life
core 299.36+34.26 | 395.45427.27 | <0.0001 | 280.92433.16 | 326.23+26.90 | <0.0001

cuffs is quickly blown off. Systole is determined
based on the R wave of the patient’s electrocar-
diogram. The physician regulates the compression
and decompression times based on the patient’s
plethysmogram in order to achieve optimal dia-
stolic blood flow enhancement. The increment of
adjusting the compression/decompression time is
10 ms, and the minimum time from the previous
R wave is 150 ms.

The pressure of ECP was within the range of
200-300 mm Hg. ECP pressure was selected for
each patient individually, as well as compression

and decompression times. During treatment, the to-
tal treatment time was calculated; if necessary, pa-
tients received additional ECP sessions so that the
total accumulated treatment time was 35 hours.
The two groups were compared according
to quantitative scales based on the nonparamet-
ric Mann—Whitney test. A comparison of three or
more groups on quantitative scales was performed
based on the nonparametric Kruskal-Wallis test.
To describe the quantitative indicators, the mean
value and standard deviation in the M + § format
were used. An analysis of changes in indicators in
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Table 3. Comparison of changes in time of the indicators between the periods before treatment and after treatment between
the group of external counterpulsation (ECP) and the control group (negative change is indicated with a minus mark)

Group
Indicator ECP Control p
(n=157) (n=35)
Echocardiography data
Left ventricular end-diastolic dimension. cm —0.06+0.28 —0.06+0.14 0.3606
Left ventricular end-diastolic volume. ml —0.38+13.84 —2.67+36.82 0.3090
Changes in stroke volume of the left ventricle. ml 3.52+9.64 0.42+22.75 0.1336
Changes in the ejection fraction of the left ventricle. % 4.69+5.56 1.75+£5.15 0.0448
Changes in the size of the left atrium. cm —0.03+0.23 —0.03+0.15 0.8839
Changes in the volume of the left atrium. ml —4.80+15.02 —0.83+7.40 0.1454
Changes in the degree of mitral regurgitation —0.06+0.27 —0.04+0.14 0.4817
Changes in the mitral annular early velocity (e'). cm/s 0.29+1.30 0.17+0.53 0.3956
Exercise electrocardiography data
Total exercise time. s 103.19+56.13 —5.43+£38.68 <0.0001
Exercise performed. metabolic equivalent 1.63+0.89 —0.09+0.59 <0.0001
Time before the onset of S7T-segment depression by 1 mm. s 83.44+57.78 —4.29+30.13 <0.0001
Quality of life assessment
Changes in the scale of physical activity restrictions —2.40+6.91 —0.72+45.20 0.2884
Changes in the stability scale of angina attacks 30.18+16.53 12.00+£9.94 <0.0001
Changes in the scale of the frequency of angina attacks 36.67+20.12 12.86+17.75 <0.0001
Changes in treatment satisfaction scale 17.76+19.18 12.11£16.04 0.3165
Changes in the scale of attitude to the disease 13.89+19.88 9.05+26.83 0.5614
Dynamic pattern of the total score 96.10+40.73 45.31£35.06 <0.0001

Change in the functional class of angina pectoris

Change (decrease) in the class of angina pectoris by grade 1

45 (78.9%) 20 (57.1%) 0.0258

the case of comparing two periods was conducted
based on the nonparametric Wilcoxon test, and in
the case of comparing three or more periods, it was
performed based on the nonparametric Friedman
test. Statistical data processing was performed
using the Statistica 10 and SASJMP 11 application
software packages.

This work was approved by the ethics commit-
tee of the scientific council of the National Acade-
my of Sciences of Azerbaijan.

Table 2 presents the results of the statistical
analysis of changes in indicators for the periods
“Before treatment” and “After treatment” for the
main group (ECP), and the control group for the
categories “Echocardiography data,” “Exercise
electrocardiography data,” “Change in the class of
angina pectoris,” and “Quality of life assessment.”
Table 3 presents the comparative analysis of the dy-
namics of changes in these parameters.

Fig.1 presents the results of a statistical ana-
lysis of nitroglycerin intake by patients for the pe-
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riods before treatment and after treatment for the
ECP group and the control group. In a compara-
tive analysis for the period before treatment, there
was no statistically significant difference in the use
of nitroglycerin between both groups (54.4 and
62.9%, respectively; p = .4247). However, in the
period after treatment, the difference was signifi-
cant; patients in the ECP group were less likely to
use nitroglycerin than those in the control group
(26.3% and 48.6%, respectively; p = .0296).

Based on Tables 2 and 3, we can conclude that
more statistically significant changes occurred
in the ECP group. Some indicators changed sig-
nificantly both in the ECP group and in the con-
trol group. Namely, angina FC decreased in both
groups, all indicators of quality of life, except for
restriction of physical activity, increased in both
groups. Assessments on a physical activity scale
did not change in the control group but decreased
in the ECP group. The stroke volume of the left
ventricle, the ejection fraction of the left ventricle,
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Fig. 1. The frequency of use by patients of nitroglycerin
for the relief of angina attacks before and after treatment;
ECP — external counterpulsation

and the early velocity of the mitral annulus in-
creased in the ECP group, although there were no
changes in these parameters in the control group.
Despite a decrease in the volume of the left atrium
after treatment in the ECP group and the control
group, the differences were not significant.

Based on Table 3, we can conclude that when
comparing changes in time in echocardiography,
the changes were approximately the same in both
groups. Differences were obtained only for changes
in the ejection fraction of the left ventricle, which
was greater in the ECP group, in which the frac-
tion changed by almost 5%, whereas in the con-
trol group, it was only 2%. The changes in the time
of all indicators of the stress ECG test differed in
the main and control groups. In addition, the dyna-
mics in the ECP group were positive, whereas, in
the control group, they were negative. Thus, im-
provements are noted for the following:

— total exercise time (+ 103.19 + 56.13s versus
—5.43 + 38.68s, p <.0001);

— exercise performed in metabolic equivalents
(+1.63 £ 0.89 versus —0.09 £ 0.59, p < .0001); and

— time before the onset of S7-segment depres-
sion by 1 mm (+83.44 + 5778 s versus —4.29 +
30.13 s, p <.0001).

When comparing the indicators of the quality
of life, we can conclude that, on some scales, the
dynamics were insignificant and equal for both
groups. For example, according to the scale of phys-
ical activity restriction, the changes do not exceed
3 points. According to some scales (attack stabili-
ty scales and the frequency of angina attacks), the
changes in the ECP group were much higher than in
the control group (30—39 points versus 12—13 points,
respectively). The total score also varied much more
in the ECP group than in the control group (average,
about two times). A decrease in angina pectoris FC

by 1 FC is also more pronounced in the ECP group
than in the control group. The use of nitroglycerin
sharply decreased after treatment in the ECP group
(by more than 50%), and in the control group, de-
spite a slight decrease, the changes did not reach
statistical significance.

Treatment for stable effort angina has two main
aims. The first is to reduce the frequency and in-
tensity of angina attacks, increase in physical load
tolerance and, therefore, improve the patient’s qua-
lity of life. The second aim is to improve prognosis
and prevent the occurrence of acute myocardial in-
farction, unstable angina, and sudden cardiac death
in this category of patients [7]. For this purpose,
drug therapy is used, which is recommended for
all patients, and myocardial revascularization pro-
cedures [8].

Along with drug therapy, which has been firmly
established in the treatment of this pathology, new
invasive therapeutic methods have been introduced,
namely CABG and various methods of percutane-
ous coronary interventions, where the leading role
is played by the procedure of implanting an en-
doprosthesis (stent) in the affected segment of the
coronary artery. Invasive methods of treating an-
gina increased the effectiveness of treating patients
with THD significantly, as they improved the quali-
ty of life and prognosis in this category of patients.
CABG also improved the prognosis and quality of
life in patients with lesions in the trunk of the left
coronary artery, with three-vessel disease, and in
patients with diabetes mellitus. Emergency coro-
nary angioplasty performed in the first hours of
an acute coronary syndrome with S7-segment ele-
vation significantly reduces the mortality rate in
this category of patients. These positive outcomes
have led to the widespread use of invasive treat-
ment methods for patients with IHD.

The significant positive aspects of the above in-
vasive treatment methods, however, were accom-
panied by several factors that limited their use in
a certain category of patients. The existing data in-
dicate that, compared with drug therapy, percuta-
neous coronary interventions with stent implanta-
tion in the affected segment of the coronary artery
do not lead to significant improvement in the prog-
nosis of patients with stable angina. According to
the latest results of the Clinical Outcomes Utili-
zing Revascularization and Aggressive Drug Eva-
luation study, the probability of death and nonfatal
myocardial infarction upon follow-up for an ave-
rage of 11.9 years did not statistically differ in the
groups of patients who initially underwent coronary
angioplasty with stenting and received aggressive
drug therapy, compared with the group of patients
who received only intensive drug treatment [9].
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Theoretical and clinical medicine

Despite the use of medical treatment and revas-
cularization of the myocardium in clinical practice,
the problem of treating angina pectoris in some pa-
tients does not have a solution. In these cases, when
angina pectoris FC III or IV is established accor-
ding to the classification of the Canadian Cardio-
vascular Society despite providing optimal drug
therapy, prescribing lifestyle modifications, and
performing revascularization procedures, angina
pectoris is considered as refractory.

For the treatment of refractory angina, many
drug and non-drug treatment methods have been
proposed [10]. For drug treatment of refractory an-
gina, in addition to first-line therapy, new drugs
with various mechanisms of action have been de-
veloped. Among the main non-drug methods of
treatment for refractory angina, the following treat-
ment methods have been proposed and studied over
recent years [11]:

— enhanced external counterpulsation;

— neurostimulation methods, namely percuta-
neous electroneurostimulation and spinal cord sti-
mulation;

— shock wave therapy of the heart;

— transmyocardial and percutaneous laser revas-
cularization;

— implantation of the coronary sinus reducer; and,

— various methods of therapy using stem cells
and genetic engineering.

Most non-drug methods of treatment, despite
some optimism at the initial stages, did not later re-
ceive a sufficiently high class of recommendations
from the European Society of Cardiology. Thus,
based on the recommendations of this society of
2013, percutaneous electroneurostimulation and
spinal cord stimulation have a class of recommen-
dations IIb, and transmyocardial revascularization
has a class of recommendations III [12,13]. At that,
ECP has established itself as an effective method of
treating refractory angina, which is specified in the
recommendations of the European Society of Car-
diology of 2013 and 2019.

The ECP method has been studied comprehen-
sively and continues to be studied in various clin-
ics around the world [14—17]. The accumulated
data demonstrated the possibility of the success-
ful therapeutic use of the method in patients with
chronic IHD and systolic heart failure of ischemic
origin [18-20].

The positive clinical effect of ECP therapy is
due to various mechanisms of action [21]. An in-
crease in coronary blood flow during the ECP pro-
cedure leads to an increase in shear stress, which
has a positive effect in the form of increased
collateral circulation, as through neoangiogene-
sis (arteriogenesis) existing collaterals open and/
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or expand [22]. Endothelial function is improved,
as well as the contractile ability of the myocardi-
um. The clinical efficiency of one course of ECP
remains for a long time after the end of the treat-
ment course.

It should be recognized that the therapeutic ef-
fectiveness of ECP is not limited only by its effec-
tiveness in patients with refractory angina, and this
method can also be used for several other diseases.
In our work, we demonstrated the effectiveness of
this technique in patients with stable effort angina
who received basic drug treatment. These results
enable us to recommend this method for broader
application in cardiology practice to treat patients
with stable effort angina.

CONCLUSIONS

The method of external counterpulsation can be
used in clinical practice as part of the comprehen-
sive treatment of patients with stable effort angina.
The use of this technique compared with the con-
trol group was able to reduce significantly the func-
tional class of angina pectoris and the need to use
nitroglycerin preparations and improve several in-
dicators of echocardiography, exercise electrocar-
diography, and quality of life.

The author declares no conflict of interest
related to this article.
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