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Introduction. Heart failure (HF) remains one of the greatest problems today. One of the causes of HF is ischemic cardiomyopathy (ICM).
The prognosis is particularly disappointing and the most difficult to treat patients with concomitant diabetes mellitus (DM) due to the effect of
hyperglycemia on vessels of different caliber and damage to nerve endings.

Cardiac shock wave therapy (CSWT) is one of the most promising noninvasive means of revascularization in the area of chronic myo-
cardial ischemia.

The aim of the study is to evaluate the effectiveness of CSWT in the complex treatment of ICM in patients with type 2 diabetes.

Materials and methods. The study was conducted at the Regional Center for Cardiac Surgery of Odesa Regional Clinical Hospital
(Odesa) in 2012-2022. 100 patients with ICM and type 2 DM were randomly divided into 2 groups. Patients in the first group (n=49) received
standard therapy following current protocols. The second group (n=51) of patients additionally received CSWT complementary to standard
therapy. The treatment results were evaluated at the end of the CSWT course, after 6 months, 1 year, and 2 years.

Results. The additional use of CSWT in patients with ICM with diabetes mellitus, in whom standard therapy was insufficient, showed an
improvement in the quality of life and adherence to treatment. CSWT improves the contractile function of the heart, as evidenced by an increase
in the ejection fraction. CSWT has a direct short-term and indirect long-term effect on the coronary vessels, in particular the microcirculatory part.

Conclusions. 1. The clinical effect of CSWT in patients with ischemic cardiomyopathy and type 2 diabetes mellitus consists in improve-
ment of LV systolic function, increase in exercise tolerance, and reduction of heart failure severity. 2. CSWT has shown high clinical efficacy
and can be recommended for use in patients with ischemic cardiomyopathy on the background of type 2 diabetes mellitus.
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KAPIIOJOTTYHA VIAPHO-XBHUJIBOBA TEPAIIA B JIKYBAHHI IIEMIYHOI KAPIIOMIOIATII
Y XBOPUX HA IIYKPOBHM JIABET 2 TUITY

Ooecvkuti HayioHanbHull meouynuil yHigepcumem, Qdeca, Ykpaina

Merta nOCTiPKEHHS — OLIHUTH €(PEKTUBHICTD KapAi0NOridHO1 ynapHo-xBuiboBoi Tepanii (KYXT) y koMIieKkcHOMY JTiKyBaHHI ieMiqHOT
kapaiomiomnarii (IKMII) y xBopux Ha 11ykpoBuii iadet 2 THILy.

Pesyasrarn. Jlonarkose 3acrocyBanns KYXT y xBopux Ha IKMII Ha i [/], y siknx cranmapTHa Teparris Oyia HeOCTaTHBOIO, BUSIBIIIO
TIOKPAICHHS SKOCT1 )KUTTS, IPUXUIBHOCTI JI0 IKyBaHHS, CKOPOIYBAIIbHY (YHKIIIO CEepILs, IO MiATBEPIKY€eThCs 30inpeHHsM OB Ta Kinb-
KOCTi METpIB, SIKi MOYE MPOITH MALIEHT MiJ{ Yac TeCTy 3 6-XBHIMHHOIO X0Ib00I0.

Bucnosku. 1. Kniniunnii eext KYXT y xBopux na IKMII ta mykposnii giabet 2 Tuily nojsrae y IOKpamieHHi CHCTONIYHOI (yHKIT
JILI, miABUIIEHHI TOJEPAHTHOCTI 0 (hi3MIHOTO HABAHTAXKEHHS TA 3MEHIIECHH] TSHKKOCTI CEpIIeBOi HEIOCTATHOCTI.

2. KYXT noka3aB BUCOKY KITiHI4HY e)eKTHBHICTB i MOKe OyTH peKoMeH/10BaHu# st 3acTocyBanHs y nauieHTis 3 IKMIT wa downi 11 2 Tumy.

Kutrouogi ciroBa: imemiuna kapaiomionaris, ineMigHa XBopoOa ceplys, IyKpoBHii Aia0eT, kKapaioJoTiuHa yAapHO-XBHIILOBA TEparis.

Introduction

Ischemic cardiomyopathy (ICM) is the most common cause
of heart failure (HF) in developed countries, with significant
morbidity and mortality, despite continuous improvements in
the treatment of coronary heart disease [3, 9]. This pathology
may occur as a result of prolonged ischemia either after a
single large acute myocardial infarction (MI) or after repeated
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smaller MIs that cause left ventricular (LV) dysfunction and
myocardial remodeling [5, 12].

One of the main clinical consequences of ICM is
chronic heart failure (CHF), one of the most serious health
problems in the developed world. According to scientists,
more than ten million people in Western Europe, or more
than 3 per cent of the population, suffer from CHF (over
300.000.000) [6].

According to national registries and epidemiologic
studies in different European countries, the prevalence of
CHF among the adult population ranges from 1.5 to 5.5%
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and increases with age. At the same time, 10—15% of people
over 70 years old have CHF [6]. According to the literature
data, at least 30% of cases are caused by ICM [12]. This
is especially true for patients with concomitant diabetes
mellitus (DM). On the one hand, chronic uncontrolled
hyperglycemia has an extremely negative effect on large-
caliber vessels, leading to rapid and severe progression
of atherosclerosis. Microangiopathy develops almost
simultaneously, resulting in the frequent ineffectiveness
of classical operations for coronary heart disease (CHD),
which allow opening of large vessels but are unable to
affect the microcirculation. The diabetic autonomic
neuropathy, which causes, in particular, painless forms
of CHD, is a great problem. The scientists are searching
for different ways to help patients with chronic coronary
syndrome and ineffective surgical revascularization
in the past.

Cardiac shock wave therapy (CSWT) is one of the most
promising non-invasive revascularization tools in the field
of chronic myocardial ischemia. Experimental studies have
shown that CSWT can induce shear stress on endothelial
cells and trigger a complex cascade of short- and long-
term responses leading to angiogenesis [7]. An immediate
increase in blood flow due to local vasodilatation and
formation of new capillaries in treated tissues was detected
[7; 15]. The effects of CSWT on the heart have been studied
in clinical trials since 1991.

The Cochrane review analyzed the effectiveness of
CSWT in patients with stable angina. The 39 studies
involved 1.189 patients. The largest of these studies included
111 patients. All selected studies showed significant
improvement in subjective angina symptoms and/or
quality of life, and most studies showed improvement in
LV function and myocardial perfusion. Overall, CSWT is
a promising non-invasive method for patients with severe
or poorly controlled coronary artery disease, but data are
limited to small samples of single-centre studies [15].

The aim of the study is to evaluate the effectiveness
of CSWT in the complex treatment of ICM in patients
with type 2 DM by evaluating the dynamics of structural
and functional parameters of the LV, patients’ tolerance to
physical activity and quality of life indicators.

Material and methods

The study was conducted at the Regional Center for
Cardiac Surgery of Odesa Regional Clinical Hospital
(Odesa) in 2012-2022. 100 patients with ICM and
type 2 DM were included in an open-label, controlled,
prospective, and single-center study. The following
criteria were used to diagnose ICM: decreased myocardial
contractility (LVEF (left ventricular ejection fraction)
<40% according to echocardiography) due to coronary
heart disease (patients either had a history of infarcts and/or
critical changes on coronary ventriculography). Inclusion
criteria: men and women of 42 to 78 years old diagnosed
with ICM and concomitant type 2 DM; regular use of
prescribed therapy for at least 1 month before inclusion
and insufficient effectiveness of drug treatment (patients
had clinical signs of heart failure and reduced ejection
fraction), LVEF less than 40%, confirmed coronary artery
disease (history of coronary angiography). Verification of
the diagnosis of ICM and type 2 DM was performed in
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accordance with European and North American guidelines
[1; 5; 14]. Exclusion criteria: acute coronary syndrome for
less than 30 days, presence of thrombi in the LV cavity,
severe decompensated DM, acute heart failure, active
cancer, life expectancy less than a year, alcohol or drug
dependence, terminal hepatic or renal failure. All patients
voluntarily signed the initial intake form No. 003-6/0
“Informed voluntary consent of the patient to diagnosis,
treatment, surgery and anesthesia and to the presence or
participation of participants in the educational process”,
approved by the Order of the Ministry of Health of Ukraine
No. 110 dated February 14, 2012 (as amended by the
Order of the Ministry of Health of Ukraine No. 2837 dated
December 09, 2020).

The patients were randomly divided into 2 groups.
The patients in the first group (n=49) received standard
therapy for CHD and DM according to current standards.
The second group (n=51) of patients received CSWT in
addition to the standard therapy. Treatment results were
evaluated after the end of the CSWT course, in 6 months,
1 year and 2 years.

The study protocol was created in accordance with
the recommendations of the Consolidated Standards
of Reporting Trials (CONSORT) for randomized trials
in parallel groups [8], and the study was conducted in
accordance with good clinical practice, the Declaration of
Helsinki, 2013.

The technique of the procedure, indications and
contraindications were in accordance with the recommended
international protocol for CSWT using the Medispec
Cardiospec device (Medispec Ltd., Germantown, Maryland,
USA) [11]. The treatment consisted of 9 sessions, 3 sessions
each at weeks 1, 5 and 9. During one procedure, 2-3 zones
of hibernating myocardium were treated with 100 pulses
per zone. The principle of operation of Cardiospec is
electrohydraulic. A high voltage generator creates an electric
discharge in a chamber filled with water. A micro-explosion
then occurs underwater, producing a high-energy shock
wave. The wave is reflected from the ellipsoidal surface
of the chamber, passes through the rubber membrane and
is focused in the target area of the myocardium (Fig. 1).
Treatment does not require anesthesia [13].

¥ 1 fr‘rf— In-line echo

Fig. 1. Cardiac shock wave therapy procedure
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At the time of inclusion in the study and at visits after
3, 6, 12, 24 months of follow-up, quality of life (QOL)
parameters of patients were assessed using the EQ-5D-5L
questionnaire [4], adherence to treatment using the
Morisky-Green questionnaire [2], NYHA functional class
of heart failure, transthoracic echocardiography (TTE)
with LVEF measured with the Simpson method (ESAOTE,
MyLab 40 (Esaote Ltd, Maastricht, The Netherlands)),
areas of hibernating myocardium were determined
by stress echocardiography with dobutamine, stress
echocardiography was performed in dynamics to monitor
changes in the location and size of hibernating myocardial
zones [10]. The mean duration of follow-up was 24 months.

Statistical analysis was performed using Statistica 13.0
(TIBCO, USA). Continuous data with normal distribution
are expressed as mean * standard deviation and were
compared using paired t-test at baseline and follow-up.
Categorical data are expressed as frequency (n) or ratio
(n/N) and compared using chi-square test. Rank data were
tested using non-parametric rank sum test. A value of two-
sided p<0.05 was considered statistically significant.

Results

Both groups consisted predominantly of men. At the
time ofinclusion, patients in groups 1 and 2 were comparable
in age, fasting glycaemia and glycated haemoglobin levels,
heart rate and blood pressure (Table 1).

All patients had CHD with reduced EF at the time of
inclusion, and in both groups more than half of the patients
had NYHA class III. All patients had a history of coronary
angiography, which revealed coronary vessel lesions >70%.

At the beginning of the study, patients in both clinical
groups were taking several medications, usually more than
5 drugs. In most patients, all the recommended classes
of prognosis-modifying drugs were represented (83%
in group 1 and 85% in group 2. The distribution of drug
groups received by patients is shown in Table 1).

The areas of hibernating myocardium identified by
stress echocardiography with dobutamine were exposed
to shock wave impulses. In group 1, the average number
of myocardial hibernation zones was 1.9+0.1, in group 2 —
2.0+0.1, p=0.9.

The average follow-up period was 1.8 years.

At the beginning of treatment (at the time of inclusion
in the study), the average level of treatment adherence was
3.7#0.1 and 3.6£0.1 (p=0.9) in groups 1 and 2, respectively.
When assessing the level of patient compliance in both
clinical groups, it was found that adherence to therapy
improved over time in group 2. So, if in group 1, a year
after the start of therapy, the average score was 3.1+0.3,
then in group 2 it was 2.2+0.2 (p =0.03). After a 2-year
follow-up, treatment adherence was 2.5+0.4 in group 1 and
2.1+£0.3 in group 2. This corresponded to a low level of
adherence in both groups. Increased adherence to treatment
in both groups is primarily due to more frequent visits to
the doctor and more careful monitoring by medical staff.

According to the results of the EQ-5D-5L questionnaire,
patients in group 1 rated their quality of life at 48+5
points, and patients in group 2 — 51+7 points at the time of
inclusion in the study. Patients in group 1 rated their quality
of life at 3 months at 55+4; 6 months at 62+5; 12 months
at 5846, and 24 months at 52+4 points. Accordingly,
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Table 1
Comparison of clinical characteristics of patients
in groups 1 and 2 at the time of inclusion

Group 1 Group 2

Parameter (n=49) (n=51) p
Gender, % men/women 84.1/15.9 86.3/13.7 0.50
Age, years 62+6.8 62.5+5.5 0.11
Fasting blood glucose, 7.4+1.2 7.7+1.3 0.15
mmol/l
HbAIL_, % 7.8+1.1 8.2+1.2 0.10
Heart failure
I FC, % 34.5 28.2 0.08
NI FC, % 56.8 63.5 0.25
IV FC, % 8.7 8.3 0.13
LVEEF, % 34.4+4.6 35.243.2 0.22
Heart rate, beats/min 84.3+11.3 85.6+13.1 0.40
Systolic BP, mm Hg 131.9£17.8 | 128.5¢17 | 0.27
Diastolic BP, mm Hg 79.5+13.5 75.5+9.0 0.08
Drug therapy, % of
patients
— angiotensin-converting 80 85 0.38
enzyme inhibitors/
angiotensin receptor
blockers 71 63 0.08
— beta blockers 41 47 0.14
— mineralocorticoid
receptor antagonist 29 25 0.33
— sodium-glucose
co-transporter 2 inhibitors 94 96 0.16
— diuretics 86 88 0.09
— antiplatelet drugs 71 73 0.08
— statins

patients in group 2 assessed the quality of life at 3 months
at 59+£5, 6 months at 75+£3, 12 months at 68+4 and
24 months at 60+7 points (Fig. 2).

Questionnaire EQ-5D-5L, quality of life
80

70
60 % 60
50
40

30

20

Beginning Month 3 Month 6 Month 12 Month 24

group 1 e group 2
Fig. 2. Comparison of the quality of life in the groups

The dynamics of changes in LVEF during follow-up is
shown in Figure 3. The addition of CSWT to the standard
therapy of patients with ICM and concomitant type 2 DM
leads to improvement in LV systolic function. Both groups
showed an increase in EF compared with baseline (group
1 —(34.4+4.6)%, group 2 — (35.243.2)%, but in group 2 the
changes were more pronounced. From 3 months onwards,
some differences were observed between the groups.
By the third month of follow-up they were insignificant
(group 1 — (39.2+1.1)%, group 2 — (42.442.2)%), but
pronounced — by the sixth month (group 1 — (38.1+1.8)%,
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group 2 — (45.9+2.1)%). After 12 months of the follow
up, statistically significant differences between the groups
persisted (group 1 — (36.3+£2.2)%, group 2 — (43.0£3.1)%).
After 24 months, LVEF almost returned to baseline in group
1 (35.8+0.7)%. In group 2, LVEF gradually decreased, but
remained statistically higher than the baseline (42+0.7)%
(Fig. 3). Positive changes in LVEF in group 2 indicate the
compliance of the applied dose load with CSWT.

48
46
44
42
40
38
36
34
32
30

before

month 3 month 6 month 12 month 24
treatment
—e—group 1 34,4 39,2 38,1 36,3 35,8
—=—-group 2 35,2 42,4 45,9 43 42

Fig. 3. Dynamics of LVEF in clinical groups

Discussion of the results

Atthe time of inclusion in the study, standard drug therapy
was poorly effective in all patients, which allowed us to
randomize patients into groups. The additional use of CSWT
in patients with ICM and DM, in whom standard therapy was
insufficient, showed an improvement in the quality of life and
adherence to treatment. Improved adherence to treatment,
in turn, improved the course of ICM, most likely due to
frequent visits to the doctor, greater control and motivation.
Improved quality of life also encouraged patients to pay
more attention to therapy. CSWT has a positive effect on the
quality of life of patients with ICM and type 2 DM, reduces
patient’s dependence on outside help, improves emotional
state and perception of their own health.

CSWT improves the contractile function of the heart,
which is confirmed by EF increase. A difference in
performance was observed as early as month 3, but it was

statistically insignificant. After 6 months of the study, there
was a statistically significant trend between the groups (by
the 6th month LVEF in group 1 was (45.9+0.7)%, in group
2 — (38.1+£0.9)%, p=0.09). In 24 months, the indicators in
both groups almost returned to the initial ones. However,
in group 2, there was a tendency to improve EF, and
quality of life even compared to the initial values. These
changes may be due to the following factors: increased
supervision by medical staff and CSWT effect. CSWT
has a direct short-term and indirect long-term effect on
coronary vessels, in particular the microcirculatory part.
According to the researchers, CSWT causes a temporary
dilation of the coronary arteries by stimulating NO
production. In the long-term period local exposure to
electromagnetic waves stimulates angiogenesis of small
vessels [12]. These processes are especially relevant for
patients with DM, which is characterized by a combination
of macroangiopathy and microangiopathy. During the
follow-up period, 8 patients in the first group and 4 patients
in the second group died of MACE. The difference is not
statistically significant, but we see a tendency to better
survival of patients who underwent CSWT.

Considering that the maximum changes were observed
6 months after the start of CSWT procedure, and after
2 years of the study in the patients of the second group there
was a tendency for all parameters to return to the baseline
level, it makes sense to repeat the CSWT to achieve a better
and longer effect.

Conclusions:

1. The clinical effect of CSWT in patients with ICM
and type 2 DM lies in the improvement of the quality of
life (assessed by the EQ5D questionnaire) and the state of
myocardial contractility (as measured by an increase in
EFLV).

2. There is a tendency to improve treatment adherence
in both groups, which is mainly due to more frequent visits
to the doctor and more careful monitoring by medical staff.

3. CSWT has shown high clinical efficacy and can be
recommended for patients with ischemic cardiomyopathy
and type 2 diabetes mellitus.
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