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Abstract The aim of this study was to evaluate changes in left ventricular contractility and speckle-tracking
echocardiography in patients with coronary heart disease and type 2 diabetes before and after percutaneous coronary
intervention. Background. According to the World Health Organization, cardiovascular diseases remains the leading cause
of death worldwide, with coronary heart disease ranking first among the causes of cardiovascular disease deaths. Around 17.9
million people die annually from cardiovascular diseases, accounting for about 31% of all deaths worldwide. Type 2 diabetes
significantly increases the risk of coronary heart disease and other cardiovascular diseases. Our study aims to investigate in
detail the left ventricular contractility and changes observed using 2D speckle-tracking echocardiography in patients with
coronary heart disease and type 2 diabetes. Material and methods. 132 patients with coronary heart disease were selected
for the study. The age of patients ranged from 35 to 68 years, the mean age was 54.8+15.5 years. Results. The groups were
randomized according to baseline clinical, anamnestic data and therapy received. On day 1, there was a significant increase in
prothrombin time and INR. Inversely, a decrease in PTI and fibrinogen was recorded on the first day and after one month.
Such a shift of coagulation hemostasis parameters may be associated with vascular wall damage due to percutaneous
coronary intervention. Conclusions. The study of deformation properties indices in patients with coronary heart disease and
in patients with type 2 diabetes before and after percutaneous coronary intervention provides an opportunity to assess early
efficiency of the performed revascularization, especially in patients with preserved systolic function. The use of myocardial
deformation properties before and after percutaneous coronary intervention is a noninvasive predictor of detection and
chronic coronary insufficiency and assessment of the efficiency of percutaneous coronary intervention.

Keywords  Coronary heart disease, Type 2 diabetes, Revascularization, Speckle-tracking echocardiography,
Percutaneous coronary intervention

stroke and peripheral arterial disease. According to a study

1. Introduction published in the journal Diabetes Care in 2020, patients

Coronary heart disease (CHD) and type 2 diabetes (T2D)
represent one of the most significant medical and social
problems of our time. According to the World Health
Organization, cardiovascular diseases remains the leading
cause of death worldwide, with coronary heart disease
ranking first among the causes of cardiovascular disease
deaths. A 2021 WHO report indicates that about 17.9 million
people die each year from cardiovascular diseases, which is
about 31% of all deaths worldwide [1]. Type 2 diabetes
significantly increases the risk of developing CHD and other
cardiovascular diseases. The International Diabetes Federation
(IDF) predicts in its 2019 report that the number of people
with diabetes will reach 700 million by 2045 [2].

Patients with CHD and T2D have a higher risk of developing
complications such as myocardial infarction, heart failure,
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with T2D have two to three times the risk of developing
cardiovascular diseases compared to those without diabetes
[3]. The combination of CHD and T2D worsens the prognosis
and patients' life quality, increases the frequency of hospital
admissions and requires high costs for treatment and
rehabilitation. Taking into account the high prevalence and
severity of consequences of CHD and T2D, especially in
their combination, the need for early detection and prevention
of cardiovascular events becomes obvious.
Echocardiography (EchoCG) is a key tool in modern
cardiology for the diagnosis, evaluation and monitoring of
various cardiovascular diseases. This ultrasound exam allows
to visualize the structure and function of the heart, evaluating
chamber size, wall thickness, valve movement and blood
flow. The main advantages of EchoCG include non-invasiveness,
wide range of applications, accessibility and rapidity, and
high informativity. EchoCG plays an important role in early
detection of diseases, assessment of disease severity, treatment
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monitoring and prediction of outcomes [4].

It is particularly important to note the relevance of
two-dimensional speckle-tracking echocardiography (2D
STE) as a more advanced method of assessing myocardial
function. This method is based on the tracking of natural
ultrasound marks (speckles) in myocardial tissue, which
allows to measure and evaluate myocardial deformation in
longitudinal, transverse and radial directions. Studies show
that the use of 2D STE can detect subclinical changes in
myocardial function that are not seen with standard EchoCG.
Decreased Global Longitudinal Strain (GLS) may precede
clinical manifestations of cardiovascular diseases and may
be an early marker of deteriorating myocardial function [5].
2D STE provides the ability to analyze both global and
regional myocardial deformation in detail, which is important
for understanding the mechanics of cardiac function and
identifying regional abnormalities. Myocardial deformation
parameters such as GLS are powerful prognostic markers
that correlate with the risk of cardiovascular events and
overall patient survival. As stated in the European Society
of Cardiology (ESC) 2022 guidelines, the use of STE to
evaluate myocardial function is becoming a standard in
cardiology because of its high sensitivity and specificity [6].

The need for 2D STE also stems from its ability to estimate
various myocardial deformation parameters, including
global longitudinal strain (GLS), radial strain and circular
strain. GLS is one of the most studied and widely used
parameters, as its reduction is often associated with worse
prognosis in patients with cardiovascular diseases. Studies
show that a 1% decrease in GLS is associated with a 5%
increase in the risk of cardiovascular events [7].

Coronary heart disease and type 2 diabetes lead to significant
changes in left ventricular (LV) structure and function. LV
remodeling is an adaptive process that can lead to changes in

geometry and deterioration of the functional state of the heart.

The importance of timely diagnostics and monitoring of
these changes cannot be overestimated, as LV remodeling
is associated with a high risk of heart failure and other
cardiovascular complications.

Percutaneous coronary intervention (PCI) is an efficient
treatment for CHD that can restore blood flow in the coronary
arteries and improve myocardial function. Changes in 2D
STE indices before and after PCI may provide important
information about LV function recovery and myocardial
remodeling. Prior to PCI, patients with CHD and T2D often
have worsened global longitudinal strain (GLS) scores,
which indicates a decline in myocardial function. These
changes are due to myocardial ischemia and the presence of
damage caused by chronic hyperglycemia characteristic of
T2D. Decreased GLS is an important prognostic marker
indicating a high risk of cardiovascular events.

One day after PCI, there are often initial signs of
improvement in myocardial blood flow and function, which
may be manifested by an increase in GLS scores. However,
significant changes in LV remodeling and functional status
may require more time. Studies show that there are more
pronounced improvements in GLS scores1l month after PCl,

indicating positive remodeling and recovery of myocardial
function. One day after PCI, patients may demonstrate initial
improvements in GLS scores. A study published in the
journal “Circulation: Cardiovascular Interventions” in 2020
showed that patients who underwent PCI had a significant
improvement in GLS 24 hours after the procedure. These
changes are associated with immediate restoration of blood
flow and reduced myocardial ischemia [8].

More significant changes in GLS scores were observed
1 month after PCI. A study from the European Society of
Cardiology (ESC) showed that 1 month after PCI, GLS
scores improved significantly from initial values. It is
associated with the processes of myocardial remodeling,
improvement of its structural and functional characteristics.
These data indicate long-term efficiency of PCI in restoring
LV function and improving prognosis of patients with CHD
and T2D [9].

Taking into account the growing importance of CHD and
T2D as global health problems, our research work focuses
on detecting changes in left ventricular contractility and
evaluating changes in two-dimensional speckle-tracking
echocardiography (2D STE) parameters in patients with
CHD and T2D before and after percutaneous coronary
intervention.

The aim of this study was to evaluate changes in left
ventricular contractility and speckle-tracking echocardiography
in patients with coronary heart disease and type 2 diabetes
before and after percutaneous coronary intervention.

2. Material and Methods

Clinical trials aimed at analyzing the changes occurring in
the myocardium in patients undergoing PCI were conducted
at the “NeoMedCardio” private clinic from 2023 to 2024.
We selected 132 patients with CHD undergoing inpatient
treatment for the study. The age of patients ranged from 35
to 68 years, the mean age was 54.8+15.5 years. All patients
were divided into 2 groups: Group | — patients with coronary
heart disease without type 2 diabetes (n=64); Group Il (n=68)
— patients with coronary heart disease against the background
of type 2 diabetes.

Inclusion criteria were: age from 35 to 68 years,
hospitalization, presence of CHD on the background of T2D.

Exclusion criteria were as follows: acute myocardial
infarction, acute cerebral circulatory failure, heart defects,
severe diabetes, acute infectious diseases, hemostasis disorders,
severe comorbidities (e.g., cancer or chronic liver/kidney
disease), severe allergic reactions to drugs, pregnancy and
lactation, severe left ventricular dysfunction (EF below 50%).

The research methods included the following components:

- Laboratory data: lipid profile, coagulogram study;

- Echocardiography: including standard modes (B-mode,
M-mode, Doppler echocardiography) was used to
evaluate structural and functional changes of the heart.
The parameters of LV and other heart chambers were
estimated, including size, wall thickness, ejection fraction
(EF) and heart valve function;
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- Two-dimensional speckle-tracking echocardiography
(2D STE) was used for more accurate evaluation of left
ventricular contractility. Such parameters as global and
segmental myocardial strain and its change before and
after PCI were measured (Figure 1).

Patients were included in the study by undergoing
evaluation before PCI. The evaluation was performed in
several stages. A complete clinical examination including
lipidogram, coagulogram and echocardiography was performed
in the first stage. Two-dimensional speckle-tracking
echocardiography was also performed to evaluate the initial

state of left ventricular contractility. 1 day later after PCI,
repeated lipidogram and coagulogram measurements were
performed to assess possible changes in lipid profile and
hemostatic status, as well as repeated 2D STE to monitor
changes in cardiac functional status immediately after the
procedure. One month after PCI, a follow-up examination
with the same methods was performed for evaluation of
long-term changes in left ventricular contractility and other
cardiac functional parameters. It allowed us to observe
the dynamics of changes and estimate the stability of the
therapeutic effect.

Figure 1. Two-dimensional speckle-tracking echocardiography in three positions

Table 1. Clinical features of the patients

Features Group | (n=64) Group Il (n=68)
Age (mean + DM) 54.8 + 14.8 et 55.2+15.1 ner
Sex (%)
Males 80% 75%
Females 20% 25%
Bad habits (%0)
Smoking 40% 25%
Alcohol consumption 12% 8%
Body mass index (BMI, mean + DM) 28.5 + 4.3 kg/m2 29.8 + 4.0 kg/m?
Concomitant arterial hypertension (%) 70% 65%
Functional class of CHD (%0)

| 10% 6%
I 65% 70%
11 25% 24%

v - -

Heart Failure Classification (%)

NYHA | 25% 30%
NYHAII 50% 45%

NYHA 11 - -

NYHA IV - -
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3. Results

The groups were randomized according to basic clinical,
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anamnestic data and therapy received (Table 1).

We also analyzed the drug therapy used in patients with
coronary heart disease against the background of type 2

diabetes (Table 2).

Coagulation indices in the two groups were studied as
laboratory tests, and showed significant changes after PCI.

There was a significant increase in prothrombin time (PT)
and INR on day 1. A decrease in PTI and fibrinogen was
recorded in the first day and after one month. Such a shift of
coagulation hemostasis parameters may be associated with
vascular wall injury due to PCI. Further on the background
of dual antiaggregant and anticoagulant therapy for a month,
improvement of coagulation hemostasis parameters was noted
(Figure 2).

Table 2. Used drug therapy in patients with coronary heart disease against the background of type 2 diabetes

Drugs group Group | (n=64) abs % Group Il (n=68) abs %
Antiaggregants 64 (100%) 68 (100%)
Anticoagulants 64 (100%) 68 (100%)
Beta-blockers 44 (68.75%) 52 (76%)
ACE inhibitors 45 (70%) 49 (72%)
Angiotensin Il receptor antagonists (ARAS) 16 (25%) 16 (23.5%)
Calcium channel blockers 19 (29.6%) 19 (27.9%)
Statins 63 (98%) 66 (97%)
Metformin 54 (84.3%) 5 (7.3%)
Emaglif 51 (79.6%) - -
PT values Fibrinogen values
14.00 13.60 4.40
13.00 4.20
13.00 12,20 4.20 4.00
12.00 ' 4.00 3.80 3.90
12.00 11.50 3.80 Y3 70 3.70
B i | .
10.00 3.40
Group | Group Il Group | Group Il
u Before PCI  m1 day after PCI = 1 month after PCI m Before PCI m1 day after PCI = 1 month after PCI
PTI values INR values
150.00 126,00 124.00 1.50 49 1.30
1.10
o8 00105.00 95.00106'00 1.00 1.05 1.08
100.00 : 1.00
0.00 0.00
Group | Group Il Group | Group 1l
m Before PCI  m 1day after PCI =1 month after PCI m Before PCI ®1 day after PCl =1 month after PCI

Note: *p<0.05 reliability of differences compared to initial data

Figure 2. The blood coagulation indices in both groups
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Total cholesterol values

6.00 550 530 540 5.30
5.00
4.00 3.30 3.40
3.00
2.00
1.00
0.00
Group | Group 11
u Before PCI  m1 day after PCI =1 month after PCI
Low-density lipoproteins
5.00 420 420 420 430
4.00
3.00
2,00 1.80
1.00
1.00 .
0.00
Group | Group Il
m Before PCI m1 day after PCI =1 month after PCI
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High-density lipoproteins
2.00

1.50 1.66
1.50
1.10
1.00 0.94
1.00 0.90
0.00
Group | Group 11
= Begore PCI m1 day after PCI =1 month after PCI
Triglycerides value
4.00 3.80 3.70 350 3.60
3.00 2.50
200 1.80
0.00
Group | 2 rpynmna
m Before PCI =1 day after PCI =1 month after PCI

Note: *p<0.05 reliability of differences compared to initial data

Figure 3.

When analyzing lipid spectrum parameters in patients of
both groups, the results showed significant changes. Total
cholesterol, low-density lipoprotein (LDL) and triglyceride
(TG) levels significantly decreased over the course of a
month against the background of antilipid therapy. In contrast,
an increase in high-density lipoprotein (HDL) values was
achieved, confirming the positive impact of therapy on the
lipid profile (Figure 3).

We studied echocardiographic parameters in patients of
both groups before percutaneous coronary intervention (PCI),
1 day after PCI, and 1 month after the procedure. There were
no significant differences in initial measures of global
systolic function. LV EF in Group | was 58%, in Group Il
this index equaled 56%. After PCI at the end of the 1st day,
there was an unreliable tendency to LVEF decrease in both
groups, which was more pronounced in Group II. One month
after PCI, a slight increase in LV EF was observed on the
background of therapy, indicating an improvement in LV
systolic function (p>0.05). In 4 patients in Group | and in
9 patients in Group Il after PCI, transient appearance of
hypokinesia zones was noted, which was possibly related to
transient ischemia and reperfusion of the coronary artery
during balloon plasty and development of areas of stunned
myocardium. No significant differences were observed in
the end-diastolic dimension (EDD), end-systolic dimension

Lipid spectrum indices

(ESD), end-diastolic volume (EDV), and end-systolic volume
(ESV) (Table 3).

Table 4 summarizes two-dimensional speckle-tracking
echocardiography data in patients of both groups before
percutaneous coronary intervention (PCI), 1 day after PCI,
and 1 month after the procedure. Despite the preservation
of systolic function indices, the initial values of global
longitudinal myocardial deformation were insignificantly
reduced in relation to the norm (N= -19+1%), which became
one of the criteria for selection of patients for diagnostic
angiography. Strain indices and systolic and diastolic strain
rates were elevated on the first day, indicating improved
myocardial contractile function, which we did not observe in
relation to LV EF. The values were reached the lower limit of
normal after one month.

All patients were performed myocardial revascularization
by stenting. The analyzed revascularization rates clearly
showed that vascular lesions were more detected in patients
with CHD on the background of T2D. We observed 1-vessel,
2-vessel lesions in Group I, and 15 patients had 3-vessel
lesions, which we did not observe in Group | patients. The
number of stented coronary arteries was significantly higher
in the Group Il than in the Group I. The mean number of
installed stents was 1.15 in Group | and 1.9 in Group II,
indicating the severity of coronary lesions in Group Il (Table 5).
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Table 3. LV systolic function indices

Parameter Before PCI 1 day after PCI 1 month after PCI
Group | Group 11 Group | Group Il Group | Group Il
LV EF (%) 58.1+2.3 56.1+1.8 55.1+1.2 54.1+1.8 58.8+2.1 56.2+2.2
LV EDD (mm) 5.1+2.8 4.9+1.8 5.2+1.8 5.1+1.8 5.2+1.6 5.0£1.2
LV ESD (mm) 3.5£1.8 3.5+0.6 3.7+1.1 3.6£2.1 3.6£1.1 3.5+1.1
LV EDV (ml) 124.4+2.3* 113.4+2.5" 130.2+1.1 121.4+2.17 128.4+4.2 118.1+1.5"
LV ESV (ml) 52.6 £2.3 50.1+1.3 58.6+1.3 56 £1.3 541+15 52.3+1.3
SV (ml) 72.1+1.4 63.2+1.4 72.1£1.1 65.2+1.1 74+1.1 66x1.2
Hypokinesia zones (N) - - 4 9 - -

Note: *-p<0.05 reliability of differences compared to initial data; - p<0.05 reliability of intergroup differences.

Table 4. Indices of two-dimensional speckle-tracking echocardiography
Parameter Before PCI 1 day after PCI 1 month after PCI
Group | Group 11 Group | Group | Group 11 Group |
Global Longitudinal Strain (%) | -17.0+0.4 | -14.4+0.6 | -17.6+0.2 | -16.8+0.6*" | -17.9+1.5 | -17.5+0.8*"
Systolic strain rate (1/s) 1.0+0.4 1.0+0.4 1.2+0.4 1.2+0.4 1.4+0.4 1.4+0.4
Diastolic strain rate (1/s) 1.5+0.4 1.5+0.4 1.6+0.4 1.6+0.4 1.7+0.4 1.7+04
Note: *-p<0.05 reliability of differences compared to initial data; *- p<0.05 reliability of intergroup differences.
Table 5. Analysis of revascularization techniques
Coronary arteries stenting Group | (n) abs, % Group | (n) abs, %
1 stent 52 81.2% 18 26.5%
2 stents 12 18.8% 38 55.9%
3 stents - 0% 12 17.6%
Total number of students 76 130

A direct negative correlation was found between GLS and
the number of affected arteries (r= 0.78, p<0.05) (Table 6).

Table 6. Analysis of coronary artery lesions and GLS scores

Group | Group Il
abs% GLS% Abs% GLS%
1 vessel lesion 80% -17.4 55% -16.5
2 vessels lesion 16% -16.8 30% -15.1
3 vessels lesion 4% -14.2 15% -13.3

The data in Table 6 show a decrease in GLS as the number
of affected vessels increased, indicating progressive deterioration
of global myocardial function.

4. Conclusions

The clinical trial data helped to improve the clinical course
of the disease and quality of life, as well as to reduce
mortality by implementing methods developed to optimize
the treatment of this group of patients; reduce the frequency
of hospitalizations, the duration of treatment and improve the
quality of life of patients with coronary heart disease.

The study of deformation properties in CHD and T2D
patients before and after PCI provides an opportunity to
evaluate the early efficiency of revascularization, especially

in patients with preserved systolic function.

A direct negative correlation between GLS and number of
affected arteries and a negative correlation between EDV
and GLS were found.

The use of myocardial deformation properties before and
after PCI is a noninvasive predictor of detection both chronic
coronary artery disease and efficiency of PCI.

5. Practical Recommendations

All patients with CHD and type T2D are recommended to
undergo routine examinations, including speckle-tracking
echocardiography for evaluation of changes in myocardial
contractility.

Patients who underwent PCI are recommended regular
monitoring of coagulogram and lipid spectrum to evaluate
the risk of ischemic myocardial remodeling.
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