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Abstract

Aim of the study: Determination of quantitative radiological indicators of myocardial
revascularization effectiveness in patients with coronary artery disease in the early
postoperative period.

Materials and methods of research: For the implementation of the clinical
objectives, 62 patients with coronary artery disease, heart failure, with preserved systolic
function and systolic dysfunction were examined in the early postoperative period (up to 7
days). The patients' age ranged from 40 to 79 years, the average age of the examined was 59.6
+ 8.2 years. 35 (56%) patients had HF with LV systolic dysfunction with EF of 49% or less.
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27 (44%) patients had preserved systolic function - ejection fraction greater than or equal to
50%.

Results: In the group before treatment, the average value of MV was 69.4% CI 95%
[65.3%; 73.5%], and after treatment the value of MV was 75.0% CI 95% (70.8%; 79.3%], p =
0.0000. Percentage of RFP inclusion in the anterior wall was 69.5% CI [66.2%; 72.8%]
before treatment and significantly improved to 72.3% CI [69.1%; 75.4%] after treatment (p =
0.023). Lateral wall had a parameter value of 73.9% CI [70.7%; 77.1%] before treatment and
improved perfusion up to 77.2% CI [74.3%; 80.2%] (p = 0.018). Parameter values for the
intraventricular septum were 64.5% CI [60.7%; 68.3%] before treatment and 69% CI [65.2%;
72.8%] after treatment (p = 0.000034) and for the inferior wall those were 54.0% CI (49.7%;
58.3%] and 61.7% CIl (57.9%); 65.6%] before and after treatment respectively (p =
0.000032).

Conclusion: The determination of quantitative radiological parameters proposed as a
result of this study is extremely important for the early postoperative period (7-10 days) for
determination of stunned myocardial reserve and late stage of patients’ management (1-1.5
years) for determination of hibernation reserve and final assessment of CABG effectiveness.

Key words: coronary artery disease; revascularization; myocardial scintigraphy;

myocardial viability; coronary artery bypass grafting

Introduction. Insufficient myocardial blood supply caused by ischemia leads to a
decrease in blood flow in the subendocardial layers, an increase in intramyocardial tension
and to myocardial dysfunction as a result [1]. It has been experimentally proven, that
myocardial ischemia is accompanied by a decrease in the left ventricle systolic function
immediately after its occurrence [2].

In cases of minor or short-term ischemia, there is a temporary appearance of "stunned"
myocardium - living typical cardiomyocytes with reduced contractile function restored after
normalization of blood supply, and show no signs of metabolic and histological changes.

In 1975, Heyndrickx and co-authors experimentally proved in dogs, that after the
reversible episode of 5-15-min coronary ischemia there was a prolonged depression of
regional myocardial regions for several days, which gave rise to finding a mechanism for
temporary cell contractility violation[3].

In 1982, Braunwald and Kloner defined stunned myocardium as a condition of
prolonged, postischemic ventricular dysfunction resulting from short-term blood supply

impairment. The hypothesis of stunned state occurrence was proposed: hit - the most acute
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episode of blood supply impairment, run - gradual restoration of blood supply and stun -
reversible changes in regional segments of the ventricle, which can last for several days, but
most importantly, leads to complete recovery of contractile function [4].

To date, scientists are considering two main hypotheses of the pathophysiology of
stunned myocardium. The first is the hypothesis of damage caused to the contractile elements
of typical cardiomyocytes by oxygen free radicals, which wavily occurs in the first seconds of
myocardium reperfusion. In support of this theory, Zweier and co-authors conducted research
using paramagnetic resonance spectrometry and proved that a large amount of oxygen free
radicals are released in the first 10 seconds of reperfusion [HYPERLINK
"https://doi.org/10.3892/etm.2018.7089"5], also the use of dismutase and catalase as free
radicals scavengers significantly reduced the degree of muscle attenuation in animal
experiments conducted by Przyklenk and co-authors [4].

The second theory is intracellular overload of a typical cardiomyocyte with calcium
ions, which leads to a change in the sensitivity of myofilaments and a decrease in cell
contractility. In support of this hypothesis, Przyklenk refers to facts of myocardial stunning
reducing and reducing the time of its complete functional recovery with the use of drugs
(calcium antagonists, verapamil and nifedipine). In 2006, a study on stunned animal
myocardium using ranolysin as an late INa inhibitor in typical cardiomyocytes also showed a
decrease in myocardial stunning, which may also be included in the pathophysiological
factors of reversible changes [4].

Not the least role is played by the reticulum of cells dysfunction, which slows down
the transmission of impulses and dyschronizes muscle fiber cells, causing a state of
myocardial stunning [6]. Clinical manifestations of myocardial stunning depend on the
muscle fibers mass in the pathological condition, the segment of the lesion and are
characterized by left ventricular dysfunction. Myocardial stunning was observed in coronary
angioplasty [7] and contractile function was restored 2-3 days after reperfusion.

The same fact is supported by a study on significant recovery of myocardial perfusion
and cardiac function parameters (ejection fraction and left ventricle systolic thickening) in
patients with acute coronary syndrome [8] by method of single-photon emission computed
tomography.

The state of stunned myocardium is accompanied by the appearance of cardiac
troponins in the blood, which is classically considered a sign of acute coronary syndrome
(ACS) [9], but studies in animals have shown that in short-term coronary occlusion, the state

of stunned myocardial occurs, serum troponin increases in an hour and remains stable for 24
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hours from the moment of blood supply impairment occurance, while the study of stained
histological macro and microslides did not reveal any necrotic changes.

Therefore, Weil and co-authors hypothesized that some cells in stunned state undergo
apoptosis, which is associated with an increase in cardiac troponins [10]. Given all the above,
the scientific community of cardiology faces the question of the mechanism of occurrence and
restoration of contractility in such a pathological myocardium condition, which is becoming
increasingly important in today's conditions.

Aim of the study. Determination of quantitative radiological indicators of myocardial
revascularization effectiveness in patients with coronary artery disease in the early
postoperative period.

Materials and methods

The study has a parallel-group open design, is retrospective. All patients were
operated by surgical teams with highly qualified cardiac surgeons (more than 15 years of
practice, the highest medical category) in order to minimize medical error. Randomization
was not used in the sample formation.

For the implementation of the clinical objectives, 62 patients with coronary artery
disease, heart failure, with preserved systolic function and systolic dysfunction , who
underwent clinical and instrumental examinations and inpatient treatment in the Department
of Cardiology, were examined on the basis of the State Institution ‘Heart Institute of the
Ministry of Health of Ukraine’.

Patients were sequentially examined and selected for myocardial revascularization.
The diagnosis of coronary artery disease was established on the basis of a set of examinations,
which included measurement of blood pressure, ECG in 12 leads, laboratory tests,
echocardiography, coronary ventriculography. The diagnosis of coronary artery disease was
established according to the standards of the European Society of Cardiology (2013) [11].

All patients were examined in the dynamics of the pathological process before and
after surgery.

The patients' age ranged from 40 to 79 years, the average age of the examined was
59.6 £ 8.2 years. (Fig.1).
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Fig. 1. "Normal" age distribution among patients. EMBED STATISTICA.Graph \s

All patients signed a Voluntary Consent to participate in a clinical trial, approved by
the Ethics Committee of the National Healthcare University, Kyiv, Ukraine, and were
informed of the possible consequences of radiopharmaceuticals (RFPs) administration.

CABG was identified as a priority treatment method in patients with the following
coronary bed lesion areas: clinically significant anterior interventricular branch (AlV) of left
coronary artery (LCA) stenosis with single- and two-vessel lesions of the coronary artery;
LCA trunk lesions greater than 50% with any SYNTAX score [12] and all patients with
multivessel lesions.

MSG was performed on Infinia Hawkeye TM combined gamma-camera (GE, USA)
with integrated CT and a special cardiac software package. The studies were performed in
single-photon emission computed tomography (SPECT) and SPECT/ CT with ECG
synchronization (Gated SPECT) modes according to the recommendations of the European
Association of Nuclear Medicine [13-14] with a high-resolution, low-energy collimator.
99mTc-MIBI (methoxyisobutylisonitrile) RFP (Polatom, Poland) was used. 99mTc-MIBI was
administered intravenously with an activity of 555-740 MBg. All patients underwent MSG in
the dynamics of treatment (before CABG and after CABG). One-day protocol (One Day Rest)
was used [15]. A total of 124 scintigraphic studies were performed.

MSG data processing was performed using Xeleris workstation applying Myovation
and ECToolBox cardiology software packages. A test of 50% and above RFP accumulation
was used to determine the quantity of VM (viable myocardium) [16]. If RFP fixation was
greater than or equal to 50%, such myocardium was considered viable (Fig. 2). After

assessing RFP accumulation in the myocardium, a semi-quantitative analysis was performed
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in the ‘bull’'s eye’ coordinate system using a 17-segment model of the left ventricular
myocardium (Fig. 3). The evaluation was performed in points from 0 to 4 for each segment,
then the data were summed.

Fig. 2. Determination of VM quantity using Myovation and ECToolBox cardiac programs
(MV limit is 50% or greater RFP fixation ; 51% of patient’s myocardium accumulates RFP
below the established level; VM is 49% respectively)

Fig. 3. ‘Bull’'s eye’ coordinate system in the semi-quantitative analysis of MSG results.
Segments: 1 - basal anterior, 2 - basal anteroseptal, 3 - basal inferoseptal, 4 - basal inferior, 5 -
basal inferolateral, 6 - basal anterolateral, 7 - mid anterior, 8 - mid anteroseptal, 9 - mid
inferoseptal, 10 - mid inferior, 11- mid inferolateral, 12 - mid anterolateral, 13 - apical
anterior, 14 - apical septal, 15 - apical inferior, 16 - apical lateral, 17 - apex
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ECG synchronization allowed to calculate functional parameters of the left ventricle,
such as EDV, ESV, EF, SV, left ventricle systolic thickening, used in the next stage of MSG
results processing [17].

After reconstruction, radionuclide (emission) images were combined with CT images.
During SPECT reconstruction, CT transmission information was used to correct emission
information for corrections for attenuation of radioactive signals (correction for attenuation)
[18].

The results of calculations and graphs are generated directly from the industrial
statistical complex Statistica 10 by StatSoft [19].

Obtained results and their discussion. According to the objective, we assessed RFP
accumulation as a whole, separately in each wall of the left ventricle (taking apical region into
account) and in the basal and medial regions of the left ventricular wall separately. The
percentage of RFP accumulation indicates the completeness of different LV regions
perfusion.

In the group of patients before treatment, the average value of MV was 69.4% CI1 95%
[65.3%; 73.5%], and after treatment the value of MV was 75.0% CI 95% (70.8%; 79.3%],
which allows us to make a conclusion about the positive effect of myocardial
revascularization in patients with coronary artery disease with significant statistical assurance
(p = 0.0000) (Table 1).

Table 1. Statistical difference of comparative parameters before and after CABG

Comparative parameters of % RFP inclusion T Z p-value
Anterior wall before & after 584 2.271941 | 0.023091
IVS before & after 320.5 | 4.142156 | 0.000034
Inferior wall before & after 318 4.161512 | 0.000032
Lateral wall before & after 574 2.347421 | 0.018905
Apical segment before & after 294 3.988189 | 0.000067
Myocardial vulnerability before & after 136 5.39999 | 0.00000

Note: T - test statistics in the designation of Sidney Siegel; Z - Wilcoxon test; p -statistical
probability.

When evaluating the effectiveness in each wall, the following results were obtained.
The anterior and lateral walls of the left ventricle restored perfusion worse in the early
postoperative period, although they had a registered statistically significant difference. Before
treatment, the percentage of RFP inclusion in the anterior wall as a whole was 69.5% CI
[66.2%; 72.8%] and accurately improved after treatment up to 72.3% CI [69.1%; 75.4%] - p =
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0.023 (Table 1). The lateral wall, in turn, had a value of 73.9% CI [70.7%; 77.1%] before
treatment and improved perfusion up to 77.2% CI [74.3%; 80.2%] - p = 0.018 (Table 1).
Registered parameters of the anterior and lateral walls in the form of the Wilcoxon test are
presented in Fig. 4a and Fig. 4b, respectively.
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Fig. 4. Wilcoxon test for % accumulation of RFP in the anterior (4a) and lateral (4b) walls of
the left ventricle

Note that perfusion impairment in these walls was quite moderate in the study group of
patients and figures restored to normal (75% or more) in some patients after surgery

Parameters of% RFP inclusion in the intraventricular septum (IVS) and the inferior
wall showed a more significant perfusion impairment, which was caused by significant
circulatory disorders in RCA area in most patients.

Parameter values of the interventricular septum were 64.5% CI [60.7%; 68.3%] before
treatment and 69% CI [65.2%; 72.8%] after treatment (p = 0.000034) and for the inferior wall
those were 54.0% CI (49.7%; 58.3%] before and 61.7% CI (57.9%); 65.6%] after treatment
respectively (p = 0.000032) (Table 1).

The registered parameters of VS and inferior wall in the form of the Wilcoxon test are
presented in Fig. 5a and Fig. 5b respectively.

The same statistical significance in the restoration and improvement of blood supply
was registered in the apical region of the left ventricle (Fig. 6). Blood supply impairment was
59.5% CI [55.1%); 64.0%] before treatment and 64.5% CI [60.1%; 68.9%] after treatment- p =
0.000067 (Table 1).

When evaluating the basal and medial regions, only three parameters did not show
registered significance: medial and basal segments of the anterior wall and basal region of the

lateral wall, which is shown in table. 2.
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Fig. 5. Wilcoxon test for% accumulation of RFP in IVS (2a) and inferior (2b) LV wall
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Fig. 6. Wilcoxon test for% accumulation of RFP in the apical LV region

Table 2 Statistical difference of comparative parameters before and after CABG

RFP inclusion parameters T Z p-value
IVS basal region before & after 336 3.065124 | 0.0022
IVS medial region before & after 230.5 4.054024 | 0.0001
IW basal region before & after 366.5 3.654796 | 0.0003
IW medial region before & after 343 4.091003 | 0.0000
LW medial region before & after 544.5 2.240549 | 0.0251
Apical segment before & after 294 3.988189 | 0.0001
Apex before & after 465.5 3.019516 | 0.0025
AW basal region before & after 496.5 1.753081 | 0.0796
AW medial region before & after 643 1.82661 | 0.0678
LW basal region before & after 508.5 1.64798 | 0.1002

Note: T - test statistics in the designation of Sidney Siegel; Z - Wilcoxon test; p - statistical
probability.
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Conclusions. Restoration of blood supply or improvement of perfusion in the walls
and regions of the left ventricle in the early postoperative period up to 7 days clearly
demonstrates the amount of stunned myocardium and allows to assess the effectiveness of
myocardial revascularization as a whole and segmentally using non-invasive techniques -
SPECT / CT. The determination of quantitative radiological parameters proposed as a result
of this study is extremely important for the early postoperative period (7-10 days) for
determination of stunned myocardial reserve and late stage of patientss management (1-1.5
years) for determination of hibernation reserve and final assessment of CABG effectiveness.
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