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ABSTRACT: The relationship of electrophysiological and structural-functional parameters
of the heart with ventricular arrhythmias in patients with diastolic heart failure with type 2
diabetes mellitus (DM2) was studied. 128 patients with DM2 and coronary heart disease
with signs of CHF of functional class I—III, with a left ventricular ejection fraction of more
than 50% were observed. Three groups of patients were identified: group 1 (n=55) with
abnormal relaxation of the left ventricle, group 2 (n=44) — with a pseudonormal type of
diastolic dysfunction, the 3rd (n=29) — with its restrictive type. Marked high frequency of
complex forms of ventricular arrhythmia in group 3: ventricular extrasystole of IV—V
grades (in 48.3% of patients) and grade III (in 34.5%). In diastolic dysfunction of the left
ventricle of the restrictive type , delayed fragmented activity at the end of the ventricular
complex was diagnosed in 72.4% of patients. A close correlation was revealed between the
diastolic function of the left ventricle and the parameters of electrical remodeling of the
myocardium.
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INTRODUCTION

The social significance of type 2 diabetes mellitus type 2 diabetes is determined by the high
disability and mortality of patients from cardiovascular disorders. The risk of coronary heart
disease in DM2 increases 2-4 times, the risk of acute myocardial infarction increases 6-10
times, and coronary insufficiency is often diagnosed already at the stage of severe
complications in the form of sudden death or circulatory failure due to an atypical course.
Coronary heart disease (CHD) is considered the leading cause of disability and increases the
risk of chronic heart failure (CHF). Indicators of systolic function — an increase in the
volume of the left ventricular cavity (LV) and a decrease in the ejection fraction (EF) — are
independent predictors of mortality and survival in patients with CHF. In recent years, a
form of heart failure with a normal ejection fraction, but impaired relaxation and LV filling,
called diastolic CHF, has been isolated. The diastolic properties of the myocardium
determine the functional reserve of the heart and tolerance to stress; the progression of heart
failure in DM2 is possible against the background of the absence of LV dilation and normal
LV. Ventricular arrhythmias are considered one of the factors provoking sudden cardiac
death (SCD), however, ventricular arrhythmias at the same time are the direct cause of the
development and progression of CHF. In 35-50% of cases, arrhythmic death is recorded in
patients with CHF; at the same time, half of patients of functional class I—II (FC) die
suddenly without an increase in signs of cardiac decompensation. For the occurrence of
malignant arrhythmias, a structural pathology of the heart is necessary, and if the
relationship of proarrhythmic factors with indicators of systolic dysfunction is quite clearly
defined, then the role of diastolic function disorders in the formation of myocardial electrical
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instability remains insufficiently studied. It is necessary to analyze the mechanisms that
cause a violation of electrophysiological properties and are associated with pathological
electrocardiographic phenomena, ventricular arrhythmias. The purpose of the study is to
study the relationship electrophysiological and structural-functional parameters of the heart
with ventricular arrhythmias in patients with DM2 complicated by diastolic heart failure
(CHF).

MATERIALS AND METHODS OF RESEARCH

As part of an open controlled study, 128 patients with coronary heart disease (56 men, 72
women, average age 59.9±7.4 years) with signs of CHF I—III FC according to the NYHA
classification and LVLF is more than 50%, with a stable course of the disease during the
previous month and a stable sinus rhythm. A prerequisite for inclusion in accordance with
the protocol approved by the local ethics committee was the presence of DM2 lasting no
more than 15 years under the condition of treatment with oral hypoglycemic drugs.
Exclusion criteria: arterial hypertension (AH) of the 3rd degree (blood pressure above
180/110 mmHg); the presence of valvular heart defects, the presence of chronic liver and
kidney failure, a cerebral stroke less than 2 years old. Written informed consent was
received from each patient to participate in the study. Depending on the type of violation of
LV diastolic function (DF), three groups of patients were identified: group 1 (n=55) with
abnormal relaxation LV, group 2 (n=44) - with pseudonormal type of LV diastolic
dysfunction (DD), group 3 (n=29) — with restrictive type of LV In addition to the standard
clinical and laboratory examinations were performed, electrocardiography (ECG) in 12 leads,
echocardiography (EchoCG), Holter ECG monitoring (HMECG), registration of signal-
averaged ECG (SU-ECG) with the release of late ventricular potentials (PPJ), assessment of
ventricular repolarization — Q—T interval dispersion (QTd), corrected Q—T interval (QTs).
Echocardiography was performed on a VIVID E9 device ("GE Healthcare") in the sectoral
scanning mode using color Doppler mapping, tissue Doppler, pulse and continuous wave
Doppler modes. Considered structural and geometric parameters: the final diastolic size
(CDR) of the LV, the final systolic size (CSR) of the LV; the final diastolic and systolic
volumes (CDR and CSR) LV; LV myocardial mass index (IMM), relative wall thickness
(OTC) of LV; LV systolic function: PV (%), ΔS (%). In assessing DFLF, the parameters of
transmittal diastolic flow (TMDP) in early and late diastole (E, A, m/s), E/A ratio,
deceleration time (DT, ms), isovolumetric relaxation time (IVRT, ms), duration of diastole
(ET); blood flow at the mouth of the pulmonary veins (D, cm/s; Ar, cm/s; Adur/Ar). Tissue
Dopplerography recorded the maximum velocities of the fibrous ring of the mitral and
tricuspid valves: S’ (cm/s) — peak systolic velocity; E’ (cm/s) — peak rate of early diastolic
relaxation; A’ (cm/s) — peak velocity in the phase of atrial systole; ratio of the maximum
rate of early filling LV (E) to the maximum velocity of the fibrous ring of the mitral valve in
the early diastole (E’). To perform HMECG, the Astrocard complex (Meditek) was used,
when analyzing the daily record, the following were calculated: the total duration of daily
myocardial ischemia, the maximum depth of ST segment decrease, the daily number of
episodes of painful and pain-free ischemia, heart rate at the beginning of ischemic episodes.
Ischemic ECG changes were considered to be horizontal or descending depression of the ST
segment of more than 1.5 mm at a distance of 0.08 s from the J point. at least 60 seconds, ST
segment elevation by 2 mm or more. In the analysis of ventricular arrhythmias The
morphology of arrhythmia, the interval of adhesion of ventricular extrasystole (IE), the
relationship with exercise and ischemic episodes were studied. The SU-ECG was recorded
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using the software of the CARDIOVIT AT-10 device («Schiller»). The following
parameters were taken into account in the time analysis: the duration of the filtered QRS
complex (HF QRS-Dauer), the RMS amplitude of the last 40 ms of the QRS complex (RMS
40), the duration of low-amplitude signals at the end of the filtered QRS complex (LAH Fd).
Pathological parameters HF QRS-Dauer was considered to be more than 114 ms, RMS 40
less than 25, and SU-ECG corresponding to the criteria of PPJ MV, LAH Fd is more than 38
ms. To quantify the inhomogeneity of repolarization processes, a Poly-Spectrum-8/E
electrocardiograph (Neurosoft) with a Q—T interval analysis program was used. Statistical
analysis was performed using standard methods of variation statistics. The variables were
compared using the criterion χ2, Spearman's rank correlation coefficient (R). When
evaluating the linear relationship between the values, the Pearson pair correlation coefficient
(r) was calculated. The value p<0.05 was taken as the statistical significance of the
differences.

THE RESULTS AND THEIR DISCUSSION

LC was detected in 120 (93.8%) patients, and in 68% of cases, a combination of LC with
various forms of supraventricular arrhythmias (NZHD) was noted. The following data were
obtained during the analysis of RE: 40 (31.25%) patients had grade I RE, 23 (20.3%) had
complex forms of LPR (REIV—V grades). Polymorphic FE was registered in 33 (25.8%)
cases. In patients with DM2 with restrictive type of LVDD, in comparison with similar
indicators in group 1, a high frequency of complex forms was noted LC: FE IV—V grades
(48.3%) and FE III grades (34.5%) (p<0.05). Significant differences in frequency There was
no monomorphic GE II gradation between the 1st and 3rd groups. Complex forms of grade
IV—V FE were less common in patients with pseudonormal type of LVHD (12.2%)
compared with group 3 (χ2 =9.7; p=0.01). The results of individual studies indicate the
effect of heart remodeling on the progression of heart failure, the occurrence of arrhythmias,
and cardiovascular mortality. The morphological substrate of LV remodeling is the
processes occurring at all levels of the structural organization of the heart. Molecular,
cellular, interstitial changes They are clinically manifested by changes in the size, shape and
functionality of the heart in response to the action of a pathological factor. The process of
cardiac remodeling is influenced by hemodynamic conditions, neurohormonal activation and
a number of other factors, but at the same time, the question of the mechanisms that
significantly increase mortality from myocardial infarction, including sudden death on the
background of LV hypertrophy, remains debatable. We evaluated the nature of ventricular
arrhythmia in various variants of structural and geometric LV remodeling in patients with
DM2 and CHF. Normal LV geometry was detected in 25 (19.5%) of patients, concentric and
eccentric remodeling were noted in 45 (35.2%) and 50 (39%) cases, respectively, whereas
concentric LV hypertrophy was isolated in 8 (6.3%) patients. It is in the 3rd group when
compared with the 1st and In groups 2, the rates of eccentric remodeling and concentric LV
hypertrophy were significantly higher (55.2 and 24%, respectively). There was a significant
difference in the frequency of complex forms of VE III—V gradation in patients with
various types of remodeling: with concentric LV hypertrophy (87.5%) and eccentric
remodeling (76%) compared with patients with normal LV geometry (8%) and concentric
remodeling (26.7%). In DM2 and coronary insufficiency, not only the degree of structural
and geometric restructuring of the LV is important, but also the functional disorders
underlying the change in the mechanical activity of the LV. At the heart of this dysfunction
is a violation of contractility and elongation of cardiomyocytes, resulting in ischemic and the
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preserved zones differ significantly in the degree of systolic thickening and in the sequence
of contraction and relaxation of myocardial fibers, which leads to kinetic asynchrony
between damaged and intact sections of the LV wall and regional heterogeneity. High-
resolution ECG acquired undoubted importance in risk stratification in patients. PPJ, being a
reflection of fragmented delayed electrical activity, They participate in the generation of
trace depolarization of one or more regions of the myocardium, which explains the data
obtained by us, reflecting the peculiarities of registration of complex forms of LC. When
analyzing ventricular arrhythmia and SU-ECG parameters, a pattern was revealed:
polymorphic, early, paired, salvo RE were recorded significantly more often in patients with
fragmented delayed activity (n=52) than in patients without BPH (n=76): 45 (86.5%) and 14
(18.4%) patients (χ2=7.4; p=0.001). The most common mechanism of tachyarrhythmias of
high gradations is the re-entry of the pulse — the presence of unilateral and delayed
conduction of the depolarization wave front due to disruption of intercellular contacts in
parallel oriented fibers, heterogeneity of propagation and fragmentation of the depolarization
wave front, the marker of which is PPJ. This explains the significant predominance of
complex forms of FE in the group of patients with delayed fragmented ventricular
activity.(86,5%). The data of the correlation analysis indicate a significant relationship
between the duration of the filtered HF QRS-Dauer complex and the FE of IV—V grades
(R=0,694; p<0,05). The nature of the registered LC (IE IV—V gradations) depended on the
amplitude of the delayed fragmented activity of RMS40 (R=0.5695; p=0.03) and the
duration of the delayed fragmented activity of LAH Fd (R=0.5197; p=0.02). It should be
noted that with an increase in the degree of DF impairment, pancreatic and ventricular
arrhythmias were more often recorded. In DD of the restrictive type, delayed fragmented
activity at the end of the ventricular complex was diagnosed in 21 (72.4%) patients, with FE
of IV—V grades noted in 14 (48.3%) patients, III grades — in 34.5% of cases. With type II
DD (pseudonormal type) PPV was isolated in 24 (54.5%) patients, while it was in patients
with pathological indicators of ECG that complex forms of FE — 8 (18.2%) were detected,
Housing grade III — 11 (25%). The analysis of myocardial ischemia during daily
monitoring allowed us to establish a significant difference in the number of episodes of
ischemic ST segment displacement in patients of group 3 (4.1±0.5) and group 1 (2.6±0.4)
and group 2 (3.3±0.5) (p<0.05). In patients with restrictive type of LVDD, the total duration
of ischemic pain episodes (BEIM) slightly exceeded the specified parameter in the other two
groups. A significant difference (p<0.03) was noted when assessing the total duration of
pain-free myocardial ischemia (BIM) per day (21.8±1.8 min) in groups 3 and 1 (11.3±0.7
min). A significant difference in this indicator also occurred between the 2nd (15.3±1.2 min)
and the 1st groups (p<0.05). The results of our study suggest that the progression of DD
contributes to the fragmentation of the depolarization process, which is associated with the
heterogeneity of activation of preserved myocardial fibers separated by fibrous

with a cloth. In areas of myocardial dysfunction, electrophysiological alternation of cells and
their membranes associated with remodeling after episodes of ischemia and/or myocardial
infarction contributes to the development of "electromechanical inconsistency". The
phenomenon of instability of the electrophysiological properties of the myocardium can
serve as a marker QTd; an increase in QTd is associated with an increased risk of dangerous
arrhythmias in patients who have suffered an acute myocardial infarction. We studied the
temporal repolarization of the ventricles of the QT and QTd in patients with DM2 with
CHF with various variants of DFLH disorders. The difference in QTd between the groups
with different types of diastolic disorders was established, however, the most significant

http://www.academicpublishers.org


w
w
w
.a
ca
de

m
ic
pu

bl
ish

er
s.
or
g

Vo
lu
m
e
4,
M
AY

,2
02
4
,M

ED
IC
AL

SC
IE
N
CE

S.
IM
PA

CT
FA

CT
OR

:7
,8
9

difference was in the indicator for the restrictive type of LV DD from that for abnormal LV
relaxation (68.2±2.1 ms and 51.7±2.7 ms, respectively; p=0.001). In the group with a
restrictive type of DD, it is significant the proportion of patients with a QTc interval of more
than 440 ms (n=19; 65.5%) and QTd of more than 50 ms (n=21; 72.4%) than in patients
with pseudonormal type DDLV 15 (34%) and 18 (41%), respectively. When comparing QTd
in patients with DM2 with various types of LC, it turned out that the quantitative value of
QTd increases depending on the increase in the severity of arrhythmias: higher values were
detected in patients with high grades of IE, runs of ventricular tachycardia. The average QTd
values in patients without LC (n=8) were 36.3±2.4 ms, whereas in patients with LC IV—V
gradations (n=26) — 74.5± 3.1 ms. A significant difference in QTd values was obtained
between patients with LC of grade I (n=40) and patients with LC III (n=33) and IV—V
grades (n=26) (38,9±2,9, 56,3±2,4 and 74.5±3.1 ms; p<0.05). A correlation between QTd
and RE has been established IV—V grades (R=0.652; p=0.001). A correlation was found
between the dispersion of the Q—T interval and the parameters of the SU-ECG: the
amplitude of fragmented RMS activity (R=0.496; p<0.05), the duration of LAH Fd
(R=0.531; p<0.02); the duration of the filtered QRS complex HF QRS-Dauer (R=0.546;
p=0.03). functional changes of cardiomyocytes in conditions of acute and chronic ischemia,
specific structural changes myocardium in patients with DM creates conditions for changing
the processes of repolarization and the appearance of delayed fragmented ventricular activity.
It is precisely the inhomogeneity of the electrophysiological properties of the myocardium,
accompanying the formation of a myocardial arrhythmogenic substrate in patients with DM
with LVD, that can explain the correlation of the QT interval variance with the parameters
of the SU-ECG (ventricular extrasystole of high gradations).

CONCLUSIONS

The study showed that in patients with DM2 complicated by heart failure, it is necessary to
assess the severity of impaired diastolic function, indicators of structural and geometric and
electrophysiological remodeling of the left ventricle. The progression of diastolic
dysfunction in conditions of persistent and/or increasing manifestations of chronic coronary
insufficiency contributes to the electrophysiological alternation of cells and their membranes,
the development of "electromechanical inconsistency" in areas of myocardial dysfunction.
In the presence of chronic myocardial ischemia in conditions of deficiency of macroergic
compounds, the rigidity of its walls increases, which in turn leads to a slowdown in the
process of early diastolic relaxation of the left ventricle. The inhomogeneity of the wave of
myocardial repolarization and depolarization, which occurs in areas of limited coronary
blood supply, creates conditions for the circulation of the excitation wave and the
development of life-threatening cardiac arrhythmias, i.e. an increased risk of arrhythmogenic
death. A close correlation was revealed between the diastolic function of the left ventricle
and the indicators of electrical remodeling of the myocardium.
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