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DyNAMICS OF PARAMETERS OF TRANSMITRAL
Brooop FLow AND MARKERS OF MYOCARDIAL
FiBROSIS IN PATIENTS WITH MYOCARDIAL INFARCTION

To study possible correlations between echocardiography (EchoCG) indexes and markers of myocardial
fibrosis, procollagen I C-terminal propeptide (PICP) and procollagen III N-terminal propeptide
(PIIINP) during one year following ST-segment elevation myocardial infarction (STEMI).

120 patients with STEMI were evaluated. EchoCG was used to assess dimensions and volumes of heart
chambers, left ventricular (LV) systolic function, mean pulmonary arterial pressure (mPAP), and indexes
of LV diastolic function (Em, early diastolic lateral mitral annular velocity; €, peak early diastolic septal
mitral annular velocity; E/¢) ratio of peak early diastolic transmitral inflow velocity and mitral annular
velocity — E/A, ratio of peak early and late transmitral inflow velocities; DT, deceleration time of LV
early diastolic filling). EchoCG indexes and serum concentrations of PICP and PIIINP were determined
at 1 (point 1) and 12 (point 2) days of disease and one year after STEMI (point 3). The sample was
divided into two groups: group 1 (n=86; 71.7%) included patients with a LV ejection fraction (EF) >50%

At one year, the number of patients with signs of diastolic dysfunction increased by 10% in group
1 whereas myocardial systolic dysfunction worsened in both groups. LV EF decreased in 15 (17.4%)
patients of group 1 and in 4 (11.8%) patients of group 2. Concentrations of PIIINP were correlated with

Direct correlations between PIIINP concentrations and Em, E/e, and mPAP were found in the
group with LV EF >50%. In the group with LV EF <50%, correlations were observed between PICP
concentrations, LV EF, and e’ Also, in this group, the increase in PIIINP was statistically more significant.
These results indicate continuing formation of myocardial fibrosis in a year following MI, which may
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oronary artery disease (CAD) has been the leading
C cause of high mortality and disability in the working-
age population in recent decades [1]. Myocardial
infarction (MI) is still one of the most prognostically
unfavorable forms of CAD. Studies on chronic heart
failure (CHF) after MI, including with preserved left
ventricular (LV) contractility, are ongoing.

Diastolic heart failure makes up more than 50% of
all CHF cases in the Russian Federation [2]. Fibrosis
one of the key mechanisms of the development and
progression of LV myocardial dysfunction. Researchers
are currently focused on serum biomarkers of myo-
cardial fibrosis, including collagen precursors. For
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example, markers characterizing the activity of collagen
synthesis and collagen degradation are under discussion
[3]. More emphasis should be put on procollagen
type 1 carboxyterminal propeptide (PICP), which is a
precursor of collagen type I and procollagen III amino-
terminal propeptide (PIIINP), a precursor of collagen
type II1 [3]. There are ambiguous data on the correlation
between serum biomarkers of myocardial fibrosis and
the echocardiographic structural characteristics of the
heart, particularly after MI, which provides an incentive
for further scientific research.

Our objective was to study the changes in myocardial
diastolic dysfunction (DD) in patients with preserved
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and reduced LV ejection fraction (EF) within 1 year
after ST-segment elevation MI (STEMI) and assess
the the
measurements and levels of biomarkers of myocardial
fibrosis (PICP and PIIINP).

correlation between echocardiographic

Material and methods
The study included 120 patients with STEMI

who were admitted on an emergency basis to the

Kemerovo Regional Clinical Cardiology Center n.a.

Academician L.S. Barbarash. Patients were included

according to a continuous sampling method.

Inclusion criteria:

1) STEMI diagnosed according to the European Society
of Cardiology (ESC) Guidelines of 2015.

2) Signed informed consent to be included in the study.

3) Killip I-1II acute heart failure.

4) Age >18 years.

Exclusion criteria:

1) Age >80 years.

2) Clinically significant comorbidity (exacerbated
chronic diseases and/ or the presence of mental
illnesses).

3) Acute coronary syndrome caused by percutaneous
coronary intervention (PCI) or coronary artery
bypass graft (CABG) surgery.

4) Killip IV acute heart failure.

S) Aortic and/ or mitral valve pathology.

6) Lethal outcome within the first 24 hours of
hospitalization.

The mean age of patients in the analysis sample was
57.8 years. The study included 75.8% (n=91) male
and 24.2% (n=29) female patients. All female patients
were postmenopausal. All patients underwent standard
laboratory and clinical examinations to verify MI during
hospital admission. Moreover, at admission, all patients
underwent coronary angiography using an INNOVA
3100 system (General Electric, USA), followed by PCI
with stent implantation to the infarct-related artery.

Echocardiography was performed on a Sonos 2500
system on Day 1 (point I) and Day 12 (point II) of the
disease and 12 months after STEMI (point IIT) [4]. The
following parameters were determined according to the
standard method in two- and one-dimensional modes:
LV end-diastolic volume (EDV), LV end-systolic
volume, LV end-diastolic dimension (EDD), LV end-
systolic dimension (ESD), dimensions of the left atrium
(LA) and right atrium, LV systolic function, mean
pulmonary artery pressure (mPAP), condition of the
valvular apparatus, LV wall thickness, the presence and
amount of dyskinesia of the area of myocardial necrosis
and scarring, the presence of an aneurysm, damage of
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papillary muscles, and areas of myocardial rupture. LV
diastolic function was assessed based on the analysis of
transmitral flow in pulse-wave Doppler mode and mitral
annular displacement in tissue Doppler mode (Em, early
mitral inflow velocity, e}, mitral early diastolic velocity,
E /¢, the ratio between early mitral inflow velocity and
mitral early diastolic velocity, E/A, the mitral ratio of
peak early and late filling velocities, DT, deceleration
time of early diastolic filling of LV). DD was confirmed if
the following criteria were positive: Em <10 cm/s; e’<8
cm/s; LA volume index >34 mL/m?2.

LVEF was assessed by the Simpson’s biplane method.
The mean values of LVEF 40-49% were determined in
3 (2.5%) patients, LVEF <40% in 31 (26%) patients,
and LVEF > 50% in 86 (71.7%) patients.

The levels of PICP and PIIINP in the venous
blood serum were studied at the hospital by enzyme
immunoassay using BCM diagnostics laboratory Kkits
in all patients on Day 1 (point I) and Day 12 of the
disease (point II) and in 12 months after STEMI (point
I1II). All hospitalized patients received standard therapy
according to the ESC 2015 guidelines.

The control group of 20 healthy volunteers comparable
to the study sample by age (mean age 57.9 years) and sex
was formed to compare the values of serum biomarkers
of interest: 15 (75%) male and 5 (25%) female patients.
In the control group, PICP was 179.2 [163.5; 194.9]
ng/mL, PIIINP 7.2 [6.8; 7.5] ng/mL. Patients were
divided into two groups for further study because of the
small number of patients with midrange LVEF and the
fact that patients with preserved systolic function were
of interest in this study. Group 1 comprised patients
with LVEF > 50% (n=86; 71.7%), and Group 2 included
patients with LVEF<50% (n=34; 28.3%). Table 1
provides clinical data and medical history of the study
sample.

The high prevalence of cardiovascular risk factors
is obvious. Because 50% of patients were active
smokers at the time of the disease, and almost
70% had a long history of hypertension. Moreover,
(23.3%)
metabolism disorders (14.2%) were highly reported.

It should be noted that a comparable number of

hypercholesterolemia and carbohydrate

patients in the comparison groups underwent routine
revascularization within 12 months of follow-up.
In Group 1, PCI with stent implantation was performed
in five (5.8%) cases and CABG in one case. In Group 2,
a stent was implanted to one patient (2.9%), and no
CABG was performed.

Statistical analysis of the findings was carried out
using Statistica 7.0. Nonparametric methods of statis-

tical processing were used in the case of the non-normal
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Table 1. Clinical data and medical
history of patients with STEMI

Parameter Abs. %

Male 91 75.8
Female 29 24.2
Obesity (BMI > 30 kg/m?) 30 25.0
Carbohydrate disorder 17 14.2
Smoking at the time of hospitalization 61 50.8
Hypertension 83 69.2
Hypercholesterolemia 28 23.3
Family history of coronary artery disease 3 2.5
Postinfarction cardiosclerosis 7 5.8
History of angina 27 22.5
History of chronic heart failure 10 8.3
Atrial fibrillation 6 5.0
Ce-reb.rovascular accident 4 33
(within 12 months before the study)

Peripheral artery disease 1 0.8
Chronic kidney disease 2 1.7
Percutaneous coronary intervention 5 42

(within 12 months before the study)

STEMI, ST-segment elevation myocardial infarction;
BMI, body mass index.

distribution of data. Data are presented as the median
and the interquartile range (Me [25% percentile; 75%
percentile]). Two independent groups were compared

quantitatively using the Mann - Whitney U-test.

Three independent groups were compared using the
Kruskal — Wallis rank analysis of variance and pairwise
comparison using the Mann — Whitney test with
Bonferroni correction. The Wilcoxon test was used to
estimate the changes in parameters in the dependent
groups. The correlation between variables was estimated
by Spearman’s rank correlation test. The differences
between the comparison groups were statistically
significant at p<0.0S.

Results
Echocardiographic findings were compared in two
ways (Table 2). At baseline, the comparison was carried

out separately in each group between points I, II, and III.

The parameters were then compared between the groups
for each point as well. LVEF significantly decreased
during the 12-month follow-up period in Group 1 versus

the values obtained on Day 1 of the disease (p=0.018).

A statistically significant decrease in LVEF on Day 12
after MI (p=0.0001) returned to the baseline level
(p=0.043) in Group 2.

The negative trend of e’ from Day 1 of the disease
and after 12 months of follow-up with significant
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differences between all the points of determination
was observed in Group 1. There were no statistically
significant differences in the values obtained during the
entire follow-up period in Group 2. When the obtained ¢’
values were compared between two groups at each point,
it was shown that there were statistically significant
differences only on Day 12 of hospitalization.

E /e ratio increased throughout the study in Group
1, which indicates the progression of DD in this group.
This is also proven by statistically significant differences
between all points in Group 1 and when compared
to Group 2. Pathologically elevated values of e’ were
detected throughout the follow-up period in Group 2,
with no significant differences between the three points.

In Group 1, Em decreased during the entire follow-
up period from a normal value (7.2 [6.3; 7.8] cm/s) to a
pathologically low value in 12 months. The obtained
differed

all three points. Differences were also found between

values statistically significantly between
the two groups at point I. Initially, reduced values of this
parameter did not differ from each other in Group 2.

mPAP did not show statistically significant changes
in either group during the entire follow-up period.
However, there was a significant difference between the
values obtained in Group 1 and Group 2 at each cut-off
point. LA volume increased statistically significantly
during hospitalization and the 12-month follow-up
period in both groups. Moreover, the values of this
parameter in the group of patients with preserved LVEF
were statistically significantly higher than those in the
group of patients with reduced LVEF (Table 2) at each
cut-off point.

On Day 1 of MJ, 29.1% (n=25) of patients in Group
1 had signs of DD. The number of patients with signs
of DD in Group 1 increased by 10% (n=9) in 12 months,
which made a total of 34 patients with signs of DD and
demonstrated an aggravation of systolic myocardial
dysfunction in both groups. LVEF decreased in
15 (17.6%) patients in Group 1 and 4 (11.7%) patients
in Group 2.

Similarly, the levels of the analyzed biomarkers were
compared within and between groups. Changes in the
PICP levels showed a similar trend for 12 months in
both groups (Figure 1).

Elevated baseline values of this parameter — 605 [ S60;
670] ng/mL in Group 1 and 588 [538; 634] ng/mL in
Group 2 — decreased and in 12 months were 441 [315;
530] ng/mL in Group 1 and 468 [354; 524] ng/mL in
Group 2. There were no intergroup differences at any cut-
off point. However, statistically significant differences
were found between points II and III and points I and III
in each group.
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Table 2. Changes in the echocardiographic findings in the comparison groups during hospitalization and 12 months after STEMI

Cut-off points P P
Parameter Group (intra-group (intergroup
I I m differences) differences)

Group 1 59 [54; 63] 62.0 [56.0; 65.0]*, *** 53 [47; S6]* ** 0.000

LVEF, % 10.000, "0.000, ™0.000
Group 2 45 [44; 48] 43 [37; 46]*, *** 45 [37; 48], ** 0.000
Group 1 7.2[6.3;7.8] 6.4[4.2;7.9]%* 6.5 [4.0; 7.3]%,** 0.048

Em, cm/s 10.050, 10.048, 0.229
Group2  6.29[5.4;7.0] 6.1[5.5;8.3] 6.4(5.4;7.6] 0.687
Group 1 9.9 [9.4;10.2] 11.1[9.3; 13.2]%, *** 13.9 [12.1; 14.5]*, ** 0.027

E/¢ 10.000, "0.027, '0.042
Group2 14.7[14.1;15.3] 14.8 [13.8; 14.9] 15.6[14.9; 15.8] 0.658
Group 1 25.0[21.0;26.0] 25.0 [23.0;27.0] 24.0[21.0; 28.0] 0.157

mPAP, mmHg 10.000, *0.002, 0.030
Group2 28.0[25.0;33.0] 26.5[25.0; 31.0] 27.0 [24.0; 29.0] 0.137
Group 1 9.0 [8.6;11.4] 8.8 [7.5;10.4] 8.6 [7.2;9.4]** 0.047

e,cm/s '0.049, "0.467,0.055
Group2  9.1[7.2;10.2] 8.6[7.6;10.2] 8.6 [6.06;9.3] 0.663
Group 1 80 [73;90] 84 [77; 92]* 84.5[79;951* 0.004

LA volume 10.000, "0.006, "0.005
Group 2 69.5 [64;79] 76.5[71; 82]* 78 [73; 86]* 0.003
Group 1 0.80[0.71;1.22] 0.79 [0.68; 1.21] 0.77 [0.66; 1.13] 0.896

E/A 10.453,10.659, 0.828
Group2 0.74[0.68; 1.08] 0.80 [0.68; 1.32] 0.79 [0.63; 1.21] 0.150

The differences versus * point I, ** point II, ***

point III are statistically significant (p<0.05).

STEM, ST-segment elevation myocardial infarction; LVEF, left ventricular ejection fraction; Em, early mitral inflow velocity;
E/¢), the ratio between early mitral inflow velocity and mitral early diastolic velocity; mPAP, mean pulmonary artery pressure;
€, peak mitral early diastolic velocity; LA, left atrium; E/A, the mitral ratio of peak early and late filling velocities.

The PIIINP levels changed differently between the
groups (Figure 2). Elevated baseline Ilevels of this marker
in both groups (311.2 [220.1; 376.3] ng/mL in Group 1
and 309.0 [200.6; 423.0] ng/mL in Group 2) decreased
by Day 12 of disease (223.3 [195.3; 312.1] ng/mL in
Group 1 and 223.3 [200.2; 281.2] ng/mL in Group 2),
almost reached the baseline values after 12 months of
follow-up in Group 1 (312.6 [228.0; 383.8] ng/mL),
which were higher than the baseline values in Group 2
(354.0 [222.0; 574.0] ng/mL). No differences were

Figure 1. Changes in the levels

of procollagen type I carboxyterminal
propeptide in the study groups within 12 months
after ST-segment elevation myocardial infarction
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found between the groups at any of the cut-off points.
The PIIINP levels statistically significantly decreased
during hospitalization (p=0.000) and increased in
12 months versus Day 12 after MI (p=0.002) in Group 1.
In Group 2, differences were found only between
points II and III (p=0.004). A correlation analysis was
performed to identify a possible relationship between
echocardiographic measurements after 12 months of
follow-up and markers of myocardial fibrosis, which
were determined on Day 1 of the disease (Table 3).

Figure 2. Changes in the levels of N-terminal
propeptide of procollagen type Il in the study
groups within 12 months after ST-segment
elevation myocardial infarction
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PICP and PIIINP levels are clearly correlated with the
parameters of diastolic function. It should be noted that
the correlation between a decrease in LVEF and PICP
levels was found only in patients with reduced baseline
contractility (in both groups). Moreover, PICP levels
were more significantly correlated with the parameters
of diastolic function in patients with reduced LVEF,
and PIIINP levels with those in patients with preserved
systolic function.

Discussion
We
parameters in patients with different systolic function

compared changes in echocardiographic
and the levels of markers of myocardial fibrosis. Both
groups showed a statistically significant decrease in
LVEF and progression of LV DD in the 12 months after
MI. Em and €’ significantly decreased in the group with
preserved LVEF.

The study of myocardial dysfunction, which causes
CHEF, is ongoing. At the same time, the role of DD (both
isolated and combined with systolic dysfunction) in the
unfavorable course of CHF is clear, though it presents
objective difficulties for an adequate assessment and
effective prediction of outcomes. The mechanism of
DD development with subsequent formation of CHF
with preserved LV contractility has been increasingly
discussed in recent years. The mechanisms of transition
from asymptomatic DD to diastolic CHF are still unclear.
Perhaps an imbalance of collagen in the myocardium has
akeyrole in this case. The predominance of collagen type
I and type III synthesis versus degradation is thought
to cause the accumulation of excess fibers and the
formation of myocardial fibrosis followed by diastolic
dysfunction [S].

Due to the high prevalence in patients with an
unfavorable course of CAD, LV DD caused by recurrent
myocardial ischemia and cardiosclerosis is currently
of increased scientific interest. Data on the formation of
DD, its early diagnosis, and treatment are ambiguous [6].
DD is known to develop independently from systolic
disfunction, be associated with a decrease in exercise
tolerance and quality of life; systolic dysfunction
develops together with diastolic dysfunction and is
not independent [7]. The long-term prognosis in such
cases is unfavorable and depends on a combination
of clinical factors and echocardiographic parameters
of LV myocardial function. It is suggested that diastolic
dysfunction precedes the onset of electrocardiographic
signs of ischemia and impaired contractility and is
an early marker of myocardial ischemia in patients
with angina [8]. The severity of DD was established
as dependent on the number and localization of post-
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Table 3. Results of the correlation
analysis in the comparison groups

Parameter r P

Group 1

PIIINP/Em 0.41 0.028
PIIINP/E/¢ 0.47 0.029
PICP/DT 0.27 0.044
Group 2

PICP/¢ -0.41 0.049
PIIINP/mPAP 0.41 0.042
PICP/LVEF 0.37 0.049

PIIINP, N-terminal propeptide of procollagen type III; Em, early
mitral inflow velocity; E/e), the ratio between early mitral inflow
velocity and mitral early diastolic velocity; PICP, procollagen

type I carboxyterminal propeptide; DT, deceleration time of early
diastolic filling; ), peak mitral early diastolic velocity; mPAP, mean
pulmonary artery pressure; LVEF, left ventricular ejection fraction.

infarction scars [9]. The correlation between the
development of LV DD and the duration of CAD, LV
mass, wall thickness, LV EDV, and EDD has been studied
[10, 11]. Increased myocardial stiffness due to fibrosis is
one of the main causes of DD. It was shown that patients
with diastolic heart failure experience an intensive
increase in levels of collagen type III in the interstitial
space with age [12].

The comparison of changes in the PICP levels over
the entire follow-up period in both groups revealed
that there was a significantly high decrease in the levels
of this marker during the 12 months from the onset of
disease. A different trend was found for the PIIINP
levels. The decrease in its levels in both groups during
hospitalization was replaced by the increase during the
12-month follow-up period. Interestingly, the PIIINP
levels in Group 2 were higher than those in the group
with preserved systolic function.

Myocardial compliance was shown to decrease when
the collagen levels increase twofold, and contractile
function was damaged with a fourfold increase [13].
CHF is known to be associated with the changes in
cardiomyocytes and the extracellular matrix. Collagen
type I (more than 50%) and collagen type III (45%)
are the main extracellular matrix proteins. Collagen
types I and III are synthesized from procollagen
precursors containing PICP and PIIINP [14]. The
integrity of cardiomyocytes and the orientation of
myofibrils depend on the presence of collagen types I
and III. An imbalance in the synthesis and degradation
of collagen, the predominance of collagen type III over
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collagen type I, and the breakdown of connections
between cardiomyocytes are observed in the process
of myocardial remodeling, which causes structure
disorders and changes in myocardial function.

Our study demonstrated an increase in PIIINP levels
(elevated at baseline) in 12 months of follow-up in both
groups. The levels of this marker were the highest in
the group with reduced LVEF versus Group 1, although
the differences between the two groups were not
statistically significant. The increased level of PIIINP
may indicate an active synthesis of collagen type IIL
Moreover, active synthesis is most evident in the group
with reduced LVEF. This fact became an additional
key to the study of the complex process of fibrosis
development and myocardial remodeling. Moreover,
positive and negative correlations were found between
the fibrosis markers and the parameters of LV diastolic
function.

Interestingly, there is a correlation between PIIINP
levels and the transmittal peak E in the group with
preserved LVEF. This parameter identifies the moment
when the ventricle expands to pull in blood from the
atrium. The correlation between PICP levels and the
transmitral peak A was shown in the group with reduced
LVEF. This parameter is characterized by the process
of returning residual blood from the atrium to the
ventricle after equalization of pressure in the atrium and
the ventricle due to active atrial systole.

Our findings are partially consistent with available
data and confirm the assumption that procollagens I and
IITare actively involved in the development of myocardial
fibrosis and subsequent LV diastolic dysfunction.

The correlation between PIIINP levels and echo-
cardiographic parameters in patients with CHF has
been studied by several groups. For example, Drapkina
et al. [14] revealed the correlation between PIIINP

levels and the E/A ratio, which led to the conclusion
that PITIINP can be used as an early marker of DD. High
PIIINP levels are associated with the most severe clinical
course of CHF and an increased risk of death in patients
with CHF and metabolic syndrome. Other studies have
shown that elevated PIIINP levels are associated with
a high risk of death in patients with CHF [14].

Conclusions

A statistically significant decrease in the left ventricular
ejection fraction was detected within 12 months after
myocardial infarction regardless of its value in the acute
period of the disease. The number of patients with left
ventricular diastolic dysfunction increased in the group
with preserved myocardial contractility. Correlations
were established between the levels of PIIINP, Em, and
E /¢’ ratio, between the levels of PICP and DT - that is,
the fibrosis markers are associated with the parameters
of left ventricular diastolic function. More correlations
between the levels of procollagen I, left ventricular
ejection fraction, e’ index, and the mean pulmonary
artery pressure were found in the group with impaired
left ventricular contractility.

These markers of myocardial fibrosis may contribute
to varying extents in the development of diastolic
dysfunction, depending on the initial left ventricular
myocardial function. Increased PIIINP levels were
detected, which were more pronounced in patients with
reduced left ventricular ejection fraction. The obtained
data indicate the continuous formation of myocardial
fibrosis in 1 year after myocardial infarction, which may
cause the progression of chronic heart failure.

No conflict of interest is reported.

The article was received on 20/01/20

REFERENCES

1. Muromtceva G.A., Kontsevaya A.V,, Konstantinov V.V,, Artamo-
nova GV, Gatagonova T. M., Duplyakov D.V. et al. The prevalence
of non-infectious disease risk factors in the Russian population
in 2012-2013. Results of the ESSE-RF study. Cardiovascular Therapy
and Prevention. 2014;13(6):4-11. [Russian: Mypomuesa I A., Kon-
nesast A.B., Koncrantunos B.B., Apramonosa I'B., I'araronosa T.M.,
Aymnasxos A.B. u ap. PacipocTpaneHHOCTb $aKTOPOB pHCKa HEMH}eK-
IIMOHHBIX 3260A€BaHMII B poccutickoi nomyasiuu B 2012-2013 rr. Pe-
3yabrarhl uccaepoBanus D CCE-PO. KapauosackyaspHas Tepanus
u npoduaaxtuka. 2014;13(6):4-11]. DOI: 10.15829/1728-8800-
2014-6-4-11

2. Fomin LV,, Belenkov Yu.N., Mareev V.Yu., Ageev ET., Badin Yu.V,,
Galyavich A.S. et al. Prevalence of chronic heart failure in Europe-
an part of Russian Federation - Data of AGE-CHF (Part IT). Russian
Heart Failure Journal. 2006;7(3):112-5. [Russian: ®omus I1.B., Beaen-
xoB I0.H., Mapees B.1O., Areen ®.T., Bapun FO.B., Taassua A.C. 1 Ap.
PacnpocTpaHeHHOCTb XPOHUYECKOH CepACIHOI HepOCTaTouHOCTH B EB-
pometickoit actu Poccuiickoit Pepepariuu — aanusie IITOXA-XCH.

90

JKypnaa Ceppeunas Hepocrarounocts. 2006;7(3):112-5.]

3. Karetnikova V.N,, Kashtalap V.V,, Kosareva S.N., Barbarash O.L. Myo-
cardial fibrosis: Current aspects of the problem. Therapeutic Archive.
2017;89(1):88-93. [Russian: Kapernukosa B.H., Kamraaan B.B., Ko-
capesa C.H., Bap6apam O.A. ®ubpo3 Muoxapaa: coBpeMeHHbIe acIieK-
1 Ipo6aemsr. TepanesTiyeckuit apxus. 2017;89(1):88-93]. DOLI:
10.17116/terarkh201789188-93

4. Mareev V.Yu., Fomin LV, Ageev ET., Begrambekova Yu.L.,

Vasyuk Yu.A., Garganeeva A.A. et al. Russian Heart Failure Soci-

ety, Russian Society of Cardiology. Russian Scientific Medical Soci-
ety of Internal Medicine Guidelines for Heart failure: chronic (CHF)
and acute decompensated (ADHF). Diagnosis, prevention and treat-
ment. Kardiologiia. 2018;58(6S):8-164. [Russian: Mapees B.IO., ®o-
mus 1.B., AreeB O.T., Berpam6exosa I0.A., Baciok }O.A., Tapranee-
Ba A.A. u Ap. Kaunnueckue pexomenpaniun OCCH-PKO-PHMOT.
CepaeuHas HeAOCTaTOYHOCTD: XxpoHmyeckas (XCH) u ocTpas pexoM-
nercuposannas (OACH). AuarnocTuxa, IpoduAAKTHKA U AeeHHe.
Kapauoaorus. 2018;58(65):8-164]. DOL: 10.18087/cardio.2475

ISSN 0022-9040. Kardiologiia. 2020;60(6). DOI: 10.18087/cardio.2020.6.n994



§ ORIGINAL ARTICLES

S.

10.

Pesheva OV, Poltavskaya M.G., Giverts L.Yu., Dikur O.N., Sedov V.P,,
Syrkin A.L. Problems of diagnosis and epidemiology of chronic heart
failure. Cardiology and cardiovascular surgery. 2014;7(4):75-83.
[Russian: ITemesa O.B., IToarasckas M.I, [uepy 1.10., Auxyp O.H.,
CepoB B.IT., Coipxun A.A. ITpo6aeMbl AHATHOCTHKH U I AEMHOAO-
I'Usl XpOHUYECKOH cepAeuHOI HepocTarouHocTU. Kapauoaorus u cep-
AedHO-cocyaucras xupyprus. 2014;7(4):75-83]

. Nagueh SF, Smiseth OA, Appleton CP, Byrd BF, Dokainish H, Ed-
vardsen T et al. Recommendations for the evaluation of left ventricular

diastolic function by echocardiography: an update from the American

Society of Echocardiography and the European Association of Cardio-

vascular Imaging. Journal of the American Society of Echocardiogra-
phy. 2016;29(4):277-314. DOI: 10.1016/j.ech0.2016.01.011

. Matyal R, Skubas NJ, Shernan SK, Mahmood F. Perioperative

Assessment of Diastolic Dysfunction: Anesthesia & Analgesia.
2011;113(3):449-72. DOI: 10.1213/ANE.0b013e31822649ac

. Titova A.L., Sayganov S.A. Diastolic function of the left ventricle

in patients with coronary heart disease who underwent coronary ar-
tery bypass surgery. Russian family doctor. 2014;18(3):10-7. [Rus-
sian: TutoBa A.A., Caiiranos C.A. Auacrosrdeckas QpyHKIHI A€BOTO
JKEAYAOUKA Y GOABHBIX MIIEMITIECKOM GOAE3HDBIO CEPALIA, IOABEPTIIHX-
Csl OIlepalLyy a0PTOKOPOHAPHOIO IIYHTUPOBaHuUsL. Poccuiickuil cemeit-
Hp1it Bpad. 2014;18(3):10-7]

. Bartosh F.L., Bartosh L.F., Adonina T.S. Left ventricular diastol-

ic function in hypertensive patients with atrial fibrillation. Arteri-

al Hypertension. 2012;18(2):142-7. [Russian: Baprom ®.A., Bap-
tom A.D., Aporuna T.C. OcobeHHOCTH AMACTOAMYECKON GYHKIMM
MHUOKapA2 AEBOTO SKEAYAOUKA Y GOABHBIX TMIIEPTOHUIECKOMN 60Ae3-
HbIO ¢ QHOPUAASIIIHEN IPEACEPAUIL. APTepHAAbHAS THIIEPTEHHS.
2012;18(2):142-7]. DOIL: 10.18705/1607-419X-2012-18-2-142-147

Shilov S.N., Teplyakov A.T., Yakovleva LV,, Popova A.A., Berezikova E.N.,,

ISSN 0022-9040. Kardiologiia. 2020;60(6). DOI: 10.18087/cardio.2020.6.n994

12.

13.

14.

Grakova EV. et al. Clinical and pathogenic relationship between chronic
heart failure, type 2 diabetes mellitus and osteoporosis. Complex Issues
of Cardiovascular Diseases. 2018;7(1):6-13. [Russian: IITuaos C.H., Te-
masikoB AT, SIxoBaesa M. A., ITonosa A.A., Bepesuxosa E.H., I'paxo-

Ba E.B. u Ap. Kaunmdeckas 1 maroreHeTHYeCKast B3aMMOCBS3b XPOHHe-
CKO¥ CepPAEUHOM HeAOCTATOYHOCTH, CAXapHOTO AMabeTa 2 THIIA ¥ OCTeO-
noposa. KoMraekcHble Ipo6AeMbI CepAeIHO-COCYAUCTDIX 3a60A€BaHMUI.
2018;7(1):6-13]. DOI: 10.17802/2306-1278-2018-7-1-6-13

. Weber KT, Sun Y, Campbell SE. Structural remodelling of the heart

by fibrous tissue: role of circulating hormones and locally produced
peptides. European Heart Journal. 1995;16(Suppl N):12-8. PMID:
8682056

Drapkina O.M., Gegenava B.B. Myocardial fibrosis in patients

with diabetes mellitus. Rational Pharmacotherapy in Cardiology.
2013;9(1):62-5. [Russian: Apankuna O.M., Terenasa B.B. ®u6pos
MHOKApAA Y GOABHBIX C CAXapHBIM AHabeToM. ParpoHaAbHast papma-
KoTepanus B kapauosoruu. 2013;9(1):62-5]. DOI: 10.20996/1819-
6446-2013-9-1-62-65

Drapkina O.M., Zyatenkova E.V. Fibrosis markers in metabolic syn-
drome. Russian Medical Journal. 2016;24(26):1727-31. [Russian:
Apankuza O.M., 3siterxosa E.B. Mapkeps dpu6posa y manjuenTosn

¢ MeTaboAmdeckuM cHHApoMoM. Pycckuit Mepununckuit JKypHaa.
2016;24(26):1727-31]

Drapkina O.M., Zyatenkova EV. Assessment of the N-terminal col-
lagen III-type propeptide in patients with chronic heart failure

and metabolic syndrome. Cardiovascular Therapy and Prevention.
2015;14(6):42-7. [Russian: Apankuna O.M., 3arenkosa E.B. Onen-
Ka ypoBHA N-TepMHHAABHOTO IponenTuaa koasaresa I1I Tuma y ma-
IJMEHTOB C XPOHMIECKON CePAETHON HEAOCTATOYHOCTBIO M META0OAU-
4ecKUM CHHAPOMOM. KapanoBackyAsipHasi Tepanst 1 1po$HAAKTHKA.
2015;14(6):42-7]. DOI: 10.15829/1728-8800-2015-6-42-47

91



