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06ocHoeaHue. V3mepeHune dpaKumm Bbibpoca Npu 3XoKapaMorpaguyeckoM UccefoBaHUM NO3BOMSET OLEHUTL robanb-
HY0 COKPaTMMOCTb J1eBOr0 JKeyaouKa. CHUKeHWe JaHHOro NoKa3aTens cBUAETENbCTBYET 0 HebnaronpuaTHOM NporHose y na-
LMEHTOB, a B IMaANa30He HOPMaJbHbIX 3HAYEHMIA ITOT NapaMeTp TepsieT CBOKO NPOrHOCTMYECKYH 3HaUMMOCTb. [lns naumeHToB
C HopMarnbHol dpakumeit Bbibpoca HeobxoamMa paspaboTka apyrux NpOrHOCTUYECKUX METOAIOB.

Lleny uccnedosaHus — W3yunTb BAMSHWE U3MEHEHWIA NapaMeTPOB KOPOHAPHOTO KPOBOTOKA, U3MEPEHHBIX MPU NOMOLLM
Aonnneporpauyeckoro UCCNeoBaHNs, y NaLMEHTOB C COXpaHeHHOM dpaKumeli Bbibpoca NeBoro Xesynoyka B NporHo3upo-
BaHUM HebNaronpuATHLIX MCXOA0B B TEYEHWE rofa.

Mamepuanel u Memodel. B npocnekTuBHOE MccnefoBaHWe BKITIOYaM MaLMEHTOB, HAMpaB/iEHHbIX Ha AXoKapauorpadmio
B 2019-2020 rr. n HabnopasLumxca B CaHKT-TeTepOyprckoM Hay4Ho-UCCnea0BaTeNbCKOM KapanonormyeckoM LieHTpe «Meau-
Ka». KputepueM BKJItOUeHNs Bbi Bo3pacT cTaplue 18 nieT, KpUTEPMEM MCKIIOYEHUS — CHUMKEHWE (paKuuv Boibpoca NeBoro
wenyaouKa MeHee 53 %. MomMuMo cTaHAapTHOM 3xoKapauorpadmm Ucnonb3oBanu fonnieporpaduio ANs UCCNefoBaHUS CKO-
POCTHBIX MOKa3aTeneld KPOBOTOKA B KOpPOHapHbIX apTepusix. Cpok HabnopeHus coctaBun 1 rog. B uccnemyemyio nogrpynny
MaumMeHTOB BOLNW 453 yenoBeKa.

Pe3synemamel. 3a rog HabniogeHus npousowwio 89 cnyyaes CNOHTaHHBIX HEBNArONPUATHBIX COBBITMIA, TAaKMUX KaK CMEpTb,
MHbapKT MMOKapAa, HapacTaloLas cepAeyHas HefloCTaToYHOCTb, B TOM yucnie 19 neTanbHbIX MCXOLOB. YMepLuMe nauueHTb
ObinK cTapLue BbBKMBLUMX (CpeaHui BospacT cocTaBun 76,6 + 8,6 npotue 59,3 + 15,5 neT; p < 0,000001), obnaganu MeHbLuUel
rnobanbHol npoaonbHoi dyHKumeit (-13,8 + 4,3 npotus -18,3 + 3,6 %; p < 0,000001), 6onbLIMM MHAEKCOM 00bEMaA NEBOIO
npeacepans (54,6 + 15,5 npotvs 36,5 + 13,1 Mn/M%; p < 0,000000), 6onblunMM [aBneHeM B nerouHoit aprepum (39,5 + 14,7
npotue 29,5 + 8,1 MM pT. cT.; p < 0,000000), 6onbIMM MHAEKCOM Macckl MMOKapAa NieBoro xenygodka (108,7 + 37,2 npotus
88,1 + 24,1 r/MZ, p < 0,000000) 1 HapyLLEHWEM ANACTONNYECKOH BYHKLMM [OTHOLLEHMEM CKOPOCTM KPOBOTOKA Yepes MUTpaJib-
Hblii KNanaH B nepByl (paHHIoW) a3y HaMoNHeHUs NEBOro JKeNyAoYKa M YCPeLHEHHOW CKOpOCTM ABMXeHWs GpubposHoro
KosbLia MUTpanbHoro Knanawa 13,6 + 7,1 npotus 94 + 4,4; p < 0,000000], a Takxe poctoBepHO 6osbLuei CKOPOCTBHD KpOBOTO-
Ka B nepeHen MexoxenyaodkoBoii aptepum (78,0 + 39,0 npotus 50,0 + 25,4 cM/c; p < 0,000007). TonbKo BO3pacT U CKOPOCTb
KPOBOTOKA B NepefHei MeX(KeNnyaouKoBOM apTepumn Obiin HE3aBUCUMBIMU NpEAMKTOpaMU CMepTU U MHdapKTa MUOKapaa
(p < 0,004).

3aknoyenue. CKOPOCTHbIE MOKa3aTeNM KPOBOTOKA B NepefHei MexCKenyao4yKoBOM apTepuu SBASKOTCSA 3HAYMMBIM Npo-
FHOCTUYECKMM MapaMeTPOM KPaTKOCPOUHbIX CMIOHTaHHbIX COBBITUIA, BKITIOYas CMepTb, Y NaLMEHTOB C COXPaHEHHON (paKuueit
Bblbpoca.

KnioueBble cnoBa: ¢ppakums BLIGPOCA; CoxpaHeHHas PpaKuus BbIOPOCa; KOPOHApHbIE apTepuy; KOPOHaPHbIN KPOBOTOK; CKO-
pOCTb KOPOHAPHOIO KPOBOTOKA; 3X0Kapavorpadus.
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Prognostic value of changes in coronary blood flow
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BACKGROUND: The measurement of the left ventricular ejection fraction during at echocardiographic study evaluates
global contractility. A decrease in this parameter indicates a poor prognosis. However, in the range of normal values, the
left ventricular ejection fraction loses prognostic significance. This category of patients requires the development of other
prognostic methods.

AIM: To explore the effect of changes in coronary blood flow parameters measured using dopplerography in patients with
preserved left ventricular ejection fraction in predicting adverse outcomes over the next year.

MATERIALS AND METHODS: The prospective study included patients referred for echocardiography in 2019-2020 fol-
lowed up at the Saint Petershurg Research Center of Cardiology “Medika”. The inclusion criterion was age over 18 years.
A decrease in left ventricular ejection fraction of less than 53% was an exclusion critrion. In addition to standard echocardio-
graphy, dopplerography has been used to study the velocity parameters of blood flow in the coronary arteries. The observa-
tion period was 1 year.

RESULTS: The control group included 453 patients. During the year of observation, 89 cases of spontaneous adverse
events (death / myocardial infarction / progressive heart failure) occurred, including 19 deaths. The patients who died were
older (76.6 + 8.6 vs. 59.3 + 15.5 years; p < 0.000001), with lower global longitudinal function (-13.8 + 4.3% vs. -18.3 + 3.6%,
p < 0.000001), with a large volume index of the left atrium (54.6 + 15.5 vs. 36.5 + 13.1 ml/m?% p < 0.000000), high pres-
sure in the pulmonary artery (39 + 14.7 vs. 295 + 8.1 mmHg; p < 0.000000), high left ventricular myocardial mass index
(108.7 + 37.2 vs. 88,1 + 24.1 g/m?, p < 0.000000) and impaired diastolic function [the ratio of blood flow velocity through
the mitral valve in the first (early) phase of left ventricular filling and the average velocity of the mitral valve fibrous ring
13.6 £ 7.1 vs. 9.4 + 4.4; p < 0.000000]. The blood flow velocity in the anterior interventricular artery was significantly higher
(78.0 + 39.0 vs. 50.0 + 25.4 cm/s, p < 0.000007). Only age and flow velocity in anterior interventricular artery were indepen-
dent predictors of death / myocardial infarction (p < 0.004).

CONCLUSIONS: Velocity parameters in the anterior interventricular artery are a significant predictor of short-term spon-
taneous events, including death, in patients with preserved ejection fraction.

Keywords: ejection fraction; preserved ejection fraction; coronary artery; coronary flow; coronary flow velocity; echocardio-
graphy.
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BACKGROUND

Currently, left ventricular ejection fraction is one of the main
parameters measured during routine echocardiography. Left
ventricular contractility is widely assessed to diagnose heart
failure. A decrease in this parameter indicates an unfavorable
patient prognosis. However, the prognostic accuracy of
ejection fraction seriously decreases even within the range
of normal values [1]. Earlier studies with coronary blood
flow assessment using color and pulsed-wave Doppler
imaging have been published, showing the significance of
this parameter in the prediction and diagnosis of adverse
cardiovascular events [2-4]. The authors of the present study
have already noted the additional prognostic value of coronary
blood flow velocity and determined the joint influence of
the left ventricular contractility and left ventricular ejection
fraction on the risk of adverse cardiovascular events in
different patient groups [6].

This study aimed to evaluate the significance of changes
in coronary blood flow parameters measured by Doppler in
patients with preserved left ventricular ejection fraction in
predicting adverse outcomes during the year.

MATERIALS AND METHODS

The prospective, single-center cohort study from
April 2019 to March 2020 included all patients referred for
echocardiography who were subsequently followed up at
the Saint Petersburg Research Center of Cardiology “Medika.”
Inclusion criteria were >18-year-old patients and those
who provided informed consent to participate in the study.
The exclusion criteria were as follows:

+ Decreased left ventricular ejection fraction of <53%

+  Hemodynamically significant valve pathology

+ Alife expectancy of <1 year for comorbid and polymorbid
pathologies, such as cancer, end-stage renal or hepatic
failure, and severe obstructive pulmonary disease

Standard examination and questioning were performed to
determine the anamnesis of patients.

Echocardiography was performed following the recom-
mended standard technique [5].

Coronary blood flow parameters were assessed with
an additional coronary tab and special settings to visualize
coronary artery segments on Vivid 7 Dimension and Vivid E9 GE
devices using M4S and M5S-D sector sensors. The standard
and modified parasternal positions along the short and long
axes from the second or third intercostal space were used to
locate the coronary arteries.

To visualize the left coronary artery trunk, a normal
antegrade blood flow in red or blue (red was detected by flow
directed to the transducer, and blue was from the transducer)
was determined using color Doppler imaging in the area of
the left coronary sinus depending on anatomical features of
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Fig. 1. Vizualization of the left main coronary artery from a modi-
fied left parasternal position along the long axis. LMCA — left main
coronary artery; LAD — left anterior descending artery

Puc. 1. Busyanusaums cTBona neBoi KOpOHapHOW apTepun U3 Mo-
AMbULMPOBaHHON NEBOM MapacTepHanbHOW Mo3vLMK N0 ASMHHON
ocu. CJTKA — cTBON neBoit KopoHapHou apTepuu; NMMA — ne-
PeLHAS MEXOKENYN0UYKOBas apTepus

Fig. 2. Visualization of the anterior interventricular branch from a mod-
ified left parasternal position. LAD — left anterior descending artery

Puc. 2. Busyanusauus nepenHeii MenoKenyao4yKoOBOW apTe-
pUM U3 MoaMGbULMPOBAHHOW NEBOM NapacTepHasbHOM MO3WLMK.
MMKA — nepenHas MexKenynouKoBas apTepus
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Fig. 3. Visualization of the anterior interventricular branch middle
segment from a modified short-axis parasternal position in the an-
terior interventricular sulcus. LAD — left anterior descending artery

Puc. 3. Busyanusaumsa cpeayHHOIO CerMeHTa NepesHen MeXCKeNy-
[0YKOBOI apTepuu U3 MoaMGULMPOBaHHOI napacTepHanbHoi no-
31LMM 10 KOPOTKOW OCK B NEpeAHeN MeXCKenyno4KoBoi bopo3ze.
MMKA — nepenHas MexoKenyno4KoBas apTepus
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the chest, transducer position, and left coronary artery origin
(Figure 1).

The left anterior descending (LAD) artery was visualized
based on the following anatomical features: the anterior
interventricular sulcus, the initial origin of the first diagonal
artery, and the papillary muscles. A normal antegrade red
blood flow was determined by color Doppler imaging.
The proximal segment of the LAD was visualized by slightly
changing the image plane in the modified left parasternal
position along the short or long axis (Figure 2).

The midline LAD segment was visualized from the third
or fifth intercostal space in the inferior left parasternal and
the modified parasternal positions along the short or long
axis of the left ventricle in the anterior interventricular sulcus
and the modified apical tricuspid position (Figure 3).

To quantify the blood flow in the coronary arteries, its
peak diastolic velocity was measured by point-finding. Val-
ues >65 cm/c were considered a significant increase in ve-
locity.

Left ventricular ejection fraction was calculated using
the Simpson method: the left ventricular volume was
measured at the end of diastole and systole in two orthogonal
apex positions (two-chamber and four-chamber) using
the following formula:

EF = (EDV - ESV)/ESV,

where EF is the left ventricular ejection fraction, EDV is
the end-diastolic volume, and ESV is the end-systolic volume.
Patients were followed up for 1 year after echocardiog-
raphy. The study end-points were death from any cause and
the cumulative point of all adverse outcomes, such as death,
myocardial infarction, and increasing heart failure.

Initial group (n = 581)
WcxopHas rpynna (n = 581)
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Statistical data processing was performed using STATIS-
TICA 10.0 (Stat Soft Inc., USA) and MedCalc Statistical Soft-
ware 14.8.1 (MedCalc Software bvba, Belgium). Qualitative
data are presented as the occurrence in the cohort in per-
centages with a 95% confidence interval (CI), whereas quan-
titative data are presented as means and standard deviations
or medians with 25% and 75% quartiles with minimum and
maximum values depending on distribution normality. Contin-
uous values were compared between the groups using Stu-
dent’s paired t-test. The critical significance level of the null
statistical hypothesis was p < 0.05.

RESULTS

The total number of patients included in the study
was 581. Among them, 128 patients were excluded: 47 due
to inaccessibility of the coronary artery imaging, 37 due to
the absence of feedback, and 44 due to low left ventricular
ejection fraction. Finally, the study subgroup comprised
453 patients. The allocation of this subgroup is shown in
Figure 4.

The general characteristics of patients are presented in
Table 1.

Patients with arterial hypertension predominated in
the study subgroup of patients, whereas patients with
diabetes mellitus and known coronary heart disease were
significantly fewer.

Echocardiographic data of patients with preserved ejection
fraction are presented in Table 2.

At 1 year after echocardiography, the cumulative end-
points of death, myocardial infarction, and increasing heart
failure were reached in 89 patients, including 19 deaths.

Excluded due to the absence of feedback, 37 people
WcknioyeHbl 13-3a oTcyTCTBUA 06paTHOM CBA3M 37 YenoBek

n =544

Excluded due to inaccessible visualization of the coronary arteries, 47 people
WckntoyeHbl B CBA3M C HELOCTYMHOW BU3yanu3aLumen KOpoHapHbIX apTepuii 47 yenoBek

n =497

Excluded due to low ejection fraction, 44 people
McKntoueHbl B CBA3M C HU3KOI dpaKumeli Bbibpoca 44 yenoBeKa

Study subgroup (n = 453)
Wccnepyemas nogrpynna (n = 453)

Fig. 4. Selection of patients for the study
Puc. 4. Buigenenue nccnenyeMoii nogrpynnel

DOl https://doi.org/10.17816/mechnikov321811



OPUTHATTBHBIE MCCIELOBAHMA

Comparison of the rates of death and survival in patients
with a normal ejection fraction

When comparing the data of deceased patients and
survivors, the mean age was higher (76.6 + 8.6 vs.
59.3 + 15.5 years; p < 0.000001), and no patients had diabetes
mellitus (12% vs. 3.1%; p < 0.001).

In an analysis of echocardiographic parameters,
a lower left ventricular end-diastolic volume (84.2 + 21.1
vs. 95.7 + 25.5 mL/m?; p < 0.04) was observed in the cohort
of patients who died compared to those who survived and
global longitudinal left ventricular function (-13.8 + 4.3
vs. —18.3 + 3.6 %; p < 0.000001); higher left atrial volume
index (54.6 +15.5 vs. 36.5 + 13.1 ml/m? p < 0.000000),
pulmonary artery pressure (45.7 + 15.5 vs. 30.8 + 9.7 mm Hg;
p < 0.000000), and left ventricular myocardial mass index
(112.2 + 34.0 vs. 90.8 + 20.3 g/m% p < 0.001); and worse
diastolic function values due to the blood flow velocity to
the mitral valve ratio during the first (early) phase of left
ventricular filling and averaged mitral valve fibrous ring
velocity (E/€") (16.0 + 5.8 vs. 9.9 + 5.0; p < 0.000003).

Blood flow velocities in the proximal (78.0 + 39.0 vs.
50.0 £ 25.4 cm/s; p < 0.000007) and median (57.7 + 22.1 cm/s
vs. 42.8 + 20.3 cm/s; p < 0.01) LAD segments of patients who
died with normal ejection fraction were higher than in those
who survived.

Comparison of patients with normal ejection fraction
with and without achieving the summary end-point
such as death, myocardial infarction, and increasing
heart failure

In the group of patients with preserved ejection fraction
with cumulative end-point attainment compared with pa-
tients without cumulative end-point attainment, the mean
age (70.7 £ 10.8 vs. 57.5 + 15.5 years; p < 0.000000), body
mass index (29.8 +6.5 kg/m? vs. 275+5.2 kg/m?;
p < 0.0001), systolic blood pressure (143.3 £ 19.3 vs.
135+20.8 mm Hg St; p<0.0006), and SCORE index
(32.6 £ 18.8 vs. 13.8 + 16.1; p < 0.000000) were higher. Pa-
tients with a history of adverse events were more likely to
have arterial hypertension (21.7% vs. 9%; p < 0.003), diabe-
tes mellitus (31% vs. 17.1%; p < 0.01), myocardial infarction
(39.3% vs. 17.8%; p < 0.004)., and coronary artery stenting
(37.8% vs 17.4%; p < 0.002).

Analysis of echocardiographic parameters in patients
who reached compared with those who did not reach
the cumulative end-point had reduced global longitudi-
nal left ventricular function (-15.6 + 4.2 vs. -18.6 + 3.4;
p < 0.000000) but had elevated myocardial contractility
impairment index at rest (1.06 vs. 1.00; p < 0.000000), left
atrial volume (86.8 + 28.3 vs. 68.2 + 27.6 ml; p < 0.000000),
left atrial volume index (45.2 + 13.2 vs. 35.5 £ 13.1 mL/m%
p < 0.00000), pulmonary artery pressure (395 + 14.7 vs.
29.5 £ 8.1 mm Hg Std, p < 0.000000), and myocardial mass

DOl https://doi.org/10
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Table 1. Clinical findings of the study population (n = 453)
Ta6nuua 1. [JaHHble aHaMHe3a naumeHToB (n = 453)

Parameter Value
Age, M + SD, years 60.2+155
Ratio by gender (male/female) 176/277
Body mass index, M + SD, kg/m? 219 £5.6
Body surface area, M + SD, m? 1.9+0.2
Diabetes mellitus, n (%) 56 (12.3)
Arterial hypertension, n (%) 361 (79.7)
Myocardial infarction, n (%) 27 (5.9)
Coronary artery stenting, n (%) 37 (8.1)
Smoking status:
« Smoker, n (%) 33(7.3)
 Former smoker, n (%) 77 (17)
Sternum pain:
« Typical angina pectoris, n (%) 34 (7.5)
« Atypical angina pectoris, n (%) 55 (12.1)
« Non-anginal chest pain, n (%) 130 (28.7)
Heart rhythm:
« Sinus rhythm, n (%) 401 (88.5)
« Atrial fibrillation, n (%) 44 (9.7)
« Permanent pacemaker rhythm, n (%) 8(1.8)

Note. M, mean value; SD, standard deviation.

Table 2. Echocardiographic findings of the study population
(n = 453)

Tabnuua 2. Ixokapanorpaduyeckue AaHHble NauueHToB (n = 453)

Parameter | Value
Heart rate, per min 71.1+£15.6
Left ventricular end-diastolic 95.9+£25.8
volume, ml
Left ventricular end-systolic 33+11.8
volume, ml
Left ventricular end-diastolic 498 + 1.2
volume index, ml/m?
Left atrial volume, ml 72.4 + 278
Left atrial volume index, ml/m? 377 +13.1
Pulmonary artery pressure, 3N4+98
mm Hg
Left ventricular ejection 65.8+5.9
fraction, %
Left ventricular contractility index 1.01 £ 0.08
Global longitudinal left ventricular -18.1+3.7
function, %
Diastolic function 10.1£5.2
Myocardial mass index, g/m? 92.8 +28.2

Note. Data are presented as mean values and standard deviations.
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index (108.7 +37.2 vs. 88.1+24.1 g/m? p < 0.000000),
and a worse diastolic £/¢’ value (-13.6 + 7.1 vs. 9.4 + 4.4;
p < 0.000000) was observed.

Blood flow velocity in the proximal and median LAD seg-
ments in patients who reached compared with those who
did not reach the total end-point was on average signifi-
cantly higher and was 73.8 + 36.0 versus 45.1 £ 197 cm/s
(p < 0.000000) in the proximal and 57.6 + 27.6 versus
39.9 + 16.5 cm/s (p < 0.000000) in the median segments.

Multivariate analysis of parameters in the subgroup
of patients with a preserved ejection fraction

Multivariate analysis revealed that independent predic-
tors for mortality included age (hazard ratio [HR] 1.08; 95% CI
1.01-1.15; p < 0.03) and maximum proximal LAD blood flow
(HR 1.02; 95% CI 1.01-1.04; p < 0.004). Independent predictors
of all adverse outcomes were age (HR 1.05, 95% CI 1.02-1.07;
p < 0.0007), the presence of arterial hypertension (HR 2.77,
95% Cl 1.15-6.67; p < 0.03), left ventricular global longitudinal
strain value (HR 0.92, 95% CI 0.86-0.99; p < 0.02), myocardial
mass index (HR 1.01, 95% Cl 1.00-1.02; p < 0.03), and blood
flow velocity in proximal segments of the left coronary artery
(HR 1.02, 95% CI 1.01-1.03; p < 0.0002).

DISCUSSION

We obtained data showing that changes in coronary blood
flow velocity indices are a significant prognostic parameter
of short-term spontaneous adverse events in patients with
preserved ejection fraction. Short-term events were those
that occurred within a year, whereas spontaneous events
were death, myocardial infarction, and increasing heart
failure. Previously, one study, described in the international
medical literature, which analyzed the prognostic role
of velocity parameters of coronary blood flow during
echocardiography, has already been conducted and reported
that a higher velocity in proximal segments of the left
coronary artery provides prognostic information for detecting
cardiac and overall mortality, besides basic echocardiographic
parameters associated with known or suspected heart
disease [7]. However, the conclusion of this work has several
limitations because of its retrospective design. Similar data
were obtained with magnetic resonance imaging, and high
velacities in the arteries were found to affect the prognosis.
Coronary blood flow was significantly higher in individuals
with diagnosed coronary heart disease than in patients
without any cardiovascular events. In addition, some studies
demonstrated a wide range of threshold values of maximum
coronary blood flow velocity (80-150 c¢m/s) determined
by coronary angiography for the diagnosis of significant
coronary artery stenoses. In the present prospective study,
the threshold value of this index is lower than that in previous
diagnostic studies.
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To date, ejection fraction remains one of the main echo-
cardiographic parameters used to assess the prognosis of
patients with structural cardiac pathology. It is known that
the prognostic value of ejection fraction is accurate based
on its decrease. However, in the group of asymptomatic pa-
tients or those who have not previously suffered a myocar-
dial infarction with normal ejection fraction, the traditional
echocardiographic study contains significant limitations in
the prognostic assessment. The present study shows statis-
tically more significant prognostic accuracy of coronary blood
flow estimation than that of ejection fraction estimation.
The authors previously evaluated the prognostic value of high
coronary artery velocities and ejection fraction for the prog-
nosis within 3 years [6]. However, in this work, the ejection
fraction was not the main prognostic parameter. In contrast to
traditional echocardiography, which contains normal values
of left ventricular ejection fraction for several limitations in
the prognostic informativity of patients with coronary heart
disease, coronary artery velocity parameters provide long-
term prognostic information suitable for identifying individu-
als at high risk of adverse cardiovascular events.

Study limitations

The blood flow in the right coronary artery was not
investigated in this work due to limited imaging. The ability
to visualize coronary arteries depends on the experience
of the performer and the characteristics of the ultrasound
machine. The angle between the coronary blood flow and
the Doppler beam during velocity measurement may have
been incorrect in some cases. In addition, no coronary
angiographic information was obtained from the patient
cohort of this study. Because this is a single-center study with
a short follow-up period, the results should be confirmed in
multicenter studies.

CONCLUSION

The increase in coronary blood flow velocities is
a significant and independent predictor of short-term
spontaneous adverse events in patients with preserved
ejection fraction.
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AONOJIHUTE/IbHAA UHPOPMALIUA

WcTounuk dmHaHcupoBaHus. ABTOpbI 3asBAAKOT 00 OTCYTCTBUM
BHELLHero hMHaHCMPOBaHWs Npy NPOBELEHUN MCCNeL0BaHMS.

KoHdnukTt nHTepecos. ABTOpbI AEKIapMpYyIOT OTCYTCTBME AIBHBIX
W NOTEHUManNbHBIX KOH(MKTOB MHTEPECOB, CBA3aHHBIX C NybnvKa-
LIMer HaCTOALLEN CTaTbu.
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