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ABSTRACT

Aim. To determine the role of 3D echocardiography parameters in the prognosis of long-term cardiovascular
complications in patients with a first acute myocardial infarction (AMI).

Materials and methods. A prospective, single-center, observational study included 46 patients with a first AMI
and successful PCI without a history of heart failure (HF) and shortness of breath upon admission. The examination
of patients was performed in accordance with the Russian standards of medical care provision. Additionally, 3D
echocardiography was performed, and N-terminal pro-brain natriuretic peptide (NT-proBNP) was determined. The
main outcomes assessed were hospitalization with HF, sudden cardiac death, and combined endpoint. Median
follow-up was 554 days (IQR 550-785).

Results. During the follow-up period, 9 hospitalizations with HF, 3 sudden cardiac deaths, and 12 combined
endpoints were registered. The effect of 3D echocardiography parameters on the development of sudden cardiac
death and combined endpoint has not been revealed. The effect of the studied parameters on the development of
HF during the follow-up period that required hospitalization was evaluated. A statistically significant increase in
the LV sphericity index was revealed in the group of patients with the registered outcome. We found significant
direct correlations of left ventricular volume indices with prescription of diuretics in the post-discharge period;
hospitalization with HF in the post-infarction period with the level of NT-pro-BNP, left atrial volume with the
duration of index hospitalization, duration of eventless survival with ST elevation. We found a negative correlation
of radial strain with prescription of diuretics in the post-discharge period. Predictors of hospitalization with HF in
the post-infarction period were identified — parameters of radial strain, area strain, and circumferential strain, which
were included in the model for calculating the risk of the outcome under study.

Conclusion. In patients with the first AMI in the absence of clinical signs of HF, to calculate the risk of hospitalization
with HF within 550 days after M1, it is advisable to take into account the level of radial strain and use a prognostic
model (1), including parameters of circumferential and area strain (according to 3D echocardiography data).
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PE3IOME

Hens: onpenenenue ponu napaMeTpoB dxokapauorpaduu B 3D-pexnme (3D-Dx0KI') B mporaose pasButus cep-
JIEYHO-COCYAUCTBIX OCIIOXKHEHUH B OTAAICHHOM IIEPHO/IE y TAIIMEHTOB C IIEPBEIM OCTPHIM HH(ApKTOM MHOKapIaa
(OUM).

MaTtepuajbl 1 METO/Ibl. B POCIIEKTHBHOE OJTHOLIEHTPOBOE HAOIIOAATENBHOE UCCIICOBAHNE BKIIOYEHBI 46 ma-
1ueHToB ¢ nepBbiM OUMM, yCHENIHBIM YPECKOXKHBIM KOPOHAPHBIM BMEIIATEILCTBOM 0e3 aHaMHE3a CepleqHOMH
HenocratouHoctH (CH), oxpimiku npu moctymieHun. O0cie0BaHre TaMeHTOB BBIMOIHIN B COOTBETCTBHU C
POCCHHCKUMH CTaHAAPTAMU OKa3aHUs MEJUIIMHCKON MOMOILIH, JIOTIOJHUTEIBHO BBITOIHSIN TPEXMEPHYIO 3X0Kap-
nuorpaduio U ONpeneNsuin  Mo3roBoid Hatpuilyperndeckuii TopMoH (NT-proBNP). OCHOBHBIMH OIIEHUBa€MBIMU
ucxojamu 0buIH rocuTanusanus ¢ CH, cepaedHo-cocyaucras cMepTh 1 KOMOMHUPOBaHHAsk KOHEYHas TOUka. Me-
nuaHa nepuona HaomoaeHus — 554 cyt, IQR 550-785.

Pe3yabTaTthl. 3a niepro HaOIOICHHS 3apEerHCTPUPOBAHO AeBsITh rocnutanu3anuii ¢ CH, Tpu cepaedno-cocyan-
cThle cMepTH, 12 KOMOMHUpPOBaHHBIX Touyek. BiausHus napamerpos 3D-OxoKI' Ha pa3BuTHE ceplleuHO-COCYAU-
CTOI CMEpTH U KOMOMHUPOBAaHHOW KOHEYHOW TOUKH He moiyueHo. OLeHNBaIK BIUsSHNAC H3y4aeMbIX I1apaMeTpoB
Ha pazButue CH B TeueHue nepuoaa HabmroIeHUs, NOTpeOOBaBIICH TOCIMTaIN3alMU. BBISIBIEHO CTaTUCTHYECKU
3HAYMMOE IOBBIIICHHE UHJEKCA CPEpPUIHOCTHU JIEBOTO XKEITyJ04Ka B IPYIIE MalMEeHTOB C 3aperHCTPHPOBAHHBIM
MCXO/IOM. BBIsBIICHBI 3HAUMMBIE MIPSMbIC KOPPEISLMOHHbBIE CBS3U 0OBEMHBIX ITOKa3aTesei JIEBOro JKellyJJ0uKa ¢
Ha3HAYCHUEM JIUYPETUKOB B MOCTTOCIUTANBLHOM Hepuoje; rocnuranuzanun ¢ CH B moctuH(papKTHOM nepuoe
¢ ypoBHeM NT-pro-BNP, 06beMOM JieBOr0 mpeacepaus U MpOa0KUTEIbHOCTRIO HHICKCHOW MOCHHUTATN3AINH,
cpoka OeccoObITHITHOW BbDKMBaeMOCTH ¢ aneBanueil ST; oTpunatenbHas KOPPENSLMOHHAs CBSI3b PaANKAIBHOM
nedopmanyu ¢ Ha3HaYCHHEM JMYPETHKOB B IIOCTTOCIUTAIBLHOM IIepHo/ie. BBISBICHBI IPEANKTOPBI TOCIHUTAIHN3A-
nuu ¢ CH B mocTuH(bapKTHOM MEepHOoIE — MOKa3aTeIu paauaibHOM Aedopmanny, a Takke qeGopMaiiiu IIONIa K
¥ LUPKYJSIPHOM JeopManny, KOTOpbIe BOLIUTH B MOJIEJIb pacyeTa pUCKa HACTYIUICHHS H3y4aeMOro HCXOa.

3aximodenne. Y nanueHToB ¢ nepsbiM OVIM npu orcyTcTBuu KauHUYeckux npusHakoB CH ans pacuera pucka
rocrimranm3anuu ¢ CH B teuenne 550 cyt nmocie MIM menecooOpa3HO yUHTHIBATh YPOBEHb paanainbHON nedop-
MalUH U UCIOJIb30BaTh MIPOrHOCTHYECKYIO MOJeNb (1), BKITIOYAIOIIYIO TI0Ka3aTeIH UPKYIISIpHOI nedopManuu u
nedopmaruu mrontaay (o raHsM 3D-Dx0KT).

KiroueBsble ci10Ba: TpexMepHas SXokapauorpadus, nHGapKT MHOKapa, ceplieyHast HeIoCTaTOYHOCTh
KondaukT uHTepecoB. ABTOPHI ACKIAPUPYIOT OTCYTCTBUE SBHBIX U MOTEHIHAIBHBIX KOH(IUKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKaKeil HACTOSIIEH CTaThH.

HUcTounuk (l)HHaHCHpOBaHI/IH. ABTOpLI 3asIBJIIOT 00 OTCYTCTBHUU (bPIHaHCI/IpOBaHI/IH Ipyu OPOBEACHUU HUCCIIENO0-
BaHUA.

CooTBeTcTBHE MPUHIMIIAM dTHKH. Bce manueHTs! moamucann HHOOPMHPOBAHHOE COTJIACHE HA YYaCTHE B HC-
cienoBanny. Vcenenopanue 0100peHO KOMUTETOM T10 3THKe MemunuHckoro nactutyta PYJITH.

Jost nurupoBanusi: Tumodeesa T.M., Edumona B.I1., CapapoBa A.®D., Kobamasa XK./I. Ponb crexi-TpekuHr
sxokapauorpaduy B TpEXMEPHOM PEXKUME ISl IIPOTHO3UPOBAHUS OTIAJICHHBIX HCXOJIOB MOCIIE IEPBOro HH(ap-
KTa MUOKapaa. broiremens cubupckotl meouyunsl. 2024;23(1):69-76. https://doi.org/10.20538/1682-0363-2024-
1-69-76.
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INTRODUCTION

Acute myocardial infarction (AMI) is associated
with a high risk of adverse outcomes: more than half
of surviving patients require readmission within the
same year [1]. One of the key factors in the unfavor-
able prognosis is reduction of left ventricular (LV)
function [2], traditionally assessed by LV ejection
fraction (EF) [3]. However, this generally accepted
parameter has a number of significant limitations, in-
cluding significant inter- and intraoperator variability
and underestimation of subclinical LV dysfunction.
At an early stage, weakening of some muscle layers in
the heart is compensated by others, which contributes
to relative preservation of LVEF. In recent decades,
to more accurately assess the systolic function of the
heart, three-dimensional echocardiography (3D Echo)
with a speckle tracking assessment of longitudinal,
circumferential, and radial strain and LV rotation pa-
rameters has been used. In addition, determination of
LV volume and sphericity index with 3D Echo pro-
vides more correct data indicating early post-infarc-
tion remodeling [4—8].

Therefore, the aim of the study was to determine
the role of 3D Echo parameters in the prognosis of
long-term cardiovascular complications in patients
with a first AMI.

MATERIALS AND METHODS

A prospective, single-center, observational study
included 46 patients hospitalized in the ICU of Vino-
gradov City Clinical Hospital. Inclusion criteria: first
AMI diagnosed according to the fourth universal defi-
nition of MI [3]; successful primary PCI in patients
with ST-segment elevation MI (STEMI), early (within
24 hours) PCI in patients with non-ST-segment ele-
vation MI (NSTEMI), i.e. achieving TIMI 3 flow in
the affected vessel; no history of heart failure (HF),
shortness of breath on admission, Killip 1.

Exclusion criteria: use of diuretics and
vasopressors, pulmonary pathology, development of
complications of AMI (rupture of the interventricular
septum, separation of the papillary muscle), severe
disturbances of cardiac rhythm and conduction at the
time of inclusion, including atrial fibrillation / flutter.

The study complied with ethical standards set out
in the WMA Declaration of Helsinki “Ethical Prin-
ciples for Medical Research Involving Human Sub-
jects” and the “Rules of Good Clinical Practice in the
Russian Federation.” All individuals participating in
the study signed an informed consent to participate in

the study. The study was approved by the Ethics Com-
mittee at RUDN University.

Upon admission, all patients included in the
study underwent history taking, a standard physical
examination, electrocardiography, chest X-ray,
Echo, coronary angiography, and angioplasty with
stent placement. Laboratory tests were performed in
accordance with the Russian standards of medical
care provision: complete blood count and blood
biochemistry, including determination of the
troponin I level upon admission and 6—12 hours
after hospitalization, and additional determination of
N-terminal pro-brain natriuretic peptide (NT-proBNP).

Echo was performed on the best-in-class Vivid E90
device (GE Healthcare, USA) upon discharge, fol-
lowed by post-processing on the EchoPAC™ station
(GE Healthcare, USA) with semi-automated assess-
ment of LVEF. LV diastolic function was assessed in
accordance with current recommendations [9].

All patients during the in-hospital period and for a
year after discharge received standard dual antiplate-
let therapy before and after the intervention.

The primary outcomes assessed were hospitaliza-
tion for HF, sudden cardiac death, and a composite
endpoint. Data were obtained from a unified medical
information and analytical system, as well as from
telephone contacts during the follow-up (fixed fol-
low-up 550 days; median follow-up (random censor-
ing) 554 days (IQR 550-785)).

Statistical data analysis was performed using the
SPSS software (version 23.0). Quantitative variables
were described as the arithmetic mean and the stan-
dard deviation (M + SD) (for normal distribution) or as
the median and the interquartile range (Me [IQR]) (for
non-normally distributed variables). The significance
of differences between the two groups in quantitative
variables was assessed using the Man — Whitney U
test (for normal distribution) or the Student’s #-test (for
non-normally distributed variables). For qualitative
variables, the significance of differences between the
groups was assessed by the Pearson’s chi-square (y2) /
Fisher exact test depending on the minimum expected
number. The differences were considered statistically
significant at p < 0.05. The direction and strength of
a correlation between parameters were assessed us-
ing the Spearman’s rank correlation coefficient. The
dependence of binary parameters on quantitative and
categorical ones was identified by the binary logis-
tic regression (univariate and multivariate) analysis
with determination of the odds ratio (OR). The ROC
analysis was used to evaluate the prognostic value by
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determining the area under the curve (AUC). The
influence of the studied parameters on the risk of
developing endpoints was assessed using the univa-
riate and multivariate Cox regression analysis with
determination of the hazard ratio (HR). Quantita-
tive variables with negative values were analyzed by
taking the modulo.

RESULTS

Clinical, demographic, laboratory, and Echo
characteristics of patients are presented in Table 1.

Table 1
Characteristics of patients, n = 46
Parameter Value
Age, years, M £ SD 61.13 £8.84
Men, n (%) 32 (69.6)
Body mass index, kg / m?%, M + SD 28.26 +3.99
Smoking, n (%) 18 (39.1)
SBP / DBP, mm Hg, M + SD 141.10 +23.86/ 81.84 £ 12.76
History of atrial fibrillation, n (%) 3(6.5%)
STEMI, n (%) 12 (26.1)
Anterior M1, n (%) 22 (47.8)
Single-vessel disease, 7 (%) 14 (30.4)
Type 2 diabetes mellitus, 7 (%) 10 (21.7)
Dyslipidemia, n (%) 20 (43.5)
Glucose, mmol / 1, Me [IOR] 6.89 [5.59; 8.70]
NT-proBNP, pg / ml, Me [IOR] 580.0 [264.60; 989.00]
Troponin I, ng / ml, Me [IQR] 0.26 [0.03; 4.65]
Troponin II, ng / ml, Me [IOR] 7.79 [1.54; 30.61]

Note. SBP — systolic blood pressure; DBP — diastolic blood pressure; Tropo-
nin I — the level upon admission to the intensive care unit; Troponin II — the
level 6-12 hours after hospitalization.

To identify predictors of adverse outcomes, the
patients were divided into groups with and without
recorded outcomes. During the follow-up, 9 hospi-
talizations with HF, 3 sudden cardiac deaths, and
12 composite endpoints were registered. The influ-
ence of 3D Echo parameters on the development of
sudden cardiac death and the composite endpoint was
not identified. The influence of the studied parameters
on the development of HF during the follow-up peri-
od requiring hospitalization was assessed. A statisti-
cally significant increase in the LV sphericity index
was revealed in the group of patients with a registered
outcome (Table 2).

The obtained associations of clinical data with 3D
Echo parameters in the study group following the cor-
relation analysis are presented in Table 3.

To identify predictors of the development of the
studied endpoint using the binary logistic regression
analysis, a prognostic model was developed using 3D
Echo parameters (the analysis also included significant
risk factors for HF, ST-segment elevation, MI loca-
lization, number of affected coronary arteries, levels
of NT-proBNP, troponin, EFLV, LV diastolic function
parameters, 2D-GLS, all 3D Echo parameters). The
identified dependence is described by equation (1):

P——x100%
1+e-z
z=2.615-0.102 x CS—0.286 x AS
where P is the probability of developing HF requiring
hospitalization (%), CS is the index of circumferential
strain, %, and AS is area strain, %.

Table 2

Comparative characteristics of patients with and without hospitalization with HF in the long-term period after MI, n = 46

Parameter Hospitalization with HF, n =9 No outcome, n =37 P
Age, years, M = SD 63.0 [61.0; 73.0] 61.0 [57.0; 66.0] 0.146
Men, n (%) 6 (66.7) 26 (70.3) 0.975
Body mass index, kg / m?, M + SD 27.60 +3.27 28.48 £ 4.60 0.613
Smoking, n (%) 3(33.3) 18 (48.6) 0.539
Hypertension, n (%) 9 (100.0) 27 (73.0) 0.172
Dyslipidemia, n (%) 7(77.8) 13 (35.1) 0.290
Single-vessel disease, n (%) 3(33.3) 11 (29.7) 0.833
Multivessel disease, 7 (%) 6 (66.7) 26 (70.3) 0.833
STEML, n (%) 3(33.3) 9(24.3) 0.581
LVEF upon admission, %, Me [IOR] 47.0 [45.0; 54.0] 50.0 [45.0; 52.0] 0.845
LVEF at discharge, %, Me [IOR] 52.0 [45.0; 54.0] 54.0 [51.0; 58.0] 0.265
LAVIL, ml/ m?, Me [IQOR] 27.0 [22.0; 40.0] 28.0 [21.0; 31.0] 0.454
E/e’, Me [IQR] 6.6 [5.6;7.2] 6.5[5.7;7.9] 0.825
PASP, mm HG, Me [IQR] 28.0 [25.0; 36.0] 21.0 [14.0; 27.0] 0.108
3D LVEEF, %, Me [IQR] 51.0 [47.0; 54.0] 51.0 [48.0; 55.0] 0.617
3D Spl, M+ SD 0.38+£0.04 0.33£0.07 0.025*
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Table 2 (continued)

Parameter Hospitalization with HF, n =9 No outcome, n =37 P
3D LVEDV, ml, Me [IQOR] 106.0 [99.0; 152.0] 113.0 [98.0; 140.0] 0.901
3D LVESYV, ml, Me [IQR] 52.00 [46.0; 78.0] 57.0 [48.0; 66.0] 0.945
3D MBV/CO, 1/ min, Me [IQR] 4.5[3.8;4.6] 4.1[3.6;4.7] 0.438
2D-GLS, %, Me [IQR] —-14.0 [-14.0;-12.0] —14.6 [-17.0; -11.0] 0.290
3D-GLS, %, Me [IQR] —11.0 [-13.0; -7.0] -9.0 [-13.0; -7.0] 0.738
3D circumferential strain, %, Me [IOR] —11.0 [-13.0; -6.0] —12.0 [-15.0; -10.0] 0.309
3D area strain, %, Me [IOR] —18.84 £7.21 -18.8+4.97 0.987
3D radial strain, %, Me [IOR] 28.00 +12.87 27.86 +9.26 0.971
3D torsion, °, Me [IQR] 3.56[1.3; 7.3] 4.30[1.8; 8.1] 0.504
3D twist, °/cm, Me [IQR] 0.90[0.30; 1.15] 1.10 [0.6; 1.4] 0.319

Note. BMI—body mass index; LAVI — left atrial volume index; E/e’ — the ratio of peak early mitral inflow velocity (E) to the early diastolic mitral
annular velocity; PASP — systolic pressure in the pulmonary artery; Spl — left ventricular sphericity index; LVEDV — left ventricular end-diastolic
volume; LVESV — left ventricular end-systolic volume; MBV / CO — minute blood volume/cardiac output; GLS — global longitudinal strain
* differences in the parameters were statistically significant

Table 3
Associations of 3D echocardiography parameters
3D parameter Parameter R p*
BMI 0.324 0.028
3D LVEDV

Mineralocorticoid antagonists in the post-hospital period 0.303 0.041
2D-GL —0.52 <0.001

3D LVESV _ GLS : : 0.520 0.00
Diuretics in the post-hospital period 0.370 0.011

3D Spl History of hypertension 0.455 0.001
Radial strain BMI —0.303 0.040
Diuretics in the post-hospital period —0.469 0.001

NT-pro-BNP level 0.399 0.026

Hospitalization with HF LAVI > 34 ml / m? 0.422 0.003
Duration of index hospitalization 0.338 0.022

HF-free period ST-segment elevation upon admission —0.805 0.050

* correlation is statistically significant

The resulting regression model is statistically
significant (p = 0.004). Based on the Nigelkirk’s
coefficient of determination, the model (1) determines
35.4% of the wvariance in the probability of
hospitalization with HF.

According to the wvalues of the regression
coefficients, the parameters of circumferential strain
and area strain have an inverse relationship with the
probability of hospitalization with HF. Characteristics
of the factors are presented in Table 4.

Thus, with an increase in the circumferential
strain by 1%, the odds for hospitalization with HF
within 1.5 years after the first AMI decrease by 2.49
times; with an increase in the area strain index by
1%, the odds for hospitalization with HF decrease by
1.67 times.

BlonneteHb cnbmpckoit meguumHbl. 2024; 23 (1): 69-76

Table 4

Characteristics of the relationship between model predictors (1)
and the probability of hospitalization with HF in the
long-term follow-up period in patients after a first AMI

Predictors OR; 95% CI p
Circumferential strain, % 0.40; 0.20-0.80 0.010*
Area strain,% 0.60; 0.41-0.89 0.012*

Note. OR — odds ratio, CI — confidence interval.
* the influence of the predictor is statistically significant

Figure 1 compares the values of the adjusted hazard
ratio with 95% CI for the studied factors included in
model (1).

The cut-off value of the logistic probability function
P (1) was determined using the ROC analysis. The
resulting curve is shown in Figure 2.
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Fig. 1. Hazard ratio estimates with 95% CI for the studied
predictors of the model (1) for hospitalization with HF
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Fig. 2. The ROC curve characterizing the dependence of the
probability of hospitalization with HF on the values of the
prognostic function (1)

AUC was 0.85 + 0.09 (95% CI: 0.68-1.00). The
value of the logistic function (1) at the cut-off point
was 26.6%. P (1) values greater than or equal to 26.6%
were associated with a high risk of hospitalization
with HF, and lower P (1) values were associated with
a low risk. The sensitivity and specificity of the model
(1) at the cut-off were 77.8 and 89.2%, respectively.

Table 5 shows an example of using the prognostic
model (1) in two patients with a first AMI. We calcu-
lated logistic regression values P (1) taking into ac-
count the values of the predictors and inferred high
and low risk. Patient 2, who was at high risk based on

the model, was hospitalized with HF on day 291 of the

follow-up.
Table 5
Example of using the prognostic model (1)
Patient 1 Patient 2
Woman, 64 years Woman, 58 years
Patient old, history of old, history of
hypertension, STEMI, | hypertension, STEMI,
single-vessel disease | single-vessel disease
NTproBNP, 556 630
pg/ml
Troponin I, II, 0.98-1.46 0.76-1.72
ng / ml
LAVI 29 ml / m? LAVI 32 ml / m?
(<34 ml/m?) (<34 ml/m?)
Echocardioeraph Baseline LVEF 44% | Baseline LVEF 40%
graphy 2D GLS 16% 2D GLS 10%
CS 12.2% CS 6%
AS 18.8% AS 9.8%
e [ 2=2615:0102%6 -
- 4 ’ 0.286x9.8=-0.8
Index P = 1= 549 i er=223
naex cosn P=1/3.23=31.0%
P=1/559=1.8% o
(>23.8%)
(<23.8%) High risk
Low risk &
Hospitalization . Registered after 291
with HF Not registered days

In the univariate analysis of the dependence of

changes in the risk of hospitalization with HF on 3D
Echo parameters using the Cox regression method,
statistically significant predictors of the development
of this endpoint were identified (Table 6).
Table 6

Characteristics of predictors of hospitalization with HF

in the long-term follow-up period in patients after the first AMI
HR; 95% CI p

0.76; 0.597-0.968 0.026*
0.91; 0.831-0.995 0.039*

Predictors

Circumferential strain, %
Radial strain, %

Note. HR — hazard ratio. * the influence of the predictor is statisti-
cally significant.

According to the data obtained, with an increase in
circumferential strain by 1%, the risks of developing
the starting point are reduced by 1.32 times, for radial
strain — by 1.1 times.

DISCUSSION

In our study, in patients with first AMI with and
without ST-segment elevation in the history of HF,
non-invasive parameters of volumes, geometry and
strain of the LV myocardium were studied according to
3D Echo data. Their prognostic value was established
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in relation to the development of cardiovascular
complications within 1.5 years.

In patients hospitalized with HF within 1.5 years
after AMI, a significant increase in the LV sphericity
index according to 3D Echo data was shown. This
result is consistent with a study by H.F. Mannaerts et
al., which included 33 patients with AMI. The follow-
up lasted 12 months, and the sphericity index was
shown to be the strongest echocardiography predictor
of adverse post-infarction LV remodeling [6].

In a study by R.K. Ola et al., the information value
of 3D parameters, such as LVEDV and sphericity
index, as predictors of myocardial remodeling was
also shown. These parameters were examined by the
authors at 7 days and at 6 months after acute STEMI.
The presence of adverse remodeling was defined as an
increase in LVEDV, measured using 3D Echo, by 15%
or more after 6 months. It was found, in particular, that
the sphericity index in the group with adverse post-
infarction remodeling was significantly higher than
in the group with preserved LVEF (0.41 + 0.05 and
31 £ 0.05, respectively; p < 0.001), but decreased in
both groups after 6 months of follow-up (0.35+ 0 .05
and 28 + 0.05, respectively; p < 0.001). Thus, the
authors concluded that determination of the sphericity
index allows for early identification of patients at high
risk of developing adverse myocardial remodeling
after AMI [7]. Similar results were obtained in a study
by M.L.Vieira et al. [10].

Predictors of the development of HF requiring
hospitalization within 1.5 years of the post-infarction
period, according to the multivariate binary
regression analysis in our study, were parameters
of circumferential strain and area strain. With an
increase in circumferential strain by 1%, the chance of
hospitalization with HF within 1.5 years after the first
AMI decreases by 2.49 times; with an increase in the
area strain by 1% — by 1.67 times; in radial strain — by
1.1 times. These factors were included in the prognostic
model we developed (p = 0.004). According to the
results of the univariate Cox regression analysis, with
an increase in circumferential strain by 1%, the risks
of developing the endpoint are reduced by 1.32 times
(p =0.026), in radial strain — by 1.1 times (p = 0.039).

A number of studies have also been published
describing the use of strain indices measured by 3D
Echo in post-AMI patients. The study by L. Xu et
al. included 110 STEMI patients who underwent
primary PCI. All patients underwent 3D Echo
with the determination of longitudinal, radial, and
circumferential strain in the three-dimensional

mode, as well as longitudinal strain and routine Echo
parameters in the two-dimensional mode. Similar to our
results, it was found that 3D and 2D longitudinal strain,
as well as 3D radial strain, are independent predictors
of LV remodeling [11]. In a study by A. Sugano et al.,
it was confirmed that changes in circumferential strain
were a predictor of adverse LV remodeling and showed
that its decrease was associated with the presence
of microvascular obstruction according to MRI in
patients with STEMI who underwent primary PCI. This
observation is of great importance, since it is known
that the presence of microvascular obstruction is also an
independent predictor of adverse LV remodeling [12].

In a study by N. Iwahashi et al. [13], as in our study,
the prognosis for the development of cardiac death
and hospitalization with HF in patients with STEMI
and PCI was studied according to 3D Echo. It was
found that 3D examination parameters were stronger
predictors of outcomes compared to two-dimensional
ones. Specifically, 3D longitudinal strain was the
strongest predictor, followed by circumferential strain.
3D-GLS > —-11.0% was an independent predictor of
the studied outcomes (¥2 = 132.2, p < 0.001). When
combined with circumferential strain > -18.3%,
patients were found to have an extremely high risk
of adverse outcomes. Another study by this group
of authors [14] examined the clinical and prognostic
significance of 3D Echo parameters obtained over
time in 272 patients with a first STEMI and PCI.
Patients were followed-up for an average of 108
months. The primary endpoint was the occurrence
of major cardiovascular events: sudden cardiac death
and HF requiring hospitalization. It was shown that
deterioration of 2D-GLS and 3D-GLS over 1 year was
a significant prognostic factor (y2=36.7, p < 0.001).

CONCLUSION

In patients with a first AMI, regardless of LVEF
upon admission in the absence of clinical signs of HF,
to calculate the risk of hospitalization with HF within
550 days after M1, it is advisable to take into account the
level of radial strain and use the prognostic model (1),
including parameters of circumferential and area strain
(by data from 3D Echo). P (1) values > 26.6% indicate
a high risk of hospitalization with HF (sensitivity and
specificity of 77.8 and 89.2%, respectively).
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