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GECIKMIS POSTINFARKT DOVRDO URDYIN REMODELLOSMOSININ
XUSUSIYYOTLORI

'Xarkov Milli Tibb Universiteti, Xarkov;
? Dnipro Déviat Tibb Universiteti, Dnepr;
S Ukrayna Sahiyya Nazirliyinin Tibbi va Sosial Olillik Problemlori iizra
Ukrayna Déviat Tadgigat Institutu, Dnepr, Ukrayna

Xiilasa. Maqalada 79 xastada kaskin miokard infarktindan (MI) sonraki 12-ci aya qadar tirakda bag veran
remodellaosma proseslorinin giymatlondirilmasi magsadila aparilan exokardioqrafiya miiayinasinin naticalari
haqqinda malumatlar taqdim edilir. Xastolordon 42 (53,2%) nafor Q pozitiv (Q+), 37 nafor (46,8%) O
neqativ (Q-) infarkt kegirmisdir. 12 ay sonra 32 xastada xronik iirok ¢catismazligi (XUC) askar edilmisdir,
onlardan 23 (54,8%) nafor Q (1), 9 (24,3%) naforda isa O (-) infarkt kegiran xasto qruplarina aid idi.

O (+) MI kegiran va infarktdan sonraki gec dovrda XUC olan xastalorda sol madaciyin EDR (mm), ESR
(mm), LA (mm), ILS, IS, LVMI (mm. Hg) dayarlori XUC olmayan va Q (-) MI ke¢irmiy xastalora nisbaton
ohamiyyatli doracada yiiksak olmusdur (p<0,05, p<0,01). Q (-) MI ke¢irmis va XUC olmayan xastalorda iso
EF, AS va 2H/D kimi EchoCG parametrlarinin orta dayari Q (+) vo XUC olan xastalor grupuna nisbaton
daha yiiksaok olmugdur.

Acar sozlar: kaskin miokard infarkn, exokardiografiya, tirayin gecikmis postinfarkt remodellogmasi

Kniouesvie cnoea: ocmpuiii ungpapkm muoxapoa, sxoxapouozpagus, no3oHee nocmuH@apkmuoe
pemodenuposarnue cepoya

Key words: acute myocardial infarction, echocardiography, late postinfarction period, cardiac
postinfarction remodeling

R.Ya.Abdullaiev', V.A Kapustnik', V.D.Markovsky',
F.I.LKulikova’®, A.G.Kyrychenko’, N.V.Tomakh®

CHARACTERISTICS OF LATE POST-INFARCTION CARDIAC REMODELING

"Kharkiv National Medical University, Kharkiv, Ukraine;
’Dnipro Institute of Medicine and Public Health, Dnipro, Ukraine;
3Ukrainian State Research Institute of Medical and Social Disability Problems of the
Ministry of Health of Ukraine

Summary. The article presents the results of echocardiography in assessing cardiac remodeling in 79
patients 12 months after acute myocardial infarction (MI). 42 (53.2%) patients had Q-positive (Q+), 37
(46.8%) Q-negative (Q-) myocardial infarction. After 12 months, chronic heart failure (ChHF) was detected
in 32 patients, of which 23 (54.8%) as a result of Q(+), and 9 (24.3%,) O(-) infarction.

In patients who underwent Q (+) MI with ChHF in the late post-infarction period, the values of left
ventricular end-diastolic dimension (EDD), end-sistolic dimension (ESD), left atrial dimension (LAD), local
contractility index (LCI), sphericity index (SI), left ventricular myocardial mass index (LV MMI, g/m*) were
significantly (P<0.05, P<0.01) higher than in patients with Q ( -) MI and without ChHF. The average value
of such EchoCG parameters as ejection fraction (EF, %), degree of shortening of the anteroposterior
dimension of the left ventricle (A4S, %) and the ratio of the total wall thickness and LV EDD (2H/D index) in
patients with Q (-) MI was higher than in the group of patients with Q (+) and without ChHF.
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Chronic heart failure (ChHF) is a leading
cause of morbidity, hospitalization and
mortality in the world [1]. A study conducted
by N.R. Jones et al. (2018) showed that in
recent decades, the survival rates of patients
with CHF have improved and mortality has
slightly decreased. In 2010-2019 one-year and
five-year survival rates were 89.3% and 59.7%,
respectively [2]. Another study conducted by
Magnussen C. et al. (2019) showed a five-fold
increase in the risk of death in the development
of CHF [3].

Ischemic heart disease (IHD) is the major
pathophysiological driver of myocardial infarc-
tion (MI) and the cause of ChHF [4]. Past
myocardial infarction with reduced ejection
fraction is a risk factor for chronic heart failure.
Expansion of the postinfarction scar and
subsequent regional dilatation of the ventricle
can cause postinfarction remodeling leading to
significant enlargement of the left ventricular
(LV) chamber [5, 6].

Adverse postinfarction left ventricular re-
modeling (LVR) is characterized by an increase
in the end-diastolic volume (EDV) >20% or the
end-systolic volume (ESV) >15% compared
with baseline values [7]. In patients with acute
myocardial infarction, mitral insufficiency and
diastolic dysfunction are noted in 30-40% of
cases, more often due to dilatation of the left
ventricular cavity [8].

Ventricular remodeling already occurs
within the first hours after cardiomyocyte
necrosis and proceeds for several months. This
process is characterized by a change in the left
ventricular shape and size, and its dysfunc-
tion. Early remodeling develops within three
months after acute MI; mid-term and late remo-
deling develop within six and twelve months,
respectively [9].

The aim of the study was to determine the
quantitative parameters of cardiac remodeling
in the late post-infarction period using echo-
cardiography.

Material and methods. A retrospective analysis
of the results of echocardiography (EchoCG) was
carried out in 79 patients who had a myocardial
infarction of the left ventricle 12 months ago.
Among those surveyed, 42 had a Q-positive
infarction and 37 had a Q-negative one. According
to the results of clinical and instrumental studies

among patients with Q (+) myocardial infarction,
chronic heart failure (ChHF) was observed in 23
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(54.8£7.7%) patients, and with Q (-) myocardial
infarction in 9 (24 .3+7.1%) of patients (P<0.01).
The age of patients varied within 35-69 years,
averaging 46+5 years for patients with Q (+) and
5447 years for patients with Q (-) infarction. Among
the examined men there were 47 (59.5%), women
32 (40.5%).

EchoCG in B, M and Doppler modes was
performed using a Philips HD 11 device. The linear
dimensions of the heart chambers were determined,
global and local contractility of the left ventricle
(LV), diastolic transmitral and transpulmonary blood
flow were assessed.

To assess the differences in quantitative
indicators between the compared groups, Student's t-
test was wused. Differences were considered
significant at p < 0.05.

Results and discussion. We compared
EchoCG parameters in patients with Q (+) and
Q (-) myocardial infarction at 3-4 weeks
(baseline) and 12 months after its onset. In M
and B modes, the following EchoCG
parameters were determined: LV end-diastolic
dimension (EDD, mm), LV end-systolic
dimension (ESD, mm), left atrial dimension
(LAD, mm), ejection fraction (EF, %), left
ventricular anteroposterior dimension shorte-
ning degree (AS, %), local contractility index
(LCI), sphericity index (SI - the ratio of trans-
verse and longitudinal dimensions of the left
ventricle), 2H/D index (the ratio of the total wall
thickness and LV EDD), left ventricular myo-
cardial mass index (LV MMI g/mz) (Table 1).

As can be seen from the table 1, in patients
who underwent Q (+) myocardial infarction in
the late postinfarction period were recorded an
increase in EDD, ESD, LAD, LCI, SI, LV
MMI, and a decrease in EF, AS, 2H/D. This
was due to dilatation of the left heart and
indicated a decrease in global and local LV
contractility. At the same time, a significant
(P<0.05) difference between the indicators of
the early and late postinfarction period was
noted only in the value of AS (26.5%+1.1
versus 23.1£1.1%). Such dynamics of most
EchoCG parameters was noted in patients with
Q (-) M1, but with a minimum value. With Q
(+) MI, the negative dynamics of EchoCG
parameters in the late postinfarction period
compared with the initial data was more
significant than with Q (-) MI. This difference
was also reflected in clinical symptoms, as CHF
was observed more often in the group with Q
(+) ML



Table 1. Dynamics of EchoCG parameters of LV intracardiac hemodynamics in the early and
late postinfarction period, taking into account the nature of the lesion

EchoCG parameters Q(+)MI Q (-) MI
Outcome After 12 mouths Outcome After 12 mouths
LV EDD, mm 57.4+2 .4 60.9+2.6 55.2+2.4 55.842.5
LV ESD, mm 42,2+2.0 46,8+2,5 39.5+£1.9 39,9+2.1
LAD, mm 38.7+£2.2 41.6£2.4 36.5+£2.3 37.9+2.2
LV EF, % 50,6+2,1 48,2422 52.4+2.0 50.5+2.1
LV AS, % 26.6x1.1 28.4+£1.5 23.2+1.1 28.8+1.2
LV LCI 1.31+£0.06 1.32+0.06 1.19+0.05 1.20+0.05
LV SI 0.59+0.03 0.60+0.03 0.56+0.04 0.57+0.04
LV 2H/D 0.33+0.02 0.34+0.03 0.32+0.02 0.34+0.03
LV MMI g/m? 127.4+11.9 144.7+11,3 121.8+10.6 134.6+11.4

Note: LV EDD - left ventricular end-diastolic dimension, LV ESD — left ventricular end-systolic dimension, LAD — left atrial
dimension, EF — ejection fraction, AS — left ventricular anteroposterior dimension shortening degree, LCI — local contractility
index, SI — sphericity index (the ratio of transverse and longitudinal dimensions of the left ventricle), 2H/D index — the ratio

of the total wall thickness, LV MMI — left ventricular myocardial mass index.

Table 2 compared EchoCG parameters of
patients depending on the presence of ChHF
between the group of patients with Q (+) and
Q (-) MI only in the late postinfarction period.
As can be seen from the table 2, in both
groups with and without ChHF, such parame-
ters as EDD, ESD, LAD, LCI, SI, LV MMI
were higher among patients with Q (+) of MI
than with Q (-) of M1, and EF, AS, 2H/D, on
the contrary, with Q (-) of MI were greater
than among patients with Q (+) of MI. The
highest EDD value was recorded among pa-

tients who underwent Q (+) MI with ChHF
and amounted to 64.9+2.7 mm, which is
significantly (P<0.05 and P<0.001) more than
in patients without ChHF, both with Q wave
(56.842.4 mm), and without a Q wave
(52.5+2.4 mm), respectively. EF in patients
with ChHF and Q (+) MI was significantly
lower (P<0.01) than in patients without ChHF
and averaged 43.4+2.1%. EchoCG parameter
AS among patients with Q (+) MI most signi-
ficantly (P<0.001) differed from the corres-
ponding parameter in patients with Q (-) ML

Table 2. Dynamics of EchoCG parameters of LV hemodynamics in the late post-infarction period,
taking into account the presence of ChHF and the nature of the lesion

EchoCG ChHF (+)n =232 ChHF (-)n=47
parametrs Q(+),n=23 Q(-),n=9 Q(*),n=19 Q(-),n=28

LV EDD, mm 64.9+2.7 59.1+2.6 56.8+2.4 52,5£2.4
P2<0,05
P3<0,001

LV ESD, mm 49.7+£2.8 43,5423 43.9+2.4 36.2+1.9
P3<0,001

LAD, mm 45.1£2.6 39.6+2.1 38.1+£2.2 36.1+£2.3
P2<0,05
P3<0,05

LV EF, % 43.442.1 47.1+£2.1 53.1+£2.3 53.9+2.4
P2<0,01
P3<0,01

LV AS, % 23.5+12 264+13 22.9+0.9 31.2+1.6
P3<0,001 P1<0,001

LV LCI 1.43+0.07 1.26+0.05 1.19+0.05 1.14+0.04
P1<0,05
P2<0,01
P3<0,01

LV SI 0.63+0.05 0.60+0.03 0.56+0.04 0.52+0.06

LV 2H/D 0.30£0.02 0.32£0.03 0.34£0.03 0.36£0.05

LV MMI g/m 2 161.9+£12.4 145.7+12.3 126.8+10.3 123,5+10.4
P2<0,05
P3<0,05

Note: P1 is the difference between subgroups of patients with Q (+) and Q (-) within the ChHF group; P2 - difference between
groups with ChHF and without ChHF within subgroups with Q wave; P3 - difference between subgroups of patients with Q
(+) and Q (-) taking into account the presence of ChHF.
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Table 3. Dynamics of dopplerometric parameters of LV hemodynamics in the late post-infarction
period, taking into account the presence of ChHF and the nature of the lesion

The Doopler parameters ChHF (+)n=32 ChHF (-)n=47
Q(+),n=23 Q(-),n=9 Q(+),n=19 Q(-),n=28
1 2 3 4
Mitral regurgation 21 (91.3+5.9%) 4 3 -
(n=28) P 1-2<0,01 (44.4+16.6%) (15.848.4%)
P 1-3<0,001
Hypertrophic type of mitral 11 5 (55.6£16.6%) 2 -
diastolic flow (47.8+10.4%) P 2-3<0,001 (10.5+7.0%)
(n=18) P 1-3<0,05
The mitral diastolic flow by 12 (52.2+10.4%) 1 - -
pseudo-normalization type P 1-2<0,01 (11.1£10.5%)
(n=13)
PASP mmHg 41.4+4.7 31.6+3.5 19.3+£3.2 16.8+3.1
P 1-3<0,001 P 2-3<0,05
P 1-4<0,001 P 2-4<0,01

Note: PASP — pulmonary artery systolic pressure

Table 3 shows the frequency of mitral
regurgitation and diastolic dysfunction, as well
as the value of systolic pressure in the
pulmonary artery (PA SP, mmHg) depending
on the presence of ChHF and the type of
myocardial damage in the late postinfarction
period. Mitral regurgitation among patients with
ChHF and Q wave was noted in 21
(91.3+5.9%) cases, in the subgroup with ChHF
and without Q wave - in 4 (44.4£16.6%), in the
subgroup without ChHF, but with Q wave - in 3
(15.8+8.4%) cases, respectively (P<0.01 and

P<0.001). Diastolic dysfunction of the left
ventricle in 18 cases was recorded as a
hypertrophic type and in 13 cases as a pseudo-
normalization. Diastolic dysfunction of the left
ventricle according to the type of pseudo-
normalization of mitral diastolic flow was
significantly (P<0.01) more often recorded in
patients with ChHF and Q (+) MI. PASP was
also the highest among patients with Q (+) MI
and ChHF (41.4+4.7 mmHg), which was
significantly (P<0.001) higher than in the group
of patients without ChHF (Fig. 1-4).

Fig. 1. 4-chamber apical view of the heart in a
patient one year after suffering Q (+) anterior
myocardial infarction. Significant dilatation of the
cavity of the left ventricle. The sphericity index of
the left ventricle is 0.81.
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Fig. 2. Parasternal long axis view of the left
ventricle in a patient one year after Q (+) pos-
terior myocardial infarction. Mitral regurgitation
is recorded - in the cavity of the left atrium, a
blue-colored flow is determined at the time of left
ventricular systole.



Fig. 3. 4-chamber apical view of the heart in a
patient one year after Q (+) myocardial

infarction of anterior apical localization.
Registration of diastolic mitral flow (E/A -
0.84) by hypertrophic type.

Discussion The development of CHF post-
MI is driven by the complex pathophysiological
mechanisms underlying cardiac remodeling: an
inflammatory reaction in the area of myocardial
necrosis, isolation of intracellular signaling
proteins, activation of neurohumoral systems,
followed by the development of hypertrophy
and cardiac dilatation, and the formation of a
connective tissue scar. The structural and
functional remodeling of LV was followed by a
decrease in its contractile function leading to
impairment of hemodynamics in organs and
tissues [10]. The adverse cardiac remodeling
post-MI leads to CHF development, associated
with increased re-hospitalization rate, disability,
and mortality of patients [11].

The functioning of the cardiovascular system
as a whole is determined by the adequacy of the
interaction between the heart and the arterial
system during the ejection of blood from the
LV. The predictive significance of diastolic
mitral flow has been demonstrated in a number
of studies. In particular, in patients with
ischemic cardiomyopathy, the ratio Ea/Ees <
1.47 was characterized by better survival rate
compared to those whose indicator exceeded
the specified threshold value [12, 13].

In the postinfarction period, left ventricular
(LV) remodeling is based on the replacement of
a significant part of dead cardiomyocytes with

13

Fig. 4. Registration of blood flow in the pulmonary
veins in a patient after Q (+) myocardial infarction
12 months ago. The systolic velocity is less than the
early diastolic velocity, and an increased reverse
blood flow is also recorded. This is a sign of
pseudo-normalization of the diastolic mitral flow,
which looks “normal”.

fibrous tissue and hypertrophy of intact myo-
cytes with a change in their relative position,
which leads to dilatation of the LV cavity and
its geometric shape. These postinfarction
changes in the LV myocardium contribute to
the development of chronic heart failure.
Ventricular remodeling includes dilatation of
the ventricle, the formation of scar, and
geometrical changes in the overall left ventricle
shape. i.e., ellipsoid to more spherical [14].

Over time, the expansion of the LV cavity
causes an increase in wall tension, which leads
to an increase in end-systolic and end-diastolic
volumes of the left ventricle, increase myocar-
dial oxygen demand, and ultimately may in-
crease the risk of ischemia. Progressive dilata-
tion leads to further hemodynamic conse-
quences, including the formation of both
ischemic and functional mitral regurgitation,
which were discussed earlier. As LV preload
increases without the subsequent ability to
generate sufficient myocardial contractility, LV
end-systolic volume increases and ejection
fraction decreases [15].

Our studies have shown that diastolic dys-
function of the left ventricle, especially mitral
flow by the type of pseudo-normalization, is
significantly more often observed in patients
with Q-positive infarction and is accompanied
by the development of chronic heart failure.
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P.H.Aﬁnyﬂ.ﬂaesl, B.A.KanycTHmcl, B.I[.MapKOBCKHﬁI, (I).I/I.Kyﬂl/IKOBaZ,
A.I.Kypuuenko®, H.B.Tomax’

OCOBEHHOCTH ITO3JHEI'O TIOCTUH®APKTHOI'O PEMOJEJINPOBAHUA CEPJLIA

1 o o .~
Xapvkosckuii HaYUOHATbHLIE MEOUYUHCKULL YHUgepcumem, Xapvkoe, Ykpauna;
2 - g .
Lnenposckuii cocyoapcmeennviil meouyunckuu ynueepcumem, [nenp, Yxpauna;
3 o o o
JInenposckuii uncmumym mpaouyuoHHoU U HempaouyuoHHoU meouyunsl, [nenp, Ykpauna

Pesiome. B craTbe mpeacTaBlieHbl pE3yJbTaThl 3XOKapauorpaduu, MPOBEACHHOIO C LENIBIO OLEHHUTh
pemoenupoBanus cepana y 79 OonbHBIX yepe3 12 mec. mocne octporo uH(papkra Muokapna (MM). 42
(53,2%) OompHBIX mepenec Q-monoxkurenbHbl (Q+), 37 (46,8%) Q-orpumarensHblii (Q-) wuHGAPKT
muokapaa. Yepes 12 mec. xpoHndeckasi cepaeuHas HemoctarouHocTh (XCH) BeisiBneHa y 32 OONBHBIX, U3
HuXx y 23 (54,8%) B pesynbrate Q (+), ay 9 (24,3%) Q (-) undpapkTa MUOKap/a.

VY manuentos nepeHecunx Q (+) UM ¢ nanmuuem XCH B nmo3anemM mocTuH(GapKTHOM MEPHOE BETUINHA
KJIP, KCP, JIII, UJIC, UC, UMMmx 6puta goctosepHo (p<0,05, p<0,01) Bbime, yem y manueHToB ¢ Q (-)
UM u 6e3 XCH. pennss senuunna Takux 9xoKI' mapametpos, kak @B, AS u 2H/D y nanmentos ¢ Q (-) UM
ObLIH BBIIIIE, YeM B TpymIe nanueHToB ¢ Q (+) u 6e3 XCH.
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