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Introduction. Magnetic resonance imaging allows for the assessment of overall
and regional myocardial contractility of the left ventricle, and the use of contrast
enhancement evaluates the depth of wall damage, which together serve as
important prognostic criteria for the improvement of myocardial contractile
function in the postoperative period.

Objective. To determine the diagnostic capabilities of magnetic resonance

imaging in post-infarction cardiac aneurysms.
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ventricle cavity was performed on all patients.

Results. Magnetic resonance imaging reliably detects a greater number of
segments with impaired kinetic function compared to echocardiography. In the
assessment of local contractility using delayed contrast enhancement, a higher
number of segments with impaired kinetics were identified. On average, each
patient had 4.40 £ 0.95 segments with abnormal kinetics. The average difference
in the number of segments amounted to 68 segments [60; 87]. A negative
correlation was observed between the depth of myocardial damage and the
type of local contractility impairment: as the transmurality index increased, the
number of segments with hypokinesis decreased (r = -0.74; p = 0.032), while
the number of segments with akinesis increased (r= 0.82; p = 0.026). In terms of
diagnostic performance, MRl demonstrated superior sensitivity and specificity for
diagnosing post-infarction left ventricular aneurysm, with values of 97.6 % and
100 %, respectively, compared to echocardiography, which had sensitivity and
specificity values of 68.5 % and 8.3 %, respectively.

Conclusion. Magnetic resonance imaging reliably detects a greater number
of segments with impaired kinetic function compared to echocardiography. It
allows for the reliable detection of a greater number of segments with kinetic
impairment compared to echocardiography. The use of MRI with delayed contrast
enhancement increases the informativeness of the method. This technique is safe
and does not increase hospital mortality.

Keywords: cardiac magnetic resonance imaging; diagnostic performance; left
ventricular aneurysm
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AHHOTaymA

AKTyanbHOCTb. MarHiTHO-pe3oHaHCHasA ToMorpadus No3BosISET OLEHUTb 06-
LLYIO 11 PErMOHAPHYI0 COKPATMMOCTb MMOKApZa IEBOTO XeNyA0uKa, a MPUMeHEHNe
KOHTPaCTHOTO yCUNeHWs — ry6UHY NopakeHUs CTEHKM, UTO B COBOKYMHOCTY ABNA-
€TCA BaXKHbIM MPOrHOCTUYECKUM KpUTEPUEM YYYLIEHWA COKPATUTENbHON Cnocob-
HOCTU MUOKapZa B NocsieonepaLioHHOM nepuroge.

Lienb. Onpegenntb ArarHoCTUYeCK/ e BO3MOXHOCTU MarHUTHO-Pe30HAHCHOM To-
morpadum npu NOCTUHPAPKTHbLIX aHEBPK3MaX cepaLa.

MeTopgbl. [N BKNOUEHMSA B NPOCNEKTMBHOE HabNoAaTeNbHOE UCCNeA0BaHME
METOLOM Y/bTPA3BYKOBOIO CKaHWPOBAHUA 1 MarHUTHO-PE30HAHCHOM TOMOrpa-
¢ obcnegoBaHo 160 NaUMEHTOB C NOCTUHGAPKTHOM aHeBpK3MON cepaua. Bcem
nayMeHTam BbINOSIHEHO NPeAonepaLMoHHOe MOLeNpoBaHMe NoaoCTX NeBOro
XenypouKa.

PesynbTaTbl. MarHUTHO-pe3oHaHCcHas Tomorpadus no3sonsaeT onpegenuts 60sb-
LLee KoNIMYeCTBO CErMEeHTOB C HapyLUEHNEM KUHETVKI MO CPaBHEHMIO C SXOKapAno-
rpadueit. MNpu oLeHKe NOKanbHON COKPAaTUMOCTM NPY MarHUTHO-PE30HaHCHOM
TOMOrpadun C OTCPOYEHHbBIM KOHTPaCTUPOBaHNEM onpeaeneHo 6onbLuee Ko-
NINYECTBO CErMEHTOB C HapyLUEeHHbIM KMHe30M. B cpegHem Ha ogHOro naumeHTa
npuwnocs 4,40 + 0,95 cermeHTa € HapyLWeHHON KnHeTukon. CpegHAn pasHuLa no
KOnmuecTBy CerMmeHToB cocTaBmna 68 [60; 87]. BbiAiBneHa oTpuuaTenbHas koppens-
LIMOHHaA CBA3b MeX[Y FyOUHOI NopaXeHns MMOKapAa U BapraHTOM HapyLIeHWs
NOKasbHON COKPATUMOCTU: C yBENMYEHVEM MHAEKCa TPaHCMYPanbHOCTU yMeHbLLa-
€TCA KONMYEeCTBO CErMEHTOB C MMMOKMHe30M (r =-0,74; p = 0,032) n yBennumsaetca
KONMYEeCTBO CErMEHTOB C aknHe3oM (r = 0,82; p = 0,026). Mpu oueHKe AnarHoCTu-
yecko 3GPEeKTMBHOCTM MarHNTHO-pe30HaHCHas TomMorpadus nokasana pesysnb-
TaTbl BbilLe MO MOKa3aTento YyBCTBUTENbHOCTM U CNeLMPUUHOCTI B JUArHOCTHKe
NoCcTUH(APKTHON aHeBPW3MbI NEBOTO Xenyaouka — 97,6 1 100 %, a npv 3XoKapamno-
rpadun nokasatenu coctaBunu 68,5 n 8,3 % COOTBETCTBEHHO.

3akniouyeHne. MarHuTHO-pe3oHaHCHas Tomorpadus No3BoNsSET ONpeaenuTb
6onbLuee KONMYECTBO CETMEHTOB C HAaPYLIEHNEM KMHETUKI MO CPABHEHWIO C 3XO0-
Kapauorpadueii. MpumeHeHre MarHUTHO-PE30HaHCHOM ToMorpadum ¢ oTcpo-
YEHHbIM KOHTPACTVPOBAHNEM 3HAUNTENbHO MOBLIWAET UHGOPMATUBHOCTL Me-
Tofa. [laHHbIli MeToq ABNAeTC 6€30MacHbIM 1 HE YBENNUMBAET rOCNUTaNIbHY0
neTanbHOCTb.

KnioueBble c/IOBa: aHEBPY3MA JIEBOTO XKENYA0UKA; AMArHOCTKA aHEBPU3MbI
CepAaua; MarHUTHO-pe3oHaHCHas Tomorpadus cepaLa
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Introduction

Despite advances in modern cardiology in the treat-
ment of patients with acute myocardial infarction (Ml),
a significant group of patients remains in whom a post-in-
farction left ventricular (LV) aneurysm develops [1; 2], re-
quiring surgical intervention [3]. This cohort of patients
presents with a more severe condition [4] compared to
uncomplicated coronary artery disease (CAD), as the for-
mation of a post-MI LV aneurysm often occurs against
a background of multivessel coronary artery disease [5]
and is accompanied by a reduction in LV systolic function
[6]. Consequently, this leads to a decline in quality of life
and work capacity [7; 8].

The primary method for treating chronic heart failure
(CHF) resulting from a post-MI LV aneurysm is current-
ly surgical. Despite the long history of addressing this is-
sue, many questions remain regarding patient selection
for surgical treatment. Modern diagnostic methods, par-
ticularly cardiac magnetic resonance imaging (MRI), allow
for the differentiation of heart wall layers [9] and enable
the assessment of global and regional LV myocardial con-
tractility, providing a realistic picture of cardiac function-
al capacity [10] and the presence of intracardiac thrombi
[11]. Furthermore, contrast-enhanced MRI allows for the

o

evaluation of the depth of myocardial scar tissue [12-14],
serving as an important prognostic criterion for the im-
provement of LV myocardial contractile function follow-
ing revascularization [15]. The primary endpoint of the
study was the absolute difference between the predict-
ed (based on modeling) and the actual post-operative
end-systolic volume index (ESVi). The sample size calcu-
lation was based on the assumption that this difference
would be 10 ml/m?in the MRI group and 15 ml/m?in the
echocardiography (Echo) group, i.e., a clinically significant
effect of 5 ml/m? with a standard deviation of 9 ml/m? It
was thus calculated that to detect a clinically significant
effect, it would be sufficient to include 104 patients in the
study (52 in each group). To compensate for incomplete
observations, the calculated sample size was increased
by 15 %, resulting in a final sample size of 120 patients
(60 in each group) with a power of 80 % and a type | er-
ror rate of 5 %.

The study consists of two phases. This article is dedi-
cated to the first phase of the study, where 160 patients
were screened for eligibility criteria. The results of their
Echo and MRI examinations were subsequently used to
assess the diagnostic capabilities of these methods in de-
tecting post-MI LV aneurysms. The second phase of the

Excluded (n =40):

Did not meet the eligibility
criteria based on CE-MRI
findings (n=37)

Declined to participate
inthe study (n=3)

)

Patients with CAD and suspected LV aneurysm (n = 160)
| All patients underwent Echo and CE-MRI
P A
H =<
A Analysis of the Diagnostic Capabilities of MRl in
S Detecting LV Aneurysms
E
— ) 4
< Randomization (n = 120)
I |
P
H < Preoperative modeling based on Preoperative modeling based on Echo
A CE-MRI data (n = 60) data (n = 60)
S
E
Comparative analysis of preoperative modeling using Echo and CE-MRI

—

Fig. 1. Flowchart

Note. CAD - Coronary artery disease; CE-MRI — Contrast-enhanced cardiac magnetic resonance imaging;

Echo - Echocardiography; LV - Left ventricle.
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Fig. 2. Stages of preoperative modeling based on echocardiography: A — Determination of left ventricular end-
diastolic volume (LV EDV); B - Modeling of LV EDV

study involving patient randomization is not covered in
this article.

Objective of the study is to determine the diagnos-
tic capabilities of MRI in detecting post-infarction cardi-
ac aneurysms.

Methods

This was a single-center prospective study. The study
subjects were patients with CAD in whom a LV aneurysm
was detected by Echo. The study design was based on
LV cavity modeling using MRI data, the results of which
served as a guide for reducing the LV cavity during surgi-
cal intervention. The study consisted of two phases (Fig. 1).
In the first phase, 160 patients were screened for eligibility.

Inclusion and Exclusion Criteria

Inclusion criteria for patients were: age between 30
and 75 years (inclusive), presence of coronary artery pa-
thology requiring coronary artery bypass grafting (CABG),
a history of myocardial infarction, and impaired regional
LV myocardial contractility according to Echo.

Exclusion criteria for patients were: presence of
contraindications to MRI (specifically, MR-incompatible
pacemakers or other electronic devices previously im-
planted in patients), and patient refusal to participate in
the study. All patients initially underwent Echo, based on
which a diagnosis of post-infarction cardiac aneurysm
was established. Subsequently, coronary angiography
and contrast-enhanced cardiac magnetic resonance im-
aging (CE-MRI) were performed. Based on the results of
Echo and MRI examinations, preoperative LV cavity mod-
eling was performed for all patients. This article does not
discuss randomization and its results. The presented re-
sults pertain to the initial 160 patients.

Echocardiographic examination was performed using
Vivid 7 (General Electric, USA) and Philips iE33 (Philips
Healthcare, USA) systems. In the preoperative period,
all patients underwent transthoracic echocardiography
according to a standard protocol in compliance with
the recommendations of the American Society of
Echocardiography and the European Association of
Echocardiography. The study protocol included the
assessment of standard parameters of myocardial pump
and contractile function. The examination was conducted
with the patient lying in the left lateral decubitus position.

Linear dimensions were measured in the longitudinal
view using 2D mode, accounting for changes in shape
during systole and diastole. Left ventricular end-diastol-
ic volume (EDV), end-systolic volume (ESV), and ejec-
tion fraction (EF) were calculated using Simpson’s meth-
od in the 4-chamber and 2-chamber views. The cardiac
valve apparatus and the presence of intracardiac throm-
bi were assessed. Analysis of regional LV contractility was
performed using the standard 17-segment model. The
study protocol recorded the following parameters: left
ventricular end-diastolic diameter (EDD, cm), basal-api-
cal dimension (BAD, cm), end-systolic volume (ESV, ml)
and end-diastolic volume (EDV, ml), stroke volume index
(SVI, ml/m?), left ventricular ejection fraction (LVEF, %),
as well as the thickness of the posterior myocardial wall
(cm) and the interventricular septum (cm). The method-
ology for preoperative modeling based on echocardio-
graphic data is described in detail in the monograph by
Chernyavsky A.M. et al., “Reconstructive Surgery of Post-
Infarction Left Ventricular Aneurysms”[16]. The essence of
the method lies in determining the optimal end-diastolic
volume (EDV) (Fig. 2) based on the relationship between
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Fig. 3. Stages of
preoperative modeling
based on MRI:

A - Modeling of left
ventricular end-diastolic
volume in the 4-chamber
view;

B — Modeling of the left
ventricular cavity in the
2-chamber view

the stroke volume index and the ejection fraction of the
contracting portion of the left ventricle. The permissible
resection area of the aneurysmal portion of the LV is cal-
culated as the difference between the original LV cavity
area and the area corresponding to the optimal volume
determined above.

The extent of CAD was assessed using selective
coronary angiography via the Judkins technique, with
images stored on digital media. The procedure was per-
formed via a transradial approach by puncturing the right
radial artery. The study was conducted using the radi-
opaque contrast agents “Ultravist-320", “Visipaque”, or
“Omnipaque” The contrast agent was administered man-
ually directly into the coronary artery ostium, with 5 to
8 ml per injection for each projection. Coronary arteries
were visualized in standard projections. For result analysis,
angiographically significant stenosis was defined as a nar-
rowing exceeding 70 % of the coronary artery diameter.

MRI was performed according to a standard protocol
on a Phillips Achieva 1.5T scanner. A prerequisite for ob-
taining high-quality data is cardiac synchronization with
breath-holding. The MRI study followed a standard pro-
gram for functional and morphological assessment be-
fore and after early and late contrast enhancement using
a gadolinium-based contrast agent at a dose of 0.2 ml/kg
of patient weight. Following a localizer scan of the chest,

Fig. 4. Preoperative modeling
of the left ventricular (LV) cavi-
ty in the 2-chamber short-axis
view:

A - Modeling at the level

of the mitral valve;

B - Modeling at the mid-level
of the cardiac long axis;

C - Modeling in the distal
portions

functional imaging series using Fiesta-CINE sequenc-
es were acquired in standard planes (2-chamber and
4-chamber long-axis views). Subsequently, the contrast
agent was administered. Immediately after contrast in-
jection, T1-weighted TSE images were acquired along the
2-chamber and 4-chamber long axes to detect intracavi-
tary thrombotic masses. This was followed by a functional
image series using Fiesta-CINE sequences in the 2-cham-
ber short-axis view. At 10-15 minutes post-contrast in-
jection, a series of late gadolinium enhancement images
were acquired using a T1-weighted phase-sensitive inver-
sion recovery technique in the short-axis 2-chamber view
to identify and quantify the volume of myocardial scar tis-
sue. The original myocardial thickness was taken as 100 %.
The degree of contrast enhancement was determined by
the ratio of the thickness of the affected myocardium to
the total left ventricular wall thickness at that level. The
depth of myocardial involvement was categorized as less
than 50 %, 50-75 %, and 75-100 %.

MR image analysis included preoperative modeling,
performed using MedViso software. The essence of the
modeling (Fig. 3) was to maximally exclude zones with
50-75 % and 75-100 % depth of myocardial involvement
while achieving the target stroke volume and increasing
the LVEF.
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Fig. 5. 3D model of the simulated left ventricular (LV)
cavity: A - Physiological orientation;
B - Vertical orientation

Adjustment of the planned cavity volume is performed
by increasing the LV EDV. If the volumetric and functional
parameters of the planned cavity volume are optimal, the
inner contour tracing (Fig. 4) is automatically transferred
from the 4chamber projection to the 2chamber projection
by shifting the coordinate axis.

Subsequently, the inner cardiac contour is projected
onto diastolic cine images in the SA-12 program at each
level. Thus, on each image, four coordinate points of the
planned cavity contour are projected. By tracing these
points, a preoperative 3D model (Fig. 5) of the left ventric-
ular diastolic cavity is constructed.

Based on the 3D model, resection points for scar
tissue were determined along the anterior, inferior,
lateral walls, and the interventricular septum, starting
from the level of the mitral valve annulus. These data
from the preoperative magnetic resonance imaging
modeling serve as a guide for the surgical reconstruction
of the left ventricular cavity. Following the modeling
phase, 40 patients were excluded from the analysis (37
had no indication for aneurysmectomy and LV cavity
reconstruction based on the modeling results, and 3
declined further participation in the study). Thus, the
diagnostic capabilities of the MRl method were assessed
by analyzing data from 160 patients, while the remaining
120 patients were randomized using the envelope
method for the second phase of the study (Fig. 1). The
first group (n = 60) comprised patients whose LV cavity
reconstruction was guided by preoperative MRI modeling
data. The second group (n = 60) comprised patients
whose surgical intervention was guided by preoperative
echocardiographic modeling data. This article pertains
to the first phase of the study, and all calculations were
performed based on the initial cohort of 160 patients.
The study conforms to the principles of the Declaration
of Helsinki. The research protocol was approved (Protocol

No. 1, dated 08.10.2014). The following parameters were
used to evaluate the efficacy of the MRI method: the
number of segments identified with impaired kinetics
and the depth of myocardial involvement (transmurality
index). The transmurality index was assessed based on
the thickness of contrast-enhanced myocardium within
each individual segment. Depending on the obtained
transmurality index values, patients were categorized
into subgroups: values less than 0.5 indicated patients
with subendocardial contrast enhancement, while
values greater than 0.5 indicated transmural contrast
enhancement. To assess the localization of scar tissue
and regional wall motion abnormalities, the standardized
17-segment model adapted by Cerqueira M.D. et al. [17]
was used.

Statistical Analysis

The diagnostic accuracy of MRI and Echo in detecting
post-infarction LV aneurysms was compared by
determining their diagnostic characteristics (sensitivity
and specificity) relative to the intraoperative diagnosis,
which served as the reference standard. Continuous
(quantitative) variables were tested for normality using the
Kolmogorov-Smirnov test. Depending on the test results,
data are presented either as the mean with standard
deviation (M £ SD) for normally distributed variables, or as
the median with interquartile range (Me [Q1; Q3]) for non-
normally distributed variables. Categorical variables are
presented as absolute numbers with percentages (n (%)).
The direction and strength of the correlation between
two quantitative indicators were assessed using Pearson’s
correlation coefficient (r). The strength of the correlation
was evaluated using Chaddock’s scale for the absolute
value of the correlation coefficient (|r|): less than 0.3 -
weak; 0.3 to 0.5 - moderate; 0.5 to 0.7 — noticeable; 0.7
to 0.9 - high; 0.9 to 0.99 - very high. The direction of the
correlation was considered positive if r > 0 and negative
if r < 0. The statistical significance of the correlation
coefficient was tested using Student’s t-test. A correlation
was considered statistically significant at p < 0.05.
Statistical analysis was performed using R software (R Core
Team, 2018. R: A language and environment for statistical
computing. R Foundation for Statistical Computing,
Vienna, Austria. URL: https://www.R-project.org/).

Results

The study included 160 patients diagnosed with
post-infarction cardiac aneurysm based on Echo. The vast
majority of patients were male (86.9 %); the mean age
was 59 £ 9 years; the time since the last coronary event
was 11.5 + 8 months; angina pectoris of functional class Il
was present in 63 % of cases (101 patients); heart failure of
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Table 1. Clinical, demographic, and functional
characteristics of the patients

Result
Parameter |§Ch0- Cardiac
cardiography
. MRI
(Biplane)
Sex
Male, n (%) 139 (86.9)
Female, n (%) 21(13.1)
Age, years 59+9
Body Mass Index (BMI), kg/m? 298+4
Angina pectoris functional 3[2; 31%
class
Heart failure functional class 3[2;3]*
LV End-Diastolic Volume, ml 197 £45 245 +49
LV End-Diastolic Volume In- 98 + 21 126 + 27
dex (EDVi), ml/m?
LV End-Systolic Volume, ml 116 £37 177 £47
LV End-Systolic Volume Inde, 61+18 92+25
ml/m?
LV Ejection Fraction, % 39+6 27+6
Posterior Wall Thickness, cm 1.1+£0.2 09+0.2
Interventricular Septum 1.2+0.3 1.1+£0.2

Thickness, cm

Note. Data are presented as mean + standard deviation or as median
[interquartile range; Q1; Q3] (*). BMI - Body Mass Index; EDVi - End-
Diastolic Volume Index; ESVi - End-Systolic Volume Index; FC - Functional
Class; IVS - Interventricular Septum; LV - Left Ventricle.

NYHA functional class Il and Ill was identified in 40 (25 %)
and 117 (73 %) patients, respectively. Among comorbidi-
ties, arterial hypertension and atherosclerosis of the bra-
chiocephalic arteries were the most frequently observed.
All patients underwent both echocardiography and MRI
(Table 1). According to echocardiography, mitral regurgi-
tation was grade Il in 50 % of cases and grade Ill in 38 %
of cases.

Table 2. Number of segments with impaired regional
contractility

Number of Numb
Type of Kinetic Segments ol;nn;lise-r
Abnormality matches

Echo MRI

Hypokinesis, n (%) 203 (7.5) 259(9.5) 56
Akinesis, n (%) 237 (8.7) 276(10.1) 39
Dyskinesis, n (%) 137 (5.0) 179(6.6) 42
Total 577 (21.2) 714 (26.3) 137

Note. Echo - echocardiography; MRI - magnetic resonance imagining.
Percentages are calculated from the total number of myocardial
segments analyzed (n = 2720; 160 patients X 17 segments).

According to coronary angiography results, three-ves-
sel coronary artery disease was identified in 59 (36.9 %)
patients, two-vessel disease in 57 (35.6 %) patients, and
single-vessel disease in 42 (25.3 %) patients. Two patients
(1.2 %) had no angiographically significant coronary artery
lesions. Among the entire cohort, 16 (10 %) patients had a
stenosis of the left main coronary artery exceeding 50 %.
When angiographically significant stenosis involved a sin-
gle vessel, it invariably affected the left anterior descend-
ing artery. In cases of two-vessel disease, angiographically
significant stenosis involved the left anterior descending
and circumflex arteries in 35 % of cases (20 patients), or
the left anterior descending and right coronary arteries
in 65 % of cases (36 patients), with one exception. In that
single case, no significant left anterior descending artery
lesion was found, and stenosis was present in the circum-
flex and right coronary arteries. A comparison of region-
al wall motion abnormality data between echocardiogra-
phy and MRI revealed that MRl identified a greater number
of segments with impaired contractility, including those
with hypokinesis and akinesis (Table 2). On average, MRI
detected 4.4 + 0.95 segments with abnormal kinetics per
patient. The mean difference in the number of segments
was 68 segments [60; 87].

MRI with contrast enhancement revealed a statistical-
ly significant correlation between the depth of myocardi-

Table 3. Correlation analysis between the depth of myocardial involvement and regional wall motion abnormalities

Transmurality Index by Thickness

Type of Wall Motion Abnormality
<0.5 (n=143)
Hypokinesis, n (%) 230 (8.5)

Akinesis, n (%) 208 (7.6)

>0.5(n=17) Coefficient (r) son’s Correlation
29(1.1) -0.73 0.032
68 (2.5) 0.81 0.026

Note. Percentages indicate the proportion of segments relative to the total number of segments analyzed.
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Table 4. Concordance rate between ultrasound-based preoperative and intraoperative diagnoses in post-infarction left

ventricular aneurysm

. . Surgery performed
Study method izl :or Lt‘.l cavity Total observations
geconsiiycuon Not performed Performed
Surgery not indicated, n (%) 3(2) 39(24) 42
Echocardiography
Surgery indicated, n (%) 33(21) 85 (53) 118
Total 36 124 160

al involvement and the type of regional wall motion ab-
normality (Table 3).

We identified a negative correlation between these
parameters: as the transmurality index by thickness
increased, the number of segments with hypokinesis
decreased (Pearson’s correlation coefficient r = -0.73;
p = 0.032), and the number of segments with akinesis
increased (r = 0.81; p = 0.026). Consequently, regional
wall motion abnormality shows a statistically significant
dependence on the transmurality index. Subsequently,
an assessment of the diagnostic capabilities of both
methods was conducted in patients with a post-infarction
cardiac aneurysm. The concordance rate between the
preoperative and intraoperative diagnoses was evaluated
to address the question of the necessity, appropriateness,
and planning of surgical intervention for LV aneurysm.
The preoperative decision was based on modeling data
and the calculated projected volumetric-functional
parameters [16].

As shown in Table 4, surgery (aneurysmectomy with LV
reconstruction) was performed in only 85 out of 118 cases
(72 %) where it was indicated based on echocardiography.
Conversely, in 92 % of cases (39 out of 42) where surgery
was deemed not indicated by preoperative modeling, LV
cavity reconstruction surgery was ultimately performed
based on intraoperative findings. Considering these
data, it can be concluded that echocardiography alone
cannot provide a definitive answer regarding the

necessity of surgical intervention for post-infarction LV
aneurysm. In cases where surgery was indicated but not
performed, the decision was made intraoperatively by the
operating surgeon. A similar assessment was conducted
for the concordance rate between preoperative and
intraoperative diagnoses using contrast-enhanced cardiac
MRI.

As seen in Table 5, all 120 patients (100 %) with
indications for LV aneurysm repair based on preoperative
modeling using MRI results underwent LV cavity
reconstruction surgery. Only in 3 cases (7.5 %) out of
40, where surgery was not indicated by preoperative
modeling results, was LV cavity reconstruction surgery
nevertheless performed based on intraoperative findings.
In cases where surgery was not initially indicated but
was ultimately performed, the decision was made
intraoperatively by the operating surgeon. By combining
the data from Tables 4 and 5, we obtain a contingency
table of true and false diagnostic results for post-infarction
LV aneurysms using the two imaging methods.

Based on the data from Table 6, the sensitivity and
specificity of the two methods for diagnosing post-infarc-
tion cardiac aneurysms and determining the indications
for left ventricular cavity reconstruction were determined.

For both metrics, MRI demonstrated superior results,
attributed to the objective visualization of all cardiac
structures and the assessment of the extent of myocardi-
al scar tissue. In a similar manner, the diagnostic accura-

Table 5. Concordance rate between preoperative tomographic (MRI-based) and intraoperative diagnoses in post-infarction

left ventricular aneurysm

Indication for LV cavity

Surgery performed

Study Method reconstruction Total observations
Not Performed Performed
Contrast-Enhanced MRI Surgery not indicated, n (%) 37 (23) 3(2) 40
Surgery indicated, n (%) 0 120 (75) 120
Total 37 123 160

Note. Based on the data, contrast-enhanced MRI demonstrated a significantly higher concordance with intraoperative decisions, correctly identifying
cases where surgery was not needed and providing strong agreement when it was indicated.
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Table 6. Objective parameters of the diagnostic value of echocardiographic and magnetic resonance imaging methods for

post-infarction left ventricular aneurysms

Characteristic Interpretation of Result
True Positive (TP)
Sensitivity (Se)
False Negative (FN)
True Negative (TN)
Specificity (Sp)

False Positive (FP)

Total Observations

Imaging Method
Echocardiography Magnetic Resonance Imaging
85 120
39 3
3 37
33 0
160 160

Note. Sensitivity and specificity were calculated using intraoperative findings as the reference standard. TP: Surgery indicated by imaging and performed;
FN: Surgery indicated by imaging but not performed; TN: Surgery not indicated by imaging and not performed; FP: Surgery not indicated by imaging

but performed.

cy of the two imaging methods was evaluated regarding
the detection of intracardiac thrombi, and their diagnos-
tic performance in visualizing intracardiac masses was
calculated.

Based on the obtained data, the diagnostic accuracy
of the two methods for visualizing intracardiac masses
was calculated.

The accuracy of magnetic resonance imaging in vi-
sualizing intracardiac masses is superior compared to
echocardiography. This is attributed to the clear visual-
ization of all cardiac structures, including the apex, where
blood flow stasis most frequently occurs against the back-
drop of post-infarction LV aneurysm formation, thereby
promoting the development of mural thrombi. For both
metrics, MRl demonstrated superior results: sensitivity of
94.9 % versus 78 % for Echo, and specificity of 98.4 % ver-
sus 91.5 %, respectively. At the same time, the frequency
of detecting intracardiac thrombi was comparable: 50.6 %
by Echo and 48.1 % by MRI. However, the rate of false-neg-
ative results in detecting intracardiac thrombi was two
times lower for MRl compared to Echo, at 8.1 % versus
16.3 %, respectively.

Table 7. Accuracy of echocardiography and magnetic
resonance imaging methods in diagnosing post-infarction
cardiac aneurysms, %

i i Magnetic
ll\)nleatgr:::oshc Echocardiography Resonance
Imaging
Sensitivity 68.5 976
Specificity 83 100

Note. Sensitivity and specificity were calculated using intraoperative
findings as the reference standard for determining the need for left
ventricular cavity reconstruction.

Discussion

MRI demonstrates high diagnostic accuracy, defined
by its sensitivity and specificity, in detecting heart disease
[18]. Cardiac MRI with late gadolinium enhancement
significantly aids in assessing myocardial structure
[19; 20], especially against the backdrop of changesin the
anatomical shape and size of cardiac chambers [21] and
variations in myocardial thickness across different regions
[22]. This study evaluated the diagnostic capabilities,

Table 8. Concordance rate between preoperative and intraoperative findings in the diagnosis of intracardiac thrombi

Cardiac Imaging Method

Thrombus
Present
Echocardiography
Absent
Present
Magnetic Resonance Imaging
Absent

Preoperative Imaging Result for LV

Intraoperative Finding of Intracardiac

Thrombus
Present Absent
67 14
26 53
66 11
13 70
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Table 9. Accuracy of echocardiography and magnetic
resonance imaging in the diagnosis of intracardiac
thrombosis, %

Diag!\ostic Echocardiography R,\::E:aer:icce
Metric Imaging
Sensitivity 78.0 94.9
Specificity 91.5 98.4

imaging accuracy, sensitivity, and specificity of MRI for
a specific nosological form of CAD: post-infarction LV
aneurysm. The obtained data on the depth and extent of
scar tissue allowed for a correlation analysis with the types
of myocardial kinetic abnormalities. This information is
extremely important in managing a patient with a post-
infarction cardiac aneurysm and aids in selecting the
optimal treatment strategy. The diagnostic efficacy of the
method for CAD, which encompasses several nosological
forms, has been assessed by several authorsin large patient
cohorts [23; 24]. In these studies, diagnostic efficacy was
evaluated for visualizing the cause of exertional angina
[25], acute myocardial infarction [26], and post-infarction
cardiosclerosis [27], without specifically isolating a group
of patients with post-infarction LV aneurysm. Nevertheless,
the reported results for sensitivity and specificity in
diagnosing post-infarction cardiosclerosis are comparable
to our findings, at 93.2 % and 98.5 %, respectively.

In clinical practice, MRI is used as an adjunctive
diagnostic method in complex cases, such as the
development of heart failure in the context of a post-
infarction cardiac aneurysm, to assess myocardial viability.
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