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CORRELATIONS BETWEEN CLINICAL AND LABORATORY FINDINGS
AND PROGNOSTICALLY UNFAVORABLE CMR-BASED CHARACTERISTICS

OF ACUTE ST-ELEVATION MYOCARDIAL INFARCTION
Aim To evaluate factors associated with unfavorable predictive characteristics of ST-segment elevation
acute myocardial infarction (STEMI) as per data of magnetic resonance imaging (MRI).

Material and methods The study included S2 patients with STEMI who underwent a primary percutaneous coronary
intervention (pPCI). Contrast-enhanced cardiac MRI was performed for all patients on days 3-7.
Delayed contrast-enhancement images were used for assessing infarct size, presence of microvascular

obstruction (MVO) areas, and heterogeneity zones.

Results Multifactorial analysis showed that independent predictors of MVO were type 2 diabetes mellitus
(DM) (relative risk (RR) 1.9, confidence interval (CI): 1.1-3.26, p=0.012), increased levels of brain
natriuretic peptide (BNP) (RR 2.04, CI: 1.39-2.99, p=0.004) and creatine kinase (CK) (RR 2.06, CI:
0.52-0.80, p=0.02), and infarct size (IS) (RR 2.81; CI: 1.38-5.72, p=0.0004). Construction of ROC
curves provided the quantitative values of study indexes, at which the risk of MVO increased. For
BNP, this value was >276 pg/ml (sensitivity, 95.7%; specificity, 37.9%); for CK >160 U/1 (sensitivity,
74.1%; specificity, 61.9%); and for IS >18.8% (sensitivity, 79.3%; specificity, 69.6%). Correlation
analysis of risk factors for increased size of the heterogeneity zone showed significant correlations of
the heterogeneity zone size with older age of patients (r=0.544, p<0.0001), higher concentrations
of BNP (r=0.612, p<0.0001), CK (r=0.3, 95% CI: 0.02-0.5, p=0.03), and C-reactive protein (CRP)
(r=0.59, CI: 0.3-0.7, p=0.0001). Increased levels of CK (r=0.53, 95% CI: 0.29-0.70, p=0.0001) and
BNP (r=0.55, 95% CI: 0.28-0.70, p=0.0003) significantly correlated with increased IS.

Risk of MVO formation as per MRI data increased in the presence of type 2 DM and IS >18.8% (p<0.05).
Formation of MVO in patients with STEMI was associated with increased levels of BNP >276 pg/ml
and CK >160 U/1 (p<0.0S). Increased levels of BNP, CK, and CRP were associated with a larger size
of heterogeneity zone according to data of the correlation analysis. A larger heterogeneity zone was
more typical for older patients. Increased levels of CK and BNP were also associated with larger IS. The
correlation analysis did not show any significant interactions between the size of heterogeneity zone, IS,
and MVO size (p>0.05).

Conclusion
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Introduction contributed to a more accurate estimation of the prog-

Despite recent significant progress in the treatment
of myocardial infarction (MI) and noticeable impro-
vement in post-MI prognosis, mortality remains high
and persists at 7.3% during the first year [1]. New
cardiac magnetic resonance imaging (MRI) with cont-
rast enhancement allowed detecting several structural
MRI characteristics of myocardial infarction, which
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nosis for patients [2].

The infarction size, the presence and size of the
microvascular obstruction (MO) sites, and heterogeneity
size are among the main MRI predictors of unfavorable
prognosis in acute MI patients (Table 1). The first two
parameters have an effect on all-cause mortality rates and
the rate of hospitalizations for heart failure (HF) [3, 4]. The
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latter is a risk factor in ventricular arrhythmias and sudden
cardiac death [S].

Clinical and laboratory indicators which can lead to the
appearance or aggravation of adverse MRI characteristics of
acute myocardial infarction (AMI) have not been sufficiently
studied.

Objective

To evaluate factors associated with prognostic adverse
MRI characteristics of ST-segment-elevation acute myo-
cardial infarction (STEAMI).

Material and methods

The study was conducted in accordance with the Declaration
of Helsinki of the World Medical Association and approved by the
ethics committee of the Russian National Cardiology Research
Center. All patients signed informed consent to participate in the
study.

The study included 52 patients with first-onset STEAMI
within 48 hours from disease onset. AMI was diagnosed following
the Fourth Universal Definition of Myocardial Infarction [6].

ECG criteria given in the 2017 Guidelines of the European
Society of Cardiology were used for STEAMI [ 7].

All patients underwent urgent coronary angiography (CAG)
and primary percutaneous coronary intervention (pPCI) for
infarct-related artery (IRA). Contrast-enhanced cardiac MRI was
performed on days 3-7 in a superconducting MR scanner with a
1.5T magnetic field strength (Siemens Avanto).

Non-contrast scanning included:

« cine-MRIin standard views (2- and 4 chamber long axes,
LV short axis) evaluating left ventricular end-diastolic
volume (LVEDV), left ventricular end-systolic volume

Table 1. Main MRI characteristics of AMI

Parameter/definition MRI signs

The myocardial volume

or mass that accumulates the
contrast agent in the delayed
contrast-enhancement phase

Infarction size

MO is an area in the IRA bed where
coronary microcirculation is still
abnormal while the blood flow in IRA
is recovered

The reduced intensity zones
located inside the contrast
accumulating site

The area with SI

0f 25-50% of the maximum
in the delayed contrast-
enhanced images

Heterogeneity is a peri-infarct zone
with a histopathological combination
of necrotized tissue, ischemic and
intact cardiomyocytes, and fibroblasts

MO, microvascular obstruction;
IRA, infarct-related artery; SI, signal intensity.
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(LVESV), ejection fraction (EF), local myocardial
contractility abnormalities in 17 LV segments;

« T2 weighted images in the same views to estimate
myocardial edema (considered as more than 2-fold
signal intensity (SI) compared to the normal
myocardium.

«  Gadolinium-based contrast agent (Magnevist, Bayer
AH) was used at a dose of 0.15 mmol/kg body weight.

The contrast-enhanced scanning included:

« early contrast enhancement (2 minutes after intravenous
contrast injection);

« delayed contrast enhancement (10-20 minutes after
intravenous contrast injection).

Contrast-accumulating sites were regarded as acute or
chronic myocardial injury (depending on the presence of
edema in T2 weighted images).

The reduced intensity zones located inside the contrast
accumulating site were considered as MO.

The region with signal intensity of 25-50% of the contrast
accumulating site was regarded as a heterogeneous zone.

The CVI-42 (circle cardiovascular imaging) program
was used to perform tissue analysis. The size of MI, MO,
heterogeneous zone, and LVEF were estimated. Based on
the signal intensity analysis, a necrosis part (more than S
standard deviations compared to the normal myocardium)
and a heterogeneous zone (2 to S standard deviations) were
identified in the injury area. The masses of necrosis and
heterogeneous zones were quantified, and their percentage
of the LV myocardial mass was determined.

Brain natriuretic peptide (BNP) was analyzed by
chemiluminescent immunoassay (Abbott, USA). Creatine
phosphokinase (CPK) was determined by photometric
enzymatic assay (Abbott, Architect C 8000), and C-reactive
protein (CRP) was measured by turbidimetry (Abbott).

Statistical analysis

Statistical data analysis was performed using MedCalc 15.8
Portable and Stat Research V 7.32.1 light software programs.
The data obtained was tested for distribution normality using
the Kolmogorov-Smirnov test. Mean and standard deviation
or 95% confidence interval was provided for the quantitative
characteristics with normal distribution. Relative risk was
determined using a multivariate analysis by binary dependent
logistic regression, in order to determine the outcome rate ratios
among the subjects. ROC-curve was built, and the sensitivity
and specificity were analyzed to calculate an optimal cut-off
value of the parameters of interest. Spearman’s correlation
analysis was used to determine the dependence of quantitative
variables. Differences were regarded as statistically significant at
p<0.05 for each of the hypotheses tested.
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Results

The percentage of male patients was 85%, and the median
age was 59.09+7.7 years. All patients were subjected to
reperfusion therapy by pPCI. The median time of pPCI from
the onset of symptoms was 3 hours. Characteristics of the
groups are provided in Table 2.

Clinical and laboratory
factors and risk of developing MO

A multivariate analysis was conducted to assess the risk
factors of MO in patients with MI. The results are presented
in Table 3. The analysis of clinical factors did not find any
statistically significant correlation between the age of
patients, history of arterial hypertension (AH), smoking,
obesity, and MO (p>0.05). The presence of type 2 DM
turned out to be an independent predictor of developing
MO (OR 1.9, 95% CI: 1.10-3.26; p=0.012). Elevated levels
of BNP (OR 2.04, 95% CI: 1.39-2.99, p=0.004) and CPK
(OR 2.06, 95% CI: 0.52-0.80, p=0.02) were identified as
independent predictors of the risk of MO. No significant
correlation was established between CRP levels and the risk
of developing MO (p=0.6).

When the ROC-curves were constructed, the levels of
laboratory indicators of interest associated with the highest
risk of developing MO were determined. BNP was >276
pg/mL with high specificity (95.7%) and low sensitivity
(37.9%). CPK was >160 U/L clip with a sensitivity and
specificity equal to 74.1 and 61.9%, respectively.

The analysis of the effects of MR characteristics of AMI
on the risk of developing MO showed that the independent
predictor of this phenomenon was the size of MI (OR 2.81,
95% CI 1.38-5.72, p=0.0004). When the ROC curve was
constructed, the size of MI associated with the increased
risk of developing MO was 18.8% (sensitivity 79.3%,
specificity 69.6%) (Figure 1). No significant correlation was
established between the size of the heterogeneity and the
risk of developing MO (p=0.07).

Clinical and laboratory
factors and heterogeneity size

A correlation analysis was conducted to assess the
correlation between quantitative indicators (clinical and
laboratory indicators and heterogeneity size; Table 4). The
analysis of clinical characteristics of patients detected a
statistically significant correlation between the heterogeneity
size and the age of patients (r=0.544, p<0.0001).

The correlation analysis of the heterogeneity size and
the laboratory indicators showed a statistically significant
correlation between the heterogeneity size and the levels of
BNP (r=0.612, r < 0.0001) and CPK (r=0.3, 95% CI: 0.02—
0.50; p=0.03). Increased CRP was also significantly correlated
with the size of heterogeneity (r=0.59, CI: 0.3-0.7; p=0.0001).
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Table 2. Group characteristics

Indicator Value
Male, n (%) 44 (84.6)
Mean age, years 59.09+£7.70
Active smokers, n (%) 34 (65.4)
Hypertensive heart disease, n (%) 40 (77)
Obesity (BMI>30 kg/m?), n (%) 22 (42)
History of myocardial revascularization, n (%) 0
Burdened family history (CHD in first degree relatives: 2(39)
male <SS years old and female <60 years old), n (%)
Diabetes mellitus type 2, n (%) 26 (50)
History of stable angina, n (%) 7 (13.5)
Angina within 1 month before AMI, n (%) 10(19.2)
No history of CHD, n (%) 38(73.1)
Median time from the disease onset to pPCI 3h
Prehospital thrombolytic therapy, n (%) 1(1.9)
IRA: LAD, n (%) 28 (53.8)
IRA: RCA, n (%) 16 (30)
IRA: LCX, n (%) 4(7)
LVEF >40%, n (%) 50 (96)
Hospital mortality, n (%) 1(1.9)

BMI, body mass index; pPCI, primary percutaneous

coronary intervention; IRA, infarct-related artery;

LAD, left anterior descending artery; RCA, right coronary artery;
LCX, left circumflex artery; LVEF, ejection fraction.

Table 3. Results of multivariate analysis of MO risk factors

Risk 0dds 95%
factor ratio c(?nﬁdence P
interval

Clinical anamnestic factors
Age 1.15 0.62;2.15 0.6464
831’13[51‘;’;0 g/on?) 0.83 0.5-1.39 0.16
Smoking 1.01 0.32-3.20 0.9
AH 2.1 0.57-7.79 0.2
DM type 2, n (%) 1.9 1.1-3.26 0.012
Laboratory indicators
BNP >276 pg/mL 2.04 1.39-299  0.004
CRP 0.55 0.376-0.71 0.6
CPK>160U/L 2.06 0.52-0.8 0.02
MRI characteristics of AMI
(S)‘le‘:e terogeneity, % 1.7 0.86;3.36  0.0770
Size of AMI, % 2.81 1.38;5.72  0.0004

Note: BMI, body mass index; AH, arterial hypertension;
DM type 2, - type 2 diabetes mellitus; BNP, brain natriuretic
peptide, CRP, C-reactive protein; CPK, creatine phosphokinase.
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A multivariate analysis was conducted, in order to assess
the risk factors of enlarged heterogeneity size. The median
size of heterogeneity, 15% in the study group, was used as a
binary dependent variable. However, there was no significant
correlation between the factors of interest and the size of
heterogeneity of less than 15% and more than 15% (p>0.05).

Clinical and laboratory
factors and infarction size

The correlation analysis of factors associated with the
increased size of myocardial infarction (Table 4) did not detect
any significant correlation with age and body mass index (BMI)
(p>0.05). In the laboratory analysis, the increased size of MI was
significantly correlated with increased levels of CPK (r=0.53,
95% CI: 0.29-0.70, p=0.0001) and BNP (r=0.55,95% CI: 0.28—
0.70; p=0.0003 ). In the multivariate analysis, the size of MI equal
to 15% was regarded as the binary dependent variable (since
this value had been previously used as a measurer of large MI
[8]), as well as the median size of MI in the study group (15.9%),
and the value obtained by ROC-analysis as a predictor of MO
(18.8%). There was no significant correlation between clinical
and laboratory indicators and the above values (p > 0.05).

Estimation of correlation
of MRI characteristics of AMI

The correlation analysis did not detect any statistically
significant correlations between the sizes of heterogeneity,
MI, and MO (p > 0.05; Table ).

Discussion
Recent years have witnessed active development of car-
diac MRI technique. It allows MRI to be used for differential
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Table 4. Correlation analysis of clinical
and laboratory indicators and MR characteristics of AMI

Indicator Size of heterogeneity, % Size of MI, %
r 0.612 0.55
BNP P <0.0001 0.0003
Ace r 0.544 0.016
8 p <0.0001 0.9121
r -0.136 0.027
BMI p 0.3349 0.8499
r 0.3 0.53
CPK P 0.03 <0.0001
r 0.59 0.2437
CRP p 0.0001 0.2

diagnosis of acute and chronic myocardial injury, visualization
of thrombi in the cavities of the heart, diagnosis of mechanical
complications of AMI, etc., as well as being a promising tool
for assessing the prognosis for AMI patients and identifying
groups of risk for the adverse course. Several essential
characteristics of AMI can be determined with delayed
contrast-enhanced MRI. The main contrast-enhanced MRI
parameters of MI include the size of MI, myocardial edema,
MO, intramyocardial hemorrhage, heterogeneity [1].

Infarction size

The size of infarction is defined as the volume or mass of
acute focal injury developing into fibrosis which accumulates
the contrast agent [9]. The method is based on the tissue
distribution of a gadolinium-based contrast agent, which
can penetrate only into cells with compromised membrane
integrity, thus accumulating in the zone of myocardial necrosis
[10]. Contrast-enhanced MRI is now considered the most
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accurate method of estimating the size of MI [11, 12]. The size
of MI allows for more accurate judgments about myocardial
injury compared to LVEF. This can change, especially in
the acute period of MI, due to myocardial hibernation and
stunning, as well as external causes (volemic status, heart
rate disorders, etc.). The role of accurate measurement of MI
size using cardiac MRI was shown by Stone et al. [3], who
found that a 5% increase in MI size caused an increase in
the 12-month rate of hospitalizations for HF and all-cause
mortality by 20%. The correlation between the MRI size of MI
and clinical outcomes was demonstrated by Klem et al., who
detected a direct correlation between the increased fibrosis size
by >5% of LV mass and the rate of adverse cardiovascular events
(odds ratio (OR) 5.2, 95% CI: 2.0-13.3; p<0.0006). Scarring
size >5% was defined as an independent predictor of endpoint
outcome (all-cause death, activation of an implantable cardio-
verter-defibrillator (ICD) for ventricular tachycardia (VT)/
ventricular fibrillation (VF) (OR 4.6, 95% CI: 1.8-11.8,
p<0.002). However, LVEF did not have a significant effect on
the development of VT /VF and the number of ICD activations
(OR 0.1, 95% CI: 0.97-1.20; p < 0.58) [13]. The size of AMI
is also a more significant predictor of developing abnormal
remodeling than LVEF. According to Wu et al,, increased size is
accompanied by a more pronounced increase in EDV and ESV
in the long-term period of MI (p < 0.001) [14].

The time from the onset of symptoms to reperfusion therapy
is the most well-known factor which affects changes in MI size.
The post-pPClI retention of ST-segment elevation at more than
50% of the baseline is the predictor of a larger necrosis zone
[15, 16]. Our goal was to identify additional factors unrelated
to myocardial revascularization which may be associated with
the increased size of AMI and deterioration of prognosis. We
assessed the size of MI using MRI in the acute period (day 3-7
after AMI). The correlation analysis of MI size and markers
of acute myocardial injury showed that there was a significant
medium correlation with the levels of CPK (r=0.53, 95% CI
0.29-0.70, p=0.0001) and BNP (r=0.55, 95% CI 0.28-0.70,
p=0.0003). This was expected, since CPK is an intracellular
enzyme released from the cytosol into the systemic circulation
when cell membranes are damaged due to hypoxia [17]. We
used CPK to perform additional quantification of myocardial
necrosis.

BNP is a cardiac neurohormone secreted by LV cardio-
myocytes in response to increased wall stress due to volume
or pressure overload. Its plasma concentration reflects the
degree of LV dysfunction and is an important prognostic
factor in patients with acute coronary syndrome and
chronic heart failure [18]. Our findings are consistent
with previous studies, in which a significant correlation of
N-terminal pro-brain natriuretic peptide (NT-proBNP)
with the size of MI had already been revealed by contrast-
enhanced MRI [19].
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Table S. Correlation analysis of MRI characteristics of AMI

Size Size Size
Indicator of of hetero- of MI
MO geneity
‘ r 0.277 ~0.144
Size of MO P - 0.1458 0.4574
‘ , r 0277 0.067
Size of heterogeneity p 0.1458 - 0.6381
‘ r —0.144 0.067
Size of MI p 04574 0.6381

Microvascular obstruction

Microvascular obstruction (MO) is an area in the IRA
bed, where coronary microcirculation is still abnormal while
the blood flow in IRA is recovered. MO results from impaired
coronary microcirculation in the IRA basin despite the
recovery of blood flow. The pathophysiology of MO includes
microcirculatory vasoconstriction, distal embolization by the
atherosclerotic plaque particles, complexes of fibrin, platelets,
and RBCs [21]. The mechanisms of vasoconstriction have not
been sufficiently studied. Ischemic damage to the endothelium
shown in animal models of STEAMI is possible [22].
Microembolization also stimulates an inflammatory response.
Thus, the aggregation of leukocytes is noted in the MO zones,
creating an additional mechanical barrier to blood flow and
disrupting capillary vasodilation by triggering oxidative stress
[23]. In the contrast-enhanced MRI, MO is dark hypointense
zones within the area where the contrast agent (infarction
zones) accumulates. Despite successful reperfusion therapy, the
incidence of MO in STEAMI patients is about 50% [24-26].
Both the very presence and the severity of MO are associated
with the deterioration of systolic and diastolic LV function, a
larger size MI, and diffuse changes in intact myocardial tissues.
MO is one of the most important prognostic factors for patients
with STEMI. Thus, MO is an independent predictor of all-
cause death and hospitalizations for HF in this patient category.
The size of MO > 1.4% of the LV mass is an independent
predictor of all-cause death, recurrence of MI, and the
increased number of hospitalizations for HF within 12 months
(p < 0.001) [4]. It should be noted that MO is an unfavorable
prognostic sign, even if myocardial contractility is preserved
(LVEF >50%) [27]. The meta-analysis by Van Kranenburg et
al. of more than 1,025 patients with STEMI, showed that MO
was also an independent predictor of cardiovascular mortality,
HF, and the recurrence of MI within two years [21]. Delayed
reperfusion therapy is a well-known risk factor for MO, as
is the increased size of AMI. An incomplete resolution of the
ST segment after PCI is a sign of the suboptimal outcome
of revascularization [3]. According to Ndrepepa et al. [28],
the onset of MO is associated with an increased volume of
myocardial necrosis. Our study confirmed these findings. The
multivariate analysis showed a direct correlation between the
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increased size of MI and the risk of developing MO. The risk
of MO increased when the size of MI was > 18.8% of the LV
mass. These findings were consistent with the results of the
correlation analysis between MO and laboratory indicators,
showing a significant correlation between the markers of
myocardial injury (CPK, BNP) and the risk of developing
MO. The analysis of anamnestic factors and the incidence of
MO showed that there was a significant correlation between
type 2 DM and the risk of developing MO. It has already been
suggested above that MO develops, if the microvascular bed is
initially compromised. Thus, this phenomenon may result from
endothelial dysfunction, with type 2 DM being its common
cause.

When assessing the effects of laboratory indicators on the
risks of developing MO, its probability increased significantly
with BNP > 276 pg/mL and CPK 2160 U/L (p < 0.05). In
earlier studies, elevated levels of BNP and D-dimer were
regarded as independent predictors of MO (estimated by the
invasive measurement of microvascular resistance index) [29].

Heterogenceity

Several pathomorphological studies have shown
that the myocardial infarction zone is morphologically
inhomogeneous. Its structure includes a nucleus represented
by necrotized cardiomyocytes in acute MI and fibrous
tissue as the scar forms, as well as a heterogeneous zone,
which is a boundary between the MI zone and the normal
myocardium consisting of necrotized, ischemic and intact
cardiomyocytes [30-32]. In delayed contrast-enhanced
MR images, a heterogeneous zone is defined as an area with
a SI less than 50% of the maximum in the infarction area
but higher than the maximum SI in the remote area [33].
Initially, heterogeneity was of interest as an area with high
arrhythmogenic potential. Conduction in the peri-infarction
heterogeneous zone is altered by a short refractory period
and slower electrical conduction, thus forming a substrate
for the development of ventricular arrhythmias [34-36].
As early as the end of the 1970s during electrophysiological
studies in patients with postinfarction cardiosclerosis
(PICS), several authors revealed the existence of both
macro re-entry foci around the scarring tissue and multiple
micro re-entry foci at the border of the scar and the healthy
myocardium [37, 38].

Later studies confirmed that the mechanism of paroxysmal
VT in PICS patients was the formation of re-entry foci

by a combination of viable cardiomyocytes and fibrous
tissue, mainly at the scarring border [39]. It was later shown
that increasing heterogeneity leads to a higher incidence
of ventricular arrhythmias [S]. These findings have been
confirmed by several studies in patients with PICS [32,40-42].
There is no published data on the risk factors of the increased
size of heterogeneity. A significant correlation was found in our
study between the increased size of heterogeneity and patient’s
age. This is probably due to age-related degenerative processes
in the myocardium and the appearance of fibrosis sites [43],
leading to greater myocardial heterogeneity. According to
our findings, the increased size of heterogeneity correlated
to all the biomarkers of interest (BNP, CRP, CPK). Previous
studies of CRP in patients with a history of MI have shown
that this marker is associated with the rate of arrhythmic
events and the number of ICD activations [44, 45 ]. The levels
of markers of LV dysfunction BNP and CPK and volume of
the myocardial injury may reflect the size of a zone combining
necrotized, reversibly damaged and intact cardiomyocytes, i.e.,
heterogeneity zone.

New cardiac MRI techniques have revealed certain
characteristics of the myocardial infarction zone which can
affect the prognosis for patients, as confirmed by many trials
and meta-analyses. Estimation of a combination of clinical
anamnestic and laboratory indicators significantly correlated
to individual MRI characteristics of AMI can provide
additional information of interest for prognosis after discharge
from the hospital. Larger studies are needed to analyze the
effects of different factors on the adverse MRI characteristics
of AMI.

Conclusion

According to our findings, type 2 DM, the size of
MI>18.8%, BNP>276 pg/mL, and CPK>160 U/L are the
independent predictors of developing MO. The increased the
size of heterogeneity (a risk factor for sudden cardiac death)
correlated to more advanced age and increased levels of BNP,
CPK, and CRP. Elevated levels of CPK and BNP were also
correlated to the larger size of MI. There were no statistically
significant correlations between the sizes of heterogeneity, MI,

and MO (p>0.05).

No conflict of interest is reported.

The article was received on 21/09/2020

REFERENCES

1. Doost Hosseiny A, Moloi S, Chandrasekhar J, Farshid A. Mortality
pattern and cause of death in a long-term follow-up of patients with
STEMI treated with primary PCIL. Open Heart. 2016;3(1):e000405.
DOI: 10.1136/openhrt-2016-000405

2. Bulluck H, Dharmakumar R, Arai AE, Berry C, Hausenloy DJ. Cardio-
vascular Magnetic Resonance in Acute ST-Segment—Elevation Myo-

ISSN 0022-9040. Kardiologiia. 2021;61(1). DOI: 10.18087/cardio.2021.1.n1373

cardial Infarction: Recent Advances, Controversies, and Future Direc-
tions. Circulation. 2018;137(18):1949-64. DOI: 10.1161/CIRCU-
LATIONAHA.117.030693

3. Stone GW, Selker HP, Thiele H, Patel MR, Udelson JE, Ohman EM
et al. Relationship Between Infarct Size and Outcomes Following Pri-
mary PCI: Patient-Level Analysis From 10 Randomized Trials. Jour-

49



§ ORIGINAL ARTICLES

10.

11.

12.

13.

14.

1S.

16.

17.

18.

19.

S0

nal of the American College of Cardiology. 2016;67(14):1674-83.
DOI: 10.1016/jjacc.2016.01.069

. Eitel I, de Waha S, Wohrle J, Fuernau G, Lurz P, Pauschinger M et al. Com-

prehensive Prognosis Assessment by CMR Imaging After ST-Segment El-
evation Myocardial Infarction. Journal of the American College of Cardi-
ology. 2014;64(12):1217-26.DOI: 10.1016/jjacc.2014.06.1194

. Kazbanov IV, ten Tusscher KHW]J, Panfilov AV. Effects of Heteroge-

neous Diffuse Fibrosis on Arrhythmia Dynamics and Mechanism. Sci-
entific Reports. 2016;6(1):20835. DOI: 10.1038/srep2083S

. Thygesen K, AlpertJS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA et al.

Fourth universal definition of myocardial infarction (2018). European
Heart Journal. 2019;40(3):237-69. DOI: 10.1093/ eurheartj/ehy462

. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bue-

no Hetal. 2017 ESC Guidelines for the management of acute myo-
cardial infarction in patients presenting with ST-segment elevation:
The Task Force for the management of acute myocardial infarction

in patients presenting with ST-segment elevation of the European So-
ciety of Cardiology (ESC). European Heart Journal. 2018;39(2):119-
77.DOI: 10.1093/eurheartj/ehx393

. Costello BT, Stub D, Hare J, Ellims AH, Wang X, Smith K et al. Compari-

son of Magnetic Resonance Analysis of Myocardial Scarring With Biomark-
er Release Following S-T Elevation Myocardial Infarction. Heart, Lung and
Circulation. 2019;28(3):397-405. DOI: 10.1016/j.h1c.2018.02.007

. Bulluck H, Himmond-Haley M, Weinmann S, Martinez-Macias R, Haus-

enloy DJ. Myocardial Infarct Size by CMR in Clinical Cardioprotection
Studies: Insights From Randomized Controlled Trials. JACC: Cardiovas-
cular Imaging. 2017;10(3):230-40. DOL: 10.1016/jjcmg.2017.01.008
Kim R], Fieno DS, Parrish TB, Harris K, Chen E-L, Simonetti O

et al. Relationship of MRI Delayed Contrast Enhancement to Irre-
versible Injury, Infarct Age, and Contractile Function. Circulation.
1999;100(19):1992-2002. DOI: 10.1161/01.CIR.100.19.1992
Ibanez B, Aletras AH, Arai AE, Arheden H, Bax J, Berry C et al. Car-
diac MRI Endpoints in Myocardial Infarction Experimental and
Clinical Trials. Journal of the American College of Cardiology.
2019;74(2):238-56. DOL: 10.1016/jjacc.2019.05.024

Stukalova OV., Meladze N.V,, Butorova E.A., Pevzner D.V,, Terno-

voy S.K. Cardiac MRI in patient with isolated myocardial infarc-

tion of the right ventricle. Russian Electronic Journal of Radiology.
2018;8(3):268-72. [Russian: Cryxaaosa O.B., Meaapze H.B., Byropo-
Ba E.A., ITeB3uep A.B., Teprosoit C.K. MP-ToMmorpadus cepalia y maru-
€HTA C H30AHPOBAHHBIM HHPAPKTOM IIPaBOTO sKeAyaAOuKa. Poccuickuit
aexrponnbrit Kypras Ayuepoit Auarnocruxu. 2018;8(3):268-72]
Klem I, Weinsaft JW, Bahnson TD, Hegland D, Kim HW, Hayes B et al. As-
sessment of Myocardial Scarring Improves Risk Stratification in Patients Eval-
uated for Cardiac Defibrillator Implantation. Journal of the American Col-
lege of Cardiology. 2012;60(5):408-20. DOL: 10.1016/jjacc.2012.02.070
WuE, Ortiz JT, Tejedor P, Lee DC, Bucciarelli-Ducci C, Kansal P

et al. Infarct size by contrast enhanced cardiac magnetic resonance

is a stronger predictor of outcomes than left ventricular ejection frac-
tion or end-systolic volume index: prospective cohort study. Heart.
2008;94(6):730-6. DOI: 10.1136/hrt.2007.122622

Reimer KA, Lowe JE, Rasmussen MM, Jennings RB. The wavefront
phenomenon of ischemic cell death. 1. Myocardial infarct size vs dura-
tion of coronary occlusion in dogs. Circulation. 1977;56(5):786-94.
DOI:10.1161/01.CIR.56.5.786

Stensjoen AL, Hommerstad A, Halvorsen S, Arheden H, Engblom H, Er-
linge D etal. Worst lead ST deviation and resolution of ST elevation at one
hour for prediction of myocardial salvage, infarct size, and microvascu-

lar obstruction in patients with ST-elevation myocardial infarction treated
with primary percutaneous coronary intervention. Annals of Noninvasive
Electrocardiology. 2020;25(6):e12784. DOI: 10.1111/anec.12784
Clinical Methods: The History, Physical, and Laboratory Examinations.
Chapter 32. Cabaniss CD. Creatine Kinase. Walker HK, Hall WD, Hurst JW,
editors -Boston: Butterworths;1990. - 1087 p. ISBN 978-0-409-90077-4
Wright GA, Struthers AD. Natriuretic peptides as a prognostic mar-
ker and therapeutic target in heart failure. Heart. 2006;92(2):149-51.
DOI: 10.1136/hrt.2003.018325

Kleczynski P, Legutko J, Rakowski T, Dziewierz A, Siudak Z, Zdzienicka J
et al. Predictive Utility of NT-pro BNP for Infarct Size and Left Ventricle

20.

21.

22.

23.

24.

2S.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3S.

Function after Acute Myocardial Infarction in Long-Term Follow-Up. Dis-
ease Markers. 2013;34(3):199-204. DOL: 10.1155/2013/981968

Krug A, De Rochemont WDM, Korb G. Blood Supply of the Myo-
cardium after Temporary Coronary Occlusion. Circulation Research.
1966;19(1):57-62.DOI: 10.1161/01.RES.19.1.57

Abbas A, Matthews GH, Brown IW, Shambrook JS, Peebles CR, Hard-
en SP. Cardiac MR assessment of microvascular obstruction. The Brit-
ish Journal of Radiology. 2015;88(1047):20140470. DOI: 10.1259/
bjr.20140470

Schwartz BG, Kloner RA. Coronary no reflow. Journal of Molecu-

lar and Cellular Cardiology. 2012;52(4):873-82.DOI: 10.1016/j.
yjmcc.2011.06.009

Wu KC. CMR of microvascular obstruction and hemorrhage in myo-
cardial infarction. Journal of Cardiovascular Magnetic Resonance.
2012;14(1):68.DOI: 10.1186/1532-429X-14-68

Hamirani YS, Wong A, Kramer CM, Salerno M. Effect of Micro-
vascular Obstruction and Intramyocardial Hemorrhage by CMR

on LV Remodeling and Outcomes After Myocardial Infarction: a sys-
tematic review and meta-analysis. JACC: Cardiovascular Imaging.
2014;7(9):940-52.DOI: 10.1016/j,jcmg.2014.06.012

Van Kranenburg M, Magro M, Thiele H, de Waha S, Eitel I, Cochet A
et al. Prognostic Value of Microvascular Obstruction and Infarct Size,
as Measured by CMR in STEMI Patients. JACC: Cardiovascular Ima-
ging. 2014;7(9):930-9. DOI: 10.1016/j,jcmg.2014.05.010

Niccoli G, Montone RA, Ibanez B, Thiele H, Crea F, Heusch G et al. Op-
timized Treatment of ST-Elevation Myocardial Infarction. Circulation Re-
search. 2019;125(2):245-58. DOI: 10.1161/CIRCRESAHA.119.315344
Galea N, Dacquino GM, Ammendola RM, Coco S, AgatiL, De LucaL
et al. Microvascular obstruction extent predicts major adverse cardio-
vascular events in patients with acute myocardial infarction and pre-
served ejection fraction. European Radiology. 2019;29(5):2369-77.
DOI: 10.1007/s00330-018-5895-z

Ndrepepa G, Tiroch K, Fusaro M, Keta D, Seyfarth M, Byrne RA

et al. S-Year Prognostic Value of No-Reflow Phenomenon After Per-
cutaneous Coronary Intervention in Patients With Acute Myo-
cardial Infarction. Journal of the American College of Cardiology.
2010;55(21):2383-9. DOLI: 10.1016/j.jacc.2009.12.054

Erkol A, Pala S, Oduncu V, Turan B, Karabay CY, Akgiin T et al. Predic-
tors of Microvascular Obstruction Assessed by the Index of Microcircu-
latory Resistance Following Primary Percutaneous Coronary Interven-
tion for Acute ST-Elevation Myocardial Infarction. Journal of the Amer-
ican College of Cardiology. 2013;62(18):C3. DOI: 10.1016/j.
jacc.2013.08.018

Breithardt G, Borggrefe M, Martinez-Rubio A, Budde T. Pathophysiolog-
ical mechanisms of ventricular tachyarrhythmias. European Heart Journal.
1989;10(Suppl E):9-18. DOI: 10.1093/eurheartj/10.suppl_E.9
Castellanos A, Lemberg L, Arcebal AG. Mechanisms of Slow Ventricu-
lar Tachycardias in Acute Myocardial Infarction. Diseases of the Chest.
1969;56(6):470-6. DOI: 10.1378/chest.56.6.470

Schmidt A, Azevedo CF, Cheng A, Gupta SN, Bluemke DA, Foo TK
et al. Infarct Tissue Heterogeneity by Magnetic Resonance Imaging
Identifies Enhanced Cardiac Arrhythmia Susceptibility in Patients
With Left Ventricular Dysfunction. Circulation. 2007;115(15):2006—-
14.DOI: 10.1161/CIRCULATIONAHA.106.653568

Robbers LFH], Delewi R, Nijveldt R, Hirsch A, Beek AM,

Kemme M]JB et al. Myocardial infarct heterogeneity assessment by late
gadolinium enhancement cardiovascular magnetic resonance imaging
shows predictive value for ventricular arrhythmia development after
acute myocardial infarction. European Heart Journal - Cardiovascular
Imaging. 2013;14(12):1150-8. DOI: 10.1093/ehjci/jet111

Wu T-J, Ong JJC, Hwang C, Lee JJ, Fishbein MC, Czer L et al. Char-
acteristics of wave fronts during ventricular fibrillation in hu-

man hearts with dilated cardiomyopathy: role of increased fi-

brosis in the generation of reentry. Journal of the American Col-

lege of Cardiology. 1998;32(1):187-96. DOI: 10.1016/S0735-
1097(98)00184-3

Gucuk Ipek E, Nazarian S. Cardiac magnetic resonance for predic-
tion of arrhythmogenic areas. Trends in Cardiovascular Medicine.
2015;25(7):635-42. DOI: 10.1016/j.tcm.2015.02.012

ISSN 0022-9040. Kardiologiia. 2021;61(1). DOI: 10.18087/cardio.2021.1.n1373



§ ORIGINAL ARTICLES

36.

Franco A, Javidi S, Ruehm SG. Delayed Myocardial Enhancement
in Cardiac Magnetic Resonance Imaging. Journal of Radiology Case
Reports. 2015;9(6):6-18. DOI: 10.3941/jrcrv9i6.2328

37. Josephson ME, Horowitz LN, Farshidi A, Kastor JA. Recurrent

sustained ventricular tachycardia. 1. Mechanisms. Circulation.
1978;57(3):431-40. DOI: 10.1161/01.CIR.57.3.431

38. Josephson ME, Horowitz LN, Farshidi A. Continuous local electrical

39.

40.

41.

activity. A mechanism of recurrent ventricular tachycardia. Circula-
tion. 1978;57(4):659-65. DOI: 10.1161/01.CIR.57.4.659

De Bakker JM, van Capelle FJ, Janse MJ, Wilde AA, Coronel R, Becker AE
etal. Reentry as a cause of ventricular tachycardia in patients with chron-
icischemic heart disease: electrophysiologic and anatomic correlation.
Circulation. 1988;77(3):589-606. DOI: 10.1161/01.CIR.77.3.589
Roes SD, Borleffs CJW, van der Geest RJ, Westenberg JJM, Mar-

san NA, Kaandorp TAM et al. Infarct Tissue Heterogeneity Assessed
With Contrast-Enhanced MRI Predicts Spontaneous Ventricular Ar-
rhythmia in Patients With Ischemic Cardiomyopathy and Implant-
able Cardioverter-Defibrillator. Circulation: Cardiovascular Imaging.
2009;2(3):183-90. DOI: 10.1161/CIRCIMAGING.108.826529
‘Wu KC, Gerstenblith G, Guallar E, Marine JE, Dalal D, Cheng A et al.
Combined Cardiac Magnetic Resonance Imaging and C-Reactive

ISSN 0022-9040. Kardiologiia. 2021;61(1). DOI: 10.18087/cardio.2021.1.n1373

42.

43.

44.

4S.

Protein Levels Identify a Cohort at Low Risk for Defibrillator Firings
and Death. Circulation: Cardiovascular Imaging. 2012;5(2):178-86.
DOI: 10.1161/CIRCIMAGING.111.968024

Iles L, Pfluger H, Lefkovits L, Butler MJ, Kistler PM, Kaye DM et al.
Myocardial Fibrosis Predicts Appropriate Device Therapy in Patients
With Implantable Cardioverter-Defibrillators for Primary Prevention
of Sudden Cardiac Death. Journal of the American College of Cardio-
logy. 201 1;57(7):821-8.DOL: 10.1016/j.jacc.2010.06.062

Kitzman DW, Scholz DG, Hagen PT, Ilstrup DM, Edwards WD. Age-
Related Changes in Normal Human Hearts During the First 10 De-
cades of Life. Part IT (Maturity): A Quantitative Anatomic Study of 765
Specimens From Subjects 20 to 99 Years Old. Mayo Clinic Proceedings.
1988;63(2):137-46. DOI: 10.1016/S0025-6196(12)64946-5

Blangy H, Sadoul N, Dousset B, Radauceanu A, Fay R, Aliot E et al.
Serum BNP, hs-C-reactive protein, procollagen to assess the risk

of ventricular tachycardia in ICD recipients after myocardial infarction.
Europace. 2007;9(9):724-9. DOI: 10. 1093/europace/eum102
Biasucci LM. C reactive protein is associated with malignant ven-
tricular arrhythmias in patients with ischaemia with implantable car-
dioverter-defibrillator. Heart. 2006;92(8):1147-8. DOI: 10.1136/
hrt.2005.065771

S1



