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Value of Cardiac Magnetic Resonance in the Diagnosis and
Prognosis of Patients with Acute Myocardial Infarction with
Nonobstructive Coronary Artery Disease (MINOCA)

Valor da Ressonancia Magnética Cardiaca no Diagnéstico e no Prognostico de Pacientes com Infarto Agudo
do Miocardio sem Doenca Arterial Coronariana Obstrutiva (MINOCA)
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Abstract

Background: Myocardial infarction is one of the major causes of morbidity and mortality worldwide and 13.2% of patients
with acute coronary syndrome have normal or unobstructed coronary arteries, called MINOCA (Myocardial Infarction with
Non-Obstructive Coronary Artery). Cardiac magnetic resonance (CMR) is the gold standard for investigating the etiology
of acute coronary syndrome. Although MINOCA has a more benign evolution than myocardial infarction due to coronary
obstruction, its prognostic factors are not completely elucidated.

Objective: To evaluate prognosis, predictive factors and describe the incidence of major adverse cardiovascular events in
patients with MINOCA.

Methods: Prospective cohort through data collection of patients admitted to the emergency department of a tertiary hospital,
diagnosed with MINOCA from 2012 to 2019. The mean follow-up was 45 months, the outcomes considered were: death,
rehospitalization due to cardiac causes, recurrence of chest pain, myocardial revascularization (MACE).

Results: Of the 179 patients, 52% were male, with a mean standard deviation age of 57.3 + 15.5 years. A MACE rate
of 17.9% was observed during a mean follow-up of 45 £ 21 months. Mortality at the end of follow-up was 3.8%. In the
multivariate analysis using the Cox regression model, patients with normal CMR was shown to be a predictor of good prognosis
(HR 0.09; 95% C1 0.01 — 0.88; p = 0.04). The Kaplan-Meier curve showed a significant difference (Log Rank x2 = 9.83 p =
0.02) in the prediction of free MACE.

Conclusion: Normal CMR was an independent predictor of good prognosis in this sample and could be useful in the risk
stratification of patients with MINOCA.

Keywords: Acute Coronary Syndrome; Magnetic Resonance Imaging; Prognosis.

Resumo

Fundamento: O infarto do miocdrdio é uma das principais causas de morbimortalidade no mundo, e 13,2% dos pacientes com sindrome
coronariana aguda apresentam corondrias sem obstrucao significativa, denominada MINOCA (do inglés Myocardial Infarction with Non-
Obstructive Coronary Artery, Infarto do Miocdrdio sem Doenca Coronariana Obstrutiva). Apesar do MINOCA ter evolucao mais favordvel que
o infarto do miocdrdio por obstrucao coronariana, seu progndstico ndo é benigno. A ressondncia magnética cardiaca é o exame que apresenta
importancia no diagnéstico das diversas causas de MINOCA, e seu valor progndstico ndo estd completamente elucidado.

Objetivo: Avaliar o valor prognéstico da ressonancia magnética cardiaca na detecgao de eventos adversos maiores em pacientes com MINOCA.

Métodos: Coorte prospectiva por meio de coleta de dados de pacientes admitidos na urgéncia de pacientes com hospital tercidrio, diagnosticados
com MINOCA, no periodo de 2012 a 20179.

Resultados: Foram avaliados 179 pacientes com seguimento médio de 45 = 21 meses, sendo 52% do sexo masculino, com idade média de
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57,3 £ 15,5 anos. Observou-se incidéncia de eventos adversos maiores de 17,9%. A taxa de mortalidade ao final do acompanhamento foi de
3,8%. Na andlise multivariada, apenas a ressondncia magnética cardiaca com resultado normal se mostrou como preditor independente de
bom prognéstico (hazard ratio: 0,09; intervalo de confianga de 95% 0,01-0,88; p = 0,04), com curva de Kaplan-Meier apresentando diferenca
significativa (log-rank x2 = 9,83; p = 0,02) na predicao de eventos adversos maiores.

Conclusdo: A ressonancia magnética cardiaca normal mostrou-se como varidvel independente de bom prognéstico nessa populagao, podendo

ser 4til na estratificacdo de risco de pacientes com MINOCA.

Palavras-chave: Sindrome Coronariana Aguda; Imagem por Ressonancia Magnética; Prognostico.

Introduction

Acute myocardial infarction (AMI) is a main cause of
morbidity and mortality worldwide.! Of the affected patients,
about 5-15% present with clinical and laboratory findings
suggestive of AMI (chest pain, changes in plasma troponin
levels, and/or electrocardiographic abnormalities) without
significant coronary obstruction on coronary angiography,
which is known as myocardial infarction with nonobstructive
coronary artery (MINOCA).??

The pathophysiological mechanisms involved in the
diagnosis of MINOCA are complex and heterogeneous
since it has several causes related or unrelated to coronary
atherosclerosis, and the identification of the underlying
etiology is important in its clinical management. Although the
prognosis of patients with MINOCA is more favorable than
that of patients with AMI associated with obstructive coronary
artery disease (CAD), a recent study demonstrated an annual
mortality rate of 3.5%.*

According to the 2017 European Society of Cardiology
guidelines for the management of acute myocardial infarction,
MINOCA is now recognized as an entity distinct from AMI
that requires special attention. The therapeutic approach is
identified through a safe and accurate differential diagnosis
of AMI and its underlying causes.?

Cardiac magnetic resonance (CMR) represents a particularly
useful tool in the identification of the causes of MINOCA,
such as AMI with spontaneous recanalization/embolism,
acute myocarditis, stress cardiomyopathy (Takotsubo), or other
cardiomyopathies, and is useful for stratifying risk factors for
these patients.>”

This study aimed to evaluate the role of CMR in the diagnostic
and prognostic evaluation of a cohort of MINOCA patients.

Methods

Patients diagnosed with MINOCA?* were prospectively
selected from January 2012 to July 2019. All patients
were admitted with clinical AMI (chest pain and/or
electrocardiographic changes suggestive of myocardial
ischemia and elevated troponin T) and underwent urgent
angiography, which showed coronary arteries without
significant obstruction, and subsequently underwent CMR
for diagnostic definition.

The study exclusion criteria were age <18 years; a
previous history of obstructive CAD, AMI, or myocardial
revascularization; or unwillingness to participate in
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the study for any reason or failed to leave any contact
information in hospital records, preventing them from
being found for follow-up.

Upon admission, each patient completed a standardized
data collection form on the presence of cardiac risk
factors. Systemic arterial hypertension was defined as a
documented history of high blood pressure or treatment with
antihypertensive drugs. The presence of diabetes mellitus
was defined as a previous diagnosis of diabetes and/or the
use of insulin or oral hypoglycemic agents. Dyslipidemia
was defined as a previous history of dyslipidemia or current
treatment with lipid-lowering drugs. Smoking was considered
the current smoking habit or smoking cessation within three
months of the exam.

Adverse clinical outcomes were obtained through
telephone interviews and classified as the occurrence of
death of cardiac origin; myocardial infarction; unstable
angina associated with hospitalization and revascularization;
or hospitalization for cardiac reasons.

CMR was performed using a 1.5-T device (MAGNETOM
Avanto, Siemens Healthineers, Erlangen, Germany).
A comprehensive protocol included the study of ventricular
function and the evaluation of edema and myocardial
fibrosis. The presence of myocardial edema was analyzed
using T2-weighted short-axis images with a short tau inversion
recovery (STIR) sequence. Myocardial edema was considered
present when the ratio between the signal intensity of the
myocardium and the mean signal intensity of the skeletal
muscle was >2 in T2-STIR images. Short-axis cine-CMR
(steady-state free precession) was used to measure the left
ventricular (LV) ejection fraction. The most basal short-axis
cut was positioned just after the atrioventricular ring, and all
subsequent respiratory pauses at maximum expiration were
acquired with 8-mm thickness and 2-mm spacing between
the other cuts up to the LV apex. A long- and short-axis
gradient-echo sequence with inversion recovery (delayed
enhancement technique) was performed 10-20 minutes
after a gadolinium injection of 0.1-0.2 mmol/kg (Dotarem®,
Guerbet) to identify myocardial fibrosis. Myocardial
segments were evaluated in 17 segments. LV measurement
and calculations were performed on a dedicated CMR
workstation using specific software.

The patients were grouped into four categories based on
CMR characteristics: normal (Figure 1A), ischemic (infarction;
Figure 1B), myocarditis (Figure 1C), and cardiomyopathy
(Figure 1D). The normal study corresponded to a heart
without the evidence of contractile changes (except
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desynchrony secondary to the left bundle branch block)
and no edema or myocardial fibrosis. Myocarditis was
diagnosed based on T2-STIR sequence changes and the
detection of myocardial edema and the late epicardial or
medium-myocardial enhancement pattern, according to the
Lake Louise criteria.® The ischemic pattern (infarction) was
diagnosed based on the presence of the late enhancement
of a subendocardial or transmural pattern in the coronary
territory. Takotsubo cardiomyopathy was diagnosed based on
T2-STIR images detecting myocardial edema and medium-
apical contractile changes without the evidence of significant
myocardial fibrosis due to late enhancement. Dilated,
hypertrophic, and restrictive cardiopathies were detected
based on the specific characteristics of each pathology and
grouped under cardiomyopathy together with Takotsubo
cardiomyopathy. The extent of delayed enhancement and
myocardial edema was quantified by the calculation of the
number of involved segments.

The data were encoded, entered into a Microsoft Excel ™
database, and subsequently analyzed using the Statistical
Package for Social Science software version 20.0 (SPSS
Inc., Chicago, IL, USA), with values of p < 0.05 considered
statistically significant.

The study groups were compared using bilateral hypothesis
tests with a significance level of 5% (a = 0.05).

The Cox proportional-hazards model was used to estimate
the survival of MINOCA patients. The hazard ratio was
calculated with a 95% confidence interval as an estimated risk
associated with a selected variable. The multivariate analysis
included all variables selected in the univariate analysis.
The survival analysis is expressed using the Kaplan-Meier
plot, and the p values of the curves were compared using
the log-rank test.

This study was approved by the Ethics Committee of the Health
and Human Ecology College (no. CAAE66664017.0.0000.5101).

Results

The present study selected 179 patients, of whom 93
(52%) were male, with a mean age of 57.3 = 15.5 years.
Table 1 summarizes the baseline characteristics of the study
population. Systemic arterial hypertension was the most
common comorbidity (44% of patients). The median follow-
up was 45 = 21 months, with 13% of patients lost to follow-
up. During follow-up, 28 (17.9%) adverse events occurred

Table 1 - Baseline characteristics of the studied population with
myocardial infarction with nonobstructive coronary artery.

Characteristics

Male 93 (52)
Age, years 57.3+155
Dyslipidemia 52 (28.6)
Smoking 19(10.4)
Hypertension 80 (44)
Diabetes 22 (12.1)
LVEF 58.1+14.1
SBP, mmHg 126.7 £ 28.3
HR, bpm 759+ 19.3
Follow-up, months 45+ 21
MACE 28(17.9)
Final diagnosis
Normal 62 (35)
Ischemic 61(34)
Cardiomyopathy 27 (15)
Myocarditis 29 (16)

Values are expressed as n (%) or mean + standard deviation. HR, heart rate;
LVEF, left ventricular ejection fraction; MACE, major adverse cardiovascular
events; SBP, systemic blood pressure.

Figure1 - Cardiac magnetic resonance images of patients with normal study findings using the delayed enhancement technique (1A); transmural infarction in the lateral wall
(1B), myocarditis pattern (1C), and Takotsubo cardiomyopathy showing medium-apical contractile deficit and no changes using the delayed enhancement technique (1D).
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(selecting only adverse clinical outcomes occurring in the
minimum follow-up period of three months), with 12 patients
presenting with acute coronary syndrome (ACS), seven deaths,
five with myocardial revascularization, and four owing to
readmission for cardiac reasons. The mortality rate at the end
of the follow-up period was 3.8%. Table 2 shows the univariate
analysis of clinical characteristics and CMR to predict adverse
events. Table 3 shows the independent predictors of adverse
cardiac events, obtained by multivariate analysis using the
Cox regression model. Statistical analyses considered normal
CMR examination findings as an independent and significant
predictor of a good prognosis.

Figure 2 illustrates the different patterns of CMR diagnosis
in this cohort. The role of CMR in event-free survival was
analyzed to compare normal examination results in relation
to other diagnoses (Figure 3A: log-rank x*> = 9.83; p = 0.02)
and the normal and changed examination results (ischemic
and nonischemic; Figure 3B: log-rank x* = 6.83; p = 0.009).

Discussion

The present study demonstrated important aspects in the
evaluation of MINOCA patients, such as: CMR enabling a
diagnosis in 65% of the evaluated cases; an adverse event rate
of 17.9% and a mortality rate of 3.8% in a mean follow-up
of 3.8 years; and the presence of normal CMR study findings
demonstrated an excellent prognosis compared with other
diagnoses on multivariate analysis.

The population group most affected by ACS with
nonobstructive coronary arteries more commonly includes
women and young people without dyslipidemia.® An
observational study in Sweden using data from the Swedeheart
registry showed a mean age of 69.1 years and that 59.1%
of the patients were women."® A study conducted in China
reported that patients diagnosed with MINOCA included a
younger sample (aged 61.94 + 13.07 years) and that 53%

were male, 52% had arterial hypertension, 40% had a history
of smoking, 20% had dyslipidemia, and 11% had diabetes
mellitus.” Dastidar et al.” studied a sample of MINOCA
patients, of whom 52% were male. The present study sample
included 52% male patients, and the mean patient age was
57.3 = 15.5 years, corroborating the findings of Dastidar et
al."”? and Abdu et al." Regarding risk factors, this study relatively
corroborates the frequency of arterial hypertension as a
comorbidity reported by Abdu et al.""; however, the smoking
rate was higher than that in the present study.

Although patients with MINOCA have a better prognosis
than those with obstructive AMI®, the prognosis is not benign.
Recent studies indicated that up to 24% of MINOCA patients
present adverse events within approximately four years.'
A North American multicenter cohort study of data from
the National Cardiovascular Data Registry® reported a 19%
occurrence rate of adverse events beyond one year." The

Table 3 - Multivariate analysis using the Cox regression model to
predict outcomes.

Variable HR 95% CI p value
Normal CMR 0.09 0.01-0.88 0.04
Ischemia on CMR 1.04 0.25-3.96 0.99
Cardiomyopathy on CMR 1.07 0.49-2.29 0.86
Diabetes 1.22 0.28-5.34 0.79
Age 1.03 0.98-1.05 0.07
SBP 1.01 0.99-1.03 0.08
Heart rate 1.02 0.98-1.04 0.29
Creatinine 1.19 0.76-1.87 043
LVEF 0.98 0.96-1.01 0.37
Dyslipidemia 1.62 0.72-3.67 0.24

Cl, confidence interval; CMR, cardiac magnetic resonance; HR, hazard ratio;
LVEF, left ventricular ejection fraction; SBP, systemic blood pressure.

Table 2 - Univariate analysis of adverse event determinants in the population with myocardial infarction with nonobstructive coronary artery.

Variable Patients with events Without events Hazard ratio p value
(n=28) (n=128) (95% ClI)
Age 61.7+10.4 55.2+15.9 1.02 (0.99-1.05) 0.16
Male sex 13 (54) 53 (49) 0.86 (0.38-1.93) 0.71
Smoking 3(15) 15 (16) 1.02 (0.59-1.94) 0.79
SAH 13 (65) 59 (48) 1.19 (0.81-2.19) 0.64
Diabetes mellitus 5 (25) 17 (14) 1.49 (0.92-6.10) 0.08
Dyslipidemia 09 (40) 60 (32) 1.44 (0.94-2.20) 0.09
SBP, mmHg 129.8 £42.3 1258 +25.5 1.01(0.99-1.01) 0.09
HR, bpm 719+217 743147 1.01(0.99-1.02) 0.07
Creatinine, mg/dL 0.92+0.23 0.89+0.27 5.12 (0.84-31.37) 0.28
LVEF, % 52.1+16.2 60.0+12.5 0.98 (0.95-1.001) 0.06
Normal CMR 1(4) 47 (37) 0.11 (0.01-0.82) 0.03
Ischemia on CMR 17 (61) 39 (30) 1.80 (0.83-3.91) 0.14
Cardiomyopathy on CMR 7 (25) 18 (14) 2.26 (0.94-5.43) 0.08
Myocarditis on CMR 3(11) 24.(19) 1.24 (0.68-2.29) 0.48
Late highlighting 15424 1.1£1.6 1.15(0.90-1.51) 0.24

Values are shown as n (%), mean % standard deviation, or median (95% Cl). Cl, confidence interval; CMR, cardiac magnetic resonance; HR, heart rate; LVEF, left ventricular
ejection fraction; SAH, systemic arterial hypertension; SBP, systemic blood pressure.
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Figure 2 - Frequency of cardiac magnetic resonance diagnoses. Normal diagnosis (0: 35%), myocarditis (1: 16%), cardiomyopathy (2: 15%), and ischemia (3: 34%).
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Figure 3 - Event-free survival of patients with normal diagnosis (0), myocarditis (1), cardiomyopathy (2), and ischemia (3) on cardiac magnetic resonance (log-rank x2 =
9.83, p=0.02) (A) and between patients with normal (0) and a changed diagnosis (1: ischemic and nonischemic) (log-rank x2 = 6.83, p = 0.009) (B).

present study had a mean follow-up period of 3.8 years and
a 17.9% occurrence rate of adverse events.

The present study had a mortality rate of 3.8% due to
cardiovascular disease over a mean follow-up period of
3.8 years. A Canadian study conducted between 2002 and
2014 by Bainey et al.> showed a five-year mortality of 11%
for MINOCA and 16% for obstructive AMI-CAD. Choo et
al.” reported a 9.1% incidence of death in patients with
MINOCA. Egger et al.’® obtained a 7% general mortality rate
from all causes over a follow-up of 3.8 years. According to
Nordenskjold et al., ' the mortality rate due to reinfarction in
patients with MINOCA during a mean follow-up of 38 months
was 13%. Dastidar et al."? reported a mortality rate of 5.7%
in a mean follow-up of 3.5 years, with a worse prognosis in
the group with cardiomyopathy. These data demonstrate that
patients affected by MINOCA present greater morbidity and
mortality rates than does the general population, showing the
importance of a proper diagnosis, therapy, and follow-up.

The data from the present study showed that CMR provided
the etiological diagnosis in two-thirds of patients. Dastidar
et al."? identified the cause of MINOCA in 74% of patients
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(25% due to myocarditis, 25% due to AMI, and 25% due to
cardiomyopathy), while the other 26% of patients had normal
CMR findings. A study conducted in Stockholm by Collste et
al."” revealed that 45% of patients had normal CMR findings,
with 22% presenting with Takotsubo cardiomyopathy, 19%
with myocardial infarction, 7% with evidence of myocarditis,
and the remaining (7%) with hypertrophic cardiomyopathy
or no classification. Gerbaud et al."® determined a diagnosis
in 100 of 130 patients (76.9%) with MINOCA using CMR,
with 23.1% presenting with normal study findings, 28.5%
with AMI, 26.1% with myocarditis, 21.5% with Takotsubo
cardiomyopathy, and 0.8% with hypertrophic cardiomyopathy.
Pasupathy et al.® observed an infarction pattern in 24% of
patients, myocarditis in 33%, Takotsubo cardiomyopathy in
18%, and normal examination findings in 26% in a meta-
analysis of 26 studies using CMR.

Interstudy differences can be predominantly related to
the sample characteristics such as age, number of cases, and
time to perform CMR. However, all studies demonstrated the
diagnostic capacity of the method and its importance in the
management of these patients, with some showing that the
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initial diagnosis and management can be modified in 65%
and 32% of cases, respectively.'”"? These findings reinforce
the idea of using CMR as a standard propaedeutic in patients
with MINOCA.

The limiting factors of the present study include its single-
center design and small sample size. In addition, since it is
a prospective study, the vulnerability of the methodology to
follow-up bias should be considered. Obtaining information
by telephone may also have influenced survival and adverse
event data due to potential bias in the information provided
by the patient or their relatives as well as the possibility of
unknown deaths.

Conclusion

The present study demonstrated that patients with
MINOCA can present with different diagnoses and have
a heterogeneous but non-benign progression (adverse
events and mortality) in a mean follow-up of four years,
demonstrating the importance of the etiological definition
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