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At a tertiary care center during 2019 and 2020

Luisa FERNANDA GIRALDO-BALLESTEROS, JUAN MAURICIO CARDENAS-CASTELLANOS,
TATIANA ALVAREZ-VERA, Luis FERNANDO MARTINEZ-MURILLO, SEBASTIAN AucusTo QuicENo-ORozco

* PeEreIRA (CoLOMBIA)

DOI: https://doi.org/10.36104/amc.2023.2742

Abstract

Introduction: 10% of acute myocardial infarctions occur with nonobstructive coronary arteries
(MINOCA). These myocardial infarctions represent a group of conditions with less than 50% stenosis.
The characteristics of the population with MINOCA in the region are unknown. The objective is to
characterize the population with MINOCA and identify the factors associated with adverse outcomes.

Materials and methods: this was an analytical cohort study which identified various char-
acteristics of patients with MINOCA at a tertiary care center in Pereira. From January 1, 2019,
to December 31, 2020, 1,500 coronary arteriographies were reviewed; 292 met the angiographic
criteria for MINOCA and, of these, 163 patients met the inclusion criteria. The primary outcome
was a composite of hospitalization for angina/heart failure, reperfusion therapy, and death from
cardiovascular causes and from any cause at six months and one year.

Results: the median age was 64 years; 54% (n=88) were men. Arterial hypertension was the
most prevalent comorbidity (n=100; 61.3%), and the most common electrocardiographic presenta-
tion was T wave inversion (29.7%; n=47). Altogether, 19.3% (n=28) and 25.5% (n=37) had some
outcome at six months and one year. One-year mortality was 5.5%. On multivariate analysis, the
initial troponin, moderate to severe aortic regurgitation and right bundle branch block were associ-
ated with the event.

Conclusion: we have presented the Colombian study with the largest cohort of patients with
MINOCA, identifying factors associated with adverse outcomes. (Acta Med Colomb 2022; 48. DOI:
https://doi.org/10.36104/amc.2023.2742).
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Introduction

Acute coronary syndrome (ACS) is the evidence of
myocardial injury manifested clinically, biochemically and/
or through an electrocardiogram, caused by coronary isch-
emia (1). This is the main cause of morbidity and mortality
worldwide, and it is estimated that more than seven million
people are diagnosed with ACS each year, including more
than one million who require hospitalization in the United
States for this condition (2).

Evidence of myocardial ischemia with normal or almost
normal coronary arteries is a recently introduced term to
describe patients with acute myocardial infarction (MI)
without atherosclerotic coronary obstruction (myocardial
infarction with no obstructive coronary arteries, or MI-
NOCA). It is characterized by normal or almost normal
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arteries on coronary angiography (<50% diameter stenosis
in a major epicardial vessel), being a heterogenous clinical
entity with multiple causes (3,4). Between 1-13% of patients
with clinical criteria for ACS correspond to MINOCA (5).
If there is no apparent alternative diagnosis (for example,
takotsubo syndrome, myocarditis or pulmonary embolism),
the diagnosis of MINOCA is applied, which should initially
be considered a working diagnosis until other causes of the
clinical presentation are ruled out (6). Given the heteroge-
neity of causes, the prognosis is influenced by the degree
of myocardial damage and the underlying etiology, with an
inpatient mortality rate of 0.9% and a 12-month mortality
rate of 4.7% (7).

Unlike atherosclerotic obstructive ACS, MINOCA oc-
curs more often in females, characteristically at earlier
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ages and with fewer traditional cardiovascular risk factors,
which causes a morbidity and mortality problem in a previ-
ously healthy population (5). This entity can present with or
without ST elevation on the electrocardiogram (EKG) and
usually with a lower rise in cardiac biomarkers (8).

Latin American statistics have reported a prevalence of
approximately 2.8%, as documented in a study performed
in Argentina (9, 10). On the other hand, in Colombia, an
estimated 19% of patients with ACS correspond to MI-
NOCA (11).

At a regional level, the prevalence and characteristics
of patients with MINOCA are unknown, as is its short and
medium-term course. Therefore, the objective of this study
was to identify the demographic, clinical, paraclinical,
electrocardiographic, echocardiographic angiographic and
therapeutic characteristics, as well as the adverse outcomes
at six months and one year, of patients with MINOCA at
a tertiary care center in a Colombian city during 2019 and
2020.

Materials and methods

This was a cohort, analytical observational study evaluat-
ing time-to-event in patients with a diagnosis of MINOCA.
The population is the set of patients diagnosed with MI-
NOCA at a tertiary care center in a Colombian city during
2019 and 2020. Patients 18 years old and older at the time
of admission to the emergency room, with a diagnosis of MI
as defined in the fourth universal definition of MI (clinical
and biomarker criteria and/or electrocardiographic changes)
(12) and who had undergone coronary catheterization show-
ing <50% obstruction or no obstruction of an epicardial
vessel, were included. Individuals in whom the ACS event
was triggered or accompanied by a significant comorbidity
such as a traffic accident, trauma, gastrointestinal bleeding,
surgery or a procedure, and those who had the acute coronary
event after being hospitalized, were excluded. The primary
outcome was the composite of hospitalization for angina
or heart failure, reperfusion therapy, death from a cardio-
vascular cause and death from any cause. The independent
variables were sociodemographic, clinical, paraclinical,
electrocardiographic, echocardiographic, angiographic and
therapeutic. At six-month and one-year follow up, telephone
calls were made to inquire about the primary outcome vari-
ables, with subsequent confirmation in the medical chart.
This study took into account the bioethical aspects covered
by Colombian law. Thus, Resolution 008430 of 1993 was
considered, which establishes the scientific, technical and
administrative parameters for health research.

A general descriptive analysis of the collected data was
performed. Continuous quantitative variables were sum-
marized using means and standard deviations if they were
normally distributed; variables which did not meet the as-
sumption of normality were described using medians and
interquartile ranges. Both ordinal and nominal categorical
variables were described using absolute and relative frequen-

cies. In addition, multiple regression or generalized linear
models were used to evaluate the association between one
outcome variable and other variables of interest. Regarding
the time-to-event analysis, a complete survival analysis was
proposed (Kaplan-Meir estimators, Cox regression) for the
question of interest.

Results

Altogether, between January 1, 2019, and December
31, 2020, 1,500 coronary arteriographies were reviewed
to select the records which met the angiographic criteria
of a MINOCA diagnosis (Figure 1). A total of 292 heart
catheterizations compatible with MINOCA were found,
of which 163 patients met the inclusion criteria and were
incorporated in the study. Forty-one medical chart records
were not found, and 88 patients were eliminated because
they met the exclusion criteria.

There was a slight predominance of males. The so-
ciodemographic characteristics are summarized in Table
1. Arterial hypertension (HTN) was the most prevalent
comorbidity, followed by type 2 diabetes mellitus (T2DM),
hypothyroidism and dyslipidemia. Other background factors
are described in Table 2. Most of the records were classified
as low risk on the GRACE and TIMI scales. The risk of
bleeding according to the CRUSADE scale was predomi-
nantly moderate. The median length of hospital stay was
eight days (IQR 4-12). The remaining clinical characteristics
are described in Table 3.

The most frequent EKG abnormality was an inverted T
wave, which was present in 29.7% of the patients (n=47),
followed by paroxysmal supraventricular tachycardia (n=28;
17.6%) and ST segment abnormalities due to its elevation
(n=18; 11.4%) or depression (n=16; 10.1%). Less frequently,
there was a significant Q wave (n=12; 7.6%), right bundle
branch block (RBBB) (n=10; 6.3%) and atrial fibrillation
(AF) with rapid ventricular response (n=9; 5.7%). Ventricu-
lar tachycardia (n=5; 3.1%) and left bundle branch block
(LBBB) (n=5; 3.2%) were the least common findings.

Preserved LVEF (=50%) was most frequent, occurring
in 133 patients (81.6%). The most common valve disease
(moderate to severe) was aortic regurgitation (n=11; 7.0%),
followed by mitral regurgitation (n=9; 5.7%). The median
initial troponin T was 0.03 ng/dL (IQR 0.02-0.09) for a normal
reference value <0.014 ng/dL, and a follow up troponin T of
0.06 ng/dL (IQR 0.03-0.13). The median change (delta) in the
serial troponin T values (rise or fall) was 49.5% (IQR 22.5-
164.1). Regarding the pharmacological treatment ordered at
hospital discharge, 82.8% of the patients were discharged
on some type of antiplatelet medication. Other therapeutic
characteristics at discharge are described in Table 4.

Follow up data were not obtained from 18 patients (11%)
due to a lack of further records in the medical chart and
the inability to make telephone contact. The most frequent
outcome at both six months and one year was hospitalization
for angina (Table 5).
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The factors associated with the outcomes on bivariate
analysis were the following: at six months: age, sex, moder-
ate to severe aortic regurgitation or stenosis, RBBB, initial
troponin T level, HTN, T2DM, dyslipidemia and a prior
history of ischemic heart disease. At one year: age, sex, place
of origin, alcohol consumption, CRUSADE scale score,
initial troponin T value, days of hospitalization, moderate
to severe aortic regurgitation, HTN, T2DM, dyslipidemia, a
prior history of ischemic heart disease and RBBB.

On bivariate analysis, the presence of AF behaved as a
protective factor for having an outcome at six months, as
no patient with this history had an outcome at six months,
compared with 28 patients who did have the outcome (OR
0.79 95% C1 0.72-0.86; p=0.012).

Regarding the individual components of the outcome
at six months, patients who died from non-cardiovascular
causes during this time were found to have been hospital-
ized for almost twice as many days as those who did not
have the outcome: 17 days [interquartile range (IQR) 15-26]
and eight days (IQR 4-11), respectively, with a statistically
significant difference (p=0.013). There was also a differ-
ence in non-cardiovascular death at one year and days of
hospitalization, as those with the event had a median of 16
days (IQR 9-30.5) of hospitalization compared with those
who did not have this event, with a median of eight days
(IQR 4-11) of hospitalization (p=0.042).

According to the pharmacological treatment ordered at
discharge, the bivariate analysis showed that using an an-
giotensin II receptor blocker (ARB) other than losartan was
associated with a reduction in the outcomes at six months
(OR 0.78 95% CI 0.71-0.86; p=0.019). A difference was
found favoring enalapril in terms of hospitalization for
angina at six months and non-cardiovascular death at one
year, but statistical significance was not reached (p=0.084
and p=0.123, respectively).

A multivariate analysis was conducted using Cox regres-
sion models with the variable of outcomes at six months
(Table 6) and one year (Table 7). The variables found to be
associated with the outcome at six months were moderate to
severe aortic regurgitation, the initial troponin T value and
RBBB; and at one year, moderate to severe aortic regurgita-
tion and the initial troponin T value.

Discussion

Different studies have described a predominance of
females in MINOCA (13-16). One of the largest systematic
reviews of MINOCA was published by Sivabaskari et al.
(7) in the journal Circulation in 2015, reporting a higher
prevalence in women, with a younger age at presenta-
tion (average age 55 years) compared to atherosclerotic
obstructive MI which has a higher incidence in men and a
higher median age (5). The current study found a similar
proportion of men and women, with a slight preponderance
of males, noting a difference in the gender distribution.
However, this finding was consistent with what was de-
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1.500 arteriografias coronarias
fueron evaluadas para elegibilidad

1.208 arteriografias coronarias fueron
excluidas

v

292 cateterismos cardiacos fueron
compatibles con MINOCA

129 pacientes fueron excluidos:
41 Historias clinicas incompletas
88 No cumplieron criterios de inclusién

v
163 pacientes fueron incluidos en el
andlisis

18 pacientes sin datos de seguimiento

y

145 pacientes fueron seguidos a 6
meses y a 1afio

Figure 1. Screening, selection and follow up.

Table 1. Sociodemographic characteristics.

Characteristic F;ll']egule :?f)y %

Sex

Male sex 88 54
Age (years) - median (IQR) 64 (51-74)

18-39 years 14 8.6

40-59 years 56 344

60-79 years 73 44.8

> 80 years 20 123
Origin

Urban place of origin 153 939
Health insurance regimen

Subsidized 5 3.1

Contributive 157 96.3

Affiliated 1 0.6
Tobacco use

Present 28 172

Absent 135 82.8
Alcohol use

Present 7 43

Absent 156 95.7
Psychoactive substance use

Present 4 25

Absent 159 975
Weight (kg) - mean + SD* 713 +149

30-49 kg 8 6.8

50-69 kg 45 38.1

70-89 kg 50 424

=90 kg 15 12.7

*n=118 SD: Standard deviation, IQR: Interquartile range, kg: Kilogram.
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Table 2. Comorbidities.

Characteristic F(lr'legule:;)y %o
Medical history
Arterial hypertension 100 613
T2DM 32 19.6
Primary hypothyroidism 31 19
Dyslipidemia 30 18.4
Chronic kidney disease 23 14.1
Atrial fibrillation 15 92
COPD 17 104
Psychiatric disorder 6 37
History of ischemic heart disease
Present 28 172
Absent 135 82.8
Prior coronary intervention for heart disease
Percutaneous 15 02
Surgical 2 12
Both 6 3.7
None 5 3.1

T2DM: Type 2 diabetes mellitus, COPD: Chronic obstructive pulmonary disease.

scribed in the Subanalysis of the CONAREC XVII Registry
in Argentina by Cristian Rossler et al. (2021) (10), whose
population is more similar to that of our study, which also
found more men (69.7%) than women.

Only one study has been published in Colombia char-
acterizing patients with MI without coronary obstructive
disease, carried out in Bogotd and published by Rojas et al.
(2017) (11), in which they also found a significant predomi-
nance of men (4:1 male to female ratio). The median age in
the current study was 64 years, and although this is higher
than what was reported in Sivabaskari et al.’s systematic
review (7) and the Bogotd registry (average of 58 years) (11),
it is similar to what was described in the CONAREC XVII
Argentinian registry (10), in which they found an average
age of 64.5 years. These similarities in the distribution of
sex and age at presentation, comparing the Latin American
study with our own, propose the hypothesis of whether
there are differences in the presentation of MINOCA in
the Latin American population compared with countries on
other continents.

The traditional cardiovascular risk factors which are often
found in atherosclerotic obstructive MI have been reported
less frequently in MINOCA in some studies (17, 18); these
include the MINOCA state of the art published by Bertil
Lindahl et al. (2021) (6) and the Virgo study (16). In contrast
to what has been described, the current study found a higher
frequency of these risk factors. This phenotype has also

Clinical characteristics.

Characteristic F;;e:ule 6113c)y %
GRACE risk scale - mean + SD 110.1 £32.2
Low risk 67 41.1
Intermediate risk 60 36.8
High risk 36 22.1
TIMI risk scale - median (IQR) 3(2-4)
Low risk 84 515
Intermediate risk 60 36.8
High risk 19 11.7
Killip classification
Killip I 129 79.1
Killip II 23 14.1
Killip IIT 7 43
Killip IV 4 25
CRUSADE risk scale - median (IQR) 32.5(22-39)
Very low risk 32 19.6
Low risk 39 239
Moderate risk 52 319
High risk 21 12.8
Very high risk 16 9.8
Not stratified 3 2
Vital signs
Heart rate (BPM) - median (IQR) 82 (71-98)
Respiratory rate (bpm) - median (IQR) 19 (18-20)
SBP (mmHg)- mean + SD 128.8 +293
DBP (mmHg) - - median (IQR) 74 (68-84)
Days of hospitalization - median (IQR) 8 (4-12)

SD: Standard deviation, IQR: Interquartile range, SBP: systolic blood pressure, DBP:
diastolic blood pressure, BPM: beats per minute, bpm: breaths per minute.

been described in some publications which report a similar
prevalence both in MINOCA and in obstructive MI. Thus,
HTN was found in more than half of the patients (62% also
had HTN in the Bogota registry (11)), T2DM in 19.6%, but
a low prevalence of dyslipidemia (18.4%), very similar to
the findings described in the 2015 systematic review (7) in
which the prevalence was 44, 13 and 21% para HTN, T2DM
and dyslipidemia, respectively.

Curiously, the current study is the only one that has found
a history of AF as a protective factor in MINOCA.. This being
a prior history of AF rather than a de novo diagnosis in the
context of MINOCA (that is, a new finding on the admission
EKG), it creates the hypothesis of whether anticoagulation
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Table 4. Therapeutic characteristics.

Characteristic f;?:zg;: %
Thrombolysis
Thrombolysis performed 11 6.7
Thrombolysis not performed 152 933
Antiplatelet medication
ASA 129 79.1
Clopidogrel 101 62
Ticagrelor 7 43
Prasugrel 1 0.6
None 28 172
Beta blockers
Carvedilol 79 485
Metoprolol 52 319
Bisoprolol 3 18
None 26 159
ACE inhibitors/ARBs
Enalapril 55 33.7
Captopril 3 1.8
Losartan 45 27.6
Other ARB 12 74
None 45 27.6
Statins
Atorvastatin 140 859
Rosuvastatin 5 3
Lovastatin 2 12
None 13 8
Anticoagulants
Warfarin 6 37
Rivaroxaban 3 1.8
Apixaban 5 3.1
Dabigatran 1 0.6

* three missing data points
ASA: acetylsalicylic acid, ACE inhibitors: angiotensin converting enzyme inhibitors,
ARBs: angiotensin Il receptor blockers.

in patients with a history of AF may produce a protective
effect in those who develop MINOCA.

The median length of hospitalization is double what has
been described in Latin America (10), Korea (19), Portugal
(20) and the COAPT study (21). This result is concerning for
three reasons: first, those who died from non-cardiovascular
causes at six months spent more than twice as many days
hospitalized compared with those who did not have this out-
come; second, in the individual outcomes it was found that
patients who were hospitalized for heart failure at one year
had been hospitalized for more days during the MINOCA
event than those who did not have the outcome; and third,
there was a difference in non-cardiovascular death at one
year and days of hospitalization. There are no studies inves-
tigating the length of hospital stay in MINOCA compared
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Table 5. Six-month and one-year outcomes.

Frequency (n

Characteristic = 145) %
Six-month outcome 28 19.3
Hospitalization for angina 16 11
Hospitalization for heart failure 2 14
Reperfusion therapy 3 2
Cardiovascular death 7 4.8
Death from noncardiovascular causes 3 2
One-year outcome 37 255
Hospitalization for angina 21 145
Hospitalization for heart failure 4 28
Reperfusion therapy 4 28
Cardiovascular death 8 55
Death from noncardiovascular causes 4 238
Table 6. Multivariate analysis using the Cox regression at six months.
Characteristic HR 95% CI P value
Moderate-severe aortic regurgitation 8.4 229 -30.79 0.001
Right bundle branch block 4.15 1.15-1492 0.029
Initial troponin T 15.19 3.33-69.36 0.001
Table 7. Multivariate analysis using the Cox regression at one year.
Characteristic HR 95% CI P value
Moderate-severe aortic regurgitation 6.11 1.85-20.15 0.003
Initial troponin T 6.15 1.17-32.26 0.032

with outcomes. However, these bivariate analysis findings
highlight the need to promote a shorter hospital stay in
patients with MINOCA.

The most common electrocardiographic presentation in
MINOCA is NSTEMI and it accounts for more than half of
the patients in almost all the series (22). A systematic review
and meta-regression published in 2020 by Francesco Pellic-
ciaetal. (23) included 44 and found that NSTEMI occurred
in 57% of the cases; in the 2015 systematic review it was
67% of the cases (7), in the Virgo study it was 79% (16) and
in the Eggers et al. study it was 76.2% (24). These findings
are consistent with what was shown in the current study, in
which 86.5% (n=141) of the patients had NSTEMI. A single
study reported STEMI as the predominant manifestation of
MINOCA (10).

The initial troponin T value (on hospital admission) was
significantly related to the probability of having outcomes
at six months and one year, mainly due to a significantly
greater risk of cardiovascular death. This is similar to what
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was reported in the study by Ciliberti et al. (2018) (25),
where the authors found that the maximum troponin value
was significant for predicting MACE (p=0.09); however,
the level of statistical significance used in this study was
p=<0.10.

After a multivariate adjustment for possible confounding
variables, the initial troponin T level continues to behave
as a risk factor for outcomes at six months and one year.
The troponin value in MINOCA as an important prognostic
marker had already been reported previously; for instance, in
a record-based cohort study published by Hjort ef al. (2018)
(26). The authors used data from 1,639 patients with MI-
NOCA in Swedish hospitals from 2009 to 2013, and in their
adjusted analyses, the troponin T level (high-sensitivity assay
Elecsys® Troponin T, Roche Diagnostics, Basel, Switzerland)
in patients with MINOCA predicted all-cause mortality (HR
1.32;95% CI 1.11-1.56), cardiovascular mortality (HR 2.11;
95% C11.51-2.96) and MACE (HR 1.44;95% CI 1.20-1.72).

In our study, preserved LVEF (=50%) was most common,
occurring in 81.6% (n=133) of the records, a finding similar
to what was described in the various series which report a
preserved LVEF ranging from 72.4% to 91.8% (20, 24).

Two valve diseases related to some components of the
outcome at six months and one year were documented, with
this study being the first to report these statistically significant
differences, especially greater cardiovascular mortality at six
months and one year for moderate to severe aortic regurgita-
tion, and only at six months for moderate to severe mitral
regurgitation. After adjusting the multivariate analysis, aortic
regurgitation continued behaving as a risk factor for outcomes
at six months, a finding not reported in previous studies.

The study by Vijay S. Ramanath et al. (2010) carried out at
the University of Michigan with 123 patients with MINOCA
(27) was one of the first to report that patients with MI without
significant obstruction had less probability of having medi-
cations prescribed for secondary prevention, finding fewer
prescriptions compared with obstructive MI. These findings
are very similar to the current study’s, except for a greater
prescription of dual antiplatelet therapy (DAPT) due to more
prescription of P2Y 12 inhibitors and statins.

The only drug group which showed a significant differ-
ence on bivariate analysis in this study was the use of an ARB
(other than losartan), which showed a reduction in six-month
but not one-year outcomes. This was the first study to show
this result, compared with prior records, a finding which sug-
gests the need to evaluate different ARBs in the context of
MINOCA in future studies.

The multivariate analysis found no relationship between
the outcomes and pharmacological treatment. The evidence
for MINOCA treatment has been very controversial. The
benefit of ACE inhibitors/ARBs and statins has been shown
previously (28-30), as in the study by Choo EH et al. (2019)
(31). In a multivariate model, its authors found that the use
of renin-angiotensin system blockers (HR, 2.63; 95% CI,
1.08-6.25;P=0.033) and statins (HR,2.17;95% CI, 1.04-4.54;

P=0.039) was associated with lower mortality in patients with
MINOCA. In our study, we found a beneficial tendency with
enalapril in hospitalization for angina at six months and non-
cardiovascular death at one year, but this was not statistically
significant.

For beta blockers, the data have been more heterogeneous;
most observational studies do not support an overwhelming
benefit in MINOCA (25, 32). The study by Pelliccia et al.
(23) found a direct relationship between higher mortality and
the use of beta blockers on patient follow up (p=0.010; coef-
ficient: 0.000; 95% CI: —0.000 - 0.001). However, Ciliberti
et al. (2021) (33) recently published a study promoting the
use of beta blockers in MINOCA, as a benefit was found in
their multivariate analysis with the use of these medications
(HR 0.49,95% CI,0.31-0.79, p=0.02).

No observational study has found a benefit in dual anti-
platelet therapy after a MINOCA, and most of the results have
shown a neutral effect (6, 18, 23, 28). On the contrary, a post
hoc analysis of the Clopidogrel and Aspirin Optimal Dose Us-
age to Reduce Recurrent Events—Seventh Organisation to As-
sess Strategies in Ischaemic Symptoms (CURRENT-OASIS)
clinical trial published in 2021 by Matthias Bossard et al. (34)
compared high doses (day 1: 600 mg, days 2-7: 150 mg, then
75 mg per day) versus the standard dose (day 1: 300 mg, then
75 mg/day) of clopidogrel and reported that dual antiplatelet
therapy based on clopidogrel, even at the standard dose, does
not appear to provide any additional benefit, and may even
harm patients with MINOCA . A higher risk of adverse events
has even been reported in those on aspirin monotherapy (HR
247,95% CI, 1.05-5.78, p=0.04) (33).

The pathophysiology of MINOCA, and especially the
lack of obstructive coronary lesions, initially suggested the
hypothesis that MINOCA was a benign condition. However,
over the last few years, different published studies have re-
futed this hypothesis and have proven that its outcomes are
not good compared with individuals without MINOCA (5).
Various registries have reported a 12-month mortality rate
from any cause of 4.7% (2.6-6.9%) (7),5.3% in the COAPT
study (2018) (21) and 5.5% in the Portuguese registry (20).
These findings are similar to those documented in the current
study, with a one-year cardiovascular mortality of 4.8% (n=7).

Evaluating the rest of the outcomes, Bugiardini et al.
(2006) (35) reported the presence of the primary outcome
(composed of death, MI, revascularization, unstable angina or
cerebrovascular disease) in 12.1%, compared with 25.5% of
the patients in our study who had the outcome at one year, with
unstable angina in both studies (10.1%) and hospitalization
for angina in our study (14.5%,n=21) being the most frequent
outcome, and more patients undergoing revascularization in
our registry (0.8 and 2%, respectively).

Ahigh prevalence of angina following MINOCA has been
reported, as revealed by the study published by Lichtlen P et
al. (36) in which chest pain persisted in 81% of the patients
with MINOCA after an average of 10.3 years. In our study,
the most frequent outcome both at six months and one year
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was also chest pain, but evaluated in terms of hospitalization,
which occurred in a total of 21 patients (14.5%). Therefore,
studies with more follow up are needed to characterize the
persistent chest pain in patients with MINOCA and thus
determine diagnostic, therapeutic and preventive strategies
in this population.

The multivariate analysis in the current study did not show
arelationship between the outcomes and the ejection fraction,
as has been described in previous studies (37), for example in
Pelliccia et al.’s (23) meta-regression, in which there was an
inverse relationship between long-term mortality and the ejec-
tion fraction (p <0.0001; coefficient: -0.001; 95% CI: 0.000-
0.001). In this multivariate analysis, we found that RBBB was
arisk factor for developing an outcome at six months, with this
being the first study to report this finding. The fact that some
patients with a history of MI and ischemic heart disease were
included may have contributed to this finding, as these situa-
tions condition structural abnormalities which can predispose
to RBBB. The prevalence of prior MI in other series varies,
depending on the source consulted, and ranges from 1.8% (35)
to 14% (5). In the current study, there were 28 patients with a
history of ischemic heart disease (17.2%), a condition which
has been excluded in some studies but which we decided a
priori to include in this article, since the presence of stents
and/or permeable bypasses on coronary arteriography does
not exclude a MINOCA diagnosis. One of the studies which
included a history of coronary intervention was the Korean
MI Registry (KAMIR) (19) in which 16.2 and 2.3% of the
patients had a history of surgical and percutaneous revascu-
larization, respectively, with a prevalence of prior MI (20.5%)
even greater than that reported in the current study (17.2%).

One of the strengths of this study lies in finding healthy
coronary arteries (0% stenosis) in more than half of the pa-
tients (n=108; 66.3%), in contrast with what was described
in the review by Francesco Pelliccia er al. (2020) (23), the
Portuguese cohort (20) and the Argentinian registry (10),
which reported coronary arteries with no lesions in 46, 41.1
and 26.7%, respectively. In our study, fewer patients had
<30% (n=3; 1.8%) and 30-50% (n=52; 31.9%) stenosis. An-
other strength of the study is that it was carried out after the
publication of the latest guidelines for MINOCA diagnosis ac-
cording to the fourth universal definition of infarction (2018)
(12), and therefore takotsubo syndrome, myopericarditis and
pulmonary embolism were excluded from MINOCA, this be-
ing the first study in the region to characterize the population
according to the latest definitions.

The inclusion of patients with <50% coronary obstruc-
tion could be considered a limitation of the current study.
The reasons for including 50% stenoses (and not just up to
49%) are described below. First, <50% stenosis, which has
traditionally been the threshold consistent with angiographic
guidelines (38), has been selected arbitrarily and the wide
intra and inter-observer variability in the visual estimate of
stenoses during angiography is recognized (5). Therefore, a
value reported as a 50% obstruction could be lower (49%
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or less) and be MINOCA. Second, considering the dynamic
pathophysiology of MI, significant angiographic changes can
be documented in the same patient due to the presence of a
changeable thrombotic mass or bleeding from an unstable
coronary plaque or due to fluctuations in coronary vasomo-
tor tone (39), which can lead to inaccurate visual readings of
coronary stenoses.

The unavailability of cardiac magnetic resonance imaging,
functional tests, coronary vasospasm tests and intravascular
coronary imaging in this setting is a second limitation of our
study. However, the first thing to keep in mind is that a large
percentage of patients (8-73%) remain without an etiologi-
cal diagnosis even after undergoing these studies, and even
cardiac magnetic resonance imaging may not show a localized
area of infarction through late gadolinium enhancement (5,
6,40). Intravascular coronary imaging using optic coherence
tomography (OCT) or intravascular ultrasound (IVUS) plays
a fundamental role in MINOCA, as these studies clarify the
etiology with greater diagnostic precision and in a higher
number of patients (6, 41), since coronary angiography is
restricted in its capacity to elucidate the etiology and evalu-
ate the arterial wall. Furthermore, it is advisable to state that
the transverse area of a vessel may be preserved despite the
presence of a large plaque, a condition which may not be
documented during angiography, and which is known as
Glagov’s theory (described by Dr. Glagov et al.in 1987) (42).

Another limitation of the study is the presence of informa-
tion and recall bias. These biases were minimized as much
as possible through confirmation of the data provided by the
patients using the medical charts.

Conclusion
We have presented the largest population study in Co-
lombia on the demographic, clinical, paraclinical, echocar-
diographic, angiographic and treatment characteristics of a
cohort of patients with MINOCA.

References

1. Anderson JL, Morrow DA. Acute Myocardial Infarction. N Engl J Med.
2017;376(21):2053-64.

2. Bhatt DL, Lopes RD, Harrington RA. Diagnosis and Treatment of Acute
Coronary Syndromes: A Review. JAMA. 2022;327(7):662-75.

3. Niccoli G, Scalone G, Crea F. Acute myocardial infarction with no obstruc-
tive coronary atherosclerosis: mechanisms and management. Eur Heart J.
2015;36(8):475-81.

4. Padro T, Manfrini O, Bugiardini R, Canty J, Cenko E, De Luca G, et al. ESC
‘Working Group on Coronary Pathophysiology and Microcirculation position paper
on ‘coronary microvascular dysfunction in cardiovascular disease’. Cardiovasc
Res.2020;116(4):741-55.

5. Agewall S, Beltrame JF, Reynolds HR, Niessner A, Rosano G, Caforio AL,
et al. ESC working group position paper on myocardial infarction with non-
obstructive coronary arteries. Eur Heart J.2017;38(3):143-53.

6. Lindahl B, Baron T, Albertucci M, Prati F. Myocardial infarction with non-
obstructive coronary artery disease. Eurolntervention.2021;17(11):e875-e87.

7. Pasupathy S, Air T, Dreyer RP, Tavella R, Beltrame JF. Systematic review
of patients presenting with suspected myocardial infarction and nonobstructive
coronary arteries. Circulation. 2015;131(10):861-70.

8. Tamis-Holland JE, Jneid H, Reynolds HR,Agewall S, Brilakis ES, Brown TM,
et al. Contemporary Diagnosis and Management of Patients With Myocardial Infarc-
tion in the Absence of Obstructive Coronary Artery Disease: A Scientific Statement



Luisa Fernanda Giraldo-Ballesteros y cols.

From the American Heart Association. Circulation. 2019;139(18):e891-¢908.

9. Silva GHdMd, Magalhies LA. PERFIL EPIDEMIOLOGICO E CLINICO DE
PACIENTES COM Diagnéstico De Minoca: Uma Revisdo Sistematica (Tesis De
Postgrado). Centro Universitdrio Unifacig Faculdade De Medicina. 2019.

10. Cristian Rossler JM, Maria Eugenia Santillan, Alan Sigal, Rodrigo Ocampos,
Juan Pablo Cattaneo, Belén Barrionuevo, Ignacio Cigalini, Sebastian Garcia-
Zamora, Ricardo M. Iglesias. Infarto De Miocardio Sin Lesiones Coronarias.
Subandlisis Del Registro Conarec Xvii. 2021;81:375-81.

11.Rojas LM, Rodriguez, D.A., Diaztzagle, J.J. y Sprockel, J.J. 2017. Caracter-
izacién de pacientes con infarto agudo del miocardio sin enfermedad coronaria
obstructiva. Revista Repertorio de Medicina y Cirugia. 26,1 (mar.2017),22-26.

12.Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et
al. Fourth Universal Definition of Myocardial Infarction (2018). Glob Heart.
2018;13(4):305-38.

13.Shaw LJ, Shaw RE, Merz CN, Brindis RG, Klein LW, Nallamothu B, et al.
Impact of ethnicity and gender differences on angiographic coronary artery disease
prevalence and in-hospital mortality in the American College of Cardiology-
National Cardiovascular Data Registry. Circulation. 2008;117(14):1787-801.

14.Berger JS, Elliott L, Gallup D, Roe M, Granger CB, Armstrong PW, et
al. Sex differences in mortality following acute coronary syndromes. JAMA.
2009;302(8):874-82.

15.Bairey Merz CN, Shaw LJ, Reis SE, Bittner V, Kelsey SF, Olson M, et al.
Insights from the NHLBI-Sponsored Women’s Ischemia Syndrome Evaluation
(WISE) Study: Part II: gender differences in presentation, diagnosis, and outcome
with regard to gender-based pathophysiology of atherosclerosis and macrovascular
and microvascular coronary disease. J Am Coll Cardiol.2006;47(3 Suppl):S21-9.

16.Safdar B, Spatz ES, Dreyer RP, Beltrame JF, Lichtman JH, Spertus JA, et al.
Presentation, Clinical Profile, and Prognosis of Young Patients With Myocardial
Infarction With Nonobstructive Coronary Arteries (MINOCA): Results From the
VIRGO Study. J Am Heart Assoc. 2018;7(13).

17. Alderete Martinez JF, Centurién OA. Ethiopathogenesis and prognostic im-
plication in myocardial infarction without obstruction of the epicardial coronary
arteries (MINOCA). Revista Virtual de la Sociedad Paraguaya de Medicina
Interna. 2020;7(1):86-95.

18.Lindahl B, Baron T, Erlinge D, Hadziosmanovic N, Nordenskjold A, Gard
A, et al. Medical Therapy for Secondary Prevention and Long-Term Outcome
in Patients With Myocardial Infarction With Nonobstructive Coronary Artery
Disease. Circulation. 2017;135(16):1481-9.

19.Kang WY, Jeong MH, Ahn YK, Kim JH, Chae SC, Kim YJ, et al. Are patients
with angiographically near-normal coronary arteries who present as acute myo-
cardial infarction actually safe? Int J Cardiol. 2011;146(2):207-12.

20. Carvalho P, Cacoilo M, Afreixo V, Bastos JM, Ferraz L, Vieira M, et al. Acute
Myocardial Infarction with Non-Obstructive Coronary Arteries — Stratifying the
Risk of a “new” Clinical Entity using an “Old” Tool. International Journal of
Cardiovascular Sciences.2021.

.Bainey KR, Welsh RC, Alemayehu W, Westerhout CM, Traboulsi D, Anderson
T, et al. Population-level incidence and outcomes of myocardial infarction with
non-obstructive coronary arteries (MINOCA): Insights from the Alberta contem-
porary acute coronary syndrome patients invasive treatment strategies (COAPT)
study. Int J Cardiol. 2018;264:12-7.

22.Matsudo M, Aladio, José M, Swieszkowski, Sandra P, & Pérez De La Hoz,

Ricardo A. Minoca, infarto con coronarias normales ;La caida del paradigma?.

Medicina (Buenos Aires). 2019;79:201-4.

. Pelliccia F, Pasceri V, Niccoli G, Tanzilli G, Speciale G, Gaudio C, et al. Predic-
tors of Mortality in Myocardial Infarction and Nonobstructed Coronary Arteries:
A Systematic Review and Meta-Regression. Am J Med. 2020;133(1):73-83 e4.

24.Eggers KM, Hjort M, Baron T, Jernberg T, Nordenskjold AM, Tornvall P, et al.
Morbidity and cause-specific mortality in first-time myocardial infarction with
nonobstructive coronary arteries. J Intern Med. 2019;285(4):419-28.

25.Ciliberti G, Coiro S, Tritto I, Benedetti M, Guerra F, Del Pinto M, et al.
Predictors of poor clinical outcomes in patients with acute myocardial infarction
and non-obstructed coronary arteries (MINOCA). Int J Cardiol. 2018;267:41-5.

26.Hjort M, Lindahl B, Baron T, Jernberg T, Tornvall P, Eggers KM. Prognosis
in relation to high-sensitivity cardiac troponin T levels in patients with myocardial
infarction and non-obstructive coronary arteries. Am Heart J. 2018;200:60-6.

27.Ramanath VS, Armstrong DF, Grzybowski M, Rahnama-Mohagdam S,
Tamhane UU, Gordon K, et al. Receipt of cardiac medications upon discharge
among men and women with acute coronary syndrome and nonobstructive coro-
nary artery disease. Clin Cardiol.2010;33(1):36-41.

28.Paolisso P, Bergamaschi L, Saturi G, D’Angelo EC, Magnani I, Toniolo S,
et al. Secondary Prevention Medical Therapy and Outcomes in Patients With
Myocardial Infarction With Non-Obstructive Coronary Artery Disease. Front
Pharmacol. 2019;10:1606.

2

2

%)

29.Abdu FA, Liu L, Mohammed AQ, Xu B, Yin G, Xu S, et al. Effect of Second-
ary Prevention Medication on the Prognosis in Patients With Myocardial Infarc-
tion With Nonobstructive Coronary Artery Disease. J Cardiovasc Pharmacol.
2020;76(6):678-83.

30.Kovach CP, Hebbe A, O’Donnell CI, Plomondon ME, Hess PL, Rahman A,
et al. Comparison of Patients With Nonobstructive Coronary Artery Disease With
Versus Without Myocardial Infarction (from the VA Clinical Assessment Reporting
and Tracking [CART] Program). Am J Cardiol.2021;146:1-7.

31.Choo EH, Chang K, Lee KY, Lee D, Kim JG, Ahn Y, et al. Prognosis and
Predictors of Mortality in Patients Suffering Myocardial Infarction With Non-
Obstructive Coronary Arteries. J Am Heart Assoc. 2019;8(14):e011990.

32.Hassan S, Prakash R, Starovoytov A, Saw J. Natural History of Spontaneous
Coronary Artery Dissection With Spontaneous Angiographic Healing. JACC
Cardiovasc Interv. 2019;12(6):518-27.

33. Ciliberti G, Verdoia M, Merlo M, Zilio F, Vatrano M, Bianco F, et al. Phar-
macological therapy for the prevention of cardiovascular events in patients with
myocardial infarction with non-obstructed coronary arteries (MINOCA): Insights
from a multicentre national registry. Int J Cardiol. 2021;327:9-14.

34.Bossard M, Gao P, Boden W, Steg G, Tanguay JF, Joyner C, et al. Antiplatelet
therapy in patients with myocardial infarction without obstructive coronary artery
disease. Heart. 2021;107(21):1739-47.

35.Bugiardini R, Manfrini O, De Ferrari GM. Unanswered questions for
management of acute coronary syndrome: risk stratification of patients with
minimal disease or normal findings on coronary angiography. Arch Intern Med.
2006;166(13):1391-5.

36.Lichtlen PR, Bargheer K, Wenzlaff P. Long-term prognosis of patients with
anginalike chest pain and normal coronary angiographic findings. Journal of the
American College of Cardiology. 1995;25(5):1013-8.

37.Da Costa A, Isaaz K, Faure E, Mourot S, Cerisier A, Lamaud M. Clinical
characteristics, aetiological factors and long-term prognosis of myocardial infarc-
tion with an absolutely normal coronary angiogram; a 3-year follow-up study of
91 patients. Eur Heart J.2001;22(16):1459-65.

38.Scanlon PJ, Faxon DP, Audet A-M, Carabello B, Dehmer GJ, Eagle KA, et
al. ACC/AHA guidelines for coronary angiography11“ACC/AHA Guidelines for
Coronary Angiography” was approved by the American College of Cardiology
Board of Trustees in October 1998 and by the American Heart Association Science
Advisory and Coordinating Committee in December 1998.22When citing this
document, the American College of Cardiology and the American Heart Associa-
tion request that the following format be used: Scanlon PJ, Faxon DP, Audet AM,
Carabello B, Dehmer GJ, Eagle KA, Legako RD, Leon DF, Murray JA, Nissen
SD, Pepine CJ, Watson RM. ACC/AHA guidelines for coronary angiography: a
report of the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines (Committee on Coronary Angiography). J Am Coll
Cardiol 1999;33:1756-82433This document is available on the websites of the
ACC (www.acc.org) and the AHA (www.americanheart.org). Reprints of this docu-
ment (the complete guidelines) are available for $5 each by calling 800-253-4636
(US only) or writing the American College of Cardiology, Educational Services,
9111 Old Georgetown Road, Bethesda, MD 20814-1699. Ask for reprint No. 71-
0164. To obtain a reprint of the shorter version (executive summary and summary
of recommendations) published in the May 4, 1999, issue of Circulation, ask for
reprint No. 71-0163. To purchase additional reprints (specify version and reprint
number): up to 999 copies, call 800-611-6083 (US only) or fax 413-665-2671;
1000 or more copies, call 214-706-1466, fax 214-691-6342, or e-mail pubauth@
heart.org. Journal of the American College of Cardiology. 1999;33(6):1756-824.

39.Toth GG, Toth B, Johnson NP, De Vroey F, Di Serafino L, Pyxaras S, et al.
Revascularization decisions in patients with stable angina and intermediate lesions:
results of the international survey on interventional strategy. Circ Cardiovasc
Interv. 2014;7(6):751-9.

40.Dastidar AG, Baritussio A, De Garate E, Drobni Z, Biglino G, Singhal P,
et al. Prognostic Role of CMR and Conventional Risk Factors in Myocardial
Infarction With Nonobstructed Coronary Arteries. JACC Cardiovasc Imaging.
2019:;12(10):1973-82.

.Johnson TW, Raber L, Di Mario C, Bourantas CV, Jia H, Mattesini A, et al.
Clinical use of intracoronary imaging. Part2: acute coronary syndromes, ambigu-
ous coronary angiography findings, and guiding interventional decision-making:
an expert consensus document of the European Association of Percutaneous
Cardiovascular Interventions. Eurolntervention. 2019;15(5):434-51.

42.Glagov S, Weisenberg E, Zarins CK, Stankunavicius R, Kolettis GJ. Com-

pensatory enlargement of human atherosclerotic coronary arteries. N Engl J Med.

1987;316(22):1371-5.
@ BY SA

4



