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ABSTRACT

Background: Myocardial infarction with non-obstructive coronary arteries is an increasingly recognized clinical
entity in which patients meet diagnostic criteria for myocardial infarction despite the absence of significant
epicardial coronary stenosis on angiography. Although ST-segment elevation myocardial infarction is classically
associated with acute coronary occlusion, a clinically important proportion of patients may present with STEMI and
non-obstructive coronary arteries. Objective: To determine the frequency of myocardial infarction with non-
obstructive coronary arteries among patients presenting with ST-segment elevation myocardial infarction. Methods:
This cross-sectional study was conducted at the Department of Cardiology, Bolan Medical College/Hospital, Quetta,
from 12 December 2023 to 14 June 2024. Patients presenting with ST-segment elevation myocardial infarction were
enrolled after confirmation based on clinical presentation, electrocardiographic changes, and rise in cardiac
enzymes. MINOCA was defined as myocardial infarction in the presence of less than 50% coronary stenosis on
angiography, with exclusion of other diseases that could mimic myocardial infarction. Results: A total of 197 patients
with STEMI were enrolled. Age ranged from 20 to 80 years, with a mean of 58.44 + 10.85 years. MINOCA was
identified in 32 patients, corresponding to a frequency of 16.2%, while 165 patients (83.8%) had obstructive coronary
artery disease. Conclusion: MINOCA represents a clinically important subgroup among patients presenting with
STEMI in this setting. Recognition of this entity is essential to support accurate diagnosis and appropriate
downstream etiologic evaluation. Keywords: ST-segment elevation myocardial infarction; STEMI; myocardial
infarction with non-obstructive coronary arteries; MINOCA; coronary angiography.
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INTRODUCTION

Acute myocardial infarction remains a major cause of cardiovascular morbidity and mortality worldwide
despite substantial advances in preventive cardiology, early diagnosis, reperfusion strategies, and
secondary prevention. Within the acute coronary syndrome spectrum, ST-segment elevation myocardial
infarction is traditionally regarded as the clinical manifestation most strongly associated with abrupt
coronary occlusion and therefore demands urgent diagnostic and therapeutic intervention. However, a
small but clinically important subgroup of patients present with biochemical and electrocardiographic
evidence of myocardial infarction despite the absence of obstructive coronary artery disease on
angiography. This entity, currently termed myocardial infarction with non-obstructive coronary arteries,
has emerged as a diagnostically challenging and pathobiologically heterogeneous syndrome rather than
a single disease process (1-3).

MINOCA is generally defined as myocardial infarction occurring in the absence of angiographic stenosis
of 50% or greater in a major epicardial vessel, after exclusion of overt non-ischemic causes of myocardial
injury and other conditions that mimic infarction. Contemporary position papers and scientific
statements emphasize that MINOCA should be considered a working diagnosis that requires further

etiologic clarification because multiple mechanisms may underlie the same initial presentation,
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including plaque disruption, coronary vasospasm, spontaneous coronary artery dissection, coronary
thromboembolism, and coronary microvascular dysfunction (3,9,19,20). This pathophysiologic diversity
carries direct implications for patient management, prognosis, and secondary prevention, making early
recognition of MINOCA particularly important in patients initially triaged as STEMI, in whom
obstructive coronary disease is usually presumed.

The reported prevalence of MINOCA varies according to study design, case definition, clinical setting,
and the extent of diagnostic workup. A systematic review of patients presenting with suspected
myocardial infarction and non-obstructive coronary arteries estimated an overall prevalence of
approximately 6%, while contemporary statements from major cardiovascular societies suggest that
MINOCA accounts for nearly 5% to 6% of all myocardial infarctions referred for angiography (15,19).
Data specific to STEMI populations have also shown important variability. Gue et al. reported an
incidence of 4.4% among patients presenting with STEMI in a contemporaneous cohort, while Abdu et
al. found MINOCA in 6.3% of Chinese patients with acute myocardial infarction, and Kafle et al. reported
a prevalence of 13.5% in a South Asian setting (1,11,12). Other observational data have reported
frequencies ranging from 4% to 10% depending on population selection, angiographic thresholds, and
whether comprehensive post-angiography evaluation was performed (3,5,6,17). More recent regional
work has continued to highlight variability in frequency and outcomes, suggesting that local
epidemiologic characterization remains important rather than assuming uniform prevalence across
health systems (2,4,10).

Although the clinical importance of MINOCA is increasingly recognized, evidence from Pakistan
remains limited, especially in patients presenting specifically with ST-segment elevation myocardial
infarction. This is a relevant gap because prevalence estimates derived from other countries may not be
directly generalizable to local tertiary care populations with different cardiovascular risk profiles,
referral pathways, and access to advanced diagnostic evaluation. Moreover, under-recognition of
MINOCA at the point of angiography may lead to incomplete etiologic workup and imprecise
downstream management. In this context, determining the frequency of MINOCA among patients
presenting with STEMI in a tertiary care hospital in Quetta is clinically justified and epidemiologically
relevant. Therefore, the present study was conducted to determine the frequency of myocardial
infarction with non-obstructive coronary arteries in patients presenting with ST-segment elevation
myocardial infarction (2,11,12,19).

MATERIALS AND METHODS

This cross-sectional study was conducted in the Department of Cardiology, Bolan Medical
College/Hospital, Quetta, from 12 December 2023 to 14 June 2024. The study was designed to estimate
the frequency of myocardial infarction with non-obstructive coronary arteries among patients
presenting with ST-segment elevation myocardial infarction in a tertiary care clinical setting. All patients
presenting during the study period with a diagnosis of STEMI were evaluated for eligibility and enrolled
after confirmation of the diagnosis on the basis of clinical presentation, electrocardiographic evidence
of ST-segment elevation, and rise in cardiac enzymes. The study population therefore represented
patients with a clinically established acute STEMI presentation undergoing coronary angiographic
assessment as part of routine diagnostic workup.

The principal study outcome was the frequency of MINOCA in this STEMI cohort. For operational
purposes, MINOCA was defined as myocardial infarction in the presence of non-obstructive coronary
arteries, specifically less than 50% stenosis on coronary angiography, together with exclusion of other
diseases that could mimic myocardial infarction. Coronary angiographic findings were used to classify
enrolled patients into MINOCA and non-MINOCA groups. Demographic characteristics including age

and gender were recorded for all participants because these variables were analyzed for association with
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MINOCA status. Age was documented in completed years, and gender was recorded as reported in the

clinical record.

Data were compiled in a structured manner for descriptive and comparative analysis. Continuous
variables were summarized using mean and standard deviation, while categorical variables were
expressed as frequencies and percentages. The frequency of MINOCA was calculated by dividing the
number of patients meeting the angiographic definition of MINOCA by the total number of enrolled
STEMI cases. Associations between MINOCA status and demographic variables, including age and
gender, were assessed using inferential statistical testing, and a p-value of less than 0.05 was considered
statistically significant. The results were intended to quantify overall frequency while also examining
whether the occurrence of MINOCA varied across major demographic strata within the study
population.

The methodological approach was aligned with the descriptive objective of the study, namely to estimate
the burden of MINOCA within a defined STEMI population presenting to a single tertiary care center.
By using a uniform angiographic threshold and a clinically confirmed STEMI cohort, the study sought
to provide a setting-specific estimate that could be interpreted alongside regional and international
reports. This design was particularly relevant because prior literature has demonstrated substantial
variation in MINOCA frequency depending on the population studied and the diagnostic framework
applied, supporting the value of center-specific epidemiologic reporting in the absence of broader local
registries (2,6,11,12,15).

RESULTS

A total of 197 patients presenting with ST-segment elevation myocardial infarction were enrolled during
the study period. The participants ranged in age from 20 to 80 years, with a mean age of 58.44 + 10.85
years. Coronary angiographic evaluation showed that 32 patients had myocardial infarction with non-
obstructive coronary arteries, corresponding to a frequency of 16.2% in the overall STEMI cohort, while
the remaining 165 patients (83.8%) had obstructive coronary artery disease. Thus, approximately one in
every six patients presenting with STEMI in this series demonstrated non-obstructive coronary arteries

on angiography.

‘When the primary outcome was expressed as an interval estimate, the frequency of MINOCA was 16.2%,
with an approximate 95% confidence interval of 11.7% to 22.0%, indicating that MINOCA represented
a clinically meaningful subgroup rather than an isolated finding within this population. The manuscript
source also states that the association of MINOCA with age and gender was statistically significant;
however, because the subgroup distributions and exact p-values are not available in the provided excerpt,
those comparisons cannot be reported in a reproducible tabular form at this stage and should be added
only when the complete underlying data are presented.

Overall, the results demonstrate that non-obstructive coronary anatomy was not uncommon among
patients presenting with an electrocardiographic and biochemical picture consistent with STEMI. This
finding supports the need for clinicians to maintain diagnostic awareness of MINOCA in acute STEMI
presentations, particularly when angiographic findings do not show significant epicardial coronary
obstruction.

Table 1. Baseline Characteristics of the Study Population

Variable Value

Total patients with STEMIL, n 197

Age range, years 20-80

Mean age, years 58.44 +10.85
Patients with MINOCA, n (%) 32 (16.2)

Patients with obstructive coronary artery disease, n (%) 165 (83.8)
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Table 2. Primary Outcome: Frequency of MINOCA Among Patients With STEMI

Outcome measure n/N % 95% CI
MINOCA among STEMI patients 32/197 162 11.7-22.0
Obstructive coronary artery disease among STEMI patients 165/197 838 78.0-883

Table 3. Statistical Summary of the Primary Endpoint

Parameter Estimate

Primary endpoint Frequency of MINOCA in STEMI
Numerator 32

Denominator 197

Point estimate 16.2%

Approximate 95% confidence interval 11.7%-22.0%

Distribution of STEMI Patients by Angiographic Classification With 95% Confidence Interval for MINOCA Frequency

95% Cl: 11.7%-22.0%

[I—

MINOCA Obstructive Coronary Disease
n=32 (16.2%) n=165 (83.8%)

0% 50% 100%

Figure 1 Distribution of STEMI Patients by Angiographic Classification

The figure shows that 32 of 197 patients presenting with ST-segment elevation myocardial infarction
were classified as having MINOCA, yielding a frequency of 16.2%, whereas 165 patients, representing
83.8% of the cohort, had obstructive coronary artery disease on angiography. The confidence band
around the MINOCA estimate spans approximately 11.7% to 22.0%, indicating that the observed
proportion is sufficiently large to represent a clinically relevant subgroup within the STEMI population.
In practical terms, these data suggest that nearly one out of every six STEMI presentations in this cohort
occurred in the absence of significant coronary obstruction.

DISCUSSION

The present study found that myocardial infarction with non-obstructive coronary arteries was identified
in 32 of 197 patients presenting with ST-segment elevation myocardial infarction, yielding a frequency
of 16.2% in this tertiary care cohort. This finding indicates that MINOCA is not a rare presentation
among patients initially diagnosed with STEMI in this setting and supports the need to consider non-
obstructive coronary pathology within the differential framework of acute myocardial infarction.
Although STEMI is conventionally associated with acute epicardial coronary occlusion, contemporary
evidence has established that a subset of patients demonstrate biochemical and electrocardiographic
features of infarction despite the absence of significant obstructive coronary artery disease, reflecting
the heterogeneous and mechanism-based nature of MINOCA (3,9,16,19,20).

The frequency observed in the present study is higher than that reported in several international cohorts
of STEMI-associated MINOCA. Gue et al. reported an incidence of 4.4% in a contemporaneous STEMI
cohort, while an Irish tertiary care experience found non-obstructive coronary arteries in 7.7% of STEMI
patients, and a Chinese cohort documented MINOCA in 6.3% of acute myocardial infarction
presentations overall (1,11,14). Registry-based and contemporary cohort data have also suggested
frequencies in the range of approximately 4% to 8%, depending on case selection and diagnostic workup
(5,6,17). In contrast, the frequency in the present study is closer to or slightly higher than some South
Asian observations, including the 13.5% prevalence reported from Western Nepal, and lower than one
recent tertiary-care report that documented a substantially higher proportion, likely reflecting broader
inclusion criteria and a different denominator population (2,12). These variations are plausible and likely
relate to differences in study design, local referral patterns, angiographic interpretation, clinical
thresholds for angiography, population risk profile, and the extent to which mimicking conditions are

actively excluded.
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The clinical significance of MINOCA lies in the fact that it is not a final etiologic diagnosis but rather a
working syndrome that requires further characterization. Position papers and reviews have emphasized
that mechanisms underlying MINOCA include plaque disruption, coronary vasospasm, coronary
embolism, spontaneous coronary artery dissection, and microvascular dysfunction, all of which may
produce myocardial necrosis without severe angiographic stenosis (3,9,16,19). This distinction is
important because the therapeutic strategy and long-term prognosis may differ substantially according
to the underlying cause. Consequently, identifying the frequency of MINOCA in local STEMI
populations is more than an epidemiologic exercise; it also informs clinical vigilance and supports the
need for more structured post-angiographic assessment in patients whose coronary anatomy appears
non-obstructive despite a clear infarction phenotype.

The present findings also reinforce the importance of cautious interpretation of angiographic results in
acute care settings. Patients with ST-segment elevation and elevated cardiac biomarkers are often
managed under the assumption of an occlusive coronary event, yet the current data indicate that nearly
one in six such patients in this cohort had non-obstructive coronary arteries. This proportion is clinically
meaningful and suggests that institutions managing STEMI should maintain awareness that
angiographic non-obstruction does not exclude myocardial infarction. Rather, such cases warrant careful
reassessment to identify the most likely ischemic mechanism and to exclude other causes of myocardial
injury. The manuscript source also noted a statistically significant association of MINOCA with age and
gender; however, because subgroup counts and exact p-values were not available in the shared numerical
extract, those associations should be interpreted conservatively until fully displayed in the final results
tables.

This study should be interpreted in light of several limitations. It was conducted at a single tertiary care
center, which may limit generalizability to broader populations. The cross-sectional design appropriately
estimates frequency but does not permit longitudinal evaluation of recurrence, treatment patterns, or
mortality. In addition, MINOCA was defined angiographically using a threshold of less than 50%
stenosis together with exclusion of conditions mimicking infarction, but the shared manuscript extract
does not detail whether adjunctive tools such as intravascular imaging or cardiac magnetic resonance
imaging were systematically used. As emphasized in contemporary guidance, incomplete etiologic
workup may leave residual diagnostic uncertainty in some cases of suspected MINOCA (3,19). Despite
these limitations, the study contributes valuable local evidence by documenting a substantial burden of
MINOCA among STEMI patients in a setting where published data remain limited.

CONCLUSION

Myocardial infarction with non-obstructive coronary arteries was identified in 16.2% of patients
presenting with ST-segment elevation myocardial infarction in this tertiary care cohort, indicating that
it constitutes a clinically important subgroup within the STEMI population. These findings support the
need for careful post-angiographic evaluation in STEMI patients without significant coronary
obstruction so that underlying ischemic mechanisms can be recognized more accurately and subsequent
management can be better individualized.
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