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Background—Current classification schemes for acute myocardial infarction (AMI) may not 

accommodate the breadth of clinical phenotypes in young women.

Methods and Results—We developed a novel taxonomy among young adults (<55 years) with 

AMI enrolled in the Variation in Recovery: Role of Gender on Outcomes of Young AMI Patients 

(VIRGO) study. We first classified a subset of patients (n=600) according to the Third Universal 

Definition of MI using a structured abstraction tool. There was heterogeneity within Type 2 AMI, 

and 54 patients (9%; including 51 of 412 women) were unclassified. Using an inductive approach, 

we iteratively grouped patients with shared clinical characteristics, with the aims of developing a 

more inclusive taxonomy that could distinguish unique clinical phenotypes. The final VIRGO 

taxonomy classified 2,802 study participants as: Class 1, plaque-mediated culprit lesion (82.5% of 

women; 94.9% of men); Class 2, obstructive coronary artery disease with supply-demand 

mismatch (2a: 1.4% women; 0.9% men;) and without supply-demand mismatch (2b: 2.4% 

women; 1.1% men); Class 3, non-obstructive coronary artery disease with supply-demand 

mismatch (3a: 4.3% women; 0.8% men) and without supply-demand mismatch (3b: 7.0% women; 

1.9% men); Class 4, other identifiable mechanism: spontaneous dissection; vasospasm; embolism 

(1.5% women; 0.2% men); and Class 5, undetermined classification (0.8% women; 0.2% men).

Conclusions—Approximately 1 in 8 young women with AMI are unclassified by the Universal 

Definition of MI. We propose a more inclusive taxonomy that could serve as a framework for 

understanding biological disease mechanisms, therapeutic efficacy and prognosis in this 

population.
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Introduction

Young women account for 40,000 hospitalizations for acute myocardial infarction (AMI) 

annually and have greater risks for morbidity and mortality compared with both young men 

and older women with AMI.1-3 The identification of distinct characteristics among young 

women with AMI, including genetic predisposition, non-traditional risk factors, and unique 

clinical features,4-6 raises the question of whether the current taxonomy for AMI will 

adequately characterize phenotypes of AMI in this population. Specifically, while all 

patients with AMI, by definition, have abnormal biomarkers and either an electrocardiogram 

or history consistent with ischemia, there is substantial variation in clinical presentation and 

mechanisms of injury in young women compared with similarly aged men, with important 

implications for clinical care and research.7, 8

Current classification schemes for AMI consider a diversity of disease mechanisms and 

clinical settings. The Global Myocardial Infarction (MI) Taskforce released the Third 

Universal Definition of MI in 2012, an updated classification system categorizing AMIs into 

5 distinct types based on pathological and clinical differences, with the aims of facilitating 

immediate treatment strategies and informing prognosis.9 Yet, some presentations that are 

likely more prevalent in younger women do not fit into this widely accepted taxonomy.7, 10 

For example, there is no category for patients with minimal or no coronary artery disease 
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(CAD) who do not have an identifiable mechanism for increased myocardial oxygen 

demand or decreased myocardial oxygen supply. Furthermore, patients with different 

mechanisms (e.g., vasospasm and anemia), degrees of coronary atherosclerosis (e.g., non-

obstructive versus obstructive) and myocardial function (e.g., abnormal versus preserved 

function) are classified together, such that groups in the current classification are likely to 

include patients with substantial phenotypic heterogeneity.7, 9

A more nuanced taxonomy that distinguishes these and other clinical phenotypes could be 

useful in comparing disease course and outcomes among similar AMI phenotypes, in 

guiding new therapies, and individualizing prognosis. While critically important for all 

patients with AMI, such a tool would be particularly important for young women with AMI 

– a population in which epicardial CAD and the classic mechanism of plaque rupture may be 

less common.6 Accordingly, we sought to develop a taxonomy that would be more useful in 

classifying young women with AMI by assessing the clinical presentations of young adults 

with a diagnosis of AMI, and examining whether there are sub-classes or new classes of 

phenotypes beyond those classified by the Third Universal Definition of MI.

Methods

Data source

Data were drawn from the Variation in Recovery: Role of Gender on Outcomes of Young 

AMI Patients (VIRGO) study.11 VIRGO is a prospective cohort study that compared women 

(n=2,009) and men (n=976) with AMI. Eligible patients were aged 18-55 years and met 

criteria for AMI, defined as the elevation of cardiac biomarkers plus evidence of acute 

myocardial ischemia, including at least 1 of the following: symptoms of ischemia; 

electrocardiographic changes indicative of new ischemia (new ST-T changes; new or 

presumably new left bundle-branch block; or the development of pathological Q waves); or 

other evidence of myocardial necrosis (imaging, pathology). Importantly, patients had to be 

given a diagnosis of AMI by their primary team at the time of enrollment, so as to avoid 

discordance between the team's diagnosis (and the patient's understanding of the illness) and 

the study aims. For example, patients deemed to have Takotsubo cardiomyopathy (clinically 

determined by study sites) were considered not to have had an AMI and were excluded. As 

part of the protocol, medical records from the index hospitalization were sent to the 

Coordinating Center on a continuous basis. These records included admission and discharge 

summaries, the presenting or qualifying electrocardiograms, catheterization reports, and 

echocardiography reports. Additionally, trained site coordinators abstracted clinical 

information from the medical record using standardized definitions.

Approach to taxonomy development

We used an inductive approach consistent with accepted methods for building taxonomies 

from multifaceted, complex clinical information but with common conceptual domains and 

dimensions.12, 13 This approach was best suited for the goals of VIRGO for several reasons. 

First, we aimed to develop a taxonomy that could be used by clinicians and investigators to 

classify patients at the time of admission (or early in hospitalization) within the context of a 

current, standard evidence-based diagnostic and therapeutic evaluation. Hence, we did not 
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consider information that was outside of routine management, such as novel genetic 

markers, or advanced imaging techniques. Second, we sought to build on the current 

understanding of myocardial ischemia and its clinical manifestations. For example, in this 

cohort of young adults with AMI, nearly all underwent a cardiac catheterization as part of 

the standard of care; thus, data on culprit lesions and coronary anatomy were readily 

available and acknowledged as clinically meaningful for inclusion. Third, the objective to 

explore a new taxonomy was motivated by the heterogeneity of AMI presentations among 

younger women as described in the literature.5, 7 Thus, an empiric, inductive approach had 

the particular advantage of potentially unveiling disease phenotypes previously not 

considered,14 which may be more relevant for young women with AMI. Fourth, we intended 

for the taxonomy to be used by clinical registries and other clinical studies; as such, we 

needed to define criteria that could easily be abstracted from the medical record by non-

clinicians. Finally, we decided to include both women and men with AMI in the 

development of the taxonomy in order to capture the breadth of disease presentations, and to 

determine the extent to which sex was related to taxonomy categories.

With this conceptual framework, we used a systematic, empirical approach to develop a 

novel taxonomy based on available clinical data from medical records during hospitalization 

for AMI (Figure 1). This process was conducted in 4 steps, described below.

1. Medical chart review—Through an iterative process, a team of 5 physicians (ESS, 

HMK, CPG, GD, BS), comprised of 2 cardiologists, 1 internist, and 2 emergency medicine 

physicians, developed an abstraction tool to enable both explicit and implicit medical chart 

review, methods commonly used to assess quality of clinical care.7, 15-17 The team identified 

conceptual codes (i.e., clinical domains) relevant to the diagnosis and treatment of AMI and 

established standard definitions and criteria for consistency (explicit review).18 Additionally, 

the tool was designed to accommodate the clinical judgment of the reviewer regarding 

disease mechanism and contributing comorbid states (implicit review).15, 16

The abstraction tool was iteratively developed in 3 cycles; the final tool was organized 

around the explicit review of clinical domains considered to be important for potential 

classification: (1) risk factors and clinical presentation; (2) electrocardiography; (3) 

angiographic findings; (4) left ventricular systolic function; and (5) magnitude of troponin 

elevation. Implicit review was operationalized as the reviewers’ impression of the primary 

and secondary pathophysiologic mechanisms underlying the AMI (e.g., plaque rupture, 

supply-demand mismatch (SDM), vasospasm) as well as the certainty of this adjudication: 

possible (hypothesized, no objective data); probable (≥1 supportive finding, but not definite); 

or definite (clear evidence).

2. Data abstraction—The review and development of a new classification system was 

based on a medical chart review of a subset of patients (n=600), randomly selected from 

different sites, preserving the 2:1 women to men ratio of enrollment. Four physician 

researchers used the abstraction tool described above to evaluate disease presentation (n= 

150 charts each) – a sample size estimated to capture diversity in clinical presentation. As is 

standard with explicit review,15 physician reviewers participated in 10 hours of training, 

during which they collectively reviewed medical records selected for diversity in clinical 
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presentation, to improve consistency in data interpretation and abstraction. Decision rules 

and operational definitions were refined to reduce ambiguity and facilitate standardized data 

abstraction. One author (ESS) re-reviewed 25% of the charts to ensure quality of data 

abstraction. Discrepancies were resolved during face-to-face meetings with all reviewers.

3. Taxonomy development: Constant comparative method and face validity—
Charts were first classified based on the primary disease mechanism assigned with 

‘probable’ or ‘definite’ certainty. We applied definitions from the Third Universal Definition 

of MI to categorize patients as: Type 1 (plaque rupture, ulceration, fissuring, erosion, 

dissection with resulting thrombus); Type 2 (condition other than CAD contributes to 

imbalance between myocardial oxygen supply or demand); and Type 4b (stent thrombosis). 

Other AMI Types 3 (cardiac death with symptoms suggesting ischemia), 4a (related to 

percutaneous coronary intervention (PCI)) and 5 (related to coronary artery bypass grafting 

(CABG)) were excluded from enrollment in VIRGO.

Given the heterogeneity among classification types and the high proportion of patients who 

remained unclassified (9%), we used the constant comparative method19, 20 to iteratively 

develop a new taxonomy. The primary author (ESS) presented 4 potential classification 

systems, based on the 5 clinical domains assessed with explicit review to 2 senior faculty 

cardiologists (HMK, FAM), both with extensive clinical and research experience, including 

guideline development for AMI.21 With their input, several clinical domains were refined 

and new classification strata emerged. For example, we considered several ways to 

distinguish the extent of CAD, including obstructive CAD: >50% versus >70%; and non-

obstructive CAD: <50% versus <30% versus normal. Given the data source, i.e., 

catheterization reports as opposed to angiographic data from a core laboratory, there was 

variability in investigation (e.g., use of intravascular ultrasound) and reporting (e.g., 

threshold to describe luminal abnormalities). As such, we settled on a categorization 

germane to most clinicians and researchers: obstructive CAD (≥50%) versus non-obstructive 

CAD (<50%). As another example, with respect to left ventricular systolic function, we 

decided not to use this clinical domain given the variability in the timing of assessment 

during the hospitalization and inability to systematically compare myocardial function on 

presentation in all patients; this was consistent with our intention to use data in the manner 

that is routinely collected at the time of AMI. Non-traditional risk factors (e.g., autoimmune 

disease, emotional stress) and clinical presentation (e.g., triggers) did not distinguish 

angiographic findings or presumed mechanism of disease, and thus were not used for 

classification.

To assess face validity, a penultimate taxonomy was presented in 2 distinct venues: one was 

at a cardiology meeting for clinician scientists (n =20); the second was in a presentation at a 

scientific meeting, which received formal feedback from 2 senior faculty cardiologists 

assigned to provide feedback to presenters. Clinicians and researchers suggested the addition 

of a new taxonomy class to distinguish patients with unique but defined mechanisms of 

disease, e.g., spontaneous coronary artery dissection and vasospasm, in order to identify 

unique phenotypes for future investigation.
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4. Testing of taxonomy: Reliability and construct validity—Consistent with the 

goal that the taxonomy be of use to both clinicians and researchers, we sought to assess the 

reliability of applying the taxonomy to the entire U.S. VIRGO population using data 

collected in the case report forms, typically abstracted by site coordinators who were not 

physicians and through patient interviews. We compared the agreement in classification 

using data abstracted by physician reviewers with data from the case report forms (n=598 

out of 600; case report forms not available for 2 patients; agreement=86%). In cases of 

discordance (n=80; 14%), ESS reviewed the medical charts to resolve discrepancies. Most 

discrepancies were among charts reviewed early in the process, and involved data elements 

for which definitions had evolved to reflect new insights (e.g., restricting the criteria used to 

identify scenarios of potential myocardial oxygen SDM). In some cases (<5%), the case 

report form was incorrect; in these, the source data were corrected, though this is likely 

representative of the margin of error within clinical databases. Overall, we determined that 

the case report forms, with some additional review of catheterization reports, were sufficient 

for classifying patients.

The penultimate classification system was then applied to the entire VIRGO population in 

the U.S. (n=2,985), which ensured that all the charts would be in English, using data from 

the case report forms. Also, we excluded patients without cardiac catheterization (n=49), 

those missing medical records (n=3; 2 of whom had no cardiac catheterization), and patients 

who received fibrinolytic therapy because coronary anatomy in these patients could not be 

reliably distinguished (n=133). The final cohort was 2,802 patients of which 1,895 (67.6%) 

were women. This included the subset of 600 patients from which the taxonomy was 

developed. Including the full cohort in this analysis was necessary in order to fully 

characterize each class. To further assess construct validity, 10 cases from each taxonomy 

class were randomly selected for review. To finalize the taxonomy, 2 reviewers (ESS and 

KM) rated the type of AMI based on both the Universal Definition of MI classification 

system and the penultimate VIRGO classification system, assessing whether the taxonomy 

accommodated the distinct phenotypes commonly observed in young women, and whether 

the cases within each group were clinically coherent.

Analysis

We present the first-pass classification using the Third Universal Definition of MI, based on 

data abstracted from the subset of patients included in the medical chart review. We then 

present the classification of patients from the entire VIRGO cohort using the final VIRGO 

taxonomy based on data from the case report forms. In this cohort, we compare the 

distribution of women and men across the VIRGO taxonomy, and describe the baseline 

characteristics, clinical presentation and care management of patients in each VIRGO class. 

While not a primary aim of VIRGO, we also compare 1-year mortality among the VIRGO 

taxonomy classes and by gender. We provide case examples of each VIRGO class, 

comparing classification by the Third Universal Definition of MI with the new VIRGO 

taxonomy. VIRGO was approved by the Yale University Institutional Review Board, and all 

subjects provided informed consent.
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Results

Classification by Third Universal Definition of MI

Applying the current classification system, 504 patients were classified as Type 1; 40 as 

Type 2; and 2 as Type 4b (Table 1). Among patients classified as Type 2 AMI, more than 

half had no significant CAD by cardiac catheterization. Additionally, patients with 

‘probable’ or ‘definite’ disease mechanisms commonly described in young women with 

AMI, e.g., vasospasm (n=6); spontaneous coronary artery dissection (n=8); coronary 

embolism (n=2); and cocaine-related (n=2), were classified as either Type 1 or Type 2, as 

specified by the Universal Definition. Thrombophilia, as a risk factor, was present among 

patients with Types 1, 2 and unclassified AMI. We were unable to classify 54 patients, 51 of 

whom were women, who had no evidence of acute plaque disruption with thrombus or of 

myocardial oxygen SDM.

Final VIRGO taxonomy

The algorithm for determining classification is presented in Figure 2. The final classification 

system (Figure 3) used data from the cardiac catheterization reports as well as clinical 

evidence supporting a scenario of increased myocardial oxygen demand or decreased 

myocardial oxygen supply. Data from the other 3 clinical domains (electrocardiogram, left 

ventricular systolic function and magnitude of troponin elevation) did not result in 

meaningful distinction of clinical phenotypes and were thus not included in the classification 

system.

Class I, plaque-mediated culprit lesion, refers to patients with angiographic evidence of 

either (a) thrombosis from plaque rupture, ulceration or fissure, or (b) critical plaque stenosis 

resulting in the receipt of or referral for PCI or CABG. Additionally, cases in which the 

clinical team reported ‘probable’ evidence for a culprit lesion (e.g., hazy lesions, slow-flow, 

contrast staining) were included in this class, despite some clinical uncertainty about the 

mechanism. Intravascular ultrasound was performed in 5 cases, of which 2 supported a 

diagnosis of plaque rupture, 1 supported a diagnosis of dissection, 1 revealed soft plaque, 

and the other was unremarkable. Consistent with clinician and researcher feedback, and in 

contrast with the Third Universal Definition of MI, patients with dissection were 

distinguished in a separate category.

Patients without evidence of a plaque-mediated culprit lesion were classified by whether 

there was another mechanism for the AMI identified with probable or definite certainty, and 

if not, by (1) the extent of coronary artery stenosis and, (2) whether there was supporting 

evidence for ischemia due to myocardial oxygen SDM. We considered the maximal degree 

of stenosis in any 1 epicardial artery, classifying patients as Class II if they had evidence of 

obstructive CAD (≥50% stenosis). Patients with non-obstructive CAD were classified as 

Class III. In Class III, patients either had no evidence of epicardial disease, luminal 

irregularities, or maximal luminal stenosis of <50%. Patients with isolated terminal branch 

disease, which was not determined to be the culprit and which was not quantified (e.g., 

disease of very small, distal branches), were also included in Class III.
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Clinical evidence for myocardial oxygen SDM was used to sub-classify patients with Class 

II or Class III AMI into ‘a’ and ‘b.’ Patients in Class IIa or IIIa had evidence of either (a) 

increased myocardial oxygen demand, defined as systolic blood pressure ≥180mmg; 

diastolic blood pressure ≥100 mmHg; heart rate ≥120 bpm; atrial fibrillation or flutter, 

irrespective of heart rate; ventricular tachycardia or fibrillation; acute, life-threatening 

comorbid illness on presentation (e.g., severe pneumonia or exacerbation of chronic 

obstructive pulmonary disease; trauma; acute renal failure; stroke; sepsis; surgical 

complication; any fracture; diabetes ketoacidosis/hyperosmolar hyperglycemia syndrome/

hypoglycemia; seizure; acute liver failure; and other acute, severe infections); or of (b) 

decreased myocardial oxygen supply, defined as systolic blood pressure <90 mmHg; 

hemoglobin <10 mg/dl; hypoxia; gastrointestinal bleed and other major bleeding. Patients 

without evidence for myocardial oxygen SDM were classified as either Class IIb or Class 

IIIb, depending on the degree of coronary artery stenosis.

Patients with other ‘probable’ or ‘definite’ pathophysiological mechanisms were categorized 

as Class IV. This class includes patients with angiographic evidence of spontaneous 

coronary artery dissection as well as patients with angiographic evidence of vasospasm, 

defined as non-catheter induced tubular stenosis that was responsive to intra-coronary 

vasodilators. Although vasospasm was often suspected despite a lack of response to 

vasodilators, in no cases was a pharmacological challenge with ergonovine or acetylcholine 

performed. Patients with AMI due to coronary embolism were also included as Class IV.

Finally, there were several cases that could not be reliably classified, rated as fitting >1 class; 

these were categorized as Class V – ‘Indeterminate.’ This class included patients with prior 

PCI but in whom no culprit lesion could be identified and in which there was no evidence of 

significant in-stent restenosis or other obstructive lesions. Also included in this class were 

patients with distal ‘pruning’ and/or ambiguous disease of ≥1 epicardial arteries as the only 

angiographic abnormality. These lesions were considered by the clinical teams to represent a 

possible culprit lesion with distal occlusion or small diseased arteries, possibly secondary to 

vasculopathy (n=3). Such cases were distinguished from other cases in which the clinical 

team identified a specific culprit, usually described as an occluded small, distal artery, not 

amenable to revascularization (Class I).

Sex differences, clinical characteristics and 1-year mortality

The baseline characteristics, clinical presentation, and care management for each VIRGO 

class are described in Supplemental Table 1. In comparing distributions by sex, 82.5% of 

women were classified as Class I compared with 94.9% of men. Among the other classes, 

the following sex distributions were observed: Class 2a: 1.4% women vs 0.9% men; Class 

2b: 2.4% women vs 1.1% men; Class 3a: 4.3% women vs 0.8% men; Class 3b: 7.0% women 

vs 1.9% men; Class 4: 1.5% women vs 0.2% men; and Class 5: 0.8% women vs 0.2% men. 

The mean age ranged from 43.4 (Class IV) to 47.8 years (Class IIa). The race of patients 

varied between classes, with more Black/African American patients in the non-classic AMI 

groups (Classes II-V, except IIb) compared with Class I. The greatest proportion of Black/

African American patients was in Class IIa. Otherwise, the findings were most notable for a 

lack of distinguishing clinical characteristics. For example, ST-segment elevation myocardial 
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infarction accounted for 71-88% of AMIs in Classes II-V. A reduced ejection fraction was 

common among all classes, and though the mean troponin elevation was highest among 

Classes I and IV (classes with plaque-mediated and other culprit lesions), standard 

deviations around peak troponin for the other classes were large, signifying wide variation. 

The most common presenting symptom among all classes was typical chest pain. Similarly, 

triggers such as physical and mental stress were common among all classes, with cocaine 

and other illicit drugs accounting for a small proportion of AMI triggers. Cardiovascular risk 

factors were common among all classes, with patients in Class IIa (obstructive CAD with 

SDM) assuming the greatest burden of risk factors. Despite being a young population, prior 

AMI was common: 16% of patients in Class I; 44% of patients with obstructive CAD 

(Classes IIa and IIb); 10% of patients with non-obstructive CAD (Classes IIIa and IIIb); and 

12% of patients in Class IV. Other non-cardiac diseases were common among all classes, 

including chronic renal failure (substantially more common among Class IIa); lung disease; 

cancer; depression; and venous thromboembolism. A history of autoimmune disease was 

noted in ~3-6% of Classes I and III-V, though was not observed at all among patients in 

Classes IIa and IIb.

One-year mortality was 2.3%. Of the 60 deaths, 47 (78%) occurred in women (75.9% of the 

population). There were 2 or fewer deaths in each of the other classes, all of them in women.

Final taxonomy and case examples

To assess the utility of the final taxonomy, we randomly selected cases from each VIRGO 

class (n=60) for review; a description of these cases, along with the adjudicated types of 

AMI using the Third Universal Definition of MI and the VIRGO classification systems, is 

included in the Appendix. Concordance between the 2 raters (ESS and KM) was 91%. 

Review of discordant cases revealed discrepancies in whether to classify patients as having a 

culprit lesion; these included cases with moderate angiographic coronary artery stenosis but 

electrocardiographic and echocardiographic findings that corresponded with the lesion, as 

well as small branch or distal artery disease that were ‘potentially’ occluded (n=4). In such 

cases, final adjudication was deferred to the judgment of the clinical team, and the certainty 

it ascribed to the lesion being the culprit. An additional 2 cases were identified as having 

possible Takotsubo cardiomyopathy. These patients were not distinguished since there was 

uncertainty as to the diagnosis and since other cases of Takotsubo cardiomyopathy had been 

excluded at the time of enrollment. Nevertheless, we recognize the occurrence of this 

phenomena and propose that they be included in Class IV, with other discrete 

pathophysiologic mechanisms.

Discussion

This study presents a new taxonomy for classifying diverse phenotypic presentations of 

young women with AMI. The taxonomy was developed empirically and considers the 

mechanism of infarction using clinical data routinely available at the time of presentation, in 

the context of a current, evidence-based diagnostic and therapeutic evaluation. As such, it is 

pragmatic for use in the clinical setting and can easily be derived for use with existing 

registries. Specifically, the taxonomy can act as a framework for understanding risk factors 
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and pathophysiology, investigating the efficacy of current treatment strategies, and assessing 

outcomes among young women with AMI, a population for which there is limited data.22

While potentially applicable to all populations with AMI, the taxonomy was specifically 

developed for young women, a population in which the traditional mechanism of plaque 

rupture and thrombosis is less often detected.6 The methodological approach for taxonomy 

development utilized an inductive analysis to allow for the emergence of novel phenotypes 

that are not captured in the current classification system, and which may be overlooked, 

especially in patients without traditional risk factors. This methodology is well established in 

the literature to evaluate medical records for quality and patient safety.17, 23 For this study, 

we used a method known as structured implicit review to capture key clinical domains and 

clinical impressions; structured implicit review increases both face and construct validity 

and improves clinical utility.15-17, 24, 25 The final VIRGO taxonomy was derived using the 

constant comparative method, with frequent tests of face and construct validity, resulting in a 

classification system that can accommodate diverse phenotypes and serve as a basis for 

clinical practice and new discoveries.

The VIRGO taxonomy reflects the uncertainty that remains in identifying disease 

mechanism, reveals new insights into disease patterns, and challenges the generally accepted 

constructs for classifying AMI. The taxonomy adds to the formative work of the Third 

Global MI Taskforce.9 This classification system distinguished thrombus-mediated events 

from ischemic imbalance, as well as AMI related to revascularization and cardiac arrest. In 

applying that classification system to VIRGO patients, approximately 1 in 8 young women 

remained unclassified, and there was substantial heterogeneity in findings on cardiac 

catheterization among patients with Type 2 AMI, SDM. Patients who could not be classified 

using the Third Universal Definition of MI had no identifiable thrombus or culprit coronary 

lesion, or evidence of myocardial oxygen SDM. Moreover, we did not observe clinically 

apparent instances of isolated myocardial injury (e.g., myocardial contusion; 

myopericarditis) or other secondary mechanisms of troponin elevation (e.g., pulmonary 

embolism; congestive heart failure) frequently encountered in the clinical setting, though 

excluded from a prospective study based on a clinical diagnosis of AMI. As a consequence, 

even among patients with a classic presentation for myocardial ischemia, a substantial 

proportion do not fall into the current classification system, limiting our ability to effectively 

manage, study, and learn from patients who share similar phenotypic characteristics though 

the mechanism for their AMI remains unknown.

We attempted to determine the types and significance of alternate mechanisms for infarction 

in this population. We anticipated finding several cases of vasospasm, spontaneous coronary 

artery dissection, and coronary embolism, commonly implicated in young women. However, 

these clinical entities represented a very small proportion of AMI cases, which may reflect 

underuse of advanced diagnostic strategies, an inability to diagnose these clinical events 

during catheterization, or an overestimation of their occurrence in this population. Among a 

cohort of women with AMI from a single institution and with no evidence of obstructive 

CAD, intravascular ultrasound revealed a recent plaque rupture in 38%.26 It is unknown 

whether increased use of intravascular ultrasound among patients enrolled in VIRGO would 

have resulted in reclassification. There may also have been a bias not to screen patients with 
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non-traditional findings for enrollment in a study of AMI. Moreover, the diagnosis of AMI 

may have been missed in women presenting with acute coronary syndrome who had 

troponin testing with conventional assays (as opposed to high-sensitivity assays) using 

thresholds for the diagnosis of AMI that do not account for patient sex.27 While we lacked 

data to evaluate troponin assays, women who have an AMI that is not detected with 

traditional biomarker assays may represent other phenotypes of AMI.

We also found that, as a distinct entity, myocardial oxygen SDM did not distinguish clinical 

presentation or coronary anatomy, raising the question of whether non-atherosclerotic 

epicardial disease, microvascular disease, or another mechanism made patients vulnerable to 

the effects of an ischemic imbalance; these concepts are supported in the literature, though 

may depart from clinical practice.28 For example, among classes with ischemic imbalance 

(Classes IIa and IIIa), 74% and 30% of patients received dual anti-platelet therapy, 

respectively, suggesting a lack of confidence in the mechanism of SDM.

The VIRGO taxonomy can be used as a construct to identify patterns in clinical 

presentation, while investigating differences in disease mechanism, therapeutic response, 

and prognosis of patients with AMI. Although the clinical significance of distinguishing 

coronary anatomy in this group of patients remains unknown, this classification system can 

facilitate research and knowledge sharing. For example, in distinguishing patients with non-

obstructive CAD and those in whom the mechanism for AMI is unknown, we can 

prospectively and retrospectively identify those who may most benefit from advanced 

diagnostic evaluations29 (e.g., intravascular ultrasound,26 coronary flow reserve,30 

computerized tomographic angiography,31 cardiac magnetic resonance imaging,26 nuclear 

imaging32). Ultimately, a more comprehensive classification system that distinguishes 

patients with shared phenotypes could facilitate the identification of patients for research and 

could inform sex-specific guideline recommendations for diagnosis and treatment.

There are some limitations to this study. First, our findings may underestimate the 

heterogeneity of disease presentations in this population. We analyzed charts of patients 

enrolled in a study about AMI. As such, if the diagnosis or interpretation of findings were 

ambiguous, despite meeting criteria for AMI, patients may not have been enrolled in the 

study. This approach is supported by the latest update to the Universal Definition of AMI, 

which also does not include AMIs as the result of non-ischemic myocardial injury. However, 

such clinical entities may exist on a spectrum, and it is not clear that we can reliably 

distinguish non-ischemic AMI. While we identified substantial heterogeneity in clinical 

presentation and disease pathology, it would be useful to apply the taxonomy in a more 

heterogeneous population, which would provide more information about the proportions of 

AMI classes by gender. A related limitation is that the number of patients in some of the 

groupings is small. For this reason, we did not test differences in patient characteristics and 

clinical outcomes between classes. Second, despite developing an iterative process for data 

abstraction and interpretation, the assignment of a primary mechanism of AMI may be 

subjective. For example, the assumption that revascularization with PCI or CABG during the 

time of AMI is consistent with a culprit lesion may not be judged similarly across clinicians. 

To address this, we deferred clinical judgment to the primary management team and 

considered only chart-reviewed diagnoses of probable or definite certainty for classification. 
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Additionally, cases that could not be fit exclusively into one class or those involving 

differences in the interpretation of clinical data were classified as ‘indeterminate.’ Third, we 

utilized an inductive approach to identify clinical phenotypes using available clinical data. A 

potential tradeoff is that such a taxonomy is rendered outdated as our understanding of 

genetic risk and disease mechanisms advance, and as new technologies for disease detection 

are incorporated into clinical practice. However, we consider this a strength of our approach, 

as the VIRGO taxonomy can serve as a foundation for further investigations that may be 

used to refine the classification system. Fourth, this taxonomy was developed among a 

cohort of young patients with AMI; it is not yet known whether the taxonomy will be 

applicable to other populations, e.g., older patients, whose clinical presentation may also not 

fully be captured by the current classification system for AMI. Finally, the full value of this 

new taxonomy for classifying AMI among young women will depend on whether it is used 

to inform future scientific investigations and clinical management aimed at improving 

outcomes for patients.

A new taxonomy for AMI would allow for the identification and grouping of patients 

previously not captured by our current classification system. The taxonomy could and 

should be updated as new phenotypes emerge; however the basic framework would allow us 

to use clinical data available at the time of admission, as well as clinical trials and registries, 

to find these phenotypes and ultimately to determine optimal treatment strategies, prognosis, 

and outcomes. These efforts are particularly important for young women, a large proportion 

of whom do not fit into the traditional classification system.
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Figure 1. 
Four-step approach to taxonomy development.
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Figure 2. 
Algorithm used to determine the VIRGO classification system.
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Figure 3. 
VIRGO classification system.
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