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What is MINOCA?

* MI meeting Universal Definition, with 0-49% stenosis on coronary angiography

* 6% of Ml overall; 15% of women with NSTEMI
* MINOCA is 3x more common among women than men with Ml

» If you see Ml patients, you are seeing MINOCA
* Prognosis:
* 1-year major adverse cardiovascular events: 10%
* 4-year major adverse cardiovascular events: 24%
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Vascular Phenomena (Myocardial Infarction)

Thrombosis &
Atherosclerotic Culprit Lesions Coronary Spasm Dissection Thromboembolism
o —

Takotsubo Syndrome, Non-ischemic Cardiomyopathy, Hypertrophic Cardiomyopathy, = Myocarditis

Mimicking Conditions (not MI= not MINOCA once found): CMR is diagnostic
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Ml guidelines: Treat according to underlying diagnosis

Thrombosis &
Atherosclerotic Culprit Lesions Coronary Spasm Dissection Thromboembolism

LA o

s AL R ?Beta blockade, Look for source,
CCB, nitrates ‘ ?Antiplatelet, antiplatelet or
No statin anticoagulant

Al il o

Supportive
&
Takotsubo Syndrome, Non-ischemic Cardiomyopathy, Hypertrophic Cardiomyopathy, Mpyocarditis

Diagnosis based on multi-modality imaging — reported experience to date:
___ 231 MINOCA patients with OCT and CMR in 5 published prospective studies
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Heart Attack Research Program (HARP)

AHA Go Red for Women Strategically Focused Research Network

Objectives - to determine frequency and clinical predictors of:

. Vascular causes of MINOCA on coronary optical coherence tomography (OCT)
. Myocardial abnormalities on cardiac MRI (CMR) - ischemic or non-ischemic

. Various underlying etiologies identified based on OCT + CMR

Patient with clinical
diagnosis of Ml,
no known CAD,

referred for cath and

ossible PCI
P MI-CAD (250% stenosis), LGE
angiographic SCAD,
takotsubo syndrome

MINOCA OCT

(3 Vessel)

Cardiac MRI
(within 1 week)

Clinical

Cath

Imaging for edema
* T2-weighted
imaging/mapping

Patients with an
alternate explanation

- ) * T1 mapping
for troponin elevation !\l‘?t * LV function
were not enrolled eligible *  Perfusion
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American Heart Assaciation.

Funded Research

Initial Phase: Women only
(n=145, reported 2020)

Extension: Both sexes,
enrolled through 2025

Enrolled before or after
clinical cardiac cath with
OCT performed

Core laboratories were
blinded to detailed clinical
information, sex, results of

other imaging tests

OCT Core Lab
Dr. Akiko Maehara,
Cardiovascular Research
Foundation

CMR Core Lab
Dr. Bobby Heydari, Brigham
and Women’s Hospital




Enrolled n =754

Women
Screen failure n =264 (49%)

Top Reasons for Screen Failure
MI-CAD n =194 (36% of enrolled)

MINOCA, no OCT n = 42 (8%)
SCAD on angiogram n = 22 (4%)

Men

Screen failure n = 149 (69%)

Top Reasons for Screen Failure

MI-CAD n = 131 (61% of enrolled)
MINOCA, no OCT n =6 (2%)
SCAD on angiogram n =4 (2%)

CMR not performed
or uninterpretable n = 45 (17%)
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CMR not performed

or uninterpretable n =7 (11%)

Women Men
n=539 n=215
MINOCA with MINOCA with
OCT performed OCT performed

n =270 women h =66 men
CMRin 85%
MINOCA with MINOCA with
OCT and CMR OCT and CMR
performed performed
n=225women n=59 men

28 sites in US, Canada and UK

e

o

American Heart Association.

Funded Research



HARP: Demographics, Presentation, OCT Imaging

Demographics and History Fully Eligible MINOCA MI Presentation Fully Eligible MINOCA
(n=336) (n=336)

Age, years (median, IQR) 58 [50, 67] Peak troponin as multiple of upper
reference limit, median (IQR)

46% STEMI presentation 5%

32 x URL [11x, 111 x]

Race/ethnicity other than

white, non-Hispanic
Segmental wall motion abnormality on

35%
echocardiogram (N=270) >

Hypertension 48%

Diabetes mellitus 18% Coronary angiogram normal per site 46%

* Multivessel OCT imaging in 93%:
* 3-vessel OCT in 64%, 2-vessel OCT in 29%, 1-vessel OCT in 7%
* Maedian 2 days from Ml to cath with OCT (IQR 1-3)
* Complications of OCT imaging: 3 coronary dissections (0.9%), all requiring PCI
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OCT findings

OCT N=336

Culprit Lesion n=151 (45%)

Plaque Rupture n=24 (7%) \\w\%@f

Intra-Plaque Hemorrhage n=58 (17%)
Healed Plaque n=40 (12%) Plague Rupture

Plaque Erosion n=17 (5%)
Calcified Nodule n= 6 (2%)
Thrombus without Plaque n= 4 (1%)
SCAD n= 2 (0.6%)
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OCT findings

OCT N=336

Culprit Lesion n=151 (45%)

Plaque Rupture n=24 (7%)

Intra-Plaque Hemorrhage n=58 (17%)
Healed Plaque n=40 (12%)
Plaque Erosion n=17 (5%)
Calcified Nodule n= 6 (2%)
Thrombus without Plaque n= 4 (1%)
SCAD n= 2 (0.6%)
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OCT culprit lesion 45%, not different by sex

p=0.18
0,
60% 53%

50% 44%
40%

e Culprit lesion on OCT in 61% with any angiographic
stenosis vs. 27% with normal coronary angiography,

. p=0.003

20%
e Multivariable predictors of culprit lesion:

— Older age (OR 1.63 per 10 years, 95% Cl 1.29-2.08)
— Abnormal angiogram (OR 3.69, 95% Cl 2.25-6.14)
— 3-vessel OCT imaging (OR 2.07, 95% Cl 1.23- 3.53)

10%

0%
OCT culprit lesion

Women m Men

Ve
NYULangone
Health



CMR abnormal in 63% =2 40% ischemic + 23% non-ischemic

CMR N=284

Infarction n=79 (28%) Nonischemic findings n=66 (23%) Normal

Myocarditis n=28 (10%) n=104
Takotsubo Syndrome n= 9 (3%)

) . . _ 0 (37%)
Nonischemic CM n=16 (6%)
Hypertrophic CM n= 6 (2%)
Other n= 7 (2%)

Regional Injury n=35 (12%

. Median 6 days from Ml to CMR (IQR 3-10)

Most common reasons CMR not done: refusal after consent 49% (e.g., unable to

return due to need to work, unable to get childcare, lived too far from CMR
location), no show 21%
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Small myocardial infarction
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Myocarditis
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CMR findings did not differ by sex
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45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

42%
p=0.12
p=0.78
30%
(o)
23% 25%
MRI Ischemic MRI Non-ischemic

Women m Men



Ischemic CMR more likely with an OCT culprit lesion

OCT culprit
lesion present

OCT and CMR performed
(n=284)

No culprit lesion

onOCT (n=160) | & value

(n=124)

Abnormal CMR (n=180) 81 (65.3%) 99 (61.9%) 0.111*

Ischemic CMR findings

0, 0,
(n=114) 64 (51.6%) 50 (31.3%)
Non-ischemic CMR findings 17 (13.7%) 49 (30.6%) <0.001 1
(n=66)
NormalCMR (n=104) 43 (34.7%) 61 (38.1%)

* Pvalue for abnormalvs normal CMR;
T Pvalue for Ischemic CMR vs. non-ischemic CMR vs. normal CMR

* Ischemic CMR findings (LGE or regional injury) without culprit lesion 2>

YU Suspect coronary artery spasm, thromboembolism (or missed culprit lesion)
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Predictors of abnormal CMR

* CMR more likely to be normal with normal echo
e 43%vs. 25% with low EF or wall motion abnormal
e CMR abnormal in 57% when echo was normal

e Multivariable predictors of abnormal CMR:
— Higher peak troponin (OR 1.47, log transformed, 95% Cl 1.20-1.83)
— Non-Asian race (OR 0.14, 95% CI 0.03-0.54 for Asian vs. White race)
— Shorter time from Ml to CMR (OR 0.95 per day longer, 95% Cl 0.91-0.99)

e ..but even with troponin <4 times the URL, 38% had abnormal CMR
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Synthesis of OCT and CMR N=284

Cause Identified n=223 (79%) Idiopathic
n=167 (59%) (No cause identified)

Myocardial infarction .
MINOCA mimic n= 56 (20%) h=61(21%)

* Multi-modality imaging (OCT + CMR) better than either modality alone
e OCT+CMR: 79%
e CMR alone: 69% (p<0.001)
 OCT alone: 44% (p<0.001)
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Limitations

 Sample size, particularly for men and STEMI
* No spasm testing

* No control group

* Not all patients had 3-vessel OCT

* Not all patients had CMR
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OCT + CMR -> Causal diagnosis in 79% of MINOCA

* Final diagnosis: Ml in 59%, MINOCA mimic in 20%
e Clinical factors had limited utility to predict imaging abnormalities

* No sex differences in imaging results were detected

— Sex differences in the prevalence of MINOCA are more prominent
than sex differences in underlying mechanisms

* Our findings support current guidelines that recommend imaging
to guide selection of treatment after a MINOCA presentation

~
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CMR commonly abnormal even with lower peak troponin

1 2 3 4 5 6 7 8 9 10

Peak Troponin Ratio Decile
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OCT findings: healed plaque

OCT N=336

Culprit Lesion n=151 (45%)

Plaque Rupture n=24 (7%)

Intra-Plaque Hemorrhage n=58 (17%)
Healed Plaque n=40 (12%)
Plaque Erosion n=17 (5%)
Calcified Nodule n= 6 (2%) g
Thrombus without Plaque n= 4 (1%)
SCAD n= 2 (0.6%)
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Autopsy findings in sudden death include intraplaque hemorrhage

49 pts with fatal IHD
76% men, age 42-87

63 of 103 ruptured
plaques had IPH without
luminal thrombus

In HARP, 89% of
intraplaque hemorrhage
cases were associated
with CMR findings of
ischemic injury
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Falk E. Br Heart J 1983; 50:127-134; OCT from Reynolds HR, Maehara A et al Circ 2021. Slide courtesy of Akiko Maehara MD



OCT and CMR: complementary information (HARP n=284)

OCT Culprit No OCT Culprit
Lesion (n=124) Lesion (n=160)
Normal ‘_ Normal
— Normal CMR Bl Normal or Possibly normal
CMR CMR (n=61)
(n=104) (n=43) m M
[ Ischemic Injury
— B = [ Myocarditis or Possibly Myocarditis
Ischemi
lschemic CsaRem'C El Takotsubo Syndrome
Cg14R (n=50) Il Hypertrophic cardiomyopathy
CMR (n=64) Bl Non-ischemic Cardiomyopathy
Abnormal — = 3 Other Non-Ischemic Finding
(n=180)
Non-lschemic —
CMR (n=17) Non-lschemic [ ° [
L CMR (=49 Final Diagnosis:

MINOCA (59%)
—~ Mimic (20%)
Nl Idiopathic (21%)




HARP: Demographics, Presentation, OCT Imaging

Demographics and History Fully Eligible MINOCA MI Presentation Fully Eligible
(n=336) MINOCA (n=336)

Age, years (median, IQR) 58 [50, 67] Peak troponin as multiple of upper 5, o) 119 4 111 4]
reference limit, median (IQR)

Race/ethnicity other than 46% STEMI presentation 5%

etz mer s peilie Segmental wall motion abnormality

. . 35%
Hypertension 48% on echocardiogram (N=270)

Diabetes mellitus 18% Coronary angiogram normal per site 46%

e Multivessel OCT imaging in 93%:
* 3-vessel OCT in 64%, 2-vessel OCT in 29%, 1-vessel OCT in 7%
* Median 2 days from Ml to cath with OCT (IQR 1-3)
e Complications of OCT imaging: 3 coronary dissections (0.9%), all requiring PClI
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