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MINOCA
— uloha invazivni diagnostiky
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MINOCA: Diagnosticka Kritéria

ESC working group position paper on myocardial
infarction with non-obstructive coronary arteries

The diagnosis of MINOCA is made immediately upon
coronary angiography in a patient presenting with
features consistent with an AMI, as detailed by the
following criteria:

(1) Universal AMI criteria®

(2) Non-obstructive coronary arteries on angiography, defined as no
coronary artery stenosis 250% in any potential IRA

(3) No clinically overt specific cause for the acute presentation

European Heart Journal (2017) 38, 143-153



MINOCA: Diagnosticky algoritmus

Clinical history, ECG. echocardiography and cardiac biomarkers

Coronary angiography
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Niccoli G et al. European Heart Journal (2015) 36, 475481



Koronarni vasospasmus

Systematic Review of Patients Presenting With
Suspected Myocardial Infarction and Nonobstructive
Coronary Arteries

Provocative Spasm Testing in Patients With MINOCA

Provoked/

No. of Patients Spontaneous
Publications in the Study  Provocation Test Spasm Definition Spasm, n (%)
Early provocative spasm testing (within 6 wk of acute myocardial infarction)
Bory, 1988 59 iv ergot =50% constriction on angio 2/59 (3%)
Fukai, 1993 21 iv ergot >75% constriction on angio 13116 (81%)
Dacosta, 2001 9 iv ergot =70% constriction on angio 11/71 (15%)
Wang, 2002 23 ic ergot =00% constriction on angio 17123 (74%)
Hung, 2003 19 ic ergot =70% constriction on angio 18/19 (35%)
Dacosta, 2004 82 iv ergot =70% constriction on angio 13/82 (16%)
Abid, 2012 2 iv ergot =70% constriction on angio 5/21 (24%)
Ong, 2008 7 ic acetylcholine =75% constriction on angio A7 (57%)
Total (provocative spasm testing <6 wks) (83/208) 28%
Late provocative spasm testing (=6 wk after myocardial infarction)
Legrand, 1982 18 iv ergot Chest pain & ST elevation 6/18 (33%)
Raymond, 1988 74 iv ergot =75% constriction on angio 5M6 (31%)
Ammann, 2000 23 Hyperventilate ST elevation 0723 (0%)
Kim, 2005 33 iv ergot RWMA on echocardiography 20/33 (61%)
Total (provocative spasm testing =6 wks) (31/90) 34%
Undefined timing for provocative spasm testing (relative to myocardial infarction)
Salem, 1985 10 iv ergot Chest pain & ST elevation 07 (0%)
Verheugt, 1987 21 iv ergot NR 0/7 (0%)
Provocative spasm testing in cocaine induced MINOCA patients
*Kossowsky, 1989 5 cold pressor NR e

Overall pooled spasm 114/402 (28%)

Pasupathy et al. Circulation. 2015;131:861-870

Patients with acute myocardial infarction and
non-obstructive coronary arteries: safety and
prognostic relevance of invasive coronary
provocative tests

Rocco A. Montone, Giampaolo Niccoli*, Francesco Fracassi, Michele Russo,
Filippo Gurgoglione, Giulia Camma, Gaetano A. Lanza, and Filippo Crea

'MINOCA

¥

Clinical assessment and differential diagnosis

Exclude other causes of MINOCA
= (e.g. Takotusbo, myocarditis, coronary
embolism, paroxysmal SVT, etc.)

W
CCB dose reduction or Suspected coronary vasomotion alterations
discontinuation at T

follow-up

W

Positive Provocative test Negative
Acetylcholine or Ergonavine

Higher incidence of death/CV Good p;ognosis
death/readmission for ACS and

worse angina status at 1-year

Montone et al. Eur Heart J 2017; 1:1-9



Koronarni disekce

Imaging in Patients with Spontaneous Coronary Artery Dissection

IMAGING OF CORONARY ARTERY ANATOMY

Coronary Angiography

Intimal tear

Coronary Type 1: Type 2: Type 3:

Tortuosity Contrast staining Smooth, diffuse Features similar
in false lumen stenosis to atherosclerosis

Intravascular Imaging

Courtesy F. Pellicia



Koronarni tromboembolismus

»Primarné“ tromboembolie Embolie ,,primarné“ netrombotické

Table 4.  Thrombophilia Screening in Patients With MINOCA

Thromboti
NoofPalinisn  APCR PolnCS  Faclr Disorces - ,
Publicatons teStey  FactorVleden  Defickncy X Deficency N . Vegetace/ kalcifikace chlopni
Brecker, 1903 12 NE 0 N 012(0% o,
DaCasta, 1008 2 2 1 : 42 (18% Srde¢ni nadory (myxom..)
Lande, 1998 % 3 2 N 5/14 (36%) ) ) _
ansourat, 2000 07 13 N NE 13107 (12%) . latrogenni — vzduchova embolie
Van de Waler 2000 B0 8 3 Ne 860 13%)
DaCosta, 201 o 7 1 1 973 (13%)
DaCosta, 2004 B 8 1 3 12178 15%)
A, 2012 2 2 w 0 4012 (3%)
Overel a2y smeeen e [ sase e

Circulation. 2015;131:861-870



Postizeni mikrocirkulace

Mechanisms of myocardial ischaemia

Epicardial coronary arteries

| Coronary microcirculation I

Atherosclerotic disease Vasospastic disease

Stable plaque Vulnerable plaque Focalltransient Persistent

Microvascular dysfunction

Impairs coronary physiology
and myocardial blood flow

rasUopDom.  Tvassereem in subjects with risk factors
Reduction Plaque rupture Prinzmetal Myocardial
in CFR angina infarction Y
Contributes Induces severe
Thrombosis to myocardial acute ischaemia
ischaemia ‘Takotsubo®
Demand in CAD and CMP
ischaemia Acute coronary
+ angina syndromes/infarction

These three mechanisms can overlap

Crea, Camici, Merz. Eur Heart J. 2014:35:1101-1111




Koronarni mikrocirkulace

5% koronarni cirkulace 54+95% koronarni cirkulace




Mikroembolizace: ruptura/eroze platu

LAD Plague Rupture

Mechanisms of Myocardial Infarction in Women Without
Angiographically Obstructive Coronary Artery Disease

Harmony R. Reynolds, MD; Monvadi B. Srichai, MD; Sohah N. Igbal, MD; James N. Slater, MD;
G.B. John Mancini, MD; Frederick Feit, MD; Ivan Pena-Sing, MD; Leon Axel, MD,
Michael J. Attubato, MD; Leonid Yatskar, MD; Rebecca T. Kalhorn, MD; David A. Wood, MD;
Iryna V. Lobach, PhD; Judith 8. Hochman, MD

Backgrouad—There is no angiographically demonstrable obstructive coronary artery disease (CAD) in a significant
minority of patients with myocardial infarction, particularly women. We sought (o determine the mechanismis) of
myocardial infarction in this setting using multiple imaging techniques.

Methods and Resulis—Women with myocardial infarction were enrolled prospectively, before angiography, if possible.
Women with =30% angiographic stenosis or use of vasospastic agents were excluded. Intravascular ultrasound was
performed during angiography; cardiac magnetic resonance imaging was performed within 1 week. Fifty women (age,
5713 years) had median peak troponin of 1.60 ng/mL; 11 had ST-segment elevation. Median diameter stenosis of the
worst lesion was 20% by angiography; 15 patients (30%) had normal angiograms. Plague disruption was observed in
16 of 42 patients (38%) undergoing intravascular ultrasound. There were abnormal myocardial cardiac magnetic
resonance imaging findings in 26 of 44 patients (39%) undergoing cardisc magnetic resonance imaging, late gadolinium
enhancement (LGE) in 17 patients, and T2 signal hyperintensity indicating edema in 9 additional patients. The most
common LGE pattern was ischemic (transmural/subendocardial). Nonischemic LGE patterns (midmyocardial/subepi-
cardial) were also observed. Although LGE was infrequent with plague disruption, T2 signal hyperintensity was

i 0

Conclusions—Plague rupture and ulceration are common in women with myocardial infarction without angiographically
demonstrable obstructive coronary arery disease. In addition, LGE is common in this cohort of women, with an
ischemic pattern of injury most evident. Vasospasm and embolism are possible mechanisms of ischemic LGE without
plaque disruption. Intravascular ultrasound and cardisc magnetic resonance imaging provide complementary mecha-
nistic insights into female myocardial infarction patients without obstructive coronary arery disease and may be useful
in identifying potential causes and therapies.

(Circulation. 2011;124:1414-1425.)

Reynolds R et al 2011; Circulation 2011; 124:1414-25



Moznosti lécby

T.¢. nejsou RCT na sekundarni prevenci (MINOCA BAT (Randomized
Evaluation of b-Blocker and ACEI/ARB Treatment in MINOCA
Patients; ClinicalTrials.gov Identifier: NCT03686696)

Mechanism

Diagnosis Therapy

Epicardic causes
Coronary artery disease

Coronary dissection

Coronary artery spasm
Microvascular causes
Microvascular coronary spasm
Takotsubo syndrome

Intravascular imaging PCI:lantipIateIet therap)r,lstatins, angiotensin-
converting enzyme Inhibitors/angiotensin receptor
blockersl beta-blocker treatment I

Intravascular imaging Conservative treatment (beta-blocker and single
antiplatelet therapy)

Intracoronary ergonovine or Ach test [ Calcium antagonist,]litrates. rho-kinase inhibitors

Intracoronary Ach test Rho-kinase inhibitors?
Ventriculography, echocardiography Heart failure treatment
with adenosine, CMR

Scalone G et al. European Heart Journal: Acute Cardiovascular Care 2018



Moznosti lécby

Medical Therapy for Secondary Prevention and
Long-Term Outcome in Patients With Myocardial
Infarction With Nonobstructive Coronary Artery
Disease

Observational study of 9,136 MINOCA patients recorded in the SWEDEHEART registry

Statinsn=7512 | ACEVARBn=5004 | p-Blockersn=6362 | DAPT*n=8118
[ MACE 077068-087) | 082(073-083 086{074—1 0) | 090(0.74-1.08
Al-casemorilty | 086(057-077) | 087074109 | 081066-099 | 0.75(0.56-1.01)
' e OV mortly 050047075 | 091070118 | 080057144 | 087 (054140
o] | [ AM 083068113 | 083067103 | 074056007 | 102071147

e Stroke 067050090 | 080060105 | 0970066141 | 082(052-130)
e CHF 088070112 | 0920070121 | 0880062123 | 083058117

Beedngevents | 099070139 | 104(075-143 | 0920063135 | 133073242

Circulation. 2017;135:1481-1489



Prognosis and Predictors of Mortality in Patients Suffering Myocardial
Infarction With Non-Obstructive Coronary Arteries

Eun Ho Choo, MD; Kiyuk Chang, MD; Kwan Yong Lee, MD; Dongjae Lee, MD; Jae Gyung Kim, MD; Youngkeun Ahn, MD; Young Jo Kim, MD;
Shung Chull Chae, MD; Myeong Chan Cho, MD; Chong Jin Kim, MD; Hyo-Soo Kim, MD; Myung Ho Jeong, MD; KAMIR-IH Investigators*

13,104 patients with Acute myocardial infarction
from KAMIR-NIH Nationwide Multicenter Registry

Excluded, N= 1,837

v

+ CAG not performed, N= 201
+ Previous PCl or Ml, N=1,636

Included in the study
N= 11,267 (100%)

/\

MI with non-obstructive
coronary arteries (MINOCA)
N=396 (3.5%)

(MI-CAD)

MI with obstructive CAD

N= 10,871 (96.5%)

.
/ _—

Vasospasm Positive Vasospasm Negative
N= 95 (0.8%) N= 301 (2.7%)
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J Am Heart Assoc. 2019:8:e011990.



Prognosis and Predictors of Mortality in Patients Suffering Myocardial
Infarction With Non-Obstructive Coronary Arteries

Eun Ho Choo, MD; Kiyuk Chang, MD; Kwan Yong Lee, MD; Dongjae Lee, MD; Jae Gyung Kim, MD; Youngkeun Ahn, MD; Young Jo Kim, MD;
Shung Chull Chae, MD; Myeong Chan Cho, MD; Chong Jin Kim, MD; Hyo-Soo Kim, MD; Myung Ho Jeong, MD; KAMIR-IH Investigators*

Table 3. Comparison of 2-Year Clinical Outcomes

Unadjusted Multivariable-Adjusted Propensity-Score Matched

MINOCA (N=396) | MICAD (N=10 871) | HR (95% Cl) PValue | HR (95% CI) P Value | HR (95% CI) P Value
All-cause death* 9.1 (36) 8.8 (954) 1.04 (0.74-1.45) | 0.832 1.18 (0.74-1.87) | 0.493 | 1.25(0.77-2.05) | 0.364
Noncardiac death | 4.0 (16) 2.6 (285) 1.55 (0.93-2.56) | 0.09 1.21 (0.59-2.48) | 0.596 | 1.81(0.80-4.10) | 0.154
Cardiac death 5.1 (20) 6.2 (669) 0.82 (0.53-1.28) | 0.384 1.13 (0.62-2.08) | 0.689 | 1.01(0.54-1.87) | 0.986
Recurrent Ml 28 (1) 2.2 (241) 1.23 (0.65-2.31) | 0528 | 112 (0.52-2.42) | 0.764 | 0.92 (0.39-2.18) | 0.856
Any repeat 13 (5 7.2 (783) 0.17 (0.07-0.41) | <0.001 | 0.22 (0.09-0.53) | 0.001 | 0.15(0.06-0.38) | <0.001

revascularization

Death or MI 11.6 (46) 10.7 (1158) 1.08 (0.81-1.46) | 0.594 | 117 (0.78-1.75) | 0.451 | 1.14(0.74-1.74) | 0.554

Table 4. Independent Predictors of All-Cause Death in
Patients With MINOCA

Hazard Ratio 95% Cl P Value
Age 1.04 1.01 to 1.08 0.02
Atypical symptom 5.98 268 to 13.37 | <0.001
ST elevation at 3.57 1.61 to 7.90 0.002
presentation

Killip Class | Reference

Class Il 0.81 0.27 t0 2.40 0.705

Class Il 1.81 0.64 t0 517 0.265

Class IV 6.05 21310 17.20 | 0.001
Diabetes mellitus 312 1.47 t0 6.64 0.003
Nonuse of RAS blocker | 2.63 1.08 t0 6.25 0.033
Nonuse of statin 2.17 1.04 10454 | 0.039 J Am Heart Assoc. 2019;826011990.
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Kazuistika 1.
Typicka klinika + ekg + troponin
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o 0sobni anamnéza: asthma bronchiale

o RF pro ICHS: rodinnd anamnéza

o Klin. pritbéh: 10 dnii ,,vir6za*, infekce hornich dychacich cest
o Symptomy: nahle vzniklé bolesti na hrudi s propagaci do obou ramen,
bez dalSich vegetativnich ptiznaki




Kazuistika 1. nevyznamny koronarograficky
nalez - CMR — subepikardialni postizeni =

C 962
W 1641

Zvyseni signalu na T2 vaz. obrazech znamena Sipky oznacuji okrsky patologického syceni
vyssi obsah ,,vody®, tedy znamky edému stény v supepikard. lokalizaci na dolni a dors.
LK stén¢ LK



Kazuistika 2

Zena 55 let

o 0sobni anamnéza: hypothyreoza

o RF pro ICHS: 0

o Klinicky pribéh: 3 dny pred pfijetim bolesti na hrudi trvajici
prakticky cely den, od t¢ doby zvySena dusnost a pocit tlaku na hrudi.
Dle ekg obraz subakutniho QIM PS.

oLaboratof: mirna elevace troponinu, CRP 1




Kazuistika 2 — Tako-tsubo kardiomyopatie

Tako-tsubo kardiomyopatie

. Zeny nad 60 let

- Symptomy podobné AIM

- Pfedchozi stress

- Ekg znamky ischémie

- Typicky obraz leve komory, normalni koronarn
tepny

. Uprava funkce levé komory




Kazuistika 3
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Zena 31 let

o Osobni anamnéza: 0

o RF pro ICHS: 0

o Klinicky prabéh: Pacientka piijata pro hodinu trvajici bolesti na hrudi
s vegetativnim doprovodem k observaci, pfi prijeti bez potizi. Po 12
hod od bolesti pozitivni troponin, dle echo hypokineza PS. Pro recidivu
stenokardii indikovana k akutni SKG.




azuistika 3
Spontanni disekce koronarni tepny
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Individualizovany pristup k pacientim s AIM
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Patients presenting with MI

l Coronary angiography

Obstructive CAD

MI- CAD

(Dual antiplatelet agents,

statins,
ACE inhibitors /ARBs,
and B-blockers)

Nonobstructive CAD (MINOCA)

Voo

Plaque Coronary artery Microvascular
disruption spasm dysfunction
Aspirin, statins, CCB prefemred. Antianginal therapies,
ACE inhibitors /ARBs, Nitrates, e.g., CCB, p-blocker
and B-blockers Nicorandil, Cilostazol Consider ACE, statins
Consider Clopidogrel may be used (L-arginine, ranolazine,
Or ticagrelor Consider statin, ACE dipyridamole,
aminophylline,
imipramine,

a-blockers have been tried)

FIVUS, OCT

Provocative spasm testing
Coronary Flow reserve testing

Coronary Spontaneous Supply-demand

embolism coronary artery mismatch

for microvascular dysfunction
l disslx tion l

Aantiplatelet or Aspirin, f-blocker Treat underdying
anticoagulant May consider condition
Treat hypercoagulable Clopidogrel

Condition if indicated  Consider ACE, statins
Consider ACE, statins

Figure. Individualized approach to the management of patients with myocardial infarction (MI) with nonobstructive coronary arteries on the
basis of the underlying cause. *Additional investigations that may be considered in addition to routine evaluation for patients with acute MI and
nonobstructive (<50%) coronary artery stenosis. ACE indicates angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CAD,
coronary artery disease; CCB, calcium channel blocker; IVUS, intravascular ultrasound; MINOCA, MI in the absence of obstructive coronary

DOI: 10.1161/JAHA.119.013361



MINOCA - — uloha invazivni diagnostiky
Z.avéry

Vzhledem k heterogennim pri¢indm postiZzeni koronarni cirkulace
(epi+mikro) je nutné cilené hledat moznou patologii.

Zakladni SKG je Casto nedostateCna a vzdy by mélo byt zvazeno
rozsiteni o dalSi invazivni testy na pritomnost koronarnich
spasmu/posouzeni mikrocirkulace.

I tak zlistane otdzka OMT (vzdy ACEI/ARB a statin, indiv. ost).

Role invazivni diagnostiky je tedy zasadni pri individualnim
posouzeni koronarni patologie..spolu s klinickou rozvahou a
CMR (otazka vyuziti CTCA).






