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Delay: COR III!!!
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Neumann NEJM 2019
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Culprit and “non-”
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Culprit and “non-”
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A coronary lesion should be considered culprit if it fulfills at least two: 
- Intraluminal filing defect
- Plaque ulceration
- Plaque irregularity, dissection or impaired flow

Kerensky JACC 2002

350 patients Vanqwish trial
54% NSTEMIs
39% STEMIs



“Non-culprit” as cause of events

19N=253 patients (153 MVD)

In NSTEMI, the presence of multiple lesions 
- is frequent (25-40%)
- is the most potent predictor factor
- is responsible for ~50% of the
subsequent events



Prospect study
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MACE = cardiac death, cardiac arrest, MI, or rehospitalization for unstable or progressive angina

Although nonculprit lesions that were responsible for unanticipated events 
were frequently angiographically mild, most were thin-cap fibroatheromas or 
were characterized by a large plaque burden, a small luminal area, or some 
combination of these characteristics

Stone, NEJM 2011



What to do?

21Sardella JACC 2016 (SMILE)

The 1-year rate of target vessel revascularization was significantly higher in 
the MS-PCI group (1S-PCI: n = 22 [8.33%] vs. MS-PCI: n = 40 [15.20%]; HR: 
0.522 [95% CI: 0.310 to 0.878]; p = 0.01; p log-rank = 0.013)
- “Multivessel”? - 584pts
- TVR, not nTVR



What to do? – conflict 

22Shishehbor  JACC 2007

1,240 patients, BMS

ACUITY
609 pts

death/MI higher in the MV PCI group

Stone Eurointervention



Culprit and “non-”
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QUOMODO
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MINOCA

25Opolsky JACC Imaging 2018

38 pts with MINOCA

Plaque disruption and
intracoronary thrombus were 

present in 24% and 18%

Spontaneous coronary artery dissection (SCAD) 
is a nonatherosclerotic, nontraumatic, or 
iatrogenic separation of the coronary arterial 
tunics secondary to vasa vasorum hemorrhage 
or intimal tear, and accounts for up to 4% of all 
ACS, but the incidence is reported to be much 
higher (22-35% of ACS) in women <60 years of 
age. Intracoronary imaging is very useful for 
the diagnosis and treatment orientation. 
Medical treatment is not well established.



Spontaneous dissection
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True Lumen

Dissection
membrane



Spontaneous dissection
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“not-so-MINOCA”
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ConclusionsWhat is NOT (M)INOCA: “Chronic myocardial damage”

11.2017 
 Ausschluss KHK
 MRT V.a. Z.n. 

Myokarditis

Mehrfach 2018 
 Trop I 40/80ng/ml, 

thorakale Beschwerde



Conclusions“Chronic myocardial damage”
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DAPT
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Conclusions
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„CHEST-PAINS“ acronym

Shared decision

Multiple culprit and non-culprit lesions are frequent (40%): implications

Angiography is inaccurate for culprit diagnosis and non-culprit assessment
Spasm
Oculo-stenotic reflex
Plaque regression

MINOCA and not-so-MINOCA (OCT, FFR!)

DAPT: 12 months is not a dogma anymore



Conclusions≠ MINOCA

Agewall Eur H J 2017

>90% of the acute MI patients had angiographic 
evidence of obstructive CAD
At OCT, 80% of the other 10% have some form of CAD

Positive cardiac biomarker and 
corroborative clinical
evidence of an AMI



ConclusionsDefinition

In the setting of CCS, a mismatch of 
demand-supply of coronary artery blood 
flow may lead to transient or recurrent 
cardiac chest pain related to myocardial 
ischaemia due to inadequate cellular 
availability of adenosine-50 -
triphosphate.

“INOCA” is a ‘working diagnosis’, analogous to heart failure



Conclusions Definition  

In INOCA, the mismatch between blood 
supply and myocardial oxygen demands 
may be caused by CMD and/or 
epicardial coronary artery spasm, 
typically in the setting of non-obstructive 
coronary atherosclerosis



ConclusionsWhat is not (M)INOCA: erosion/dissection
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ConclusionsPrevalence

Diagnostic test e.g. CTCA

Stents
Bypass surgery

1 in 5

Blocked
coronary arteries

Obstructive 
CAD

No CAD

No CAD

Colin Berry, 06.2020



ConclusionsPrevalence

Diagnostic test e.g. CTCA

Stents
Bypass surgery

1 in 5

No obstructive 
coronary lesions

Blocked
coronary arteries

2 in 5
Have other causes of 

ischemia

2 in 5
Have other causes of 

ischemia
Obstructive 

CAD

No CAD

No CAD

Colin Berry, 06.2020

40% of the patients with angina

have no epicardial CAD

40% of the patients with angina

have no epicardial CAD



ConclusionsPatient characteristics: sex

Patients suspected of stable angina pectoris 
frequently have no obstructive CAD, i.e. 65%
women compared with 32% of men with an 
increasing trend
over time. 
(not when adjusted for age, BMI, diabetes, 
smoking, lipid-lowering or antihypertensive 
medication) - This probably reflects a lowering of 
the threshold for CAG. 

Jespersen Eur H J 2012

11 223 patients referred for coronary angiography 
(CAG) in 1998–2009, 5705 controls (CCHS)



ConclusionsWhat about quality of life?

Agewall Eur H J 2017

Of the 686 patients, 

59% had objective evidence of 
myocardial ischemia during non-
invasive stress testing.



ConclusionsWhat about prognosis?
Normal coronary arteries and diffuse
non-obstructive CAD were associated with 52 
and 85% increased risk of MACE and with 29 
and 52% increased risk of all-cause mortality, 
respectively, with no differences between men 
and women. For both men and women, a 
graded increase in risk of future MACE and all-
cause mortality with increasing levels of
CAD was demonstrated.



How to study these patients (non-invasive)

• TTE: Blood flow velocity (LAD)

• MRT: Myokardial Perfusions index (rest and
vasodilator-stress first-pass myocardial perfusion 
study, each following the injection of a gadolinium-
based contrast agent)

• PET, SPECT (rest and vasodilator-stress 
myocardial perfusion study, each following the 
injection of a blood flow radiotracer (82Rubidium 
and 13N-ammonia)) 

Limitations: 
- Exercise ECG: Low sensitivity and specificity for CMD
- Stress imaging tests: frequently normal but can 

occasionally show regional abnormalities that may 
not follow typical vascular distributions. 

Kunadian Eurointervention 2021



ConclusionsNon-invasive methods

• TTE: Blood flow velocity im Bereich der LAD

• MRT: Myokardialer Perfusionsindex (rest and
vasodilator-stress first-pass myocardial perfusion study, 
each following the injection of a gadolinium-based contrast 
agent)

• PET, SPECT (rest and vasodilator-stress myocardial 
perfusion study, each following the injection of a blood flow 
radiotracer (82Rubidium and 13N-ammonia)) 

Limitations: 
- Exercise ECG: Low sensitivity and specificity for CMD
- Stress imaging tests: frequently normal but can occasionally 

show regional abnormalities that may not follow typical 
vascular distributions. 

Kunadian Eurointervention 2021



ConclusionsDiagnosis

Kunadian V, et al., Eur Heart J. 2020 Jul.

Not alone !

Not necessarily!



How to study these patients (Mainz protocol)
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“Endotypes”
Diagnosis

Mechanism Definition

Microvascular 
disease

Abnormally high 
microvascular resistance at 
rest

Coronary slow flow / Syndrome Y

Impaired microvascular 
relaxation

- With microvascular disease: 

IMR >25 AND/OR

HMR >2.4 

- No clear conclusion about microvascular disease: 

CFR <2.0 with FFR>0.80 and/or resting indexes>0.89
Microvascular spasm Angina during intracoronary infusion of acetylcholine with

typical ischemic ST-segment changes, FFR/resting indexes
normal

AND IMR>25 immediately after highest dose Ach



“Endotypes”

Diagnosis
Mechanism Definition

Epicardial
disease

Epicardial spasm 1) reproduction of the usual symptoms AND; 

2) ischemic ECG changes (1mm horizontal or 
downsloping ST depression OR ST elevation OR T 
Wave inversion AND;

3) >75% vasoconstriction on angiography AND 
FFR<0.80 OR resting indexes<0.89

Obstructive epicardial 
disease

FFR <0.80

Contrast FFR <0.83

Resting indexes <0.89



Abnormal resistances – abnormal vasodilation



How to study these patients (Mainz protocol)
Diagnoses (51 J.a. W)

1. Chest pain CCS III, severe limitation of life quality. 
Dobutamine-Echocardiography: no regional abnormality, appearance of negative T-waves in III, aVF, V4-V6 

2. Symptomatic ventricular extrasystole (2 morphologies, predominant LVOT), VES burden 14% 
Therapy with ß-Blocker and Flecainide

3. Unsuccessful Ablation, intraprocedural Tamponade 2019

4. Currently good LVEF (58% with small posterolateral scar)

5. Asthma

6. Anorexia nervosa

7. CVRF: none



Abnormal resistances – abnormal vasodilation

IMR (papaverine i.c. 15mg in the LAD)

Diagnosis: severe microvascular dysfunction, no epicardial stenosis. 



Abnormal resistances – abnormal vasodilation

Endotype Diagnosis: Coronary 
vasomotion disorder 

Stratified medical therapy

Microvascular 
angina

IMR ≥ 25

(Microvascular resistance)

Baseline therapy: aspirin, statin and ACE inhibitor therapy in all 

patients. PRN sublingual GTN

Antianginal therapy

1st Line – Beta blocker (e.g. nebivolol 2.5mg OD or carvedilol 
6.25mg BD uptitrated)

2nd Line - Calcium channel blockers (CCB) substituted (Non DHP e.g. verapamil 
40mg BD uptitrated) - where β-blockers are not tolerated or ineffective. 

3rd Line – Add in therapy (avoid long acting nitrates)

•CCB - DHP (e.g. amlodipine) – only for those on beta-blockers

•Ranolazine (375mg BD, uptitrated)

Avoid long acting nitrate unless previously established good response or co-
existent epicardial spasm

CFR < 2.0

(Coronary vasorelaxation)

Therapy (according to CORMICA, drugs chosen are in red)



Impact of sex on baseline resistances

Gori Int J Card 2008



Abnormal resistances – abnormal vasodilation

N=228 females
N=38 males

+ test: 43%*



Coronary spasm

Koronare 1-Gefäß Erkrankung (RCX) (61 J.a., W)
STEMI bei thrombotischem RCX-Verschluss, Reanimation bei VFib 08/2017 
Implantation eines 2-Kammer ICD-Systems 08/2017 (Krankenhaus XXX) 
Koronarangiographie vom 16.01.2020: Ausschluss epikardialer KHK 
CVRF: arterielle Hypertonie, ex-Nikotinkonsum (40 PY) 
Aktuell CCS III



Coronary spasm

Very frequent in asian populations
(up to 40%, underestimated in western countries)

Multivessel in ~20% (versus 7% of caucasians)

Most frequent 40-70 years of age

Epicardial coronary spasm has good prognosis but can cause
infarction, LV impairment and sudden cardiac death.

More frequent in women than men



Impact of sex on Ach responses

N=228 female
N=38 males

Both sexes experienced symptoms at rest or 
during exercise to equal extent. In females, 
however, symptoms were more often provoked 
by emotion or stress (69% vs. 37%, p=0.001).

+ test: 83%

FFR: 0.90 (0.87-0.93) vs 0.87 (0.84-0.91),  0.003 



Koronarspasmen
Endotype Diagnosis: Coronary vasomotion disorder Stratified medical therapy

Microvascular 

angina

IMR ≥ 25

(Microvascular resistance)

Baseline therapy: Consider aspirin, statin and ACE inhibitor therapy in all patients. PRN 

sublingual GTN

Antianginal therapy

1st Line – Beta blocker (e.g. nebivolol 2.5mg OD or carvedilol 6.25mg BD uptitrated)

2nd Line - Calcium channel blockers (CCB) substituted (Non DHP e.g. verapamil 40mg BD uptitrated) -

where β-blockers are not tolerated or ineffective. 

3rd Line – Add in therapy (avoid long acting nitrates)

•CCB - DHP (e.g. amlodipine) – only for those on beta-blockers

•Ranolazine (375mg BD, uptitrated)

Avoid long acting nitrate unless previously established good response or co-existent epicardial spasm

CFR < 2.0

(Coronary vasorelaxation)

Microvascular spasm to Ach

(Propensity to microvascular constriction)

Vasospastic angina Epicardial spasm (>90%) Baseline therapy: If atherosclerosis or endothelial impairment, aspirin, statin and ACE inhibitor should be 
considered. PRN sublingual GTN

Antianginal Rx

1st Line – Calcium channel blocker (CCB) - e.g. verapamil 40mg BD uptitrated

2nd Line – Add Nitrate - e.g. PETN 50mg BD-TID

Non-cardiac Nil Cessation of antianginal therapy. Stop antiplatelet and statin unless other indication. Consider non cardiac 
investigation or referral where appropriate (e.g psychological referral, gastroenterology)



ConclusionsConclusions

INOCA is a heterogeneous syndrome caused by 
different pathophysiologic mechanisms

“INOCA” is a working hypothesis, even advanced 
diagnostic is often inconclusive

Impacts prognosis and quality of life

Advanced invasive diagnostics is necessary


