
INOCA

MINOCA

2017   STEMI GUIDELINES

Dr. Sagar Suresh Kabde



INOCA

Ischemia and No Obstructive 

Coronary Artery

Disease 



Ischemia and No Obstructive Coronary Artery

Disease (INOCA)

 Syndrome of symptoms and signs suggesting IHD 

but found to have no obstructed coronary arteries

 Obstructive coronary artery disease ≥50% diameter 

stenosis

 Evidence now documents that this syndrome is not 

benign



Epidemiology and f/u studies

 3 to 4 million women and men with signs/symptoms 
suggestive of myocardial ischemia have no obstructive 
CAD

 20% to 30% of patients undergoing coronary angiography

 women more likely to have no obstructive CAD(70%)

 On f/u

 5yrs – MACE 2.5%

 After 10 yrs - 6.7% of those with normal CAG and in 12.8% in 
those with nonobstructive CAD

 1.5-fold higher mortality rate compared with a

reference population



Risk  Factors

 Older age, hypertension, diabetes mellitus, and 

smoking - increased mortality

 Persistent chest pain and non obstructive CAD –

poor prognosis

 sex, hyperlipidemia, family history of premature

CAD, or pretest CAD likelihood have no increased 

risk.



Pathophysiology

 Hypertension

 Severe aortic stenosis

 Severe anemia

 Type II MI

 Shunts

 Certain drugs

 HF or cardiogenic shock

 Prinzmetal variant angina (coronary spasm)

 Myocardial diseases (eg, myocarditis)

 Congenital heart disease

 Coronary  anomalies

 Myocardial bridging



Mechanisms of Coronary Flow Regulation

 Voltage-gated potassium channels (Kv1.5) are critical in coupling myocardial 

blood flow to myocardial metabolism



1 Coronary Microvascular

Dysfunction

 epicardial, microvascular endothelial, or 
nonendothelial dysfunction that limits myocardial 
perfusion

 detected as reduced coronary flow reserve (<2.32)

 CFR -hyperemic coronary flow velocity/resting flow 
velocity

 Patients with low CFR, independent of angiographic 
severity of obstructive disease, have increased risk for 
adverse outcomes

 Conditions associated with increased risk for CMD 
appear similar to those for obstructive CAD (aging,

hypertension, diabetes mellitus, and dyslipidemia)



 most prevalent in midlife women

 up to 60% of patients with no or minimal CAD

 Novel risk factors – hs CRP, SLE, chemotherapy 

for CA breast, prolonged systemic inflammation



2 Conduit Vessel Stiffness

 The best markers of subclinical large artery 

stiffening were 

 aortic arch distensibility in younger individuals 

 aortic arch pulse wave velocity after age 50.



3 Atherosclerosis

 Old concept - lipid storage disease with large lipid 
pool thin fibrous cap atheroma (eg, rupture-
vulnerable plaque) and flow-limiting plaque 
resulting in vessel occlusion

 New concept - chronic inflammatory process 
interrupted by  minor plaque rupture, erosion, and 
distal embolism

 IVUS - Atherosclerosis concealed by compensatory 
positive remodeling yielding diffuse nonobstructive
CAD.



4 Nonobstructive CAD

 extent of nonobstructive CAD - number of major

vessels involved ,TIMI frame counts

 Nonobstructive CAD - 65%  women and 32% in 

men (European Registry)

 51% in women and 32% in men (American 

Registry)



5 Blood Pressure

 Thickened and stiffened microvessels have poor

autoregulatory capacity, allowing transmission of

increased blood pressure to the microvessels.

 Intramural factors such as impaired coronary

microvascular density and impaired myocardial

perfusion likely contribute to INOCA.



6 Lipids

 CMD

 myocardial ischemia-related steatosis is

mechanistically linked with impairments in

ventricular relaxation

 women with CMD had higher myocardial

triglyceride content

 CMD triggers a metabolic shift away from free 

fatty acids, resulting in ectopic fat deposition in 

cardiomyocytes



7 Obesity, Metabolic Syndrome, and Diabetes

Mellitus

 Obesity-related hypertension, cardiomyocyte

hypertrophy, and impaired cardiac vascular 

adaptation to metabolic needs 

 Decreased serum adiponectin levels 

 Insulin resistance is strongly associated with both 

microvascular and macrovascular coronary 

disorders



8 Platelet Dysfunction or Other 

Coagulopathy

 Platelet reactivity, in response to collagen/ADP 

stimulation,

 decreases after exercise in patients with INOCA

 NO change in control subjects a

 increase in patients with CAD.

 Changes in platelet receptor expression and 

leukocyte-platelet aggregate formation



9 Cardiac Autonomic Nervous System

 Abnormal cardiac adrenergic nerve function

 β--vasodilation, α-vasoconstriction, and muscarinic

receptor activation induces vasoconstriction

 mental stress–induced angina, exposure to cold 

triggers angina, rest angina, or early morning 

angina



DIAGNOSIS - Invasive Testing



Coronary reactivity testing





Non invasive Testing

 PET CFR

 TRANSTHORACIC DOPPLER ECHO- pulsed wave

Doppler of the left anterior descending coronary artery

at rest and after dipyridamole

 CARDIAC MRI – reduced myocardial perfusion 

reserve index



MANAGEMENT



Definition

Prevailing elements of a definition, summarized fro presentations By
Think Tank members, include patients with the following:

1. Stable, chronic (several weeks or longer) symptoms suggesting ischemic
heart disease such as chest discomfort with both classic (eg, angina
pectoris) and atypical features in terms of location, quality, and inciting
factors;

2. Objective evidence for myocardial ischemia from the ECG or a cardiac
imaging study (echocardiography, nuclear imaging, magnetic resonance
imaging, or spectroscopy) at rest or during stress (exercise, mental, or
pharmacological); and

3. Absence of flow-limiting obstruction by coronary angiography (invasive
or computed tomographic angiography) as defined by any epicardial
coronary artery diameter reduction ≥50% or fractional flow reserve <0.8.











MINOCA  

(Myocardial Infarction With Non-

obstructive Coronary Arteries)



 STEMI - 90% had occluded coronary artery (CAG 

within 4 h of chest pain onset).

 NSTEMI - 26% had  occluded coronary artery 

artery (CAG within 24 h of chest pain onset).

 90% of the acute MI patients had angiographic 

evidence of obstructive CAD 

 10% had no significant CAD on CAG



1. What is the mechanism of the myocardial damage in these

patients?

2. How do these patients differ from those with obstructive

CAD?

3. Should they be managed with the same clinical strategies?

4. Do they differ in pathophysiology and outcomes from

those with angiographically normal coronary arteries?

Evolution of term myocardial

infarction with nonobstructive

coronary arteries (MINOCA)







Clinical Characteristics

 Usually younger than those with obstructive CAD

 obstructive CAD- young and middle-aged males 

MINOCA there is female preponderance 

 sex and/or hormonal influences may play a role. 

 Myocardial infarction with non-obstructive coronary 
arteries may present with or without ST segment 
elevation

 The likelihood of finding non-obstructive CAD is 
similar between these two presentations for women, 
and lower in NSTEMI than STEMI in men



Clinical Assessment

 Echocardiography to assess wall motion (takotsubo
cardiomyopathy)

 Cardiac MRI - Late gadolinium enhancement
suggests ischemia and permits localization

 Subendocardium suggests an ischaemic cause of
injury

 Sub-epicardial localization speaks in favour of
cardiomyopathy.

 Non-ischaemic appearance of LGE may suggest a
diagnosis of myocarditis or an infiltrative disorder



 IVUS /OCT - atherosclerotic plaque disruption and 

plaque erosion, coronary dissection or thrombosis

 D-dimer testing /CT pulmonary angiography to rule 

out PE

 type-2 AMI1 - tachyarrhythmia, haemorrhage, 

sepsis, and hypertensive crisis





The Most Common Causes Of 

MINOCA

1. Plaque rupture or erosion

2. Coronary artery spasm

3. Thromboembolism

4. Coronary dissection

5. Takotsubo cardiomyopathy

6. Unrecognized myocarditis

7. Other forms of type-2 myocardial infarction



Plaque Disruption

 MINOCA comprises 5–20% of all type-1 AMI 

cases

 plaque rupture or ulceration in 40% of patients with 

MINOCA.

 Plaque erosion has also been reported

 One theory - spontaneous thrombolysis or autolysis 

of coronary thrombosis.

 Thrombosis and/or thromboembolism almost 

certainly plays a major role in pathogenesis



 DAPT is recommended for 1 year followed by

lifetime single antiplatelet therapy

 Because disruption occurs on a background of non-

obstructive CAD, statin therapy is also

recommended

 Risk of recurrent myocardial infarction or death in

MINOCA patients is 2% up to 12 months.



Coronary Artery Spasm

 Vascular smooth muscle hyper-reactivity to
endogenous vasospastic substances or exogenous
vasospastic agents (e.g. cocaine or metamphetamines).

 Provocative spasm testing has demonstrated inducible
spasm in 27% of patients with MINOCA

 Recurrent episodes of rest angina that promptly 
respond to short-acting nitrates

 Especially if ST-segment changes respond promptly to 
short-acting nitrates and if circadian pattern (typically 
as nocturnal angina) present

 Microvascular spasm is also a potential cause of 
MINOCA



Coronary thromboembolism

Thrombophilia screening studies in MINOCA -14% 
prevalence

 Factor V Leiden thrombophilia

 Protein S and C deficiencies

 antiphospholipid syndrome

 myeloproliferative disorders

 atrial fibrillation and valvular heart disease

 valvular vegetations

 cardiac tumours (e.g. myxoma and papillary fibroelastoma)

 Calcified valves, and iatrogenic air emboli

 paradoxical embolism



Coronary Dissection

 Spontaneous coronary dissection causes AMI via luminal
obstruction

 Intramural haematoma of the coronary arteries without intimal tear
presents similarly

 The condition is more common among women.

 Fibromuscular dysplasia is present in other vascular beds in the
majority of cases

 Changes in the intima-media composition due to hormones,
pregnancy, and delivery have been implicated.

 Most dissections occur in the absence of atherosclerotic disease and
in these cases, statin therapy is not recommended.

 conservative management approach is advocated because coronary
intervention and stenting tend to cause propagation of the dissection

 outcomes are acceptable with medical management



Takotsubo Cardiomyopathy

 Often presents as an ACS with acute, reversible heartfailure
associated with myocardial stunning

 The revised Mayo clinic diagnostic criteria include:

(1)Transient hypokinesis, akinesis, or dyskinesis of LV mid segments
with or without apical involvement; the regional wall motion
abnormalities extend beyond a single epicardial vascular
distribution; a stressful trigger is often, but not always present.

(2)The absence of obstructive CAD

(3)New electrocardiographic abnormalities (either ST-segment
elevation and/or T-wave inversion) or modest elevation in cardiac
troponin.

(4)The absence of pheochromocytoma and myocarditis.



 affects postmenopausal women. 

 Milder forms also likely exist.

 Cardiac magnetic resonance imaging - typical pattern 
of oedema

 Empiric therapeutic strategies 

 avoidance of sympathomimetic agents

 cardio-selective b-blockers - LVOT obstruction

 ACE inhibitors - persistent LV dysfunction

 mechanical support - cardiogenic shock

 consideration of short-term anti-thrombotic medications



Myocarditis

 prevalence of myocarditis in MINOCA - 33%

 The most common cause of biopsy-proven 

myocarditis is viral infection

 Other causes –immunemediated diseases, 

endocrine diseases, drugs, and toxins, autoimmune.

 Investigation - CMR imaging, gold-standard 

technique of EMB





Other forms of type-2 acute myocardial

infarction

 myocardial cell necrosis due to supply–demand mismatch,
characterized by significant increase in troponins

 absence of evidence for coronary plaque rupture

 NSTEMI in 97% of the cases.
 anaemia, 

 tachy- brady-arrhythmia,

 respiratory failure,

 hypotension,

 shock,

 severe hypertension

 severe aortic valve disease,

 heart failure,

 cardiomyopathy,

 toxins (e.g. sepsis) 

 Pharmacological agents (e.g. catecholamines).



Cardiac magnetic resonance imaging 

criteria

 Not only provides insights into potential causes but

may also provide confirmation of the diagnosis of AMI

 Presence and pattern of LGE - a vascular or non-vascular cause

 MINOCA subgroup with normal CMR ? raised troponin ? alternate
diagnosis

 LGE on CMR imaging - as little as 1 g of infarcted myocardium

False Negative

 some patients with normal CMR may have too little myonecrosis to
be detected

 necrotic myocytes may be distributed over a larger area

 T2 imaging was undertaken late in the clinical course



Nonischaemic Causes Of An Elevated Troponin

Level

 pulmonary embolism

 acute on chronic renal failure

 acute on chronic heart failure 

 myocarditis

 cardiomyopathies (infiltrative, tako-tsubo,peripartum)

 stroke

 septic shock

 acute respiratory distress syndrome

 cardiac trauma (including iatrogenic)

 severe burns

 chemotherapeutic agents

 strenuous exercise







Unanswered Questions

 Should this patient be empirically managed with aspirin
and statin?

 Should calcium-channel blockers be initiated on the
presumption of coronary spasm as the underlying
mechanism

 should provocative spasm testing be routinely performed

prior discharge?

 What if there is no evidence of an AMI on CMR imaging,
should these empirical therapies still be initiated?

 Will regular use of these preventative therapies improve the
guarded prognosis of MINOCA?











Epidemiology of STEMI

 Still the single most common cause of death
worldwide.

 The relative incidences of STEMI and NSTEMI are
decreasing and increasing, respectively.

 Despite the decline in acute and long-term death
associated with STEMI, mortality remains
substantial.

 The in-hospital mortality rates of unselected
patients with STEMI in national European
registries vary between 4–12%
















