
American Heart Journal Plus: Cardiology Research and Practice 37 (2024) 100352

Available online 6 December 2023
2666-6022/© 2023 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Review Article 

Clinical aspects of ischemia with no obstructive coronary artery 
disease (INOCA) 

Alexander Polyak , Janet Wei , Martha Gulati , Noel Bairey Merz * 

Barbra Streisand Women's Heart Center, Smidt Heart Institute, Cedars-Sinai Medical Center, Los Angeles, CA, USA   

A R T I C L E  I N F O   

Keywords: 
Ischemia with no obstructive coronary disease 
(INOCA) 
Coronary microvascular dysfunction (CMD) 

A B S T R A C T   

Ischemia with no obstructive coronary arteries (INOCA) is defined as patients with evidence of myocardial 
ischemia without obstructive coronary artery disease. About 3–4 million people in the United States have INOCA, 
more commonly affecting women, and carries adverse morbidity, mortality, and relatively high healthcare costs. 
The pathophysiology of INOCA appears to be multi-factorial with a variety of contributing mechanisms. Diag-
nosis of INOCA is suggested by non-invasive or invasive testing consistent with myocardial ischemia. Due to the 
high prevalence of coronary risk factors and atherosclerosis in the INOCA population, current treatment stra-
tegies target angina, coronary atherosclerosis, and atherosclerotic risk factors, as well as burgeoning treatment of 
coronary microvascular dysfunction (CMD). Ongoing clinical trials are assessing different options.   

1. Introduction: Definitions and terminology 

Patients presenting with signs (abnormal stress test or troponin) and/ 
or symptoms (angina) of ischemic heart disease usually undergo diag-
nostic testing. However, more than half of patients who undergo angi-
ography have no obstructive coronary artery disease (CAD), defined as 
coronary stenosis >50 % [1]. This growing population of patients with 
evidence of ischemia and no obstructive coronary arteries (INOCA) is 
more common among women, and are at increased risk of adverse 
cardiovascular events [2,3]. The Cardiovascular Disease in Women 
Committee of the American College of Cardiology (ACC) summarized 
INOCA [4] to include patients with three findings—stable, chronic 
symptoms (angina) to suggest ischemic heart disease; objective evidence 
of myocardial ischemia on electrocardiogram or cardiac imaging with 
rest or at stress; and no flow limiting obstruction on angiography to 
suggest obstructive CAD defined as epicardial obstruction >50 % or 
fractional flow reserve <0.8. 

Patients with acute myocardial infarction (AMI) found to have no 
obstructive CAD (MINOCA) make up 14 % of all AMIs and are also more 
common in women [5]. While there is likely overlap between MINOCA 
and INOCA, MINOCA is a distinct AMI presentation. Patients who pre-
sent with an AMI found to have MINOCA may or may not have INOCA as 
well. A subgroup of INOCA and MINOCA patients have coronary 
microvascular dysfunction (CMD). CMD is defined as structural and 
functional changes in the coronary microcirculation leading to impaired 

coronary flow reserve (CFR), coronary blood flow (CBF), and/or coro-
nary spasm [6,7]. CMD can be a primary cause of INOCA, but can also be 
found in patients with obstructive CAD, heart failure, Takotsubo syn-
drome and other cardiomyopathies [6]. There can be overlap among 
INOCA, MINOCA, and CMD, but they can also occur independently 
(Fig. 1). Correctly defining each presentation is important to guide 
clinical diagnostic and therapeutic options, as well as advancing 
research. This review focuses on the clinical aspects of INOCA. 

2. Prevalence and costs of INOCA 

Cardiovascular disease is the number one cause of death in the 
United States with similar rates in both men and women, however 
women are more likely to have no obstructive CAD than men [2,8]. The 
Women's Ischemic Syndrome Evaluation (WISE) studies estimate there 
are 3–4 million people in the United States with INOCA [3]. INOCA is 
diagnosed more frequently in women (50–70 %) than in men (30–50 %) 
among those undergoing angiography for stable angina [9]. The prev-
alence of CMD in the setting of suspected INOCA is 25–65 %, with 
different studies using different methods and cut-offs to diagnose CMD 
[9–11]. 

The INOCA population has relatively high morbidity and disability 
leading to repeat hospitalizations and invasive testing [12]. Women are 
four times more likely than men to be readmitted for angina or AMI 
within 180 days after angiography [13]. Patients with INOCA have 
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frequent angina symptoms leading to decreased physical function and 
quality of life (QOL); a survey of the INOCA International patient sup-
port group showed that chronic symptoms led to decreased physical, 
mental, and social QOL [14]. The same study found that 75 % of patients 
had to decrease how much they worked, 50 % had to retire early, and 38 
% applied for disability [14]. INOCA patients have more chronic angina 
symptoms and cardiac anxiety than the post-AMI and post-cardiac arrest 
populations [11]. 

INOCA leads to relatively high healthcare costs and economic burden 
both directly and indirectly with decreased work output and disability. 
The WISE study found that women with non-obstructive CAD had ex-
pected lifetime cardiovascular healthcare costs of over $750,000, com-
parable to $1 million for women with multi-vessel CAD [15]. An 
economic analysis, using QOL and work limitations questionnaires, 
estimated that INOCA patients have an annual healthcare cost of $21 
billion in the United States, compared to $55 billion in patients with 
obstructive CAD [11]. 

3. Predictors and outcomes of INOCA 

The pathophysiology of INOCA is likely multifactorial with a variety 
of contributing mechanisms, including atherosclerosis [16]. Athero-
sclerosis risk factors include age, hypertension, hyperlipidemia, active 
smoking and diabetes mellitus [17]. A majority of patients with INOCA 
and chronic angina have been shown to have some coronary athero-
sclerosis visualized by intravascular ultrasound (IVUS) [18]. Patients 
with non-obstructive CAD have an increased mortality and AMI risk 
compared to patients with no CAD [19]. 

In patients with INOCA, factors associated with increased mortality 
risk include age, hypertension, diabetes mellitus, and smoking, while 
sex, hyperlipidemia, and family history of premature CAD have not been 
shown to increase mortality risk [19]. Angina symptoms persisting for 
one year from INOCA diagnosis predicted increased major adverse 
cardiovascular event (MACE) in the WISE population [20]. 

In patients with CMD, CFR has been shown to be a continuous pre-
dictor of MACE rather than a specific cut-off value [4]. A prior study 

used positron emission tomography (PET) to measure CFR and found 
almost double the rate of MACE in patients with CFR < 2.0 [21]. A 
randomized, placebo controlled trial studying ranolazine in patients 
with angina and CMD found that anginal symptoms were directly 
related to myocardial perfusion reserve index, with angina symptoms 
improving when microvascular perfusion improved [22]. 

4. Diagnosis of INOCA 

The 2021 ACC clinical practice guidelines on chest pain proposed an 
algorithm for evaluation of suspected INOCA, consisting of either an 
invasive or non-invasive pathway [23]. Although neither pathway was 
favored over the other, the guidelines noted that non-invasive testing is 
more prevalent, but that invasive testing may be more comprehensive 
[23]. A new diagnostic algorithm specific to women with suspected 
INOCA was proposed that favored non-invasive diagnostics based on 
risk factors, and if angina persists despite treatment, to then pursue 
invasive diagnostics [24]. The different diagnostic options are summa-
rized in Fig. 2. 

4.1. Noninvasive testing 

Coronary-computed tomographic angiography (CCTA) can show 
obstructive coronary lesions as well as non-obstructive plaque [24]. The 
PROMISE trial (Prospective Multicenter Imaging Study for Evaluation of 
Chest Pain) showed no difference between functional stress testing and 
anatomic CCTA in terms of clinical events overall for a 25-month follow- 
up [25]. 

Standard stress echocardiography is a Grade 1 recommendation for 
evaluation of stable chest pain [23], but can often be normal in patients 
with INOCA [26]. Stress echocardiography with doppler can measure 
coronary flow velocity (CFV) which was shown to be decreased in 25 % 
of patients with INOCA [10]. 

Single-photon emission computed tomography (SPECT) stress 
myocardial perfusion imaging (MPI) can detect myocardial ischemia 
[27]. However, studies have reported lower accuracy of SPECT-MPI in 

Fig. 1. Overlap exists among INOCA, MINOCA, and CMD, but they also occur independently.  
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women compared to men, likely due to smaller heart sizes and variable 
breast tissue attenuation [24]. SPECT-MPI has been shown to be normal 
in a majority of patients with CMD [28]. 

PET-MPI can give an accurate evaluation of coronary perfusion, left 
ventricular function, and CFR, with data showing improved accuracy 
compared to SPECT-MPI [29]. PET-MPI has less radiation compared to 
SPECT-MPI, and can measure myocardial blood flow and CFR to confirm 
diagnoses of INOCA and/or CMD [24]. 

Stress cardiac magnetic resonance imaging (CMRI) can demonstrate 
decreased perfusion in sub-endocardial myocardium in patients with 
INOCA, as well as identify myocardial structure, function, inflammation 
and ischemia [24]. Myocardial perfusion reserve index with CMRI is a 
semi-quantitative method to measure CFR, and at experienced centers 
has been shown to be able to detect CMD [30]. 

4.2. Invasive testing 

Invasive coronary function testing (CFT) can diagnose both micro-
vascular and macrovascular dysfunction due to either endothelium 
dependent mechanisms or non-endothelium dependent mechanisms. 
Coronary vascular function is assessed by measuring CBF with endo-
thelium dependent probes (acetylcholine, bradykinin, substance-P, L- 
NMMA, shear stress) as well as measuring CFR with endothelium in-
dependent probes (adenosine, nitroprusside) [4,5]. Exercise, pacing- 
induced tachycardia, cold pressor test, and mental stress have also 
been shown to provoke abnormalities in CBF, which can suggest cardiac 
nociception abnormalities [4,30]. CFT results can diagnose patients with 
microvascular angina and help improve risk stratification of patients 
with INOCA [23,30]. 

5. Therapeutic options in INOCA 

There are no evidence-based guidelines for management of patients 
with INOCA, however there are potential therapy strategies targeting 
atherosclerosis, endothelial and microvascular mechanisms that have 
shown benefits in smaller studies [7]. Due to the high prevalence of 

coronary risk factors and atherosclerosis, lifestyle modifications 
including diet, exercise and smoking cessation, as well as appropriate 
medical management of hypertension, hyperlipidemia, and diabetes 
mellitus are recommended for patients with INOCA [9]. Fig. 3 shows the 
different therapeutic options. Importantly, treatment choices may also 
be guided by a patient's specific diagnostic findings; for example, the 
Coronary Microvascular Angina (CorMicA) trial showed improvement 
in angina symptoms and QOL in patients whose medical management 
was guided by their CMD mechanism determined from invasive coro-
nary reactivity testing [31]. The ongoing Women's Ischemia Trial to 
Reduce Events in Non-Obstructive CAD (WARRIOR) trial is a multi-
center, randomized trial that is investigating intensive medical therapy 
(high intensity statins and angiotensin converting enzyme inhibitors 

Fig. 2. Diagnostic options for INOCA, both non-invasive and invasive. Level of recommendation from the 2021 ACC guidelines on chest pain. [23]  

Fig. 3. Therapeutic options for management of INOCA grouped by coronary 
atherosclerosis, anti-angina and anti-ischemic, and non-pharmacologic options. 
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(ACE-I) or angiotensin receptor blockers [ARB]) and low dose aspirin 
versus usual care for prevention of cardiovascular disease events in 
symptomatic women with INOCA [32]. 

5.1. Statins and angiotensin-converting enzyme inhibitors 

Statins can prevent progression of coronary atherosclerosis in pa-
tients with non-obstructive CAD; a prior study showed an improvement 
in CFR after 6 months of atorvastatin therapy [33]. Statins in combi-
nation with ACE-I may increase these benefits; patients with angina and 
non-obstructive CAD demonstrated improved angina symptoms and 
exercise tolerance after 6 months of combination atorvastatin and 
ramipril [34]. In women with CMD, ACE-I were shown to increase CFR 
and lead to improvement in angina symptoms [35]. An ARB can be 
substituted if an ACE-I is not tolerated [7]. 

5.2. Aspirin and antiplatelet options 

Thromboxane A2 inhibitors (low dose aspirin and P2Y12 inhibitors) 
may prevent adverse outcomes in patients with INOCA [36]. This is 
likely through a mechanism of thromboxane A2 inhibition leading to 
microvascular protection against oxidative injury and reduced endo-
thelial platelet inhibition [7]. 

5.3. Anti-angina options 

Beta-blockers may decrease frequency of angina and improve 
endothelial function [4]. Nebivolol, which has vasodilatory properties 
via nitric oxide production, is currently being studied in women with 
CMD [37]. Calcium channel blockers (CCB) can be effective in patients 
whose symptoms are due to epicardial and coronary microvascular 
spasm [34]. However, a trial using diltiazem in a population of patients 
with angina symptoms and coronary vascular dysfunction found no 
improvement in CFR or angina symptoms [38]. Nitrates act as an anti-
anginal by venodilation leading to decreased preload. Nitrates effec-
tiveness in patients with CMD has been inconclusive, but can be used for 
acute angina symptoms [34]. 

Ranolazine, ivabradine, nicorandil, and trimetazidine are other 
antianginal drugs that have been studied with mixed results and may 
have benefit in some patients with INOCA [6,34]. An early pilot study of 
ranolazine in patients with INOCA showed improvement in symptoms 
and improved CFR, however a more recent large randomized study 
found no difference in symptoms or CFR with ranolazine versus placebo 
[22,39]. 

5.4. Other treatment options 

In a study of INOCA patients, it was shown that aminophylline can 
improve exercise-induced chest pain [40]. Phosphodiesterase (PDE) 
type 5 inhibitors (such as sildenafil) were shown to improve CFR in 
women with INOCA, and were more effective in the subset of INOCA 
patients with CMD [7,37]. The Rho kinase pathway is involved in 
smooth muscle cell contraction and plays an important role in endo-
thelial dysfunction [37]. Fasudil, a rho kinase inhibitor, can prevent 
acetylcholine induced coronary spasm in the macro and microcircula-
tion [37]. L-arginine, a precursor of nitric oxide, has shown mixed re-
sults in improvement of CFR and angina symptoms [4]. 

Other treatment options are currently being studied. Endothelin re-
ceptor antagonists have shown benefits in microvascular angina leading 
to larger studies including the PRecision medicine with ZibotEntan in 
microvascular angina (PRIZE) [41]. A pilot clinical trial testing intra-
coronary CD34+ stem cell therapy in INOCA patients showed 
improvement in angina symptoms and QOL [42]. 

Non-pharmacologic treatment options can be effective in treating 
symptoms. Spinal cord stimulation can improve response to pain 
perception, angina symptoms and exercise tolerance [4]. Enhanced 

external counter pulsation (EECP) works by inflation and deflation of leg 
cuffs synchronized to the cardiac cycle and can improve angina symp-
toms [4]. Cardiac rehabilitation can improve exercise capacity [4]. 

6. Knowledge gaps 

Gaps remain in our current knowledge and understanding of INOCA. 
To continue to advance the field, there needs to be large studies that can 
lead to potential evidence-based guidelines to improve prevention, 
diagnosis, and management. It is essential that a uniform definition is 
used for INOCA to further drive collaboration and research. A think tank 
working group summarized a standard definition of INOCA to include 
patients with three findings – stable, chronic symptoms (angina) to 
suggest ischemic heart disease; objective evidence of myocardial 
ischemia on electrocardiogram or cardiac imaging with rest or at stress; 
and no flow limiting obstruction on angiography (epicardial obstruction 
>50 % or fractional flow reserve <0.8) [4]. 

Further understanding of how different vasomotor issues impact 
patients with INOCA can further guide prevention, risk stratification, 
and management. Patients with INOCA may develop AMI (MINOCA) 
and further studies are needed to understand the risks and pathophysi-
ology of this process. CMD has been found in a large portion of patients 
with heart failure with preserved ejection fraction (HFpEF); the 
PROMIS-HFpEF trial found about 75 % of patients admitted with HFpEF 
exacerbation had CMD without obstructive CAD [43]. The relationship 
between INOCA, CMD and HFpEF is being investigated, including 
questions of how often does INOCA progress to HFpEF and what sub- 
group of patients are at increased risk to develop HFpEF. Better under-
standing of these relationships will aid in further research design and 
ultimately evidence-based management guidelines for clinicians. 

7. Conclusions 

Patients with INOCA have relatively high morbidity, mortality and 
healthcare costs comparable to obstructive CAD. Diagnostic algorithms 
are currently IIa and IIb recommendations, but large studies are needed 
to develop guidelines for treatment of INOCA [23]. The current standard 
for management of INOCA patients is treating angina, coronary 
atherosclerosis, and atherosclerotic risk factors. Ongoing studies such as 
the WARRIOR trial will add more evidence for specific strategies for 
treatment of INOCA. This review of the clinical aspects of INOCA can aid 
clinicians in our current understanding of INOCA. 
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