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This article provides a summary of the clinical spectrum of no obstructive coronary arteries. We describe the
pathologies, invasive and noninvasive assessment, and management strategies.

1. Background

Angina or ischemia with non-obstructive coronary artery disease
(INOCA) has become an increasingly recognized diagnosis. Up to 50 %
of patients who present with stable angina undergoing coronary angi-
ography have no significant epicardial coronary artery obstruction, with
a greater prevalence of 65 % in women versus 32 % in men [1]. INOCA
are defined as angina or ischemia with <50 % epicardial coronary artery
stenosis on angiography [2]. Along the same spectrum of disease is
myocardial infarction with no obstructive coronary arteries (MINOCA),
defined as an acute myocardial infarction where there is detection of a
rise or fall of cardiac troponin >99th percentile of the upper reference
level on serial assessment plus clinical evidence of infarction with <50
% epicardial coronary stenosis on angiography. There is a 3 % per year
rate for major adverse cardiac events (MACE) in patients with MINOCA,
while mortality in patients with MINOCA approaches 5 % at 1 year [3].

A high prevalence of INOCA in women was demonstrated in the
Women’s Ischemia Syndrome Evaluation (WISE) study, which found
that among a cohort of women referred for coronary angiography for
evaluation of suspected ischemic heart disease, 62 % had no obstructive
coronary disease (> 50 % diameter reduction). The study demonstrated
that the 10-year rate of cardiovascular mortality or non-fatal MI in
women with INOCA was 12.8 %, indicating that INOCA is not a benign
disease [4]. Timely diagnosis and personalized management of patients
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with INOCA is critical to improving patient symptoms, quality of life,
and treatment satisfaction [5].

When invasive coronary reactivity testing is performed in patients
with INOCA, 75-90 % of these patients will receive a diagnosis of
microvascular spasm, epicardial coronary spasm, coronary microvas-
cular dysfunction (CMD), and/or myocardial bridging as a cause of their
symptoms and presentation [5-8]. The CorMicA (coronary microvas-
cular angina) trial was a randomized, controlled, blinded clinical trial
that studied the efficacy of a stratified medical management versus usual
care of patients presenting with angina without obstructive epicardial
coronary disease. The median age of study participants was 61 years,
and the majority were women (73.5 %). Invasive coronary functional
testing was performed with thermodilution and acetylcholine reactivity
testing, and then patients were divided into 4 diagnostic groups:
noncardiac, microvascular angina, vasospastic angina, or both micro-
vascular and vasospastic angina. When medical management was
informed by invasive coronary functional testing, there was significant
improvement in quality-of-life and angina at 6 months compared with
usual care without knowledge of coronary reactivity testing (P = 0.001).
There was no difference in MACE at 6 months (P = 0.8) [5].

These startling findings suggest that the overwhelming majority of
patients undergoing invasive coronary angiography (but who do not
undergo reactivity testing) are incompletely evaluated, remain undiag-
nosed, and are undertreated or untreated as a result. Often, because the
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diagnosis is overlooked, the patient may have medications withdrawn,
as the physician inaccurately deduces that the patient does not have a
cardiac source of symptoms. Despite the availability of both invasive and
noninvasive diagnostic modalities, complete evaluation of patients with
ANOCA, INOCA, or MINOCA remains inconsistent [9].

The 2019 European Society of Cardiology Guidelines for the Diag-
nosis and Management of Chronic Coronary Syndromes and the 2021
Guideline for the Evaluation and Diagnosis of Chest Pain were the first
clinical practice guidelines published incorporating these patients into a
clinical pathway with a systematic diagnostic evaluation [2,10]. Evi-
dence from both WISE and CorMicA provided support for a class ITA
recommendation for invasive coronary functional testing in patients
with suspected INOCA [2].

This review article provides a summary of the clinical spectrum of no
obstructive coronary arteries including ANOCA, INOCA, and MINOCA.
We describe the varying pathologies of the disease, illustrate both
invasive and noninvasive modalities to further evaluate these patients,
and summarize management and prevention strategies. Lastly, we pre-
sent two clinical case examples.

2. Range of pathologies

The epicardial coronary arteries serve as conduits to deliver
oxygenated blood to the myocardium. Much of the focus of the ischemic
evaluation is on determining the presence and extent of epicardial cor-
onary artery obstruction. When non-obstructive disease is demonstrated
on coronary angiography in the presence of documented ischemia, it is
critical to evaluate the microvasculature. Microvascular dysfunction is a
hallmark of ischemia with non-obstructive coronary arteries (INOCA).
The microvascular circulation is a large territory of the vascular system
consisting of pre-arterioles, arterioles, capillaries, and venules. This
network regulates local blood perfusion, determines resistance to flow
and conducts blood-tissue exchange of oxygen. Coronary microvascular
disease (CMD) is generally categorized as microvascular dysfunction in
the absence of obstructive coronary artery disease (CAD) or myocardial
diseases, occurring in the presence of myocardial disease, occurring in
the presence of obstructive CAD, or iatrogenic such as post percutaneous
revascularization (Fig. 1) [11].

Other disorders including heart failure with preserved ejection
fraction (HFpEF) who often have abnormal coronary flow reserve (CFR).
This subset of patients can have microvascular inflammation and fibrosis
contributing to the abnormal CFR. Other pathologies not often consid-
ered when evaluating microvascular dysfunction include cardiomyop-
athies. Here the mechanism of dysfunction is marked by a combination
of capillary rarefaction, extrinsic compression and abnormal vascular

Microvascular
Dysfunction

Obstructive

Myocardial
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Fig. 1. Causes of microvascular dysfunction.
CAD: Coronary artery disease.
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remodeling including interstitial fibrosis [12,13].

It is important to note that 20-25 % of individuals undergoing
percutaneous revascularization experience angina due to microvascular
dysfunction [14,15]. In addition, distal embolization, reperfusion
injury, myocardial edema and capillary compression along with pre-
existing microvascular dysfunction have all been reported as mecha-
nism after balloon angioplasty and stenting [12,13]. Finally, disorders
such as Takotsubo syndrome may have associated microvascular spasm,
edema and compression or pre-existing microvascular dysfunction as
well [16].

It is important to note that isolated and pre-existing microvascular
dysfunction predominantly affects women and frequently occurs
without traditional cardiovascular risk factors. Yet the most commonly
associated risk factor is diabetes mellitus [17,18].

3. Diagnosis of INOCA

The Coronary Microvascular Angina (CorMicA) study indicated that
coronary angiography often fails to identify patients’ microvascular
angina (and vasospastic angina) and stratified medical therapy improves
symptoms in such patients [19]. Yet despite the growing evidence
highlighting the prognostic significance of coronary microvascular
dysfunction (CMD), the 2019 European Society of Cardiology (ESC)
guidelines provide a class Ila recommendation for invasive testing and a
class IIb recommendation for non-invasive testing [20]. The most recent
2021 American guidelines afforded a IIA recommendation for stress
positron emission testing (PET) and stress cardiac magnetic resonance
(CMR) and a IIB recommendation for stress echocardiography [2].

3.1. Non-invasive diagnosis

Non-invasive methods assess the vasodilator capacity of the coronary
microvasculature and estimate myocardial blood flow during hyperemia
compared with flow at rest. Insights from the ISCHEMIA trial note that
the prevalence of INOCA was 13 % and the severity of ischemia was not
associated with severity of nonobstructive atherosclerosis. Exercise
electrocardiography (ECG), stress echocardiography, and myocardial
perfusion imaging (MPI) using single photon emission computed to-
mography (SPECT) are all non-invasive modalities to aid in assessment
of coronary microvascular blood flow. With all modalities, the propor-
tion of patients with INOCA was higher when there was moderate rather
than severe ischemia which was observed most with stress nuclear
testing [21].

Transthoracic Doppler Echocardiography (TTDE) can identify the
maximal diastolic flow in the mid-distal left anterior descending artery
(LAD) at rest and during adenosine/dipyridamole stress to estimate
coronary flow velocity reserve (CFVR) by means of the pulse wave
Doppler technique. Reduced CFVR (<2-2.5) is a marker of coronary
microvascular dysfunction. Schroder et al. demonstrated that the CFVR
value has a prognostic value. Despite being low-cost, radiation-free, and
available tests, it lacks accuracy and requires extensive training [22].

Myocardial Contrast Echocardiography is a technology in which an
ultrasonic contrast agent and microbubble with RBC size (<7 pm) is
injected. This contrast reflects an echo signal that correlates with
capillary blood volume. The myocardial blood flow is measured by the
product of peak contrast intensity (dp) and myocardial flow velocity
(db/s) in each myocardial segment. Coronary Flow Reserve is the ratio
of MBF at peak hyperemia compared to rest. Due to the considerable
variation of results among operators, the quantitative and qualitative
measurement of myocardial perfusion from myocardial contrast echo
needs further validation [23,24].

PET is a well-validated and reliable test for the evaluation of coro-
nary microcirculation. It uses positron-emitting radiotracers such as 1°0-
water, 8?Rubidium, '*N-ammonia, and ‘®F-labeled agents for assessment
of the myocardial blood flow (MBF), myocardial perfusion reserve
(MPR), and myocardial flow reserve (MFR). The MPR is the MBF at
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maximum stress, whereas MFR is the ratio of MBF at maximal coronary
vasodilation and MBF at rest. A MFR < 1.5 indicates coronary micro-
vascular dysfunction [25]. Low MFR is associated with poor prognosis,
and a preserved MFR has a high negative predictive value (97 %) for
excluding ischemia [9,25,26]. The use of PET is limited by its avail-
ability, cost, and radiation exposure.

CMR has a higher spatial resolution, no radiation exposure, and
provides accurate information regarding myocardial edema and fibrosis.
Stress perfusion CMR using gadolinium contrast offers higher accuracy
than exercise ECG and SPECT MPL. Perfusion is directly proportional to
T1 signal intensity given by the diffusion from the microcirculation into
the interstitial space. Myocardial perfusion reserve index (MPRI) is a
semi-quantitative method used to estimate the coronary blood flow
reserve and correlates with invasive testing. The CFR evaluation and
myocardial perfusion reserve index have been demonstrated to predict
the rate of MACE with high prognostic power beyond late gadolinium
enhancement and ischemia [27,28]. Data from WISE-CVD showed that
an MPRI of <1.84 predicted invasive CFR abnormality with a sensitivity
of 73 % and specificity of 74 % using a 1.5 T magnet and CAAS MRV 3.4
as post-processing software [29,30].

Perfusion Coronary Computed Tomography (CT) is a technology that
consists of a dynamic first-pass vasodilator stress segment that induced
by adenosine and rest perfusion imaging segment that allows perfusion
quantification [31,32]. It provides greater spatial and temporal resolu-
tion compared with cardiac PET. However, it requires repeated image
acquisition, which exposes the patient to higher radiation and iodinated
contrast increasing the risk of contrast induced nephropathy in those
with underlying renal dysfunction. In addition, it has not been well-
validated or widely adopted in practice. Table 1 summarizes the
different noninvasive testing modalities.

3.2. Invasive diagnosis

Invasive Diagnosis of INOCA requires initial assessment of micro-
vascular function via measurement of CFR and IMR followed by
acetylcholine provocation test to rule out vasospasm.

Microvascular dysfunction is assessed using Coronary flow reserve
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(CFR) or the index of microcirculatory resistance (IMR). CFR measures
the blood flow in the epicardial arteries and microvasculature, IMR
measures the blood flow in the microvasculature. Microvascular spasm
is evaluated by the induction of epicardial and microvascular spasm
after intracoronary acetylcholine administration, which can identify a
microvascular hypercontractive response (Fig. 2).

Two methods may be used to measure coronary flow reserve:
intracoronary Doppler or intracoronary thermodilution which measure
transit time. The thermodilution method is the most widely available
and allows the evaluation of fractional flow reserve (FFR), CFR, and IMR
[33]. IMR can be calculated by the formula IMR = Py x Ty, where Pg =
mean distal coronary pressure, and Tr,, = mean hyperemic transit time.

Invasive functional testing is considered a low-risk procedure when
performed by a trained interventional cardiologist. In the WISE study of
293 women who underwent invasive functional testing, there were no
deaths due to functional testing; two serious adverse events occurred in
2 women (0.7 %): one coronary artery dissection and one myocardial
infarction associated with coronary spasm [34].

Workflow for the invasive assessment of INOCA should be performed
in three steps [35] which are summarized in Fig. 3.

3.2.1. Step 1: exclude significant epicardial stenosis

The first step in invasive coronary functional testing during invasive
coronary angiography is ruling out significant epicardial coronary artery
stenosis as the cause of myocardial ischemia with angiography =+
physiology assessment of flow with fractional flow reserve (FFR) or
instantaneous wave-free ratio (iFR) as required.

Detailed explanation of Physiological assessment of coronary flow is
well described elsewhere but can be summarized as follows. FFR is the
ratio of mean distal coronary pressure to aortic pressure during hyper-
emia, or non-hyperemic pressure ratio (NHPR). Resting full cycle ratio
(RFR), calculates the minimal distal pressure with reference to the aortic
pressure during five entire cardiac cycles. iFR is calculated by measuring
the resting pressure gradient across a coronary lesion during the portion
of diastole when microvascular resistance is low and stable. The cut-off
value of <0.80 in FFR and <0.89 in iFR diagnoses functionally signifi-
cant coronary artery disease.

computed tomography

imaging

vasodilators

microvascular system assessed
All territories evaluated

Table 1
Summary of the non-invasive diagnostic modalities for the evaluation of coronary microcirculation.
Imaging modality Technique Material Threshold  Advantages Disadvantages
Transthoracic Doppler Pulsed wave Doppler of the Vasodilators CFRV <2 e Widely available e Limited to LAD
echocardiography LAD e Low cost e Technically difficult to
e No radiation reproduce & not widely
available
e Obstructive disease requires
pre-evaluation
Myocardial contrast Microbubble velocity & Microbubble contrast MBF < 2 e Widely available e Technically difficult to
echocardiography myocardial blood volume agent e Low cost reproduce & not widely
e No radiation available
o Obstructive disease requires
pre-evaluation
e CMD lacks validation
Positron emission tomography Rest & stress perfusion Radioisotope agent & MPR < 2 o Reference for noninvasive o Radiation
imaging vasodilators imaging e Time consuming
e All territories evaluated e Expensive
o Obstructive disease requires
pre-evaluation
Cardiac magnetic resonance Rest & stress perfusion Gadolinium contrast & MPRI <2 e No radiation e Limited availability
imaging vasodilators o All territories evaluated e Time consuming
e Excellent spatial resolution e Expensive
e Obstructive disease requires
pre-evaluation
Contrast enhanced cardiac Rest & stress perfusion Iodine contrast & MPR < 2 o Combined epicardial & e Limited availability

Radiation
Limited quantification of MBF

LAD: Left anterior descending artery; CFRV: Coronary flow reserve velocity; MBF: Myocardial blood flow; CMD: Coronary microvascular dysfunction; MPR: Myocardial
perfusion reserve; MPRI: Myocardial perfusion reserve index. The most validated imaging modalities are Positron Emission Tomography and Cardiac Magnetic
Resonance. Other non-invasive tests have limited data on the exact percentage of accuracy, sensitivity and specificity compared to invasive testing.
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50-70%

Epicardial

Vasospastic

Fig. 2. Central illustration.

FFR: Fractional flow reserve; CFR: Coronary flow reserve; IMR: Index of microcirculatory resistance; HMR: Hyperemic microvascular resistance.

Adenosine is used in FFR and IMR assessment and is the most com-
mon agent used to achieve maximum hyperemia, it can be administered
as an IV infusion (140-210 pg/kg/min) or intracoronary bolus (50-200
pg), and has endothelium dependent and non-endothelium dependent
effects [36]. Regadenoson, a selective Ay, receptor agonist, can replace
adenosine.

3.2.2. Step 2: CFR and IMR testing for microvascular angina

To test for microvascular angina physiology assessment is required
using pressure/temperature wires and adenosine. A guidewire designed
for physiological assessment with distal pressure or temperature sensors
is typically placed into the distal left anterior descending artery. To
measure CFR and IMR, resting mean transient time (Tmn) is measured
by injecting 3 ml of room temperature saline (thermodilution) (this
measurement is taken a minimum of three times) to achieve to ensure
similar reproducible values are recorded. The aortic pressure at the
guiding catheter (Pa) and distal coronary pressure at the tip of the
guidewire (Pd) are simultaneously recorded. The same measurements
are then also recorded after inducing hyperemia with adenosine.

CFR is the ratio of basal to maximum hyperemic to coronary mean
transit time. It is calculated as the average resting transient time divided
by the average hyperemic transient time, averaging the three consecu-
tive measurements under each condition.

The index of microvascular resistance (IMR) is the product of the
distal coronary artery mean pressure and the mean transit time during
maximum hyperemia.

Coronary microvascular dysfunction is defined as a CFR <2.0 and/or
an IMR >25.

3.2.3. Step 3: Assessment for pathological coronary spasm

Diagnosing coronary spasm (epicardial and microvascular) requires
an intracoronary provocation test with acetylcholine or ergonovine.
Acetylcholine is a vasoactive substance that provokes vasospasm via
cholinergic receptors on vascular smooth muscle cells. Normal endo-
thelium responds by vasodilatation through the release of nitric oxide. In
the case of endothelial dysfunction, vasoconstriction occurs in response
to acetylcholine. Incrementally increasing doses of 20, 50 and 100 pg of
acetylcholine are infused over 1-3 min into left anterior descending

artery (LAD) under continuous heart rate, blood pressure, and 12 lead
ECG monitoring [37]. A coronary angiogram should be repeated after
every infusion dose to determine any changes in coronary diameter.

Macrovascular spasm is diagnosed when anginal chest pain and
ischemic ECG changes are present in addition to coronary diameter
reduction >90 % either focally or diffusely. Microvascular spasm is
diagnosed when the patient experiences typical ischemic chest pain, and
ECG changes with no evidence of angiographically evident epicardial
coronary vasoconstriction. If coronary spasm occurs, intracoronary
nitroglycerin should be administered.

The pharmacological provocation test is considered a safe procedure
with a severe complication risk of <1 %, as reported by the large
retrospective from Japan of 21,512 patients [38,39]. Predictors for
complications during acetylcholine provocation testing included a his-
tory of paroxysmal AF, moderate-to-severe left ventricular diastolic
dysfunction, and higher QT dispersion at baseline ECG. A recent pro-
spective analysis by Montone et al. demonstrated that these complica-
tions are not associated with a worse prognosis at a medium to long-term
follow-up [40].

4. Management

Patient and physician education, lifestyle modification, and medi-
cations are central tools for the management of INOCA [41]. The man-
agement and prevention of INOCA varies based on endotype, epicardial
vasospastic angina, microvascular angina, or mixed angina. However,
many principles of management and prevention are shared across these
groups.

Management approaches include addressing lifestyle factors, risk
factors, and medications to address microvascular dysfunction and
vasospasm. These strategies are endorsed by the EAPCI and Microvas-
cular Network consensus documents on the management of INOCA
[37,40,42,45]. Similar recommendations are found in guidelines [2].
ESC guidelines recommend in patients with abnormal CFR and a nega-
tive acetylcholine provocation test, beta-blockers, ACE inhibitors, and
statins, along with lifestyle changes and weight loss [43,46]. These
guidelines also state in patients with epicardial or microcirculatory
vasomotor disorders, including coronary spasm calcium channel
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Fig. 3. Invasive diagnosis of INOCA.

blockers and long-acting nitrates constitute the treatment of choice, in 4.1. Pharmacological management
addition to the control of cardiovascular risk factors and lifestyle
changes [44,45,47,48]. Beta-blockers have been shown to reduce symptoms and improve

exercise tolerance in angina secondary to microvascular dysfunction,
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but should be avoided in proven vasospastic angina [45,48]. ACE in-
hibitors have demonstrated improvement in exercise test parameters,
and frequency of angina. A combination of statins and ACE inhibitors
have also been shown to improve quality of life and exercise duration at
6 month follow up [45,48]. Two randomized control trials (RCTs) found
that patients with microvascular angina randomized to an ACE-inhibitor
had a significant improvement in CFR compared to those treated with
placebo [46,47,49,50]. Calcium channel blockers have been shown to
improve symptoms and exercise test parameters in several but not all
studies. Amlodipine has been shown in animal studies to improve
remodeling in coronary microvascular dysfunction, and for this reason is
often recommended as a first line agent in patients with microvascular
spasm [48,51,45,48]. Statins are recommended based on their pleo-
tropic effects (LDL reducing and reduction of vascular inflammation).
Two RCTs of statin vs. placebo in patients with microvascular dysfunc-
tion found a significant improvement in brachial artery flow mediated
dilation with statins when compared to placebo [49,50,52,53].

In patients with refractory symptoms despite treatment with these
traditional anti-anginal drugs, novel or non-traditional antianginal
drugs such as ranolazine, nicorandil, or ivabradine are recommended, as
are drugs potentially effective for heightened nociception, such as xan-
thines and tricyclics antidepressants [48]. Anti-anginal medications can
be used for INOCA, but RCT data and evidence for benefit is acknowl-
edged to be limited [43,46,51,54]. Anti-anginal drugs are reported to be
effective in only half of patients with microvascular angina [51,54],
likely due to variable underlying pathophysiology. In microvascular
angina, calcium channel blockers, beta-blockers, nicorandil, ranolazine,
ivabradine and trimetazidine may all be considered [52,55]. In vaso-
spastic angina, calcium channel blockers, long-acting nitrates, and nic-
orandil may all be used [52,55]. Statins and ranolazine have been
evaluated in smaller trials for the different phenotypes [43,46,51,54].
Angiotensin receptor blockers are still being tested in ongoing studies.
Table 2 provides a summary of these pharmacological options.

4.2. Lifestyle and risk factors modification

Several therapeutic lifestyle factor targets for the treatment of and
prevention of INOCA have been proven effective. Smoking is a risk
factor for vasospastic angina and coronary microvascular dysfunction
and should be addressed by encouraging smoking cessation [43,46].
Hypertension, and in particular, recurrent spikes of high blood pressure,
can trigger epicardial coronary spasm. Therefore, consistent blood
pressure control is an important target for treatment and may prevent
progression of microvascular changes [43,46,52,56]. Diabetes man-
agement with medications, exercise, and weight loss are all important
targets for treatment, as are lipid control, and addressing and managing
stress and stressors. The EAPCI expert consensus document suggests
behavioural interventions supported by nurse practitioners, experts in
nutrition, psychologists, exercise physiotherapists, and sports medicine,
although, these resource-intensive interventions may not be easily
achievable in some healthcare settings [43,46].

4.3. CorMicA trial treatment strategies

Evidence-based tailored treatment of INOCA is limited. The best
evidence for invasive investigation followed by treatment stratifies
based on these investigations comes from the CorMicA trial [46]. It is
important to note that the CorMicA trial has found a benefit for treat-
ment following invasive investigation of INOCA in terms of symptoms,
but to date no RCT evidence for prognostic benefit in terms of hard
clinical endpoints such as death and MI have been established [46].

The CorMicA trial enrolled 391 patients that had established risk
factors for ischemic heart disease (IHD), and many were already taking
cardiac medications (67 % were taking beta-blockers, 47 % long-acting
nitrates, and 34 % took calcium-channel blockers). Patients without
obstructive disease 39 % (151/391) were randomized to either
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Table 2
Summary of pharmacological therapies for the treatment of microvascular
disease.

Medication Examples Mechanism of Special

class action considerations

First-line therapies

Beta-blockers

ACEI/ARBs

Calcium-
channel
blockers

Statins

Antiplatelet

Propranolol
Atenolol
Carvedilol
Nebivolol

Enalapril
Quinapril
Irbesartan

Amlodipine
Nifedipine
Verapamil
Diltiazem

Pravastatin
Fluvastatin

Aspirin

Second-line therapies

Nitric oxide
modulators

Novel drugs

Miscellaneous

L-arginine

Sildenafil

Cilostazol
Tetrahydrobiopterin

Ivabradine
Fasudil

Nicorandil
Imipramine

Last-line/least effective therapies

Nitric oxide
modulators

Novel drugs

Miscellaneous

Nitrates

Ranolazine

Trimetazidine
Xanthine
derivatives

Lowers heart rate,
contractility, blood
pressure, and
oxygen
consumption.
Vasoconstriction by
increasing
superoxide
production.
Stimulates nitric
oxide production by
lowering
bradykinin
degradation.
Negative inotropic
and vasodilatory
effects, thereby
reducing afterload.
Protects
endothelium
against free radial
injury.

Increases nitrate.
Improves
endothelial function
by increasing nitric
oxide
bioavailability.

Inhibits
thromboxane A2.

Vasodilation
induced by nitrates
through activation
of guanylyl cyclase
signaling pathway.
Lowers heart rate
and reduces
myocardial oxygen
demand.

Mediates vascular
smooth muscle and
endothelial cell
function.
Vasodilation by
stimulating
guanylyl cyclase
and increasing
cGMP levels.
Elevates pain
threshold.

Vasodilation by
stimulating
guanylyl cyclase
and increasing
cGMP levels.
Inhibits late sodium
current in
cardiomyocytes.
Improves
endothelial
function.

Inhibits the long-
chain of 3-ketoacyl
coenzyme A

Avoid in proven
vasospastic
angina

Combined with
statins shown to
improve quality
of life and
exercise duration
at 6 months

Amlodipine is
first-line for
microvascular
spasm

Combined with
ACEI shown to
improve quality
of life and
exercise duration
at 6 months

Nicorandil is not
approved for use
in the United
States

Showed no
benefit except in
the subgroup
with reduced
coronary flow
reserve per the R-
WISE study

(continued on next page)
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Table 2 (continued)

Medication Examples Mechanism of
class action

Special
considerations

thiolase, which
inhibits beta-
oxidation of free
fatty acids, thus
decreasing oxygen
consumption.
Vasodilation.

ACEL angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor
blocker; cGMP: cyclic guanosine monophosphate; R-WISE:

intervention with stratified medical therapy based on the findings of
invasive CFR, RFR, FFR and acetylcholine test results, or to a sham
procedure followed by standard care.

The intervention included non-pharmacological and pharmaco-
therapy. Prescription recommendations were as follows: baseline of
aspirin, statin, and ACE-I for all patients, with as needed sublingual
nitroglycerin. For microvascular angina (MVA), first line treatment was
a beta-blocker use (e.g., carvedilol), second line was substitution of a
non-dihydropyridine calcium channel blocker (NDHP-CCB) (such as
diltiazem or verapamil), and third line was the addition of amlodipine (if
on beta-blockers), nicorandil or ranolazine. Of note, nicorandil is not
approved for use in the United States and the RWISE study showed no
benefit for ranolazine, except in the subgroup with reduced CFRs
[53,57]. For vasospastic angina (VSA), first line treatment was a NDHP-
CCB, second line included addition of a nitrate such as isosorbide
mononitrate, and third line was to replace nitrate with nicorandil. For
those with mixed MVA and VSA, first line treatment was NDHP-CCB and
second line treatment was nicorandil (58/54). This management strat-
egy provides an evidence-based treatment strategy including all rec-
ommendations above.

4.4. Future directions and potential therapeutic options

Weight management with newer antidiabetic drugs, such as sem-
aglutide (an injectable glucagon like peptide-1 receptor agonist) are yet
to be fully investigated with respect to their impact on INOCA but may
hold important future therapeutic options for treatment. These medi-
cations have been shown to significantly reduce cardiovascular events;

A.

Rest 028 03 02 02

v
Yuauwiaunu
UGt Ty < -
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potentially beneficial. Cyclopentyltriazolopyrimidine are unstudied
with respect to INOCA. Animal studies have shown that ticagrelor
augments the adenosine-induced increase in coronary blood flow, which
is responsible for the reactive hyperaemic response, which could have
potential to reduce macrovascular dysfunction (59-60/55-56). Tica-
grelor pre-treatment improves coronary microvascular function in
non-ST-segment-elevation acute coronary syndrome patients but is yet
to be tested in the setting of INOCA or MINOCA (61/57).

5. Case examples

Typically, an IMR 25 or greater and a CFR of 2.0 or lower indicates
the presence of microvascular dysfunction. However, occasionally,
discordant results may occur.

5.1. Case presentation 1

A 56-year-old female presents with exertional chest pain and a stress
echocardiogram demonstrating equivocal multi-territory ischemia. The
patient declines a coronary CT scan, instead opting for an invasive
coronary angiogram with coronary functional testing if the angiogram
reveals no obstructive coronary artery disease (Panel A). The patient is
found to have non-obstructive coronary artery disease. Coronary func-
tional testing included coronary acetylcholine administration, with no
evidence of spasm. Microvascular functional testing was performed
(Panel B). The coronary flow reserve was 2.0 and the index of micro-
vascular resistance, 15. Would this patient be diagnosed as having
microvascular dysfunction?

In this case, the coronary flow reserve could be low for several
possible reasons. If the wire was not sufficiently into the LAD (with the
radio-opaque transition zone advanced 6 cm or 2/3 or more into the
vessel), that could lower the transit time at rest and with hyperemia,
making it challenging to interpret the results. Alternatively, patients
with high baseline coronary blood flow may not be able to double their
coronary flow and have a low coronary flow reserve [1]. Based on the
short transit times in this example, the patient most likely does not have
coronary microvascular dysfunction, even though the coronary flow
reserve is 2.0. This is an area of controversy and requires further
investigation since patients with low CFR do have a higher risk of
adverse clinical outcomes.
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A coronary angiogram reveals no obstructive coronary artery disease (Panel A). The patient is found to have non-obstructive coronary artery disease. Coronary
functional testing included coronary acetylcholine administration, with no evidence of spasm. Microvascular functional testing was performed (Panel B). The

coronary flow reserve was 2.0 and the index of microvascular resistance, 15.

however, the mechanism of benefit is still unknown. Similarly, the role
of ticagrelor, a cyclopentyl-triazolo-pyrimidine (CPTP) which acts by
blocking the P2Y12 receptor, with adenosine-like properties which
theoretically could improve flow in the microcirculation may be

Nardone M, McCarthy M, Ardern CI, Nield LE, Toleva O, Cantor WJ,
Miner SES. Concurrently Low Coronary Flow Reserve and Low Index of
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No new obstructive coronary artery disease is present (Panel A), and his left ventricular filling pressure is normal. Coronary functional testing including micro-
vascular dysfunction testing is performed (Panel B). His baseline coronary flow is slow and increases significantly after hyperemia is induced with adenosine. His CFR

is greater than 2, but his index of microvascular resistance is still elevated, 30.

Microvascular Resistance Are Associated With Elevated Resting Coro-
nary Flow in Patients With Chest Pain and Nonobstructive Coronary
Arteries. Circ Cardiovasc Interv. 2022 Mar; 15(3): e011323. https://doi.
org/10.1161/CIRCINTERVENTIONS.121.011323. Epub 2022 Feb 9.
PMID: 35135301.

5.2. Case presentation 2

A 72 year old man with a history of PCI to the LAD has ongoing
exertional dyspnea and chest discomfort symptoms after PCI. He returns
for coronary angiography to rule out new obstructive coronary artery
disease. No new obstructive coronary artery disease is present (Panel A),
and his left ventricular filling pressure is normal. Coronary functional
testing including microvascular dysfunction testing is performed (Panel
B). His baseline coronary flow is slow and increases significantly after
hyperemia is induced with adenosine. His CFR is >2, but his index of
microvascular resistance is still elevated, 30. This patient was diagnosed
with microvascular dysfunction even though his coronary flow reserve is
over 2. His symptoms improved with switching his beta-blocker to
carvedilol and the addition of a calcium channel blocker.
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