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Introduction

Each year at the Society for Cardiovascular Angiography & In-
terventions (SCAI) Annual Scientific Sessions meeting collaborative think
tanks involving interventional cardiologists, administrative partners, and
members of industry are convened for each SCAI clinical council to
discuss topics of particular interest to the group. This document presents
the proceedings of the 2023 Coronary Think Tank session, which focused
on the topic of coronary microvascular dysfunction (CMD). The goals of
this discussion were to identify barriers to diagnosis and treatment and
promote actions by the participants, leading to a positive impact on
patient care.

Coronary microvascular dysfunction

CMD is increasingly recognized among patients with acute and
chronic coronary syndromes and is associated with impaired quality of
life and adverse clinical outcomes.1 The assessment of CMD has been
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identified by SCAI as a key area where there are diagnostic and ther-
apeutic opportunities to improve patient care. It is our understanding
that the approaches to the invasive diagnosis of CMD are sufficiently
robust that they can be incorporated and used more widely across
percutaneous coronary intervention capable cardiac catheterization
laboratories. There are, however, several barriers to caring for patients
with this diagnosis, including variability in the recognition of CMD by
the medical community, a lack of standardized approaches to its diag-
nosis and treatment, and misunderstandings of the prognostic
implications.

In large part because of randomized data from the CorMicA
(CORonary MICrovascular Angina) trial,2 both the 2023 guidelines for
the management of patients with chronic coronary disease and the
2021 clinical practice guidelines on the evaluation and diagnosis of
chest pain provide class 2a recommendations to perform CMD testing
in patients with ischemia and nonobstructive coronary arteries
(INOCA).3 Our collaborative SCAI Think Tank, addressing how to
improve diagnosis and treatment of CMD and INOCA, identified 3
rMicA, CORonary MICrovascular Angina; INOCA, ischemia and non obstructive coronary
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Central Illustration.
Opportunities and challenges with coronary microvascular disease. CMD, coronary microvascular dysfunction.
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major areas with unmet needs: (1) diagnostic, (2) regulatory and reim-
bursement, and (3) treatment issues (Central Illustration).
Diagnostic issues

For patients with suspected CMD, despite clinical practice guideline
recommendations to consider noninvasive or invasive evaluations to
assess microvascular function, testing is often not performed. Recog-
nized barriers include lack of awareness and understanding of CMD and
its implications, availability and/or expertise of testing, and the use of
empiric treatments such as calcium channel blockers or nitrates in pa-
tients without an established diagnosis. These issues often contribute to
delayed diagnosis in patients who often undergo multiple functional or
anatomical tests and empiric or no attempts at medical therapy. There is
consensus, however, that testing and definitive diagnosis improve pa-
tient care and quality of life by providing targeted therapies for each of
the INOCA phenotypes, including those with impaired microvascula-
ture, epicardial coronary spasm, or myocardial bridging, and in those
with associated conditions such as heart failure with preserved ejection
fraction. Individualized therapies can be tailored to each phenotype
once a precise diagnosis is made.1,2

Access to both noninvasive testing modalities, such as positron
emission tomography, and invasive assessment via pressure wire mea-
surements are currently not widely available. Noninvasive modalities
can only quantify myocardial blood flow and provide insights about
nonendothelium–dependent microvascular function, whereas invasive
modalities, such as Doppler or thermodilution in combination with
coronary spasm provocation using intracoronary acetylcholine allow
assessment of both nonendothelium and endothelium-dependent
microvascular function.1,3 In CorMicA, 17% of patients had vaso-
spastic angina during acetylcholine testing, and ~21% had mixed
microvascular and vasospastic angina,2 which underscores how nonin-
vasive modalities can provide an assessment of myocardial blood flow
but miss abnormal endothelium-dependent microvascular function with
epicardial and/or microvascular spasm, which can only be diagnosed
with intracoronary acetylcholine provocation in the cardiac catheteri-
zation laboratory. Beyond educational efforts to increase awareness and
understanding of CMD, there also remains a major unmet need and an
opportunity to demonstrate the benefit of invasive testing.
Regulatory and reimbursement issues

There are also recognized regulatory and reimbursement challenges
to CMD assessment with respect to issues such as billing and coding.
These are important issues given that comprehensive invasive studies
often have longer procedural times because of the need to interrogate
both the nonendothelium–dependent microvasculature with intra-
coronary or intravenous adenosine and the endothelium-dependent
function with intracoronary acetylcholine. There are billing codes for
physiologic wire-based assessments and ergonovine testing. Additional
reimbursement is available if intravascular imaging is performed, such
as to evaluate for a myocardial bridge. If an intracoronary drug such as
adenosine is administered during the same procedure as a pressure
wire assessment, then a bundled payment occurs, which negates the
charge for the drug infusion. This leads to considerable institutional
variability in billing and coding. There is currently no added reim-
bursement for the additional time, effort, andmedications that coronary
function testing entails.

There are also issues with respect to the use of intracoronary
acetylcholine for spasm provocation. There is no dedicated billing code
for this procedure, which contributes to variation in whether the pro-
cedure is either not coded and thus unbilled or coded as an ergonovine
challenge. Acetylcholine is the preferredmedication for coronary spasm
provocation given its established safety record.4 The 2014 AHA/ACC
NSTE-ACS guideline provides a class IIb recommendation for consid-
eration of provocative testing during invasive coronary angiography in
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patients with suspected vasospastic angina.5 Likewise, the 2021 Chest
Pain guidelines proposed a clinical decision pathway for patients with
INOCA that incorporates the use of acetylcholine to identify patients
with epicardial and/or microvascular spasms.3 Despite its safety record
and guideline-recommended use, the intracoronary use of acetylcho-
line represents the off-label use of an ophthalmic medication. A dedi-
cated indication and clearance by the US Food and Drug
Administration to evaluate patients with suspected coronary spasms
would be beneficial in standardizing its use and help prevent shortages
in availability. Given the anticipated increase in usage, as INOCA be-
comes more widely recognized, more availability of acetylcholine will
be required.

There are also multiple invasive methods for evaluating CMD.
Coronary flow reserve (CFR) can be assessed using Doppler or ther-
modilution.1 Doppler allows the assessment of average peak resting
and hyperemic average peak velocities (APV) to calculate CFR. The
Doppler wire (Philips) allows the assessment of APV and CFR, while the
ComboWire (Philips) allows the assessment of APV, CFR, hyperemic
microvascular resistance (HMR), and fractional flow reserve (FFR), but
neither of these is currently commercially available. A new iteration of
the Doppler wire is in development and expected within the next few
years. Thermodilution with the PressureWire X (Abbott Vascular) allows
the assessment of resting full-cycle ratio (RFR), FFR, the index of
microcirculatory resistance (IMR), and CFR. Consensus regarding nor-
mal/abnormal ranges and reproducibility of metrics used to diagnose
CMD are necessary.
Treatment issues

The value of evaluating patients for CMD and coronary spasm was
demonstrated in the CorMicA trial in which 151 patients without
obstructive coronary artery disease. underwent an invasive diagnostic
procedure consisting of the assessment of CFR, index of microcircula-
tory resistance, and FFR, as well vasoreactivity testing with acetylcho-
line, and were randomized 1:1 to stratified medical therapy
(intervention group, results disclosed) or standard care (control group,
results not disclosed [blinded]).2 The intervention improved angina
scores and quality of life and resulted in a significant improvement in
the Seattle Angina Questionnaire summary score at 6 months (primary
end point). There were also improvements in secondary end points such
as blood pressure control and compliance with cardiac rehabilitation. In
this trial, in addition to lifestyle changes and smoking cessation, pa-
tients with vasospastic angina were treated with calcium channel
blockers and/or long-acting nitrates, whereas those with microvascular
angina were treated with beta-blockers and consideration for angio-
tensin-converting-enzyme inhibitors and statins. Novel approaches
being evaluated include enhanced external counterpulsation, coronary
sinus reduction, lipid-lowering and anti-inflammatory therapies, and
stem cells, among others. For device-based therapies addressing
quality of life, study designs involving a sham procedure as in CorMicA
would be beneficial.

There are also emerging multicenter registries such as DISCOVER
INOCA (NCT05288361) and collaborative efforts such as the Micro-
vascular Network that may provide the infrastructure to enhance edu-
cation and future clinical trial efforts. These registries may help with the
use of similar protocols and standardization efforts that could eventually
facilitate the enrollment of patients into clinical trials.
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