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Abstract

Recognition of suspected ischaemia with no obstructive coronary artery disease — termed INOCA — has increased over the past decades, with
a key contributor being microvascular angina. Patients with microvascular angina are at higher risk for major adverse cardiac events including
MI, stroke, heart failure with preserved ejection fraction and death but to date there are no clear evidence-based guidelines for diagnosis and
treatment. Recently, the Coronary Vasomotion Disorders International Study Group proposed standardised criteria for diagnosis of microvascular
angina using invasive and non-invasive approaches. The management strategy for remains empirical, largely due to the lack of high-level-
evidence-based guidelines and clinical trials. In this review, the authors will illustrate the updated approach to diagnosis of microvascular angina
and address evidence-based pharmacological and non-pharmacological treatments for patients with the condition.
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The recognition of suspected ischaemia with no obstructive coronary
artery disease (INOCA) has increased over the past decades, with a key
contributor being microvascular angina (MVA).! Evidence of MVA was
previously thought to be benign.”™* Previous studies have demonstrated
that patients with suspected MVA are often found to have coronary
microvascular dysfunction (CMD) and are at higher risk of developing
major adverse cardiac events (MACE), including MI, stroke and heart
failure with preserved ejection fraction (HFpEF).>” Data from the Women’s
Ischaemic Syndrome Evaluation (WISE) suggest there may be at least 3—4
million women and men with vasomotion dysfunction.®

The prevalence of MVA appears to have increased over the past several
years because of increased diagnostic imaging, with a recent study
reporting that of 400,000 individuals undergoing diagnostic angiography
for suspected coronary artery disease (CAD), over 50% were found to
have either no CAD or non-obstructive CAD.*™ Recent studies also
showed that CMD is identified in four in five patients with suspected MVA

or vasospastic angina!>™ Anatomically, the coronary vasculature is
classified into large calibre vessels (=500 um; the epicardial coronary
arteries) and smaller vessels (<500 um; the arterioles that feed the
capillaries). The term INOCA encompasses a large number of clinical
scenarios characterised by reduced coronary flow reserve (CFR) in the
absence of anatomical obstructive epicardial disease. ™"

Pathophysiology

The pathophysiological mechanism contributing to MVA is multifactorial. It
was previously described by Camici and Crea as CMD with no obstructive
CAD or myocardial disease, CMD with the presence of myocardial disease,
CMD with the presence of obstructive CAD or iatrogenic.® Early studies in
patients with CMD and no CAD (formerly known as cardiac syndrome X)
provided evidence of reduced endothelial-dependent (e.g. acetylcholine)
and non-endothelial-dependent (e.g. nitroglycerin) coronary vasodilation
as well as metabolic evidence of myocardial ischaemia.™*® Maseri et al.
proposed that these patients might have focal epicardial or microvascular
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ischaemia scattered throughout the myocardium, therefore CMD with no
CAD can be defined as epicardial, microvascular endothelial or non-
endothelial dysfunction leading to reduced myocardial perfusion, most
often detected by reduced CFRM® Additionally, the data from WISE-CVD
showed that myocardial scarring was prevalent (8%) in women with MVA
and vasospastic angina with an added annual incidence of 1%.2° Recently,
Rahman et al. physiologically described two endotypes of CMD —
functional and structural.?’ In structural CMD, the systemic endothelial
dilatory function leads to systemic hypertension and increased myocardial
work, whereas coronary blood flow augmentation is impaired and
associated with inefficient cardiac-coronary coupling.”’ The functional
CMD endotype is related to inefficient cardiac-coronary coupling during
peak exercise and during rest leads to higher myocardial oxygen demand
in the setting of exhausted vasodilatory reserve.””

CMD with no obstructive CAD or myocardial disease represent the
functional aspect of the classical CAD risk factors such as smoking,
hypertension, hyperlipidaemia, diabetes and others.® Ageing can result in
CMD by increasing arterial wall stiffness, medial thickening and lumen
enlargement. Over time, these changes may lead to increased pulse
pressure and hypertrophy of arteries, which can to subsequently result in
endothelial dysfunction and subendocardial hypoperfusion.? Cigarette
smoking is a known risk factor for CAD and impairs endothelial-dependent
vasodilation in chronic smokers.?* Uncontrolled hypertension is
associated with remodelling of the coronary arteries and can lead to
arteriolar thickening and reduced myocardial perfusion.® Diabetes and
chronic hyperglycaemia reduce endothelial-dependent and non-
endothelial-dependent coronary vasodilation.®?® Reduced CFR has been
documented in asymptomatic patients with hypercholesterolaemia and
non-obstructive CAD.?” Additionally, data from the WISE study showed that
myocardial-ischaemia-related  steatosis appears to be linked
mechanistically to impaired left-ventricular relaxation in women with CMD
evidenced by magnetic resonance spectroscopy.?®

Predictors and Adverse Outcomes

Similar to obstructive CAD, non-obstructive CAD risk factors including age,
hypertension, diabetes and smoking are associated with increased
mortality.?® Data from the WISE study showed that abnormal coronary
function testing (CFT) used to diagnose women with MVA predicted
adverse outcomes, including cardiac-related deaths, non-fatal MI, non-
fatal stroke and hospitalisations related to heart failure.” CFR <2.32 best
predicted adverse outcomes in women with MVA, with a 5-year MACE rate
of 27% versus 9.3% for those with a CFR >2.32 (p=0.01).” Upon longer-
term follow-up (median 9.7 years), CFR continued to be a predictor of
increased MACE (HR 1.06; 95% CI [1.01-112]; p=0.02).% Similar findings
were observed in a previous study and summarised by Bairey Merz et al!
Furthermore, Seitz et al. showed that long-term follow-up in patients with
epicardial or microvascular spasm in the absence of obstructive CAD was
associated with 7.5% cardiac and non-cardiac-related death, 1.4% non-
fatal Ml and 2.2% stroke over a median of 7.2 years.® Non-invasive testing
in patients with MVA also predicted MACE and showed consistent results
with invasive testing.

A recent report from the iPOWER study showed that echocardiography-
derived coronary flow velocity reserve (CFVR) of 2.33 predicted MACE
including non-fatal Ml and heart failure (HR 1.07; 95% CI [1.03-1.11] per 0.1
unit decrease; p<0.001) over a median of 4.5 years follow-up.* Zhou et al.
showed that stress perfusion cardiac magnetic resonance (CMR)-derived
myocardial perfusion reserve index (MPRI) <1.47 predicted MACE including
all-cause death, acute coronary syndrome, epicardial CAD development,

heart failure hospitalisation and non-fatal stroke (HR 3.14; 95% CI [1.58—
6.25]; p=0.001) over a median of 5.5 years follow-up.*® Additionally,
Murthy et al. showed that cardiac-PET-derived CFR <2.0 predicted MACE
including cardiac death, MI, late revascularisation or heart failure
hospitalisation at 3 years compared to patients with higher CFR.**

A meta-analysis by Gdoski et al. of patients with CMD detected through
invasive or non-invasive testing showed that CMD patients had an OR of
516 (95% CI [2.81-9.47], p<0.007) to develop MACE compared to patients
without CMD.* Endpoints were all-cause mortality and MACE including
cardiac or cardiovascular death, nonfatal MI, cardiac hospitalisation or
coronary revascularisation.®

Diagnosis

The Coronary Vasomotion Disorders International Study Group proposed
standardised criteria for diagnosis of MVA including the following:
symptoms suggestive of ischaemia in the absence of epicardial CAD
(>50% diameter reduction or fractional flow reserve [FFR] <0.80), objective
evidence of myocardial ischaemia and evidence of vasomotor dysfunction
(abnormal index of microvascular resistance [IMR], CFR or microvascular
spasm to acetylcholine).**®

Symptoms

Patients with MVA can present with exertional retrosternal chest pain/
pressure or discomfort or have exertional dyspnoea.® Symptoms may also
develop during exercise, after exercise or even at rest and are relatively
less likely to be relieved by nitrates compared with obstructive CAD.5%
Duration of symptoms are variable, tend to be prolonged and may differ in
nature, i.e. stabbing pain, jaw pain or back pain.® CMD can occur in both
men and women but recent reports and studies indicate that it is more
prevalent in women (especially post-menopause).® Although symptoms
can be the initial presentation in patients with MVA, the results from the
Cardiac Autonomic Nervous System study showed a high prevalence of
silent ischaemia in women with CMD.¥ In total, 39% of women with CMD
had a total of 26 silent ischaemia episodes versus no episodes in the
reference group (p=0.002). Among these women, 93% had silentischaemia
documented by ambulatory ECG tracing.” The long-term prognosis of
silent ischaemia in women with MVA is yet to be elucidated.

Evidence of Myocardial Ischaemia

Current guidelines recommend that patients with stable angina with an
intermediate pre-test probability to have obstructive CAD should have
non-invasive diagnostic testing for detection of myocardial ischaemia >
Patients with stable angina can have evidence of myocardial ischaemia
through rest/stress ECG and/or non-invasive imaging by reduced
myocardial perfusion with single photon emission CT, PET or cardiac rest/
stress magnetic resonance or testing cardiac function using stress
echocardiography. Patients with MVA can demonstrate ST-segment
changes suggestive of myocardial ischaemia and may exhibit reduced
perfusion on other non-invasive testing, while only a minority of patients

demonstrate wall motion abnormalities. >

Absence of Obstructive or Flow-limiting

Coronary Artery Stenosis

The absence of obstructive or flow-limiting CAD is necessary to diagnose
MVA. Anatomically coronary arteries can be classified to no CAD (mild)
with <20% stenosis, non-obstructive CAD (moderate) with 220% but <50%
and obstructive CAD (severe) with >50% in any epicardial coronary artery
using coronary angiography.>*' Limiting flow to the coronary arteries can
be defined as FFR <0.8 Anatomical illustration of the absence of
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Table 1: Invasive and Non-invasive Testing Approaches to Diagnose Microvascular Angina

Advantages

Disadvantages

Non-invasive Testing

Transthoracic Doppler, contrast
echocardiography .

Easy to perform
Minimal risk

« No radiation

* Relatively inexpensive

e Operator-dependent
¢ Difficult imaging and poor image quality
o Limited validation and poor correlation with PET

Cardiac PET e The most validated non-invasive tool to diagnose CMD 3

o Carries a prognostication value
o Accurate perfusion quantification
o Less likely to be affected by renal function

Radiation exposure

e Expensive

* Not widely available

e Less spatial and temporal resolution compared to CT and CMR

e Adding CT can allow anatomic assessment of the coronary

arteries
* Not haematocrit-dependent
o Standard post-processing

CMR * Validated against invasive measurements and cardiac PET .

¢ Myocardial perfusion semi-quantification
¢ No radiation exposure
o Excellent spatial and temporal resolution

o Allows tissue characterisation with the same study

Expensive

 Limited prognostication data

e Complex post processing

¢ Not widely available

e Requires frequent breath holds and longer exam duration
e Haematocrit-dependent

e Limited in patients with MRI non-compatible devices

e Limited in renal failure

Cardiac CT * Anatomic coronary data and perfusion data can be obtained in 3

the same study

e Good spatial and temporal resolution compared to cardiac PET .

High radiation exposure

o Higher risk for contrast-induced nephropathy
Limited in renal failure

e Post-processing is complex

¢ Haematocrit-dependent

o Limited validation in patients with MVA

¢ lodinated contrast can cause coronary vasodilation and
overestimate myocardial perfusion

Invasive Testing

Coronary function test « Confirmatory test to diagnose CMD

o Accurately identifies different pathways contributing to MVA
including CFR, CBF and coronary artery diameter change
¢ Provides assessment of other haemodynamic measures such as

* Radiation exposure

¢ Not widely available

e Risk of contrast-induced nephropathy in patients with renal failure
¢ Requires complex preparation and hospitalisation

LVEDP and assesses degree of coronary artery stenosis

o Carries a prognostication value
o Standardised protocol

CBF = coronary blood flow; CFR = coronary flow reserve; CMD = coronary microvascular dysfunction; CMR = cardiac magnetic resonance; LVEDP = left ventricular end diastolic pressure;

MVA = microvascular angina.

obstructive CAD may be insufficient in certain instances such as diffused
non-obstructive CAD, so it is necessary to demonstrate if there is any
haemodynamically flow-limiting lesion of the epicardial coronaries using
FFR defined as <0.8.° Coronary CT angiography is a useful tool to exclude
obstructive CAD epicardial disease defined as <50% stenosis and CT-
derived FFR is an emerging promising tool to measure FFR but not yet

proven for use in routine practice.>*

Non-invasive Testing

The presence of symptoms of angina or angina-like symptoms and
evidence of myocardial ischaemia is sufficient evidence to consider MVA
in the absence of obstructive CAD. Further details regarding imaging use
are described in Table 1364

Contrast and Doppler Transthoracic
Echocardiography

Contrast or Doppler echocardiography can be used in the evaluation of
CMD. They are considered safe, albeit operator-dependent and as yet

lacking reproducibility and validity. ®* In one study, patients with symptoms
of angina and no obstructive CAD diagnosed by coronary angiography,
CFVR was assessed using Doppler of the left anterior descending
coronary artery at rest and after dipyridamole use.* Twenty-six per cent
of patients had CFVR <2 with greater physical limitation and disease
perception scores on the Seattle Angina Questionnaire** The CEVENT
study used Doppler-derived coronary flow reserve (TDE-CFR).*® In brief, a
basic transthoracic echocardiography protocol was performed and the
mid to distal part of the left anterior descending coronary artery was
identified using colour Doppler in the interventricular sulcus in a modified
two-chamber view.* Pulsed Doppler was used to sample flow velocity
signals at rest and during adenosine infusion. Mean diastolic flow velocity
at baseline and during peak hyperaemia was measured by manual tracing
of the diastolic Doppler flow signals.®® CFR was calculated as the ratio
between the hyperaemic and baseline flow velocity values.* A CFR ratio
of <2 was considered reduced. Recently, CFVR has demonstrated a
prognostic value, with data from the iPOWER study showing that CFVR
<2.3 predicted MACE and heart failure hospitalisation.® Furthermore, Gan
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Figure 1: Coronary Function Test Preparation and Protocol

« Long-acting calcium channel blockers ]

- Caffeine

- Long-acting nitrates

« Short-acting calcium channel blockers
- a-blockers

« B-blockers

Protocol

« Sublingual nitroglycerin ]

Record LVEDP

Review indications
for invasive coronary
function testing

Chest symptoms thought to be angina
or equivalent

Evidence of ischaemia

Confirmation of CAD (stenosis >50%);

Assess for increased use FFR if borderline

cardiac sensitivity
(e.g. chest pain with
contrast infusion or
catheter movement

12-lead ECG, repeated with
chest pain or ischaemic ECG
changes

APV at baseline and after
each provocative agent
Haemodynamic variables
(HR, BP)

Coronary angiogram for
coronary artery diameter
measured 5 mm distal to tip
of Doppler guide wire

CFR = average peak velocity/
average baseline velocity
CBF = mi(coronary artery
diameter/2)2(APV/2)

CBF change = (peak
CBF-baseline
CBF)/(baseline CBF)

Administer intravenous
heparin (70 U/kg)

Advance Doppler flow
wire (0.014") pressure
and flow system to
proximal-mid LAD
artery

Confirm adequate

CBF velocity signal

Infuse provocative
agents (using doses
in Figure 2)

Recordings and
calculations

APV = arterial pulse velocity; BP = blood pressure; CAD = coronary artery disease; CBF = coronary blood flow; FFR = fractional flow reserve; HR = heart rate; LAD = left anterior descending; LVEDP = left
ventricular end diastolic pressure. Source: Merz et al. 2017™ Adapted with permission from Wolters Kluwer Health.

et al. showed that TDE-CFR value of <2.0 was an independent predictor
of MACE (HR 4.63; 95% CI [2.78-7.69]; p<0.001) over a median of 4.5 years
follow-up.*®

Cardiac PET

Cardiac PET is the most validated, reliable and accurate non-invasive
method in diagnosing CMD in patients with suspected MVA, although it is
costly and with limited use in certain institutions*** PET-derived
myocardial perfusion measurement is based on myocardial flow (MBF)
quantification in millilitres per minute per gram using intravenous positron-
emitting tracers such as "“N-ammonia, ®rubidium, ®F-flurpiridaz and
50-water*** PET-derived myocardial perfusion imaging in conjunction
with tracer-kinetic modelling allows accurate assessment of rest and post
hyperaemic flow using adenosine, dobutamine, or dipyridamole and
enables the determination of CFR through quantification of MBF and
further characterisation of CMD®** Furthermore, PET-derived CFR
carries a prognostic value.

In a study by Taqueti et al., CFR was an independent predictor for MACE
including non-fatal Ml and HFpEF hospitalisations (CFR<2 had HR 2.38;
95% [Cl 1.21-4.67]; p=0.01 for MACE and HR 2.47; 95% ClI [1.09-5.62];
p=0.03 for HFpEF hospitalisation) after adjusting for age and history of
AF.# CFR was also found to be associated with impaired left ventricular
myocardial relaxation or elevated filling pressures among patients with no
obstructive CAD and minimally elevated troponin levels.”® Among patients
with resistant hypertension, cardiac PET derived myocardial perfusion
reserve was a predictor for diastolic dysfunction and cardiovascular
adverse outcomes.*

Cardiac MRI

The assessment of CMD using CMR is validated against invasive tests and
cardiac PET and does not involve radiation exposure.®**% Myocardial
perfusion assessment using rest/post-vasodilator stress (adenosine)

allows semi-quantification of MPRI to evaluate CMD.***° Data from WISE-
CVD showed that an MPRI of <1.84 predicted invasive CFT abnormality
with a sensitivity of 73% and specificity of 74% using 1.5T magnet and
CAAS MRV 3.4 as a post-processing software.® In addition to its role in
diagnosing CMD, CMR has greater spatial and temporal resolution
compared to cardiac PET, although it is expensive, is not widely available
and prognostic data are limited.**** Recently, an automated pixel-wise
perfusion mapping technique was used to detect significant CAD lesion
compared toinvasive testing FFR, CMD defined by IMR, and to differentiate
MVA from multivessel coronary disease. MBF <1.94 ml/g/min accurately
detected obstructive CAD on a regional basis (area under the curve [AUC]
0.90; p <0.001).%" In patients without regional perfusion defects, global
stress MBF <1.82 ml/g/min accurately detected CMD (AUC 0.94; p<0.001)."'

CT Perfusion

CT perfusion has the potential to diagnose CMD and can simultaneously
assess for CAD on the same study.®** Dynamic first-pass vasodilator
stress and rest perfusion imaging allows perfusion quantification.***
Recent work by Rossi et al. used adenosine-stress dynamic CT myocardial
perfusion imaging, and semiquantitative perfusion parameters, such as
blood flow, were calculated by parametric deconvolution for each
myocardial voxel.*? Semiquantitative perfusion predicted subendocardial
myocardial ischaemia (AUC 0.87). CT perfusion also provides greater
spatial and temporal resolution compared to cardiac PET.** The
perfusion quantification requires repeated imaging and exposes patients
to high radiation doses and the need for iodinated contrast can be
associated with higher risk of renal injury.**** Although CT perfusion has a
potential to diagnose CMD, its validation is limited in patients with MVA
and itis not regularly used to diagnose CMD.®

Invasive Testing
Coronary angiography can accurately exclude obstructive CAD defined as
(<50% stenosis in epicardial artery or an FFR of >0.8). CFT is a standardised
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invasive test to diagnose and confirm different pathways of CMD.">%%4 |t
is the confirmatory test to identify certain pathways and phenotypes in
patients with suspected MVA®** The coronary microcirculation is
modulated further by physical and neural factors.”® CFT is performed by
infusing vasoactive substances through a guiding catheter placed in the
left main coronary artery, then a Doppler guide wire is positioned in the
proximal left anterior descending coronary artery.”® Another approach is
through using a thermodilution wire that can be positioned in the distal
third of the targeted coronary artery.**-° CMD pathway identification is
performed through measurements of coronary blood flow (CBF) and the
change in epicardial coronary artery diameter with 1) endothelium-
dependent probes—acetylcholine), bradykinin, substance-P,
I-NGmonomethyl arginine citrate, and shear stress — and predominantly,
2) endothelium-independent probes, adenosine and sodium nitroprusside.

The CFT preparation and protocol along with calculation of CFR and CBF
are illustrated in Figure 1. Graded infusion of different vasoactive
substances including adenosine, acetylcholine and nitroglycerin are
illustrated in Figure 2. After injecting the vasoactive substances, one or
more pathway dysfunctions can be identified as shown in Figure 2 with
interpretation.  Because acetylcholine requires certain infusion
concentrations and safety precautions, the infusion rate and
concentrations of acetylcholine are standardised as shown in Table 2.
Data from WISE-CVD also showed a good correlation between
acetylcholine and cold pressor test to evaluate coronary artery diameter
changes in women with MVA >’

Using the above protocol, four pathways contributing to CMD are being
tested (Figure 2)7%3% A CFR <2.5 in response to adenosine is considered
abnormal’***®  Endothelial-dependent microvascular function using
intermediate dose of acetylcholine to calculate CBF increase.® CBF <50%
increase in response to the highest dose of acetylcholine was considered
abnormal.® Endothelial-dependent macrovascular coronary function was
defined as coronary artery dilation >5% in response to the acetylcholine
infusion.®® Non-endothelial-dependent macrovascular function using a
single dose of nitroglycerin.® A diameter increase <20% was considered
abnormal.®® Excellent safety data from previous reports were published
with <1% adverse events and no deaths.***® Other methods used to
identify CMD include calculating the IMR, which is calculated as the
product of distal coronary pressure at maximal hyperaemia multiplied by
the hyperaemic mean transit time.* The normal range of IMR is considered
to be <25.5* Another method for assessment of CMD is by semiquantitative
analysis by calculating the thrombolysis in myocardial infarction (TIMI)
frame count.> In patients with suspected MVA the corrected TIMI frame
count >25 (images acquired at 30 frames/second) suggests CMD.>*
Advantages and limitations of invasive testing illustrated in Table 1.

Criteria for Diagnosis

Recently, Kunadian et al. described that INOCA is explained by the mismatch
between blood supply and myocardial oxygen demands, which can be
caused by CMD and/or epicardial vasospastic angina.” Definitive MVA is
only diagnosed if all four criteria are present including presence of
symptoms, absence of obstructive/flow limiting coronary stenosis, objective
evidence of myocardial ischaemia on non-invasive testing and evidence of
CMD on CFT (Figure 3) Suspected MVA is diagnosed if the following
criteria are present: symptoms; absence of obstructive/flow limiting
coronary stenosis; and at least one of the following: objective evidence of
myocardial ischaemia on non-invasive testing; or coronary microvascular
spasm, defined as reproducibility of symptoms with ECG changes suggestive
of ischaemia but no epicardial spasm during CFT (Figure 3)*

Figure 2: CMD Pathway Definitions on Administration
of Different Vasoactive Substances

Pathway identification

CMD pathway Microvascular dysfunction

Macrovascular dysfunction
Non- Change in coronary arten
endothelium- KSERNEE IR W\ DO RWAS) i 9 N Y Y
diameter in response to NTG <20%
dependent

LI LEINLE Change in CBF in response to Change in coronary artery
dependent  PAG{ZRS3{0}/3 diameter in response to ACH <0%
Angina + ECG changes

Change in coronary artery diameter in response to ACH <90%

ACH = acetylcholine; ADO = adenosine; CBF= coronary blood flow; CFR = coronary flow reserve;

Coronary
spasm

CMD = coronary microvascular dysfunction; NTG = nitroglycerin. Source: Merz et al. 2017™
Reproduced with permission from Wolters Kluwer Health.

Table 2: Intracoronary Acetylcholine
Concentration and Infusion

Prepared Infusion Infusion Infused
Concentration, Rate (ml/h)  Duration (min) Dose (ug)
mol/l (ng/ml)

107°(0182) 48 3 0.364
107(18.2) 48 3 36.4
104(18.2) 120 3 108

Source: Merz et al. 2017™ Reproduced with permission from Wolters Kluwer Health.

Management

Due to the lack of large randomised clinical trials addressing the treatment
of MVA there are no definitive guidelines for treatment. The Japanese
Circulation Society provided a low level of evidence for treatment of
vasospastic angina, and US guidelines currently do not specifically
address angina and CMD management %83

The European Society of Cardiology guidelines for diagnosis and
management of chronic coronary syndromes, published in 2019,
recommended testing for suspected MVA using a guidewire-based CFR
and/or IMR as a Class lla recommendation with level B evidence.®2%
Furthermore, the guidelines proposed the use of transthoracic Doppler
echocardiography, CMR or cardiac PET as non-invasive test for assessment
of CFR (Class llb recommendation with level B evidence).% The guidelines
also recommended that the treatment should address the mechanism or
pathway dysfunction contributing to MVA.®? In patients with abnormal CFR
<2.0 or IMR =25 units and a negative acetylcholine provocation test,
B-blockers, angiotensin-converting enzyme inhibitors (ACE-l), and statins,
along with lifestyle changes and weight loss, are indicated.® Microvascular
spasm can also be treated like vasospastic angina.®?

The effectiveness of a tailored treatment strategy was based on the
findings from the CORMICA trial, which randomised 151 patients to a
stratified medical treatment (based on the results of CFR, IMR, and
acetylcholine testing) versus a usual treatment group (including a sham
interventional diagnostic procedure).®$2% After 1 year of follow up there
was a significant difference in angina scores estimated using Seattle
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Figure 3: COVADIS Criteria to Diagnose Patients with Microvascular Angina

1. Symptoms of myocardial

ischaemia

A: Effort and or rest angina
B: Angina equivalents
(i.e. shortness of breath)

A: Coronary CTA
B: Invasive coronary angiography

Definitive MVA is only diagnosed if all four criteria are
present for a diagnosis of microvascular angina.

Suspected MVA is diagnosed if symptoms of ischaemia

are present (criteria 1) with no obstructive CAD (criteria 2)
but only (a) objective evidence of myocardial ischaemia
(criteria 3), or (b) evidence of impaired coronary
microvascular function (criteria 4) alone.

2. Absence of obstructive CAD (<50%
diameter reduction or FFR >0.80 by

Clinical criteria for suspecting MVA

3. Objective evidence of
myocardial ischaemia

4. Evidence of impaired coronary
microvascular function

A: Ischaemic ECG changes
during an episode of chest pain
B: Stress-induced chest pain and
or ischaemic ECG changes in the
presence or absence of transient/
reversible abnormal myocardial/
perfusion and/or wall motion
abnormality.

A: Impaired CFR (cutoff value
depending on methodology
used between <2.0 and 2.5)
B: Coronary microvascular
spasm, defined as reproduction
of symptoms, ischaemic ECG
shifts but no epicardial spasm
during acetylcholine testing
C: Abnormal coronary
microvascular resistance
indices (e.g. IMR >25)

D: Coronary slow flow
phenomenon, defined as TIMI
frame count >25

CAD = coronary artery disease; CFR = coronary flow reserve; COVADIS = Coronary Vasomotion Disorders International Study Group; CTA = CT angiography; FFR = fractional flow reserve; IMR = index of
microvascular resistance; MVA = microvascular angina; TIMI = thrombolysis in myocardial infarction. Source: Ong et al. 2018. Adapted with permission from Elsevier.

Angina Questionnaire favouring patients assigned to the stratified medical
treatment arm 2%

Pharmacological Therapy

Statins, Angiotensin Converting Enzyme Inhibitors

and Aspirin (Anti-atherosclerotic Therapy)

Statins, ACE-I and aspirin have anti-atherosclerotic and anti-thrombotic
effects, can counteract oxidative stress on cellular level, have anti-
inflammatory effects and can improve both endothelial and microvascular
function.®®¥” These agents are known to improve angina and myocardial
perfusion.

Statins

In previous clinical trials using intravascular ultrasound (IVUS), statins have
been shown to alter the progression and even promote the regression of
atherosclerosis and improve vascular endothelial function.® In addition to
their  cholesterol-lowering properties, statins have powerful anti-
inflammatory effects.® In two pilot studies, atorvastatin improved CFR at 2
and 6 months/"”? A recent systematic review and meta-analysis of
randomised controlled trials assessing the effect of statins on coronary and
peripheral endothelial function showed treatment with statins was
associated with a significant improvement in endothelial function with a
standardised mean difference of 0.66 (95% CI[0.46-0.85]; p<0.001).”

Angiotensin Converting Enzyme Inhibitors

Data from the WISE study showed that after 16 weeks, treatment of
women with MVA (CFR <3.0) with quinapril 80 mg/day was significantly
associated with improvement of angina symptoms and CFR compared
with the placebo group./* Consistent with the WISE and the WISE-CVD
studies, another study showed improvement in CFR, plasma nitrite and
exercise duration after 8 weeks with enalapril 5 mg twice daily compared
with the placebo group.”® Furthermore, in patients with hypertensive
disease who were treated for 12 weeks with cilazapril, cardiac PET
showed 42% improvement in their CFR/® Studies have shown that the
benefits of ACE-I are not limited to the objective measurements of CFT,
endothelial function and symptoms but extend to improvement in other
circulating biomarkers.®*”

Antiplatelet Agents

In an IVUS study, coronary atherosclerosis was detected in most patients
with microvascular dysfunction.”® Thus, thromboxane A2 (TXA2) inhibitors
(low-dose aspirin and P2Y12 platelet inhibitors) are likely helpful in
preventing adverse outcomes in patients with MVA. The proposed
mechanism is that TXA2 can cause arterial vasoconstriction, platelet
aggregation, and vascular injury. Therefore, inhibition of TXA2 pathway
may prevent further microvascular damage.

B-blockers, Calcium Channel Blockers

and Nitrates (Anti-anginal Therapy)

B-blockers

Certain B-blockers, including atenolol carvedilol and nebivolol, have been
evaluated in small clinical studies,”*® Intracoronary nebivolol was
associated with a significant increase in CFR as well as a decrease in
collateral flow index, a finding that is parallel to reduction in myocardial
oxygen consumption.® B-blockers increase diastolic coronary filling time
and reduce myocardial oxygen consumption.

Calcium Channel Blockers

Calcium channel blockers are widely used in vasospastic angina and have
the effect of improving vasodilatory response, further episodes of
vasospasm and reducing cardiac afterload.” Although calcium channel
blockers have a predominant vasodilatory effect on the epicardial arteries,
one study demonstrated that intracoronary diltiazem administration did
not improve CFR in patients with MVA 8 In another study, amlodipine did
not improve anginal chest pain episodes.”” On the other hand, in patients
with impaired vasodilator reserve, verapamil and long-acting nifedipine
have been reported to be associated with improved symptoms and
exercise tolerance.®

Nitrates

Nitrates can ameliorate anginal pain through venodilation to reduce
preload. They may also have some coronary vasodilatory effect, but this
effect is greater in patients with obstructive CAD compared to MVAM®
Generally, patients with MVA do not have rapid or sufficient symptom
relief in response to sublingual nitroglycerin® Kanatsuka et al.
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demonstrated that steady-state infusion of nitroglycerin selectively dilates
coronary arterial vessels >200 um.® This selectivity may explain the
inefficient relief of angina symptoms in patients with MVA.

Other Strategies

Ranolazine

Ranolazine inhibits late sodium current and reduces intracellular calcium
levels in cardiac myocytes, hence improving ventricle relaxation and
oxygen consumption.® Variable results on symptoms and CFR have been
reported in pilot studies.®® In one large randomised cross-over clinical
trial of ranolazine and placebo, there was no difference in symptoms and
myocardial perfusion reserve as measured by CMR.® However, when
stratified by baseline CFR, those with reduced CFR showed improvement
with ranolazine.®

Ivabradine

Ivabradine reduces heart rate via its blocking effect on the If channels in
the sinoatrial node.>* In patients with stable CAD, it is found to improve
CFR.% Another study showed improvement of angina symptoms but no
effect on coronary microvascular function, suggesting the improvement
may be attributed to the effect of decreased heart rate.¥” Given the
previous evidence, ivabradine may play a role in the treatment of MVA.

Low-dose Tricyclic Antidepressants

(Abnormal Cardiac Nociception)

Abnormal cardiac nociception is a condition primarily studied in women
with suspected MVA and characterised by abnormal cardiac pain
perception.® Tricyclic antidepressants can modulate norepinephrine
uptake and anticholinergic effects, which may induce analgesia.

Aminophylline

Aminophylline is a nonselective adenosine-receptor antagonist and
blocks the mediation of nociception. The suggested mechanism to
improve symptoms in patients with CMD is by attenuating the excess
dilation of the microvasculature in relatively well-perfused areas, thus
shunting blood to a poorly perfused areas.” Imipramine has also been
studied, and shown to reduce frequency of symptoms, albeit with no
significant improvement in quality of life.%

Mineralocorticoid Inhibitors

Mineralocorticoid inhibitors although it is one of potential therapies for
CMD but it provided no additional of anginal improvement when combined
with ACE-I in previous randomised clinical trial.*

Phosphodiesterase Inhibitors

The effect of the phosphodiesterase (PDE) type 3 inhibitor cilostazol has
been assessed in patients with coronary vasospasm.®* In one study in
patients with coronary vasospasm refractory to calcium channel blockers
and nitrates, the addition of cilostazol appeared effective.* The PDE type
5 inhibitor sildenafil has demonstrated acute increases in CFR, especially
in women with MVA with CFR <2.5.%

Rho-kinase Inhibitors

Rho-kinase plays an important role in coronary vasospasm.®® Fasudil has
been found to be effective in preventing acetylcholine induced coronary
spasm.” Intracoronary fasudil is effective not only in patients with

epicardial coronary spasm but also approximately two-thirds of those
with MVA %

L-arginine

L-arginine is a precursor of nitric oxide. L-arginine supplementation has
been shown to improve both symptoms and endothelial function, but
increases the risk of Ml in patients with obstructive CAD.*®

Glycaemic Active Agents

Sodium—glucose co-transporter (SGLT) 1 and 2 inhibitors improve
cardiovascular outcomes in studies of patients with diabetes. Inhibition of
the endothelial SGLT2 improves hyperglycaemia-induced vascular
dysfunction in vitro®® Any benefit on CMD and outcome in patients with
diabetes with MVA has not yet been demonstrated. Metformin is an insulin
sensitiser and may improve endothelial function in nondiabetic women
with suspected MVA®

Endothelin Receptor Antagonists

Endothelin (ET)-1 contributes to coronary endothelial dysfunction and may
increase atherosclerosis risk factor burden/®2'® ET-1 is a small peptide
produced primarily in the endothelium that is a potent constrictor of human
blood vessels™ ET-1 is mediated by two receptors: ET, and ET_ ET,
activation by ET-1 mediates coronary vasoconstriction® In a randomised
clinical trial evaluating the ET receptor antagonist atrasentan in patients
with CMD, microvascular coronary endothelial function after 6 months was
improved.®® The CORMICA investigators found that peripheral arterioles
from patients with MVA showed enhanced constriction to ET-1 compared
with reference controls, which may be a target for future therapies.® The
on-going clinical trial PRIZE aims to test efficacy of the potent ET inhibitor
zibotentan as an adjunct therapy in patients with MVA™*

Non-pharmacological Therapy

Exercise training is beneficial in stimulating nitric oxide pathways, which
can result in exercise capacity with less anginal pain!®” Spinal cord
stimulation improves anginal pain perception, and increases exercise
tolerance.®®'® Enhanced external counter pulsation uses pneumatic cuffs
applied to a patient’s legs with simultaneous inflation and deflation
synchronised to the cardiac cycle to improve haemodynamics.™

Future Directions

Continued work is needed to refine diagnostic and management
strategies for MVA and CMD. On-going trials are exploring whether the
intensive treatment of coronary atherosclerosis with high-intensity statins,
ACE-l or angiotensin receptor blockers (ARBs) and low-dose aspirin
improves angina and ischaemia. The WARRIOR trial (NCT03417388) is
testing if such treatment translates to improved outcomes, while the
MINOCA-BAT study (NCT03686696) is evaluating a -blocker and ACE/
ARB intervention on MACE.

Conclusion

Recognition of suspected INOCA has increased over the past decades,
with a key contributor being MVA. Patients with MVA are at higher risk for
MACE including MI, stroke, HFpEF and death. Guidelines for diagnosis and
management of patients with MVA are still evolving. However, on-going
clinical trials are testing strategies that will inform the management of
patients with MVA. L)
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