Supplementary Table S1. Studies on Statins in microvascular angina.

P MOA
Drug (dose) Inclusion Design (N) ropos.ed 0 Results Ref
/rationale
+Endothelial NO TBrachla}I artery FMD
. texercise duration
|Endothelin levels .
linflammatory & ftime to ST
Pravastatin (40 . Randomized single- . Y depression
Cardiac . proliferative . .
mg/d) for 3 sundrome-X blind placebo- chanees (ischemic symptoms (1)
months y controlled (40) & . & ECG changes
Cellular anti- i
. disappeared
oxidative .
. completely in 5
properties .
patients)
Cardiac
' . syndr.ome Randomized placebo- Improv1_ng TBraCh{al artery FMD
Simvastatin (20  X*+mildly . systemic Ttime to ST
controlled (20 in each . . 2
mg/d) elevated total endothelial depression in
arm) . .
serum function treadmill test
cholesterol
1 TTE CER (all
groups esp.
combination)
Both drugs
cevious] Joccurrence of ST
Fluvastatin (40 . previousty depression during
Randomized non- reported to .
mg/d) vs . . exercise stress test
1es Cardiac controlled (total of 68: improve .
Diltiazem (90 . 1 time to ST 3)
) syndrome X 23,22, & 23 endothelial )
mg/d) vs their . . depression (all
.. respectively) function but
combination .. groups esp.
combination was S
not evaluated combination)
tNO & | ET-1 (all
groups esp.
combination)t

* Definition includes the presence of transient perfusion defect during myocardial perfusion scintigraphy.
1 NO did not increase significantly in the Diltiazem only group but NO/ET-1 did.

NO= nitric oxide; FMD= flow-mediated dilation; TTE=trans-thoracic echocardiography; CFR=coronary
flow reserve; ET-1= Endothelin-1.

Supplementary Table S2. Studies on ACE-inhibitors and angiotensin receptor blockers in microvascular

angina.
P d MOA
Drug (dose) Inclusion Design (N) ropos.e © Results Ref
/rationale
Angina+ Randomized
’ Reduced rate-
. episodes of ST  single-blind, ecticed Tate |ST depression &
Enalapril (10 mg/d pressure product . .
segment crossover, X . angina on exercise  (4)
2 weeks) . Direct modulation of .
depression on placebo-controlled testing

24 ECG (10) coronaty




monitoring+ microvascular artery ftotal exercise

most had tone duration & time to ST
reversible Attenuation of depression
regional sympathetic coronary |magnitude of ST
perfusion vasoconstriction & of depression
abnormalities sympathetic effects
at exercise on on cardiac
SPECT or PET+ contractility
normal CAG+
reduced CFR
by PET
. ) 1 total exercise time,
A R
. . neina andormz.ed Modulation of & time to ST
Cilazapril 2.5bd  pectoris+ double-blind .
o coronary depression )
mg 3 weeks)  positive ECG+ crossover placebo- microcirculation tone  |magnitude of ST
normal CAG ~ controlled (18) s e
depression
Angina+ lfrequency of
positive angina/week & need
ill+ for SL
Ramipril (2.5 mg tread.m ' Single arm Microvascular . orS N
negative IV . L ttime to angina, total  (6)
od 4 weeks) . prospective (18) vasodilation .2
ergonovine exercise time,
test+ normal maximum MET
CAG Jtime to ST recovery
Angina+
e;%‘ICIilze 1QoL (exercise
ischemic ST Antioxidant & anti- duration & ,SAQ)
. . lSuperoxide
depression+ . inflammatory .
. . Randomized . dismutase levels
Ramipril (10  exercise SPECT . properties—>restore .
. . prospective . . 1Brachial artery flow-
mg/d)+Atorvastatin  reversible . . endothelial function
. single-blind o\ dependent (7)
(40 mg/d 6 perfusion Additional: TCFR .
... . placebo-controlled . endothelium-
months)* abnormalities+ (45) (bradykinin- mediated dilation
normal CAG+ mediated, NO- . ©
necative IV dependent) texercise stress test
& . P duration & |angina &
Ergonovine .
ST depression
test
Anginatno  1:1 randomized I;Faorr?ixili;n}‘?azv:zti};:; o
Ramipril (up to 10  epicardial double-blind P No significant effect on
. effect on the CFVR or symptoms 8)
mg) stenosis >50%+ placebo-controlled . d 1o placeb
microvasculature compared to placebo
CFVR<2.2t (63) .
beyond BP lowering
Angina+ ia.ngmz? & SLN use
. . 1 invasive Doppler
positive Randomized .
. . . ACEi reduces CFR
Enalapril (5 mg bd treadmill test+  double-blind . .
ADMA->1TNO texercise duration 9)
8 weeks) normal CAG+ placebo-controlled . -
neoati 20) bioavailability lplasma vWB factor
cgatve ( & ADMA
ergonovine

TNO level




Jangina frequency

Quinapril (40 mg/d No obstructive 522‘:12 1_1;1lzirelf11 Imp;‘;)r\;enn;re;t of (Zr;soii)jme)
1 week then 80 CAD 250% : . . (10)

meg/d 15 weeks) +CFR<3.0 placebo-controlled mlcrova.scular vataswe Doppler
(78) function CFR if baseline 2.5

(Iry outcome)

Type 2
diabetics (on .
Temocapril (2 diet or oral Increased availability

of bradykinin rather ~{CFVR (TTE) with

h 1 i R i
mg/d) vs ypoglycemic andomized than Angiotensin II ~ Temocapril butnot  (11)

Candesartan (8 treatment)+no  single-blind

1
mg/d) overt CV tYPI:t rerclf};flor Candesartan
disease+ CVFR antagonis
>2.0§
Non-significant
Randomized g oo Angiotensin mpflofﬁgl imflrsthOtal
Irbesartan (150 Cardiac double-blind ocking Anglotenst umber o
II which is a powerful depression on Holter (12)
mg/d) syndrome X placebo-controlled

vasoconstrictor ~ monitoring and total
ischemic burden on
exercise

cross-over (28)

* All patients on diltiazem 180 mg/d which was kept during the study.

t Assessed by adenosine stress-echocardiography.

1 Attributed to ACE-inhibitor treatment effect and a microvascular effect.

§ Does not follow the current standardized diagnostic criteria for microvascular angina.

SPECT=single photon emission computed tomography; PET=positron emission tomography; CAG=
coronary angiography; QoL= quality of life; SAQ= Seattle Angina Questionnaire; CFVR= coronary flow
velocity reserve; BP=blood pressure; ADMA= asymmetric dimethylarginine; SLN= sublingual
nitroglycerin; vWB= von Willebrand; CV= cardiovascular.

Supplementary Table S3. Studies on Beta-blockers in microvascular angina.

Pr d MOA
Drug (dose) Inclusion Design (N) opos.e o Results Ref
/rationale

Acebutolol: . .

Exercise testing
reduce

inappropriate (pressure-rate
Exertional PPTop . product & total

. ) sympathetic . .

Acebutolol (400 mg/d) angina+ positive . exercise duration):
. . . drive . .
vs Verapamil (80 mg  exercise test+ Randomized double- Verapamil: Verapamil effective (13)
qid) for 4 weeks/each normal CAG+ blind crossover (30) . P . in all patients
. increasing .
treatment negative Acebutolol effective
. coronary -

ergonovine . . only in higher

microcirculatory .

. sympathetic
vasodilatory
response

capacity




Randomized double-

Atenolol (100 mg/d) vs
Trimetazidine (20 mg
tid) for 2 weeks

blind cross-over
placebo-controlled
(16)

“Syndrome X"

similar extent in

Atenolol (& not

Both were
Trimetazidine)
shown to )
. improved
improve

ischemia to a

Doppler-indices of

overt CAD . ) .
diastolic function

symptoms, exercise (14)
performance, & TTE

Atenolol (100 mg/d) vs
Amlodipine (10 mg/d)

vs Isosorbide-5- Cardiac

Standard anti-
ischemic actions

Randomized double- of these drugs

Only Atenolol |
frequency of
angina. Both

Atenolol &

mononitrate (50 mg/d; syndrome X  blind cross-over (10) . (e, . Amlodipine were (15)
antiadrenergic .
retard) for 4 weeks subjectively
effects of 3- .
each blockade) reported to improve
QoL
Nebivolol T plasma
. NO, L-arginine, L-
lol Eff he L-
;eelzt)vi;ois(;;g;d) /;)S Cardiac Randomized single- afcjii;r;/tN% arginine/ADMA, & (16)
P & syndrome X  blind controlled (38) & Jplasma ADMA,
for 12 weeks pathway . .
Texercise duration
& CCS angina class
Nebivolol Tbrachl.al artery
. oves lumen diameter at
Nebivolol (5mg/d) for 4 Cardiac Randomized tmprove baseline & after
endothelial . . (17
weeks syndrome X controlled (20) . reactive hyperemia,
function & but no change in
TNO release EMD
Nebivolol (but not
Nebivolol is metoprolol)
Cardiac suggested to  fexercise duration,
Nebivolol (5 mg/d) vs  syndrome X Randomized single-  exert NO- lexercise-induced

Metoprolol (50 mg/d) (spasm excluded blinded metoprolol- releasing effects ischemia, |anginal

for 12 weeks by controlled (30) probably by attacks, |[MPO
hyperventilation) JROS (unlike  activity & MDA
Metoprolol)  level, tserum SOD
activity & NO level

(18)

CAGs= coronary angiography; CAD= coronary artery disease; TTE= trans-thoracic echocardiography; QoL=
quality of life; NO= nitric oxide; FMD= flow-mediated dilatation; ADMA= asymmetric dimethylarginine;
CCS= Canadian Cardiovascular Society; ROS= reactive oxygen species; MPO= myeloperoxidase; MDA=

malondialdehyde; SOD= superoxide dismutase.




Supplementary Table S4. Studies on Calcium channel blockers in vasospastic angina.

Drug (dose) Inclusion Design (N) Proposed MOA Results Ref
/rationale
Verapamil (40-160 Normal CAG +abnormal Randomized double- CCB are known to be |frequency & severity of angina (19)
mg qid) or coronary vasodilator blind placebo- potent arterial (occurred often at night, rest, or
Nifedipine (10 to 30 reserve* controlled crossover, vasodilators of both low activity in placebo phase)
mg qid) with initial lead-in coronary & systemic |nitroglycerin consumption
open-label phase (26) circulation Texercise duration (slightly)
lexercise termination with chest
pain
Nifedipine (40t0 160 ECG or angiographic Non-randomized non- Inhibiting slow calcium |weekly rate of angina (20)
mg/d) evidence of coronary blinded (127) current responsible for (complete control in 63%)
artery spasm (with failed vascular smooth muscle |number of SLN tabs required
other therapy including contraction
nitrates & BB)
Nifedipine 30-60 Reversible ST Non-randomized non- Antispasmodic action Efficacy rates were 94%, 90.8%, (21)
mg/d, Diltiazem 90- elevations >0.1 mV on blinded survey of data rather than |myocardial and 85.7%, respectively (judged
240 mg/d, Verapamil ECGs recorded during from 11 participant oxygen consumption by elimination or reduction of
12-320 mg/dt spontaneous anginal cardiology institutes in angina attacks) regardless of the
attacks at rest Japan (286)1 absence of >50% coronary
lesionst
Nifedipine, ISDN Variant vasospastic Randomized double- Both drugs| anginal (22)
angina pectoris blind (12) episodes/day ~ compared to
pretrial period (Nifedipine was
more efficacious & had less
uncomfortable side effects)
Diltiazem (60 mg Prinzmetal’s angina Randomized double- Jnumber of angina episodes (23)
tid) admitted to CCU blind cross-over
placebo-controlled (10)
Amlodipine (10 Rest angina +1 or more Randomized double- Assess efficacy & safety |rate of anginal episodes and (24)

mg/d for 4 weeks, &
5-15 mg/d long-term)

of: reversible ST
elevation in the absence
of MI, spontaneous or

blind placebo-
controlled short-term
phase (52) followed by

of a 2nd generation long-
acting CCB with once
daily dosing, based on

intake of nitroglycerin tablets,
which | further at long-term




ergonovine-induced

coronary artery spasm
with pain &/or ischemic
ST changes, ergonovine-
induced reversible
perfusion defect on Th-
201 scintigraphy +at least
3 episodes of rest angina
during run-in period

the  well-documented
efficacy of previous 1+
and 27 generation
short-acting CCBs

Nifedipine CR (40
mg od at night) vs
Benidipine (4 mg
bd) for 8 weeks

Chest pain at rest with
ischemic ST changes on
Holter ECG+ coronary
vasospasms in ACh or
ergonovine provocation
tests+  spastic
strongly suspected by
attending physicians

angina

Comparing therapeutic
effect of Nifedipine CR
which is known to be
effective against
vasospastic angina to
Benidipine which was
suggested to improve
prognosis. Results
attributed to  night
dosing of Nifedipine, its
NO producing action,
more potent | of
oxidative stress

Nifedipine and not Benidipine |
number of symptomatic attacks
& total frequency of short-acting
nitrates

(25)

Nifedipine CR (40
mg od at bedtime) vs
Diltiazem R (100 mg
bd) for 12 weeks

Angina+ induction of
spasm by ACh during
invasive CAG and/or no
significant stenosis on
CAG but recorded
ischemic ST changes on
ambulatory ECG with
pain at rest

open-label long-term
extension phase (29)
[15 participating
centers]

Randomized non-
blinded (30)
Randomized

Comparing efficacy of
once daily nifedipine CR
to twice-daily diltiazem
R

Both drugs equally | number of
angina attacks/week (at 4,8, & 12
weeks, compared to baseline) i.e.
were equally efficacious

(26)

Benidipine,
Amlodipine,
Nifedipine,
Diltiazem

Positive coronary spasm
provocation tests

Meta-analysis of 1,997
patients §

Examine
effects

prognostic

Only Benidipine had lower
hazard for MACE even after

correction  for  potentially

(27)




confounding patient
characteristics |l
Conventional Stable  angina  who Prospective 1:1 Vasculoprotective lcoronary  vasoreactivity to (28)
treatments * underwent scheduled randomized  single- effects mediated at least intracoronary ACh by QCA in
Nifedipine  (10-60 implantation of EES in blinded  multicenter in part by inhibition of Nifedipine compared to control
mg/d) for  8-10 left coronary arteries (100)  [the NOVEL inflammatory responses group
months study] & | Rho-kinase pathway

*Identified as having typical angina pain during rapid atrial pacing before or after administration of ergonovine 0.15 mg intravenously; with
smaller increase in CBF as estimated by great cardiac vein flow using the thermodilution method, but no significant changes in epicardial coronary
artery diameter after ergonovine.
115 patients were given a combination of Nifedipine and Diltiazem (either was ineffective alone).
1 Coronary angiography carried out in 162 patients; normal/near normal coronaries (stenosis not >50%) were found in only 70 cases. Efficacy of
Nifedipine & Diltiazem was compared between the group with no distinct lesions & that with >50% stenosis in only 49 cases.

§ Patients were treated with one or combination of benidipine (n=320), amlodipine (n=308), nifedipine (n=182), or diltiazem (n=960).
I MACE included cardiac death, myocardial infarction, heart failure, stroke, and aortic aneurysm.
CAG= coronary angiography; CCB= calcium channel blockers; BB= [-blockers; SLN= sublingual nitrate; NO= nitric oxide; ISDN= isosorbide
dinitrate; CCU= coronary care unit; MI= myocardial infarction; Th-201= Thallium-201; DES= drug-eluting stents; ACh= acetyl-choline;
MACE=major adverse cardiac events; EES= everolimus-eluting stents; QCA= quantitative coronary angiography

Supplementary Table S5. Studies on Nicorandil in INOCA.

Dose Inclusion criteria Design (N) Proposed MOA Results Ref
/rationale

3-14 days History of typical anginat+ Prospective (11; 8 M & |microcirculatory Improved scintigraphy  (29)
positive exercise 3 F) vasotone, and thus 1 results: improved the extent
electrocardiograms+ CFR score and the severity score,
positive 201T] and also hastened the 21Tl
scintigraphy+(nearly) mean washout rate
normal CAG+ negative
provocation for epicardial
coronary spasm

5 mg tid for 2 CSA +ischemic ECG during Randomized double- Direct vasodilatory 1 time to ST depression & total (30)

weeks/each phase  exercise + normal CAG + blind placebo- effect on coronary exercise duration, & |
failed ergonovine microvasculature maximum exercise ST




provocation of spasm +
invasive Doppler-based CFR

controlled
(13; 10M & 3 F)

Cross-over

depression, treadmill

exercise test

on

<3.0
1 mg in RCA or 2 <40% epicardial coronary Non-randomized Potent microvascular | TIMI frame count (31)
mg in LCA (on top stenosis + TIMI-2 flow in at dilation

of isosorbide

dinitrate)

least one major vessel

CAG= coronary angiography; CFR= coronary flow reserve; CSA= chronic stable angina; RCA=right coronary artery; LCA=left coronary artery;
TIMI=thrombolysis in myocardial infarction.

Supplementary Table S6. Studies on Ranolazine and Ivabradine in CMD.

Drug (Dose) Inclusion Design (N) Proposed MOA Results Ref
/rationale
Ranolazine (500 mg Angina, no Randomized double- Explore  impact of Better SAQ (32)
bd for 2 weeks, obstructive CAD, blind placebo- ranolazine on CMD Trend toward higher CMR mid-
further 1 to 1000 mg >10% ischemic controlled cross-over patients ventricular MPRI
bd as tolerated) myocardium on (20 women) Patients with CFR <3.0 at baseline
adenosine stress CMR had 1 MPRI*
Ranolazine (375 mg Effort anginat Randomized placebo- Explore any action on 1 SAQ & EuroQoL (both drugs (33)
bd) or Ivabradine (5 positive EST+ normal controlled (46) coronary but Ranolazine > Ivabradine)
mg bd) for 4 weeks CAG+ CFR<25 by microcirculation or 1 time to ST depression & EST
TTE+  inadequately systemic endothelial duration (Ranolazine)
controlled by function beyond their No effect on TTE CFRt or
conventional  anti- 1ry action (direct peripheral FMD or NMD
ischemics inhibition of SA node by
Ivabradine &
improvement of
ventricular diastolic
function by Ranolazine)
Ranolazine (up to 500 Angina+ ischemia on Randomized double- Double action: | baseline 1t CFR by TTE (34)
mg bd, for 8 weeks)  Tc-99m MIBI+ no blind placebo- CFV & 1 hyperemic CFV

obstructive CAD

controlled (39 M+ 19 F)




Ranolazine (500-1000 Ischemic symptoms+ Multicenter Short-term late sodium No difference on SAQ, diary (35)
mg/d for 2 no obstructive CAD+ randomized double- current inhibition should angina, DASI, QoL, stress MPRI
weeks/phase) preserved LVEF+ blind placebo-  be effective for CMD (CMR), volumetric diastolic PFR
CFR<2.5 by invasive controlled cross-over and tPFR (CMR)
Doppler or <2.0 by (142; 96% women) Subgroup analysis of 81 patients (36)
stress CMR whose CMD diagnosis was
strictly based on invasive
Doppler CFR<2.5: Ranolazine |
angina & 1 MPRI
Ranolazine (500 mg Diabetic pateints with 1:1 randomized double- Determine whether Ranolazine did not change (37)
bd for 1 week then ANOCA blind cross-over (35) ranolazine quantitatively —exercise-stimulated myocardial
1000 mg bd for 3 improves exercise- blood flow or CFR but modestly
weeks) stimulated myocardial improved diastolic function.
blood flow & cardiac
function in this patient
subset
Ranolazine (500 mg Angina + abnormal Randomized double- inhibiting the ischemic No difference in ASAQ or Duke (38)
bd for 2 weeks then stress test + <50% blind placebo- cascade induced by the Activity Status Index, ACFR or
1000 mg bd for 10 stenosis by CAG & controlled (26) late sodium current AHMR, VO2 max, peak
weeks) FFR > 0.80 metabolic  equivalents.at 3
months.
Ivabradine (5 mg bd Stable CAD patients Prospective (21); | APV at rest (39)
for 1 week) undergoing Doppler-based invasive 1 hyperemic APV
diagnostic coronary CFR measured in a non- TCFR
angiography culprit vessel at (when pacing to heart rate
baseline, then re- identical to that before treatment,

measured 1 week after
treatment during
scheduled intervention
in the culprit vessel)

only APV at rest reverted to
baseline values but 1 hyperemic
APV was sustained so that CFR
remained higher than baseline)

* Assessed in only 13 patients who had invasive Doppler-based CFR measurements.
t By adenosine and cold pressor test
CAD= coronary artery disease; CMR= cardiac magnetic resonance; CMD= coronary microvascular dysfunction; SAQ= Seattle Angina
Questionnaire; MPRI= myocardial perfusion reserve index; TTE= trans-thoracic echocardiography; CAG= coronary angiography; LVEF= left




ventricular ejection fraction; EST= exercise stress test; FMD= flow-mediated dilation; NMD= nitrate-mediated dilation; CFV= coronary flow
velocity; DASI= Duke Activity Status Index; QoL= quality of life; PFR= peak filling rate, tPFR= time to peak filling rate; CFR= coronary flow
reserve; FFR=fractional flow reserve; A= change; CFR= coronary flow reserve; HMR= hyperemic microvascular resistance; VO2 max= peak oxygen

consumption; APV= average peak coronary flow velocity

Supplementary Table S7. Studies on Xanthines in CMD.

Class/Drug (Possible) ~ mechanism  of Studies Disadvantages &
action/rationale major adverse
effects
Xanthine tischemic threshold in CMD by 2
derivatives mechanisms:
Inhibit vascular smooth muscle
adenosine-A2 receptors—>
larteriolar dilation in ischemic
regions where adenosine release
is 1> |redistribution of blood to
these regions (coronary steal).
lstimulation of cardiac nerve
pain fibers by adenosine>
Jnociception.
Aminophylline (6 Prevention of myocardial flow Double-blind randomized placebo-controlled study of 8 patients
mg/Kg body maldistribution elicited by with cardiac syndrome X. Aminophylline 1 effort tolerance & |,
weight over 15 inappropriate adenosine release ECG signs of ischemia (40).
min) during effort
Aminophylline (6 |coronary steal phenomenon. In a single-blind, placebo-controlled study of 12 patients (with
mg/Kg body typical stress-induced angina & ST depression but normal CAG &
weight IV over 15 no spasm with ergonovine or Ach), aminophylline 1 exercise time,
min) ldegree of ST segment depression, |chest pain during exercise,
TLVEF at rest, but not at peak exercise or recovery period (41).
Aminophylline Blocking the final common Double-blind cross-over study of 13 patients with syndrome X: Nausea,
(oral 350 or 225 mg pathway of «cardiac pain aminophylline ftime to angina during exercise testing, total palpitations (2
bd according to sensation at the adenosine number of angina episodes, but no difference on peak exercise ST patients)

receptor without altering the




BMI & smoking initial pathological stimulus
habit, for 3 weeks) responsible  for  adenosine
release.

depression, nor frequency or duration of ST depression during
Holter monitoring (42).

Aminophylline (6
mg/Kg IV over 15
min)

| transmural myocardial steal

Study of 14 patients with syndrome X: aminophylline ftime to

ischemia on treadmill exercise test (despite tachycardia) and
lexercise-induced chest pain, but had no effect on total exercise
duration (43).

CMD= coronary microvascular dysfunction; CAG= coronary angiography; LVEF= left ventricular ejection fraction; BMI= body mass index.

Supplementary Table S8. Novel pharmacotherapy for INOCA/ANOCA.

Class/Drug (Possible) mechanism of Studies Disadvantages &
action/rationale major adverse

effects
Endothelin-A  receptor Counteract Endothelin-1 (ET- Larger studies
antagonists 1) which increases coronary needed, high cost

vascular tone and contributes
to coronary  endothelial
dysfunction (44).

Darusentan (100 mg/d for
18 days)

Increased absolute rest flow
without an increase in
pressure-rate  product or
perfusion during hyperemia.

Increased homogeneity of resting myocardial perfusion on
PET Rb-82 scans in subjects who demonstrated a low
myocardial perfusion homogeneity index compared to
normal volunteers (45).

Atrasentan (10 mg/d for 6
months)

Improves endothelium-

dependent vasodilation.

Improved CBF % change in response to ACh in a randomized
double-blind study of 47 patients (46).

Zibotentan

Oral endothelin A receptor-
selective antagonist.

PRIZE trial (Precision Medicine With Zibotentan in
Microvascular Angina; ClinicalTrials.gov Identifier:
NCT04097314; expected completion date Nov. 30t 2022) is a
randomized double-blind placebo-controlled
multicenter trial with 1ry outcome as exercise duration on
Bruce treadmill protocol, and 2ry outcomes including patient-
reported outcome measures, and a CMR sub-study to
elucidate effects on MBF.

Cross-over




Rho-kinase inhibitors 1 activity of Rho-kinase causes Intracoronary pretreatment with 300 pg/min for 15 minutes Not widely
(Fasudil) hypercontraction of vascular prevented ACh-induced epicardial spasm and resultant available
smooth muscle and plays a myocardial ischemia compared to saline, in a study of 20
key pathogenetic role in patients with vasospastic angina (47).
coronary artery spasm (by In a study of 18 patients with ACh-induced coronary
calcium sensitization of the microvascular spasm, pretreatment with fasudil (4.5 mg
myosin light chain in smooth intracoronary) prevented reproduction of spasm and ischemia
muscle cells), and is pro- with a second ACh challenge (compared to saline), and
inflammatory. improved the lactate extraction ratio (48).
Phosphodiesterase Anti-platelet, anti-
(PDE)-3 inhibitors inflammatory, and
vasodilatory effects.
Cilostazol (up to 200 1 NO, | superoxide anion In a study of 33 patients with VSA, on diltiazem & isosorbide Headache
mg/d) mononitrate for 6 months then randomized to cilostazol,
aspirin, or placebo, cilostazol 1" invasive Doppler-based CFR
(49).
In a prospective, multicenter, nonrandomized study of 21
patients with VSA uncontrolled with nitrates & CCBs, adding
cilostazol | patient-recorded angina intensity & frequency
(50).
In a randomized, double-blind, placebo-contolled trial of 50
patients with VSA despite amlodipine therapy, cilostazol |,
patient-recorded incidence & severity of angina (51).
Phosphodiesterase Inhibition of PDE-5 which Larger
(PDE)-5 inhibitors degrades c¢GMP, promoting randomized

vascular smooth  muscle

relaxation

double-blind trials
needed especially
with longer-acting
agents

Sildenafil (100 mg once)

In a randomized double-blind study, a subgroup of 9 patients
of ANOCA/INOCA received were randomized to sildenafil,
isosorbide dinitrate, or placebo. Sildenafil 1 epicardial
coronary diameter and | invasive Doppler-derived CVR with




ACh, & | ST depression at peak exercise (intermediate
between placebo & isosorbide dinitrate).(52).

In an open-label, nonrandomized, prospective cohort of 23
women with INOCA, Sildenafil 1 CFR in patients with

baseline CFR <2.5 (53).

Tricyclic antidepressants

Imipramine Shown to be useful in chronic In a randomized double-blind placebo-controlled cross-over High incidence of

(50 mg/d) pain syndromes. trial on 18 women with ANOCA who remained symptomatic side effects (83%)
despite conventional anti-anginal therapy, imipramine e.g. dry mouth,
treatment (5 weeks/each phase) | incidence of chest pain, but dizziness, and

failed to 1 QoL (monitored by validated health profile nausea
questionnaire) (54).

PET= positron emission tomography; CBF= coronary blood flow; ACh= acetyl-choline; CMR= cardiac magnetic resonance; MBF= myocardial
blood flow; NO= nitric oxide; VSA= vasospastic angina; CCB= calcium channel blocker; CVR= coronary vascular resistance; CFR= coronary flow
reserve.

Supplementary Table S9. Non-pharmacologic therapies for refractory ANOCA.

Intervention (Possible) mechanism of Studies
action/rationale
Enhanced external Improvement of endothelial function.  In a study of 30 patients with angina refractory to usual medical therapy and
counter-pulsation non-obstructive CAD, EECP improved CCS angina class and regional
(EECP) ischemia on pharmacologic or exercise stress testing. At nearly 1 year of
follow-up 87% had sustained improvement in angina and were without
MACE (55).

In a study of 45 patients with ANOCA & coronary slow flow" nonrandomly
assigned to medical therapy only or additional 36 1-hour sessions of EECP for
8 weeks, the EECP group had significant 1 in resting & hyperemic diastolic
peak flow velocity, CFR, and FMD (56).

Spinal cord Habituation to peripheral pain stimuli SCS performed in 7 patients (4 men, 3 women) with refractory angina and
stimulation (SCS) and | excitability of the nociceptive normal coronary arteries, improved anginal symptoms, | nitrate
system consumption, and exercise tolerance assessed subjectively by questionnaire

and objectively by treadmill exercise testing (57).




In a randomized cross-over study of 10 patients with cardiac syndrome X &
refractory angina pectoris, SCS | number, duration, severity of angina and
nitrate consumption, as well as improved SAQ & VAS scores & tolerability to
dobutamine stress testing (58).

In a prospective, controlled study of 19 patients (& 9 comparable controls)
with refractory angina & cardiac syndrome X, SCS | angina frequency,
duration, & short-acting nitrate use at a median follow-up of 36 months, and
improved functional statust, exercise tolerance, & ST segment changes (59).
In a study of 16 patients with effort angina, ST segment depression, but
normal coronary arteries, SCS restored habituation to peripheral pain stimuli
as assessed by recordings of cortical laser evoked potentials, which was
speculated to help such patients better tolerate cardiac pain (60).

Coronary sinus Creates a narrowing in the coronary

reducer (CSR) sinus with a resultant backward
pressure in the coronary venous
system, which provokes dilatation of
the subendocardial arterioles with
reduction of vascular resistance, and
subsequent redistribution of blood
flow to these ischemic subendocardial
layers.

THE COSIRA trial initially proved that implantation of a CSR improved
anginal symptoms and QoL in patients with obstructive CAD with evidence
of reversible myocardial ischemia who were not suitable candidates for
revascularization (61).

The RESOURCE is an observational retrospective registry that included 658
patients from 20 centers with refractory angina, and confirmed the intra- and
periprocedural safety of CSR implantation and its efficacy in reducing angina
(39.7% improved by 22 CCS, and 76% by 21 class) (62).

COSIMA trial (COronary Sinus Reducer for the Treatment of Refractory
Microvascular Angina) is underway (ClinicalTrials.gov Identifier:
NCT04606459; expected primary completion date October 20, 2022). The 1ry
objective is the proportion of eligible patients confirmed invasively to have
CMD with refractory angina, reporting improvement in CCS angina class by
> 2 classes with implantation of CSR followed by optimal medical therapy
(OMT) versus OMT alone.

“Based on Thrombolysis in Myocardial Infarction (TIMI) frame count method.

t Assessed by Seattle Angina Questionnaire and a visual analogue scale for quality of life.

CAD-= coronary artery disease; CCS= Canadian Cardiovascular Society; MACE= major adverse cardiac events; CFR= coronary flow reserve; FMD=
flow-mediated dilation; SAQ= Seattle Angina Questionnaire; VAS= visual analogue scale; CCS= Canadian Cardiovascular Society; FMD= flow-

mediated dilatation.
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