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INOCA is (relatively) common

8,518 ISCHEMIA Enrolled Participants 13% INOCA INOCA associated with:

» Female sex

* Younger age

* Relatively less severe ischemia

Moderate or

severe ischemia
I
Core lab-verified

Exclusion of
prior PCl, CABG,
uninterpretable
CCTA or no CCTA

A . 2

Women >4-fold odds of INOCA
vs men on multivariate analysis

Ischemia severity not
associated with extent of
nonobstructive CAD on CCTA

Reynolds HR, et al. J Am Coll Cardiol Img. 2023;16(1):63-74.
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@ INOCA is a mixed bag

Overall n =187

Vasospastic Angina

Negative
n=30

n =48

More than one-half of VSA patients had

microvascular functional abnormalities

n=15
Low CFR

# FullPhysiology
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- INOCA is a mixed bag

CENTRAL ILLUSTRATION Vasospastic Angina and High Index of Microcirculatory Resistance:
Prognostic Impact of Coexistence
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@ INOCA is a mixed bag

Effort angina (CCS 3)
Positive Stress Test
Normal LV function
No VHD

A) M 74 yrs B) M 66 yrs C) F 70 yrs
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Pe046
30 4
29%

£ 20+
g 21%
B
2 10 4
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Placebo Dittiazem
¥ Successful Treatment

No Effect in Improvement in Angina and Quality of Life

P=068
S0 + —

FF TS

B Mental Health W Physical Health W SAQSS

Primary Endpoint
No Additional Effect of Ditiazem in Treatment Success

No improvement in Coronary Function Test Results

Coronary Artery
Spasm

i

P=060

8%

Placebo Diltiazem
B Improvement

10%

Empiric use of CCB: the EDIT-CMD trial

Coronary microvascular

dysfunction

P=077

29%
24%

Placebo  Diltiazem
B improvement

First ACH provocation R

Epxardial spasm RIERE

Microvascular spasm

No spasm

First ACH provocation i

Epicardial spasm REUERE

Microvascular spasm

No spasm

94%

6%

20%
50%

12%

53%

31%

16%

88%
12%

18%

6 weeks
Placebo e Second ACH provocation
Epicardial spasm
m Microvascular spasm
No spasm
6 weeks
Dittiszem B Second ACH provocation
RERFE Epicardial spasm
Microvascular spasm

INo spasm
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Angiogram
No Obstructive CAD
DS<50%
FFR>0.80

Randomize

CORMICA trial: efficacy of a tailored approach

Diagnostic procedure
IMR/CFR/ACh  n=75
Stratified Therapy

Sham procedure

Blinded IMR/CFR/ACh n=76
Standard Care

.

Invasive coronary
angiography

Pressure wire
assessment
(adenosine)

Vasoreactivity
(acetylcholine)

Diagnosis &
Management

Vasospasm

No Obstructive CAD

Normal Invasive Physiology
(FFR 0.84, CFR 5.3, IMR 9)
B

Vasospasm with ACh
(resolves with nitrate)
O

Vasospastic Angina
* Smoking cessation
+ Calcium channel blocker
* Long-acting Nitrate
» Lifestyle changes

Microcirc. dysf Normal

P e}

G y Mi Y
0.95, CFR 1.3, IMR 33)

Endothelial dysfunction without No significant response to vasoreactivity
vasospasm to ACh testing
O O
Microvascular Angina Non-Cardiac Chest Pain
* Betablocker (e.g. Nebivolol) * Stop antianginal Rx
+ Lifestyle changes & weight loss + Discharge from cardiology
(Cardiac rehab, smoking cessation) * Consider non-cardiac investigation
+ Consider ACFi & Statin

Ford JACC 2018
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CORMICA trial: efficacy of a tailored approach
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Epicardial disease assessment
o « NHPR (<0.89)

* CFFR (<0.83)

* FFR (£0.80) -> perform pullback

Microvascular disease assessment
e * IMR (>25)
« CFR(<2.0)

e RRR (<2 .O) * *Resistive resistance ratio= ;;Z::;

Vasomotor testing
 Ach

Post PCI Full Physiology assessment if applicable
Q * NHPR/cFFR/IMR/CFR/FFR -> perform pullback
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Q’ Different types of CMD. All are bad

wac WD Coroventis X

} Systemic Vasculature ‘ Myocardium

Mechanism  witric oxide |

. ] ‘ Exercise
‘Synthase Acetylcholine  Exercise Blood NT-proBNP

Coronary

* Activity Dilatation Pressure ‘ Perfusion

65% 22%

Reference o .
Group Normal | Normal 34 pgml- i I I 0
i ®

(n = 40) High vascular Low vascular
tone atrest tone at stress

46% 77%

Functional e
CMD o o Increased Normal

(n = 28) Low vascular  Low vascular f '

toneatrest tone at stress

el |l

Structural . 41% 88%
CMD 0 o Increased | Reduced 132 pgml- ° °

= High vascular High vascular ' ‘
(I’l 18) tone atrest tone at stress

Compensated
Structural
CMD

Live

Coroventis X

Microvascular
Spasm

CFR>2

IMR<25 Normal

CFR<2 Impaired
IMR<25 Vasodilation

CFR<2 Abnormal
IMR>25 MV resistance

CFR>2  Early Abnormal
IMR>25 MV resistance

Angina + ST deviation
w/o epicardial spasm

n H et al. JACC 2020;75:2538—2#9’.ullphysiology
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o Different types of CMD. All are bad

A Microvasculature B Epicardial coronary artery

Endothelium-independent and —dependent microvascular dysfunction — Endothelium-independent and —dependent epicardial artery dysfunction
Endothelium-independent or —dependent microvascular dysfunction —— Endothelium-independent or —dependent epicardial artery dysfunction
——— Normal epicardial artery function

Normal microvascular function

100 100 -
80 — 80 —
3 ! * P<0.001 g .
F % Z
5 60— % 3 60—
1 [
o o
[ b () -
a a -
T 40 - T 40 -
c PR [
> - _ > -
wv wv
20 — Log-rank test: x2 = 30.7 20 - P=0.337
P<0.001
0 T T T T T T 0 T T T T T T
0 S 10 15 20 25 30 0 5 10 15 20 25 30
Years since CRT Years since CRT
Number at risk Number at risk
— 184 99 59 22 10 2 0 — 188 119 78 30 14 2 0
544 283 165 64 25 1 0 495 272 157 77 23 1 0
468 284 172 89 33 4 0 — 513 275 161 68 31 4 0
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& Therapy for CMD

Consider statins
Beta Blockers (Nebivolol) and ACEI/ARB Calcium Channel Blockers*
Ranolazine Nitrates
Trimetazidine
Quinapril Nicorandil
Nicorandil Cilostazol
Rabiading Molsidomin

PDE inhibitors (Sildenafil)
Rho Kinase Inhibitors (Fasudil)
Endothelin Receptors Antagonists

*first line treatment in vasospastic
angina but they can also be used

in microvascular angina
(Darusentan, Atrasentan, Zibotentan)

Adenosine Active Agents (Dypiridamole)
Xanthine Derivates (Aminophylline)
Autologous CD34+ stem cell therapy
Tricyclic antidepressant drugs

sGC stimulators (Vericiguat,Riociguat)
-

MICROVASCULAR ANGINA VASOSPASTIC ANGINA

7_022_0735]# FullPhysiology
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Cardiovascular Drugs and Therapy

In another study. treadmill exercise tests were performed
in 14 patients with chest pain and non-obstructive CAD
before and after i.v. aminophylline infusion. Aminophylline
lengthened the time before the occurrence of ischemia by
increasing the ischemia threshold and it also shows a benefi-
cial effect on chest pain induced by exercise [17, 61].

Trimetazidine

both i ive and blished, are

available to optimize treatment and improve the quality of
life of these patients (Fig. 1).

Author Contribution All authors contributed to this work.

Funding Open access funding provided by Universita degli Studi di
L ieihelRll CopT

CMD Tx: ACE-inhibitors

Cardiovascular Drugs and Therapy

Figure 1

Loga 18 week CFR
9
o

0.8 - o
04

04

12 16

T
An external file that holds a picture, illustration, etc
Object name is nihms313750f1.jpg

20

o

o

:

e

=1

. Ong P:; Sei

and efficiency of the left ventricle in man. Am Heart J.

1949:38:1-24.

2 A. the importance of assessing coronary vasomo-

tor function in patients with SIHD with unobstructed coronary

arteries. In: Latest in Cardiology. American College of Cardi-
ology. 2020.https://www.acc.org/latest-in-cardiology/articles/
2020/12/18/13/54/the-importance-of-assessing-coronary-vasom

otor-function-in-patients-with-sihd. Accessed 18 Dec 2020.

Sucato V, Novo G, Saladino A, Evola S, Galassi AR. Coronary

microvascular dysfunction. Minerva Cardioangiol. 2020:68.

Suda A, Takahashi J, Hao K, et al. Coronary funct 1 abnor-

malities in patients with angina and nonobstructive coronary

artery disease. J Am Coll Cardiol. 2019:74:2350-60.

Rahman H, Corcoran D, Aetesam-ur-Rahman M, Hoole SP,

Berry C, Perera D. Diagnosis of patients with angina and non-

obstructive coronary disease in the catheter laboratory. Heart.

2019:105 6-42.

. Ford TJ, Ong P, Sechtem U, et al. Assessment of vascular dysfunc-
tion in patients without obstructive coronary artery disease. JACC
Cardiovasc Interv. 2020:13:1847-64.

. Konst RE, Meeder JG, Wittekoek ME, et al. Ischemia with no
obstructive coronary arteries. Neth Heart J, 2020:28:66-72.

. Beltrame JF, Crea F, Kaski JC, et al. International standardiza-
tion of diagnostic criteria for vasospastic angina. Eur Heart J.
2017:38(33):2565-8.

. Ong P, Camici PG, Beltrame JF, et al. International standardiza-
tion of diagnostic criteria for microvascular angina. Int J Cardiol.
2018:250:16-20.

. Williams B, Mancia G, Spiering W, ESC Scientific Document
Group, et al. 2018 ESC/ESH Guidelines for the management of
arterial hypertension. Eur Heart J. 2018:39(33):3021-104,

. Ballantyne CM, Raichlen JS, Nicholls SJ, et al. Effect of rosuvas-
tatin therapy on coronary artery stenoses assessed by quantitative
coronary angiography. Circulation. 2008:117:2458-66.

. Ridker PM, MacFadyen J, Libby P. Glynn RJ. Relation of base-
line high-sensitivity C-reactive protein level to cardiovascular out-
comes with rosuvastatin in the justification for use of statins in
prevention: an Intervention Trial Evaluating Rosuvastatin (JUPI-
TER). AmJ Cardiol. 2010;106:204-9.

. Bairey Merz CN, Pepine CJ, Shimokawa H, Berry C. Treat-
ment of coronary microvascular dysfunction. Cardiovasc Res.
2020:116:856-70.

Montalescot G, Sechtem U, Achenbach S, et al. 2013 ESC guide-
lines on the management of stable coronary artery disease. Eur
Heart J. 2013:34:2949-3003.

. Jansen TPJ, Konst RE, de Vos A, et al. Efficacy of Diltiazem
10 improve coronary vasomotor dysfunction in angina and non-
obstructive coronary arteries (ANOCA): Results of the EDIT-
CMD randomized clinical trial. JACC Cardiovasc Imaging. 2022;
S$1936-878X(22)00177-2

ST o
cross-over trial performed on 18 women with chest pain and

bs ive CAD, i reduced the incid of
chest pain compared with placebo but failed to improve qual-
ity of life [66].

Conclusion

Coronary (micro)vascular spasm and microvascular dys-
function are clinical entities characterized by high preva-
lence and clinical representation, burdened by an impor-
I impact. Ni

P L

tant clinical and sy

»

events. Eur Heart J. 2012:33:734-44

Kunadian V, Chieffo A, Camici PG. et al. An EAPCI expert con-
sensus document on ischacmia with non-obstructive coronary
arteries in collaboration with European Society of Cardiology
Working Group on Coronary Pathophysiology & Microcircula-
tion Endorsed by Coronary Vasomotor Disorders International
Study Group. Eurolntervention. 2021:16:1049-69

Sharaf B, Wood T. Shaw L., et al. Adverse outcomes among
women presenting with signs and symptoms of ischemia and no
obstructive coronary artery discase: findings from the National
Heant, Lung. and Blood Institute-sponsored Women's Ischemia
Syndrome Evaluation (WISE) angiographic core lab. Am Heart
1.2013:166:134-41

Bing RJ, Hammond MM, Handelsman JC, et al. The meas-
urement of coronary blood flow, oxygen consumption,

© springer

a

M MA, Loffler Al Ouellette M. Smith L. Kramer CM.,
Bourque JM. Coronary dysfi i

lar angina, and treatment strategies. JACC Cardiovasc Imaging.
2015:8:210-20.

. JCS Joint Working Group. Guidelines for Diagnosis and Treat-
ment of Patients With Vasospastic Angina (Coronary Spastic
Angina) (JCS 2013). Circ J. 2014;78:2779-801.

Kim SE, Jo S-H, Han SH, et al. C ison of calci ch: 1

»
2

a5

36.

. Takahashi

Mehta HH, Morris M, Fischman DL, et al. The spontancous coro-
nary slow-flow ph reversal by y nicardi-
pine. ) Invasive Cardiol. 2019:31:42-5.

n Y, Kim MC, Ahn Y, et al. Prognostic impact of chronic vaso-
dilator therapy in patients with vasospastic angina. J Am Heart
Assoc. 2022:11(7):¢023776.

. Nihei T, Takagi Y. et al. Prognostic impact of chronic
nitrate therapy in patients with vasospastic angina: multicentre
registry study of the Japanese coronary spasm association. Eur
Heart J. 2015:36:228-37.

. Kim CH, Park TK. Cho SW, et al. Impact of different nitrate

therapies on long-term clinical outcomes of patients with vasos-
pastic angina: a propensity score-matched analysis. Int ) Cardiol.
2018:252:1-5.

Majid PA, DeFeyter PJF, Van der Wall EE, Wardeh R, Roos JP.
Molsidomine in the treatment of patients with angina pectoris. N
EnglJ Med. 1980:302:1-6,

. Weber S, Kahan A, Pailleret JJ, Guérin F, Degeorges M. Pre-

vention with molsidomine of coronary artery spasm caused by
alkalosis. Am Heart J. 1985:109:703-7.

. Shin E-S, Lee J-H, Yoo S-Y, et al. A randomised, multicentre,

double blind, placebo controlled trial to evaluate the efficacy and
safety of cilostazol in patients with vasospastic angina. Heart.
2014:100:1531-6.

2. Robertson RM, Wood AJ, Vaughn WK, Robertson D. Exacer-

bation of vasotonic angina pectoris by propranolol. Circulation.
1982:65:281-

. Tarkin JM, Kaski JC. Vasodilator therapy: nitrates and nicorandil.

Cardiovasc Drugs Ther. 2016:30:367-78.

. Tagliamonte E, Rigo F, Cirillo T, et al. Effects of ranolazine on

noninvasive coronary flow reserve in patients with myocardial
ischemia but without obstructive coronary artery disease. Echo-
cardiography. 2015:32:516-21.

. Villano A, Di Franco A, Nerla R, et al. Effects of ivabradine and

ranolazine in patients with microvascular angina pectoris. Am J
Cardiol. 2013:112:8-13.

Bairey Merz CN, Handberg EM, Shufelt CL, et al. A randomized,
placebo-controlled trial of late Na current inhibition (ranolazine)
in coronary microvascular dysfunction (CMD): impact on angina
and myocardial perfusion reserve. Eur Heart J. 2016:37:1504-1

. Reis SE, Holubkov R, Smith AJC, et al. Coronary microvascu-

lar dysfunction is highly prevalent in women with chest pain in
the absence of coronary artery disease: Results from the NHLBI
WISE study. Am Heart J. 2001:141:735-41.

. Pepine CJ, Anderson RD, Sharaf BL, et al. Coronary Micro-

vascular reactivity to adenosine predicts adverse outcome in
women evaluated for suspected ischemia. J Am Coll Cardiol.
2010:55:2825-32

An external file that holds a picture, illustration, etc. - .
Object name is nihms313750f2,jpg

= e o’ ad

- Se -

4 wks 8 wks 12 wks 16 wks

. Pauly DF, Johnson BD. Anderson RD, et al. In women with

symptoms of cardiac ischemia, nonobstructive coronary arteries,
and mi ty i otensi ing enzyme
inhibition is associated with improved microvascular function: a
double-blind randomized study from the National Heart, Lung and
Blood Institute Women's Ischemia Syndrome Evaluation (WISE).
Am Heart J. 2011:162(4):678-84.

Taverse ad

A n 3 S
phodiesterase type S activity limits blood flow to hypoperfused

during exercise, Circulation. 2000:102:2997-3002.

blockers for long-term clinical outcomes in patients with vasos-
pastic angina. Korean J Intern Med. 2021:36:124-34,
Minatoguchi S. Vasospastic angina and ca channel blockers. Curr
Hypertens Rev. 2014;9:219-23

. Fineschi M, Bravi A, Gori T. The, “slow coronary flow” phe-
nomenon: evidence of preserved coronary flow reserve despite
increased resting microvascular resistances. Int J Cardiol.
2008:127:358-61.

Springer

. Weerts J, Mourmans SGJ, Barandiarin

. Denardo SJ, Wen X, Handberg EM, et al. Effect of phosphodies-

terase type S inhibition on microvascular coronary dysfunction in
women: a women's ischemia syndrome evaluation (wise) ancillary
study. Clin Cardiol. 2011:34:483-7.

izpurua A, et al. The
Role of systemic microvascular dysfunction in heart failure with
preserved ejection fraction. Biomolecules. 2022:124

@ Springer

7_022_0735]# FullPhysiology

InDailyPractice



Randomized Order

CMD Tx: Beta-Blockers

4 weeks 4 weeks 4 weeks 4 weeks
wash-out Atenolol Amlodipine ISMN

T ok oS s f s

a single intracoronary infusion of isolated CD34 +cells in
the left anterior descending artery. After 6 months, CFR
improved (from 2.08 +0.32 at baseline to 2.68 +£0.79,
P<0.005), angina frequency decreased (P <0.004), Cana-
dian Cardi ular Society class imp (P<0.001), and
quality of life improved as assessed by the Seattle Angina
Questionnaire (P <0.03) and SF-36 (P <0.04) |64].

Tricyclic Antidepressant Drugs

Tricyclic antidepressant drugs are a class of medications
used for the management and treatment of major depressive
disorders. Previous studies have suggested that they may
have a beneficial effect on a wide range of conditions associ-
ated with chronic pain [65]. In a randomized, double-blind,
cross-over trial performed on 18 women with chest pain and

bs ive CAD, imip ine reduced the incid of
chest pain compared with placebo but failed to improve qual-
ity of life [66].

Conclusion

Coronary (micro)vascular spasm and microvascular dys-
function are clinical entities characterized by high preva-
lence and clinical representation, burdened by an impor-

tant clinical and symp gic impact. N
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the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
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copy of this licence, visit hitp//creativecommons.ong/licensev/by/4 0/,
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CMD Tx: Nicorandil Ranolazine lvabra

Table 2
SAQ and EuroQoL scores at baseline and after 4 weeks of treatment in the 3
groups

Ivabradine Ranolazine  Placebo p

Physical

limitation
Baseline 654+ 15 698+ 16 682+20 0.78
Follow-up 765+ 16 84.1 £ 12 67.0+21 <0.001*
Angina stability <0.001
Baseline 438 £30 400£25 56.7+26 0.23
Follow-up 56.3 + 33 90.0 + 18" 55.0 +25 <0.001'
Angina <0.001
frequency
Baseline 644 £ 14 613+12 727+17 0.10
Follow-up 731+ 18 813+ 17" 71.3+18 0.001*
Treatment <0.001
satisfaction
Baseline 758 + 688 16 758+ 15 0.36
Follow-up 844 + 14 908 +£9" 742+ 14 <0.001}
Disease <0.001
perception
Baseline 495 +23 450+ 17 60.0 £ 0.15

o o
W 9

Follow-up 62.5+26 794 + 147 572+ <0.001*

EuroQoL. VAS
Baseline
Follow-up

<0.001
66.6 + 14 613 + 17
725+ 17 79.3 + 137

65.7 17
64.3 £ 19

0.62
<0.001*

Data are reported as means (SD).

* p for differences in changes from baseline to follow-up in the 3

" p <0.05 for differences in changes versus ivabradine.

' p values for direct comparisons of follow-up variables, adjusted for
basal values.
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Physical limitation Angina stability Angina frequency
100 100 100
%0 90 4 90 1
£ 30 50 -
70 4 70 4 70 -
60 - 60 4 50 -
50 50 50
10 p=0.44 40 - 40
30 4 30 4 30 4
=0.001
20 4 20 4 B 20 4 p=0.05
10 4 10 4 10
0+ - 0+ o+ .
Basal Follow up Basal Follov. up Basal Follow up
Treatment satisfaction Disease perception EuroQol
100 100 100
90 1 90 1 90 4
80 80 80 4
70 70 4 70 4 74
60 4 60 1 60 -
50 4 50 1 50 -
a0 4 Csdhi| 10
30 4 0=0.03 21 30 4 p=0.01
20 20 1 20
10 4 199 P=0.006 10 4
° e . °
Basal Follow up Basal Follow up — Folowip
—4—Ivabradine  -fi~Ranolazine
Exercise stress test results at baseline and at follow-up in the 3 groups of study
Ivabradine Ranolazine Placebo P
Bascline Follow-up Baseline Follow-up Bascline Follow-up
| mm STD
HR (beats/min) 15 +23 19 122 + 012
SBP (mm Hg) 158 + 26 17 161 0.93
RPP (beats/min x mm Hg) 18334 = 535 357 19.957 027
Time to | mm STD (s) 262 = 103 299 £ 127 285 0.03
Peak exercise
HR (beats/min) £ 17 136 + 17 0.004
SBP (mm Hg) 21 179 = 31 0.70
RPP (beats/min x mm Hg) 4103 24502 = 5721 0.07
Time (s) 139 s 403128 003
Maximal STD (mm) 08 =06 £ 0.5 0.6+ 06 14+ 04 13404 006

Data are reported as means (SD). p for changes from bascline to follow-up in the 3 groups,

HR = hean rate: RPP = rate pressure product
“p
<0.05 for changes at follow-up versus group placebo.

‘p

0.05 for changes at follow-up versus ranolazine.

SBP = systolic blood pressure: STD = ST-segment depression.
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CMD Tx: Xanthine Derivates

In another study. treadmill exercise tests were performed
in 14 patients with chest pain and non-obstructive CAD
before and after i.v. aminophylline infusion. Aminophylline
lengthened the time before the occurrence of ischemia by
increasing the ischemia threshold and it also shows a benefi-
cial effect on chest pain induced by exercise [17, 61].

Trimetazidine

Trimetazidine is an antianginal agent which is able to
modulate cardiac metabolism without altering the hemo-
dynamic functions. Furthermore, it has a positive effect on
the infl y profile and endothelial function [62]. In
a randomized trial of patients with MVA, tri idine on

by i i both i i and blished, are
.n;ulnhle o opumuc treatment and improve the quality of
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and dnmmy of the left ventricle in man. Am Heart J.
19493

life of these patients (Fig. 1).
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Deel "

top of medical therapy for 3 months improved symptoms,
quality of life and exercise tolerance by the improvement
of myocardial perfusion and endothelial function [17, 63].

Autologous CD34 + Stem Cell Therapy

Stem cell therapy using autologous CD34 + may be a prom-
ising therapy for patients with microvascular dysfunction.
In fact, CD'44+cclh sumnl.m: mp:llar) growth and regen-
eration of d; I in pre-clinical models.
In a small pilot clinical study, 20 patients with non-
obstructive CAD, persistent angina and CFR < 2.5 received
a single intracoronary infusion of isolated CD34 +cells in
the left anterior descending artery. After 6 months, CFR
improved (from 2.08 +0.32 at baseline to 2.68 +£0.79,
P<0.005), angina frequency decreased (P <0.004), Cana-
dian Cardi ular Society class imp (P<0.001), and
quality of life improved as assessed by the Seattle Angina
Questionnaire (P <0.03) and SF-36 (P <0.04) |64].

Tricyclic Antidepressant Drugs

Tricyclic antidepressant drugs are a class of medications
used for the management and treatment of major depressive
disorders. Previous studies have suggested that they may
have a beneficial effect on a wide range of conditions associ-
ated with chronic pain [65]. In a randomized, double-blind,
cross-over trial performed on 18 women with chest pain and

bs ive CAD, imi; reduced the incid of
chest pain compared with placebo but failed to improve qual-
ity of life [66].

Conclusion

Coronary (micro)vascular spasm and microvascular dys-
function are clinical entities characterized by high preva-
lence and clinical representation, burdened by an impor-

tant clinical and symp logic impact. N
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CMD Tx: Nitric Oxide and cGMP Pathway

In another study. treadmill exercise tests were performed
in 14 patients with chest pain and non-obstructive CAD
before and after i.v. aminophylline infusion. Aminophylline
lengthened the time before the occurrence of ischemia by
increasing the ischemia threshold and it also shows a benefi-

herapeuti gies, both i ive and blished, are

available to optimize treatment and improve the quality of
life of these patients (Fig. 1).
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Genetic dysregulation of endothelin-1 is
implicated in coronary microvascular
dysfunction
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In another study, treadmill exercise tests were performed
in 14 patients with chest pain and non-obstructive CAD
before and after i.v. lline infusion. Aminophylline
lengthened the time before the occurrence of ischemia by
increasing the ischemia threshold and it also shows a benefi-
cial effect on chest pain induced by exercise [17, 61].

Trimetazidine

Trimetazidine is an antianginal agent which is able to
modulate cardiac metabolism without altering the hemo-
dynamic functions. Furthermore, it has a positive effect on
the infl y profile and endothelial function [62]. In

both i ive and blished, are
av. ;nlnhlc o opumu,e treatment and improve the quality of
life of these patients (Fig. 1).
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a randomized trial of patients with MVA, tri i on
top of medical therapy for 3 months improved symptoms,
quality of hfc and cxcmsc tolerance by the improvement
of fi and endothelial function [17, 63].

y

Autologous CD34 + Stem Cell Therapy

Stem cell therapy using autologous CD34 + may be a prom-
ising therapy for patients with microvascular dysfunction.
In fact, CD34 +cells \umuluu: mpnll.-u-y growth and regen-
cration of 15 in pre-clinical models.
In a small pilot clinical study, 20 patients with non-
obstructive CAD, persistent angina and CFR < 2.5 received
a single intracoronary infusion of isolated CD34 +cells in
the left anterior descending artery. After 6 months, CFR
improved (from 2.08 +0.32 at baseline to 2.68 +0.79,
P<0.005), angina frequency decreased (P <0.004), Cana-
dian Cardi ular Society class imp d (P<0.001), and
quality of life improved as assessed by the Seattle Angina
Questionnaire (P <0.03) and SF-36 (P <0.04) |64).

Tricyclic Antidepressant Drugs

Tricyclic antidepressant drugs are a class of medications
used for the I and of major depressi
disorders. Previous studies have suggested that they may
have a beneficial effect on a wide range of conditions associ-
ated with chronic pain [65]. In a randomized, double-blind,
cross-over trial performed on 18 women with chest pain and

by ive CAD, imi reduced the incid of
chest pain compared with placebo but failed to improve qual-
ity of life [66].

Conclusion

Coronary (micro)vascular spasm and microvascular dys-
function are clinical entities characterized by high preva-
lence and clinical representation, burdened by an impor-

tant clinical and symp logic impact. N
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‘ ") MiVA case 1 — clinical presentation

* 65 year-old male gentleman
 HTN, active smoker, dyslipidemia

* Exertional chest pain for the past 3 years (CCS 1)

* March 2023 — SPET shows inferior ischemia

* July 2023 — CTCA shows unobstructed coronary arteries

* February 2024 — outpatient evaluation due to persistent chest pain

Tx: aspirin, bisoprolol 2.5 mg OD, rosuvastatin/ezetimibe 10/10 mg, PPI, ivabradine
5 mg BID, ranolazine 375 mg BID
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( ) MIiVA case 1 — coronary angiogram
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(’ MiVA case 1 - #FullPhysiology, final diagnosis and management
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(’ MiVA case 1 - #FullPhysiology, final diagnosis and management
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* Non-cardiac chest pain
e Stop aspirin, PPI, bisoprolol, ranolazine and ivabradine

FullPhysiology
InDailyPractice




‘ ") MiVA case 2 — clinical presentation

e 75 year-old male gentleman
HTN, former smoker, family history CV disease, dyslipidemia

2014 — inferior STEMI, DES to RCA
2023 — new onset of exertional chest pain

e January 2024 — Treadmill test positive for symptoms (chest pain, 150 W) with
borderline ECG

Tx: aspirin, bisoprolol 1.25 mg, rosuvastatin/ezetimibe 10/10 mg, PPI, ramipril 2.5
mg
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‘ ) MIiVA case 1 — coronary angiogram
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(’ MiVA case 1 - #FullPhysiology, final diagnosis and management
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(’ MiVA case 1 - #FullPhysiology, final diagnosis and management
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* Functional CMD
* Bisoprol up-titration up to 2.5 mg BD and start ranolazine 375 mg BD
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“ Primary outcome — final diagnosis, intervention vs. control.

100 +
Diagnosis

90 - Normal cerenary function T MVA and/or VSA

Microvascular & vasospastic angina

s ] == s oron 0dds ratio (95% Cl): 4.05 (2.32 to 7.24)
O r r I a ™ (p<0.001) T diagnosis MVA / VSA;
60 —

T to 76.5% (frequency)

) j: P <0.001
Study Design % { Non-cardiac chest pain
The BHE 2 (normal coronary function)
Q CTC' Multicentre, randomized- 12 ] Pre- randomization - 51.3% vs 50.9%

Trial controlled, blinded clinical trial B s Ix2 post -23.5% vs 50.9%, (p<0.001).

British Heart Post-cCTA,  Post-angiogram, Final
Clinicaltrials.gov - NCT03477890

Proportion of patients (%)

Foundation Pre-angiogram Pre-randomisation Diagnosis
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Secondary outcomes

CTCA for Invasive
suspected coronary Randomization Management Outcomes
angina angiography

Intervention Stratified
n=125 medicine . .
S obainiiie cavolad Health status Angina burden, SAQ Unplanned episodes Improvements —
CAD n =250 s pr— PROMS Global p=0.36 of care for chest pain
i S 709 m intervention [ 5 “g’g: 1 Treatment satisfaction (TSQM-9)
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g L5 ‘ §% 70|
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Mild angina at baseline,
not different in follow-up

High burden, not different

EuroPCR.com PCR

Sidik EuroPCR 2023 # Full Physiology

InDailyPractice




Universita degli Studi di Napoli FEDERICO 11
AZIENDA OSPEDALIERA UNIVERSITARIA

'“ Cardiologia

[ ] [ ] (]
Federico I
Dipartimento ad Attivita Integrate di Emergenze Cardiovascolari,
Medicina Clinica e dell'lnvecchiamento

voc cardiologia Emodinamica e UTIC
Direttore: Prof. Giovanni Esposito

_ PROTOCOLLO DI STUDIO CLINICO

Caratterizzazione di diversi fenotipi di disfunzione microvascolare e il loro impatto

- 1 sulla severita dell’angina nei pazienti con angina cronica in assenza di malattia
I N OCA IT RegISt rv coronarica ostruttiva.

1
| R = g
Titolo breve: Studio MiVa: uno studio di registro multicentrico in pazienti con angina

microvascolare

&INocA =

* |RCCS San Raffaele Hospital, Milano

Sponsor

+ Policlinico Universitario A. Gemelli IRCCS/ Dipartimento di Scienze Biomediche Avanzate dell’universita Federico Il di Napoli

Ospedale Fatebenefratelli Gemelli Isola, Roma
P.I. Prof. Giovanni Esposito-Prof. Ciro Indolfi

Co-P.l. Prof. Luigi Di Serafino; Prof. Alberto Polimeni

* Azienda Ospedaliera Universitaria Federico I, Indirizzo Via Sergio pansini,5 Napoli

Napaoli
Telefono/Fax: 0817463075

e-Mail espogiov@unina.it

# FullPhysiology

InDailyPractice




COMPLETED @

Precision Medicine With Zibotentan in Microvascular Angina (PRIZE)

ClinicalTrials.gov ID @ NCT04097314

Sponsor © NHS Greater Glasgow and Clyde
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Last Update Posted @ 2023-08-04

Official Title ICMJE A Randomised, Double-blind, Placebo-controlled, Cross-over Trial of Zibotentan in Microvascular
Angina

Brief Summary
Microvascular angina (MVA) is caused by abnormalities of the small vessels in the heart.
Endothelin is a small chemical that circulates and accumulates in the blood vessel walls, causing
them to narrow or go into spasm and thicken in the longer term especially as levels of endothelin
increase. As a result, patients experience pain, psychological burden and an inability to carry out
daily activities.

Originally developed by AstraZeneca for cancer treatment, prior research has confirmed that
Zibotentan relaxes the small blood vessels of patients with MVA which lends support to the idea
that Zibotentan may bring some benefits to patients with MVA. This trial therefore proposes to
look into re-purposing zibotentan as a new treatment for patients with MVA. The primary objective
is to assess the effect of add-on treatment with Zibotentan to treadmill exercise times in adult
patients with MVA and impaired exercise intolerance. Zibotentan could provide a new treatment
pathway for patients, as well as be made available to the NHS at substantially lower cost than the

currently used medications.
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Conclusions

Microvascular angina can
derive from some different
endotypes of CMD

#FullPhysiology can allow
a correct diagnosis
with potentially relevant
therapeutic
and prognostic implications

This approach is currently
being evaluated in the Italian
clinical reality

Probably, in the next future,
new drugs will be available
and more effective in
microvascular angina
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