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AF is a growing problem
with greater morbidity and mortality

FXa Inhibitor Use is Rapidly Growing!

AF = most common cardiac
arrhythmia, and growing

AF increases risk of stroke

Guidelines recommend FXa inhibitors Over 6 million patients are currently
for patients with venous thromboembolism on FXa inhibitors in the US42
and atrial fibrillation3

AHA/ACC/HRS

American Heart Association

American College of Cardiology 7
The Heart Rhythm Society -

MILLION

CHEST

American College of Chest Physicians. 4 MILLION

‘15 ‘20 ‘30 ‘40 ‘50

MILLION
ESC

European Society of Cardiology

~

6 M
people with AF in U.S., expected to greater risk of stroke with
more than double by 2030 AF2

1. 'Benjamin EJ. et al, Heart Disease and Stroke Statistics—2018 Update: A Report
From the American Heart Association. Circulation. 2018; 137: e67-492.
2. Holmes DR, Seminars in Neurology 2010;30:528-536.

1. January CT, et al. J am Coll Cardiol. 2019;74(1):104-132. 2 Lip GYH, et al. Chest. 2018; 154(5): 1121-1201. 3. Steffel J, et
al. Europace. 2021;23(10):1612-1676. 4. Data on File, REF-140412. AstraZeneca Pharmaceuticals LP.
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Current Therapies

 Current Antithrombotic Options * Direct Oral Anticoagulants
* Aspirin » Compared to warfarin
+ Meta-analysis (8 trials, 4876 participants), » Dabigatran — lower ischemic stroke

reduced stroke by 22% (6-35%) + Apixaban/edoxaban — lower hemorrhagic stroke
» Major bleeding risk 0.23%/year and major bleeding

» Warfarin » All DOACs — lower ICH

» Meta-analysis (6 trials, 2900 participants),
reduced stroke by 64% (95% ClI, 49-74%)

* Major bleeding risk ~6%
* Aspirin and Plavix

» Pooled analysis (5 studies involving
24,084 participants) reduced stroke vs.
aspirin alone (p<0.05)

* Increased risk of major bleeding (p<0.05)

Ann Intern Med. 2007 Jun 19;146(12):857-67 Zheng SL JAMA. Published online January 22 2019 Skeik N. Vasc Med. 2014 May 30:19(3):205-214
J Manag Care Spec Pharm. 2017 Sep;23(9):968-978 Ruff CT, et al. Lancet 2013 e : y 30:19(3):
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Patients on a FXa Inhibitor Hospitalized With a Major Bleed'2

Bleeding admissions continue to rise as
FXa inhibitor* use grows%

~190,000
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“Rivaroxaban and apixaban.

tFrom October 1, 2018 to Septembor 30, 2019,

83560 61 TRUVER Healih Analyts DOAG Macke! Data, 2017.2015

1. Millng TJ Jr, e ol Am J Eserg Med. 2018.36(3)366-402, 2. Knpiz S, ef ol 4 Blood Med. 017,8-141-149, 3. Data on File. REF-138702. AstraZeneca Phammaceuicals LP
‘s ca Phannaceuticals LP. 6. Pictial JP, et l. Eur HeartJ. 201435(20) 1873-1880. 7. Hela C,
et al. EurHeart.J. 2015,36(20) 12641272, 8. Geleman CI, ot ol. Future Carfel 2021,17(1)127-135,

Fite. REF-135706. AstaZeneca Phamacoutcals LP. 5. Data on Fe. US-53403. AstraZ

patients each day were
hospitalized with a FXa
inhibitor-related bleed in 2019°

~520

patients died each day
following hospitalization as a
result of FXa inhibitor-related
bleeds®?

~90

On average, a hospital may see 3 to 4
FXa inhibitor-related life-threatening or
uncontrolled bleeds per month®

4.Datacn

1. Truven Health Analytics, 12 months ending December 31, 2016 for Commercial , Medicare and Medicaid pts.

2. Skaistis J, et al. Plos One. 2015;10(9);e0137444.

Annual Hospitalizations for
Major Bleeds'

Annual Deaths Related to
Major Bleeds?

HOPE it

DISCOVERED HERE Craating 8 wona et Raem 3na vascur dmaase

Major Bleed
(%/Year)

Rivaroxaban
(ROCKET-AF)

3.6%

Apixaban
(ARISTOTLE)

2.13%

Patel MR et al. N Engl J Med.2011;365(10):883-991.
Granger CB et al. N Engl J Med. 2011;365(11):981-992.

Rocket AF and Aristotle Trials

ICH

(%/Year)

0.5%

0.33%

Gl Bleed

(%/Year)
40%
35%
3.2% %
10%
0.76% -

20%

Rivaroxaban

ROCKET AF Trial

ARISTOTLE Trial
45%
48%
11%
Apixaban
mAll-Cause Mortality ~ mICH-Related Mortality
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FXla Inhibitor History

* Preclinical

» FEXI-deficient mice studies = benefit in reduced thrombus formation with no increase in bleeding time
(even when given with dual antiplatelet agents), as seen in DOAC models’

+ Inherited FXI deficiency - lower clinical aPTT and categorized as mild bleeding phenotype with no
direct association between activity levels and bleeding risk?2.

» Alower stroke risk was particularly evident in patients with AF4

* Phase 1 studies
 no relevant bleeding events were reported, shown to be safe and well tolerated?

* Phase 2 studies
» Less bleeding compared to apixaban in AF patients, with some also receiving antiplatelet therapy

» PACIFIC studies - n=4164, support for Asundexian 50mg dose selection, lower incidence of
bleeding than apixaban, and potential benefit in prevention of ischemic strokes and TIAs

Mearonis A
Hearr
InstiTuTe
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Asundexian: Mechanism of Action

CENTRAL ILLUSTRATION: Hemostasis and Thrombosis

consolidation

8 ) . :
Prysiological Pathologial Phasisiogical
thrombosls "

‘G@

Consolidated clot

Stable thrombus.

Figure 1: Newer model of the coagulation cascade,'® :
Hsu, C. et al. J Am Coll Cardiol. 2021;78(6):625-631.

Heparins FX1/X1a inhibition/deficl:
Through selective inhibition of the intrinsic pathway,
asundexian may prevent pathological clot formation
(thrombosis) without hindering hemostasis
(physiologic response to injury)
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0 C EA N I C 'A F Coming February 2023!

Phase 3 program of the Oral faCtor Eleven A iNhibitor asundexlan as novel antithroboliC  £pjc message: MCHH EP OCEANIC-AF
— Atrial Fibrillation study

PI:
CONDITION: At Sl D RESEARCH CONTACT: SPONSOR:
Atrial Fibrillation :1‘;2:] Pai, MD Jes_sie Whelan_ Bayar AG
Kris Krueger, MD, PhD Jessica.whelan@allina.com | 612-863-1661

DESCRIPTION:
OCEANIC-AF is a multicenter, international, randomized, active comparator-controlled, double-blind, double-dummy, parallel-group, phase 3 study.

The purpose of the study is to investigate the efficacy of the oral FXla inhibitor agsundexian in prevention of stroke and systemic embolism and its safety (bleeding risk) compared with apixaban
in adult participants with AF at risk for stroke. Asundexian is expected to have superior or at least similar efficacy while leading to less bleeding when compared with the NOAC apixaban.

Expected to be conducted at 1100 sites, with 18,000 participants randomized over 2 years (already underway). Patients are expected to be on study drug 9-33 months.

CRITERIA LIST/ QUALIFICATIONS: scrcomic P ——— -
Inclusion:
+  Documented AF with indication for indefinite treatment with oral AC @ informed Consent
+  CHA,DS,-VASc score >3 (male) or >4 (female) OR 2 (male) or 3 (female) with 1 of the following: _
+  Age =70, previous stroke, TIA or SE, renal dysfunction with GFR <50, prior non-traumatic major bleeding, current
single agent antiplatelet therapy for 6+ Months, <6 consecutive weeks of treatment with oral AC RND
Exclusion: N=18000

- Mechanical heart valve prosthesis (TAVR ok) 2 S(iggg"ﬁgfﬁﬁ"tm digeas_e or hepatic insufficiency
«  Moderate-to-severe mitral stenosis * & < 25 at randomization % Apixaban 5 mg or 25 mg BID¥ N=9000
-+ AF only due to reversible cause + Major surgery in last 30 days
- Successful ablation, LAA occlusion, or plans for + Chronic AG for non-AF reason, dual AP therapy

1 in next 6 months * VKAin past 10 days prior to randomizafion
+  Recentischemic stroke * NSAIDs for +4 weeks during study period Screening  DAFA M5 12,18, 24 M 0. n.vul e T.
«  Active non-trivial bleeding, chronic bleeding disorder* Combined P-gp and strong/mod CYP3A4 inducers '

hx non-traumatic intracranial hemorrhage

Duration of Treatment: ~9-33 months
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OCEANIC-AF Endpoints
e e

Efficacy ian i i i ion of stroke or SE Composite of stroke or systemic embolism

Safety ian i i i 1 by ISTH major bleeding ISTH major bleeding

Net clinical Compare the effects of i ixaban with respect to benefit Composite of stroke, systemic embolism or
benefit and risk ISTH major bleeding

Objectives Endpoints

Secondary

Composite of stroke, systemic embolism, or ISTH major
bleeding, or all-cause mortality

Composite of disabling stroke (mRS = 3), critical bleeding , or all-
cause mortality

Net clinical  To compare the benefit and risk of asundexian and apixaban
benefit with respect to a composite of efficacy and safety
endpoints
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OCEANIC-AF Risks

Table 2-1: Risk assessment

Potential Risk of Clinical
Significance

Summary of Data / Rationale for
Risk

Study Intervention

Mitigation Strategy

A risk for bleeding cannot be
excluded in participants with AF
included in the Phase 3 study and
randomized to asundexian or to
the comparator apixaban

Bleeding is the main safety concern
related to antithrombotic therapies.
For an inhibitor of FXla a lower
bleeding risk is expected than with
the comparator drug.

Exclusion criteria are phrased to
exclude patients with a higher risk
for bleeding (e.g. recent major
surgery / active bleeding at
randomization). Bleeding will be
closely monitored in the study and
will be adjudicated by an
independent Clinical Events
Committee. Furthermore, an IDMC
will be installed monitoring
unblinded study data on an ongoing
basis

Liver-related adverse effects.

The findings regarding liver-related
adverse events were reassuring
during the PACIFIC Phase 2
studies. Liver-related adverse
effects will continue to be monitored
to further characterize the clinical
profile of asundexian.

Patients with known significant liver
disease or known hepatic
insufficiency classified as Child-
Pugh B or C will be excluded from
Phase 3, liver parameters are part
of the safety laboratory panel and
follow-up will be required for certain

Study drug will be discontinued if:

ALT/AST > 8 x ULN

ALT/AST > 5 ULN for 2+ weeks
ALT/AST > 3 ULN and (total
bilirubin >2 x ULN or INR 1.5)
ALT/AST > 3 ULN with
appearance of fatigue, nausea,
vomiting, RUQ
pain/tenderness, fever, rash,

and/ or eosinophilia (>5%)
liver events. Furthermore, an IDMC
will be installed monitoring
unblinded study data on an ongoing
basis

- i (<, Minneapolis
ol - HOPF \/ Heart Tisitte
NSTITUTE HOSPITAL
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OCEANIC-AF Screening and Enrollment

Screening from EP clinic
» Estimated to look at ~75 patient charts per week

» Coordinator will send staff message if you have a patient that looks eligible for
screening

Accepting referrals
» Send staff message, including patient chart, to MCHH EP OCEANIC-AF pool

» Coordinator will complete pre-screen and get back to you prior to patient visit, if
scheduled

Able to meet at Centennial Lakes (pending) and ANW clinic for initial discussion, but
screening/randomization will need to be at ANW

Current goal is to enroll 2-3 patients per week.
Already enrolled first patient!
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Questions???

Thank you!

OCEANIC-AF Team
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Non-invasive approach to coronary
microvascular disease diagnosis

Joao L. Cavalcante MD, FACC, FASE, FSCCT, FSCMR
Section Head, Cardiac Imaging

Director, Cardiac MRI and Structural CT Labs

Director, Cardiovascular Imaging Research Center and Core Lab
Minneapolis Heart Institute

Joao.Cavalcante@allina.com / & @JoaoL Cavalcante

OMHIF
)aneapolls
\ ":u“,';‘d;t,“’o‘f,‘““ AllinaHealth% MINNEAPOLIS HEART INSTITUTE IMAGING

Cardiovascular Imaging
Research Center & Core Lab

May 224 2023

14
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"‘f MINNEAPOLIS Allina Health

HeArT A TT
INsTITUTE NORTHWESTERN

HOSPITAL

Personal Disclosures:

- Consultant (4C Medical, Abbott Structural, Anteris, AriaCV, Boston Scientific, Edwards Lifesciences,
JenaValve, Medtronic, VDyne, WL Gore, Xylocor)

- Research Collaborations (Siemens Healthineers, Dr. Peter Kellman, NIH/NHLBI)

- Research Grant: Abbott Structural, Boston Scientific, Edwards Lifesciences, Abbott Northwestern
Hospital Foundation

- Co-Investigator for SUMMIT Trial, Triluminate (sponsor: Abbott)

Imaging Core Lab:
- Institutional Contracts: Abbott, Boston Scientific, Edwards Lifesciences, Medtronic
- Research Support: Circle CV Imaging, Medis, 3Mensio
- Research Grants: Siemens Healthineers, Ziosoft

TMHIF
@Minneapol_is
\ PeartInstitute 4 jjinaHealths MINNEAPOLIS HEART INSTITUTE IMAGING
Greating & world without heart and vascular dissase Cardiovascular Imaging

Research Center & Core Lab

15
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“All that wheezes is not asthma...”
“All that causes angina/ischemic chest pain is not epicardial CAD.

Symptoms and signs of myocardial ischemia
with angiographically normal coronaries

R Clinical Progress Series ] I |

Pathophysiological Dilemma of Syndrome X el 5 e A e Y o

Packs G Camici, MD; and Scephen E. Epstein, MD.

Normal coronary angiogram

Circulation Vol 85, No 3 March 1992

16
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Why is this important!?

MINNEAPOLIS
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Coronary microvascular dysfunction (CMD)
The coronary arteries carry blood from the aorta to the heart muscle.

Damage ta the small blood vessels that branch off of the main coronary
arteries, the coronary microvasculature, can lead to problems

with the blood supply te the heart.

CMD can occur even if there is no blockage of the larger coronary arteries.

Cross section of heart wall

Cur/onary artery

CORONARY
MICROVASCULATURE

CEONANIDAA

HEART MUSCLE

artery

CMD can cause chest pain, shortness of breath, heart attack, and heart failure.

2/3 of women who present with symptoms of chest pain and

ischemia (angina), have no evidence of obstructive disease

Heslth > Diseases & Conditions » Cardiovascular Disesse > Heart

Microvascular Disease Is Hard to Detect
and Very Dangerous

17

Structure and Function of Coronary Macro- and Microcirculation

Capillaries
<10pm

Epicardial Arteries Pre-Arterioles Arterioles
>400 ym 100-400 um 40-100 ym

Structure

Endothelial
cell

Conduit vessels

Exchange vessels

15%

Metabolic control and regulation
of flow distribution

Function __

® 5%

g 100 20%

£ 80

k]

i BE 60%

E 20 Epicardial arteries Pre-arterioles Arterioles Capillaries

0

18

iz

Diffuse
Structure o occierosis
™ - e 8 *
op—t-1l o
L Focal Atherosclerosts Sl
Focal atheroma Intimal thickening | Capillary density
Diffuse atherosclerosis Smooth Muscle Cell (SMC) i Capillary diameter
Coronary remodeling thickening Capillary obstruction
SMC proliferation
Perivascular fibrosis
Function
Molecular Mechanisms
N NO ET-1=ETs ETs
Impaired EDHF  Prostaglandin H2
Vasoconstriction latati Pr i
e SMC. dysfunction cell

MINNEAPOLIS
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CENTRAL ILLUSTRATION: Role of Coronary Microvascular Dysfunction
Across Different Cardiovascular Diseases

CARDIO-
INOCA/MINOCA MYOPATHIES
- e + Capillary rarefaction
i \;’:;\:Ei;;::llr::stlon « Extrinsic compression

structural mechanisms = Abnormal vascular
remodelling

« Interstitial fibrosis

ANGINA HFpEF

* Microvascular spasm -?Niﬁ;wascil]ar o
E HEE n inflammation a
e psaciation Coronary Microvascular rarefaction

+ Pre-existing CMID Dysfunction + Cardiac fibrosis

TAKOTSUBO

SYNDROME SN/ AN OBSTRUCTIVE

FIGURE 3 Interplay of CMD, CAD, and Clinical Risk Across Thresholds of Severity

Severe

Mild-Mod
Clinical Risk

Severity of CMD

Normal

No Nonobstructive Obstructive
Atherosclerosis CAD CAD

Severity of Atherosclerosis

CAD

»Myocardial edema with LY » Variable combination
microvascular of functional and
‘compression structural mechanisms

* Microvascular spasm

» Pre-existing CMD
ACS

= Embolization

= Ischemia-reperfusion IATROGENIC .
injury

- Myocardial edema with « Embolization
microvascular = Increased sympathetic
compression teha

* Pre-existing CMD

Del Buono, M.G. et al. J Am Coll Cardiol. 2021;78(13):1352-1371.

Boxes represent different CMD pl of particular ic interest. (A) CMD
with CAD; (B) moderate-severe CMD with obstructive CAD; (€) moderate-severe CMD
with nonobstructive CAD. CAD - coronary artery disease; CMD - coronary microvascular
disease.

Impaired vasodilation (vasomotor
abnormality) is important determinant - ROS
+ oxidative stress

Structural alterations > reduction in flow due
to the “environment” - compression of the
microvasculature (myocardial fibrosis, edema,

19
Structural mechanisms
Plaque rupture/  Stable Bridge
Epicardial mechanisms erosion
of ischemia
Functional mechanisms
Epicardial spasm
Microvascular mechanisms of
ischemia
Structural mechanisms Functional mechanisms

« Abnormal vascular remodeling (VSMC proliferation

and activation, perivascular fibrosis. microvascular .

Inflammation) e . g;gg?jtnhci::;ll
« Luminal obstruction (Intravascular plugging) —_— and/or %
« Vascular wall infiltration (ie, amyloidosis, Fabry) b, VSMC b
« Capillary rarefaction (! density, | diameter, lumen T

bstruction) : yperreactivity
-‘IJE trinsi 1 ion (ie, hypertroph Impaired Enhanced
XLNNSICVasCutar Compression e, fypertropiy; Vasodilation Vasoconstriction
amyloidosis)
20
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FIGURE 6 Conceptual Illustration of Overlapping Phenotypes in CMD and Potential
Therapeutic Strategies

Potential Therapies

A Patient Subgroups B
I0CA

CKD

Insulin
Resistance

Statir
Morbid P
Obesity PCSK-9 Inhibitor
SGLT-2 Inhibitor
HFpEF .
GLP-1 Agonist
Women Gastric Bypass
INOCA Anti-Inflammatory
Therapy

(A) CMD phenotypes. (B) Potential therapeutic strategies. CKD
CMP - cardiomyopathy; GLP - glucagon-like peptide; HFpEF
served ejection fraction; INOCA

vertase subtilisin/kexin type 9; SGLT - sodium-glucose cotransporter.

chronic kidney disease;
heart failure with pre-
ischemia and no obstructive coronary artery disease;
I0CA - ischemia and obstructive coronary artery disease; PCSK-9 - pro-protein con-

21

MinNEAPOLIS
HearT
INsTITUTE

fY 4

Diagnostic
Criteria for

Angina and
Angina in

INOCA
Patients

Microvascular

Vasospastic

Criteria

1. Symptoms of myocardial
ischemia

Effort or restangina

Vasospastic Angina
Nitrate-responsive angina - during spontaneous episode, with
atleast one of these:

a. Restangina, espedially between night and early morning
Marked diurnal variation in exercise tolerance, reduced
in morning
Hyperventilation can precipitate an episade
. Calcium channel blockers suppress episodes

L

o

2. Absence of obstructive | Coronary CTA
CAD (<50% diameter Invasive coronary angiography
reduction or FFR >0.80)

Coronary CTA
Invasive coronary angiography

3. Objective evidence of
myocardial ischemia

Presence of reversible defect, abnormality or flow reserve
on afunctional imaging test

Transient ischemic ECG changes - during spontaneous
episode, including any of the following in at least two
contiguous leads:

a. ST elevation 20.1 mV

b. ST depression 20.1 mV.

c. New negative U waves

4. Evidence of coronary
dysfunction

Impaired coronary flow reserve (cut-off <2.0 or

52,5 depending on methodology used), invasive or
noninvasively determined

Coronary microvascular spasm, defined as reproduction
of symptoms, ischemic ECG shifts but no epicardial spasm
during acetylcholine testing

Abnormal coronary microvascular resistance indice
(e.g.IMR225)

Ci y slow flow pt , defined as TIMI
frame count >25

Coronary artery spasm - defined as transient total or subtotal
coronary artery occlusion (>90% constriction) with angina
and ischemic ECG changes either spontaneously or in
response to a provocative stimulus (acetylcholine, ergot,

or hyperventilation)

“Definitive” if all four criteria are met; "suspected” if criteria 142 are met but only criteria 3 or 4 are present or equivocal " CAD, coronary artery disease; CTA,
computed tomographic angiography; FFR, fractional flow reserve; IMR, index of microcirculatory resistance; TIMI, thrombolysis in myocardial infarction.

Coronary Vasomotor Disarders Internatic
Tacon PR, We

J.ACC

Study (COVADI
rdiology. Sept 202

22
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Normal coronary flow reserve (CFR) is strongly associated with a
reduced risk of death and major cardiovascular events (MACE)

Mortality (16 studies, HR 3.78
8446 subjects) F L i
MACE (60 studies, HR 3.45
35498 subjects) —
-1 0 1 2 3 4 5 6
Hazard ratio
< >
Favours abnormal Favours normal CFR
CFR

A systematic review and meta-analysis of 79 studies and 59740 individuals
across multiple modalities of CFR measurement.

The association of coronary flow reserve with risk of death and major adverse cardiovascular events. HR, hazard ratio.

Kelshiker et al. Eur Heart J 2022 Apr 19;43(16):1582-1593

23
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1.1.3PET
Koh 2015 03147 0.1707 26% 137 [0.98, 1.91) -
Herzog 2009 047 02388 2.3 1.60 1.00, 2.56) | =
Gupta 2017 06043 01118  2.T% 1831.47.2.28) L3
Bom 2020 06881 03166 2.0% 1.99(1.07, 3.70) T
Gebhard 2018 (Females) 06931 06143 1.1% 2.00 [0.60, 6.67) e —
3 3 3 Daniele 2011 07133 03588 1.8 204 [1.01,4.12) —
Assoclatlon of CFR Wlth Gebhard 2018 Males) 0.7419 02855 2.1% 2.10(1.20. 3.67) i
o Miller 2020 08439 03788 1.8% 233(1.11,487 —
L] Feher 2020 05203 0.3639 1.8% 251(1.23,5.12) E—
MACE in several subgroups: ==, Maine s Ihanie e
Ziadi 2011 11939 05605  12% 3.301.10, 990 —
- Assanle 2017 14271 0.5004 1.3% 417156, 11.11) ——
Cu e Oronary yn romes McArdle 2014 14839 05401 1.2% 441153, 12.M) ——
4 B 018 1831 05728 1.2% 6.24[2.03,19.18] e
- Chronic Coronary Synd romes Subtetal (35% CI) 7% 204[170,244] ¢+
5 Heterogeneiy: Taut = 0.02; Che = 1659, df= 13 (P = 0.22); F = 22%
- Heart Failure Test for overal effect: Z = .70 @ < 0.00001)
1.14CMR
A Heart Trans lant Kanaj 2019 08348 02431 2.3% 230(1.43,3.M) e
Di b pll Kato 2017 (Known CAD) 16429 05383 12%  517[180,1485] ——
- Kalo 2017 (Suspected CAD) 26504 06658 1.0% 14.16 [3.84, 52.21] —
]a etes Me ]tus 5::(5(:“95‘“.‘2“ 4.5% wm |I|.71‘ 1359} ‘
3 2 Heterogeneity: Tau®* = 0.61: Chi = 7.60 df =2 (P =002). F = 74%
- Aortic Stenosis ot bt vt 2287 . 8308 '
- Systemic Sclerosis
Usui 2018 02692 0.1301 2™ 1.31[1.01,1.69 "
S -t Vintiens 2018 0.462 0.1588 26% 158 (1.16.2.17) N
= epS] S Lee 2020 (High FFR group) 0613 02721  2.2% 185 (1,08, 3.15) —
Lee 2020 (Low FFR group) 08684 04104 16% 238(1.07.5.33) | P
Murai 2018 1.0374 04701 1.4% 282112, 7.0 i
Fearon 2013 12238 05314 1.3% 3.40[1.20, 9.63] .
Viaard 2018 12528 05905 119 350110, 11.14] f——
Chung 2020 13962 0.4327 1.6% 404(1.73,9.43 SrEa
Subtotal (95% CI) 145% 187 [1.48,263] *
Heterogeneily: Tau® = 0.07; Chi = 1326, df = 7 (P = 0.07): = 47%
Test for overall effect: Z = 4 67 (P < 0.00001)
Kelshiker et al. Eur Heart J 2022 Apr 19;43(16):1582-1593
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FIGURE 5 Relationship Among CMD, Diastolic i ion, and Rate of itali: for HFpEF MinNEaPOLIS
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Factors that Increase
Stible chect Pl | Likelihood of CMD:
Hypartension
Nonimvasive testing moro provalert « Laft Ventricular

2021
AHA/ACC/ASE/

CHEST/SAEM/ S e —
(requires nonobstructive CAD FFR 20.8) Mb‘(gh“ﬂ‘ﬂ

SCCT/SCMR e

+ Small Coronary Vessel
Size or Lumen Volume

« Infiltrative Heart
Disoase

Test choice should be guided by local

Guideline for ‘ l availability and expertise
. r L

the Evaluation e

and Diagnosis M0 | i [ e, | |
: pabe || Sern logion LR

of Chest Pain = e

Elevated risk for MACE I

Gulati M et al. Circulation. 2021 Nov 30,144(22) @368-e454
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TABLE 1 Tools for of CMD
Diagnostic
Modality Technique Agent Parameter Threshold Pros Cons
Echocardiography  Pulsed-wave Doppler Adenosine CFRV CFRV <2 « Inexpensive « Limited to LAD region
on the proximal Dipyridamole + No radiati p . ive training
LAD artery Regadenoson » No risks » Technical pitfalls (poor acoustic window
in obese, lung diseases)
e Obstructive CAD needs to be excluded
s Very limited data with use in non-
obstructive CAD
PET Dynamic rest and vasodilator ~ Adenosine  MPR® MPR <2« Gold standard for = Limited availability
stress perfusion imaging Dipyridamole MBF noninvasive assessment of e« Limited spatial resolution
Regadenoson coronary « High costs
"*Nammonia, microvascular function » Obstructive CAD needs to be excluded
52Rb « Global evaluation of
microvascular function
» Low radiation exposure
CMR Dynamic first-pass vasodilator ~ Adenosine MPR* MPRI <2 e No radiation exposure « High costs
stress and then rest perfusion Dipyridamole MBF s Excellent spatial resolution s Time-consuming
images Regadenoson MPRI * All coronary territories = Poor patient compliance
Gadolinium- can be evaluated at the « Limited availability
based same time « Limited ability for absolute quantification
contrast + Tissue characterization of MBF
agents = Obstructive CAD needs to be excluded
= Imaging artifacts
« Contraindicated in patients with severe
renal disease, claustrophobia, arrhyth-
mias, and implanted devices
= Still under research investigation
CT scan Dynamic first-pass vasodilator ~ Adenosine MPR’ MPR <2 « Combination of coronary « Radiation exposure
stress and then rest perfusion Dipyridamole anatomy and coronary = Risk of kidney disease
imaging Regadenoson perfusion data « Overestimation of MBF (caused by the
lodine-based « Evaluation of all coronary vasodilatory effect of iodinated contrast)
contrast territories « Limited ability for absolute quantification
agent + CTA-derived FFR of MBF
« Still under research investigation
*MPR is preferred to CFR when is not calculated invasively.
CAD - coronary artery disease; CFRV — coronary flow reserve velocity; CMR — cardiac magnetic CT - computed FFR - fractional flow reserve; LAD - left anterior descending
artery; MBF — myocardial blood flow; MPR — myocardial perfusion reserve; MPRI — myocardial perfusion reserve index; PET — positron emission tomography.
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Invasive CFR

A Women with No Obstructive CAD B 25

100 4

o 20%

£ 1

2 075 S

& p=003 =] 15%

£ 050 §

= 10%

= Strata

2 CFR2232 — CFR<2.32

3 0254 5%
4001 T T T T T T T 0%

0 2 4 6 8 10 2

PET CFR

Cc
P<0.0001 (CFR)
P=0.56 (gender)
=—=Female CFR<2.0
)
= Female, CFR22.0 2
——Male, CFR<2.0 5
— Male, CFR22.0 &
@
O -
2= " L
5
0 1 2 3

Impaired CFR/MPRI Predicts CVD Outcomes in INOCA

CMR MPRI

e ‘_‘—‘x“l—‘—
80 + g, 2
-
—
60 - _l
40 4 — MPRI >1.47
— MPRI £1.47
204 Log-rank test
p=0.001
0 T T T T T
0 2 4 6 8 10
Years
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PET: the gold standard for the non-invasive
measurement of myocardial blood flow

PET with H,">0 or *NH, allows accurate, reproducible and non-invasive
measurement of absolute (ml/min/g) myocardial blood flow in man

Accuracy of PET MBF Reproducibility of PET MBF
measurement measurement
y=0.15+0.97x, r=0.87, r2=0.76 Baseline Adenosine
6 - . 6 —
P
- ’ ,,
,
= 57 A > —
c “"f = i
= ‘os ~ - 3
“E 4 0,57 c 4 In humans : |
w 5 wrl” £, ' L
3 . £
o g 2 . Inpigs w4
s . y‘&. 2
E, 14 § A 1+
7q %
0 TT1T 1T 1T 11T rrrrri 0
0 1 2 3 4 5 6 Baseline 1 Baseline 2 Ado 1 Ado 2

Microspheres MBF (mLg™* min?)

Camici PG, Rimoldi OE. ) Nucl Med. 2009; 50:1076-1087
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74yo female (BMI=24) with h/o COPD, HTN, prior COVID,
mild coronary calcification with exertional dyspnea

NG CTAC MODI Rest Rb
7-May- 4:08

V-RBEIAIF -
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Check Myocardial Blood Flow Quantification - Always Available!

Algorithm (MC Str): INVIA Rb-82 ROI Lortie
Algorithm (MC Rst): INVIA Rb-82 ROI Lortie

LV Spillover Flow Flow (ml/min/q)
[

& Global
=

gy | MinneaPoOLis  AllinaHealth §%
@i AR vesTeRn
INsTITUTE =

68yo female (BMI=36) with h/o dyslipidemia, HTN, type 2 DM,
CACS=1111 AU with exertional dyspnea. 50 lbs weight loss with

ugv ol &7 md. TIO: 109

ING CTAC MOO] Rest Rb.

16-4ay-2023 14:34:20 ‘R
Ung, Supine, IR:SC-CTAC

Rb-g2

UgVol: 43 mi, TID: ~

SRS
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Stress MBF=1.7 ml/min/g

Algorithm (MC Str): INVIA Rb-82 ROI Lortie

Algorithm (MC Rst): INVIA Rb-82 ROI Lortie
Flow (ml/min/q)

LV Spillover Flow

ctivity Curves

Reserve-Stats

V/M ratio 9.7

[ .
M

V/M ratio 26

-

FFR0.96 —> .

07

06

B T T T Taylor C et al. JCCT 2017 Nov;11(6):429-436.
Diam. Stenosis < 30% Diam. Stenosis 31-50%
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MRI cardiovascular stress testing

myocardial perfusion imaging quantitative perfusion mapping

{

8 ml/min/g

visual assessment: gquantitative assessment:
* time consuming * rapid
* subjective * objective

Kellman P et al, JCMR 2017; 19:43

35

". MinNEAPOLIS Allina Health 5%
- HearT ABBOTT
INsTITUTE NORTHWESTERN

HOSPITAL

Quantitative Perfusion Improves Identification of 3V CAL

(moco) quantitative
images maps

single vessel triple vessel
disease disease

normal subject
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Perfusion Maps improve interpretation accuracy

FIGURE 4 Percentage of Cases Correctly Classified by Perfusion Mapping and VA of First-Pass Perfusion

100% 4
NS NS p<005 p<0.001
90%

40% -

Percentage Cases Correctly Identified
o
L

Single Vessel Two Vessel Three Vessel

Angiographic Grading of Coronary Disease

Visual Analysis Perfusion Maps

A significantly higher proportion of 2-vessel and 3-vessel cases are correctly identified compared with visual analysis with no significant
difference for single-vessel disease and unobstructed coronaries. NS = nonsignificant; VA = visual assessment

37

6 slice coverage is now feasible without compromise of alied o =
the quantification/temporal or spatial resolution xszarm HOSPITAL

Increases coverage with dedicated 2-chamber

Gadgetron Inline AI, Perfusion Analysis

MBF map, Global = 1.1 ml/min/g

I powered by Gadgetron
Gadgetron Inline Al, Perfusion Analysis

MBF map, Global = 0.9 ml/min/g

I& powered by Gadgetron
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Validation against coronary physiology

Vs L7 | U Ve e | W
\/ v

\V

To assess the perforﬁce of CMR
perfusion mapping for the diagnosis of
MVD in patients with NOCAD

oTT
NORTHWESTERN
HOSPITAL

Kotecha T .... Fontana M et al, JACC Imaging 2019
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CMR Quantitative Perfusion
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a Global myocardial perfusion b Global myocardial perfusion
. . 5 3
Correlates well with Cardiac PET i g
a CMR b PET e A sg [T S e
Suess ; FEo e e, e
52 @“E’_‘ ------------_a-----.--‘----- P
2 A y=094x+0,14 g
g 1 r=092 E L
0 . - T - » 3
Rest ] 1 2 3 4 5 Mean MP for PET and CMR (mlimin/g)
Myocardial perfusionby PET (mUminig)
a b
6 Regional myocardial perfusion 4 Regional myocardial perfusion
) g «
Base Mid Apex E 5 . 5 3
E . g 2
P H
Engblom et al. J Cardiovasc Magn Reson E @ $5°
2017;19(1):78. 2, . :
. 4 & 2 ¢
doi: 10.1186/512968-017-0388-9. 8 B
£ -3
0 T v y -4
. 0 2 4 6 M MP for PET and CMR in/
N=21 pat]ents Myocardial perfusionby PET (ml/min/g) o d o (mimn)
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10.1186/512968- Rest
017-0388-9.

b
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Qualitative assessment

First-pass perfusion CMR

CMR Quantitative Perfusion Correlates well with Cardiac PE

Quantitative assessment

- ' ! E
‘ |

Cardiovasc Magn d
o stress w0 1dmpmiie
Reson Stress
201 7; 1 9(1 ):78. L 1 PET Dynamic image acquisition 30
doi: Non-dynamic image acquisition e
Re: 1.0 mi/min/kg

3 Vessel CAD unmasked by quantitative perfusion by
both CMR and PET
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Global MP =
1.3 mi/min/kg

Global MP =
1.2 ml/min/kg

20
st 1.0
00
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The Prognostic Significance of

Mapping

Editorial, see p 1292

BACKGROUND: Myocardial perfusion reflects the macro- and
microvascular coronary circulation. Recent quantitation developments
using cardiovascular magnetic resonance perfusion permit automated
measurement clinically. We explored the prognostic significance of stress
myocardial blood flow (MBF) and myocardial perfusion reserve (MPR, the
ratio of stress to rest MBF).

METHODS: Al 2-center study pf patients with both suspected and known

coronary artery disease reterred clinically for perfusion assessment. Image
analysis was performed automatically using a novel artificial intelligence
approach deriving global and regional stress and rest MBF and MPR. Cox
proportional hazard models adjusting for comorbidities and cardiovascular
magnetic resonance parameters sought associations of stress MBF

and MPR with death and major adverse cardiovascular events (MACE),
including myocardial infarction, stroke, heart failure hospitalization, late
(>90 day) revascularization, and death

RESULTS: A total of |1049 patientsfwere included with a median follow-

up of 605 (interquartile range, 464-814) days. There were 42 (4.0%)
deaths and 188 MACE in 174 (16.6%) patients. Stress MBF and MPR
were independently associated with both death and MACE. For each 1
mL-g"-min" decrease in stress MBF, the adjusted hazard ratios for death
and MACE were 1.93 (95% Cl, 1.08-3.48, P=0.028) and 2.14 (95%
Cl, 1.58-2.90, P<0.0001), respectively, even after adjusting for age and

ORIGINAL RESEARCH ARTICLE (@)

Quantitative Myocardial Perfusion

An Artificial Intelligence-Based Approach Using Perfusion

Kristopher D. Knott,
MBBS

Andreas Seraphim, MBBS

Joao B. Augusto, MD

Hui Xue, PhD

Liza Chacko, MBBS

Nay Aung, MBBS

Steffen E. Petersen, DPhil

Jackie A. Cooper, MSc

Charlotte Manisty, PhD

Anish N. Bhuva, MBBS

Tushar Kotecha, MBChB

Christos V. Bourantas, PhD

Rhodri H. Davies, PhD

Louise A.E. Brown,
MBChB

Sven Plein, PhD

Marianna Fontana, PhD

Peter Kellman, PhD

James C. Moon, MD

Clinical Perspective

What Is New?

* Perfusion mapping uses artificial intelligence to
provide instantaneous quantification of myocardial
perfusion by cardiovascular magnetic resonance.
Quantitative myocardial blood flow provides incre-
mental prognostic information in patients with
suspected coronary artery disease above traditional
cardiovascular risk factors.

Even in patients without regional perfusion defects,
absolute perfusion is prognostic.

What Are the Clinical Implications?

Absolute perfusion quantification is a likely new
biomarker in patient care.

As there is no user input and no ionizing radia-
tion, early disease and microvascular disease can
be studied at scale.

Impaired global perfusion may be a targetable car-
diovascular risk factor.

Automatically Al-derived MBF and MPR have prognostic
relevance beyond the detection of regional ischemia.
Opportunity for quantitative perfusion analysis to be applied
in the routine clinical setting to potentially risk stratify
beyond the detection of regional ischemia alone.
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Follow-up time (days)
MPR
Table 3. Cox Proportional Hazard Models for a 1 mL-g™"-min! Decrease in Stress Myocardial Blood Flow and 1 10 —— < 2.40
U Decrease in Myocardial Perfusion Reserve (Table visw) ' TT— . 241
L
Predictor | Death | Death and Major Adverse Cardiovascular Event 'gf o8
Stress myocardial blood flow (mL-g-"-min-) H
Unadjusted F06
Hazard ratio (35% CI) [ 228(139-375) | 302 (234-389) g
Pvalue | 0.001 | <0.0001 oe
Adjusted” H
Hazard ratio (95% CI) | 1.93 (1.08-3.48) | 2.14 (1.58-2.90) oz
Pvalue [ 0028 [ <0.0001
Myocardial perfusion reserve 0.0
Unadjusted o 200 400 600 800
Hazard ratio (95% CI) [ 272(1.70-439) | 2.40 (1.91-3.01) Follow-up time (days)
P value [ <ooo0r | <0.0001 - MACE was defined as myocardial infarction, stroke,
Adjusted” . o s o s
Hazard ratio (95% CI) | 2.45(1.42-4.24) | 1.74 (1.36-2.22) heart failure admlSS'IOn, revascularlzat1on, @r
P value | 0.001 | <0.0001 death.

* Models were adjusted for age, sex, left ventricular end-diastolic volume, left ventricular mass, left ventricular ejection fraction, . ReVaSCUlarlZat'lOn eVentS <90 days after CMR were
late gadolinium enhancement, previous revascularization, diabetes hypertension, dyslipidemia, stroke history, atrial eXClUded to prevent the inClUSiOn of events
fibrillation, and cancer. Stress myocardial blood flow and myocardial perfusion reserve are independently associated with . .
death and major adverse cardiovascular events. occurﬂng as a result of the perfus“)n CMR,
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» 75yo female with HTN, dyslipidemia, obesity (BMI=37), prior gastric bypass,
CACS=187 AU, presenting with exertional dyspnea and vague retrosternal CP

:mew”’m' age: ALS7TH
MR R
‘s o 0000 0O 0 & L
‘* B30 e =

R I - - A LR S

_SCREENS

SPECT IMPRESSION:
1. There is a small area of mild ischemia in the mid and apical anterior septum.
2. Normal left ventricular ejection fraction of 65 percent.
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MBF map, (

Stress

Burden (%)

Assume right coronary
Burden thre: 1.94 o
* EXPERIMENTAL, use in clinical context.

Adenosine 170
mcg Stress

1: 38 cm? /1104.4 + 66.9 median 1104

25 y.o. female with a history of HTN, DM2 (notron '
medication), PCOS admitted on 10/2020 with CHF.

iadgetron Inline AI, Perfusion Analysi
Gadgetron Inline Al, Perfusion Analysis
-2 ml/min/g

S
g ™
')"}*A‘ P - ’J $
sl Alen 309 o+ 310t

[ powered by Gadgetron
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Future Directions
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CV Angiography 2013-May-29 09:30:07

CV ANGIOGRAPHY 2005-Mar-18  12:09:57

CV ANGIOGRAPHY 2002-Mar-20 15:41:52

CVL CORONARY ANGIOGRAM  2022-Apr-21  10:34:40

CVL CORONARY ANGIOGRAM  2022-Apr-21 11:51:26

CVL CORONARY ANGIOGRAM ~ 2020-Mar-03 12:27:15

CVL CORONARY ANGIOGRAM  2018-Mar-20 12:51:26

CVL CORONARY ANGIOGRAM ~ 2016-Jun-02  10:29:49

CVL CORONARY ANGIOGRAM  2011-May-25 07:30:00

CVL CORONARY ANGIOGRAM  2011-May-25 09:55:48

= ; TR : CVL CORONARY ANGIOGRAM  2009-May-20 09:28:23

72yo female §/p OHTx in 2016 w1t_h 20% mid LAD non-obstructive st 2008-May-23 10:33:32
stenosis thought to be cardiac allograft vasculopathy CVL CORONARY ANGIOGRAM  2007-May-25 09:25:18
CVL CORONARY ANGIOGRAM ... 2010-May-12 07:30:00

CVL CORONARY ANGIOGRAM ... 2010-May-12 09:24:48
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NG CTACI Stress Rb

19-May-2023 12.35:52 R
Ung. Supine, IR-SC:CTAC

Rb-$2

UgVol: §1 mi, TID: 1.03

$55.0_SDS- 0

NG CTAC] Rest Rb

19.2y.2023 12-72:49 R
Ung, Supine, IR-SC-CTAC

Rb-82

UgVel: 38 mi. TID

SRS: 1

BE2IAIF -

ol MINNEAPOLIS lina Health
HearT ABBOTT
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4 10

Algorithm (MC Str): INVIA Rb-82 ROI Lortie
Algorithm (MC Rst). INVIA Rb-82 ROI Lortie
Flow

Flow (ml/min/q)

Time (sec)

MC Rst Time Activit

Reserve-Stats

& Global
]
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TSURNAL GF TWE AWERICAN COLLEGE OF CARDIOLOGY Vor o o 17007 P T —— pre——
©2022 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION (N =181) (n =10) (n=71) P Value
FuBsHED B ELsEvE Male 133 (73.5) 76 (69.1) 57(803) 010

Age at PET scan, y 62.0 (49-68) 59 (47-67) 65(56-69)  0.02
. . . . Age at transplant, y 54.4(41-62)  S515(37-6)  56(46:63)  0.06
NO ninvasive Ph yS|O|Og IC Assessment Of m Time since heart transplant, y 7 (4-11) 7.0 (4.0-10.0) 9.0 (5.0-12.0) Q.11
. Donor age, 20 (21-44)  34(25-485 0.7
Cardiac Allograft Vasculopathy Is ity 04
Y White 102 (56.4) 59 (53.6) 43 (60.5)
Prognostic for Post-Transplant Events Black B0 n@H 13083
Hispanic 31070y 18 (16.4) 13 (18.3)
Kevin J. Clerkin, MD, MSc,” Veli K. Topkara, MD, MSc,” Maryjane A. Farr, MD, MSc," Rashmi Jain, MD," Other 10 (5.5) 8(73) 2028)
Paolo C. Colombo, MD," Susan Restaino, MD," Gabriel Sayer, MD," Michelle Castillo, BS," Elaine Y. Lam, PA-C," HF etiology 0.02
Cherr MD," Melana Y MD,’ Ersilia DeFilippis, MD," Farhana Latif, MD," Ischemic (22.6) 18 (16.4) 23 (32.9)
Emmanuel Zorn, Pub,* Koji Takeda, MD, PuD," Lynne L. Johnson, MD," Nir Uriel, MD, MSc," Nonischemic 122 (67.4) 84 (76.4) 38 (53.5)
Andrew I. Einstein, MD, PuD* Restrictive/infiltrative 4@2) 208 2028
Retransplant 7(3.9) 2(1.8) 5@
i . ] Congenital 7(.9) 436 3(4.2)
Zoscomecithe utiarte Patients were classified into mmunosuppression
17 Excluded for .
Ieiratng 2 groups according to the total MBFR: >2.0 and | o 77078 108(982) 63972 066
myocardial blood Tacrolimus 132(72.9) 86 (78.2) 46 (64.8)
2.0. An MBER value of 2.0 was chosen as the Cyclosporine ssG04) 20000 23024)
189 Patients cutoff based on the definition of microvascular Proliferation signal inhibitor 48 (26.5) 31282 3743 047
" 5 Everolimus 36 (19.9) 25 (227) n 057
~CHEIE | dysfunction, prognostic value for stress PET and|  siotimes 12(66) 5655) 536
ROC (1 96) Antimetabolite 12 (61.9) 66 (60.0) 46(64.8) 043
3 2 Mycophenolate mofetil 108 (59.7) 63(57.3) 45 (63.4)
Then classified into 3 CAV groups: Azathioprine 402 327 104
. . . . Medication
WP | Epicardial CAV - + ischemia (SDS > 2 or ACE inhibitor/ARB/ARNI 62(34.3) 36 (34.6) 26G38) 092
repeat studies - Mi Calcium-channel blocke 72 (40.0 40 (36.4 32 (451 024
ISHLT CAV >1, MBFR >2.0; Microvascular S A 40.0) (L (=)
Fralta Conort 3 3 ] ) Statin 156 (86.2) 96 (87.3) 60 (845  0.60
e CAV: MBFR < 2.0 and no ischemia or epicardial otertpitowering agent 42038 20 36.4) waen 0w
5 . Aspirin 164 (30.6) 105 (95.5) 59(831)  0.005
CAV; and Mixed CAV BMI, ko/m? 267 (237-29.2) 266 (237-28.8) 267 (24.0-30.8) 0.42
The study included all adult heart transplant recipients who underwent HTN 127 (702) 76 (69.1) 51(71.8) 0.69
-ammonia positron emission tomography (PET) myocardial perfusion
imaging from June 2016 through September 2017, tatgeting S yesrs of Tobacco use pretransplant 48 (26.5) 29 (26.1) 29 (40.3) 0.04
follow-up. Patients were excluded for high resting myocardial blood flow, Insulin-dependent diabetes 50 (27.6) 2008.2) 30 (423)  0.0004
techrical difficulties, or patients with repest Studies dwing the study mellitie
period. Diabetes mellitus 65 (35.9) 31(28.2) 34 (47.9) 0.007
Alpatients | MOFR 20 MBFR -20 CENTRAL ILLUSTRATION 5-Year Outcomes According to Myocardial Blood Flow Reserve
(N - 181) n - M0) =71 P Value
Prior stroke B (4.4) 2(1.8) 61(8.5) 0.03
0] 0.0002 Cardiac Allograft Vasculopathy
GFR >60 mL/min 5128.2) 39 (35.5) 12(16.9)
GFR 30-60 mL/min 85 (47.0) 56 (50.9) 29 (40.9) Eplcardlal MBFR 52.0 MBFR >2.0
GFR <30 mL/min 33082 12009) 21 (29.5)
ESRD 12(6.6) 3@n 9027
LOL, mg/dL 844.+244 8545237  B284256 039 5-Year Death
Prior ACR 5429.8) 26 23.6) 8094 002 or Retransplant Nk 81% fn
Prior ACR =2R 3020 11 (10.0) 12 (16.9) 017
Time since ACR 8207122 6.6 (2.4-9.5) 93(33-152) 0.05
Prior AMR 470 4(36) 10 (14.1) o.01
Time since AMR 312545  40G172)  28Q137D 012 5-Year CV Death 17.2% 26% tio
Post-transplant DSA 56 (30.9) 30 (273) 26(366) 019 or Retransplant
5-Year Cv
MEFR -20 MaFR <20 P Value Hospitalzation 315% 39% 101
Stress agent o
Adenosine 328) 208
Dipyridamole 105 (97.2) 67 (94.4) Clerkin K, et al. J Am Coll Cardiol. 2022:80(17)1617-1628.
Regadencson 0(00) 208
Myocardial blood flow Patients with a myocardial blood flow reserve (MBFR) =2.0 have a 7-fold increased 5-year risk of death or retransplantation, 12-fold increased risk of cardiovascular
Total stress myocardial blood flow 232 (2.03-262)  147(122-169)  <0.0001 (V) death or retransplantation, and 10-fold increased risk of CV hospitalization.
Total rest myocardial blood flow 0.94 (0.85-1.03) 0.90 (0.82-1.0) 0.08
Total myocardial flow reserve 260 (22030)  163(1.35180)  <0.0001
Resting ejection fraction, % 601474 57.3+104 0.06
Stress ejection fraction, % 630470 59.4 £ 106 003 100% 1
Any ischemia 6(55) 12 (06.9) 0.02 B 10 o ]
) <
<5% of myocardium 4(36) 208 £ s0% .
5%-10% of myocardium 1009) 50.0 8 E
>10% of myocarcium 1009) 50.0 § 206
Transient ischemic dilation 0(0.0) 104 o g 60% £
Coronary ealcium 001 £ T 04
No coronary ealeium 85(802) 40 (625) & o] H
Any coronary calcium 21019.8) 24(375) 5 @ 02 + Censored
VECAC £ Logrank P < 0.0001
3 ] 0.0
0 (602 40(625) on a 2% 0 250 500 750 1,000 1250 1500
o9 g 0= Time Post-PET Scan (Days)
1099 68 7009 0% —— LEpicardial CAV 41 P 40 40 40 39 36
100399 ree b 1 2 5 icrovascular CAV 30 2 28 27 2 18 7
400999 205 340 Years Post PET ixed CAV 41 39 35 2 Ell 26 20
 MBFR <1.5 m 1.5< MBFR <2.0 MBFR >2.0 — 4 Normal 69 69 68 66 65 64 62
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» Perfusion defects

* Subclinical vs HV: 28% vs 0 p=0.001

EACVIZ2023 e

Results: Quantitative Perfusion — Subclinical HCM

£
E 49 o
2
£ 34 % o
'8
3]
= 2+
HV: g le]
0% g 14 )
prevalence w
*he e
GHLVH-: o—T— 1 — .
) N x George Joy
28% £ \o“' & UK
prevalence 3 ox" M“—k‘
p<0.001 &
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=)

» Subclinical HCM vs HV:
Global Stress MBF
reduced

*0<0 .05 **n<0 01 ***n<0001
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BACKGROUND
Coronary microvascular dysfunction (CMD) is a proposed

STRESS MYOCARDIAL BLOOD

Figure 1 - Systolic T2 Mapping at acute TS presentation and at 6-months Recovery
> Gy \

mechanism for takotsubo syndrome (TS).
To date, it is unknown whether changes in stress myocardial blood
flow (MBF) exist during acute TS presentation, their associated
mechanisms and the natural course of such abnormalities.
In a proof-of-concept mechanistic study, cardiac magnetic
resonance imaging (CMR) with T2 mapping and quantitative stress
perfusnon were used to comprehensively evaluate during the acute
S presentation and at 6-months later.
HODS
Between March and September 2021, patients who met the criteria for acute
TS with mid-apical regional wall motion abnormalities (WMA) and no
significant coronary artery obstruction were approached to participate.
After informed consent, patients underwent comprehensive Adenosine
stress CMR study with cine imaging, T2-mapping, quantitative perfusion
with automated in-line quantification of global and regional MBF, in
addition to late gadolinium enhancement (LGE) imaging. Same protocol was
repeated at 6-months from initial CMR exam to assess for interval changes.
RESULTS
Atotal of 4 patients were so far recruited. All women, age range 4977 years, with clear
emotional trigger and mild troponin elevation (Table 1)
CMR was performed within 345D (or median, IQR) days from presentation. Left

hypokinesis or akinesis in the mid-apical segments (Figure 2). LGE was absent in all
patients.

In the acute TS setting, although global rest (>1.0 mi/min/g) and global stress MBF (>
2.0 ml/min/g) were normal, apical stress MBF was abnormal with a base/apex ratio >
1.5 (normal=1.0) (Table 1) (Figure 3)

Repeat CMR at 6 months from acute presentation in 3/4 patients, has so far
demonstrated resolution of myocardial edema, normalization of LV contractility and of
stress MBF (Figures 1, 2, 3).

Table 1

Baseline C al and Imaging Characte! S

ventricular ejection fraction was 30-45% with regional myocardial edema (Figure 1) and

FLOW IS ABNORMAL DURING
ACUTE TAKOTSUBO SYNDROME

Retu Saxena'?, Jodo L. Cavalcante'?, Dawn R. Witt?, Stephanie Zinken
Ebnet?, Gretchen Benson?, Ross Garberich?, Opema Lohese?, Derek
Vang?, Peter Kellman?, Hue Xui?, Scott Sharkey?

(1) Minneapolis Heart Institute at Abbott Nort
(2) Minneapolis Heart Institute Foundation, Minni
(3) NIH/NHLBI, Bethesda, MD

tern Ho
-apolis, M

ital, Minneapolis, MN

Figure 3
Acute

ACUTE END-systole
END-ciastolc volume 87 mi
SV 107 ml 555

ACUTE END DIASTOLE
END-disstolc volume 194 mi

Acute TTS MBF at Stress: Base —
Apex 2.1, Ratio 1.5 3 miminig

MBF > 2.0 mi/min/g PR

Recovery

Anatysis MBF map, Global = 1.0 ml)

RECOVERY END-disstle
END-diastolc volume 180 mi

Patient 1 _ Patient2 Patient3 Patient4
Sex Female Female Female Female
Age 68 49 77 67
Peak troponin (ng/dL) 1.998 11.097 4257 0.228
Ballooning Type Apical Apical Apical Apical
Left Ventricular EF % 44 45 34 30
Type of TS stressor Emotional i
Stress MBF (ml/min/g), 25 25 22 25
Basal segments 3.0 33 34 2.8
Apical segments 18 15 14 1.7
Base to Apex Ratio 1.7 22 24 1.6

During acute TS, rest MBF is normal in all segments despite
abnormal mid-apical contraction

]
6 months post recovery
1.0 mifminy

During acute TS, regional MBF response to adenosine stress is
decreased in abnormally contracting LV segments.

This abnormal response may reflect intrinsic CMD or the
consequence of regional myocardial edema.

IBF at rest =

Normal Rest MBF 0.8-1.0

Minneapolis At 6 months after acute event; wall motion, myocardial

Heart Insf
Foundation®

4

ACQ2

edema, and myocardial blood flow completely normalize

Stress CMR may offer insights into the mechanism for TS

58
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What did we study?

* Microvascular resistance reserve (MRR) (De
Bruyne, Pijls et al. 2021) is the ratio of true resting

. . . Pa resi
microvascular resistance to hyperemic Rest Rypey = =57
rest
microvascular resistance:
R ) P P
— St — __ ~ d hyper
MRR = &b = ﬁ . PTG"ML Hyperemia ( whyper = _QL
u,hyper rest d,hyper , max
. . . . . . . mex
* MRR s a reflection of disease only in the microcirculation,
even in the presence of epicardial disease o e ot
In 214 ANOCA patients, with 96% certainty:
MRR <2.1indicates CMD MRR >2.7 rules out CMD
* MRRin the "normal" group was 3.4 compared with a mean MRR of

1
1.9 in the "abnormal" group.
* MRR >2.7 ruled out coronary microvascular dysfunction (CMD) with a MRR
certainty of 96%, whereas MRR <2.1 indicated the presence of CMD
with a similar high certainty of 96%.

de Vos A, et al. Microvascular Resistance Reserve to Assess Microvascular
Dysfunction in ANOCA Patients. ] Am Coll Cardiol Intv. 2023

EuroPCR.com

What did we study?

* The CCTA+FFR.; pathway enables non-invasive evaluation of epicardial disease
* We propose a non-invasively computed MRR (MRR(;) using a model built from CCTA
imaging, and using total LV flow at rest and stress from [*°O]H,0-PET MPI

* As a proof-of-principle, we evaluated MRR;and FFR.;in different patient groups

Anatomy Epicardial
function

FFR = Pd/Pa
At hyperemia

S -
Invasive DA \
. A=

Non-invasive

EuroPCR.com @ EAPCI
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0

Add animations
, 2023-04-04T20:58:34.106

Explain the importance of MRR, and why evaluating microvascular

resistance is important
, 2023-04-04T21:05:42.753

Replace text with illustrations ideally, and explain clinical relevance
, 2023-04-04T21:06:25.947

Explain how MRR-CT and FFR-CT allows us to evaluate epicardial

and microvascular disease non-invasively
, 2023-04-04T21:14:58.734

Add table showing how certain metrics would typically require
invasive measurements (FFR for epicardial, MRR for microvascular
evaluation), with a new row showing how we can do this

non-invasively
, 2023-04-04T21:17:53.582
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What are the essential results?

* By tuning only total LV flow in our model, territory-level flow correlates strongly with [*°0]H,0-PET

o

%

N\

N

N

R=0.96 .

©
= @ @Dk (Oiex
E H Hyper. MBF
E i (ml/min/g)
[
Q
e
[aa] 2
©
1) 8
-
1
]
e 14
-
7]
] 1.0
o
0.

Rest MBF
(ml/min/g)

04 06 08 10 12 14 16 04 06 08 10 12 14 16 04 06 08 10 12 14 16

PET MBF

EuroPCR.com

What are the essential results?

* MRR; was significantly different between disease | 70 v-0- Female with typical angina, FFRy Hyperemic MBF s
A N . CMD, No CAD, and low MRR FrRt
categories, with the lowest values found in CMD [mman
patients, and highest values in Normal patients FFRa | FRR | MRRo »
MRR . disol fval for CAD pati RCA | 0.95 1 219 s
. 3
" ET |S|i)dayts at!’sngetf) \13 ;Jest ort ;;atlents, 20| 0% 004 1 [ ..
wnich could strati atients Tor treatmen 078 i il
yp Lex | 098 1 210 [me-n! 2 i
MRR; computed for different Disease Categories, N=92 =
Y 58 y.0. Male with atypical angina, FFRe; Hyperemic MBF (mUrnie)
CAD and normal MRR FeRet — 0
10 1.0e+00 \ -
FFRcr FFR MRRcr [""5 ) .
‘ =09 v
RCA | 091 1.0 4.08 Loss
8 ¢
¢ —08 // .
5 LAD | 047 0.43 4.00 s -
g 6 OM | 0.90 0.91 4.18 I:mem PET Sim N
4 s 55 y.o. Female with atypical angina, FFRcr Hyperemic MBF e
—e— é CAD, CTO and low MRR_; o )
2 FFRcr FFR | MRRcr [”5 ’
=09 25
RCA | CTO cTo N/A Loss .
Normal CAD Funct. CMD  Struct. CMD _os
(FFR>0.8, (FFR<0.8) (FFR>0.8, (FFR>0.8, LAD | 068 | 072 | 222 I }
hMBF22.3, hMBF22.3, hMBF<2.3) LCX 0.72 0.73 2.15 70601 PET Sim o0
CFR22.5) CFR<2.5) B

EuroPCR.com
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0

Animate cases to appear 1 at a time
, 2023-04-04721:00:24.240

Point out that predicted MBF distribution of simulated polarmaps
match well with the PET imaging, where we can see clearly the

local perfusion deficits
, 2023-04-04T21:01:19.989

Patient 1: mention patient conditions, highlighting normal

epicardial vessels
, 2023-04-04T21:02:09.487

Add any additional clinical context for the patient in a pop-up box

in the purple section at the bottom
, 2023-04-04T21:02:36.312

Update MRR -> MRRct in plot (bottom left)
, 2023-05-12T17:17:37.034
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The essentials to remember

CCTA-derived Microvascular Resistance Reserve (MRR;) enables non-invasive
evaluation of coronary microvascular function

Why? MRR overcomes issues with CFR and IMR for evaluating CMD, but is invasive
What? MRR is a non-invasive MRR assessment as derived from CCTA and PET MPI

How? MRR; uses geometry from CCTA, total LV rest and stress flow from MPI, and is
computed at measurement sites from the resulting simulated pressure and flow

Results? MRR_; distinguishes Normal subjects from CMD patients, and stratifies CAD
patients into those with normal vs abnormal microvascular function

Why is this important? MRR; is the first non-invasive and specific approach to CMD

EuroPCR.com

MinNEAPOLIS

@i
Closing Thoughts

CMD is common (25-40%) of patients without obstructive CAD and
symptoms. Female:male ratio (3:1). Comorbidities increase the risk.

Stress Cardiac PET has been validated decades ago and accurate
detection of CMD. Quantification with stress MBF and CFR (MPR) are
reimbursable and available. Importantly, strongly linked with
comorbidities and outcomes.

Stress Cardiac MRI with now in-line automated quantitative perfusion -
akin to stress PET - is available on both campuses and opens the
possibility to provide objective assessment of CMD.

Several new developments in imaging will continue to add value to this
complex field and ultimately benefiting patients by providing an answer
and tailored targeted medications.

64
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MHIF Grand Rounds — Monday May 22st, 2023

Diagnostic evaluation of microvascular dysfunction and
coronary spasm in the cardlac catheterization laboratory

Yader Sandoval, MD, FACC, FSCAI
Interventional Section, Minneapolis Heart Institute, Abbott Northwestern Hospital
Center for Coronary Artery Disease, Minneapolis Heart Institute Foundation, Minneapolis, MN.
Adjunct Associate Professor of Medicine, Mayo Clinic College of Medicine and Science

i
AllinaH;

. ABBOTT @& y,
AllinaHealth¥; MINNEAPOLIS HEART INSTITUTE Noangfglv:TSTERm \
H AL

Minneapolis
Heart Institute

Peart Instit 9 @yadersandoval
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DISCLOSURES

» Abbott Diagnostics (advisory board), Roche Diagnostics (advisory board, speaker), Zoll (advisory board), Phillips
(advisory board), Patent #20210401347 (machine learning models for ECG-based troponin level detection)

AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE

67

Nomenclature: INOCA and MINOCA

Ischaemic Heart Disease

/7 N\

—_—

Stable Coronary Syndrome Acute Coronary Syndrome

H_/ N —

/J\ ey /J\
Obstructive CAD

@ @ UA / NSTEMI STEMI
Ncws”

I

Ford TJ, Corcoran D, Berry C. Stable coronary syndromes: pathophysiology, diagnostic advances and therapeutic need. Heart. 2018 Feb;104(4):284-292.
Bt

AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE

(7”3“3?6’3.% W @yadersandoval

Foundation’
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CorMicA: Coronary Microvascular Angina RCT

Coronary angiogram
(Standard care)

1
Eligible patients
Obstructive coronary disease excluded by angiography + FFR
Cardiologist questionnaire

Randomise
n =150

Catheter Laboratory Protocol
Left ventricular end-diastolic pressure
Diagnostic tests of coronary function
1) Coronary guidewire — FFR, IMR, CFR,
2) Pharmacological tests — ACh (10%, 105, 10*M), GTN 300 pg
Left anterior di g or other y artery

AllinaHealth§ MINNEAPOLIS HEART INSTITUTE

n=75 P4 Y n=75

Coronary Function Test-guided Angiography-guided
Coronary function disclosed Coronary function not disclosed
(Guideline-based intervention group) (Standard care group)

CONCLUSIONS Coronary angiography often fails to identify patients with vasospastic and/or microvascular angina.
Stratified medical therapy, including an IDP with linked medical therapy, is routinely feasible and improves angina in
patients with no obstructive CAD. (CORonary MICrovascular Angina [CorMicA]; NCT03193294) (J Am Coll Cardiol
2018;72:2841-55) © 2018 by the American College of Cardiology Foundation.

Intervention
etter
o]
g1
=
[=}
=
3
=
20
M Angina Score Quality of Life
5
=
V3
w
Control
Better

E3
AllinaH:

ABBOTT
NORTHWESTERN
HOSPITAL

(‘7 E‘:’E;:ﬁm % @yadersandoval
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Guideline recommended (class 2) approaches for MVD

1. For patients with persistent stable chest
pain and nonobstructive CAD and at Iea.st
mild myocardial ischeia on
reasonable to considg
function testing to improve the
coronary microvascular dysfunction and to
enhance risk stratification.'

2. For patients with persistent stable chest pai
and nonobstructive CAh
MBFR is reasonable to diagnose microvascular

dysfunction and enhance risk stratification>!'

of MACE.'*

3. For patients with persistent siable che
pain and nonobstructive CACf§stress CMR
with the addition of MBFR measurement is

reasonable to improve diagnosis of coronary
myocardial dysfunction and for estimating risk

Doppler Echocardiography
(class 2b)

Non-invasive

4. For patients with persistent stable chest

ctive CAD, stress
echocardlography

2b C-EO

of MACE.

ith the addition of coronary
eeorve measurement may be
reasonable to improve diagnosis of coronary
myocardial dysfunction and for estimating risk

AllinaHealth MINNEAPOLIS HEART INSTITUTE

Cardiac PET assessments of
(class 2a) coronary/myocardial
blood flow.
Cardiac MRI
(class 2a)
Doppler CFR
HMR
FFR

Thermodilution CFR
Thermodilution IMR

(class 2a) FFR
RFR
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Coronary angiography and microvasculature

Imaging resolution

William Fulten, MD thesis,
University of Glasgow, 1963

B¢
Allina

AllinaHealth#% MINNEAPOLIS HEART INSTITUTE N’B?“T;B\P';I:;.;TIPN (7?0%:'?% % @yadersandoval
71
Modified clinical classification of CMD
CMVD Definition
Type 1 Primary, i.e. in the absence of structural heart disease
Type 2 In the presence of cardiomyopathies such as LVH, HCM, DCM, amyloidosis.
Type 3 In the presence of obstructive CAD (including ACS)
Type 4 After coronary interventions
Type 5 After cardiac transplantation
Modifiers
Duration Acute or chronic
Symptoms Asymptomatic or symptomatic
Therapy None, minimal, moderate, or maximal level
Herrmann J, Kaski JC, Lerman A. Coronary microvascular dysfunction in the clinical setting: from mystery to reality. Eur Heart J 2012; 33: 2771-2781.
&
Allina N -
AllinaHealth# MINNEAPOLIS HEART INSTITUTE m{wiBg-gvlpm (‘7&%:?% % @yadersandoval,
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Invasive evaluation of

. . eal
AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE Foundation'

N it

microvascular dysfunction

W @yadersandovaks

73

Ischemia and No Obstructive CAD (INOCA)

Stable Chest Pain
Suspected INOCA

Noninvasive testing

Factors that Increase
Likelihood of CMD:

+ Diabetes,

more prevalent

Noninvasive testing more prevalent

| + Left Ventricular

) |

AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE

Invasive P
.
Invasive assessment
Size or Lumen Volume
N + Infiltrative Heart
more comprehensive psase
Invasive coronary function testing* Stress PET or stress CMR -
(requires nonobstructive CAD FFR 20.8) must be with MBFR
a) (23)
Stress echocardiography with CFVR
@b)
IMR 225
Epicardial artery OR
CFR22.0 spasm (>90%) CFR<2.0
+ with ACh Py Nilischemia Noeinal Reduced Reduced
IMR <25 - . h + a MBFR MBFR
: reproductionof || ST qepress ormal Mechems. : :
. epression ischemia
negative chest pain || during ACh bolus BFR ischemia noischemia
provocative . fuisian, and
iy toATh || iecheme g || orinfusion.an
C Myocardial perfusion reserve ischemic epicardial artery
changes constriction
L \ D%"‘_'"‘ Diagrostic criteria Diagnostic criteria
[ for CMD + ischemia for CMD.
o CMD
Vasospasm' Low risk for CV events ‘ ‘ Elevated risk for MACE |

Minneapolis
Heart Insti
Foundation’

W @yadersandoval
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Invasive evaluation of microvascular function and coronary spasm

Testing @

Non-endothelium dependent Endothelium dependent vasomotion
microvascular function assessment
Adenosine & coronary flow reserve Acetylcholine for spasm provocation
Conditions

i .
AllinaHealth# MINNEAPOLIS HEART INSTITUTE (‘7 F&E:ﬁ':‘:%i;"e @yadersandoval

75

Ratio of maximal to basal to hyperemic flow velocity

A

To assess vasomotor function

. Endothelial
Acetylcholine — NO 1 dependent (CFRe)

- m em m= am w— =

;" Adenosine 1Non-endothelial
dependent (CFRne)

Coronary blood flow
|
I
| Coronary flow reserve
I

Blood vessel

_—
Increasing myocardial demand

To trigger arteriolar vasodilation

What is coronary flow reserve (CFR)? CFR relates to the ability of the coronary circulation to
increase blood flow in response to alterations in oxygen demand.

Minneapolis

; . T“yu rt Institut
AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE \ Heart Institute @yadersandoval
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Everaars et al. Doppler flow velocity and thermodilution to assess comna{y flow reserve: a head-to-head comparison with ['OJH,0 PET. JACC Interv 2018; 11: 2044-2054.

B <9)Minneapolis
AllinaHealths MINNEAPOLIS HEART INSTITUTE WESTERN ( Paart Ifstiita @yadersandoval

77

Doppler Flow Velocity

Af= Zf% cos6

= Flow velocity is extracted from these data by detecting the instantaneous peak velocity, which represents the maximum
velocity within the sample volume.
= The average of instantaneous peak velocity over one or multiple heartbeats is termed average peak velocity (APV).

Escaned & Davies. Physiological asse5§ment of coronary stenoses and the microcirculation.

y =9)Minneapolis
AllinaHealth# MINNEAPOLIS HEART INSTITUTE HWESTEF ( Poart Institute @yadersandoval

78

41 of 53




MHIF Cardiovascular Grand Rounds |
May 22, 2023

Diagnostic Adenosine IC Acetylcholine IC

angiography 36->100 mcg 106->10*

CFRe: Microcirc
pre-ACh, APV

Post-ACh vasospasm

Post-ACh, APV

Widmer et al. The functional assessment of patients with non-obstructive coronary artery disease: expert review from an international microcirculation working group. Eurolntervention 2019; 14: 1694-1702.

B¢
Allina

AllinaHealth#% MINNEAPOLIS HEART INSTITUTE Noﬁgf\%iem (7&%:% % @yadersandoval
79
Normal diagnostic parameters: Doppler-based approach
Non-endothelium Epicardial endothelial Microcirculatory
dependent function function endothelial function
(CFRne) (CFRe)
Adenosine % A in ratio of hyperaemic - -
(microcirculation) to
rest APV (i.e., CFR) >2.5
Acetylcholine - % Ain coronary artery % Ain CBF >50%
(epicardial and diameter >20%
microcirculation)
NTG (epicardial) % A in coronary artery - -
diameter QCA >20%
Coronary blood flow (CBF) = 0.5 x velocity x area
Coronary blood flow (CBF) = 0.5 x APV x (radius?x1r)
A <9) Minneapolis
AllinaHealth# MINNEAPOLIS HEART INSTITUTE NO??’EEJ;OIZISZTLERN ( Heart Institute % @yadersandoval,
80
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l Resting (CFR only) Hyperemia (For CFR and IMR)
PressureWire” X ]
G'(J:'deWF"l'el_”'“d 3x3cc |ndlgi:e b 3x3cc Review
Cordiorisoular ‘ saline injections hyspt;reilia | saline injections results

System setup

Resting full-cycle ratio (RFR)

) ™\
Fractional flow reserve (FFR)

/ Index of microvascular resistance (IMR)
Coronary flow reserve (CFR) (Thermodilution)

~

E 7Minneapol_is
PressureWire™ X Guidewire IART INSTITUTE ( F:f;:,!;:?ol::me @yadel’sandoval

81

Restng 1.36s 1.33 | 145 1.30

FAEE T
16:14:35
33

- =9)Minneapolis
AllinaHealth# MINNEAPOLIS HEART INSTITUTE ( ploart lsstitute @yadersandoval
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C Myocardial perfusion reserve
\ A
; CFR LAD - L

L2 1.93 )

y

CFRegr

Everaars et al. Doppler flow velocity and thermodilution to assess coronary flowleserve a head-to-head comparison with ['*O]H,0 PET. JACC Interv 2018; 11: 2044-2054.

aneapolls

Plaart Institut @yadersandoval

AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE \/

83

¢ [nstrument LAD with Doppler wire
and infusion catheter

of e Adenosine 36-100 pg to obt

RO EY (W © Equipment: Doppler wire set up
Infusion catheter, and adenosine

Assessment

e ACh (10-°M = 10-*M)
Assessment e Calculate A diameter
of and A blood flow

GG T (W Fquipment: ACh and
infusion pump

Widmer et al. The functional assessment of patients with non-obstructive coronary artery disease: expert review from an international microcirculation working group. Eurolntervention 2019; 14: 1694-1702.

84
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Risk of invasive coronary reactivity testing: low risk (1%) of adverse events

Safety of Coronary Reactivity Testing in Women 293 women, mean
With No Obstructive Coronary Artery Disease age 54 years (SD 10)

Results From the NHLBI-Sponsored WISE
(Women'’s Ischemia Syndrome Evaluation) Study

ResultsICRTfSAEs occurred in 2 women (0.7%) during the procedurel1 had coronary artery dissec-
tion, and 1 developed MI associated with coronary spasm. CRT-AEs occurred in 2 women (0.7%) and
included 1 transient air microembolism and 1 deep venous thrombosis. There was no CRT-related
mortality. In the mean follow-up period of 5.4 years, the MACE rate was 8.2%, including

5 deaths (1.7%), 8 nonfatal Mls (2.7%), 8 nonfatal strokes (2.7%), and 11 hospitalizations for
heart failure (3.8%).

Conclusions In women undergoing CRT for suspected MCD, contemporary testing carries a rela-
tively low risk compared with the MACE rate in these women. These results support the use of CRT
by experienced operators for establishing definitive diagnosis and assessing prognosis in this at-risk
population. (Women’s Ischemia Syndrome Evaluation [WISE]; NCT00832702) (J Am Coll Cardiol Intv
2012;5:646-53) © 2012 by the American College of Cardiology Foundation

Wei J et al. JACC Cardiovasc Interv 2012; 5: 646-53.
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Tatsunori Takahashi, MD," Bruce A. Samuels, MD,” Weijia Li, MD," Manish A. Parikh, MD,* Janet Wei, MD,”

16 studies, 12585 patients

ORIGINAL INVESTIGATIONS Pooled estimate of incidence of major complications was
0.5% without any reports of death.

Safety of Provocative Testing With )

Intracoronary Acetylcholine and CENTRAL ILLUSTRATION Procedural Safety of Provocative Spasm Testing With Intracoronary Acetylcholine

Implications for Standard Protocols Heterogeneity Source Summary

+ No death reported in the published data

o, MD, Wik N : - o 5 s =
f.re'r:mm:: xs g uwnlb“:rul?llr unr f::,:l:fv;zﬁ':}lmf 7, M dennies . Tremmel, M, M Diagnostic Ethnicity Provocation + ACh test extremely safe in the Western studies
st M (%) Criteria Protocol (ACh dose) Max ACh 100 200 g did not
Asian * Max ACh ugvs. ug did not show
2 I major differences in safety and positivity rate
5 k
sz 90%
BACKGROUND Heterogeneity in diagnostic erieria and provocation protocols has posed challenges in Lnderstanding 8g vaso-
the safety of coronary provocation testing with Ch) for the diagnosis of E & spasm
epicardial and microvascular spasm. 5w
S=
== —
OBJECTIVES We examined the safety of testing and subgroup differences in procedural risks based on ethicity, SE Overall 1.0% Future Direction
diagnostic criteria, and provocation protocols. g -
=
= 75% . .
METHODS PubMed and Embase were searched in Novamber 2021 to identify original articles reporting procedural =] 05% |vaso- » Creating physician-lead network
h The primary utcome was the pooled estimate of the g E z - Provocation protocol standardization
incidence of major complications including death, myocardial infarction, ventricular tachycardia/fibrillation, and shock. ga SRISHT Western « Standardized complication reporting
2 o o
RESULTS Atotal of 16 studies with 12,585 patients were included in the meta-analysis. The overall pooled estimate of = 0% 0%

the incidence of major complications was 0.5% (95% Cl: 0.0%-1.3%) without any reports of death. Exploratory sub-
group analyses revealed that the pooled incidence of major higher in Takahashi T, et al. J Am Coll Cardiol. 2022;79(24):2367-2378.
followed the contemporary diagnosis criteria for epicardial spasm defined as =009% diameter reduction (1.0%; 95% Cl:

spasm and the incidence of major complications were similar between provocation protocols sing the maximum ACh
doses of 100 pg and 200 yg.

CONCLUSIONS Intracoronary ACh administration for the contemporary diagnosis of epicardial and microvascular
spasm isa safe procedure. Moreover, excellent safety racords are observed in Westem populations primarily presenting
with myocardial ischernia and/or infarction with nonobstructive coronary arteries. This study will help standardize ACh
testing to improve clinical diagnosis and ensure procedural safety. (J Am Coll Cardiol 2022,79:2367-2378)

©2022 by the American College of Cardiology Foundation.
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inWestern 0%; 95% Cl: 0.0%-0.45%). The. po:

Although the overall incidence of major complications was 0.5%, the rate of major anvary Ciiteria, ethnicity, and
dose. These resuilts help us standardize the provocation protocol as well as a complication reporting systemn. ACh — acetylcholine; MI = myocardial infarction;
VF = ventricular fibrillation; VT = ventricular tachycardia.
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Case presentation

/-70 year-old female with a history of hypertension and \
dyslipidemia with dyspnea on exertion and chest discomfort.

» Previous CCTA ~3 years ago with no significant obstructive CAD,
CAC 100.

= RHC: RA 11, PA 45/18 (30), PCWP 18, CO 5.8, Cl 2.6

{LVEDP 17 mmHg /

AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE
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Intracoronary adenosine
FFR >

Doppler CFR |:>
Pd/Pa
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Putting it all together
Symptoms < » Reproduction of index symptoms
ECG < * Ischemic ECG findings
CFR (Adenosine) { * Normal CFR: 2.5 Doppler, 2.0 TD
CBF response (ACH) < * Normal % delta CBF>50% (Doppler)
Microvasculature {  TD - IMR ; Doppler > HMR
Epicardial coronary(xacslg;n'\?_tl%r; < + Normal >20% diameter (dilation)
Aﬂinj;r:'leallh ‘, Mlllneapolis
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Stratified Medical Therapy Using Invasive
Coronary Function Testing in Angina

The CorMicA Trial

Invasive coronary
angiography

No Obstructive CAD

Pressure wire
assessment
(adenosine)

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

Vasoreactivity
(acetylcholine)

(resolves with nitrate)
O

Vasospastic Angina
~ Smoking cessation
+ Calcium channel blocker
+Long-acting Nitrate
« Lifestyle changes

Diagnosis &
Management

No Obstructive CAD

Coronary Microvascular Dysfunction
(FFR 0.95, CFR 1.3, IMR 33)

Endothelial dysfunction without
vasospasm to ACh
83
Microvascular Angina

« Betablocker (e.g. Nebivolol)

* Lifestyle changes & weight loss
(Cardiac rehab, smoking cessation)

« Consider ACE| & Statin

No Obstructive CAD
3

Normal nvasive physiology
(FFR 0.87, CF{I; 3.2, IMR 16)

o

Nen-Cardiac Chest Pain

= Stop antianginal Rx
+ Discharge from cardiology

+ Consider non-cardiac investigation

—_— -+ Angina Summary Score

—————a———— o Angina Limitation
——— o Angina Stability
— o Angina Frequency

o Treatment Satisfaction

o Quality of Life

- .

-

T T T
-10 0 10 20
Between Group Difference in SAQ
—_—
Favors Favors
Control Intervention

No significant response to vasoreactivity
testing

Ford TJ et al. Stratified medical therapy using invasive coronary function testing in angina: The CorMicA trial. JACC 2018; 72: 2841-2855.
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U.S. National Library of Medicine
. = - Find Studies = About Studies » Submit Studies ¥ Resources v About Site ¥ PRS Login
ClinicalTrials.gov
Home >  Search Results >  Study Record Detail (] Save this study
COSIMA: COronary Sinus Reducer for the Treatment of Refractory Mi lar Angina (COSIMA)

AllinaHealth MINNEAPOLIS HEART INSTITUTE

3
AllinaHealth

ABBCTT
NORTHWESTERN
HOSPITAL

ClinicalTrials.gov Identifier: NCT04606459

) it

Recruitment Status © : Recruiting
First Posted @ : October 28, 2020
Last Update Posted @ : March 31, 2022

See Contacts and Locations

View this study on Beta.ClinicalTrials.gov
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ORIGINAL RESEARCH k]

IMPROVE-CED Trial: Intracoronary Autologous
CD34+ Cell Therapy for Treatment of Coronary

and Nonobstructive Coronary Arteries

Michel T, Corban, Takumi Toya®, Diana Albers, Faten Sebaali, Bradley R Lewis®, John Bois, Rajiv Gulati®,
Abhiram Prasad, Patricia JM. Best, Malcolm R. Bell, Charanjit S. Rihal®, Megha Prasad, Ali Ahmad®, Lilach 0. Lerman®,
Mary L. Solseth, Jeffrey L. Winters®, Allan B. Dietz®, Amir Lerman®

ED) ia in patients with nonobstructive coronary artery
disease (NOCAD) Pauenl.s with CED have decreased number and function of CD34+ cells involved in normal vascular
repair with ntial anti-inflammatory effects. We evaluated safety and potential
efficacy of intracoronary autologous CD35+ cell tnerapy for CED.

METHODS: Twenty NOCAD patients with invasively diagnosed CED and persistent angina despite maximally tolerated
medical therapy underwent baseline exercise stress test, GCSF (granulocyte colony stimulating factor)-mediated CD34+
cell mobilization, leukapheresis, and selective 1x10° CD34+ cells/kg infusion into left anterior descending. Invasive CED
evaluation and exercise stress test were repeated 6 months after cell infusion. Primary end points were safety and effect
of intracoronary autologous CD34+ cell therapy on CED at 6 months of follow-up. Secondary end paints were change in
Canadian Cardiovascular Society angina class, as-needed sublingual nitroglycerin use/day, Seattle Angina Questionnaire
scores, and exercise time at 6 months. Change in CED was compared with that of 51 historic control NOCAD patients
treated with maximally tolerated medical therapy alone.

RESULTS: Mean age was 5213 years; 75% were women. No death, myocardial infarction, or stroke occurred.
Intracoronary CD34+ cell infusion improved microvascular CED (Jbacetylcholine-mediated coronary blood flow
increased from 72 [~180 to 32.4] to 576 [16.3-98.3J%; P-0.014), decreased Canadian Cardiovascular Society
angina class (3.7+0.5 to 1.740.9, Wilcoxon signed-rank test, =0.00018), and sublingual nitroglycerin use/day (1
[0.4-3.5] to O [0-1], Wilcoxon signed-rank test, P=0.00047), and improved all Seattle Angina Questionnaire scores.
with no significant change in exercise time at 6 months of follow-up. Historic control patients had na significant
change in CED.

CONCLUSIONS: A single intracoronary autologous CD34+ cell infusion was safe and may potentially be an effective disease-
modifying therapy for microvascular CED in humans.
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Endothelial Dysfunction in Patients With Angina &

Improved microvascular
endothelial function

- Pp=0.650

" Crarge COF

p=0.014

Improved SAQ Angina
and Quality of Life Scores

Angioa froquency |

Improved CCS Angina
Class and SL Nitro Use

P0.00018

€CS Angina Class
"

As-Noeded Sublingual
Nitroglycarin Use/ Day
»

£=0.00047

»
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Circulation: Cardiovascular Interventions

ORIGINAL ARTICLE ®

Autologous CD34+ Stem Cell Therapy Increases
Coronary Flow Reserve and Reduces Angina in
Patients With Coronary Microvascular Dysfunction
Timothy D. Henry®, MD; C. Noel Bairey Merz(®, MD; Janet Wei®, MD; Michel T. Corban, MD; Odayme Quesada, MD;

Sandy Joung®, MHDS; Christine L. Kotynski, BS; Jian Wang, ScM, MD; Michelle Lewis, BS;

Ann M. Schumacher, RN, MSN, CCRA; Ronnda L. Bartel, PhD; Hiroshi Takagi, DVM; Vishal Shah, MS; Anna Lee, PhD;

William K. Sietsema®®, PhD; Douglas W. Losordo, MD; Amir Lerman(®, MD

: Coronary ion results in angina and adverse outcomes in patients with evidence of
ischemia and nonobsructive coronary artery disease; however, no specific therapy exists. CD34+ cell therapy increases
microvasculature in preclinical models and improves symptoms, exercise tolerance, and mortality in refractory angina patients
with obstructive coronary artery disease. The objective of this research was to evaluate the safety, tolerability, and efficacy of
intracoronary CD34+ cell therapy in patients with coronary microvascular dysfunction.

METHODS: We conducted a 2-center, 20-participant trial of autologous CD34+ cell therapy (protocol CLBS16-PO1;
NCT03508609) in patients with ischemia and nonobstructive coranary artery disease with persistent angina and coronary
flow reserve <25, Efficacy measures included coronary flow reserve, angina frequency, Canadian Cardiovascular Society
angina class, Seattle Angina Questionnaire, SF-36, and modified Bruce exercise treadmill test obtained at baseline and
6 months after treatment. Autologous CD34+ cells (CLBS16) were mobilized by administration of granulocyte-colony
stimulating factor Spg/kg/day for 5 days and collected by leukapheresis. Participants received a single intracoronary left
anterior descending infusion of isolated CD34+ cells in medium that enhances cell function.

RESULTS: Coronary flow reserve improved from 2.08+0.32 at baseline to 2.68+0.79 at 6 months after treatment (P<0.005).
Angina frequency decreased (P<0.004), Canadian Cardiovascular Society class improved (F<0.001), and quality of life
improved as assessed by the Seattle Angina Questionnaire (P<0.03, all scales) and SF-36 (P<0.04, all scales). There were
no cell-related serious adverse events.

CONCLUSIDNS: In this pilot clinical trial of microvascular angina, patients with ischemia and nonobstructive coronary artery disease
receiving intracoronary infusion of CD34+ cell therapy had higher coronary flow reserve, less severe angina, and better quality
of life at 6 months. The cumrent study supports a potential therapeutic role for CD34+ cells in patients with microvascular angina.
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DISCOVER INOCA (NCT05288361): 500 participants over 2-years at 10 US sites

) .. Nationa Libary of Medicine

ClinicalTrials.gov

Find Studies About Studies v

Home >  Search Results > Study Record Deta

The DISCOVER INOCA Prospective Multi-center Registry (DISCOVER INOCA)

The safety and scientic validity of ths study is the responsiblity of the study sponsor
study does not mean it has been evaluated by the U S. Federal Government. Know
of clinical studies and talk to your health care provider before participating. Read our disclaimer for detail.

investigators. Listing a
isks and potential benefits

A

sponsor:
Yale University

Collaborator:
Apbott

Information provided by (Responsible Party)
Yale University

Study Details || TabularView | NoResults Posted | Disclaimer [ How to Read 2 Study Record

Study Description

Srief Summary
The overall objective of this mult-center registy is to
outcomes.

pecifc phenolypes of INOCA With both (coronary angiograpt

Condition or disease © Interventiontreatment @
Ischemia and No Obstructive Coronary Artery Disease
‘Coronary Microvascular Dysfunction

Coronary Vasospasm

Endothelial Dysfunction
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Diagnostic Test Coroventis Corofiow Cardiovascular

subm|

DISCOVER INOCA: adult patients >18 years of age with
suspected ischemic heart disease referred to undergo clinically
indicated invasive coronary angiography, with no obstructive
CAD (angiographically normal, <560% CAD, or >50 but <70%
with FFR>0.81 or RFR>0.90

Diagnostic assessment: coronary angiography, acetylcholine
provocation, coronary physiology, intra-coronary imaging.

Patient reported outcomes: SAQ, EQ-5D-5L, PHQ-8, GAD-7

Study follow-up: 30-days, 6-months, 12-months, annually for 5-
years.

Primary endpoint: major adverse cardiovascular events (MACE)
defined as a composite of cardiovascular death, myocardial
infarction, hospitalization for cardiovascular causes, or coronary
revascularization at a follow-up of 5-years.
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Heart Institute
Foundation’
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Microvascular disease is common and nomenclature is
evolving with terms such as INOCA and MINOCA used to
refer to patients with stable and unstable presentations.

MVD represents a spectrum of those with epicardial
coronary spasm to those with abnormal microcirculation
without spasm.

Non-invasive MBF can be assessed using PET or CMRI

The gold-standard comprehensive approach remains
invasive evaluation, which can be performed using either
Doppler or Thermodilution with ACH spasm provocation.

Randomized data emerging to support diagnosis and
tailored therapies.
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Yader Sandoval, MD, FACC, FSCAI

Interventional Section, Minneapolis Heart Institute, Abbott Northwestern Hospital, Minneapolis, MN
Center for Coronary Artery Disease (CCAD), Minneapolis Heart Institute Foundation, Minneapolis, MN
Adjunct Associate Professor of Medicine, Mayo Clinic College of Medicine and Science

Contact: yader.sandoval@allina.com
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