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Introduction

Chronic TR causes RV volume overload and systemic venous
congestion, negatively affecting outcomes2

Valvular heart disease guidelines® underscore the importance of
accurate TR quantification and of right-sided HF diagnosis to
determine the timing for invasive TR treatment

CMR has emerged as a valuable method for the quantitative
assessment of TR and of its pathophysiological cardiac and
extracardiac consequences®

1) Topilsky Y et al, JACC CV Imaging, 2014
2) Benfari G et al, Circulation, 2019

3) Otto CM et al, Circulation, 2021
4) Myerson SG. JACC CV Imaging, 2021
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Introduction

While CMR quantifies Tricuspid Reg. Fraction and Reg. Volume without
assumptions, the thresholds associated with outcomes are poorly
defined’2.

Beyond TR quantification, it is unknown whether novel CMR parameters
of extracardiac involvement can help to objectively identify high-risk TR
patients prompting earlier intervention.

We aimed to assess:
CMR-based TR severity threshold associated with outcomes

Incremental risk stratification of parametric mapping analysis for liver
extracellular volume, a marker of both fibrosis and systemic venous congestion

1) Zoghbi WA et al, JASE, 2017
2) Lancellotti P et al, EHJ CV Imaging, 2022

Methods

Comprehensive clinical and imaging data were collected from consecutive

patients evaluated by CMR from 2019 to 2023 who had quantitative evaluation
of RV volumes and TR severity.

| 526 patients with TR quantification by CMR |

| 10 patients with > mild PR | ®

6 patients with competing risk for non- ®

CV death (4 active metastatic neoplasia,

® 21 patients with severe left-
sided valvular disease

2 advanced neurodegenerative disease)

I 489 patients included I

Primary outcome: All Cause Death+ HF hospitalization under medical management

5
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Methods- Tricuspid Reg. Fraction (TRF)

RV Volumetric Assessment Phase-contrast imaging

Apex

B :" « N
t>’nv ond- sm,% ,, \“ i l‘@ J ‘ ‘(b 40 F’mm:ume ric

RV Volumetric TR Quantification by CMR

RVEDV: 317.29 ml PA forward

RVESV: 156.15 ml TRVol = RVSV-PASV Stroke Volume
161.14 ml =161-76=85ml (PA-SV)=
50.79 % 76 ml
10.04 I/ min TRF =TRVol/RVSV
4.50 |/min/m? =85/161=53%
62.3/min

Methods Liver ECV (L ECV)

Mild TR Severe TR

L-ECV: 27% L-ECV: 35%

489 patients included

111 patients without mapping ®

analysis for ECV quantification
® 7 patients with organic PE—

liver discasc

371 patients included for

liver ECV secondary analysis
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Results
Age (years) 68 (55-76) RV EDVi (ml/m?2) 94 (77-117)
Gender (female) 201 (41%) RV ESVi (ml/m?) 43 (33-58)
History of coronary artery disease 117 (24%) RVEF (%) 52 (45-58)
Atrial Fibrillation 193 (39%) RV SV (ml) 94 (78-112)
Chronic Kidney Disease 127 (26%) TV Reg. Volume (ml) 19 (12-31)
NYHA class Il/IV 78 (16%) TV Reg. Fraction (%) 21 (14-33)
TRISCORE 2(1-3) RV Free Wall Long Strain (%) -20 (23-18)
Diuretic therapy 201 (41%) RA ESVi (ml/m?) 47 (33-65)
PASP (mmHg) 33 (28-44) LVEF (%) 53 (43-61)
TADi (mm/m2) 19 (18-22) Myocardial ECV (n=385,%) 28 (25-32)
IVC (mm) 17 (15-22) Liver ECV (n=371,%) 30 (27-35)

Results- primary analysis

* During a median follow-up of 2.3 years, 43 (9%) patients died,
65 (13%) were hospitalized because of HF
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primary composite outcome
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Slide 10

JCo If the intent is to describe the natural history of TR severity by CMR under medical
management - would not make more sense to remove from this slide the 53 who had TV

intervention?

A question you might get:
- Significant TR undertreatment - 11% overall which is a reality. Even if you consider that
all those that were treated have TRF> 30%, it's only 33% of that group. Have those

numbers in mind.
Cavalcante, Joao L, 2024-10-19T720:39:26.381
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Results- primary analysis

Composite endpoint

10 HR (95% CI) p-value
E‘ TRF<30%
£ os Univariate TRE>30%  4.31(2.68-6.95) <0.001
2
E z 06
ELoa THEEYE T Model 1 TRF>30%  3.66(2.22-6.03) <0.001
S8 p<0.001
g
@ 02
0 ! Years 2 3
Model 2 TRF>30%  3.20 (1.91-5.36) <0.001
Number at risk
TRF<30% { 330 220 119 51
TRF 230%+ 159 80 44 25
0 1 2 3 Model 3 TRF>30%  1.87(1.03-3.44) 0.038

Years

Model 1: Adjusted on Age and Gender
Model 2: Model 1+ CKD, AF, CAD
Model 3: Model 2 + LVEF, RVEF, PASP

10

Results- secondary analysis on L-ECV
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Results- secondary analysis on L-ECV
Variables Associated L-ECV <32% L-ECV >32%

with Right HF (n= 222, 60%) (n= 149, 40%) p-value
NYHA Class IlIl/IV 16 (7%) 53 (35%) <0.001
Jugular Venous Distension 10 (5%) 42 (28%) <0.001
Peripheral Edema 13 (6%) 43 (29%) <0.001
TRISCORE 1(1-2) 4 (2-6) <0.001
PASP (mmHg) 30 (25-36) 41 (31-55) <0.001
RV EDVi (ml/m2) 83 (71-102) 110 (87-131) <0.001
RVEF (%) 54 (48-60) 46 (37-56) <0.001
Forward RVSV (ml) 70 (53-88) 57 (43-78) <0.001
TV Reg. Volume (ml) 15 (11-21) 33 (18-50) <0.001
TV Reg. Fraction (%) 18 (13-24) 36 (22-48) <0.001
RVFWLS (%) 22 (24-19) 18 (20-15) <0.001
IVC (mm) 15 (14-18) 22 (17-26) <0.001

Results- secondary analysis on L-ECV

== TRF<30%+
TRFz30%+L-EC
—— TRF<30%+L-

= TRF=30"

0.8+

061

0.4+

Survival free from the
primary composite endpoint

0.2+

Years

Number at risk
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TRF<30%+L-ECV<32% 194 130 72 30
28 17 13 6

TRE<30%+L-ECV232% 53 36 24 14

TRF=30%+L-ECV232% 96 39 16 10
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Closing thoughts

* In a large cohort of all-comers patients with TR quantification by CMR, we
identified a TR Fraction cut-off of = 30% which associated with the
composite outcome of all cause death+HF hospitalization.

* This TRF cut-off remained significantly associated with the outcomes after
comprehensive adjustment models, and is lower than the one (= 50%)
proposed by current guidelines to define severe TR.

* Right-sided HF signs and symptoms captured by elevation of L- ECV
supports the extracardiac consequences from chronic TR. L-ECV yielded
incremental prognostic value to CMR quantification of TR, highlighting the

potential discriminatory role of this novel imaging biomarker.

14

Coronary Computed Tomography Angiography For
Percutaneous Coronary Intervention:
Initial US Experience With FFR.; Based Virtual PCI

Pedro E. P. Carvalho, Joao Cavalcante, John Lesser, Victor Cheng, Michaella Alexandrou,
Dimitrios Strepkos, Deniz Mutlu, Sandeep Jalli, Ozgur Selim Ser, Bavana Rangan, Olga
Mastrodemos, Emmanouil S. Brilakis, and Yader Sandoval.

" Center for Coronary Artery Disease, Minneapolis Heart Institute Foundation.

2 Allina Health Minneapolis Heart Institute, Abbott Northwestern Hospital, Minneapolis, MN

Minneapolis . AllinaHealth¥:
Heart Institute Center for Coronary Artery Disease
Foundation

MINNEAPOLIS
HEART INSTITUTE
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Background

» Coronary CT angiography (CCTA) and fractional flow reserve derived from
CCTA (FFRcy) are guideline-recommended, non-invasive methods to rule-in and
rule-out obstructive coronary artery disease (CAD).

* It is increasingly recognized that these tools can be used to guide percutaneous
coronary intervention, including with the use of FFR; based virtual PCl, and
facilitate pre-procedural planning, however, there is limited data.

Sonck J et al. Clinical Validation of a Virtual Planner for Coronary Interventions Based on Coronary CT Angiography. JACC Cardiovasc Imaging 2022;15: 1242-
1255.

Minneapolis AllinaHealth ¥

Heart Institute 2
Fo ation: Center for Coronary Artery Disease e e

HEART INSTITUTE
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Background

» Coronary CT angiography (CCTA) and fractional flow reserve derived from
CCTA (FFRc7) are guideline-recommended, non-invasive methods to rule-in and
rule-out obstructive coronary artery disease (CAD).

* It is increasingly recognized that these tools can be used to guide percutaneous
coronary intervention, including with the use of FFR; based virtual PCI, and
facilitate pre-procedural planning, however, there is limited data.

Sonck J et al. Clinical Validation of a Virtual Planner for Coronary Interventions Based on Coronary CT Angiography. JACC Cardiovasc Imaging 2022;15: 1242-
1255.

Minneapolis ) AllinaHealth ﬂ-ﬁ
Heart Institute Center for Coronary Artery Disease MINNEAPOLIS

Foundation®
HEART INSTITUTE

Minneapolis Heart Institute, Abbott Northwestern Hospital

Live Case #1

o81-year-old male with dyspnea on exertion and fatigue.
oPMH: dyslipidemia, paroxysmal AF
oEchocardiogram: LVEF 57%, no significant VHD.

o Scan info:
o Vitals: BP 102/68 mmHg, HR 99 BPM (AF), BMI 25 kg/m2
o Scanner: Siemens SOMATOM Drive

o Medications administered during scan:
- SL Nitroglycerin: 0.8 mg
- PO metoprolol tartrate 50 mg

o Contrast: Isovue 370 - 90 mL

o Radiation dose: DLP 305, KV 100

o Calcium score 2291

AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE
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AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE

Standard 3D

187%

No Filter

MIP

W/L: 1011 692 Heart
VR: Angio MIP
Segmented

1of6

LAD

LAO 33 CRA 25

Coronary Ostium Position

AllinaHealth’% MINNEAPOLIS HEART INSTITUTE
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AllinaHealth¥ MINNEAPOLIS HEART INSTITUTE

CT-based M*L*D

Lumen cross-section
diameters

M: calcified
L: 34 mm

D: 2.5 distal, 3.0 proximal Stent length
Angle: RAO 35 CRAN 35 S

No Filter ~
,‘ W/L: 1018 665 H';Aai: i = A
VR: Angio MIP [ Stenosis: 1 = (2.2/ 9%
Seamente ILengthi 34 0mit
RAO 35 ka’;[;. Tortuesity 1.11
| T B R

AllinaHealthi% MINNEAPOLIS HEART INSTITUTE

Vol. Rend,
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Lesion-specific FFR-CT and delta FFR¢ Virtual FFR¢t pullback

095 0.94 0.90
0.95 0.930'92 /

Virtual FFR-CT based PCI planning: stent length selection based on post-PCl FFR-CT prediction

Option #1 > 18 mm Option # 2 2> 34 mm Option # 2 > 38 mm

AllinaHealth’% MINNEAPOLIS HEART INSTITUTE
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Interactive plaque and calcium characterization

3D Model ( ) Show FFRcr model sCPR Plaque Cross-section Select All Clear All

Regions of total plaque Vessel contours: [_] Lumen wall Outer wall Calcified [] Non-calcified Low attenuation

Vessel Territory Analysis

Total Plaque Summary LM LAD
1270.. J 132 e,

O Non-cal

AllinaHealths% MINNEAPOLIS HEART INSTITUTE

Statistical Analysis

» Categorical variables are presented as percentages and compared using Pearson’s chi-
square test or Fisher’s exact test

» Continuous variables are presented as mean + SD or as median (interquartile range
[IQR]) and compared using the Student’s t-test and the Mann-Whitney U test

* A2-sided p value of 0.05 was considered indicative of statistical significance

» A Pearson correlation analysis and the Bland Altman method were used to assess the
agreement between FFR modalities and stent sizing pre-planned versus obtained values.

Minneapolis AllinaHealth ¥

Heart Institute 2
Fo ation: Center for Coronary Artery Disease e e

HEART INSTITUTE
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Results
Baseline patient characteristics (n=48)
Age, yrs 69.90 + 8.31
Women 39.6% (19)
Clinical presentation
Chronic CAD 81.3% (39)
Unstable angina 10.4% (5)
NSTEMI 8.3% (4)
Diabetes Mellitus 29.2% (14)
Hypertension 81.3% (39)
Dyslipidemia 83.3% (40)
BMI, kg/m? 30.9+7.1
LVEF, % 59.0+7.8
Heart Failure 17.0% (8)
Prior PCI 10.4% (5)
Prior CABG 0% (0)
Prior Mi 6.3% (3)
Atrial fibrillation or flutter 33.3% (16)
Current, smoker 6.3% (3)
CKD 10.6% (5)
Baseline eGFR (mL/min/1.73m?) 73.8£14.7
Baseline creatinine, mg/dL 1.010.83,1.10]
28
Results
Baseline patient characteristics (n=46)
Pre-PCl FFR, 0.70 [0.62-0.74]
L_lCalcium score 609,00 [207.5, 1,165.51 |
Heart rate, bpm 65.4+13.3
Sinus rhythm at the time of CCTA 83.0% (39)
Contrast, mL 105.5 [100.0, 121.3]
Radiation dose (DLP) 305.0 [170.0, 413.0]
KV 110 [100-120]
Beta blockers 69.6% (32)
Nitrate dose
<0.8 mg 0 (0%)
20 100.0% (48)
CAD-RADS
3 25.0% (12)
aA 62.5% (30)
4B 4.2% (2)
5 6.3% (3)
Dominance
Right 77.1% (37)
Left 22.9% (11)
Severe stenosis (270%) per CCTA
[C_iap 63,6% (21) ]
D1 12.1% (4)
D2 0.0% (0)
Circumflex 3.1% (1)
omM1 0 (0%)
RCA 21.2% (7)
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Technical success

Results

100% (48)

l Procedural and in-hospital outcomes (n=48)

Procedural success 97.9% (47)
Length of hospital stay 1(1-1)
# Same day discharge 25.0% (12)

Procedure time, min

89.0 [70.5, 108.0]

Fluoroscopic time, min

18.4 [13.7, 26.5]

Contrast volume, ml

140.0 [125.0, 180.0]

Air kerma radiation, Gy
# Vessels treated with CT-guided PCI (n=55)
Intravascular imaging

1.24 [0.81, 1.96]

IVUS 85.5% (47)
ocT 14.5% (8)
Calcium modification strategies
IVL 20.0% (11) -
Atherectomy 3.6% (2)
Target vessel
LM 1.8% (1)
LAD 50.9% (28)
D1 5.5% (3)
Circumflex 3.6% (2)
om1 1.8% (1)
omM2 0.0% (0)
RCA 32.7% (18)
Ramus 3.6% (2)

FFRq
versus
invasive
FFR*
correlation
n=77

* Invasive FFR include both
pressure-wire and angiographic
FFR (FFRangio, CathWorks)

Minneapolis
Heart Institute
Foundation’

0.7

o =3
i &>

FFR or FFRangio
4

FFRct vs. FFR or FFRangio

Mean Difference:
0.01+£0.10

n=77
R=0.74; p<0.001

Center for Coronary Artery Disease
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Stage
® Post-PCI
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AllinaHealth

MINNEAPOLIS
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FFR¢;

versus
I:FRangio_ o a8
correlation 2 Mean Difference:
n=56 T -0.0120.10
b n=56
02 R=0.73; p<0.001

0.0 0.1 0.2 0.3 04 0.5
FFRor

Minneapolis
Heart Institute

Foundation® Center for Coronary Artery Disease

FFRcT vs. FFRangio

Stage
@ Post-PCI
@ Pre-PCI

AllinaHealth ¥

MINNEAPOLIS
HEART INSTITUTE

Stent Length

Planned vs. Used Stent

80

Mean Difference:
50 -2.06.1 mm

Used Stent Length

* n=35

40 50

30
Planned Stent Length

Minneapolis
Heart Institute

Foundation’ Center for Coronary Artery Disease

10 R=0.88; p<0.001

AllinaHealth ¥

MINNEAPOLIS

HEART INSTITUTE
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Limitations

* Observational, single-center study.

» Statistical limitations due to modest sample size.

Minneapolis AllinaHealth ¥

Heart Institute ,
Foundation® Center for Coronary Artery Disease

MINNEAPOLIS
HEART INSTITUTE

Conclusions

* FFRg-based virtual PCI planning was associated with excellent in-hospital
and follow-up clinical results.

* FFR¢t had a good agreement with invasive FFR methods

* Pre-procedural planning with plaque characterization, demonstrates that almost
1 in 4 patients required advanced calcium modification, which most often
involved intravascular lithotripsy.

« Larger prospective multicenter studies and RCTs are warranted to evaluate
the impact of CT-guided PCI, the role of wireless end-to-end PCI including
FFR¢t followed by FFRangio and calcium modification strategies.

Minneapolis . AllinaHealth¥:
Heart Institute Center for Coronary Artery Disease
Foundation

MINNEAPOLIS
HEART INSTITUTE
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Understanding the Peripartum
Cardiomyopathy Care-Continuum
within the Allina Health System

Hayley Turch, DO | PGY-3
Rahmah Jingo, BA | Dubes Family Intern
Maya Palmer, BA | Clinical Researc| h Associate
Ellen Cravero, MS | Biostatistician
Sarah Schwager, RN | Staff Investigator
Gretchen Benson, RDN | Staff Investigator

Dr Peter Eckman, MD | Physician Investigator

Dr. Retu Saxena, MD | Physician Investigator

Minneapolis . .
Heart Institute | \World-Class Cardiovascular Research & Education

Foundation
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Peripartum Cardiomyopathy (PPCM)

Typical baseline _ Regional differences

characteristics ol Europe
p 68% NYHA class lll / IV at basel
Severe LY systolic / ' \
dysfunction 7% LV recovery by & mod

Asia-Pacific
80% NYHA class 111 / IV at baseline

62% LV recovery by & my

Middle East
68% NYHA class il / IV at base]

>
@ o
Typical 6 month L
outcomes
Thromboembolic Re-hospitalisation: Maternal
events. 10% mortality: 6%

regional differences observed in the peripartum cardiomyopathy (PPCM)

57% NYHA class Il / IV at

Symptom onset
before delivery

Figure | Baselne characteristics, 6-menth outcomes, and
EURObservational Research Programme (EORP). Analysis of 739 PPCM patients from 49 countries. In the map, countries in blue are those included
in the EORP registry (countries not included in the illustration: Argentina, Canada, Honduras, Nicaragua. and the USA). EF, ejection fractior LV, left
ventricular; NYHA, New York Heart Association.

Sliwa K et al. European Heart Journal. August 2021

Minneapolis
Heart Institute
Foundation

1.
2.

3.

LVEF £45%
Onset within the last month of pregnancy or
within (5) months following delivery
® 60-90% develop after delivery
No other identifiable cause of heart failure

Incidence: 1/2000 pregnancies worldwide
Leading cause of maternal death

4x as likely to develop in Black women vs
White women in the U.S.

Black women 2x more likely vs White women
to have persistently decreased LVEF

World-Class Cardiovascular Research & Education

PPCM remains poorly understood

® Pathogenesis
® Hormonal changes

® prolactin, sFLT-1, activin A, progesterone

® Genetic Contribution

® 15% heterozygous loss-of-function genetic

variant

® Myocarditis? - not supported by myocardial

biopsy or cMRI

® Risk Factors
® Hypertensive diseases of pregnancy
(e.g. preeclampsia)
Ethnicity: African American
Advanced maternal age
(>30)
Multiple gestations
Tobacco Use
Diabetes

Minneapolis
Heart Institute
Foundation

Incidence PPCM

'
'
@ sFlt-1, Activin A, with
0 preeclampsia
|
'
'
'

Prolactin, oxytocin,
with lactation

Plasma volume,
cardiac stroke volume,
cardiac output
cardiac mass

Relative Increase —————»

Estrogen,
progesterone

{ '
sFit-1,
Activin A 1

1 Postpartum Period
Delivery

Gestation

Figure 1. Temporal Hormonal and Hemodynamic Changes during Pregnancy
in Relation to the Incidence of Peripartum Cardiomyopathy (PPCM).
Hemodynamic changes of pregnancy, including increases in plasma volume
and cardiac stroke volume, cardiac output, and cardiac mass, occur during
early gestation; these changes are temporally discordant with the typical
postpartum presentation of PPCM. Late gestation and the postpartum
period are also characterized by profound changes in hormones. The ab-
breviation sFlt-1 denotes soluble fms-like tyrosine kinase 1.

Arany Z. New England Journal of Medicine. January 2024

World-Class Cardiovascular Research & Education
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Symptoms of PPCM mirror symptoms of
pregnancy itself

Peripartum
Cardiomyopathy

Pregnancy

Hot flashes

Mood swings

Dry cough Cramping
Low blood pressure Heartburn
Swollen neck veins Nausea

Food sensitivities
Skin changes

Minneapolis . .
Heart Institute | \World-Class Cardiovascular Research & Education
Foundation

Many cardiac conditions mirror PPCM
symptoms

Differential diagnosis of peripartum cardiomyopathy

a Dilated f;‘g =\ Valvular Heart Congenital Heart @ Hypertensive
Cardiomyopathy § Y Disease - Disease Disorders
L %

H&P, ECG, Echo, CMR H&P, ECG, Echo, CMR H&P, ECG, Echo, CMR H&P, ECG, Echo, CMR
ke Acute
Takotsubo %—} e % Pulmonary el
i il o Myocarditis v i 4 Coronary o5 e HIV
& Cardiomyopathy : "‘?} '_ A4 Embolism Syndromes :i'!lﬂ:":"
H&P, ECG, Echo, CMR H&P, biomarkers, ECG, H&P, ECG, H&P, biomarkers, H&P, biomarkers,
Echo, CMR, EMB biomarkers, Echo, CT Echo, CCA Echo, CMR

Minneapolis . .
Heart Institute | \World-Class Cardiovascular Research & Education

Foundation
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PPCM is a diagnosis of exclusion

* Symptoms during end of pregnancy or months following delivery:

Suspected acute PPCM* dyspnoea, orthopnoea, peripheral oedema, chest pain, dizziness,
palpitations, fatigue, depression, cough

l for acute HF: NT-proBNP >300 pg/m, >100 pg/ml

Natriuretic peptides, ECG,
chest X-ray, and echocardiography

v v v

Natriuretic peptidest** Natriuretic peptides{ Natriuretic peptides
and LVEF <45% and LVEF >45% normal and LVEF >45%

!

Acute PPCM likely

!

Exclude overt pre-existing Consider other cardiac and Consider extracardiac
heart disease extracardiac origin origin of symptoms
(e.g. chemotherapy-induced of symptoms (e.g. anaemia, pneumonia, renal
cardiomyopathy, congenital or (e.g. pulmonary embolism, amniotic disease, hypertensive disorders
valvular heart disease, fluid embolism, isolated RV dysfunction, of pregnancy, eclampsia, depression,
perogtio cardomprat) ) e TR et o ol

Minneapolis . .
Heart Institute | \World-Class Cardiovascular Research & Education

Foundation

GDMT is recommended for patients with PPCM

Table 4 Chronic drug treatment in peripartum cardiomyopathy patients after delivery

Bromocriptine: consider Anticoagulation
Drug Persisting heart failure and absence Complete and sustained recovery (LVEF > 55% in LVEF <35% to (LMWH) consider in
of complete LV recovery and NYHA functional class I) suppress prolactin LVEF <35% to prevent LV
Beta-blocker Essential for all patients in standard or maximally tolerated Continue all drugs (beta-blocker, ACE/ARB/ARNI, MRA) for at release thrombus

dosages least 12-24 months after full recovery, individual
approachidiscuss with patient. Discontinue stepwise and
monitor symptoms and LY function:

1 ® Contraception and

2. ACEI/ARB/ARNI

3. Beta-blocker mUItidiSCiplinary

ACEl Essential for all patients in standard or maximally tolerated
dosages

ARB Recommended in patients who do not tolerate ACEI m a n a ge m e n t Of

ARNI Recommended in patients with LVEF < 40% who are symptomatic .
despite maximal dosages of beta-blocker, ACEI/ARB and MRA b

MRA  Recormendad i poentswich (VEF < 40%, profrably subsequent pregnancies

eplerenone due to less hormonal side effects and less blood o .
pressure reduction compared to spironolactone R I S k Of rec u rre nt P PC IVI
Ivabradine Recommended in patients in sinus rhythm with a persisting heart  Discontinue if heart rate < 50 b.p.m. andlor in case of complete

rate > 70 b.p.m. at rest despite maximal tolerated beta-blocker  recovery ( 1 O_ 5 O % )

up-titration

Diuretics Recommended in patients with fluid overload Taper dose/discontinue if no signs of fluid overload, maintain only H . .
if part of antihypertensive therapy . La Ctatlon COhS'deratlons

Please note that initiation of all heart failure drugs is only possible in patients who do not breastfeed (see also Table 3 and online supplementary Toble 51 for a more
preh = = il s

ACE, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor—neprilysin inhibitor: LV, left ventricular; LVEF, left ventricular

ejection fraction; MRA, mineralocorticoid receptor antagonist: NYHA, New York Heart Association.

Bauersachset al. European Journal Heart Failure. July 2019.
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Study Aims

Evaluate the current state of PPCM diagnosis within Allina Health

Adjudicate PPCM and Characterize Patients with an Accurate PPCM Diagnosis

Assess GDMT Initiation and Maintenance within the Cohort

Minneapolis

Heart Institute | \World-Class Cardiovascular Research & Education
Foundation

Methods: Retrospective Chart Review

Post-partum

Preconception Pregnancy Delivery & s
® Demographics ® Gestational age at ® Mode ® # of appointments
O Age presentation ® Gestational age with OB, MFM, and
O Race ® # of appointments ® Delivery weight cardiology
O #of with OB, MFM, and ® CV complications ® ED visits &
pregnancies cardiology ® Follow-up readmissions
® Pre-existing ® Medications arrangements ® CV complications
comorbidities ® Medications
® Medications

Minneapolis . .
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Patient Demographics and preconception
[ Characteristic N = 105" History N = 105"

Mother’'s Age at Delivery 30.0 (27.0, 35.0) Gestational Hx (prior
Unknown 6 pregnancies)

Race 0 29 (29%)
White 65 (62%) 1 21 (21%)
Asian 5 (4.8%) 2 9 (8.9%)
Black/African American 29 (28%) 3 20 (20%)
Multiracial 1(1.0%) 4+ 22 (22%)
American Indian or Alaska | 3 (2.9%) Pre-existing Conditions
Native Hypertension 20 (19%)
Patient Declined 2 (1.9%) Diabetes Mellitus 8 (7.6%)

[Median (1QR); n (%) Tobacco Use (Current) |17 (16%)

n(%)

Minneapolis

Heart Institute | \World-Class Cardiovascular Research & Education
Foundation

Proportion of PPCM misdiagnoses
True PPCM vs Other Cardiac Complications Counts Other _CarFiiac N=65
Complications
60 Preeclampsia 21 (31.3%)
HFpEF 10 (14.9%)
Myocardial Infarction 4 (6%)
40
z Chronic Hypertension 3 (4.5%)
S Kidney Failure 3 (4.5%)
20 Endocarditis 1(1.5%)
Spontaneous coronary 1 (1.5%)
39.1% artery dissection
’ , Takotsubo syndrome 1(1.5%)
Other Cardiac Complications True PPCM
Condition Unknown 21 (32.3%)
n(%)

Minneapolis
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had LVEF >45%

Diagnosis @ True PPCM

Most individuals with “Other Heart Failure”

Other Heart Failure

. ]
*
[ ]
.
4
3
.
*
*
H
. 3
s

40 60
| VEE

0.00

Minneapolis
Heart Institute
Foundation

48

LVEF by Adjudicated Diagnosis

Other Heart
Failure (N=65)

L ]
Overall LVEF Levels ® e
L]
] L]
0.06
a8 e o s °
- - T
3 o
2
o
-8
.
0.04 1 . .
2 .
2 .
5 L]
(=] ° .
« ®
| . .
0.02 4 _‘,__,_—-// ™
] 20

55 (50, 61)

True PPCM
(N=40)

30 (25,40)

p-value

World-Class Cardiovascular Research & Education

2000 4

BNP Value

1000

Diagnosis ll = True PPCM Other Heart Failure

r=-051
p = <.001

ProBNP Value

Median BNP values were higher in PPCM

5000 4

4000 4

3000 4

2000 4

1000 4

r=-046
p = 0.0498
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Antihypertensives were the primary line of
treatment for patients with a true PPCM
P B
GDMT Medication

e ©
2 ° Pregnancy CV True False | p-value
2 © Complications PPCM PPCM
2 o7 Preeclampsia 19 (50%) | 12 0.002
& (20%)
& I 4 New hypertension 11 (29%) | 5 0.008
£ (8.5%)
I;E_. ~ n(%); 2 Fisher's exact test; Pearson’s Chi-squared test

o |

o

Ace/Arb/Arni MRA Beta Blocker SGLT2

Minneapolis . .
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Increased follow-up visits with Cardiology
correlate with GDMT status

Outcomes for True PPCM by GDMT status

. . No GDMT On GDMT
Patients with True PPCM on GDMT
Outcome N=71 N = 29! p-value?
Bk Any follow-up with Cardiology 7 (70%) 25 (89%) 03
Number of follow-up visits with 1(0,2) 3(2,5) 0.006
0% cardiology
>=1 CV related hospitalization 7 (70%) 22 (79%) 0.7
é Total CV related hospitalizations 1(0,1) 1(1,2) 0.3
gm >=1 obstetric related hospitalization 1(11%) 0 (0%) 0.3
- Advanced Heart Failure Management 0 (NA%) 3 (100%)

1n (%); Median (IQR)

Following GDMT Not Follow MT . ;
ollowing GON ot Folowing GO 2 Fisher’s exact test; Wilcoxon rank sum test

GDMT Status
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Discussion

Conclusions: o
* PPCM is often misdiagnosed fuwre D'recuons'f :

O LVEF <45% is part of diagnostic criteria Management o pe”partum
* Most patients with an "Other Heart Failure"

accurate PPCM diagnosis Genetic testing

received GDMT * REBIRTH trial: bromocriptine
O Primarily with
antihypertensives and LVEF recovery

* Follow-up with Cardiology is HOPE Study for Mom and Baby
crucial for ensuring the
initiation and maintenance of Limitations:
GDMT

* Incomplete data from healthcare received
outside of the Allina system

Minneapolis . .
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Foundation

References & Acknowledgements
Arany Z. Peripartum Cardiomyopathy. N Engl J Med. 2024 Jan 11;390(2):154-164. doi: 10.1056/NEJMra2306667.

PMID: 38197818.
®  GoliR, LiJ, Brandimarto J, et al. Genetic and Phenotypic Landscape of Peripartum Cardiomyopathy. Circulation. Dr. Retu Saxenal MD

2021;143(19):1852-1862. doi:10.1161/CIRCULATIONAHA.120.052395

®  Honigberg MC, Givertz MM. Peripartum cardiomyopathy. BMJ. 2019;364:k5287. Published 2019 Jan 30. Dr. Peter Eckman, MD
doi:10.1136/bmj.k5287

®  Arany Z It Is Time to Offer Genetic Testing to Women With Peripartum Cardiomyopathy. Circulation. 2022;146(1):4- Sa rah Schwager' RN
5.doi:10.1161/CIRCULATIONAHA.122.059177

®  Bauersachs J, Kénig T, van der Meer P, et al. Pathophysiology, diagnosis and management of peripartum
cardiomyopathy: a position statement from the Heart Failure Association of the European Society of Cardiology GretChen Benson’ RDN
Study Group on peripartum cardiomyopathy. European Journal of Heart Failure. 2019;21(7):827-843. .
doi:https://doi.org/10.1002/ejhf.1493 Rahmah Jingo, BA

®  Davis Melinda B., Arany Zolt, McNamara Dennis M., Goland Sorel, Elkayam Uri. Peripartum Cardiomyopathy.
Journal of the American College of Cardiology. 2020;75(2):207-221. doi:10.1016/j.jacc.2019.11.014 Maya Palmer, BA
®  Mubarik A, Chippa V, Igbal AM. Postpartum Cardiomyopathy. In: StatPearls. StatPearls Publishing; 2024. Accessed
August 5, 2024. http://www.ncbi.nIm.nih.gov/books/NBK534770/
®  Sliwa K, Bauersachs J, Arany Z, Spracklen TF, Hilfiker-Kleiner D. Peripartum cardiomyopathy: from genetics to . fedinl A ] .
management. Eur Heart J. 2021 Aug 21;42(32):3094-3102. doi: 10.1093/eurheartj/ehab458. PMID: 34322694. Blostatlst|C|ans/SC|ent|f|c Services
.

Ersilia M. DeFilippis, Catriona Bhagra, Jillian Casale, Patricia Ging, Francesca Macera, Lynn Punnoose, Kismet

Rasmusson, Garima Sharma, Karen Sliwa, Sara Thorne, Mary Norine Walsh, Michelle M. Kittleson. Cardio-Obstetrics E||en Cravero
and Heart Failure: JACC: Heart Failure State-of-the-Art Review, JACC: Heart Failure, Volume 11, Issue 9, 2023, Pages
1165-1180, ISSN 2213-1779, https://doi.org/10.1016/j.jchf.2023.07.009. Andrew W|||ett

Larissa Stanberry

Minneapolis . .
Heart Institute | \World-Class Cardiovascular Research & Education
Foundation

28 of 39



MHIF Cardiovascular Grand Rounds |
November 11, 2024

Feasibility of Computed Tomography as a
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Severe Aortic Stenosis Patients

Work-up
Coronary artery

TAVR procedure
' (Transcatheter Aortic Valve Replacement)

oo.

* Can we use coronary CTA?
— Has a high NPV
— CCTA requires beta-blockers and SL nitroglycerin

Historically evaluated by invasive coronary angiography

. . . .
*D t f TAVR-CTA tablished
1agnostic accuracy o IS establishe
. . . . .
* Th ty and cl / licat th h
e sajety and ciinicair a |ication o IS approac
Table3 Diagnostic value of CTCA
CTA is Excellent for screening — Rule OUT ¥oohe B W RBOM SkdyspsapRy N
Pontone et al. (2011 [13] 60 26 23 30 4 3 88.5%  88.2%  852%  909%
433%  383%  500% 67%  50%
Andreini et al. (2014) [18) 5 97 87 207 21 10 89.7%  908%  806%  954%
<62 days 298% 268% 637%  6.5% 3.1%
Pt;gtlolne CTCA CAG ! 2 Hamdan (2015) [19] s 49 47 48 18 2 95.9%  T270%  123%  96.0%
. 426% 409% 417% 157% 1%
e Opolski (2015) [20] 475 270 265 76 129 5 98.1%  37.1%  613%  938%
Andreini - ays 56.8%  558% 16.0%  21.2% 1L1%
2?)194II CTCA JCAG . > Harris et al. (2015) [21] 100 74 . 73 15 11 1 ) 98.6%  57.7%  869%  938%
740%  730% 150% 110%  1.0%
s <90 days it Matsumoto (2017) [10] 0 24 22 21 15 2 97%  583%  595%  913%
amdan CAG 400%  367%  350% 250%  33%
— —_—
2014 CICA Rossi etal. (2017) [22] 140 S8 53 45 37 5 914%  549%  589%  90.0%
41.4% 37.9% 32.1% 26.4% 3.6%
o — TAVI Total 1275 598 70 4a 235 28 05.3%  65.3%  708%  940%
poiski CTCA CAG 46.9%  44.7%  347%  I84%  2.2%
2014 — —> procedure

Outcomes of individual studies and of the studies combined are listed as integers and as a percentage
FN false negatives, FP false positives, N number of studied subjects, NPV negative predictive value, PPV positive predictive value,
Prev prevalence of coronary artery disease as reported, TN true negatives, TP true positives

Harris CTCA <28 dag CAG NR

2015
Matsumoto <365 da Pontone 2011 —_—e— 0.88(0.71,0.96] —e— 0.88(0.73,0.95)
e C|CTCA CAG =
2016 Andreini 2014 PE—— 090(082,0.94] - 091(086,0.94)
Boiced NR NR Hamdan 2014 i 096(086,0.99) i 073(061,082]
= CclcA ——— GG — _
2017 Opolski 2014 - 098(096,099] = 037[031,044]
Harris 2015 b 0.99[093, 1.00] - 0.58[0.39, 0.74]
Fig.4 Flow and timing. Scl'fcmc. depicting the timing of the pre-pro- iiatsomdtoie S Tii5E a5 pasT
cedural CTCA and CAG before TAVI. (CTCA computed tomography
. - - . Rossi 2017 e e 0.91 [0.81,0.96] L 0.55 [0.44, 0.65]
coronary angiography, CAG coronary angiography, NR not reported,
TAVI transcatheter aortic valve implantation procedure) Summary el 0.95[0.93,0.97] o 0.65[0.62,0.69]
T T T T T T T T T T
071 078 085 093 1.00 031 047 063 079 095 (o)
- : 95% ol e 65%
Gati M et al. Eur Radiol 2022 Aug;32(8):5189-5200. ensitivity pecificity

Fig.3 Diagnostic accuracy paired forest plot. Sensitivity and specificity of CTCA versus CAG for the detection of CAD in patients receiving
TAVI. Results are depicted in a paired forest plot, with resulting confidence intervals for cach individual study and for the studies combined
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Coronary CTA evaluation on Pre-TAVR scan

TAVR CTA to exclude CAD can be attempted for most patients.
But there are patients and patients...

58

Ability of standard pre-TAVR CTA protocol without medications,

to serve as a screening test to rule out obstructive CAD

Outcomes related to coronary events of both approaches.

Concordance for obstructive CAD for both approaches

Factors associated with the needed for ICA

59

31 of 39



MHIF Cardiovascular Grand Rounds |
November 11, 2024

Pre-TAVR coronary angiography screening

|
I Implementation of TAVR CTA for coronary evaluation
i
|

100 92.4 94.7 94.3
90
80 68.7
70 |
60 |
50  SrEEa——— i
52.6
40 i 47 | 422
30 :
20 |
10 |
0 |
2017 2018 2019 2020
——Pre-TAVR Invasive angiography —Significant CAD

Methodology

Inclusion criteria

— By invasive angiography

* TAVR procedure were performed afterward
Exclusion criteria
* CABG patients

— Coronary revascularization
— Acute coronary syndrome
— Unplanned invasive angiography

* consecutive TAVR patients with documented evaluation of CAD

— By TAVR CTA (0.6 mm thickness, systolic recons, 512 matrix)

Outcomes: coronary related events up to 1-year after TAVR
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Methodology

1,414 patients underwent TAVR

l Exclude: 214 CABG patients

35 no CTA & no ICA before TAVR

1,165 patients \; g

P

464 with coronary evaluation 701 with coronary evaluation
by TAVR-

CTA by invasive angiography

|

|

Outcome: symptom-driven revascularization at one-year after TAVR

Result
Characteristic TII'\“V=R4CGE? N lc7A0 11 p-value?
Age, yrs 81 (76, 86) 81 (76, 87) 0.7
Male gender 246 (53%) 381 (54%) 0.7
Diabetes 126 (27%) 229 (33%) 0.045
Hypertension 382 (82%) 608 (87%) 0.039
Presence of pacemaker 58 (13%) 83 (12%) 0.7
History of PCI 90 (19%) 104 (15%) 0.041
Bicuspid valve 23 (5.0%) 45 (6.4%) 0.3
LVEF, % 63 (56, 65) 62 (55, 66) 0.2
Atrial fibrillation 162 (35%) 258 (37%) 0.5
Aortic valve area, cm? 0.8(0.7,0.9) 0.8(0.7,0.9) 0.086
STS-PROM, % 2.7 (1.8,3.9) 3.1(2.0,4.7) <0.001

1 Median (IQR); n (%) 2 Wilcoxon rank sum test; Pearson’s Chi-squared test.
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Baseline pre-TAVR evaluation

TAVR-CTA ICA

Characteristic p-value?
N = 464! N = 701!
Obstructive CAD 173 (37%) 290 (41%) 0.2
Pre-TAVR angiography 217 (47%) 701 (100%) <0.001
Pre-TAVR PCI 63 (14%) 134 (19%) 0.014
Complete revascularization 44 (70%) 100 (75%) 0.5
PCI / angiography ratio 0.29 0.19 0.003

1n (%) 2 Pearson’s Chi-squared test.

Revascularization
20
3 g — ICA
5 o 157 — TAVR-CTA
< Q
o3 104
! P=0.158
< Q
=
>
© 1.8%
0 - — — 0.8%
0 2 4 6 8 10 12
Number at risk Time (months)
ICA 701 676 653 639 631 618 605
TAVR-CTA 464 452 445 425 413 401 380
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Result
Acute coronary syndrome
—~ 20
=
o < — ICA
22 ] — TAVRCTA
a ©
3 g
g »
S 2 107 P=0.846
z g
s O
(3 Q - L7%
B o —— - 1.6%
0 2 4 6 8 10 12
. Time (months)
Number at risk
ICA 701 677 653 640 633 621 607
TAVR-CTA 464 451 444 424 412 401 379

Result

| m
[}

Unplanned angiography

207
S
54 .E' 15 — ICA
(=R eh
g s — TAVR-CTA
=en
Q9 o
=B
2 s P=0.767
P=Ro]
=%
=
ES 51 .
o g - 2.8%
% T —— — " 2.7%
0 L l.. T T T T T T
0 2 4 6 8 10 12
Number at risk Time (months)
ICA 701 674 650 636 628 615 601
TAVR-CTA 464 451 444 423 411 399 375
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Patient subgroup with TAVR-CTA

Coronary evaluation by TAVR-CTA, 464 patients

A

TAVR-CTA did not suspect obstructive CAD, 316 (68%)

Skip ICA proposed at Heart Team review _1

Physician decision to undergo

TAVR-CTA cleared, 247 (53%) invasive angiography, 69 (15%)
(no invasive coronary angiography) ‘

TAVR-CTA couldn’t exclude CAD, 148 (32%)

. — ICA performed, 217 (47%)
(suspected or uninterpretable)

Factors related to requiring of ICA

Coronary evaluation by TAVR-CTA, 464 patients

Characteristic IRR? 95% Cl p-value
Male gender 1.54 1.16, 2.07 0.004
Age, yrs 1 0.98, 1.02 >0.9
LVEF, % 1.01 0.99, 1.02 0.4
AF 1.01 0.76, 1.34 >0.9
Diabetes 1.3 0.97,1.73 0.08
Hypertension 1.4 0.93,2.21 0.12
History of PCI 2.07 1.55, 2.75 <0.001

1 IRR = Incidence Rate Ratio, Cl = Confidence Interval. Abbreviation as in Table 1

TAVR-CTA couldn’t exclude CAD, 148 (32%)
(suspected or uninterpretable)
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Matching the accuracy of TAVR-CTA

* Patients with TAVR-CTA (suspected or excluded CAD) and ICA
Sensitivity = 88.5 % Specificity =75 %
PPV =68.7 % NPV =91.3%
* TAVR-CTA did not miss any left main and/or proximal LAD stenosis
* Most common segment/vessel misinterpreted was proximal RCA

Conclusion

When compared to routine invasive coronary angiography, use of
routine pre-TAVR CTA evaluation of CAD, even without pre-
medication can expedite TAVR work-up while:

» Safely excluding significant CAD up to two-thirds of patients
without missing any severe left main or proximal LAD lesion.

* Maintaining comparable low incidence of coronary events at 1
year after TAVR — equal to routine invasive cath

* Providing reassuring high negative predictive value.

Male patients and history of PCI had increased need of invasive
coronary angiography after TAVR-CTA evaluation.
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* CTA report grading

Table 1: Grading scale for stenosis severity, plaque burden and
ischemia.
Degree of luminal diameter stenosis Terminology

0% No visible stenosis

1-24% Minimal stenosis

25-49% Mild stenosis

50—69% Moderate stenosis

70-99% Severe stenosis

100% Occluded

Result

TAVR-CTA alone m TAVR-CTA plus Invasive angiography

17% TAVR-CTA had a
limitation to interpret at

45% can exclude
least 1 vessels

obstruction by TAVR-CTA

247,53%

5% with stents and exclude
obstruction by TAVR-CTA

2% can exclude obstruction
for LAD by TAVR-CTA

73
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A\D

74

l‘.

Degree of maximal
Categ .

Further Cardiac
X -

M id

CAD-RADS 0 0%
(No plague or ste-
nosis)
CAD-RADS 1 1-24%
(Minimal stenosis
or plaque with no
stenosis®

CAD-RADS 2 25-49%
(Mild stenosis)

CAD-RADS 3 50-69%
(Moderate stenosis)

Absence of CAD* None

Minimal non-ob- None
structive CAD®

Mild non-obstructive None

CAD
Moderate stenosis Consider
functional as-
sessment*

Reassurance. Consider non-atherosclerotic causes of

symptoms

- Consider non-atherosclerotic causes of symproms

- P1: Consider risk factor modification and preventive
pharmacotherapy

- P2: Risk factor modification and preventive pharma-
cotherapy

- P3 or P4: Aggressive risk factor modification and
preventive pharmacotherapy

- Consider non-atherosclerotic causes of symptoms

- P1or P2: Risk factor modification and preventive
pharmacother:

- D3 or P4: Aggressive risk factor modification and
preventive pharmacotherapy

-P1, P2, P3 or P4: Aggressive risk factor modification
and preventive pharmacotherapy

- Other treatments (including anti-anginal therapy)
should be considered per guideline directed care?

- When modifier I+, consider ICA, especially if

frequent symptoms persist after guideline-directed

medical therapy

CAD-RADS 4 A - 70-99% stenosis

or

B - Left main =50%

disease

CAD-RADS 5 100%
(total occlusion)

CAD-RADS N Non-diagnostic
study

A: Consider ICA*

or functional

Severe stenosis

assessment B:
ICA is recom-

mended

Total coronary occlu- Consider ICA,
sion or sub-total functional and/
occlusion or

viability assess-
ment

Obstructive CAD Additional/alter-
cannot be excluded  native evalu-

-P1, P2, P3 or P4: Aggressive risk factor modification
and preventive pharmacotherapy.

- Other treatments (including anti-anginal therapy and
options of revascularization) should be considered

per guideline directed care:

P1, P2, P3 or P4: Aggressive risk factor modification
and preventive pharmacotherapy.

- Other (including anti-anginal therapy and
options of re larization) should be idered
per guideline directed caret

39 of 39





