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TALKING ABOUT STRAIN IMAGING
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STRAIN = DEFORMATION

Myocardium
Relaxed Contracted

Shortening
and
thickening

Myocardial Shortening Myocardial Thickening
Longitudinal Circumferential Radial
strain strain

strain




STRAIN CALCULATION

CALCULATED AS A CHANGE IN LENGTH
Reference is end diastolic length

Start (el L-Lo AL
o i Straine = = 1
Ls 10 mm Lo .
8-10 -2
t Straine = = = - 20%
10 10
il det) V1-V2
. - i SRt) = or
End dt q

L 8 mm AL

Contraction or shortening — negative
Stretching or lengthening — positive
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SPECKLE TRACKING (STE)

Speckles: granular patterns of bright/dark spots due
to scatter of the US beam in tissue (fingerprint)

\YI\)
‘4— New location

< Old location

>
°| X
speckles are tracked frame by frame
by frame to determine the change

in size and shape
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Manually trace endocardial border in end systole

Software creates a ROI that includes entire myocardial thickness
Regional strain curves are generated (base, mid, apical
segments) and color coded

White represents average strain 0
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A3C GLS =-19.1
A4C GLS =-17,6
A2C GLS =-18.0

Average GLS =-18.23




GLS VALUES
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Normal: < -18, borderline 16-18
Abnormal > -16



Display of GLS (Bull's Eye Plot)

Peak Systolic Strain
GLS -20%

\ BLUE= +ve

I \ (lengthening )

,' =-ve
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! (shortening)




INTERPRETATION

— Dyskinetic

- Akinetic

— Hypokinetic

I
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A

LVH DIAGNOSIS

Asymmetric septal HCM B Apical HCM C

GLS=-15.0%

Amyloidosis
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CLINICAL APPLICATIONS

LA strain
* Diastolic function
P~ * Atrial function
’ ™Y _—+ AFrisk
I\ * Embolic risk in PAF
/A \ LV strain
* HF
« ,, | « CTRCD
RV strain || LY .. = Valve disease
« PHTR 5. % . * LV "hypertrophy”
o CHD' = N « IHD/CAD
« ARVD | — * CRT

» Diastolic function
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“Simplified” Clinical Applications

Pattern Recognition
A

Subclinical Dysfunction

Regional variation




A Because Longitudinal Myocardial Fibers Dominate in The Vulnerable Subendocadium,
Reduction of GLS is an Early Sign of LV Dysfunction

|

Normal

Remodeled
ventricle
Longitudinal
myocardial fibers
B Vulnerable Subendocardium
B Due to The Elliptical LV Geometry, EF Reflects C Pseudo-Normal Systolic Function
Predominantly Circumferential Contractions by EF in Hypertrophic Ventricles
01 ‘ pvl EDV =130 ml
EF as funtion of GLS 90 - SAX diameter = 5.4 cm
flat slope = little impact

80 -
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g 50 -+

w

30 4 Arrow indicates
. eserved EF when
EF as funtion of GCS 2304 LT \
: there is increasing LV
steep slope = high impact .
P S 10 ‘ihypenrophy and systolic
20 T T T d 0 dysfunction by GLS
-20 -15 -10 -5 0 3 b y 4 !

25 -20 -5 -0 -5

GLS or GCS (%) GLS (%)



ASYMPTOMATIC CTRCD

LV-EF 2 50%
AND: GLS reduction > 15%

AND/OR: Rise in cardiac biomarkers
(CTNECTNT > 95 percontio. GNP 2 35 pomi. NT-proBNP 2 125 po™i)

* LV-EF reduction 2 10 percentage points (LV-EF 40-49%)
* LV-EF reduction < 10 percentage points (LVv-EF 40-49%)

AND GLS reduction > 15% OR nse in cardiac biomarkers
(CTNVCTNT » 55en percentie, BNP 2 35 pgmi. NT-proliNP 2 125 pg'mi)

| * New LV.E_F reductio-n o < 4076 l

. Virginia Mason
Y Y Franciscan Health 16
Center for Cardicwazcular Health
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(a)

EF (Biplane)
58% :
LV EDV BP -

112ml =3

LV ESV .
BP «

47 ml -

)

EF (Biplane)
51%

LV EDV BP
113 ml

GLS -A2C-19.5

\  [GLS-A4C-186% ) | 9.5% /
ot | kea o
GLS
AVG
i & GLS -LAX-14.5% -18.2%
; e S e . s 1 SMNID019.94:33:98

\ | GLS-A2C-10.6% /




GLS PREDICTORS OF CTRCD

+» Abnormal GLS during treatment and

> 15% decrease in GLS during treatment
are the best predictors

+~ Abnormal GLS at baseline



SUCCOUR

Baseline Echo surveillance 1-year
echocardiography during therapy follow-up
E Abnormal
5 ejection fraction ;
° response kY] Abnormal left
S £ ventricular ejection
O fraction response
4
Cancer g Abnormal
patient 5 global longitudinal
5 strain response
2R Normal LVEF
g, response
§ Normal
response

Primary endpoint: no difference in EF (3DE)
O Fdhcicantiears  CTRCD 5.8% (GLS) vs 13.7% (EF)
RRR 57. NNT 13



SUCCOUR MRI

itttitteteteiene ifteid
333 patients at risk from CTRCD —’ 105 patients with isolated reduced GLS

a @ Cardioprotection group @ Usual care group
’ AEF -25254% =—————— p=0009 =——— AEF-56159%

EF (%) EF (%)

80 80

Baseline 12 months Baseline 12 months

Difference in ALVEF -3.6% (-1.8% to -5.5%, p<0.001)

adjusted for baseline LVEF
. Virginia Mason
Franciscan Health

o GLS-guided cardioprotection is associated with
Center for Cardiowascular Health

less reduction of LVEF




AORTIC STENOSIS

Asymptomatic severe AS EF > 50%
10 studies 1067 patients
2.5X mortality with GLS < -14.7

A B
100 1040 4

2 2 ] :-l IIIIIIIII
O EITgIT‘I_ICI Mason 0 05 1 1.5 2 25 1 15 4 45
g r? HCISEGHI Jith Follow-Up, Yeurs
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HFrEF

Each 1% absolute decrease in GLS increases all

cause mortality 15%
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1 Early systolic stretching
2 Reduced end systolic strain
3 Enhanced post systolic strain




DYSSYNCHRONY: RESPONSE TO CRT

Septal flash and

apical rocking

Virginia Mason
Franciscan Health

Center for Cardiowascular Health

Synchrony

Mechanical
dyssynchrony

Longitudinal Strain (%) Longitudinal Strain (%)
o[ i—
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-16 - ' E ’
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-24

lateral i
wall :
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ASYMPTOMATIC CTRCD
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MECHANICAL DISPERSION

Virginia Mason Predicts risk of cardiac arrhythmias

Franciscan Health

26



Heart Fallure (HF)

Virginia Mason
Franciscan Health

Predictive of CV
death and
rehospitalization
in patients
admitted for
decompensated
acute HF

Center for Cardiowascular Health

RV STRAIN

Clinical Indication for RV Systolic Function Assessment

Cardiomyopathies
(CmP)

Myocardial
Infarction (M1)

Pulmonary

Hypertension (PH) | | Regurgitation (TR)

Tricuspid

Additive Value of RV Longitudinal Strain

Detects subtle RV
involvement in
CMP patients and
predicts disease
development in
family relatives

to Conventional Parameters

\ 4

Predictive of
survival and
MACE after
inferior AMI,
better than TAPSE
and FAC; additive
to age, LVEF, Tnl,
RV infarction

Superior to TAPSE
for outcome
prediction in PH of
different
etiologles and
severities

Normal < -15 - 20

'

Independently
associated with
all-cause
mortality in
significant TR;
incremental to
FAC and TAPSE

Congenital Heart
Disease (CHD)

i

Sensitive
parameter of RV
function in ToF;
predictive of
exercise capacity
and postoperative
RV function

27



70
mL

60

LA FUNCTIONS

Atrial filling
(reservoir function)

Minimum
volume

Maximum
volume

Passive atrial emptying
(conduit function)

Active atrial emptying

Pre-contraction
volume

(contractile function)

. Virginia Mason

o Franciscan Health-
Center for Cardiowascular Health
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LA STRAIN

LA 2ok Shran Left atrial longitudinal strain

Recoil strain

' train
Reservoir Pump s

strain

Reservoir: LA filling from PV in systole
Virginia Mason Recoil (conduit): LV filling early diastole

Franciscan Health

Pump: LV filling late diastole atrial contraction



LA STRAIN

e N B2 2 3 =1
cardiomyopathy

Mormal left atrial strain Altered left atrial strain
s
> II

LA remodeling
LA fibrosis

LASr ED: 38.09%
LASed ED: «29. 1%
LASet ED: +9.5%

LAS: ED: 18.9%
LAScd ED: +14.4%
LAScE ED: 4.5%

S, s, Predicts risk of AF, HFpEF, CVA

Center for Card 1 Health



DIASTOLIC FUNCTION 2016 GUIDELINES

Conventional diastolic parameters and algorithm as per ASE/EACVI recommendations
Mitral annular velocity ('), mitral inflow (algorithm B), E/e’, TR velocity

Functional assessment in place of
structural assessment
« left atrial reservoir strain <24%

l , l l

Normal diastolic function Indeterminate diastolic function Grade 1DD Grade 2+ DD

« Increase in proportion » Reduction in indeterminate cases * Minor « Reduction in
of normal cases by 75% increase in proportion of
* No increase in HF risk « Prognosis similar to normal proportion grade 2+ DD
diastolic function of grade 1

l DD
Improved diagnostic and prognostic clarity
Potter, E.L. et al. J Am Coll Cardiol Img. 2020;13(11):2316-26.

Virginia Mason
Franciscan Health

Center for Cardiowascular Health
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LA STRAIN: GRADING DIASTOLIC FUNCTION

A. Grading LV diastolic function
Grade 0 Grade 1 Grade 2 Grade 3

Normal 21-60: median 42
Low sensitivity and specificity

4 Virginia Mason
.  Franciscan Health
Center for Cardiowascular Healtl
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ESTIMATION OF FILLING PRESSURES

B. Estimating LV filling pressure

60-
a0 °* °

20+

LA reservoir strain (%)

L J ]
0 10 20 30 40
LV filling pressure (mmHg)

Better with HFrEF than HFpEF
Wide variation values 15-38

. Virginia Mason
F Franciscan Health
/ Center for Cardiowascular Health



2025 GUIDELINES DIASTOLIC FUNCTION

' 5 -~

STEP 1 STEP 2 Diastolic dysfunction
Assess e’ as marker of impaired Assess markers of LA/LV present if:
LV relaxation remodeling and elevated LAP s¢' reduced & 1 or more

markers in Step 2 present or

" .,

M

r 7 we' preserved, but 2 or more
+&’ septal £6 omys or =Average Efe’ > 14 markers in Step 2 present
slateral < 7 or *LARS £ 18%
=Averoge = 6.5° *E/AsD.8% or 22
- o *LAVI > 34 millfm? ¥
LV Diastolic Function Grading & LAP Estimation MAC, MR, Ms*
Atrial Fibrillation
1. Reduced e’ velocity: septal <6 or lateral < 7 or average < 6.5cm/s * x:mm
2. Increased E/e’: septal 2 15 or lateral 2 13 or average 2 14 HIX
3. Increased TR velocity 2 2.8 m/s or PASP 2 35 mm Hg constriction
|
[ \ 1 |
All normal Reduced e’ only Increased TR/PASP only or 3 of the above
Il Increased E/e’ only or

— ] Any 2 abnormal variables
!

E/AS0.8 E/A>0.8
Pulmonary Vein $/D 0.67 or

LARS £ 18% or LAVI > 34 ml/m?

Non 21 present
Normal LAP —none Alternatively e Increased LAP

IVRT s 70 ms

If none available or reliable use
Supplemental methods’

Virginia Mason :
Franciscan Health- If symptomatic _ Diastolic Exercise

Center for Cardiowascular Health Echo
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FUTURE DIRECTIONS

Al: faster, more reliable, more consistent
results

Higher frame rates: use of 3D STE and
strain rate analysis

Better assessment of diastolic function:
myocardial work, twist, torsion, untwist

35



STRAIN REAL LIFE APPLICATIONS

1Y NEW F2 RITE THING,
OLYMPIC DIVERS ON A'TOIET?

. Virginia Mason
o Franciscan Health
Cntier for Card

fiowascular Hedalth
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Thank You
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The use of Intracoronary Imaging and Plaque
Modification to Optimize Percutaneous

Coronary Revascularization (PCI)
Allen Rassa, MD, FACC
. Virginia Mason

. . Franciscan Health"

Center for Cardiovascular Health



Disclosures

% NO RELEVANT DISCLOSURES
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Intracoronary imaging for PCI

% Angiography with X-ray is considered the gold standard for diagnosis of
coronary disease
% Primary modality to guide PCI
% Angiography has several limitations
o 2D representation of a 3D structure
o Only visualize the internal lumen
o Plaque composition

% Intracoronary imaging helps fill these gaps

. Virginia Musonl N
Franciscan Health-
86 '

Center for Cardiowascular Health



Intravascular Ultrasound (IVUS)

«» First clinical use in 1998

% Sound based system using piezoelectric crystalline transducers

% US waves reflected differently across varied tissues

< Generated into grayscale cross sectional images g

Media

% Information provided

o

o Vessel size and architecture

o Plague morphology

‘l
.
A
/
7

~

N

\
-
\\

. Virginia Mason
o Franciscan Health
Center for Cardiowascular Health



Optical Coherence Tomography (OCT)

Emits and receives near infrared light
waves

Creates very high resolution images
Comes at expense of penetration
Requires contrast opacification to create a
“bloodless” imaging field

Not as useful for large vessels

Virginia Mason
Franciscan Health

Center for Cardio ir Health

Thrombus




o

Clinical use of intracoronary imaging

Lesion Preparation and
Stent Deployment

Preintervention
Assessment

Assess plaque composition,
lesion characteristics, and
mechanisms of stent failure

Prepare lesion (eg, angioplasty,
atherectomy, lithotripsy)

Confirm landing zones

Identify reference segments
and landing zones

Choose stent size (length Determine success of
and diameter) and lesion preparation strategy a.nd
preparation strategy optimize stent expansion

Virginia
fr?ncmf Truesdell AG, et al. J Am Coll Cardiol. 2023;81(6):590-605.

Assessment of
Postprocedure Endpoints
and Complications

Identify stent underexpansion,
deformation, and malapposition

Identify edge dissection,
hematoma, and tissue
protrusion

Rule out geographic miss
and inflow/outflow disease



Clinical advantages of VI

% Accurate sizing of the blood vessel
% Assessment of lesion length
% Choosing the right tools for plaque modification
o Atherectomy, cutting balloon, POBA

% Assess for plaque modification after treatment

% Ensure stent is well placed

% Avoid/diagnose complications

% Not many downsides beyond slight increase in procedural time and X-

ray dose, more contrast for OCT.

../_ Virginia Mason

, Franciscan Health-

- Center for Cardiovascular Hedalth



IVUS Properties

% After crossing lesion with a wire, an IVUS catheter is directed across
coronary lesion and turned on to visualize the lumen

o Solid state transducers use phased array transducers arranged in a

circular manner and active sequentially

o Mechanical transducers rotate a single transducer at high speed to

create a uniform circular image
% Imaging resolution has improved with newer technology

% Tissue penetration by US is inversely related to frequency

. Virginia Mason
= Franciscan Health-

- Center for Cardiowascular Health



Example of normal artery on IVUS

Adventitia

Media

. Virginia Mason
. Franciscan Health
Cnibier for C + By bl r Health

ardiovascular Hea



Example of calcified coronary disease

Calcium >270°

S B patan 360° of calcium? Calcified nodule?

Techniques to modify calcium these lesions (atherectomy or intravascular

lithotripsy) will result in better stent delivery and expansion
Virginia Mason
anciscnn Health

Figure from Zhang, et al., Circulation: Cardiovascular Interventions 2021

10



Examples of acute thrombotic lesions

. Virginia Mason
Franciscan Health

Center for Cardiovascular Health

Figure from Groenland, et al., Eurolntervention 2022



Example of coronary dissections

Virginis
Franciscan Health-

Center for Cardiowascular Health

Figure from Paulo, et al., JACC Cardiovascular Imaging 2013

12



D.

Virginia Mason
Franciscan Health

Stent problem identification

Plaque overload Underexpansion Edge dissection

)3 Vi
. :‘[} /

-

\
N

Center for Cardiowascular Health

Figure from Zhang, et al., JACC 2018

13



Stent optimization with IVUS

. Virginia Mason

o Frunmscun Heult
Centier for Cardic seuilar His

Figure from Zhang, et al., JACC 2018



...

Minimal Stent Area (MSA) on IVUS

% Refers to the smallest cross-sectional area of a coronary artery after a

stent has been placed
% A higher MSA indicates better stent expansion

% Alow MSA is a powerful predictor of future events, including restenosis,

Virginia Mason
Franciscan Health-

Center for Cardiowascular Health

Kim, et al., 2024 Circulation: Cardiovascular Interventions

15
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IVUS criteria for “Stent Success”

1. MSA > 5.0 mm2 or > 90% MLA at distal reference point
1. Plaque burden < 50% at stent edge

1. No dissection > 3 mm

Virginia Mason
Franciscan Health-

Center for Cardiowascular Health

16



Example of plaque modification




Data supporting the use of IVL

% In era of bare metal stents, the use of IVUS was shown to have lower
rates of restenosis and target lesion revascularization (TLR) (Schiele et
al. 1998, Frey et al., 2000)

% Other trials have demonstrated similar results for drug eluting stents
(DES)

% Challenging to demonstrate benefit since event rates are so low with
modern DES

o Often surrogate endpoints are used for clinical trials

. Virginia Mason

, Franciscan Health-

- Center for Cardiowascular Health
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Clinical trials on IVUS- vs angio only-PCl

% IVUS-XPL (2015) IVUS guided PCI vs angio only

o Lower rate of composite endpoint (MAACE, TLR-MI, ischemia

driven revascularization at one year)

% ULTIMATE (2018)

o Lower target-vessel failure (TVF) at 12 months

o IVUS-defined optimal criteria had to be met to count as successful.
% Amin, Amit. Presented at: CRT 2024

o PCI procedures incorporating IVUS were associated with reduced

mortality at both 1-year and ten-year intervals.

Virginia Mason

“a Franciscan Health-

. - Center for Cardiovascular Hedalth
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Clinical trials on IVUS in left main (LM) PCI

% Wang et al., 2018

o Meta analysis of 1 prospective RCT and 6 observational studies
o IVUS-guided DES implantation was associated with better clinical
outcomes including death, myocardial infarction, and stent
thrombosis.
% dela Torre et al., 2014
o Observational study of LM stenting
o IVUS-guided revascularization was identified as an independent

predictor for major adverse events in the overall population

. Virginia Mason

, Franciscan Health-

- Center for Cardiowascular Health

20



Clinical trials for CTO-PCO

& CTO-IVUS (2015)

©)

major adverse cardiac event rates were significantly lower in the

IVUS-guided group than that in the angiography-guided group

< Kwon, et al., 2021

O

post-stent IVUS evaluation was associated with a lower risk of
TLR/reocclusion. The final MSA was independently associated with

TLR/reocclusion

< Panuccio et al., 2023

©)

Virginia Mason

IVUS did not significantly improve clinical outcomes, except for

reducing stent thrombosis.

“a Franciscan Health-

. - Center for Cardiovascular Hedalth
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...

IVUS Utilization by WA state hospitals

COAP Regional Summary Report: Q1 2024-Q4 2024
ALL PC1, levdl&llMlmics

Virginia Mason

Franciscan Health-
Center for Cardiowascular Health

T 11.2%

OM_Z! _-mm
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IVUS Utilization by Commonspirit hospitals

Intravascular Ultrasound (IVUS) - DL 15785

100.00%

T I R R

_::
5_ I'?

.,;F
f
. Virginia B Ao 202810 Mar 2025w NCDR S0 Percentile
80 k. ........ .. 2



Rates of IVUS use

% IVI/IVUS use is low nationally (~15% of all PCls)
o Use isincreasing
% In late 2010s use was as low as 6-7%
% Other countries (Japan, Korea) have higher utilization rates up to 75-

80%

. Virginia Mason
FY Franciscan Health-

- Center for Cardiovascular Hedalth



Case example, severe LAD disease







Vessel after stent placed

27



Take home points

% Use of Intravascular imaging/IVUS is associated with better clinical
outcomes and is an indispensable tool in contemporary PCI

% Optimize stent placement and long term durability

% Helps avoid/diagnose complications such as coronary dissection

% Can aid in individualized recommendations regarding DAPT duration

% IVUS is underutilized nationally

% IVUS use is strong in the VMFH system

. Virginia Mason
FY Franciscan Health-

- Center for Cardiovascular Hedalth
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Thank You
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Coronary CT Angiography and FFR-CT

Justin Penn, MD FACC

. \I.:firginiu Mason
ranciscan Health-
80

Center for Cardiovascular Health



Introduction

. Virginia Mason

. Y Franciscan Health-

Center for Cardiovaisular Hedalth




Coronary CT Angiography and FFR-CT

)/
%

62 year old with new onset angina

)
%

Referred for stress test

)
%

Abnormal

)
%®

Referred to Cardiology

)
%®

Sent for invasive angiography

. Virginia Mason
o Franciscan Health 3
o Cardicvascular He

1
-_— Center for Ca ir Hesalth



Coronary CT Angiography and FFR-CT

% Her angiogram is shows only luminal
irregularities

% No stent is indicated

% Risk of ICA: 0.082%

% Is there a better way?

. Virginia Mason
o Franciscan Health 4
Center for Cardiowascular Health



Absolutely

. Virginia Mason

. Y Franciscan Health-

Center for Cardiovaisular Hedalth




[] Guidelines

Acute Chest Pain
Evaluation Risk of
ED evaluation "8’0" CAD Events

Per ACC AHA guidelne

Stable Chest Pain
Evaluation
Outpatient evaluation

. Virginia Mason I . . . .
Franciscan Health- 2021 AHA ACC ASE CHEST SAEM SCCT SCMR Guideline for the Evaluation and Diagnosis of Chest Pain

. . Center for Cardiowascular Health



[[] Guidelines

Pretest likelihood of CAD | Intermediate-

high

high

Yow » No testing .

*—p

Intermediate- _

necessary

Younger patient OR

Less obstructive

Option for CAC
for ASCVD risk
stratification

o CCTA favored

(<45 y of age) CAD suspected
Older patient More obstructive
(265 y of age) CAD suspected Stress testing favored

Favors use of CCTA Favors use of stress imaging

Goal * Rule out obstructive CAD « Ischemia-guided management
+ Detect nonobstructive CAD
Availability and expertise » High-quality imaging and expert | « High-quality imaging and expert
interpretation routinely available interpretation routinely available
Likelihood of obstructive CAD » Age<é65y + Age 265y
Prior test results « Prior functional study « Prior CCTA inconclusive
inconclusive
Other compelling indications » Anomalous coronary arteries « Suspect scar (especially if PET or

» Require evaluation of aorta or
pulmonary arteries

stress CMR available)

« Suspect coronary microvascular
dysfunction (when PET or CMR
available)

. Virginia Mason1 N
Franciscan Health-
86 '

Center for Cardiowascular Health




[ ] Guidelines

Sensitivity

Specificity

Findings
indicating
high risk

Stress eld

Exercise g

Requires
electroca
left bund)
or major §
changes)

0.58 (959

0.62 (959

>2-mm S
depressio
ST-segmg

ventricul;
or ventrig

CENTRAL ILLUSTRATION: Discriminative Ability of Imaging Modalities for

the Detection of Per-Vessel Fractional Flow Reserve-Defined Ischemia

Angiography +
Fractional Flow Reserve

o |

Driessen, R.S. et al. J Am Coll Cardiol. 2019;73(2):161-73.

|
f

J
|

Fractional
Flow Reserve
Calculated

AUC 0.94

|
L

from Computed ﬁ
| Tomography

¥

Asdenior

Crosmfiex_escendieg |

Positron
Emission
Tomography
AUC0.87

Coronary
Computed -
Tomography | .
Angiography
AUC0.83

Single-photon
Emission
Computed
Tomography
AUC 0.70

Sensitivity (per vessel)

100

80

60

40K |

20

A A A A

40 60 80 100

100-Specificity (per vessel)

sive coronary
ography

ive procedure
bleeding risks
r with radial vs
ral approach)

ith caution for
nts with kidney
irment

iple coronary
Hes with 270%
DSiS

Imain stenosis 250%

Virginia Mason
Franciscan Health

Center for Cardiowascular Health



[] Guideline Recommendations

% 1) Initial Chest Pain Evaluation
> For intermediate-high risk patients with stable chest pain and no
known CAD, CCTA is effective for diagnosis of CAD, for risk
stratification, and for guiding treatment decisions.
% 2A) FFR-CT for 40-90% stenosis to defer ICA
> FFR-CT can be useful for diagnosis of vessel-specific ischemia and
to guide decision-making regarding the use of revascularization for
intermediate-high risk patients with stable symptoms with 40% to
90% in a proximal or middle coronary segment on CCTA.
@ Virginia Mason

Y Franciscan Health-
- Center for Cardiovascular Hedalth



[] Guideline Recommendations

% 2A) Abnormal Stress Tests
> For patients with an inconclusive or abnormal exercise ECG or
stress imaging study, CCTA is reasonable.
% 2B) Normal Stress Tests with high clinical suspicion
> For patients with negative stress test but with high clinical suspicion

of CAD, CCTA or ICA may be reasonable.

Virginia Mason
Franciscan Health-

Center for Cardiowascular Health

10



[] Guideline Recommendations

% 1) CABG Graft Assessment
> Post CABG patients with suspected coronary ischemia, it is
reasonable to perform stress imaging or CCTA to evaluate for
myocardial ischemia or graft stenosis or occlusion.
% 2A) Reassessment of non-obstructive disease
> For patients with known non-obstructive CAD with stable chest
pain, CCTA is reasonable for determining plaque burden and
progression to obstructive CAD and to guide therapeutic decision-
making.
Virginia Mason

Franciscan Health-

Center for Cardiowascular Health
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© When not CCTA? O

% Previous coronary stent

% Previous bypass surgery - when looking for changes in native vessel -
okay to use when addressing graft patency

% Known high calcium score

% Recent CCTA with known moderate or greater stenoses without change
in symptoms

% Known elevated calcium score - to assess soft plaque volume

. Virginia Mason
FY Franciscan Health 12
- Center for Cardiovascular Hedalth
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O CT Angiography Performed

—

= / N

< Heart rate slowed / — ;- >
% Images timed to the ECG = BNV
\ ) @
< Non-con CT - Calcium Score \s f J

i

% NTG administered

% IV Con with Saline bolus
% Images acquired
+ Radiation is 3-5 mSv

‘ Virginia Mason
80 Franciscan Health- 14
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Relative & Absolute Contraindications

% Inability to lower heart rate

% Inability to follow commands and hold breath

% Irregular heart rate (atrial fibrillation, frequent PVC’s)
% Obesity BMI > 35-40

% Contrast allergy

% Renal insufficiency (typical contrast: 70-120 mL)

% Presence of coronary stents

% High calcium burden

. Virginia Mason
FY Franciscan Health-

- Center for Cardiovascular Hedalth



What is FFR-CT?

Angiographic stenosis # ischemia
Fractional Flow Reserve developed
in the cath lab

Changes in pressure = Flow /
resistance

FFR-CT estimates invasive FFR via
computer modeling of fluid
dynamics

Ratio of pressure distal/proximal

Virginia Mason
Franciscan Health

17



What is FFR-CT?

% FFR =< 0.75 - Abnormal, correlates with ischemia, may benefit from revasc

% FFR > 0.8 - Normal, unlikely to cause ischemia, may defer revasc

% FFR 0.76-0.8 - Grey-zone, depends on symptoms, lesion location, and
degree of pressure loss (i.e. if FFR value 1-2 cm prox to lesion drops by >
0.12 at 1-2 cm distal to lesion), may want to perform ICA if clinically
appropriate

% Distal or Terminal FFR < 0.75 - Defer ICA

. Virginia Mason
FY Franciscan Health-

- Center for Cardiovascular Hedalth



Understanding a CCTA Report

Category Degree of maximal Inferpretation Farther Cardiac Investigation Management considerations
COronary Horosy
CAD-RADS O Abserce of CAD® Mone - Beassurance, Consider non-athereiclemtic cuses of symploms
(Mo plague or stenosis)
CAD-RADS 1 1=24% Mirimal nom-shstnactive CAD" Hone » Consider non-atherceclerotic causes of sympsoms
{Minimal stemosis or plaque with no stenosis™) = Fl: Consider risk factor modification and preventive
pharmarocherapy
= FE Risk factor modification and preventive pharmacotheragy
= F3 or P4; Aggressive risk factor modification and preventive
pharmacotherapy
CAD-RADS 2 54T Mild nos-obaructive CAD i - Consider non-ath derotie eauses of Bymp
(Ml smemsends) - 1 or P2 Risk fncror meedificmion snd prevesitive phasmacotheragy
« F3 or Pd: Aggressive risk fncior modification and preventive
pharmarorherapy
CAD-RADS 3 S50 Muoerate slenosis L& Functicsal = Pl P2 Yoo P4 Aggressive risk Bactor modification and preventive
(Msderate sherenis) pharmacetherapy
- Oher irestments (Enchading anti-anginal therapy) shoidd be
coenddered per guideline directed care”
- When medifler [+, consider [OA, especially if lreq i
persist after paideline-direcoed medical theragy
CAD-RADS 4 A - TO-5% sbenosiz Severe senoss A Compider 1CA™ or functional ssessment 1, F2. P3 or P4: Aggressive risk factor medification and preventive
or B BCA s recommended pharmacotherapy.
B - Left maln =500 o 3- weiel - Daher reatment (Enclading anti-anginal therapy and opticsd of
chrtructive (= 70M) diseaie rr lasieation]} dhaukd be idered per guddeling disected
care’
CAD-RADS 5 10 Total coronary coclusion or sub-total ooclusion Comaider 1CA, functional amd/or 1, FL P3 or P4: Aggressive risk facior modification and preventive
{bottal ooclusion) viahility ssaessment pharmacotherapy.
= Orther treatments (incading anti-anginal therapy and optices af
revascularization] ihould be considered per paideline directed
care’
CAD-RADS N Non-diagnostic study Obstroctive CAD cannot be exclsded Additional falverrative evaluation

may be needed

. Virginia Mason
. . Franciscan Health-

Center for Cardiowascular Health
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Understanding a CCTA Report

TABLE 3 Risk of Death or Myocardial Infarction by CAD-RADS

Compotite Dutcome Al-Cavise Mortality
Univarlable HR Multivariable® HR Uniwariable HR Multivariable® HR
(95% €I} » Value (95% €1) P Value (95% €I} » Value (95% C1) P Valoe
CAD-RADS O 1.00 Reference 1.00 Reference 1.00 Referenoe 1.00 Reference
CAD-RADS 1 245 (1.623-3.29) <0.00M 246 (1.82-3.31) <000 204 (1.37-3.02) <0.000 1.87 (1.21-2.65) 0.0036
CAD-RADS 2 3.28 (2.48-4.34) <0.0001 319 (240-4.24) <0.0001 2.82 (1.95-4.06) =0.0001 2.22(1.52-2.23) =0.000
CAD-RADS 3 367 (2.81-4.80) =0.0001 3.42 (2.59-4.51) <0.00M 227 (1.55-3.33) =0.0001 1.67 (1.12-2.49) 0.0107
CAD-RADS 44 4.23 (3.30-5.43) =0.0001 31.73 (2B7-4.86) <0.000M 218 (1.51-3.14) =0.0001 1.55 (1.05-2.28) 0.0264
CAD-RADS 48 6.31 (4.46-8.93) <0.000M 5.39 (3.76-7.73) <0.000 4.31 (2.59-7.17) <0.000 .78 (1.64-4.71) 0.000
CAD-RADS 5 7.1 {5.14-9.83) <0.0001 6.09 (4.34-8.54) <0.0001 4.71 (197-7.48) <0.0001 3.09 (1L.B7-4.92) <0.0001
TADLE 3 Continued
Nanfatal MI
Univariable HR Multhrariable® HR
(5% Cn) P Yalue (95% 1) P Valee

CAD-RADS © 1.00 Reference 1.00 Reference
CAD-RADS 1 .98 (1L.B5-4.71) <0.0001 .25 (2.15-4.91) <0.0001
CAD-RADS 2 3.92 (2.55-6.05) <0.000 1.75 (2.50-5.54) =0.000m
CAD-RADS 3 5.78 (3.B5-8.58) <0.000 6.03 (4.18-8.70) 0,000
CAD-RADS 44 719 (4.96-10.45) <0000 687 (4.85-9.75) <0.00
CAD-RADS 48 9,15 (5.58-15.01) <0.0001 9,24 (5.87-14 55) 0,000
CAD-RADS 5 9.97 (5.23-15.94) <0.000 2,07 (5.79-14.20) =0.00m

*Muliivariable models were adpated for patient age, s, hyp

king, and chdl pain charactivists,

CAD-RADG = Corpnary Artery Disgade-Ropeoating and Data Syt

l; HR = hazaed ratio; MI

myocardial infaection,

Virginia Mason
Franciscan Health-

Center for Cardiowascular Health

Xie JX, Cury RC, Leipsic J, et al. The Coronary Artery Disease—Reporting and Data System (CAD-RADS). JACC: Cardiovascular Imaging.

2018;11(1):78-89. doi:10.1016/1.jcmg.2017.08.026
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CAD-RADS Predicts Outcomes

1.00
095 4 95. 2%
0.90 4
f8ran
% 0851 84.2%
.§ 831%
§ o0 80.1%
)
'E' 0.75 4
- T2.7%
§ 0.701 69.3%
5 065 4
~
060 4
055 4 Log-rank p < 0.0001
0 so a L L v v
0 1 2 3 4 5
Follow-Up Time (Years)
Number a2 Sisk
CAD-RADS O %79 1646 1614 1602 1589 1581
CAD-RADS 1 592 559 537 529 516 505
CAD-RADS 2 616 SN 534 516 S00 483
CAD-RADS 3 n 636 576 511 487 461
CAD-RADS 4A 963 818 (3] 562 502 465
CAD-RADS 48 190 161 120 87 80 74
CAD-RADS § 206 168 135 107 ”n 82
CAD-RADS 0 = CAD-RADS | e CAD-RADS 2 = CAD-RADS 3~
. Virginiq Mason CAD-RADS 4A —— CAD-RADS 48— CAD-RADS S = -

Xie JX, Cury RC, Leipsic J, et al. The Coronary Artery Disease-Reporting and Data System (CAD-RADS). JACC: Cardiovascular Imaging.
2018;11(1):78-89. doi:10.1016/.jcmg.2017.08.026

. . Franciscan Health-
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M The Vulnerable Plaque

TABLE ¥ Univarisble and Multivariable Analysis for Coranary Heart Diseate Death or
<% What is the vulnerable plaque? | e s nfrion compreaifih paiont ¥ith Homs! cotossry rteie
Analyiin P Wales Anatysh® P Value
> Spotty Ca|C|f|Cat|OnS W 495 (13418290 006 279 (06412180  OUT2
. . . rt-:i::;me dheane £.87 (1.50-22 48) ouom 257 (0.53-13.43) 0254
> Napkin ring sign vt v
Wﬂmm 173 (1.73-34.54) 0.007 3.20 {0.52-19,61) 0.208
> Positive remodeling Pt
Obitnactive diteiie 11.50 {3.39-30.04) a000 400 (0. M6-22100 iR ]
with adverse
I it
> Low attenuation <30 Hu | o @ s <o inosim o
o, . . Cardiovascular risk 1.65 (1.13-2.41) 0. 110 (QUT=1.70) 06T
% Consider more aggressive scares
- SRR 2139, 5 < D.001 Nl C-saac 0724 andrd o - 0/046) svrse sy vined 31 B
prevention e of s et o s .t Sl o coy oy s

Franciscan Health-

Center for Cardiowascular Health
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Now what?

23



...

How to manage abnormal CAC/CCTA

% Anti-atherosclerosis therapy
> Antiplatelets
> Lipid lowering
> QOptimize risk factors (blood pressure, blood sugar)
> Anti inflammatory therapy
% Anti-ischemic therapy
% Revascularization (PCI/CABG)

Virginia Mason
Franciscan Health-

Center for Cardiowascular Health

Ve NEW ENGLAND JOURNAL «f MERICINGS

l ORIGINAL ARTICLE |

Coronary CT Angiography and 5-Year Risk
of Myocardial Infarction

The SCOT-HEART Investigators®

ARSTRACT

SACaCrOUND

Allhnugh ¥ d b by (CTA) imp diagnos-
the ceruaisty in lheauamofpuknnwnhmuecbmpm its effect on
S-year climical outcomes is unknown.,

MITROOS

In an open-label, sulticenter, parallel-group trial, we easdomly assigned 4146
patients with stable chest pain who had been referred to 3 cardiology clinke foe
mhuwawuandudunﬁutﬂ(mﬂpnmawsm&rdmahm
(2073 pati and clinical outcomes were assessed
m%m?wnndmmwadpam-nw(mnmuq
Beart disease or noafaral myocardial infarction a2 S years.

s
The median daration of follow-wp was 4.8 years, which vidded 20254 paticns-
years of follow-sp, The S-yrar rate of the primsary ond point was lower in the CTA
growp than i the standard-care growp (2.3% (3 pati v L9% (81 p
Bazard ratio, 0.59; 95% confidence inserval [CI), 041 to 0.84; P=0.004) Although
the rates of invasive cotemary angiography and coronary revascularization were
Righer ia the CTA groep than in the standard-care group in the first fow moaths
of follow-up, oversll rates were similar 3t § years: invasive coronasy asgiography
was performed in 491 paticnts in the CTA growp and in S02 patients in the stas-
dand-<are group (hazand ratio, 1,00; 95% CI, .88 o 1.13), 36d coronary revacs-
Larization wis performed in 279 paticsts ia the CTA group and in 267 in the
nua-un}an m (hazard razio, 1.07; 95% CL 091 10 1.27). Howewer, more
were initiated in patients in the CTA group (odds ritio, 1.40;
mu ll9|ol,6§).nmmanmmmuzhuapuw;mn 1.27; 5%
Cl, lmwluLMmmml!kmbnmnmmmlnmenm
of dk lar deaths or deachs from any cause.

CONCLUSIONS

in this trial, the use of CTA i additicn to standard care in patients with stable
chest pain resulted in a significantly lower rate of death from cocomary beart dis-
case or nonfatal myocardial infarction at S years than standard care akone, without
resulting in a significantly higher rate of coronary asgiography or coccaary revascn-
Barization, (Funded by the Scottish Goverament Chief Scientist Office and others;
SCOT-HEAKT ClinicalTrials.gov number, NCTO1149590)



How to manage abnormal CAC/CCTA

CENTRAL |mmnuon:.:::m Rates by CAC Score Categories for MACE
) ) Compared to Prior ASCVD Pat
% Calcium score of >/= 300 is ASCVD o oy
% CAD-RADS >/=3is ASCVD 5"“ gm
i o
o% o
0 2 4 o 0 2 ‘. 3 B
Time bo MACE Event, Years Tiene 80 MACE and LR Event, Yoars
= CAC#0 v CAC# 199 o CAC » 100-299 “~CAC*0 v CAC# 199  woe CAC # 100-299
— CAL 3300 Prior ASCVO —— CAC »300 Prior ASCVO
0% m %1 e
s 5% s %
w0 0%
i % : i 5%
e .'/ ‘-”"_"/’—r
o% e o%
o 2 4 6 L ] 4] 2
Time to Mi Event, Years Time to All-Cause Mortality, Years
e CAC2 0 CAC =199  —— CAC = 100-299 e CAC® 0  ———CAC# 199 —— CAC = 100-299
s CAC »300 Prioe ASCVO . CAL 300 Price ASCVO
Budoff MJ, et al. J Am Coll Cardiol Img. 2023;16(9):1181-1189.

. Virginia Mason
. . Franciscan Health-

Center for Cardiowascular Health
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How to manage abnormal CAC/CCTA

Adults for whom there ks clinical uncertainty regarding recommendation
o patient hesitancy to begin statin therapy after quantitative risk
assessment and cliniclan-patient discussion Including consideration of
risk-enhancing factors

L | !

PCE risk score: 5% - 20% et PREVENT risk score: 3%-12.5%

l

. Virginia Mason
Y Franciscan Health-
Center for Cardiowascular Health



What's Next in CT?

Virginia Mason
Franciscan Health-

Center for Cardiovaisular Hedalth
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What's Next?

% AI-QCT - Al guided analysis of CT for ischemia
% Plaque analysis
> Provides quantification of soft and calcified plaque

> Unclear role in management of chronic atherosclerosis

. Virginia Mason
FY Franciscan Health-
- Center for Cardiovascular Hedalth



Plague Analysis

aSoctvenens with medcal and invasse approaches

CENTRAL ILLUSTRATION: mmmwmmm Key Question
CTA AI-QCPA Data From a Large International Cohort VWhat 1 the SrOgRostc ke of CONDAITY COMgLENd 1omaogrphy Sngogiphy (CCTA)denved sherocierctic plages iy n
rs:m«-
January 2001 < May 2022 ko %
N 11808 Key Finding
Mesn Age: 62.7 + 12.2 Yeary, o = $.42) (45.9%) and n « 6,385 (541%) 1 3 POpURION with BEVINCHE CONOniry artery Gnedse with) modering 10 bevere AChaenl, Mheroadiorots plague Quantfcation modestly
o progy da outrome of card daath or my Infarcrion beyond chescal rsk Scion slone
MMW
. oy Even i 2 gy Sneised 4 CCTA evah of enous severity dend Mierosckrotic busden Can enhance
:‘: mdmmmmxmmmufmwwmdccfknmmmd
L0 e Cononary artary Sueae
fi
0 e
= =
g ISCHEMIA
l ;o Vawrratonal study of comparative wath
i oo
o

* Moderste or severe sdheema
. * Presance of cbatrwctive CAD v -

“ CV death and M
—~ccTA 1 Mecan P 33 ey

ALr AR 0T plague Darden Jrowsdes prognosts mamwummw
value for CV death and M Il quantss
Cuamssation wisderce of TV sy for €V desch and M
04
¥+ 000
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02 Qc
o
“asy Ny Wny iy .y BNy Wesy  Mny |
el - o .
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Teimas G, et al. J Am Coll Cardiol Img. 2024, 17(2)165-175.

. Virginia Mason
. . Franciscan Health-

Center for Cardicwazcular Health



Conclusion

% CCTA with FFR is the most accurate
non-invasive test for coronary
disease

% Class 1A guideline recommendation

for the evaluation of chest pain

)/
%

“Seeing is believing” you have the
opportunity to initiate preventive
therapies to reduce myocardial
infarctions

Virginia Mason

Franciscan Health

Center for Cardiowascular Health
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Improving Cardiac Care
Through the Incorporation of
Remote Cardiac Monitoring
Devices

Alicia Porter, RN, CCDS

. Virginia Muaunl -
Franciscan Health-
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Center for Cardiovascular Health
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What is Remote Monitoring?

Today, almost every patient with a cardiac implantable electronic device (CIED) has a
remote monitor to use at home.

Remote monitors transmit data from the CIED to the managing device clinic for review,
showing us the same info we see during in-office checks.

o Transmits on a schedule, as well as unscheduled “alert” transmissions.

Historically, patients had quarterly in-office CIED checks.

o  With remote monitoring, annual in-office checks with quarterly scheduled
transmissions is the current standard of care. Monthly transmissions for loop
recorders.

Allows for early detection of arrhythmias, device, and/or lead problems.

Reduces the number of in-office device checks and provider visits.

. Virginia Mason
= Franciscan Health-

- Center for Cardiowascular Health



CIEDs: Therapy Devices

% Therapy devices are implanted to treat a specific diagnosis.
% Pacemakers:
o Symptomatic bradycardia (e.g SSS, HB)
% Implantable Cardioverter Defibrillator (ICD):
o Treat life-threatening arrhythmias
o Known h/o VT/VF
o HF with reduced EF (increased risk for VT/VF)
% Cardiac Resynchronization Therapy (CRT) devices (pacemaker or ICD):
o HF with reduced EF and LBBB
../_ Virginia Mason

, Franciscan Health-

- Center for Cardiovascular Hedalth



CIEDs: Diagnostic Devices

% Implantable Loop Recorders (ILRs):
o Indications: Cryptogenic stroke, syncope, palpitations, AF management
o |LRs are long-term cardiac monitoring when temporary monitors don’t
catch anything but there is still strong suspicion for arrhythmias.
o Can detect tachycardia, bradycardia, pauses, AT/AF, symptoms (patient-

triggered), and PVC burden.

Current  Lifetime  Parameters

% Scheduled monthly transmissions. Symptom 0 s o
. . Tach ] 0 =176 bpm,>=16 beats
o No need for in-office checks. -
Pause 0 1 =5seconds
< Alerts tailored to the indication. Brady 0 0 <30 bpm,>=12 beats
AT 0 o Off
AF 0 0 Al Episodes

Virginia Mason Tirme in AT/AF 0.0%

../ » Franciscan Health- PVCs (% beats) 0.14% —  On

- Center for Cardiovascular Hedalth



Impact on Patient Care

ECM cisplayed 3t 25mm per second

1058t

O/

% Quarterly in-office checks delayed A A A A A A b A S el e

care: = S

o New onset AF >12 hours —

remote alert — start e PSS e (B RS (eSS Wt W e, [l (7
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Impact on Patient Care

Real-time assessment of arrhythmia-

related symptoms:

©)

Manual transmission — called office
reporting palpitations — pacemaker-
mediated tachycardia (PMT) found
— scheduled in-office check to
reprogram

Easy fix!

@ Virginia Mason

Y Y Franciscan Health-
Center for Cardiowascular Health
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Impact on Patient Care

% Early detection of lead problems:

o High ventricular rate event LV_ ‘l /L _!\ﬂ{v_\l == ‘,,,.»1!,\4.;‘&- R WL'MLF,L,, ‘L

triggered — Remote alert — ‘ : S e ma
o . e B ﬁ] SN N N _/\ﬂ//\ﬁ,
Clinician reviewed, noted to be il i !

p
| |
RV lead noise inhibiting RV ““‘JF“‘J“_“'F*‘;’\H”]‘* 3 \l e l

SIR i SIR SIR
pacing in ventricularly-dependent NEAS] WSS R 0 ) m sl i b s
BP VS VS VSVSVS VS VS 8P B8P BP 8P 1 BP B8P BP
atient — scheduled in-office P
P [ [-.f Fﬁmﬁﬁ . |—‘,’“ [ [ x|-520 [— |— |—s',, |
check to assess/reprogram, EP s #
flu

. Virginia Musonl N
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% Signs of HF decompensation (ICDs, CRTs):

@)

Impact on Patient Care

Changes in thoracic impedance
(suggestive of increased fluid volume)
— Remote alert — Assess for
symptoms, discuss with provider,
intervene prior to full decompensation.
HF Monitoring is designed to catch
signs of a problem so we can address

before symptoms occur.

Virginia Mason
Franciscan Health-

Center for Cardiowascular Health

Optivial 210 fusd incex: s an sccumulation of the dfference between the dady and reference mpedance

Crptifal 210 fcse) g

— il
Treara

7
N,

o

I

I

. Lﬂ
oy —

May 0 Jul
=100

_—
Sep 2024

T T
Py 0

J//] ,....AT:.//I
et

[
b

L]
Natar 2GR




Limitations of Remote Monitoring

% NOT continuous cardiac monitoring.

o Ifit's not scheduled, and there are not any alerts, there is no updated report.

% NOT an emergency response system.
o Itis meant to be a supplement to in-office checks only.
% Cannot tell us what a patient’s heart rate was at a specific time of day.
o We can review heart rate trends, but we can’t pinpoint exactly what was

happening last night at 10:30 pm.

X/
L X4

Cannot remotely reprogram therapy devices.

Virginia Mason

“a Franciscan Health-

. - Center for Cardiovascular Hedalth
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Ambulatory Hemodynamic Monitoring

Hannah Plueger, ARNP, MSN
Center for Cardiovascular Health, Heart Failure
Clinical Research CommonSpirit Health Research Institute
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Learning Objectives

K/

< Highlight limitations of current heart failure management

K/

< Discuss available implantable wireless hemodynamic

devices and their impact on heart failure outcomes

% Review new devices being studied

Virginia Mason
Franciscan Health-

Center for Cardiowascular Health
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What makes ambulatory management of heart
failure so hard?

e Difficult to identify high risk patients early enough to prevent HF

hospitalization

. : . . Physiologic Markers of
e Historical use of physiological markers Acute Decompensation

o Weight gain

o Swelling

o Shortness of breath
o Orthopnea

& Virginia Mason
@8 Franciscan Health

Adamson PB, Cuir Heart Fail Rep. 2009:6:287-292..



Implantable Devices

CardioMEMS™ (@:Orde”a'
o )/ =)

The sensor remotely monitors changes in pulmonary
artery diastolic (PAD) pressure. This is a far earlier
@ Virginia Mason indicator of fluid retention than physiologic signs or
o Franciscan Health .
patient reported symptoms.

Center for Cardiowascular Health



Why use PAD?

e Baseline PAD and change in PAD are independent predictors of
mortality

e Change by >2 mm Hg predicted a 26.7% increase in mortality
or a 14.7% decrease

e The CHAMPION-HF & GUIDE-HF trials demonstrated
Implantable devices were able to reduce PAD, reduce
hospitalizations and improve mortality in HFpEF and HFrEF

e Patients with lower PAD are more likely to be on ARNIs,
.MR_AS,_a__nd lower diuretic doses

e
4 @ Franciscan Health
o Cardicswascular b alth

-_— Center for Ca f



Home equipment
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Virginia Mason Francican Health Data-

Data from 114 patients, showed an average decrease of 1.92 mmHg over
the first six months. This translated into :
e 72% reduction in heart failure hospitalizations

e 79% reduction in 30-day readmissions,

Virginia Mason
Franciscan Health
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ALLEVIATE-HF TRIAL

Subcutaneous loop recorder with Loop Recorder

Insertable cardiac monitor

investigational sensors designed for early
detection of heart failure
Advantages include:

® casier insertion

e does not relyon pt

compliance

Loop recorder
under the skin

e NO weight restriction
& Virginia Mason o
B8 Franciscan Health 21



ALLEVIATE -HF DETAILS

In Phase 1, pt with high risk scores took an additional diuretic for 4
days, irrespective of symptoms. The data showed no safety concerns

and suggested a reduction in in HF hospitalizations and all cause

mortality.

Phase 2 designed to validate the clinical benefit noted in Phase 1.

This data is pending publication

Virginia Mason
Franciscan Health
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What is coming next?

Elevate- HFpEF trial-

There is emerging evidence to suggest that prolonging diastolic filling time may

lead to elevated filling pressures and adverse outcomes in HFpEF

The trial will insert a dual chamber pacemaker and randomize pts to
1. No pacing

2. Customized pacing rate

Virginia Mason

Franciscan Health 23
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