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Objectives

1.

Examine the epidemiologic impact of heart failure both in the United States and
worldwide

Detail the fundamental role of echocardiography in the diagnosis/management of heart
failure and the limitations of this modality

Explore new techniques in echocardiography for the quantification of left and right
ventricular function/size

Overview of the ever-expanding role of cardiac MRI in heart failure diagnosis and
management

Explore the current and future role specialized nuclear medical imaging in the diagnosis
of infiltrative cardiomyopathies, particularly amyloid heart disease = UVAHealth



Heart Failure Is a Big Problem

Prevalence: >5,000,000

Incidence: >650,000
new cases/year in the
UsS

Most common
discharge diagnosis
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Most common cause of ©
readmission < 60 days

Cost: > 34.8 billion
annualy
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AGE (yrs)

Allen et al., Cardiovascular Disease. 2012.

UVAHealth




Heart Failure and Aging

CENTRAL ILLUSTRATION: Association Between the Cardiovascular Aging
Process and Heart Failure Development and Progression

» Comorbidities
« Disease Modifiers

Young Elderly LV Remodeling
Elastic aorta Stiff aorta: Diastolic/systolic dysfunction,
women> men LA enlargement, ischemia,
arrhythmias

Concentric
|

\/
Eccentric
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AGE

Triposkiadis, F. et al. J Am Coll Cardiol. 2019;74(6):804-13.

Heart
Failure Outcome

Better in Women
than Men

Comorbidities

Hypertrophy
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Definitions

HFrEF = heart failure with reduced ejection
fraction (<40%)

HFpEF = heart failure with preserved ejection
fraction (>50%)

HFmrEF = heart failure with mid-range ejection
fraction (40-49%)

71 UVAHealth



Heart Faillure Guidelines

entricular systolic (LVS) function assessment YES
Was an ssoaenent of left ventrcular sistabe (1 SNCHI0n m

. during ln.n;-x 32ation, Or phar (go o LYV2)

antizative EF;
Qualitatively assowcd 3 (arcle onc)
Nommal  Mildly Deprossed  Moderarely Deprosed  Severcly Depressed

2. ACE inhibitor er / T, : ali i ! e beer ; NO
ACE/AREBL. Was cjection fraction <40% or with moderately oe severely depressed left ventncular
systolic function?.. . (goto 3)
ACE/ARBY.  Was ACE inhilitoe prescribed
igo ro ACE/ARBS)

ACE/ARRB}. Was ARB peescribed upon dischar
g0 to ACE/ARB4)

ACE/ARBA. Rewons dacumenred by plyysician, nusse practirioner, or pliysicat
peesenbing ACE inhibiroe and ARB?

3. Anticoagulant use for heart failure and smrial Abrllation ("ACU™) NO

ACUL Chroese or recurrent arrial fibeillanon docursenred?.

;K" o ACU2) go o 4)

ACUL If yes, was wasfarin procribad? ...
(go to d) (go o ACU3)
ACU3. Rewoen dacumented by phawicaan, nuse practitiones, or phiysacan
proseninng wafann?
lgo to +4)
. Dischange imstructions (*PE”)

PE). Pasient dicharged with complete wnston discha

S, Adult smoking cossation advice/counseling (“SC”)

Adult paticnit who smokes Cigarcites gven sooking cosation counselsng/
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Prognostic Value of LV Ejection Fraction
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Modalities for LV EF Estimation

r
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Modalities for LV EF Estimation

Stroke volume [mil]

Ejection fraction [%]

ME - other test

B4-row CT 2D Echa 30D Echa

End-diastolic volume [ml]

MEI - other test

Bid-row CT ZD Echa

MR - other test

MR - other test

Bd-row CT

End-systolic volume [ml]

Bd-rowe CT

ZD Echs

2D Echa

A0 Echio

3D Echo
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Limitations of LV EF by Echocardiography

ERNA OBS. 1(#1) LVEF (%)
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FIGURE 3. Intracbserver variability. Correlation between the first and the second assessment of left ventricular ejection fraction (LVEF)
by echocardiographer #1 [left], and between the first and the second assessment of LVEF by nuclear tech ist #I (right). Meurl
intraobserver variability is 2% for equilibrium radionuclide angiography ([ERNA] and 15.3% for 2-dimensional echocardiography
ECHO). OBS. = observer.
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Limitations of LV EF by Echocardiography

E Echocardiographic biplane EF vs echocardiographic single-plane EF
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Limit of agreement range=16.85
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Limitations of LV EF by Echocardiography

Echocardiographic biplane EF vs CMR EF
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Advances In Echocardiography
In Heart Failure
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Biplane Simpson’s Method
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Source: Gary V. Heller, Robert C. Hendel: Nuclear
Cardiology: Practical Applications, Third Edition
Copyright © McGraw-Hill Education. All rights reserved.
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3-D Volumetric Assessment
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Speckle-Tracking Echocardiograph (Strain)

:.Tj' P‘;T": Strain =
"’l . " “Sam ./ -
- " ‘ A Length
= " . & Length,
| - - | g~ % Thinning
Frame 1
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Speckle-Tracking Echocardiograph (Strain)

Lateral

END DIASTOLE END SYSTOLE

7 Apical septal LS
Basal septal LS
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Speckle-Tracking Echocardiograph (Strain)

CENTRAL ILLUSTRATION: Speckle-Tracking Strain: Clinical Utility and
Future Directions

[ \ Gather optimal two-dimensional digital echocardiograms

[ Use image-processing algorithms to identify

small stable myocardial footprints (‘speckles')

[ *> Tracked over the cardiac cycle, the displacement of speckles

can provide information about myocardial deformation

Clinical Applications of STE

Undifferentiated 1 -al sources: Clir
left ventricular hypertrophy
Image quality / clip selection Race / ethnic factors
Assessment of cardiotoxicity
_ _ Contouring / Age and gender differences
Aortic stenosis region of interest

. : Hemodynamic factors
Ischemic heart disease Tracking / timing

. . Medications
Regional strain Choice of

Other charnbers segmentation model Volume status

(Left atrial strain,

right ventricular strain) SR R

Collier, P. et al. J Am Coll Cardiol. 2017;69(8):1043-56.

UVAHealth



Speckle-Tracking Echocardiograph (Strain)
&

ANT_SEPT ANT_SEPT

LAT

POST

Pairick Collieret al. JACC 2017:69:1043:1056 it UVAHealth



Strain Echocardiography in Heart Failure

Correlation Between GLS vs EF
r=0.69 p < 0.000001
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Strain Echocardiography in Heart Failure

CENTRAL ILLUSTRATION: Prognostic Value of Strain in Acute Heart Failure:
Probability Plot for 5-Year All-Cause Mortality

4904 —
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(@)

10 15 20 25 30 35 40 45 50 55 60 65 70
LVEF

Park, J.J. et al. J Am Coll Cardiol. 2018;71(18):1947-57.
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Strain Echocardiography in Heart Failure

CENTRAL ILLUSTRATION: Association of Left Ventricular Global Longitu-
dinal Strain and All-Cause Mortality in Patients With Significant Secondary
Mitral Regurgitation

Cumulative Survival Rate (%)

Log rank p< 0.001
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LV GLS 27.0% ===V GLS <7.0%
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Strain Echocardiography in Cardio-Oncology

Jennifer Liu“et al® JIIMG2018: 11:1122-1131
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Peak Systolic Strain
ANT SEPT

SEPT ANT

Baseline
{ pre treatment:
EF 61%; GLS -20.3%

POST

Peak Systolic Strain
ANT SEPT

Post doxorubicin
treatment:
EF 56%; GLS -17%

Peak Systolic Strain
ANT SEPT

EF 42%; GLS -14.2%

Peak Systolic Strain
ANT_SEPT

EF 30%; GLS -10.2%)
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Strain Echocardiography in Cardio-Oncology

Sensitivity

SROC with Confidence and Predictive Ellipses

1.0 0.5
Specificity
(O Observed Data

Summary Operating Point
€ SENS=0.79[0.70 - 0.85]
SPEC = 0.83 [0.76 - 0.89]

(1) Fallah-Rad N 2011

() Sawaya H 2011

(3) Sawaya H 2012
(#) Baratta S 2013
() Mornos C 2013
(6) Negishi K 2013
() KangY 2014
Florescu M 2014
(@ GuerraF 2016

Charbonnel C 2017
0.0

SROC Curve
AUC = 0.86[0.83 - 0.89]

- - - 95% Confidence Ellipse
95% Prediction Ellipse
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Strain Echocardiography in Cardio-Oncology

CENTRAL ILLUSTRATION: Echocardiography-Guided Clinical Decision
Making

Initiation of potentially
cardiotoxic cancer therapy

Baseline and During Treatment
Echocardiographic Evaluation*

LVEF (2DE/3DE preferred)
GLS

EF 260% EF 50-59% EF 40-49% EF <40%

Abnormal LV systolic function
Initiate cardioprotective Initiate cardioprotective
medications*** medications***

Preserved LV GLS =16% or LLN = preserved LV
systolic function systolic function
Optimize existing CV GLS <16% or >15% drop from Discussion with Oncology Discussion with Oncology on
risk factors baseline = subclinical LV regarding risk/benefit ratio alternative noncardiotoxic

Sk and cancer treatment at cancer therapy
dysfunction the discretion of the oncologist

Liu, J. et al. J Am Coll Cardiol Img. 2018;11(8):1122-31. UVAHealth




Cardiac MRI
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LGE Patterns in Cardiomyopathies

LB
Ramyiodoss

Acute myocarditis
Tyc Chronicm
Syst. Sclerosis

RA

Normal

Fabry

lron

<900 msec

Extra cellular volume (ECV)

UVAHealth



LGE Patterns in Cardiomyopathies

Ischaemic Non-ischaemic

A Subendocardial Infarct C Mid-wall HE

¢ |diopathic Dilated ® Hypertrophic * Sarcoidosis,
Cardiomyopathy ~ Cardiomyopathy  myocarditis,

* Myocarditis * Right ventricular ~ Anderson-Fabry,
pressure overload Chagas disease
(e.g.congenital
heart disease,
pulmonary
hypertension)

D Epicardial HE

B Transmural Infarct 0 .
* Sarcoidosis, myocarditis, Anderson-Fabry,
Chagas disease

E Global Endocardial HE

* Amyloidosis, systemic sclerosis, post-cardiac
transplantation
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LGE In Ischemic Cardiomyopathy

.
The,Role.of Cardiovascular,Magnetic.Resonance '“JA"‘! [ ] “AHeaIth

Imaging in Heart:FailurexMark A Peterzan; Qliverd
Rider, Lisa J’JAnderson. Card Fail'Rev.'2016'Nov;
2(2):115-122"




LGE in Ischemic Cardiomyopathy

Scar >5 %, LVEF =30 %

(3-yr event rate 35 %)

Scar >5 %,
LVEF >30 %

(3-yr event rate 27 %)

1O
)

Entire group, LVEF =30 %
(3-yr event rate 27 %)

Entire group, LVEF >30 %

(3-yr event rate 17 %)
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Event rate (%)

’ Scar <5 %, LVEF >30 %
Scar =5 %, LVEF =30 % C (3-yr event rate & %)

(3 yr event rate 11 %)

Months Months
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LGE and CRRT Therapy
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LGE and CRRT Therapy

Non-PL scar

Non-transmural
PL scar
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Transmural PL scar
Log-rank p<0.0001

0 200 400 600 800 1000 1200 1400 1600 1800
Time (days)
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LGE and CRRT Therapy

+CMR+S

Log rank p<0.0001

0 500 1000 1500 2000 2500 3000 3500
Time (days) UVAHealth




European Cardiology Review, 2016;11(1):20-4

L GE Patterns in NICM
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L GE Patterns in NICM
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L GE Patterns in NICM
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L GE Patterns in NICM
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L GE Patterns in NICM

Observed Model predicted

Overall
LGE
No LGE
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Imaging for Amyloid
Heart Disease
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Cardiac Amyloidosis

States in 2000 and 2012

Prevalencs rate per 100, 000 person years
B [
15 31 27 33 39 45 51 57 63 69 V5-TB

Incidence of Cardiac Amyloidosis in the United States in 2000 and 2012
2000 2012
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Cardiac Amyloidosis

Amyloid : ey Transthyretin (TTR)
Type Systemic Amyloidosis Amyloidosis

Subtype = AL | AA | ATTRm  ATTRwt

Protein
Deposited

Disease
Etiology

Specific
Features

Median
Survival

Prognostic
Factors

Therapy

Light chain

Plasma cell
dyscrasia with
T light chains

Kidney, heart
and liver
affected

1-3 years

Cardiac
function, BNP,
troponin

Chemotherapy
+ Stem cell
transplant

Amyloid A

Systemic
autoimmune
or infections

Renal
dysfunction

11 years

Serum AA
levels, renal
function

Treat
underlying
conditions

Mutated TTR
protein

Familial
mutation of

TTR

V122l common
in African
Americans

2 years

Duration,
HR>70/min,
JLVEF

Liver £ heart Tx
?7siRNA or ASO
?Tafamidis or
Diflunisal

monomers

Common in
elderly aged >
75 years

Carpal tunnel;
Male
dominance

4-6 years

BNP, uric acid,

LLVEF, T
Wall
Thickness

' 2siRNA or

ASO
?Tafamidis or
Diflunisal
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ATTR Cardiac Amyloidosis

Pathobiology of Transthyretin Amyloid

1TR tetramer

() o
Folded
dimers

Folded
monomers

Small
oligomers

Misfolded R
amyloidgenic Amorphous
monomers aggregates

Restrictive
Cardiomyopathy

Amyloid
fibrils

Peripheral and/or
Autonomic Neuropathy

Cleveland Clinic 2019
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ATTR Cardiac Amyloidosis

Hereditary (hATTR-CM) Wild-Type (WtATTR-CM)
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https://www.sciencedirect.com/science/article/pii/S0735109719347291#tbl1fnlowast
https://www.sciencedirect.com/science/article/pii/S0735109719347291#tbl1fnlowast

ATTR-Amyloidosis

B

Frederick L. Ruberg, Martha Gregan, Mazen
Hanna, Jeffery W. Kelly;Mathew S. Maurer;
Transthyretin' Amyloid Cardiomyopathy:
JACC State-of-the-Art Review,Journal of the
American College of Cardiology, Volume 73,
Issue 22;2019,Pages 2872-2891,
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Echocardiography for ATTR-Amyloidosis
: C

»
AP4 11 2000% Peak Strain *:  HRVariation > 10%
Yellow: Accepted
08:45:53 HR (Avg.) = 89 bpm Red: Accent Pending
HR =86 bpm

EDV (Bi-Plane) = 114.4 mIANT-SEPT 2000%
ESV (Bi-Plane nl .

EF (Bi-Plane)#”
Time SD 2"

TimeSD=18.6ms

D v,
A%

AP3 L Strain=-104 % o
AP4 L Strain=-9.9% INF-LAT ~2000%
Accepted R 4. : AP2 L Strain =-10.5 %

AP4 L. Strain=-99% \ = /Y Global L. St =-10.3 %

.3 HR Variation > 10%
* HR (Avg.) = 56 bpm o ACcant Pending
EDV (Bi-Plane) = 115.6 mIANT-SEPT 2000%
ESV (Bi-Plane) = 414wl

EF (Bi-Plane)#'63. 98
Time so‘{gs.bm

AP4 2/3 Peak Strain
15:28:42

*HR =54 bpm

(" HR Variation >10%)

TimeSD =23 ms

o

K /
S

al122lle
carrier

AP3 L Strain =-21.1%
*AP4 L Strain=-233%  INF-LAT -2000%
*AP2 L Strain =-20.3 %

Accepted
*AP4 L Strain=-233%

. Global L Strain =-21.6 % ',_
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Frederick L. Ruberg, Martha Grogan, Mazen Hanna, Jeffery W. Kelly, Mathew S. Maurer, Transthyretin Amyloid —

Cardiomyopathy: JACC State-of-the-Art.Review,Journal of the American College.of Cardiology, Volume.73, Issue
22,2019,Pages2872-2891,




cMRI for ATTR-Amyloidosis

71 UVAHealth

TheRolerof Cardiovascular Magnetic:Resonance ImagingiintHeart Failure Mark/A Peterzan,
Oliver) Rider, Lisa’J Anderson Card Fail Rev. 2016 Nov; 2(2): 115-122.



Tc-99m PYP Scan for ATTR-Amyloidosis

NUCLEAR IMAGING: SELECTIVE FOR TTR

Tc-99m Bone avid compounds
— Pyrophosphate (PYP) and DPD
— May preferentially identify TTR amyloid cardiomyopathy

Rapezzi Eur J Nuc Med Mal imag 2011, JACC (mg 2011: Barypersad, JAHA 2012 . P \Health
Bokharl Clo CV imaging 2013: Longht JACT img 2014 ——




Tc-99m PYP Scan for ATTR-Amyloidosis
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MD,2 and Mathew.S. Maurer, IMDP

. JNucl Cardiol. 2014 Feb; 21(1): 175~
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Tc-99m PYP Scan for ATTR-Amyloidosis

Negative Uptake

15 15
32 33

Max cts

43 48 Std Dev

30,246 29,765 Total cts
4,683.3 mm? 4,737.2 mm?2 Area of ROI

=
ROI

-
Anterior Planar view

CL

Positive 'Uptake

Mean cts/pixel

40 59 Max cts

4.7 71 Std Dev
31,939 63,796 Total cts

48829 mm2 4939.1 mm? Area of ROI

Anterior Planar view CcL i ROI
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ASNC Grading System
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Frederick L. Ruberg, Martha Grogan, Mazen Hanna, Jeffery W. Kelly, Mathew S. Maurer, Transthyretin Amyloid -

Cardiomyopathy: JACC State-of-the-Art.Review,Journal.of the American College.of Cardiology, Volume 73, Issue
22,2019,Pages2872-2891,



The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 SEPTEMEER 13, 2018 VOL. 379 NO. 11

Tafamidis Treatment for Patients with Transthyretin Amyloid
Cardiomyopathy

Mathew 5. Maurer, M.D., Jeffrey H. Schwartz, Ph.D., Balarama Gundapaneni, M.5., Perry M. Elliott, M.D.
Giampaclo Merlini, M.D., Ph.D., Marcia Waddington-Cruz, M.D., Arnt V. Kristen, M.D., Martha Grogan, M.D.,
Ronald Witteles, M.D., Thibaud Damy, M.D., Ph.D._, Brian M. Drachman, M.D., Sanjiv ]. Shah, M.D.
Mazen Hanna, M.D., Daniel P. Judge, M.D., Alexandra |. Barsdorf, Ph.D., Peter Huber, R.Ph.,

A. Patterson, Ph.D., Steven Riley, Pharm.D., Ph.D., Jennifer Schumacher, Ph.D., Michelle Stewart, Ph.D.,
Marla B. Sultan, M.D., M.B.A., and Claudio Rapezzi, M.D., for the ATTR-ACT Study Investigators®
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ATTR-ACT Trial

B Analysis of All-Cause Mortality
1.0
0.9
0.8
Pooled tafamidis
0.7 ’
0.6
0.5 Placebo

0.4
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0.3

0.2

51 Hazard ratio, 0.70 (95% Cl, 0.51-0.96)

12 15 18

Months since First Dose

No. at Risk (cumulative no. of events)
Pooled tafamidis 264 (0) 259 (5) 252 (12) 244 (20) 235 (29 209 (55) 200 (64) 193 (71) 99 (78) 0 (78)
Placebo 177 (0) 173 (4) 171 (6) 163 (14) 161 (16 131 (46) 118 (59) 113 (64) 51 (75) 0 (76)
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ATTR-Amyloidosis Therapeutic Targets
TTR Targets of Therapy

Small

Folded Misfolded AR &y
’ monomers amyloidgenic Amorphous &
TTR mRNA monomers aggregates Amyloid
fibrils

Block Protein Stabilize S
Synthesis Tetramer Remove Fibrils

e Patisiran* e Diflusinal** * Doxycycline/
« Inotersen* * Tafamidis™** TUDCAT
« AG10TT « PRX0041t

- AHealth



Conclusions

« Heart Failure is a growing epidemic with high morbidity and mortality that will only
Increase in prevalence as our population ages

* Non-invasive evaluation of left ventricular function has strong prognostic significance, but
can be fraught with error and misrepresentation

* Newer techniques for quantifying left ventricular function, including strain
echocardiography, offer new opportunities to detect heart disease prior to clinical events

 cMRIlis not only a powerful tool for quantifying chamber size/function, but its ability to
characterize myocardial tissue has expanded our diagnostic repertoire

« Novel imaging techniques and increased disease recognition, along with new medical
therapies, have changed the landscape in amyloid heart disease

71 UVAHealth
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