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What is the added utility in the assessment of CM?
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Diagnosis of mild HCM

Factors That Influence
Strain in HCM

Hypertrophy

ASE

Heart & Circulation Ultrasound Specialists

®) Atrium Health ‘

Reduction in Longitudinal Strain Correlates with LV mass

LV Mass (cm)
0 200 400 600

However

Strain Does not Normalize after Myectomy or Ablation

Popovic et. al. JASE 2008
Moravsky et al JASE 2013
Sommer European Journal of Echo 2010
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Diagnosis of mild HCM

Factors That Influence
Strain in HCM
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Hypertrophy

®) Atrium Health

Reduction in Longitudinal Strain Correlates with LV
Fibrosis

Number of Segments
with Fibrosis

0 2 4 6 8 10 12

Mean Longitudinal Strain (%)

Popovic et. al. JASE 2008
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Regional Variation in Longitudinal Strain in HCM

Non-apical HCM/F-
Controls

— Non-apical HCM/F+
Apical HCM

Longitudinal Strain (%)

-30
N=64 801287 64801291 64801275
Base Mid Apex
Popovic et. al. JASE 2008
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How does LS perform in mild
to moderate LVH without
characteristic ECG patterns?
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Cardiac Amyloid
HCM
HHD
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* The addition of the strain map for the diagnosis of LVH:

* improved concordance (K increased from 0.28 to 0.57)
* Improved accuracy (p<0.01)

* 22% of cases were re-classified correctly

* Improved reader confidence in making the correct diagnosis (p<0.01)

Table 3 Diagnostic accuracy in patients with mild to
moderate LVH with and without strain polar map

Sensitivity Specificity Accuracy

PPV NPV
Diagnosis (%) (%) (%) (%) (%)
HCM
Baseline read 44 75 65 45 73
Strain read 52 84 73 63 78
P 054 01 .001 <001 .005

Phelan et. al. JASE 2014
©) Atrium Health
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Longitudinal Strain in preclinical HCM

38 relatives G-/LVH-
68 patients with G+/LVH-
40 patients G+/LVH+

All had normal EF

Global Longitudinal Strain, %

Control Preclinical  Overt

Ho et. al. Circ Cardiovasc Genet. 2009

) Atrium Health ‘ ASE <
15
4 subsequent studies showed a mild reduction in regional strain at the basal
anteroseptum in patients with pre-clinical HCM
p <0.001
g
‘E p <0.018
z =5 Overlap between
= . -
" « normal and preclinical
_g 20 % E Q H H H
o - Consistent finding in
L multiple labs
§ 5. ™ Baudrey et al. EHJ Cardiovascular Imaging 2019
) AtriumHealth ‘ ‘ ASE tresanims
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Diagnosis of mild HCM

Gene-positive,

phenotype negative.

Hypertrophic Cardiomyopathy

Risk Stratification
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Surgical Timing
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Vendor
(software)
GE (EchoPac)

First author Year published n Follow up

12 months

Paraskevaidis et al

Di Salvo et al GE (EchoPac) 2 years

Saito et al 48 GE (EchoPac) 42 £ 12 months

Funabashi et al a4 Philips (Qlab) 18 months
Debonnaire et al 92 GE (EchoPac) 4.7 years
Reant et al 115 GE (EchoPac) 19 + 11 months

Heterogenous cohorts
and outcomes

Candan et al GE (EchoPac)

Moneghetti et al Philips (Qlab) 56 months

400 GE (EchoPac 3.1years
427 GE (EchoPac 6.7 years
Tower-Rader et al 1019 Philips, GE, 9.4 £ 3 years

Siemens (Velocity]|
vector imaging

Average GLS
for HCM

-14+4 Death and hospitalization

INSVT

-15.95+3.24

-12.7+29 ISCD, fatal arrhythmia,

ospitalization for CHF

-9.89+2.59 Cardiac death, syncope,
sustained VT/VF,
lappropriate ICD discharge

-13.3+35 IAppropriate ICD therapy

-16.6+3.6 Death, sustained VT,

lappropriate ICD
discharge, progression to
INYHA class I11/IV

21.5+6.9 month|

Incomplete evaluation

of risk

discharge, hospitalization
for CHF

-12.1+3.4 Appropriate ICD discharge|

-143+ 39 Death, worsening HF,
ospitalization for CHF,
eart transplantation
Death, heart
itransplantation, sustained

\VT/VF, CHF.

-16+4

-15+4 Death, heart
ftransplantation,
lappropriate ICD discharge
Death or appropriate ICD
discharge

-13.7

Major findings

Strain predicted worse outcomes in univariate but not multivariate analysis.

Patients with NSVT had lower basal and mid wall regional strain. >3 segments with
peak LS of 2-10% was predictive of outcome.
Significantly more events in those with GLS less than median (-12.9%).

Worsening GLS d with worse GSL si worse in subjects
with MACE than in those without MACE (- 8.2 £ 2.0% and - 10.6 + 2.5%,
respectively, P < 0.001)

GLS was an independent predictors of appropriate ICD therapy on multivariate
analysis. GLS 2 -14% associated with worse outcome.

Cox backward-entry selection model revealed that GLS <= 15% at rest was
independently associated with an increased risk for poor outcomes.

Variability in
thresholds

Mechanical dispersion and GLS were found to be independent predictors of
occurrence of appropriate ICD therapy

Global LS was predictive of outcome on univariate analysis but not multivariate
analysis. The worst outcomes were observed for patients with lateral LS <16.1%.

Patients with GLS > -16% had significantly more events (17% vs 7%, p = 0.002).
Event-free survival was significantly superior in those with GLS <= -16% versus GLS >
-16% (p = 0.004). GLS was sij d with the end point on
multivariate analysis.

Multivariable Cox regression analysis revealed GLS to be independently associated
with the primary end point (hazard ratio GLS, 1.10 [1.03-1.19], P=0.007).

61% or events occurred in patients with GLS worse than median (-13.7). Subhazard
ratio for every % worsening of GLS was 1.11 (1.05-1.220) p <0.001.
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000000000
Incremental Prognostic Utility of Left Ventricular Global Longitudinal %R&g&g@?nts with obstructive
Strain in Hypertrophic Obstructive Cardiomyopathy Patients and
Preserved Left Ventricular Ejection Fraction FO”OW—Up2 9.4 years
:::v,:h':vgegmfgliﬁn,i ::731'5: :T;’o:‘, ::g:;"mllr';ny?b::ap:v;bMD, PhD; Kimi Sato, MD, PhD; Maran Thamilarasan, MD; Qutcome: death Or a pprop ri ate |CD
discharge
Subhazard Ratio P Value
(A) Model 1 (with standard major ACC/AHA SCD risk factors included in
analysis) 10—
x‘_
Age, y 1.04 [1.02-1.07] <0.001 g
Atrial fibrillation during follow-up 1.39 [1.11-1.69] <0.001 § i
=
I LV-GLS (for every % worsening) 1.11 [1.05-1.22] <0.001 2 0.6
Surgical myectomy 0.44 [0.25-0.72) | <0.01 g
0.4
Following potential dditional predictors were considered for analysis, i
but were not significant: standard ACC/AHA major SCD risk factors § ol
(none, 1, >2), sex, maximal LVOT gradient, medical therapy £ Green: LV-GLS better than median (-13.7%)
Blue: LV-GLS h di
(B) Model 2 (with ESC risk score included in analysis) o0{pronz oo han medin
Afrial fibrillation during follow-up | 1.47 [1.17-2.21] | <0.001 " ‘mow‘; (mm" a8
Numb isk
| Lv-GLS (for every % worsening) | 1.13 [1.08-1.22] | <0.001 LVGLSworse thanmedian 509 488 30 w5 0
LV-GLS hetter than median 510 495 380 134 1
Surgical myectomy 0.42 [0.22-0.64] <0.01
Following potential additional predictors were considered for analysis,
but were not significant ESC risk score, sex, medical therapy

19
Gene-positive
. . . )
Diagnosis of mild HCM .
phenotype negative.
1.0 N B N N 1.0+ —
——————
g — | e
S 0.8 £ 0.8
: al g
2 0.64 E_ 0.6
g E 0.4
E 0.4 E™
£ _§ Blue: Surgery, LV-GLS better than median
S E 0.2+ Green: No surgery, LV-GLS better than median
8 0.2 w Brown: Surgery, LV-GLS worse than median
w Green: Surgical myectomy Purple: No surgery, LV-GLS worse than median
Blue: No surgical myectomy 0.0-{ P-value=0.002
0.0+ P=0.003 3 P 3 2 1o
0 a 8 12 16 — Follow up (years)
Follow up (years) Group 1: Blue 322 313 222 76 0
Numbers at risk Group 2: Green 189 182 138 58 1
No surgical myectomy 351 334 249 102 1 Group 3: Brown 346 336 219 n 0
Surgical myectomy 668 649 441 147 0 Group 4: Purple 162 152 11 44 0
&2 . . X
§9) AtriumHealth A ASE gy
Heart & Circulation Ultrasound Specialists
20

10



1/20/20

Summary Slide on Clinical Utility of Strain in
HCM

* Characterized by a reduction in LS strain at the site of hypertrophy
and fibrosis.

* May be helpful in diagnosing mild HCM — no pathognomonic findings

* Reduction in strain at the basal anteroseptum has been noted in
gene-positive, phenotype-negative patients

* Does define risk of SCD but no reliable threshold. Largest study used a
threshold of -13.7%

* Those with a gradient of >30mmHg and GLS worse than -13.7% had
the worst outcome — may be considered in decisions regarding
myectomy.

©) Atrium Health
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Patient
* 62 year old AA male
» CKD Stage lll, proteinuria, long-standing hypertension (better control
recently)
* Presents with DOE, lower extremity edema and SOB
w't ] \ II |
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RS

Peak Systolic Strain (Mid)

23
Electrocardiography in TTR
Transthyretin CA (V122I)
n=64
* Low voltage 56%
* Pseudoinfarct 53%
* Sinus 62.5%
* A Fib 23%
* LVH 26%
Heart 2012;98:1546-1554
$2) AtriumHealth A ‘ AS
24
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Diagnosis Prognosis

Cardiac Amyloid

Response to Therapy

ASE

g
Heart & Circulation Ultrasound Specialists
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Diagnosis

Long ltudinalsteain (3]

18- ANOVA <0001

16+
- l

144
Nomal VH HC AmyloMdosk

124
10+
8 164

LT )}
ol T

o

Jing Ping Sun AJC 2008
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Regional Variation in LS

Average apical LS

Relative Regional Strain Ratio = Average basal LS + Average mid LS

Phelan et. al. Heart 2012

) Atriumbslth A ASE
27
Can Regional Variation in LS differentiate CA from
other froms of LVH?
Relative Regional Strain Ratio = 1
A. Hypertrophic B. Aortic C. Left Ventricular
Cardiomyopathy Stenosis Hypertrophy
100 100 100
80 80 80
2
= 60 60 60
£ 40 40 40
2 Sensitivity 93% Sensitivity 93% Sensitivity 93%
20 Specificity 82% 20 Specificity 82% 20 Specificity 82%
AUC 0.91 AUC 0.97 AUC 0.94
0 0 0
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity 100-Specificity
Phelan et. al. Heart 2012
) AtriumHealth
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RRSR
100 :
Dl
80
>
= 60
:‘é
o 40
a — Deceleration time
— Ele’
20 Ejection fraction
Global LS
0 Relative LS

0 20 40 60 80 100
100-Specificity

+ AUC using RRSR was significantly larger than the other more traditional
echocardiographic parameters used for diagnosing CA
- Relative LS was strongest predictor of CA in a multivariable Logistic

regression model
Phelan et. al. Heart 2012
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Criteria for Diagnosis Subtype

Histological Diagnosis of Cardiac

1. Endomyocardial biopsy positive for cardiac amyloidoss with Congo red staining
with apple-green birefringence under polarized light; typing by
immunohist ochemistry and/or mass spectrometry 3t pecialzed centers
Histological Diagnosis of Cardiac Amyloid osis: Extracard iac Biopsy

AL ATTR, Other
subtypes

. ATTR cardiac amyloidosis is diagnosed when below criteria are met:
a  Extracardiac biopsy proven ATTR amyloidosis AND
b. Typical cardiac imaging features (as defined below)
2. Alcardiac amyloidosis is diagnosed when below criteria are met:
a  Extracardiac biopsy proven AL amyloidosis AND
b, Typial cardiac imaging features (as defined below) OR
¢ Abnomal cardiac blomarkers: abnormal age-adjusted NT-pro BNP or abnormal

B i NS S——

s

AL

1. Echo
a.  Lvwallthickness >12 mm
b. FRelative apical sparing of glabal LS ratio [average of apical 15 average of
combined mid+basal LS>1}

c. _2Grade2 diastolic dysfunction’

1 Echo
3. LVwallthickness >12 mm
b, Relative apical sparing of gobal LS ratio (average of apical LS/average of
combined mid+basal LS>1)
| ¢ 2Grade2 diastolic dysfunction’
2. CMR
3. LV wall thickness SULN for sex on SSFP cine CMR
b. Gilobal ECV>040 ATTRINL
¢ Diffuse LGE'
d. Abnormal gadolinium kinetics typical for amyloidosis, myocard il nulling prior to
blood pool nulling
3. PET: " Fflorbetapic of - Florbetaben PET ¢
a. Target to background (LV myocardium to blood pool) ratio >1.5 ATTRAAL
b.  Retention index >0.030 min™

ATTRSAL

ATTR/AL

>

) Atrium Health A A S E i sociasr

Heart & Circulation Ultrasound Specialists
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| 169 Patients for

Mechanism of Apical Sparing

I 79 Patients with Cardiac Amyloidosis ]
T

v
[ALn=2s | [mTTR, n=36 |

[ wrrTR,n=17]
J

+

Technics Used for LV S

Echocardiography, n =79 : 2D Strain (%)
Contractility

17 LV Segments

*Patients with normal renal function
and no pacemaker or ICD.

Echocardiography Mean LV-LS by Region ( %)

i

Fexplanted heart from
transplanted pationts.

g 8

g

8

CMR, % of LV Segments with LGE by Reglon
° 3 g

Tota AL M-TTR WTTIR

‘[ £ Free LV basal sagments [ LV basal region B3 LV mid<avity region I LV apical tegion

©) Atrium Health

Ternacle et al JACC Imaging 2017

A ASE imesmoeens

31
Mechanism of Apical Sparing
A
¢ HN =
8 30+
s S
20
Basal Mid Apical

H/CL ratio: 1.95
ASR: 3.13

) Atrium Health

RRSR: 1.11
GLS: -9.39%

32
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What about to differentiate patients with
mild-moderate LVH?

Table 3 Diagnostic accuracy in patients with mild to
moderate LVH with and without strain polar map

Sensitivity Specificity Accuracy PPV NPV

Diagnosis (%) %) (%) %) %)

CA

Baseline read 40 84 70 55 75

Strain read 86 95 92 Q@ %

P <.001 002 <.001 <.001 <.001
HCM

Baseline read 44 75 65 45 73

Strain read 52 84 73 63 78

P 054 01 .001 <001 .005
HHD

Baseline read 60 59 60 42 72

Strain read 70 74 73 59 84

P 061 002 .001 .001 004

NPV, negative predictive value; PPV, positive predictive value.
@? Atrium Health

Peak Systolic Strain
IVSd 2.25cm
LvIDd 4.58cm
LVPWd 248 cm
EDV (2D-Teich) 96.3 ml
IVSILVPW (2D)  0.907 -
e , RRSR= 2.14
Peak Systolic Strain
U SR, ~
|3 LVPWd 1.3 cm|
[ LviDd” 5.0 cm|
| EDV(Teich) 119 mi
E 1.3 cml
RRSR=1.02 .. S E tmenseciser
z Jitrasound specialsts
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Diagnosis

®) Atrium Health

Prognosis

Cardiac Amyloid

Response to Therapy

35
Prognosis
SO = mRNA ‘ '
Y Advanced disease excluded b A2
| . . .
L4 Prognostication based on biomarkers -
| Plasma Cells i ight Chains. ;ﬁ;?ml gl
,
Zhang, K.W. et al J Am Coll Cardiol Basic Trans Science. 2019;4(3):438-48.
©) AtriumHealth A ASE tmpemioaas
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LS provides important prognostic information in CA

Survival

probability
'S
o

2D-Global Longitudinal Statin -

100

11.8%

80

P<0.001, X2=140.5

—~ 20

X 0

= 500 1000 1500 2000

Time (days)
P<0.001
@ 200 P<0.001 @ 200 P<0.001
E P<0.01 a P<0.001
3 P<0.001 Age 5 P<0.001
o X Age  +NYHA o =
» ge +NYHA  +KI (7] :
2 100 Age  +NYHA +KI  +BMP - 100 g Ele
] Age +NYHA  +KI +BMP 4 cTNT < EF Ele’
S FNYHA KL #BMP LN 4 o - + + =
oLk +BMP  +CcTNT  +LS  +2DGLS 0 Ele’ Ls 2D-GLS
All-cause mortality All-cause mortality

Buss et. al. JACC 2012

©) Atrium Health A ASE e
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Prognositc utility of Relative Regional Strain
Ratio
1.00
e
£ RRSR 2 1.19 3
s
_§ 0.75-
g RRSR <1.19
-
I
o
£ 0254
£
§ o Log-rank, P=0.026 -
0 1 : : 4 5 i 2 3 A
Years Relative Regional Strain Ratio
Number at risk
<119 48 ) 2 1 9 7 [ = —os%c Fitted Curve |
2119 48 3 16 " 9 6
Phelan et. al. Heart 2016
) Atrium Health
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Limitations of current data to integrate strain
into risk model

Heterogenous cohorts Heterogenous Variability in

Limited data on TTR Outcomes thresholds

) Atrium Health ‘ ‘ AS_E_EL“..’ :
39
Diagnosis Prognosis
Cardiac Amyloid
Response to Therapy
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JAMA Cardiology | Brief Report

Association of Patisiran, an RNA Interference Therapeutic,
With Regional Left Ventricular Myocardial Strain

in Hereditary Transthyretin Amyloidosis
The APOLLO Study

Masatoshi Minamisawa, MD, PhD; Brian Claggett, PhD; David Adams, MD; Amt V. Kristen, MD; Giampaolo Merlini, MD;

Michel S. Slama, MD: Angela Dispenzieri, MD: Amil M. Shah, MD, MPH; Rodney H. Falk, MD; Verena Karsten, PhD;
Marianne T. Sweetser, MD, PhD; Jihong Chen, PhD; Richard Riese, MD; John Vest, MD; Scott D. Solomon, MD

* Randomized, double-blinded, placebo-controlled, phase 3, multicenter

international clinical trial
* ATTRm CA patients

* Patisiran, a small interfering RNA, or placebo.

* After 18 months the treatment group had a significant improvement in absolute
GLS (least-squares mean (SE)difference , 1.4% (0.56%); 95% Cl, 0.3%-2.5%, p=0.2).

The greatest difference was noted in the basal segments.

©) Atrium Health
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