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Utility of Echocardiography

* Diagnosis — What is the disease

Severity & Prognostication —Is it relevant
Guiding Therapy — treatment and procedures

* Screening — For some conditions
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HCM PHENOCOPIES

HCM/HOCM

Amyloidosis

Storage Diseases

Non-Compaction

Athlete’s Heart

Hypertensive Heart Disease +/- CAD
Normal Variant

Other causes of SAM without LVH

Echo Patterns

Dimensions and Thickness and Function
Myocardial Appearance

Strain Pattern

It’s all about the MITRAL VALVE

Non-echo correlates...History, P/E, EKG, bloods
Complementary Imaging Modalities

Genetics



Myosin binding.
proteinC

Primary HCM -
Disorder of myocardium s
affecting 1:500 adults ] 1 -

= =
30-60% genetically transmitted ., & o
(mostly AD transmission) e R
Phenotypic, genotypic, B :m;oﬂ* ..;:._;."a_
intragenic heterogeneity o L il

— More than 150 mutations affecting 10 i

genes encoding sarcomeric proteins

identified so far. i

ESC2014 Guidelines on Diagnosisand Management of HCM

American Society of Echocardiography Clinical
Recommendations for Multimodality Cardiovascular
Imaging of Patients with Hypertrophic
Cardiomyopathy
Endorsed by the American Society of Nuclear Cardiology, Society for
Cardiovascular Magnetic Resonance, and Society of Cardiovascular
Computed Tomography

r.* S Mich DCS, FAS
MD,T MD, FAS

(J Am Soc Echocardiogr 2011:24:473-98.)

Table 1 Echocardiographic evaluation of patients with HCM

1. Presence of hypertrophy and its distribution; report should
include measurements of LV dimensions and wall thickness
(septal, posterior, and maximum)

LV EF

RV hypertrophy and whether RV dynamic obstruction is present

LA volume indexed to body surface area

LV diastolic function (comments on LV relaxation and
filling pressures)

6. Pulmonary artery systolic pressure

Dynamic cbstruction at rest and with Valsalva maneuver; report
should identify the site of obstruction and the gradient
8. Mitral valve and papillary muscle evaluation, including the

direction, mechanism, and severity of mitral regurgitation;
if needed, TEE should be performed to satisfactorily
answer these questions
9. TEE is recommended to guide surgical myectomy,
and TTE or TEE for alcohol septal ablation
10. Screening
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HCM Diagnosis

Hallmark of Diagnosis is:
ASH + SAM

But...

Can have HCM with:

NO SAM and NO ASH

Definition (Cont’d)

* In general, > 15 mm wall thickness

* genotype-phenotype correlations have shown
that virtually any wall thickness (incl. normal
range) are compatible with the presence of
HCM mutant gene

« mildly T LV thickness should be distinguished
from certain extreme expressions of
physiologically based athelete’s heart
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Asymmetric Septal Hypertrophy

» Septal:Posterior wall thickness of 1.3-1.5:1
* 90% specificity for HCM but not diagnostic
* Degree and location can vary

Extent and Distribution of Hypertrophy

* B. Maron —4 types of ASH
— 10% anterior septum alone
— 20% anterior and posterior septum
— 52% septum and anterolateral wall

— 18% ONLY posteroseptal, apical-septal, or
anterolateral wall. (may miss my m-mode)
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Morphelegic variants

of hypertrophic
cardiomyopathy A |
normal er mildly
hypertrophied LV (the
electrecardiogram is often
abnormall; B, idiepathic
subaortic stenosis (IH33)
or LV outflow tract (LVOT)
ebstructive HCM; C,
asymmetrical septal
hypertrophy (ASH); D,
Elderly HCM; E, midcavity
ebstructive HCM; F,
Reversed ASH; G, LV wall
thinning, lew LVEF, and
left and right atrial
enlargement;

H, mixed LVOT and
midcavity obstructive
HCM; |, Apical HOM; J,
Cavity ebliteration; K,
Biventricular hypertrophy
and ebstruction; andL,
Symmetric hypertrophy.

Rakowskiand Wigle - TGH

Echocardiography-Guided Genetic Testing in
Hypertrophic Cardiomyopathy: Septal Morphological Features Predict
the Presence of Myofilament Mutations

Joseptia BINDER, MD; STEVE R. OmMEN, MD; BERNARD J. GErSH, MBCHB, Denn; Sara L. Van Driest, MD, PuD;
A. Jami Tank, MD, Rick A. NisuiMurA, MD; AND MicHAEL T, ACKERMAN, MD, PuD

Mayo Clinic Proceedings; Apr 2006;

[ Genotype-negative HCM
I Genotype-positive HCM

<50 =50 Reverse Sigmoid
Age at diagnosis {y) Septal contour

8% Gene+ 79% Gene+ 30% Gene+ 41% Gene+

FIGURE 2. Genotype status based on age at diagnosgs of hy-
pertrophic cardiomyopathy (HCM) and echocardiographic septal
contour.



Incidence of Sudden Death
(per 1000 person-yr)
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104

Does Size Matter?

LVH and Sudden Death
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Maximal Left-Ventricular-Wall
Thickness (mm)

182
1.0
74
26
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Percentage of Patients

without Sudden Death

T T J
10 20 30
Follow-up (yr)

Spirito NEJM 2000

How do you measure the septum?

* DUNNO'!

* Iflook at CT/MRI, no such thing as left or right
septum
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Mid-ventricular Form

: AR
UNABLE TO VALSALVA | -
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Apical Variant

Apical Trapping and Apical Infarction
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Systolic Anterior Motion (SAM)

* Anterior motion of Mitral leaflets in systole resulting
in movement of leaflets into the LVOT and thus
impediment to ejection of the stroke volume out the
aortic valve.

* Varying degrees: mild, mod., severe (septal contact
for >30% of systole)

* May result in echo-bright contact point on septum,
which rarely can become nidus for IE.

SAM AND LVOTO

Late Peaking/Dagger Shaped
Latent = <30 mmHg at rest and increasing

To > 30 mmHg with Valsalva or standing
Manifest = > 30 mmHg at rest

10



SAM - Venturi ??? Lift??? Or Drag..

Glenn

What is Drag? Research

Center

rag

Thrust

Drag is a mechanical force
generated by a solid object
moving through a fluid.

LIFT
OR
DRAG?

#If SAMis caused by the Venturi

. T mechanism (LIFT), high flow velocity in
= the LVOT should be found at SAM

) Dl onset.

e = #If velocity is low at SAM onset, then
P lifting forces are decreased and drag

forces are increased

1/10/2018
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Septal hypertrophy = altered angle of
attack = leaflet drag = LVOT obstruction

A. Normal

Abnormal

Angle of Attack

Sherrid et al. JACC 2000.

Elongated leaflets
- more LVOT obstruction

Sherrid et al. JACC 2000

12
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Hypertrophied papillary muscles
obstruct LVOT

Sherrid et al. JACC 2000

SAM — Beginning at low velocity

13
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MR or LVOT Flow

LVOT is Late vs. Early Peaking

LVOT is Later onset

LVOT is Lower Velocity

TIPS: Get MR first & Ensure Good alignment

Compared with the previous study,
the gradient is
higher/lower/similar...?????

14



Change in Rest Gradient from Mean (mmHg)

Gradients: Not always the sameday in
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Kilbash etal. Circulation 1998

Not All Dynamic LVOT Obstruction Is Due

to HCM!

If LV systolic function becomes hyperdynamic in patient with
basal septal hypertrophy, LVOT becomes obstructed in
dynamic fashion and behaves the same as HOCM

> Elderly hypertensives — “Granny SAM”

» Post-opintravascular depletion +inotropes (esp in patients post AVR
for AS, or post MV repair with long anterior leaflet)

» Initial presentation of amyloidosis

» Acute LVOT obstruction:acute ant-apical Ml (espif preexisting basal
hypertrophy) w/ compensatory hyperdynamic motion of inf-basal wall
— SAM

» TAKOTSUBO

cAfuly 1 BIN
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MR in HCM

Schwammenthal E Circ 1998

Don’t Forget the RV

16



Recommendations for transthoracic echocardiographic
evaluation in hypertrophic cardiomyopathy

Recommendations

In all patients with HCM at
initial evaluation,
transthoracic 2D and
Doppler echocardiography
are recommended, at rest
and during Valsalva
manoeuvre in the sitting
and semi-supine
positions—and then on
standing if no gradient is
provoked.

Measurement of maximum
diastolic wall thickness is
recommended, using 2D
short-axis views in all LV
segments, from base to
apex.

A comprehensive
evaluation of LV

diastolic function is
recommended, including
pulsed Doppler of mitral
valve inflow, tissue Doppler
velocities at the micral
annulus, pulmonary vein
flow velocities, pulmonary
artery systolic pressure, and
measurement of LA size
and volume.

103-105

ESCguidelines 2014
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In symptomatic patients
with a resting or provoked®
peak instantaneous LV
outflow tract gradient <50
mm Hg, 2D and Doppler
echocardiography during
exercise in the standing
sitting or semi-supine
position is recommended to
detect provocable LVOTO
and exercise-induced mitral
vcgmxunnon

In asymptomatic patients with

a resting or provoked® peak
instantaneous LV outflow
tract gradient <50 mm Hg, 20
and Doppler echocardiography
during exercise—in the standing,
sitting or semi-supine
positions—may be considered
when the presence of an
LVOT gradient is relevant to
lifestyle advice and decisions
on medical treatment

In patients with sub-optimal
images or with suspected LV
apical hypertrophy or
aneurysm, TTE with LV cavity
opacification—using
intravenous
echocardiographic contrast
agents
as an alternative to CMR

imaging.

should be considered

84,85,93,94
b 84,85,93.94
Ha 8l

Screening q12 monthsin adolescence and g5 years during adulthood

MRI in HCM

17



1/10/2018

LGE — ventricular insertion points,
mid-inferior wall

Predicted 5-year event rates relative to LGE by % left
ventricular mass for risk of end-stage HCM with systolic
dysfunction, sudden cardiac death events, and total

2 ~—— Sudden Cardiac Death Events

L — ~Total Mortality /

S Endstage HCM 7
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g2 American

Heart LGE by % Left Ventricular Mass
Association

Chan R H et al. Circulation. 2014;130:484-49!
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LV Wall Thickness
LA size

* Maximum LVOT
gradient

American Society of Echocardiography Clinical
Recommendations for Multimodality Cardiovascular
Imaging of Patients with Hypertrophic
Cardiomyopathy

Endorsed by the American Society of Nuclear Cardiology, Society for
Cardiovascular Magnetic Resonance, and Society of Cardiovascular
Computed Tomography

Sherif 1. Magueh, M2, FASE,
Ml Desai, MID.

@ Am Soo Echocardiogr 2011:24:475-98)

Table 6 Summary of clinical applications

Echocardiography Nuclear imaging MR Cardiac CT
1. LV di i Not with Rarely needed it
wall thickness initial test inadequate echocardit and
echocardiography CMR are not feasible
2. LV EF and regional Recommended as Not needed i Recommended with Not needed if
function initial test [ echocardiography and
CMR are available echocardiography CMR are available
3. LV filling p Not it Not Cannot be used for
provides only indirect this purpose
evidence
4. Pulmonary artery Recommended Cannot be used for this ~ Cannot be used for Cannot be used for
pressure purpose this purpose this purpose
5. LA volume and Recommended Cannot be used for this ~ Recommended with Rarely needed if
function purpose inadequate echocardiography and
echocardiography CMR are not feasible
6. Dyl Cannot be used for this Recommended with ‘Cannot be used for
purpose inadequate this purpose
echocardiography
7. Mitral Not with Not recommended
inadequate echocardiography
8. Ischemia/CAD (if Consi if nuclear icati if
clinically indicated) and CT not feasible epicardial CAD in
question
9. Cardiac metabolism Cannot be used for Cannot be used for
and neurctransmission this purpose this purpose
10. Monitoring of invasive Recommended Rarely needed if Recommended with Rarely needed if
therapy and echocardiography and
CMR are not feasible echocardiography CMR are not feasible
11. Image Not test ‘Cannot be used for this
fibrosis purpose
12. Screening Not with Not recommended
inadequate
echocardiography

19
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Cardiac Amyloidosis

* LVH with speckled pattern
e Biatrial Enlargement

* RestrictiveFilling/ Low €’
* Pericardial Effusion

e Atrial Septal Thickening

* Thickened valves

Relative apical sparing of longitudinal strain using

two-dimensional speckle-tracking echocardiography  Rejative apical IS =
is both sensitive and specific for the diagnosis of

cardiac amyloidosis Heart 2012:98:1447—1448.

Dermot Phelan, Patrick Collier, Paaladinesh Thavendiranathan, Zoran B Popovi¢, > 1"" KISS PrInCIple
Mazen Hanna, Juan Carlos Plana, Thomas H Marwick, James D Thomas > AUC 0 91

Average apical LS
Average basal LS + Average mid LS

Figure 1 Repr ive t kle-tracki itudinal strain patterns (‘bull's eye plots’) for each subgroup. (A1—4) Apical sparing
pattern in patlents with cardiac amylmdoms (Bl 2) Isolated impairment of septal longitudinal strain (LS) in septal hypertrophic cardiomyopathy. (C1,2)
Patchy reduction in longitudinal strain in left ventricular hypertrophy related to aortic stenosis.

Remember that Amyloidosis and Aortic Stenosis are both diseases of the Elderly

20



1/10/2018

Application of a Parametric Display of
Two-Dimensional Speckle-Tracking Longitudinal
Strain to Improve the Etiologic Diagnosis of Mild to
Moderate Left Ventricular Hypertrophy

Dermot Phelan, MB, BCh, PhD, Paaladinesh Th,
Patrick Collier, MB, BCh, PhD,
Thomas H. Marwick, MBBS, PhD, MPPH, Cleveland, Obio; Toronto, Ontario, Canaa

iranathan, MD, MSe, Zoran Popovic, MD, PhD,

1D, and
da; Hobart, Australia

J Am Soc Echocardiography 2014:27:888-95

Table 3 Diagnostic accuracy in patients with mild to

moderate L\VH with and without strain polar map

Senzitivity Specificity Accuracy PPY NPV
Diagnosis [e) (%) (%) (%) (%)
CA
Baseline read 40 B4 70 55 75
Strain read 86 95 a2 a2 a4
P <.001 002 <.001 <001 <.001
HCM
Basaline read 44 75 65 45 73
Strain read 52 B4 73 63 78
P 054 .0 .om <001 005
HHD
Baseline read 60 59 60 42 72
Strain read 70 T4 73 59 84
P 061 .002 .0Mm 001 004

NPV, negative predictive value; PPV, positive praedictive value.

LV Non-Compaction

* Left ventricular noncompaction (LVNC) is a
cardiomyopathy characterized by prominent
left ventricular trabeculae and deep

intertrabecular recesses

* To be distinguished from (How?) LV hyper-
trabeculation — often seen in normal

* MRI required as echo insufficiently sensitive or
specific...but remember, MRI # TRUTH

21



LV Non-Compaction

Left ventricular noncompaction (LVNC) is a cardiomyopathy characterized by
prominent left ventricular trabeculae and deep intertrabecular recesses

To be distinguished from (How?) LV hyper-trabeculation —oftenseeninnormal

MRI required as echoinsufficiently sensitive or s pecific...out remember, MRI #

TRUTH

CHIN JENNI STOLLBERGER

Intertrabecular recesses

“ // LV Cavity )
Endocardium Epicardium
XY <05 NC/C 22 EXCESSIVE APICAL
DIASTOLE SYSTOLE TRABECULATION ON

4-cv

Left Ventricular Trabeculations in Athletes
Mar 26,2015 | Sabiha Gati, MBBS; Sanjay Sharma, MD Expert Analysis

Symptoms l

Family History
Infero-lateral T-wave inversion

LBBB

E' lateral <9 emvsec

Peak VO2 < 100%

L LVEF on exercise echo

Exercise induced VT/AF

Abnormal myocardial strain

Late gadolinium enhancement on CMR
Family member with similar features

http://www.acc.org/latest-in-cardiology/articles/2015/03/26 /07 /47 /left-ventricular-trabeculations-in-athletes

First one | ever saw at my center.

1/10/2018
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Contrast is Key

23
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How About This Guy?
64 year old with CVA and mild hypertension

7.1.2003 12:34 07 Uhr
54/58 FPS
<=

CourtesyDr. F. Weidemann

24



LV mass index (g/m?27)

LV Hypertrophy — Correlation with Enzyme
and Screening in LVH/HCM Populations

110

L
30 40 50 60 70

Age (years)

“Prototypica

0.0 1.0 20 30 4.0

Log (c-galactosidase)

“m

Arad
NEJM 2005

Nakao
NEIM 1995

Sachdev
Circ 2002

Chimenti
Circ 2004

Ommen
Heart 2003

I”

75 HCM 0GL-3
2 LAMP2
1PRKAG2
230 (LVH) 7 (3%)
“cardiac
Variant”
79 > 40y.0. HCM 5(6.3%)
74 <40 v.0. 1(1.4%)
34 females with late 4(12%)
onset HCM
100 (ASH) 0

Fabry
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Myocardial Fibrosis

Moon/Elliott et al. Eur HeartJ 2003

"Grey zone" of
LV wall thickness
(13-15 mm)

Athlete's
heart

Athlete’s Heart

VS
HCM

Unusual patterns of LVH

LV cavity < 45 mm

OO | —/

LV cavity > 55 mm

(+

Marked LA enlargement
Bizarre ECG patterns
Abnormal LV filling

Female sex

1 Thickness with deconditioning
Family history of HCM

Max VO, > 45 ml/kg/min

copmmoms v Pt e 2 Prodicted Maron, B J Heart 2005;91:1380-1382

VEOOOEOOOLE
30]0]0]010]0;

(+

26



1/10/2018

Summary

HCM presents in numerous forms

Echo is primary imaging modality for diagnosis
and prognosis but complementary imaging
AND CLINICAL/SEROLOGIC/BIOCHEMICAL
correlated

Contrast and Strain Imaging Helpful

Keep a broad differential diagnosis as many
mimickers including NORMALS
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