Hypertrophic
Cardiomyopathy

Clinical Assessment and Things to Know

-Once you See This, Yelu Canid

Phil Riley, DO



Case Presentation

43 y.o. male with exertional Chest Pain & Palpitations

A Presented in Jan 2024

A Exertional. NYHA Class 2. Works at an active job. CP started
after gaining 25 pounds

ASmoker with HTN
A Normal appearance. Mild aortic murmur.
AHi s f at her di ed from CAD whi

A No other risk factors. CTCS score 0 four years ago
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INTERPRETATION BASED ON A DEFAULT AGE OF 40 YEARS
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INTERPRETATION BASED ON A DEFAULT AGE OF 40 YEARS

e : ¢ e  —— <t —
mnumﬂn““ E e paeebytestase toxﬁnmullu..z“.u SReteepeeates
~ b= | A - o - -
He8533:8 = - =
,‘

p e -
v - e
= h- m
s 3
: - i 3 & :
- b T s = - e s P g.. ."l‘.ﬂu‘"nu“ —
. P —— P S —— - ——— PRI (PG —— — -
e e e g 4 4+ - = —— s < b > - 3 f : : b = ﬂuuu_ be
.!‘b"?’r.-nﬁvtmini! F'\J
——
3
) |




Case Presentation

A Had an echo prior to seeing me. Normal report. No LVH. No
Aortic stenosis or mitral regurgitation

AOriginalIy ordered by PCP for Exertional CP and Palpitations

Al placed him on a Beta Blocker (symptom he was most concerned
with in the office with me was the palpitations. Was only having
CP with heavy exertion 0 pushing cars, engine off, across the
lot) and had him come back in six months

AETT Stress test ordered. He went almost 12 minutes on treadmil
(while on metoprolol) without chest pain. No ECG or
hemodynamic abnormalities (he also had no exertional
arrnythmias, pre-syncope or syncope)



Case Presentation

A At 6 Mo F/U (July 2024): Palps were better. CP had worsened by
this time to the point he made his 13 yo kid take CPR lessons

AAfter readi ng the new HCM guidelines
at the original echo.



Original Echo
Redundant Leaflet CFD Aliasing in the LVOT

okd-2024 8:28:34AM /

50%
2800Hz
WF 280Hz

2 OMHz

ECHO COMPLETE
ECHO/GOMPLETE _ f{

Had no reported late-peaking doppler velocities at rest



Case Presentation

/51 ordered another echo with valsalva



Tech Measurements on the Original Echo

+IVSd 1.23 cm

3« LVIDd 4.26 cm

< LVPWd 1.21 cm
EDV (2D-Teich) 81.3ml P
IVS/LVPW (2D) 1.02 o

/P'

“
’-f

Repeat Study with different
2D technique after
continued symptoms

SN 1.88 cm gn % v“:".
. LVIDd 3.85 cm ,.,‘3.:“,,..,/
+IVSd  1.76cm B g D

" EDV (2D-Teich) 63.9mi A
_ IVS/LVPW (2D)  0.936 N -
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INDICATED
INDICATED



ECHO74 | TISO.
' » Vel 546 cm/s

PG 119 mmHg

VALSALVA




Case Presentation

A He presented to the ER with chest discomfort. Minimal 5th gen
troponin elevation. No ECG changes.

A Heart cath was performed showing normal coronaries

A Intraventricular hemodynamics as follows:



The Brockenbough-Braunwald-Morrow Sign

Recorded On Glf 2 /2025 11:27:38
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What Is Hypertrophic
Cardiomyopathy (HCM) ?



Genetic disease of the Sarcomere

Actin thin filament
Actin-myosin cross-bridge
Myosin thick filament

Normal .
Sarcomere f Sarcomere
' (hypercontractility)

HCM Pathophysiology
Too many actin-myosin Cross-

bridges engaged

Normal contractility

Effective relaxation

Hypercontractility
Impaired relaxation
Altered myocardial energetics




Why Is this Important ??

A1 in 200 -to- 1 in 500 patients has this condition making
this the most common congenital cardiac malady
worldwide

AWe used to call this Moderate or Severe LVH with or
without IHSS

AHCM + A-Fib = Anticoagulation (CHADS-VASC > 0)
AUnder-recoqnized cause of:

AcChest Pain

ADiastolic Heart Failure Symptoms
Aconduction block

AAV Block

ASyncope | Pre-syncope
AsSudden Cardiac Death

A25% have Autonomic Dysfunction
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What is it ?

Disease Definition
- a disease state in which morphologic

expression is confined solely to the
heart and characterized
predominantly by LVH in the
absence of another cardiac,
systemic, or metabolic disease
capable of producing the
magnitude of hypertrophy evident
In a given patient and for which a
disease-causing sarcomere (or
sarcomere-related) variant is identified
or genetic etiology remains
unresolved.

Clinical Definition
- LV Hypertrophy on Echo or MRI

showing a maximal end-diastolic wall
thickness of > 1.5 cm anywhere in

the left ventricle , in the absence of
another cause of hypertrophy in adults

Normal Heart

Arch of aorta

Aortic valve _ _~Left atrium
_~Mitral valve
Right atrium —_f __Left ventricle
Tricuspid

valve ~— Ventricular
- septum
Right ventricle - .

Hypertrophic non-obstructive cardiomyopathy

—Arch of aorta

Aortic valve _~Left atrium
_~Mitral valve
Right atrium _Small left ventricle
Tricuspid
Thickened
ventricular septum

valve \
Right ventricle - . .

Hypertrophic obstructive cardiomyopathy

Small left
ventricle

&

N

Thickened
ventricular septum

Septal myectomy

- Section removed




Tech Measurements on the Original Echo

+IVSd 1.23 cm :

s« LVIDd 4.26 cm

< LVPWd 1.21 cm 7 N
EDV (2D-Teich) 81.3ml &l ’;r.w
IVS/LVPW (2D) 1.02 N, reBN

.é:- T— Repeat Study with different
e N 2D technique after
continued symptoms

’p'

< LVPWd 1.88 cm Pr - o‘ i
;< LVIDd 3.85cm Mw”l X
AIVSd 176 em L e,
EDV (2D-Teich) 63.9ml & =8
IVS/LVPW (2D)  0.936 -

-

LVH Is 1.30 to 1.49 cm
HCM iIs >1.5cm INDICATED

INDICATED



Tech Measurements on the Original Echo

vse | asem . Measured off-axis

;¢ LVIDd 4.26 cm

< LVPWd 1.21 cm

EDV (2D-Teich) 81.3 ml
IVS/LVPW (2D) 1.02

Repeat Study with different
2D technique after
continued symptoms

* | — -&.
VPWd 1.88 cm N

< LVIDd 3.85cm mN/
+IVSd 1.76 cm o e

EDV (2D-Teich) 63.9 ml N
IVS/ILVPW (2D)  0.936 ‘

LVH Is 1.30 to 1.49 cm
HCM iIs >1.5cm INDICATED

INDICATED






Hypertrophic
Cardiomyopathy (HCM)

VS.
Hypertrophic

OBSTRUCTIVE
Cardiomyopathy (HOCM)



What iIs HCM ? There are different kinds

AO

+ LA

SUBAORTIC | CAVITY MIDVENTRICULAR
OBSTRUCTION OBLITERATION OBSTRUCTION



What iIs HCM ? A SARCOMERE disease
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Video Mini-Lesson to
Understand Outflow
Tract Obstruction


https://www.youtube.com/watch?v=7d1nTdH66rk

What iIs HCM ? Ddx

Other cases of unexplained LVH referred for HCM
evaluation

Genetic testing:
pathogenic variant
in LAMP2

Danon disease

Coarctation of the aorta Subaortic membrane



Clinical Features in Patients With HCM Phenocopies
(Mimics)

d Z: AMERICAN
v fAmarican () exunses.
Typic_:al Systemic Features PossibleEtiology DiagnosticApproach
PresentationAge
| oo esssamen
Infants(0-12 mo) | Dysmorphicfeaturesfailureto § Glycogen storage diseases, other :
' : . : : AN screening
andtoddlers thrive, metabolic acidosis metabolicor mitochondrialdiseases . .
L 1 Specific metabolic assays
1 Infantof amotherwith diabetes . :
1 Genetictesting
. Dela}yed ombnormal . 1 RASopathies 1 Biochemicalscreening
Early childhood cognitive developmenyjsual : L . )
. : 1 Mitochondrialdiseases 1 Genetictesting
or hearingimpairment
Youth and Skeletalmuscleweakneser T Fri e d ataxiac h 60 s 1 Biochemicalscreening
adolescence movementisorder 1 Danondisease 1 Neuromusculaassessment
1 Mitochondrialdisease 1 Genetictesting
9 AndersonFabry disease
. . T Friedreichos at a¥% iBachemicalscreening
Movementdisorder peripheral P : .
Adulthood : 7 infiltrative disordergdeg,amyloidosis)  Neuromusculaassessment
neuropathy, renal dysfunction ) . :
1 Glycogen storage diseases 1 Genetictesting
M Mitochondrialdisease




When Should YOU Think About Hypertrophic
Cardiomyopathy (HCM)?



ASports Physicals

AHarsh, Loud Systolic
Murmur

AMurmur not explained by
a normal Echo

APersonal History of
Syncope or Presyncope
without a diagnosis

AFamin History of Sudden
Cardiac Death

AAbnormaI ECG with
otherwise normal cardiac
testing

APacemakers at a yound
age

ALBBB (or other
conduction defects) with
no other explaination

AcChest pain or SOB with
otherwise normal cardiac
testing

ATreatment resistant A-
Fib (and other
arrnythmias)



Dynamic Murmur Exam

AFind the loudest place on the chest to hear the
murmur In seated position on your exam table

Astand the patient up while listening to the loudest
position

AcContinue listening while they sit back down and
listen for a dynamic change in murmur severity

AHOCM will be LOUDER with standing

Adecreased preload



ASpOFtS Physicals

A Look for dynamic murmur

A: arsh, Loud Systolic
Murmur

A Esp in young pt, think HCM

AMurmur not explained by a
normal Echo

A TRUST your SENSES. Think HCM

APersonal History of
Syncope or Presyncope
without a diagnosis

A Think about HCM

AFamiIv History of Sudden
Cardiac Death

AAbnormal ECG with
otherwise normal cardiac
testing

A Think about HCM

APacemakers at a young
age

A Think about HCM

ALBBB (or other conduction
defects) with no other
explaination

A Think about HCM

AChest pain or SOB with
otherwise normal cardiac
testing

A Think about HCM



Other Diagnostic Testing After Physical Exam

A Echo with VALSALVA (Mitral Regurgitation, other chamber
enlargement, Right heart pressure estimation)

AAmbuIatorv ECG monitoring (high incidence of Ventricular
arrhnythmias and conduction disturbances)

A Holter, Event Monitor

A cardiac MRI (definitive measurement, shows where the
ventricular scar Is)

A Genetic Testing invitae.com (click link)



https://www.invitae.com/us/providers/test-catalog

PCPWork-Up 1 f you thi nk

AGood Cardiac Family History: Three Generations
APhysical Exam with Stand-To-Squat Murmur Evaluation
A Assessment of Overall Fitness

A12-Lead ECG

AEcho (add Valsalva if ECG abnormal and dynamic murmur)



Recommended Evaluation and Testing for HCM

HCM Suspected or Family History of HCM

.

Diagnostic Testing
(ECG, Imaging, Genetics)

(See Figure 2 for details
on genetic testing)

Complete Baseline Evaluation

» SCD risk assessment

» Stress testing if symptomatic,
if LVOTO is suspected but
unconfirmed, or to determine
baseline functional capacity

P/LP: Pathogenic -or-
Likely Pathogenic

Family with
known P/LP
variant?
(See Figure 2 for
more detail)

Patient
has family
variant?

YES, or Unknown )—P

v v

Asymptomatic Adults Children and/or Symptomatic Adults

v

Variant = P/LP

Variant downgraded to VUS




For the Nerds e

Additional algorithms...

4 Proximal IVS thickness >12 mm
Entry <
criteria
k- Proximal-to-mid/distal IVS thickness ratio 21.5
, +
NO Family history of HCM/SCD
) [ | &
Principal NO Symptoms at presentation
criteria ) . ; i
NO SAM and LVOT obstruction
IVS thickness >15 mm and PW thickness >11
uncertain
NO Late gadolinium enhancement at CMR
h L ' | |
F“," - NO Causative mutations at genetic testing
criterio o . h
NO Myocyte disarray at endomyocardial b

Sigmoid septum / ventricular
septal bulge of the elderly ... Heart 2016

—

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

'

Athlete's
heort

COOOOOOOO®

Unusual patterns of LVH

LV cavity < 45 mm

LV cavity > 55 mm

Marked LA enlargement
Bizorre ECG patterns
Abnormal LV filling

Female sex

+ Thickness with deconditioning
Family history of HCM

Max VO, > 45 mil/kg/min
> 110% predicted

Athletic heart

OO0 | —/



e And their families ?77?

i’% Screening With ECG and Echo in Asymptomatic
Family Members*

Age of First-DegreeRelative

Initiation of Screening

RepeatECG, Echo

member

Pediatric

Children and adolescents fraygnotypepositive = At the time HCM is diagnosad another family Everyl-2y

families, and families with early onset disease member

All otherchildrenandadolescents At any time after HCM isliagnosedn afamily Every2-3y
member but no later thaouberty

Adults

Adults At the time HCM is diagnosad another family Every3-5y

‘Includes all asymptomatic, phenotype-negative, firs

late-onset HCM).

[-degree relatives deemed to be at-

risk for developing HCM based on family history or genotype status and may sometimes
include more distant relatives based on clinical judgment. Screening interval may be
modified (eg, at onset of new symptoms or in families with a malignant clinical course or

ECG indicates
electrocardiogram; Echo,
echocardiogram; and HCM,

hypertrophic cardiomyopathy.

AMERICAN

Al
2 ) COLLEGE of
K>/ CARDIOLOGY.




FIGURE 2 Genetic Testing Process in HCM

Targeted Gene Testing

HCM Index Case

'

Disease-causing
LP/P variant

'

VUS, LB/B, or
no variant identified

/ X
Reclassified as Reclassified as
LP/P VUS or LB/B

Variant positive

Variant negative

Consider second tier
testing in proband if no
variant is identified

HCM diagnosed

No evidence of
HCM

Colors correspond to Table 3. HCM indicates hypertrophic cardiomyopathy; LB/B, likely benign/benign; LP/P, likely pathogenic or pathogenic; and VUS, variant of unknown

significance.




Interactive Genetic Tool

https://www.jacc.org/guidelines/hcm/interactive? ga=2.102800704.117557236.1713800646-1507838394.1711468544



Treatments

AObstructive (HOCM) patients
ASurgical Myectomy vs Alcohol Septal Ablation
ACamzyos
ANonobstructive HCM patients
ABeta-Blocker (metoprolol)
ANondihydropyridine CCB (diltiazem, verapamil)
ASudden Death Risk Assessment for ICD



Surgical Myectomy



&

TUFTS MEDICAL CENTER

Septal
myectomy

Surgical procedure.



Alcohol Septal Ablation



&

TUFTS MEDICAL CENTER

Alcohol

septal
ablation

Surgical procedure.




Mavacamten
(CAMZYQOS)



CAMZYOS (Mavacamten)

H;C CH;
AFirst-in-Class Cardiac Myosin Inhibitor T 5
AReversible Action \’é

NN NH
A1/2-Life: 6-9 days

HN CH,
ANot safe in pregnancy

AEIimination via urine



Actin thin filament

Actin-myosin cross-bridge
Myosin thick filament

Normal , HCM Sarcomere
Sarcomere f Sarcomere with Mavacamten
(hypercontractility) (attenuated hypercontractility)

HCM Pathophysiology
Too many actin-myosin Cross-

bridges engaged

Normal contractfity Attenuated hypercontractility

Effective relaxation

Improved relaxation
Improved energetics

Hypercontractility
Impaired relaxation
Altered myocardial energetics

A HCM-causing mutations may lead to a gain-of-function effect, increasing the

proportion of myosin heads in the active state and leading to adverse energetic,
structural, and clinical consegquences

A Mavacamten binds to the myosin molecules and reduces their likelihood of being
In the active state, thus attenuating hyper-contractility and its adverse metabolic
effects




CAMZYOS (Mavacamten)

ANHYC Class 2-3 symptoms 0 N\fo
AHOCM echo or cMR T\%/NH
AMean aortic gradient > 30 mmHg on

appropriate med Tx



Table 1: Established and Potentially Significant Pharmacokinetic Drug
Interactions with CAMZYQS

Impact of Other Drugs on CAMZYQS

Moderate to Strong CYP2C19 Inhibitors or Strong CYP3A4 Inhibitors

Clinical Impact

Concomitant use with a moderate to strong CYP2C19 or a strong CYP3A4
inhibitor increases mavacamten exposure, which may increase the risk
of heart failure due to systolic dysfunction [see Contraindications (4),
Wamnings and Precautions (5.2), Clinical Pharmacology (12.3)].

Prevention or
Management

Concomitant use with a moderate to strong CYP2C19 inhibitor or a strong
CYP3A4 inhibitor is contraindicated.

CYP2C19: PPl O0s

Moderate to Strong CYP2C19 Inducers or Moderate to Strong CYP3A4 Inducers

Clinical Impact

Concomitant use with a moderate to strong CYP2C19 inducer or a
moderate to strong CYP3A4 inducer decreases mavacamten exposure,
which may reduce CAMZYOQS’ efficacy [see Clinical Pharmacology (12.3)].
The risk of heart failure due to systolic dysfunction may increase with
discontinuation of these inducers as the levels of induced enzyme
normalizes [see Contraindications (4) and Wamings and Precautions (5.2)].

antifugals, Plavix

CYP3A4: Amio, Dilt, Verapamil, E-

Prevention or
Management

Concomitant use of a moderate to strong CYP2C19 inducer or a moderate
to strong CYP3A4 inducer is contraindicated.

Weak CYP2C19 Inhibitors or Moderate CYP3A4 Inhibitors

Clinical Impact

Concomitant use with a weak CYP2C19 inhibitor or a moderate CYP3A4
inhibitor increases mavacamten exposure, which may increase the risk of
adverse drug reactions [see Wamnings and Precautions (5.2)].

Prevention or
Management

Initiate CAMZYOS at the recommended starting dosage of 5 mg orally
once daily in patients who are on stable therapy with a weak CYP2C19
inhibitor or a moderate CYP3A4 inhibitor.

Reduce dose of CAMZYQOS by one level (i.e., 15 to 10 mg, 10 to 5 mg,
or 5 to 2.5 mg) in patients who are on CAMZYOS treatment and intend
to initiate a weak CYP2C19 inhibitor or a moderate CYP3A4 inhibitor.
Avoid initiation of concomitant weak CYP2C19 and moderate CYP3A4
inhibitors in patients who are on stable treatment with 2.5 mg of
CAMZYOS because a lower dose is not available [see Dosage and
Administration (2.2)].

mycin, HIV meds




A Mean (95% CI) resting

80 LVOT gradient
o 45.9
:'E: . $— —3
€ —— . 141
——* ——

18 22 26 30
Weeks

B Mean (95% CI) Valsalva

100 LVOT gradient

mm Hg

c Mean (95% CI) post-exercise

100 - 84.3 LVOT gradient

mm Hg




Baseline Mavacamten
s _

Figure 4 Cine end-diastolic cardiac magnetic resonance images of a patient with obstructive hypertrophic cardiomyopathy: effects of mavacamten.
Baseline before treatment (A and C) and after 30 weeks of mavacamten (B and D). Mid short axis (A and B). Four-chamber long axis (C and D). Compared
with baseline, at Week 30, left ventricular mass and maximal wall thickness were reduced from 149 g/m? and 26 mm to 117 g/m? and 20 mm, respect-
ively; maximal left atrial size fell from 77 to 59 mL/m?” Left atrial total emptying fraction increased from 27% to 50%. Data are from the
EXPLORER-HCM trial > Images courtesy of Dr Raymond Kwong, Brigham and Women’s Hospital.

Mid short-axis

4 chamber long-axis




Baseline Mavacamten

Apical 3
Chamber
Color Doppler

LVOT Gradient
Rest

Figure 5 Echocardiographic images of a patient with obstructive hypertrophic cardiomyopathy: effects of mavacamten. (A) At baseline, colour
Doppler shows flow acceleration in the left ventricular outflow tract and significant mitral regurgitation. (B) At baseline, continuous wave Doppler
through the left ventricular outflow tract shows a late peak consistent with dynamic left ventricular outflow tract obstruction and a peak gradient
of 83 mmHg. (C) Continuous wave Doppler flow through the left ventricular outflow tract demonstrates an early peak and reduction of the peak gra-
dient to 8 mmHg. (D) Following 30 weeks of mavacamten, the colour Doppler flow in the left ventricular outflow tract and in the mitral regurgitation jet
are consistent with resolution of the left ventricular outflow tract obstruction and reduction in mitral regurgitation, respectively. Data are from the
EXPLORER HCM trial.***” Images courtesy of Dr Sheila Hegde, Brigham and Women’s Hospital.



CAMZYOS (Mavacamten)
HSCYCHS

O N O
AAwesome patient experience \’é
AUsually the patient feels normal again X
after one dose | N

ABeats mechanical intervention for sure



American

_______

SCD Risk
Assessment and
Prevention



Who gets an ICD ?

(Risk Calculator)




