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1. What is hypertrophic cardiomyopathy (HCM)?
2. What is the diagnostic algorithm for HCM and its phenocopies?

3. What is the natural history of HCM and who is at highest risk of
adverse outcomes?

4. What to do if you suspect HCM at UTSW?

Not covered: Treatment algorithm of HCM
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Left ventricular hypertrophy out of proportion to increased afterload

* Imaging guided diagnosis
e Maximal end-diastolic wall thickness =2 15 mm
anywhere in the left ventricle

* LVH =13-14 mm if:

— Have a family member with HCM or
— The patient himself has a pathogenic/likely

pathogenic sarcomere protein variant

Source: Fuster V, Walsh RA, Harrington RA: Hurst's The Heart,
13th Edition: www.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

Ommen et al. JACC 2024 leSouthwestern
Maron et al. JACC 2022 Medical Center



HCM is highly prevalent: 1/200-1/500 worldwide

* 30-60% have identifiable sarcomere
variants
— >2000 individual variants in ~11
genes

— Autosomal dominant inheritance

- PO Iyge ] iC fa Cto IS 125 Countries involving 90% of world population

* Diagnosis does not require a family prevalence

1:200-1:500

history of HCM or positive genetic testing Estinaied <{8:Gmillon

affected worldwide

Ommen et al. JACC 2024 U'I'S°uthwestern
Maron et al. JACC 2022 Medical Center



Disease of cardiac sarcomere

Imbalance in myosin head
conformational states
More myosin in disordered
relaxed state
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More myosin-actin cross
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Deranged myocytes at the cellular level

Marian and Braunwald. Circulation Research. 2017

Cardiac myocytes are
hypertrophied,
disorganized, and
separated by interstitial
fibrosis

(A) Normal myocardium

(B) Disorganized myocardial
architecture in HCM

(C) Myocyte disarray in
HCM

(D) Interstitial fibrosis (blue)
in HCM
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Numerous patterns of LVH are possible

(A) localized basal septal
hypertrophy

(B) reverse curvature
septal hypertrophy

(C) apical HCM

(D) concentric HCM

(E) mid-cavity obstruction
with apical aneurysm

(F) other

Neubauer et al. JACC 2019 UTSouthwestern
Medical Center



ECG abnormalities present in 95% of patients with HCM

e |VH criteria

 Deep, narrow, dagger-like Q waves in

lateral leads
Associated features:
* Left atrial enlargement
* WPW (short PR, delta wave)
* Arrhythmias
 Giant precordial T wave inversions

(apical HCM)
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Why does left ventricular hypertrophy matter clinically?

Normal Heart Hypertrophic Cardiomyopathy

Left

‘ Left l
/ ventricle I

Right

atrium Small left

' ventricle

Right
ventricle

. Thickened

ventricular septum

1. Small
2. Stiff
3. Hypercontractile

UTSouthwestern
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Obstructive HCM accounts for ~70% of HCM cases

DYNAMIC interplay between: Obstructive HCM Non-obstructive HCM

1. Hypertrophied basal
interventricular septum

2. Abnormalities of the mitral
valve apparatus, and

3. Systolic anterior motion
(SAM) of the mitral valve leaflet

Which together narrow and

obstruct the outflow tract during Thickened heart muscle Thickened heart
| restricting blood flow from muscle but blood
systole the left ventricle flow not restricted

UTSouthwestern

Kyriakopoulou et al. The Pharmaceutical Journal. 2026 Medical Center



Eject—Obstruct—Leak

Drag forces on the anterior
mitral leaflet are the
dominant mechanism
pushing it toward the LVOT

Venturi forces may
contribute as a secondary
amplifying effect once the
LVOT is already significantly
narrowed and flow
velocities are high

Wissler-Snir. JACC 2016

SAM dependent MR: Eject-Obstruct-Leak concept

LVOT narrowing

e Septal hypertrophy and anterior displacement of papillary muscles
* Elongated mitral leaflets and chordae

* Anterior displacement of the mitral apparatus

Early systole
Rapid
v LV ejection
Venturi and drag forces distal to site of MV leaflets coaptation e
o M
to y/
y Mid-systole
systolic anterior motion of MV leaflet with mitral leaflet-
septal contact

l Mid-systole
MV leaflets malcoaptation causing an interleaflet gap

L Mid-systole

Mitral regurgitation with posteriorly directed jet

UTSouthwestern
Medical Center



Numerous mechanisms drive symptom burden

Dynamic LVOT
Obstruction

Myocardial Ischemia Mitral Regurgitation

Atrial and Ventricular , Metabolic/Energetic
Arrythmias Dysfunction

4

Diastolic Dysfunction

Ommen et al. JACC 2024 UTSouthwestern
Medical Center



HCM can present with a constellation of nonspecific symptoms

Exertional Arrhythmic Heart failure
symptoms symptoms symptoms
e Chest pain e Palpitations e Dyspnea
e Fatigue ® Presyncope e Orthopnea
e Dizziness e Syncope e Peripheral
edema

Maron et al. JACC HF. 2018 UTSouthwestern
Medical Center



Post prandial symptoms present in ~¥35% of HCM patients

Meal ingestion

Gilligan et al. JACC 1991

Decreased systemic
vascular resistance

<

Increased heart rate

Reduced afterload

LVOT

Reduced
ventricular
preload

Increased intracardiac filling pressures

(RAP, mPAP, PCWP)

No significant change in stroke volume

obstruction
in HCM

Hemodynamic
collapse with post-

prandial exercise in
HCM patients

UTSouthwestern
Medical Center



Suspect HCM when there is a family history of early SCD

Family history

e Unexplained or sudden death in a first degree relative <50
years old

UTSouthwestern
Medical Center



Systolic ejection murmur that increases with decreased preload
suggests dynamic LVOT obstruction
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Javadi et al. JACC Case Reports. 2026 UTSouthwestern
Medical Center
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What is hypertrophic cardiomyopathy (HCM)?

2. What is the diagnostic algorithm for HCM and its phenocopies?

. What is the natural history of HCM and who is at highest risk of

adverse outcomes?
What to do if you suspect HCM at UTSW?
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Diagnostic algorithm

» | Exclude Aortic Stenosis
I I | Congenital Heart Disease
Personal Physical Family history: Severe Hypertension*
History: Exam HCM diagnosis
Symptoms T Sudden death Athletes’ Heart
Maron et al. JACC 2022 UTSouthwestern

Bakalakos et al. Canadian Journal of Cardiology 2024 Medical Center



Left ventricular hypertrophy out of proportion to increased afterload

**LVH must be in the absence of another cardiac, systemic, or

metabolic disease capable of producing the magnitude of LVH

in a given patient

Hypertension Athletic Heart Aortic Stenosis

Cardiac Amyloidosis/Other Phenocopies

Ommen et al. JACC 2024

UTSouthwestern
Maron et al. JACC 2022 Medical Center



Hypertension coexists in 40-60% of adults with HCM

Aspect HCM Alone S Wlt.h
Hypertension
: Mixed patterns
: More likely . ’
Imaging Features asymmetric LVH concentric LVH

also common

Katsi et al. Diseases 2026 UTSouthwestern
Medical Center



Hypertension coexists in 40-60% of adults with HCM

Hypertension as a modifier of disease expression in HCM

Impairs myocardial energy efficiency

Chronic pressure
overload

Increases oxygen demand

Hypertension

Possibly intensifies genotype-
phenotype association in HCM

A
ANA

Alters sarcomeric
protein expression

Accelerates HCM disease progression
via mechanical stress on myocytes

Katsi et al. Diseases 2026 UTSouthwestern
Medical Center



Athletic remodeling depends on dynamic and static load
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HCM hearts have smaller LV cavity sizes than

athletic hearts

When to suspect HCM instead of athletic remodeling

v' Patchy or asymmetric pattern of LVH

v" LV cavity deficiency (<45 mm)

v Marked left atrium enlargement

v Abnormal diastolic function

v Wall thickness does NOT regress with de-training

Maron BJ. Heart 2005

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

Athlete's

heart

@ Unusual patterns of LVH
@ LV cavity < 45 mm

@ 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 mi/kg/min
> 110% predicted

HOHOOOOOHOO




Valvular aortic stenosis can co-occur with HCM

 Unknown disease prevalence

* Diagnostic challenge that requires i e
identifying the level of obstruction o 0 [T
. . ¥
. ] g €  [TTT=
e 191 patients undergoing myectomy g o
+ surgical AVR % wof
— Older than isolated HCM i
m_
— No difference in mortality B Kt s s o T
compared to age-matched general ol LogTkpivele 048 , : : L s
pOpLIIatlon Numbers atrisk 191 130 Yoars 65 24

Desai et al. ] Am Heart Association. 2021 UTSouthwestern
Medical Center



Cardiac amyloidosis is a must not miss diagnosis

Zhang et al. The International Journal of Cardiovascular Imaging 2023 UTSouthwestern
Medical Center



Suspect cardiac amyloidosis in the setting of extra-cardiac

manifestations

When to suspect cardiac amyloid instead of HCM

v" History of bilateral carpal tunnel syndrome (5-10 years prior to cardiac diagnosis)

v Lumbar or cervical spinal stenosis

v Spontaneous biceps tendon rupture

v Hip/knee replacements (~¥80% of ATTR patients have orthopedic interventions)

v" Peripheral neuropathy

v Autonomic dysfunction (orthostatic hypotension, gastroparesis, urinary
incontinence)

v" Intolerance to vasodilating antihypertensives

v Low voltage QRS on EKG despite LVH (25-40% of cases only)

Kittleson et al. JACC. 2023 UT Southwestern
Medical Center



Diagnostic algorithm

» | Exclude Aortic Stenosis
I T | Congenital Heart Disease
Pe_rsonal Physical Family.history: Severe Hypertension*
e Bxam ot deoth Athletes’ Heart
' T ! Identify

. Phenocopies r |
Testing Glycogen Storage Diseases

l : Neuromuscular Diseases
! Mitochondrial Diseases ‘ Disease-
Genetic Testing HCM Mimics [N IR
! |

' Therapy
Cardiac Amyloidosis

Maron et al. JACC 2022 UTSouthwestern

Bakalakos et al. Canadian Journal of Cardiology 2024 Medical Center



Bakalakos et al, Candian Journal of
Cardiology 2024

HCM mimics - diagnostic clues

Brain
« Cryptogenic stroke (AFD)
Somatic * Neurosensorial deafness
abnormalities (AFD, Mitochondrial)
* Facial
dysmorphy E
: oy yes
» Wide neck LY « Retinitis pigmentosa
: rg&e:;'g:;m S (Danon, Mitochondrial)
« Short stature = gt B Ot € Her
(RASopathies) @ & (Mltochondyrql)
P - « Cornea verticillata (AFD)
Skin
« Angiokeratomas (AFD)
Muscle * Lengitines (RASopathies)
e Muscle « Cafe-au-lait spots
weakness, CK - (RASopathies)
elevation, o
(PRKAG2 — Heart o
disease) « Severe LVH in infancy

Biventricular hypertrophy

« Distal biceps J
¢ Restrictive physiology
.

tendon rupture

(cA) Specific LGE patterns on
CMR
- Kidneys
\ - =
Abdomen j g AN W Proteinuria

» Kidney dysfunction (AFD,

roin inal
+ Gastrointestina cA)

symptoms
(AFD)
Joints & Spine
= Carpal tunnel
Nerves ) syndrome (CA)

« Peripheral e Lumbar spine

neuropathy i stenosis (e.g.

(CA) CA)

Medication "
+ Hydroxycloroquine




Diagnostic algorithm

Suspect HCM

Y v Y
Personal Physical Family history:
History: Exam HCM diagnosis
Symptoms Sudden death
I ]
Y Identify
Testing Phenocopies
v
Genetic Testing
Pathogenic
sarcomere

mutation (30% of patients)

;

Cascade Testing
of Family Members

Identification of HCM Phenotype (LVH)

Describe HCM

Obstruction

at rest

« Treatable Yes No
condition | ;
. l ‘N Stress echo
. qulr:patlblel " Surveillance
with normal life Resting Provocable ; for LVH
expectancy obstruction obstruction L development

Maron et al. JACC 2022
Bakalakos et al. Canadian Journal of Cardiology 2024

Exclude Aortic Stenosis
Congenital Heart Disease
Severe Hypertension*
Athletes’ Heart

Glycogen Storage Diseases
Neuromuscular Diseases

rdrial Dicaace Disease-

HCM Mimics —

Therapy

Cardiac Amyloidosis

UTSouthwestern
Medical Center




Not all LVOT /mid-cavitary obstruction is HCM

Cirrhosis (¥25% on stress testing)

Takotsubo/stress cardiomyopathy (~15-
25% of patients)

Cardiac amyloidosis (~4% of patients)

Extreme hypovolemic shock (even in absence
of underlying structural heart disease)

Post-cardiac surgery (after MVR/MVr)

Acute myocardial infarction

Trzebicka et al. Anaesth Crit Care Pain Med. 2026

UTSouthwestern

Medical Center
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Natural history is highly variable

Benign/Stable
(normal longevity)

Personalized Profiles in Prognosis for HCM

i Advanced
Progressive _
Igean Heart Failure Atrial

& End Stage Fibrillation/

Failure
(Nonobstructive) Stroke

(Obstructive)

Maron et al. JACC 2022 UTSouthwestern
Medical Center



Phenotypes are not mutually exclusive

28 46%
40 -
3
5 30 - Obstructive*
= [39%]
(=1
'S
< 20 ~ 17%
10 - 6%
Nonobstruc-
ol [4%] . '
No Adverse Progressive AF SD Events
Pathway HF
Profiles in Prognosis

Maron et al. JACC 2022 UTSouthwestern
Medical Center



Dual phenotyping: (1) Symptom phenotype and (2) Sudden

cardiac death risk

* Wide phenotypic expression and symptom burden

* Higher lifelong risk of adverse events (mortality, HF, stroke, ventricular

arrhythmias, AF) in:
— (1) patients with pathogenic/likely pathogenic sarcomere variants

— (2) patients diagnosed earlier in life

Even asymptomatic patients can be high risk for sudden cardiac death

Symptom burden # sudden death risk

Ommen et al. JACC 2024 UTSouthwestern
Medical Center



NYHA class | patients have 49% risk of adverse 10-year outcomes

LA size 0.60 4 P<0.001

0.70 A

0.50 -
0.40 -
0.30 1
0.20 -
0.10 -
0.00 1 i i i i i
0 2 4 6 8 10
Years

Number at risk
— 581 405 275 184 123 68

— 617 242 100 117 P
343 198 117 63 33

Older age

nr

Risk factors among
NYHA functional class |
patients with oHCM

— NYHA Functional — NYHA Functional
Class | Class I

1-Year | 5-Year | 10-Year
Risk Risk Risk
NYHA functional class| 598 7% 28% 49%

NYHA functionalclass Il 641 16% 44% 66%

Ahluwalia et al. JACC HF 2025

Composite outcome

* NYHA IlI/IV

 LVEF<50%

« Afib

e CVA

e Ventricular
arrhythmias SRT

* Heart transplant
 LVAD
Death

UTSouthwestern
Medical Center



Must risk stratify every patient for arrhythmogenic sudden death

Prior event

YES

v
Family history |
. At least 1 of the
following: 5-Year risk
Unexplained syncope | [ i [N
* H + Massive LVH* - YES shared decision- —»- i nizrae)asona e
Massive LVH 2 30 mm | | . unexplined syncope® making
+ Apical aneurysm (2a) 4
Apical aneurysm JEER%
|
EF <50% —
5-Year risk Ch“@
estimate for
NSVT *t YES shared decision-
making
2a) @F
, S AnICD mavlﬁe-szensidereﬂ
Extensive LGE on CMR .—» @b
_

Ommen et al. JACC 2024 UTSouthwestern
Medical Center



Decreasing rates of sudden death globally in post-ICD era

0.9
0.8
| 0.73%
0.7

0.6

0.5

Incidence of SCD (% per year)

0.4

0.32%

003

0.2 N
1985 to 2000 2000 to 2005 2005 to 2010 2010 to 2015 2015 to 2020

Timespan

UTSouthwestern

Maron et al. J Am Card. 2023
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HCM with LVEF<35% represents a particularly high-risk population

D LVEF <35% at HCM-LVSD
1.001
- Yes
2 — No
> 0.751
-
v:
|—
L L Gy =
£ 0.50 "
s -
(@)
G Log-rank
8 0.251
5 p < 0.0001
0.001
0 2 4 6 8 10 12

Time in years from HCM-LVSD

Number at risk
- 150 91 71 41 32 14 7

UTSouthwestern
Marstrand et al. Circulation 2020 Medical Center



Time from initial evaluation to development of HCM with

LVEF <50%: 7.5% incidence rate after 15 years

Marstrand et al. Circulation 2020

Incident HCM-LVSD

o
w

0.2

0.1

0.01

10 years: 4.5% [3.8-5.3]

5 years: 1.7%[1 .4-2.M

15 years: 7.5% [6.5-8.6]

20 25 30
Years from Initial SHaRe evaluation

895 580 384

UTSouthwestern
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Females have higher all-cause mortality when controlling for age,

sarcomere variant, LVEF, and LAVi

60% 60%

y T + |B
£ -
£ 5
g =1
-3 -
§ 40% £ 40%
>
H z
SRT 3 i NYHA IlI-IV
= £ 3
3 5 =
g , ——— — F>M
F>M 3 20% e - g 20% e >
13 - e >
% _— Log-rank H E— T—
§ i P < 0.001 g R——— - Log-rank
& 2 — B P <0.001
o . [3 [ 10 v 2 4 3 [] 10
Time (years) Time (years)
Female 1,896 964 645 457 327 232 Female 1,754 951 641 466 336 224
Male 3,164 1,676 1,175 826 606 404 Male 3,124 1,743 1,234 882 652 426
Patients at risk Patients at risk
i 2%, C 0%, D
£
15%
v 20%
H
a
§
10% ]

Ventricular arrhythmias
F=M

~— _;’"ﬁp n§. 10% _ , :7' Mortality
" — :r:':‘._ . == < = Log-rank F>M

Proportion with ventricular arrhythmia

p— Log-rank R — P < 0.001
o — P=0.33 = p—
bt 5 3 ) (3 3 To it 7 F) 3 [3 ] 1o
Time (years) Time (years)
Female 1,988 1,149 793 566 397 272 Female 2,222 1,318 933 680 482 333
Male 3,263 1,877 1,345 968 700 462 Male 3,644 2,165 1,582 1,152 843 556
Patients at risk Patients at risk
Lakdawala et al. Circulation: Genomic and Precision Medicine 2020 uUTSouthwestern

Medical Center



Decreasing HCM-related mortality in contemporary era

Maron et al. J Am Card. 2023

HCM-related mortality / year

A\
\\

1.5

Early HCM
Referral cohorts

3-6%ly

HCM Cohorts:
Prior to utilization
of current treatment
strategies/
interventions

ICD intervention
Myectomy
Heart transplant
OHCA /defibrillation/
hypothermia

1.5%ly

Present HCM
Cohort:
Contemporary
treatments

0.50%/y

0.80%/y

HCM-related mortality

General U.S.
Population
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Take home points

 HCMis highly prevalent: 1/200-1/500 worldwide
* Diagnosis via imaging of LVH > 15 mm
* Must rule out mimics (cardiac amyloid)
* Risk stratify for SCD via high-risk criteria
— Family history of SCD
— Massive LVH >30 mm
— Apical aneurysm
— LVEF <50%
— Personal history of unexplained syncope
* Overall mortality has improved in contemporary era

UTSouthwestern
Medical Center
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UTSW is an HCM Center of Excellence

UT Southwestern

Medical Center. Find a Doctor Conditions & Treatments Locations Academics Q, Search

(s A

9 New Patient Appointment

: ﬁ or §, 214-645-8000

' Hypertrophic Cardiomyopathy

Comprehensive Heart and Vascular Center

UTSouthwestern
Medical Center



UTSW is an HCM Center of Excellence

WS ) Cardiac myosin inhibitors Heart Transplant
Alcohol Septal ablation

Septal myectomy
-
,I_w!. -'“";_II-- A r‘.-"i.,l- - ’,’\'.l '.'_-_c_. R . ST e R\
i L { | r 1 [ ' | 1 iy o | } L
W SO Y L T W &
N - AN A "
\'J ¢ ) i (. DRX myosin SRX myosin T (
Actin-bound Sy L i gy L
—— “}/ﬁr j non-IHM state IHM state N
b J Ny r
_ A /
= R o 5

-3

Electrophysiology Advanced exercise testing Invasive hemodynamics
Genetic counseling Comprehensive cardiac imaging Clinical Trials
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Thank you

Natalie.tapaskar@utsouthwestern.edu




