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FENOTIPO IPERTROFICO: UPDATE 2026

Red Flags nella Cardiopatia a
Fenotipo Iperirofico: Tempo di un
Aggiornamento?
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Increased LV Wall Thickness or Mass Not Solely
Explained By Abnormal Loading Conditions

Diagnostic Criteria
Adults: LV wall thickness > 15 mm in any myocardial
segment not solely explained by loading conditions

Relative: LV wall thickness > 13 mm

Children: LV wall thickness >2 SD from the predicted
mean (z-score >2)
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Clinical
scenario

(o%

Morphological/
functional
characterization

&

Phenotype

.

Additional traits

Symptoms Incidental findings Family screening
+ Dyspnoea . )
+ Chest pain + Abnormal ECG - ) degree relative
. Palpitation _,4\/,\_ e 6‘% with CMP
+ Syncope/presyncope + Arrhythmia - Family history of
sudden death

+ Cardiac arrest

|

|
1

Suspected cardiomyopathy

Ventricular morphology/function

+ Hypertrophy
- Dilatation
- Systolic/diastolic function

[

Ventricular scar/fatty replacement

+ Non-ischaemic ventricular scar on
CMR/pathological examination

« Other tissue characterization
parameters on CMR

|

Arrhythmias/conduction disease
(atrial, ventricular, atrioventricular block)

Pedigree analysis Genetic testing

Laboratory markers

4

Extracardiac involvement

Pathology

Phenotype-based integrated aetiological diagnosis

Arbelo et al. Eur Heart J 2023
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MYL3
TPMI

TNNI3

TNNT2

MYH7

MYBPC3
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Aectiological Diagnosis

Other genetic and
non-genetic causes

Unknown
~ 25-30%

Sarcomeric protein

gene mutation
40-60%

* Inborn errors of metabolism
Glycogen storage diseases:
. Pompe
* Danon
+ AMP-Kinase (PRKAG2)
+ Carnitine disorders
* Lysosomal storage diseases
* Anderson-Fabry

* Neuromuscular diseases
* Friedreich’s ataxia
« FHLI

* Mitochondrial diseases
* MELAS
* MERFF

* Malformation Syndromes
* Noonan
+ LEOPARD
* Costello
* CFC

* Amyloidosis
+ Familial ATTR
* Wild type TTR (senile)
+ AL amyloidosis

* Newborn of diabetic mother
* Drug-induced

* Tacrolimus

* Hydroxychloroquine

* Steroids

Elliott et al. Eur Heart J 2014
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Diagnostic Work

Hypertrophic
Cardiomyopathy
!

Family and Personal History, Physical
Examination, Laboratory, ECG, Echo, CMR

Arst-Line

Additional Investigations According to Clinical
Suspicion, Including Genetic Testing

| !

PN

Second-Line

Non-Sarcomeric Sarcomeric Non-Sarcomeric

g

Glycogen Storage Diseases
Mitochondrial Diseases

T et e
T ———
| e

Cardiac Amyloidosis

Fabry Disease

Monda et al. Circ Heart Fail 2023
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Targeted Treatment

[ Etiology ]

[ Novel Therapies J
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[ Sarcomeric HCM ]

Mutations in Sarcomeric Myosin Inhibitors

Genes Responsible for an

Hypercontractility Phenotype Gene Therapy

Mavacamten =

Aficamten =

Enzyme Replacement

Agalsidase Alpha
Agalsidase Beta

Mutations in GLA Gene Therapy Pegunigalsidase '
[ Fabry Disease ] Responsible for Gb3 and Chaperone Therapy ) %
LysoGb3 Accumulation Migalastat
Substrate Reduction Lucerastat
Therapy Venglustat /%
Antisense Inotersen 3
Oligonucleotides Eplotersen _——
Patisiran
Small Interfering RNA o M
id Fibri Vutrisiran
{ Cardiac Amyloidosis ] FAbnorrpaI An:jyI[;nd F'?T'IS
ormation and Deposition - Tafamidis N
Tetramer Stabilizers - S
Acoramidis \
Clearance of
Antibodies \\(,
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Amyloid Deposits

Monda et al. Circ Heart Fail 2023
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Red Flags Approach

“A fundamental tenet of this approach is that the systematic search
for diagnostic clues or ‘red flags’ can identify particular disorders and
guide rational selection of diagnostic tests [...]”

“This approach does not necessarily involve the use of novel or
particularly sophisticated tests, but it does require deliberate analysis
of every aspect of the individual and their family as well as an
integrated probabilistic interpretation of cardiac investigations.”

T . . .\\
Universita o3 European
o degli Studi ’,:.:-..-‘:\ Reference
@ dclla Campania 0o0’ Network
I.lll:&{i Vanvitell Rapezz, C et al_ Eur Heart J 2013 for rare or low prevalence

complex diseases



LI D
ng“* 2.Co
) (4
P NG
MONALDI - COTUGNO - C.T.O
"AZIENDA OSPEDALIERA
SPECIALISTICA DEI COLL”

Monsids - Convgro - CTO

Universita
®  egli Studi

@ dclla Campania
Lugi Vanvitelli

Age

Family History

Physical Exam

Laboratory tests

Electrocardiogram

Echocardiography

()

Unaffected A
parent

fected
parent

Red-Flags

<20 years
20 - 60 years

>60 years

X-linked
Autosomal recessive

Matrilinear

Ophtalmoplegia,
wide-spaced eyes

Short stature,
café-au-lait spots

Ataxia

Angiokeratomas
Neuropathic pain
Cornea verticillata

Carpal tunnel syndrome

Increased Transaminases

Pseudo-STEMI pattern

Advanced AV Blocks
Low QRS voltahes

SAM
LVOTO
Asymmetric LVH
Apical LVH

Granular sparkling myocardium

thickened interatrial spetum
Pericardial effusion

Concentric LVH

100%
100%
80%

100%

100%

100%
100%
100%

86%
91%
82%
100%
88%

100%
80%

Disease(s)

Syndromic

Sarcomeric

Infiltrative

AFD
Friedreich's Ataxia

Mitochondrial

Noonan

Leopard

Friedreich's Ataxia

AFD

TTR Amyloidosis

Pompe disease

Sarcomeric

Amyloidosis

Sarcomeric

Amyloidosis

AFD, Mitochondrial,
Noonan, TTR Amyloidosis,
Pompe, Danon

Maurizi N, Monda E et al. Eur Heart J 2025

MALATTIE GENETICHE
E RARE CARDIOVASCOLARI

European
‘% Reference
o0’ Network

for rare or low prevalence
complex diseases



p\\.l DE/
< Co

SN
MONALDI - COTUGNO - C.T.O,

“AZIENDA OSPEDALIERA

SPECIALISTICA DEI COLLI®
Monald « Conugro - CTO

60
50
40
30
20

10
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e

<1 Years (%)

1-10 Years (%) 11-18 Years (%) 19-55 Years (%)
M IdiopathicHCM  mSarcomeric HCM  m Specific causes of HCM

Limongelli G, Monda E et al. Int J Cardiol

>55 Years (%)
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Brain
o Cryptogenic stroke (AFD)

Somatic ¢ Neurosensorial deafness
abnormalities (AFD, Mitochondrial)
e Facial
dysmorphy E
’ yes
¢ Wide neck « Retinitis pigmentosa
: Eypertilonsm (Danon, Mitochondrial)
i S'°1W rtset etars « Optic atrophy
(RXS = at#re) (Mitochondrial)
opatnies o Cornea verticillata (AFD)
Skin
e Angiokeratomas (AFD)
Muscle ¢ Lengitines (RASopathies)
S iecle e Cafe-au-lait spots
weakness, CK (RASopathies)
elevation,
(PRKAG2 Heart -
disease) o Severe LVH in infancy

e Biventricular hypertrophy

e Restrictive physiology

o Specific LGE patterns on
CMR

o Distal biceps
tendon rupture
(CA)

C AN
Abdomen / y ; .¥ e Proteinuria

e Gastrointestinal ¢ Kidney dysfunction (AFD,

symptoms CA)
(AFD)
Joints & Spine
e Carpal tunnel
Nerves ‘ \ syndrome (CA)
e Peripheral { o Lumbar spine
?gx;OPathy " ) stenosis (e.g.
CA)
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CONCENTRIC HYPERTROPHY |

D|

SAM OF MITRAL VALVE

Echocardiography

B AML > 30 mm | C |

ASYMMETRIC SEPTALLVH |

E [SEVERE LEFT POSTERIOR WALL HYPERTROPHY} [ | APICAL SPARING 1

Maurizi N, Monda E et al. Eur Heart J 2025

MALATTIE GENETICHE
E RARE CARDIOVASCOLARI

P

European
Vv Reference
»o0’ Network

for rare or low prevalence
complex diseases




354 Co

MONALDI - COTUGNO - C.T.O.

“AZIENDA OSPEDALIERA
SPECIALISTICA DEI COLLI®

Monald « Conugro - CTO

Asymmetric LVOT
LVH Sarcomeric obstruction
: aetiology
q SENS |SPEC
MV leaflets
GLS apical ’ Low QRS
sparing Infiltrative NI
aetiology —
SPEC
Carpal 100% Concentric
tunnel - LVH
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Red Flags Cluster

Maurizi N, Monda E et al. Eur Heart J 2025

MALATTIE GENETICHE
E RARE CARDIOVASCOLARI

e

X-linked Concentric
inheritance Storage LVH
aetiology
SENS| SPEC o
82% [ 100% JOREAES
Acroparesthesia . . i Angiokeratomas
Short » . Gaféaulat
stature Syndromic Y& T | spots
aetiology |
SPEC
‘ 100% i
Wide-spaced @ @ Concentric
eyes LVH
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Cardiomyopathy
phenotype
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Role of CMR JN/

( Finding ’ { Cardiac CMR examples ) ‘Speciﬁc diseases to be considered’

Posterolateral LGE and concentric LVH

Low native T| Anderson—Fabry disease

Diffuse subendocardial LGE,
high native T1

Amyloidosis

Patchy mid-wall in hypertrophied areas "";» : ¥ . { Sarcomeric HCM

ot 3w European
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Arbelo et al. Eur Heart J 2023 *;%rmr:lg or low prevalence
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@ ESC European Heart Journal - Digital Health (2025) 00, 1-10 ORIGINAL ARTICLE
European Society https:/doi.org/10.1093/ehjdh/ztaf105
of Cardiology

Development of a smartphone-based app to
support the differential diagnosis in patients

with primary left ventricular hypertrophy Sarcomeric phenotype @ 518 patients
Niccold Maurizi ® ">*, Emanuele Monda®, Maurizio Pieroni ® ', Elena Biagini ©® *, SENS 88% SPEC 88% with primary LVH
Ella Field>, Silvia Passantino’, Gabriella Dallaglio', Carlo Fumagalli',
Panagiotis Antiochos?, loannis Skalidis ® &, Henri Lu ® 2, loannis Kachrimanidis®,
Alessia Argiro ® 1. Francesca Girolami ® 7, Franco Cecchi"'?, Francesco Cappelli1,
Perry M. Elliott'", Juan Pablo Kaski*¢, Giuseppe Limongelli?,
and lacopo Olivotto ® "7 P
Asymmetric LVH LVOT obstruction Thick» il
&
SAM Elongated mitral valve

Adult storage phenotype
SENS 82%  SPEC 100%

@ E OveraII app performance

ALL POSSIBLE DIAGNOSIS

X-linked Concentric LVH

- SENS 92%  SPEC 97%

° l;'nilx"cgmiu;x. Acroparesthesia Angiokeratomata PPV 86% NPV 98%
degh Stuch

@ declla Campania

Lugi Vanvitell Maurizi N, Monda E et al. EHJ Digital Health
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>

Syndromic phenotype
SENS 58%  SPEC 100%

J

Short stature Cafe au lait spot

0O O

Wide spaced eyes Concentric LVH

Infiltrative phenotype
SENS 69%  SPEC 100%

GLS apical sparing Low QRS voltage

Carpal tunnel Concentric LVH
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Exclusion of
ThiCk |_| eqd rt secondary causes of
LVH
This app is designed to help physician in
the differential diagnosis of patients
presenting with primary left ventricular
hypertrophy.
Age & Physical
’@' Examination details
Start
New survey

%

ECG &
Echocardiography
characteristics

SEE ALL POSSIBLE DIAGNOSIS

Tap to know more about this app
The application will not save any data or informations

https://thickheart.com

OUTPUT
List of diagnosis:

MOST LIKELY DIAGNOSIS ]

> 1 specific RF; At least 1 super specific RF

SUM-UP OF

EACH DISEASE

POSSIBLE DIAGNOSIS
< 2 specific RFs

LESS LIKELY
Universita No age group; CMP with unselected RF

®  egli Studi

@ dclla Campania

Luigi Vanvitelli Maurizi N, Monda E et al. EHJ Digital Health
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50-year-old male was referred to our clinic after the detection of LVH

No FH for CMP or SCD

Unsuccessful catheter ablation for ventricular pre-excitation at 20 years old

Diagnosis of Hypertension and Microalbuminuria at 45 years old
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Mok - Conugra

Il V2

aVL

1

aV

L
L
Z
_
1
L

V6 \_\J

25 mm/s, 10 mm/mV

I

T

25 mm/s, §0 mm/mv
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Sarcomeric HCM
LVH due to Hypertension

Fabry Disease

Cardiac Amylodosis
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More Likely Diagnosis? T/'\/LI/@
Sarcomeric HCM

LVH due to Hypertension

Fabry Disease

Cardiac Amylodosis
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Red Flags
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Extra-Cardiac Red Flags Cardiac Red Flags

Any time | Family history of renal failure and/or stroke Family history of LVH, particularly if no evidence .

of male-to-male transmission @

5]

1-2 Neuropathic pain <

1-2 Gastrointestinal symptoms | Short PQ interval' m

o

[a]

-+

1-2 Angiokeratomas Bradycardia g

g

& 1-2 Cornea verticillata* Chronotropic incompetence é

= g
= 1-2 Hypohidrosis, heat/cold, and exercise intolerance | Atrioventricular blocks' < g.
o Q
8 3
2 1-2 Albuminuria L LVH with normal systolic function B |4
: a

= ]
5 3-4 Juvenile and/or cryptogenic TIA/stroke Reduced global longitudinal strain g’ é'
c —

Q =

§ 3-4 Hearing loss (either progressive or sudden) Mild-to-moderate aortic root dilation §'

o =

o)

3-4 Dolichoectrasia of the basilar artery, chronic Mitral and aortic valve thickening with 3—

white matter hyperintensities at brain MRI mild-to-moderate regurgitation

o)

3-4 1 Hypertrophy of papillary muscles - ‘a'_

o T

2 a

3-4 Renal failure Mid-layer posterolateral late gadolinium enhancement § §

35

Universita 3-4 Lymphedema Low native T1 ® -y
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e e @ @ ‘ No Pathogenic Variant
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More Likely Diagnosis?

Sarcomeric HCM

LVH due to Hypertension

Fabry-Disease

Cardiac Amylodosis
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More Likely Diagnosis?

Sarcomeric HCM

LVH due to Hypertension

Fabry-Disease

Cardiac Amylodosis

\"
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Left ventricular wall + >1of
thickness 212 mm .

—>

Heart failure in 265 years
Aortic stenosis in 265 years

Ruptured biceps tendon
Bilateral carpal tunnel syndrome

~

Hypotension or normotensive
if previously hypertensive

Sensory involvement, autonomic dysfunction

Peripheral polyneuropathy
e ——
Proteinuria

Skin bruising

Subendocardial/transmural LGE or increased ECV
Reduced longitudinal strain with apical sparing »
Decreased QRS voltage to mass ratio
Pseudo Q waves on ECG
AV conduction disease
Possible family history of ATTR

Chronically increased troponin levels

Known multiple myeloma or MGUS
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e

99mTc-DPD/PYP/HMDP
scintigraphy with SPECT

I

Haematologic tests
(serum free light chain quantification
and serum and urine immunofixation)
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Haematologic tests
??™Tc-DPD/PYP/HMDP & (serum free-light chain

Scintigraphy with SPECT
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quantification & serum and
urine immunofixation)
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No Amyloid but Glycogen Accumulation Within Cardiomyocyte Vacuoles

R g = = R 3 " =, % T <
ity ) W R L e W T " R
4 . A A w e B . N - »

- . N .
Universita o>>Y\ European
degli Studi ..%..:\ Reference
della Campania 00’ Network

for rare or low prevalence

Lugi Vanvitelli
complex diseases




<. Co

MONALDI - COTUGNO - C.T.O.
"AZIENDA OSPEDALIERA
SPECIALISTICA DEI COLL”

Monald - Conugro + CTO

MYL3
TPMI

TNNI3

TNNT2

MYH7

MYBPC3
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Genetic Testing Results

Unknown
~ 25-30%

Sarcomeric protein

gene mutation
40-60%

Other genetic and
non-genetic causes
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* Inborn errors of metabolism
Glycogen storage diseases:
* Pompe
* Danon
+ AMP-Kinase (PRKAG2)
* Carnitine disorders
* Lysosomal storage diseases
* Anderson-Fabry

* Neuromuscular diseases
* Friedreich’s ataxia
« FHLI

* Mitochondrial diseases
* MELAS
* MERFF

* Malformation Syndromes
* Noonan
+ LEOPARD
* Costello
«CFC

* Amyloidosis

* Familial ATTR

* Wild type TTR (senile)

* AL amyloidosis
* Newborn of diabetic mother
* Drug-induced

* Tacrolimus

* Hydroxychloroquine
* Steroids

NGS Panel:

Pathogenic Variant in
PRKAG2
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- Red flags provide a structured framework to guide the diagnostic work-up of
patients with unexplained left ventricular hypertrophy.

- No single red flag is diagnostic; the integration of clinical, electrocardiographic,
imaging, laboratory, and family data is essential.

- A systematic search for red flags enables a cost-effective and phenotype-driven
selection of advanced investigations, including genetic testing and disease-specific
biomarkers.

- Establishing the correct aetiological diagnosis has major implications for
prognosis, family screening, and the implementation of targeted therapies.
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