
W
ould it be possible an EC

G
/V

C
G

 like this, in the absence of structural heart disease? 
unexplainable giant T-w

ave inversion

1.
Post-G

raduates
A

dvisoratD
esign

ofStudies
and

Scientific
W

riting
Laboratory

in
the

A
B

C
Faculty

ofM
edicine

-A
B

C
Foundation

-Santo
A

ndré
–

São
Paulo

–
B

razil
2.

C
hiefofthe

C
oronary

C
enterofthe

H
ospitalde

M
essejana

D
r.C

arlosA
lberto

StudartG
om

es.Fortaleza
-B

razil
3.

V
isiting

ScientistatProgram
in

M
olecular

and
Integrative

PhysiologicalSciences
(M

IPS),D
epartm

entof
Environm

entalH
ealth

|H
arvard

T.H
.C

han
SchoolofPublic

H
ealth.

A
ndrés R

icardo Pérez-R
iera M

.D
.Ph.D

. 1; R
aim

undo
Barbosa-Barros M

.D
2; Luiz C

arlos de A
breu P.h.D

. 3

https://ekgvcg.w
ordpress.com

/



Portuguese: R
eporte de caso

Seria possível um
 eletrocardiogram

a com
o este, na ausência de doença cardíaca estrutural?

Identificação:C
aucasiano,38

anos,arquiteto,norm
olíneo.

M
otivo

da
consulta:

avaliação
clínica

para
iniciar

prática
esportiva

em
academ

ia.
A

ssintom
ático,

nega
vícios,

ou
antecedentes

pessoais
de

im
portância.Sem

pre
hígido.

A
ntecedentesfam

iliares:negativos.
Exam

e
físico:nada

digno
de

nota.A
ltura:1.80m

;Peso
83kg;PA

130/80m
m

H
g;FC

62bpm
;pulsos

periféricospresentes.
EC

G
/V

C
G

:próxim
os

slides.
Ecocardiografia

transtorácica
(ETT):

C
âm

aras
cardíacas

de
dim

ensões
norm

ais:D
iâm

etro
diastólico

do
V

E
=

47
m

m
(V

N
38-52);D

iâm
etro

sistólico
do

V
E

=
30m

m
(V

N
26-34);átrio

esquerdo
=

36m
m

(V
N

28-40).
Espessura

m
iocárdica

norm
al:septo

=
9m

m
,parede

posteriordo
V

E
=

9
m

m
D

esem
penho

ventricularpreservado,sem
alteraçõesde

contractilidade
segm

entar.
Função

diastólica
do

ventrículo
esquerdo

preservada
(D

opplertecidual).
Fração

de
ejeção

do
ventrículo

esquerdo
=

0,66
%

(V
N

0,55-080).
Valvascardíacascom

textura
e

m
obilidade

norm
ais.

Fluxostransvalvaresao
estudo

com
D

oppler
e

m
apeam

ento
de

fluxo
em

cores:
norm

ais.
A

orta
torácica

sem
alteraçõesanatôm

icas.D
iâm

etro
da

aorta
=

34
m

m
(V

N
28-40).

Pericárdio
norm

al.
C

onclusão:Exam
e

dentro
dosparâm

etros
da

norm
alidade.

Solicitam
os

ressonância
m

agnética
do

coração
com

realce
tardio

para
avaliação

de
fibrose

/infarto
e

viabilidade
m

iocárdica.



W
ould it be possible an EC

G
/V

C
G

 like this, in the absence of structural heart disease?

Identification:C
aucasian, 38 years old, architect, norm

oline.
R

eason
for

consultation:
clinical

evaluation
to

start
practicing

sports
in

the
gym

.
A

sym
ptom

atic,
denies

addictions
or

personal
history

of
im

portance.A
lw

ays
healthy.

N
egative fam

ily background for hereditary diseases.
Physicalexam

ination:nothing
w

orthy
ofnote.H

eight1.80m
;W

eight83kg.;B
P

130/80m
m

H
g,H

R
62bpm

,
peripheralpulsespresentand

regular.
EC

G
/V

C
G

Transthoracic echocardiography:
N

orm
al dim

ensions of cardiac cham
bers: LV

 diastolic diam
eter= 47 m

m
 (N

V
 38-52); LV

 systolic diam
eter 30m

m
 (N

V
 26-34); left atrium

= 36m
m

 
(N

V
 28-40).

D
iastolic thickness of septum

 and LV
 posterior w

all 9 m
m

 each (norm
al m

yocardial thickness) 
Preserved ventricular perform

ance w
ithout segm

ent contractility alterations
Preserved LV

 diastolic function (Tissue D
oppler)

N
orm

al Left Ventricular Ejection Fraction =  0.66%
 (N

V
s from

 0.55 to 080)
H

eart valves w
ith norm

al texture and m
obility

N
orm

al D
oppler color flow

 m
apping

N
orm

al thoracic aorta diam
eter =34 m

m
 (N

V
  28-40)

N
orm

al pericardium
C

onclusion
Exam

ination w
ithin norm

al param
eters.

W
e

requestcardiovascular
m

agnetic
resonance

(C
M

R
)

w
ith

late
gadolinium

enhancem
entfor

evaluation
of

fibrosis
/infarction

and
m

yocardial
viability.

English: C
ase R

eport
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III

aV
F

X
 I

Y

T-loop

P

EC
G

/V
C

G
 correlation in the Frontal Plane



X
V

6

V
1

V
4

V
5

V
2

V
3

Z

T-loop

P-loop

EC
G

/V
C

G
 correlation in the H

orizontal Plane

PA
F



YaV
F

Z

V
2

T-loop

P

EC
G

/V
C

G
 correlation in the R

ight Sagittal Plane



C
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D
earA

ndrés
A

lthough
there

is
no

clear
heartdisease

by
Echo

and
physicalexam

.,there
is

clear
electricalLV

changes
com

patible
w

ith
ST

segm
entdepression

in
anterolateraland

high
lateralregions.Sokolow

-Lyon
close

to
50

m
m

;intrinsecoid
deflexion

in
V

5
around

0.06
second;Q

R
ST

angle
=

140
degrees

(planar);T
peak-Tend

interval100
m

s.C
an'trule

outhypertrophyc
cardiom

yopathy
of

som
e

degree
(although

echo
is

norm
al).In

m
y

opinion
there

is
clearLV

electricalrem
odeling.N

eed
som

e
otherinvestigation,like

N
M

R
searching

for
delayed

enhancem
ent.

C
annot

release
for

sports
participation

until
finish

the
investigation.

D
alm

o
A

ntônio
R

ibeiro-M
oreira

M
.D

.Ph.D
.São

Paulo
B

razil
Chief M

edical Electrophysiology and Cardiac Arrhythm
ia Dante Pazzanese

Institute of Cardiology Sao Paulo Brazil



This is probably apical hypertrophic cardiom
yopathy, w

hich can be difficult to diagnose w
ith echocardiography. 

M
R

I should show
 the changes.

K
ind regards

K
jellN

ikus, M
D

, PhD
Tam

pere, Finland



Spanish
H

ola
am

igos
M

iopinión
La

clínica
no

dice
nada

relevante
y

a
pesar

de
que

elecocardiogram
a

no
decir

nada
a

nivelapicalde
V

I
(a

veces
no

se
tiene

una
buena

ventana
apicalo

no
ser

realiza
una

sub-xifoidea),elEC
G

m
uestra

ondasT
profundasnegativasen

lasderivacionesprecordialesde
m

asde
10

m
m

lo
que

sugieren
fuertem

ente
una

m
iocardiopatía

hipertrófica
apicalo

form
a

japonesa
deYam

aguchi.
La

ventriculografía
m

ostraría
la

típica
im

agen
de

"as
de

pique"
y

coronarias
norm

ales;pero
com

o
la

clínica
y

exam
en

físico
no

orientan
hacia

enferm
edad

coronaria,por
consecuencia

elpaso
inm

ediato
seria

una
R

N
M

con
realce

tardío
con

gadolinio
que

podría
dem

ostrar
la

hipertrofia
delsegm

ento
apical.

Se
descarto

m
iocarditis

chagásica
con

serología?
vN

o
pienso

en
cardiopatía

isquém
ica

Saludoscordiales
D

r.Juan
José

Sirena
Santiago

delEstero
A

rgentina
English
H

ello
friends

M
y

opinion
The

clinic
says

nothing
relevantand

although
the

echocardiogram
did

notsay
anything

to
apicallevelV

I
(som

etim
es

you
do

nothave
a

good
apicalw

indow
ornotm

akes
a

sub-xiphoid),the
EC

G
show

s
deep

negative
T

w
aves

in
precordialleads

(m
ore

than
10

m
m

)w
hich

strongly
suggest

apicalhypertrophic
cardiom

yopathy
orJapanese

form
ofYam

aguchi.
Ventriculography

w
ill

show
the

typical
im

age
of

"ace
of

spades"
and

norm
al

coronary
arteries;

but
as

clinical
and

physical
exam

ination
not

oriented
tow

ards
coronary

artery
disease,consequently

im
m

ediate
step

w
ould

be
an

M
R

I
w

ith
late

gadolinium
enhancem

ent
that

could
prove

apicalhypertrophy
segm

ent.
m

yocarditis
C

hagasserology
w

asdiscarded?.Ido
notthink

ofC
oronary

heartdisease
B

estregards
Juan

Jose
Sirena

M
D

Santiago
delEsteroA

rgentina



Le
haría

un
buen

Eco
con

un
buen

equipo.Si
es

norm
al,lo

dudo
(a

veces
no

se
aprecia

bien
la

verdadera
punta)

le
solicitó

una
R

esonancia
m

agnética.
M

e
cuesta

creerque
eleco

sea
norm

al.
Saludos

a
todos,y

graciasporeste
fabuloso

espacio
M

iguelA
m

or
M

D
------------------------------------------------------------------------------
English
Iw

ould
do

an
echocardiogram

w
ith

good
equipm

ent.Ifresults
norm

al-w
hich

Idoubt-(som
etim

es
itis

noteasy
to

analyze
the

tip
ofthe

heartby
transthoracic

echocardiography)
Ishard

to
believe

thatthe
echocardiogram

isnorm
al.In

thiscase,Iw
ould

requesta
C

ardiac
M

agnetic
R

esonance
G

reetingsto
alland

thanksforthisfabulousspace
M

iguelA
m

or
M

D

Spanish



Estim
ado

profesor:
Este

paciente
con

un
EC

G
que

m
uestra

ondas
T

negativas
y

con
un

ecocardiogram
a

dentro
de

la
norm

alidad,puede
que

m
as

adelante
desarrolle

una
m

iocardiopatia
hipertrofica

com
o

se
ha

dem
ostrado

en
estudios

anteriores.
Saludo

afectuosam
ente

D
earProfessor:

This
patient

w
ith

an
EC

G
show

ing
T

w
aves

negatives
and

w
ith

an
echocardiogram

w
ithin

norm
al

lim
its,

m
ay

later
develop

hypertrophic
cardiom

yopathy
asdem

onstrated
in

previous
studies

Yourtruly
Eduardo

Q
uiñonesM

D



H
ola

querido
A

ndrés:ElEC
G

no
esnorm

alpara
un

paciente
caucasiano

deportista.
Presenta

un
B

AV
de

1ergrado
con

signos
de

H
V

I(R
peak

tim
e

en
V

2
y

V
3

anorm
ales

y
criterios

EC
G

de
H

V
I(índice

de
Sokolov

positivo).
Elinfra

desniveldelsegm
ento

ST
es

m
áxim

o
de

V
3

a
V

6
hasta

de
1,5

m
m

no
es

habitualen
caucásicos

y
se

registra
adem

ás
en

D
I,D

II
y

aV
F,

adem
ásde

lasderivacionesprecordialesde
V

2
a

V
6.

La
onda

T
negativa

gigante
en

precordialesde
V

2
a

V
6

m
áxim

a
de

V
3

a
V

6
sim

étricasque
sim

ulan
una

T
de

origen
isquém

ico.En
lasderivaciones

de
losm

iem
bros

tam
bién

presenta
onda

T
negativa

pero
asim

étrica
sugestiva

de
H

V
I.

En
aV

R
presenta

supra
desniveldelsegm

ento
ST

que
expresa

elincrem
ento

de
laspresionesinterventriculares.

Elintervalo
Q

Tc
se

encuentra
prolongado,lo

que
no

eshabitualen
la

H
V

Ifisiológica
deldeportista.

En
la

ecocardiografía
eldiám

etro
diastólico

V
Ino

es
elhabitualde

un
deportista

con
estos

cam
bios

EC
G

(47
m

m
).N

o
refieren

alteraciones
del

llenado
diastólico

V
Inicrecim

iento
auricularizquierdo.

D
escartado

los
trastornos

hidroelectrolíticos
com

o
la

hipocalcem
ia

severa
(no

m
e

im
presiona)y

la
hipertensión

endocraneana
de

la
cualno

puedo
sospecharya

que
no

presenta
sintom

atología.
Eldiagnóstico

eselde
una

m
iocardiopatía

hipertrófica
porloscam

bioselectrocardiográficos.D
ado

que
losespesoresparietalesno

concuerdan
con

la
m

ism
a,sería

interesante
adem

ásde
la

R
N

M
cardiaca

con
realce

tardío
con

gadolinio.
La

realización
de

un
ecuestres

con
ejercicio

y
descartar

una
form

a
de

m
iocardiopatía

hipertrófica
obstructiva

dinám
ica,en

la
cualno

obtendrá
gradientes

intraventriculares
en

reposo
pero

si
en

el
esfuerzo,y

que
traerán

H
V

I
concéntrica

a
predom

inio
apical

y
lateral

com
o

evidencia
el

trazado
delpaciente.

U
n

cordialsaludo
M

artín
Ibarrola

Spanish



English:H
ello dear A

ndrés: The EC
G

 is not norm
al for a C

aucasian athlete.
It has a 1st degree AV

 block w
ith signs of LV

H
 (prolonged R

 peak tim
e in V

2 and V
3 and abnorm

al Sokolov-Lyon voltage criteria of LV
H

.
The ST segm

ent depression of 1.5 m
m

 from
 V

3 to V
6 is not com

m
on in C

aucasians and is also recorded in I, II and aV
F, plus precordial leads 

from
 V

2 to V
6.

G
iant negative T w

ave in precordial leads V
2 to V

6 (deeper in V
3-V

4 that sim
ulate sym

m
etric ischem

ic T w
ave.

In the lim
b leads have negative asym

m
etric T w

ave suggestive of LV
H

.
In aV

R
ST-segm

ent elevation that expresses the increase in ventricular pressures.
The Q

Tc
interval is prolonged, w

hich is not usual in the physiological athlete LV
H

.
Echocardiography LV

 diastolic diam
eter is not the usual sportsm

an w
ith these EC

G
 changes (47 m

m
).

N
o alterations refer LV

 diastolic filling or left atrial enlargem
ent.

D
iscarded electrolyte disturbances such as severe hypocalcem

ia (not im
press m

e) and intracranial hypertension w
hich I can not suspect as it has no 

sym
ptom

s.
The diagnosis is a hypertrophic cardiom

yopathy by the electrocardiographic changes. Since the parietal thicknesses do not agree w
ith it, it w

ould 
be interesting addition to the cardiac M

R
I w

ith late gadolinium
 enhancem

ent.
C

onducting a stress test could unm
ask latent dynam

ic obstructive cardiom
yopathy, w

hich w
ill not get intraventricular gradients at rest but in the 

effort, and that w
ill bring concentric LV

H
 and lateral apical dom

inance as evidence tracing the patient.
A

 cordial greeting
M

artín Ibarrola
M

D



The EC
G

 suggests apical hypertrophic cardiom
yopathy that is often m

issed by echo, unless contrast is used . C
ardiac M

R
I is a good choice.

YochaiB
irnbaum

Professor
M

edicine-C
ardiology

B
aylor C

ollege of M
edicine

H
ouston, TX

, U
S



Final com
m

ents



II
III

aV
F

X
 I

Y

T-loop

P

EC
G

/V
C

G
 correlation in the Frontal Plane

T-loop

P

E
0R

A

LA

R
A activation

LA
activation

B
iatrialactivation

N
orm

al P -oop. N
orm

al Q
R

S-loop  axis+ 65°,  T-loop axison
rightsuperior quadrantclose -135°.

E

0R
A

LA

J-point

E



E
point:itconstitutes

the
zero

pointofV
C

G
and

itrem
ainsstationary

before
the

onsetofthe
P

loop.Itcorresponds
to

the
isoelectric

line
betw

een

the
T

w
ave

and
the

P
w

ave
ofEC

G
.The

E
lettercorrespondsto

the
cardiac

dipole.

0
point:itcorresponds

to
the

end
of“biatrial”

cham
beractivation,Q

R
S

loop
onset(because

PR
segm

entdoes
notexist,itis

only
a

point)and
the

end
ofventricularrepolarization

(T
loop).

J
point:

in
vectorcardiography,itcorresponds

to
3

elem
ents:end

of
ventricular

depolarization
(Q

R
S

com
plex);beginning

of
repolarization

(ST

segm
ent)w

hen
itdoes

notpresentdepression
orelevation,and

T
w

ave
onset.In

situations
w

here
there

is
depression

orelevation
ofST

segm
ent,

the
J

pointdoes
notcoincide

w
ith

the
0

point,and
the

greater
or

lesser
distance

betw
een

both
points

indicate
the

greater
or

lesser
ST

segm
ent

elevation
or

depression.
The

phenom
enon

is
observed

in
early

repolarization,
acute

phase
of

infarction,
variant

angina,
pericarditis,

B
rugada

syndrom
e,arrhythm

ogenic
rightventriculardysplasia,channelopatiesetc.

The norm
al P loop in the Frontal Plane 

P

E
0R

A

LA
R

A activation in FP
LA

activation
B

iatrialactivation



P
loop:

loop
of

sm
all

voltage
corresponding

to
the

depolarization
of

the
biatrialcham

ber.The
initialpartcorresponds

to
the

rightatrium
R

A
(betw

een
0

and
70

m
s),nextthe

interatrialseptum
(betw

een
20

and
45

m
s),and

finally
the

leftatrium
LA

(betw
een

30
and

90
m

s).To
m

ake
an

analysis
possible,itisnecessary

to
am

plify:1
m

V
=

30
cm

.
The

P
loop

begins
in

the
E

pointand
ends

in
the

so-called
0

point.The
form

erhas
an

anteriorand
inferiorlocation

in
relation

to
the

latter.The
P

loop
isopen

because
atrialrepolarization

(Tp
loop)isdiam

etrically
opposite

to
the

P
loop.

Item
s to be studied in the P-loop 

M
agnitude and direction of m

axim
al vector: P vector;

Location of the greatest part of the P loop;
M

orphology;
A

spect: presence of notches;
P-loop rotation: FP: counterclockw

ise; in the H
P: counterclockw

ise or in eight; and R
SP: clockw

ise. 
Location of the E

(initial) and 0
points (final).

The
P

loop
hasa

shortslow
conduction

in
the

onset,in
atleast2

planes.
Tw

o
sm

allnotchesare
usually

observed:one
in

the
efferentlim

b
and

anotherin
the

afferentlim
b.

E
E

E

H
orizontal  Plane

R
ight Sagittal  Plane

Frontal Plane

E
E

E

R
A

R
A

R
A

LA

LA

LA



I

D
II

D
III

-35
0

+15

+80
0

SÂ
T

I

II
III

aV
F

+15°

+80°

SÂ
T

Extrem
e norm

al ranges of SAT in the frontal plane (-35º and +90º). 

In
the

norm
aladult

>
95%

ofcases
T-loop/T-w

ave
axis

is
located

betw
een

+15°
to

+80°
in

the
frontalplane.Tolerance

ofextrem
e

values
ranges

betw
een

-35°to
+90°.

In
the

presentcase
T

axis
islocated

on
top

rightquadrant
betw

een
-120°to

-150°.

-35°X

Location of the norm
al T-loop/norm

al T-w
ave axis in Frontal Plane in the norm

al adults

T-loop
-120°

-150°

N
orm

al T-axisin adultsbetw
een

+15°and +80°



X
V

6

V
1

V
4

V
5

V
2

V
3

Z

T-loop

P-loop

EC
G

/V
C

G
 correlation in the H

orizontal Plane

LA

R
A

E
0

PA
F

PA
F:Prom

inentQ
R

S
anteriorforces:m

id-precordialchanges.
Predom

inantR
voltage

in
V

4
in
≈

60%
ofcases(C

hen
1979)

Initialvectors
of

Q
R

S-loop
heading

to
the

frontand
the

left,Q
R

S-loop,predom
inantly

located
in

the
leftanterior

quadrant,increase
voltage

of
M

axim
al

Q
R

S-vector,finalQ
R

S-vectors
located

to
the

rightand
backw

ard
quadrantand

ST/T
vectorlocated

in
the

rightposteriorquadrant.
Positive

Sokolow
and

Lyon
index:S

ofV
1 +

R
ofV

5 ≥35
m

m
or3.5

m
V

in
adultsolderthan

30
yearsold.

EE

R
A

LA
0 T-loop

J-point

R
A activation

LA
activation

B
iatrialactivation

Type IV
 

LV
H

 A
pical hypertrophy



T-w
aves

polarity
is

alw
ays

positive
from

V
3 to

V
6 ;

generally
positive

in
V

2 and
frequently

negative
in

V
1 .

In
norm

al
adults,

invariably
the

ventricularrepolarization
vector(T

vectorSÂ
T)in

the
horizontalplane

isheading
to

the
leftand

usually
discretely

to
the

frontnearthe
+10°

very
close

to
V

6.In
the

presentcase
T-loop

islocated
on

rightback
quadrant.

Location of the norm
al T-loop/norm

al T-w
ave axis in Frontal Plane in the norm

al adults

SÂ
T+10°

X
V

6

V
1

V
4

V
5

V
2

V
3

Z
T-loop



YaV
F

Z

V
2

T-loop

P

EC
G

/V
C

G
 correlation in the R

ight Sagittal Plane

EE

R
A

LA

0
PA

F  R
>S

PA
F: Prom

inent Q
R

S anterior forces

E

R
A

LA 0

P

PR
A activation

LA
activation

B
iatrialactivation

T-loop

J-point



Type IA
D

iastolic LV
H

Type IB
Systolic LV

H
Type III LV

H
Type II LV

H

T
T

T
T

X

Z
Z

Z
Z

X
X

X

The five V
C

G
 types of LV

H
 in the H

orizontal Plane: IA
, IB, II, III and IV

Eccentric LV
H

Type IA
D

iastolic LV
H

C
oncentric LV

H
Type IB

Systolic LV
H

Strain pattern of repolarization
Type IV

 LV
H

 (A
pical hypertrophy)

Pseudo
LBBB 

This is the pattern 
of the present case



Vectocardiogram
of apical non-obstructive hypertrophic cardiom

yopathy

In
the

apicalform
w

e
find

type
IV

vectorcardiographic
LV

H
loop

of
our

classification;nevertheless,itis
notexclusive,since

other
non-apical

form
s

ofH
C

M
m

ay
display

this
pattern.

Thiscuriousform
ofH

C
M

ischaracterized
by

presenting:

•
InitialvectorsofQ

R
S-loop

heading
to

the
frontand

the
left;

•
Q

R
S-loop,predom

inantly
located

in
the

leftanteriorquadrant(anteriorization);

•
Increase

voltage
ofM

axim
al

Q
R

S-vector;

•
Finalvectorslocated

to
the

rightand
backw

ard,w
ith

ST/T
vectorin

the
rightposteriorquadrant.Thisisthe

only
case

ofLV
E

w
ithoutcoronary

insufficiency
associated

to
T

loop
in

this
quadrant.A

curious
factis

constituted
by

the
association

of
apicalinfarction

and
T

loop
in

right

posteriorposition.

•
E

pointthatdoesnotm
atch

the
0

point,and
located

backw
ard

and
to

the
rightfrom

the
latter(Pérez-R

iera
2013).

•
T-loop

ischaracteristically
discordantrelated

Q
R

S-loop,elongated,assim
etric

and
situated

in
the

rightposteriorquadrant(A
binader

1982).

N
ote:

the
im

portantposterior
and

rightw
ard

shiftof
the

ST/T
vector

is
responsible

for
the

characteristic
giantnegative

T
w

ave
(>10

m
m

)
in

the

leadsofthe
horizontalplane

from
V

2
to

V
5.T

w
avesatthe

onset,m
ay

notpresenta
significantvoltage

and
m

ay
appearlaterw

ith
the

evolution
of

the
disease

(Bielli1991).

Stress test m
ay decrease the depth of T w

aves (Tilm
ant1980).



C
ardiovascularm

agnetic
resonance

(C
M

R
).C

ardiac–m
agnetic

resonance
cine

im
age

forthe
globalassessm

entand
targetheart.

Late
gadolinium

enhancem
entforevaluation

offibrosis
/infarction

and
m

yocardialviability.
C

om
m

ents
R

ightatrium
ofpreserved

dim
ensions

Leftatrialdim
ensions

preserved
R

ightventricle
w

ith
preserved

dim
ensions

Preserved
systolic

function
ofthe

rightventricle
LV

H
w

ith
apicalpredom

inance,w
ith

a
m

axim
um

thickness
of21

m
m

(A
bsolute

apicalw
allthickness>

15
m

m
isdiagnosis

ofA
p-H

C
M

)
Preserved

leftventriculardim
ensions,globaland

segm
entalsystolic

function
preserved

leftventricle
=

72%
.

absence
of

obstruction
ofin

the
leftventricularoutflow

tract.
A

bsence.throm
bi

D
iagnostic

im
pression

N
orm

albiventricularsystolic
function

Leftventricularhypertrophy
ofapicalpredom

inance.
A

bsence
ofobstruction

in
the

leftventricularoutflow
tract

A
p-H

C
M

itm
ay

be
frequently

m
issed

by
transthoracic

2-dim
ensionalcardiac

echocardiography
because

ofpoorim
age

quality
ofleftventricular

apex.The
diagnostic

accuracy
ofechocardiography

forA
p-H

C
M

islim
ited

w
ithoutusing

contrastor3-dim
ensionalechocardiography,M

R
Ihasan

im
portant

role
in

diagnosis.
The

diagnostic
criteria

for
A

p-H
C

M
:

A
bsolute

apical
w

all
thickness

>
15

m
m

,or
a

ratio
of

apical
to

basal
left

ventricularw
allthicknesses

of1.3–1.5
(C

hun
2010).

A
characteristic

spade-like
shape

ofthe
leftventricularcavity

can
be

seen
atend

diastole
on

verticallong-axis
view

sand
on

ventriculography.This
configuration

iscaused
by

localized
apicalhypertrophy.

O
ther

findings
on

M
R

I
include

apical
aneurysm

s
and

delayed
enhancem

ent
in

the
hypertrophic

or
non-hypertrophic

segm
ents.

The
verticallong-axis

im
age

above
show

s
circum

ferentialincreased
w

allthickness
in

the
apicalportion

ofthe
leftventricle,m

easuring
up

to
16

m
m

.This
results

in
a

spade-like
appearance

ofthe
leftventricularcavity.D

elayed
enhancem

entatthe
cardiac

apex
is

com
patible

w
ith

m
yocardial

fibrosis.



C
ardiac–m

agnetic
resonance

cine
im

age
dem

onstrating
hypertrophy

ofthe
apex

in
an

“ace-of-spades”
configuration

A
p-H

C
M

.Patients
w

ith
unexplainable

giantT-w
ave

inversion
in

the
precordialleads

and
apicalw

allthickness
<15

m
m

cannotbe
diagnosed

as
apicalhypertrophic

cardiom
yopathy

(A
p-C

M
)

according
to

the
currentcriteria.W

hen
the

absolute
thickness

of
apicalis

w
as

below
the

currentdiagnostic
criteria

of
A

p-C
M

,the
apicalm

orphologicalfeatures
ofsubjects

w
ith

unexplainable
giantT-w

ave
inversion

are
significantly

differentfrom
norm

al.W
hether

these
subjects

should
be

included
into

a
preclinical

scope
of

A
p-H

C
M

needs
further

investigations
(W

u
2016).

A
total

of
60

subjects
w

ith
unexplainable

giantT-w
ave

inversion
and

76
healthy

volunteers
w

ere
prospectively

enrolled.The
segm

ented
LV

w
allthickness

w
as

m
easured

according
to

the
A

H
A

17-segm
ented

m
odel.

The
apical

angle
(apA

)
as

w
ell

as
the

regional
variations

in
LV

w
all

thickness
w

as
analyzed.

C
onsiderable

variation
in

LV
w

all.



M
easuring

apicalw
allthickness

Left:
shortaxis

slice
near

the
base

of
the

heartw
ith

m
ax

w
allthickness

of
8

m
m

.M
iddle:four

cham
ber

view.The
leftventricle

is
divided

into
thirds:

B
asal,

m
id

and
apical,

the
apical

cap
m

akes
up

only
the

m
ost

apical
6%

of
the

ventricle.
A

t
the

base
the

short
axis

slice
is

truly
perpendicular

to
the

w
all.

Tow
ards

the
distal

ventricle
—

as
the

cavity
tapers,

the
short

axis
slice

is
not

perpendicular
to

the
w

all
—

this
com

plicates
w

allthickness
m

easurem
entand

itshould
be

perform
ed

on
m

ultiple
long

axis
view

s,perpendicular
to

the
true

septalaxis
and

w
ith

carefulexclusion
ofpapillary

m
uscle

origins
and

trabeculation.



A
fected

segm
entin A

p-H
C

M
 num

ber
17/A

P  apical cap

A
17

segm
entcardiac

m
odel,including

the
apicalcap,suggested

by
the

A
m

erican
H

eartA
ssociation

W
riting

G
roup

on
M

yocardialSegm
entation

and
R

egistration
forC

ardiac
Im

aging
(C

erqueira
2002).



Segm
entalanalysis

of
LV

w
alls

based
on

schem
atic

view
s,in

a
parasternalshortand

long
axis

orientation,atthree
differentlevels.The

‘‘apex
segm

ents’’are
usually

visualized
from

apicalfour-cham
ber,apicaltw

o-and
three-cham

berview
s.The

apicalcap
can

only
be

appreciated
on

som
e

contraststudies.A
16

segm
entm

odelcan
be

used,w
ithoutthe

apicalcap,as
described

in
an

A
SE

1989
docum

ent.(Schiller
1989)A

17
segm

ent
m

odel,
including

the
apical

cap,
has

been
suggested

by
the

A
m

erican
H

eart
A

ssociation
W

riting
G

roup
on

M
yocardial

Segm
entation

and
R

egistration
forC

ardiac
Im

aging
(C

erqueira
2002).





C
haracteristicsofA

p-H
C

M

C
om

pared
w

ith
norm

als,the
apex

decreased
significantly

in
m

ale
and

fem
ale

subjects,respectively.C
M

R
is

often
superior

to
echocardiography

for
H

C
M

diagnosis,
by

identifying
areas

of
segm

ental
hypertrophy

(ie.,
anterolateral

w
all

or
apex)

not
reliably

visualized
by

echo
(or

underestim
ated).H

igh-risk
H

C
M

patientsubgroups
identified

w
ith

C
M

R
include

those
w

ith
thin-w

alled
scarred

LV
apicalaneurysm

s
(w

hich
prior

to
C

M
R

im
aging

in
H

C
M

rem
ained

largely
undetected),end-stage

systolic
dysfunction,and

m
assive

LV
H

.C
M

R
observations

also
suggestthatthe

cardiom
yopathic

processin
H

C
M

is
m

ore
diffuse

than
previously

regarded,extending
beyond

the
LV

m
yocardium

to
include

thickening
ofthe

RV
w

allas
w

ellas
substantial

m
orphologic

diversity
w

ith
regard

to
papillary

m
uscles

and
m

itralvalve.A
m

ong
H

C
M

fam
ily

m
em

bers,C
M

R
has

identified
unique

phenotypic
m

arkers
of

affected
genetic

status
in

the
absence

of
LV

H
including:m

yocardialcrypts,elongated
m

itralvalve
leaflets

and
late

gadolinium
enhancem

ent.
The

unique
capability

of
contrast-enhanced

C
M

R
w

ith
late

gadolinium
enhancem

ent
to

identify
m

yocardial
fibrosis

has
raised

the
expectation

that
this

m
ay

represent
a

novel
m

arker,w
hich

m
ay

enhance
risk

stratification.Late
gadolinium

enhancem
ent

appears
to

be
an

im
portant

determ
inant

of
adverse

LV
rem

odeling
associated

w
ith

systolic
dysfunction.H

ow
ever,the

predictive
significance

of
LG

E
for

sudden
death

is
incom

pletely
resolved

and
ultim

ately
future

large
prospective

studies
m

ay
provide

greater
insights

into
this

issue.These
observations

underscore
an

im
portantrole

forC
M

R
in

the
contem

porary
assessm

entofpatients
w

ith
H

C
M

,providing
im

portant
inform

ation
im

pacting
diagnosisand

clinicalm
anagem

entstrategies.A
p-H

C
M

(Yam
aguchi1979)isa

phenotypic
variantofnonobstructive

H
C

M
,

in
w

hich
hypertrophy

of
the

m
yocardium

predom
inantly

involves
the

leftventricular
apex

(G
upta

20016).Itis
m

ostcom
m

on
in

Japan
butalso

seen
in

w
estern

populations.This
apicalvariantconstitutes

≈25%
ofcases

ofH
C

M
in

Japan
butonly

1%
to

2%
ofthe

cases
ofH

C
M

in
the

non-
Japanese

population.
A

pical
throm

bus,
left-ventricular

non-com
paction

and
endom

yocardial
fibrosis

m
ay

create
a

sim
ilar

echocardiographic
appearance,w

hich
can

be
distinguished

from
A

p-H
C

M
using

cardiac–m
agnetic

resonance
im

aging
(N

oureldin
2012;M

oon
2004).Patients

are
typically

m
ale

and
presentin

m
iddle

age
w

ith
sym

ptom
sofpalpitations,chestpain

ordyspnea.A
lthough

autosom
al-dom

inantinheritance
hasbeen

reported
in

a
few

fam
ilies,the

condition
isusually

sporadic
(A

rad
2005).The

EC
G

typically
show

sgiantprecordialT-w
ave

inversions.SC
D

from
ventriculararrhythm

ia
hasbeen

described,and
prophylactic

IC
D

is
occasionally

perform
ed.H

ow
ever,the

prognosis
is

generally
m

ore
benign

than
othertypes

ofH
C

M
(Eriksson

2005).



H
C

M
is

underscored
by

profound
phenotypic

and
genotypic

heterogeneity.Little
is

know
n

aboutthe
spectrum

and
prevalence

of
m

utations
and

genotype-phenotype
correlations

in
A

p-H
C

M
.B

etw
een

1999
and

2007,R
esearches

from
the

M
ayo

C
linic,R

ochester,M
inn,U

SA
(Tow

e
2015)

studied
1053

patients
w

ith
the

diagnosis
ofH

C
M

underw
entsarcom

eric
genetic

testing.B
linded

to
the

genetic
testresults,each

echocardiogram
w

as
scored

for
septal

m
orphology

and
phenotyping

w
as

perform
ed

using
the

patient's
m

edical
record.

Echocardiographically,
H

C
M

w
here

categorized
into

four
m

orphologicalsubtypes:reverse
curve,sigm

oidal,neutralcontour,and
A

p-H
C

M
.The

reverse
curve

H
C

M
is

the
strongest

predictorofa
positive

genetic
test.

D
eform

ation patterns in genotyped patients. echocardiographic depiction of ventricular septal m
orphologies in H

C
M

G
enotype-Phenotype C

orrelations in A
pical H

ypertrophic C
ardiom

yopathy

Sigm
oidal

R
everse curve                                                  N

eutral            
A

pical



Subset
analysis

w
as

perform
ed

to
elucidate

the
genotype,phenotype,and

outcom
e

of
A

p-H
C

M
.O

verall,71
patients

(7%
)

had
A

p-H
C

M
by

echocardiography
(63%

m
ale,

m
ean

age
47.8

±
15

years,
m

ean
left

ventricular
w

all
thickness

19.8
±

6
m

m
).

Left
ventricular

outflow
tract

obstruction
w

as
uncom

m
on

(seven
patients;10%

).18
patients

(25%
)had

a
positive

genetic
test,w

ith
the

m
ajority

ofm
utations

found
in

M
Y

B
PC

3

(six;35%
)

and
M

Y
H

7
(six;35%

).Follow
-up

w
as

available
on

68
patients

(96%
)

w
ith

a
m

edian
age

of
57.3

years
(range

19.3-82
years).M

ean

follow
-up

w
as

5.5
years

(range
0.1-18.2

years).
There

w
as

no
statistical

difference
betw

een
the

occurrence
rates

of
adverse

events
betw

een

genotype-positive
and

genotype-negative
groups.

In
this

largestcohortofpatients
w

ith
genetic

testing
forH

C
M

,7%
exhibited

A
p-H

C
M

.This
subtype

is
associated

w
ith

a
negative

genetic
testin

75%
ofthe

cases.

In
patients

w
ith

A
p-H

C
M

the
tw

o
m

ore
com

m
on

m
utations

w
ere

(M
Y

B
PC

3-H
C

M
and

M
Y

H
7-H

C
M

)
rem

ained
m

ostcom
m

on
am

ong
patients

w
ho

had
a

positive
genetic

test.



M
utations in H

C
M

 (in red color m
utations of A

p-H
C

M
)

G
ene

G
ene nam

e

A
C

TC
α-C

ardiac A
ctin

A
C

TN
2

α-A
ctinin2

A
N

K
R

D
1

C
ardiac A

nkyrin R
epeat, D

om
ain 1

C
AV

3
C

aveolin
3

C
O

X
15

C
O

X
 15 hom

olog. C
ytochrom

e C
 oxidase assem

bly 
protein

C
RYA

B
C

rystallin
αB

C
SR

P3
C

ysteine and G
lycine-rich Protein

3

G
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α-G
alactosidase

LA
M

P-2
Lysom

al-A
ssociated M

em
brane Protein 2

M
Y

B
PC

3
M

yosin B
inding Protein C

 (A
p-H

C
M

)

M
Y

H
6

β-M
yosin  H

eavy C
hain 6

M
Y

H
7

β-M
yosin

H
eavy C

hain 7 (A
p-H

C
M

)

M
Y

L2
M

yosin R
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M
Y

L3
M

yosin Light C
hain 3, slow

M
Y

LK
2

M
yosin Light C

hain kinase 2

G
ene

G
ene nam

e

M
Y

O
6

U
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M
Y

O
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M
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2

N
EX

N
N
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(F actin binding protein)
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K

A
G
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A

M
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Protein
kinase, y2, non-catalytic

subunit

TN
N

C
1

C
ardiac

Troponin
C
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1

TA
Z

Tafazzin

TC
A

P
Titin-cap

(Telethonin)

TN
N

I3
C

ardiac
Troponin

I, type
3

TN
N

T2
C

ardiac
Troponin

T, type
2

TPM
1

α-Tropom
yosin

1

TTN
Titin

TTR
Transthyretin

V
C

L
V

inculin



H
C

M
D

C
M

A
R

V
C

R
C

M
U

nclassified

C
ardiom

yopathies

Fam
ilial / G

enetic
N

on-fam
ilial / N

on-genetic

U
ndefined gene 

defect
D

isease sub-type
Idiopatic

D
isease sub-type

Sum
m

ary
of

proposed
classification

system
.A

R
V

C
,arrhythm

ogenic
right

ventricular
cardiom

yopathy;
D

C
M

,dilated
cardiom

yopathy;
H

C
M

,hypertrophic
cardiom

yopathy;R
C

M
,restrictivecardiom

yopathy



There are various form
s of cardiom

yopathy, each w
ith different underlying causes for the insufficient circulation.

1.
D

ilated
cardiom

yopathy
(D

C
M

):one
or

both
ofthe

ventricles
(in

m
ostcases

only
the

leftone)becom
e

enlarged
w

ith
a

thin,w
eakened

m
uscle

w
allunable

to
generate

enough
pum

ping
force

during
contractions;

2.
A

rrhythm
ogenic

right
ventricular

cardiom
yopathy

(A
R

V
C

):
the

replacem
entof

the
degenerating

m
yocardium

w
ith

scar
(fibrofatty)

tissue
resultsin

disturbed
electricalsignals

and
conduction

in
the

heart(arrhythm
ia);

3.
H

ypertrophic
cardiom

yopathy
(H

C
M

):a
thickened

m
yocardium

due
to

abnorm
algrow

th
and

arrangem
ent(hypertrophy

and
disarray)of

m
uscle

fibersresultsin
sm

allercham
bervolum

e
and

som
etim

es
blocks

the
blood

flow
(obstruction);

4.
R

estrictive
cardiom

yopathy
(R

C
M

):due
to

theirstiffness,the
ventriclesdo

notgetrefilled
w

ith
enough

blood
during

relaxation,hence
the

heartcannotsupply
the

organs
w

ith
sufficientcirculation

during
contraction;

5.
Left-ventricular

non-com
paction

cardiom
yopathy

(LV
N

C
):the

w
allofthe

leftventricle
is

spongiform
,characterized

by
a

m
eshw

ork
of

m
uscle

fibers;

6.
Peripartum

cardiom
yopathy

(PPC
M

):a
specialform

ofdilated
cardiom

yopathy
thatbecom

es
m

anifesttow
ards

the
end

ofpregnancy
or

w
ithin

a
few

m
onths

follow
ing

delivery;

7.
Paediatric

cardiom
yopathy:this

type
ofcardiom

yopathy
becom

es
m

anifestin
infancy

orearly
childhood,and

is
usually

characterized
by

m
ore

severe
sym

ptom
s

and
w

orse
outcom

es
than

w
hen

the
disease

m
anifests

in
adulthood

(from
a

structural-functional
point

of
view,

m
ost

frequently
itisD

C
M

>H
C

M
>R

C
M

>A
RV

C
).



The
recently

proposed
M

O
G

E(S)
for

classification
of

cardiom
yopathies

w
as

proposed,but
its

clinical
use

has
not

been
described.N

osology

system
em

bodies
allofthese

characteristics,and
describesthe

1.
M

orphofunctionalphenotype
(M

),

2.
O

rgan(s)involvem
ent(O

)

3.
G

enetic
inheritance

pattern
(G

)

4.
E

tiologicalannotation
(E)including

genetic
defectorunderlying

disease/substrate,and

5.
Status:Functionalstatus(S)ofthe

disease
using

both
theA

C
C

/A
H

A
stage

and
N

Y
H

A
functionalclass.

The
proposed

nom
enclature

is
supported

by
a

w
eb-assisted

application
and

assists
in

the
description

of
cardiom

yopathy
in

sym
ptom

atic
or

asym
ptom

atic
patients

and
fam

ily
m

em
bers

in
the

context
of

genetic
testing.

It
is

expected
that

such
a

nom
enclature

w
ould

help

group
cardiom

yopathies
on

theiretiologicalbasis,describe
com

plex
genetics,and

create
collaborative

registries.

This
recentpropose

for
classification

attem
ptto

harm
onize

these
com

peting
system

s
nam

ed
the

M
O

G
E(S)

system
,based

on
descriptive

logical

nosology,currently
rem

ainsunproven
asa

fully
practicalsolution.

The
M

O
G

E(S) classification for a phenotype-genotype nom
enclature of cardiom

yopathy: endorsed by the 
W

orld H
eart Federation (A

rbustini2013)



1)
O

bstructive form
 (O

H
C

M
)

�
Septalasym

m
etricalw

ith
resting

leftventricularoutflow
obstruction

(obstruction
atsubaortic

level):is
found

in
approxim

ately
20%

of
the

patients,classically
occursatthe,and

isassociated
w

ith
m

itralvalve
systolic

anteriorm
otion

(SA
M

).
�

M
id-ventricular

obstructive
H

C
M

H
C

M
(M

V
O

-H
C

M
)

asym
m

etric
LV

hypertrophy
w

ith
M

V
O

and
elevated

intraventricular
pressure

gradients(1%
).

2)
N

on-obstructive Form
 (N

O
-H

C
M

)
�

Septal asym
m

etric w
ith no obstruction;

�
M

id-septal hypertrophic cardiom
yopathy

�
A

pical H
ypertrophic C

ardiom
yopathy (A

p-H
C

M
): 2%

, 3%
 to 8%

.
�

Lateral and/or posterolateral;
�

C
oncentric,  sym

m
etrical, or hom

ogeneous hypertrophic: 5%
.

�
R

ight ventricle: 2%
.

O
bstructive form

 (O
H

C
M

) 
N

on-obstructive form
 (N

O
H

C
M

)

Septum
 w

ith greater thickness in the superior part (basal)(20%
 or in the 

m
iddle portion(1%

).
Septum

 w
ith greater thickness in the inferior part (apical).

Free w
all w

ith progressive decrease of thickness from
 the base to the 

apex (the sam
e as norm

al).
Free w

all w
ith no or norm

al decrease of the thickness from
 the base to 

the apex.

C
lassification

and
differencesofobstructive

and
non-obstructive

form
s

ofH
ypertrophic

C
ardiom

yopathy.

H
ypertrophic cardiom

yopathy classification



I.
O

bstructive form
s of H

ypertrophic
C

ardiom
yopathy

(O
H

C
M

)

Septal
asym

m
etrical

w
ith

resting
left

ventricular
outflow

obstruction
(obstruction

at
subaortic

level):
is

found
in

approxim
ately

20%
of

the
patients,classically

occurs
at

the,
and

is
associated

w
ith

m
itral

valve
systolic

anterior
m

otion
(SA

M
).

M
id-ventricular obstructive H

C
M

 H
C

M
(M

V
O

-H
C

M
) 

asym
m

etric LV
 hypertrophy w

ith M
V

O
 and elevated 

intraventricular pressure gradients.(1%
).

LA

LV

LV

A
o

A
o

LA

LV



A
pical hypertrophic cardiom

yopathy

Sym
m

etricalLA

A
oR

V

R
V

LA

LV

LV

R
AR

A

A
oPA

PA

Lateral and/or posterolateral

R
V

LALV

R
A

A
oPA

Septal asym
m

etrical w
ithout obstruction

LA

A
o

R
V

LV
R

A

PA

II.
N

on-obstructive form
s of H

ypertrophic C
ardiom

yopathy (N
O

-H
C

M
) The "ace-of-

spades" sign



Left Ventriculography
in A

p-H
C

M

The "ace-of-spades" sign on left ventriculography
being pathognom

onic (O
learczyk

2008)



1.
G

iantand
negative

T
w

avesfrom
V

2
to

V
4;

2.
M

ild
sym

ptom
s

and
benign

course;
3.

A
spectofspade

cardsin
leftventriculography;

4.
A

bsence
ofventriculargradient;

5.
Transition

from
norm

alT
w

ave
to

negative
T

w
ave

required
severalyears

and
rem

ained
usually

unchanged
thereafter.This

change
m

ay
occur

rather
abruptly

on
rare

occasions.
D

isappearance
of

giant
negative

T-w
aves

m
ay

also
occur

slow
ly

and
progressively

in
patients,

in
w

hom
apicalaneurysm

had
developed

(Sakam
oto

2001).
O

bservation:The
follow

ing
EC

G
changes

are
indicative

ofapicalaneurysm
in

A
p-H

C
M

patients
(O

bservation:A
n

apicalaneurysm
is

defined
as

persistence
ofapicalblood

pooldistalto
cavity

obliteration
in

systole).
I.

Increase
in

Q
R

S-com
plex

duration
II.

Q
R

S-com
plex

fragm
entation

III.
D

ecrease
in

Q
R

S-com
plex

am
plitude

IV
.

ST-segm
entelevation(STE)

form
V

4
to

V
6

(j-pointin
V

5)are
statistically

m
ore

frequentin
patients

w
ith

apicalaneurysm
com

pared
to

those
w

ithoutaneurysm
(93%

vs
7%

,p<0.001).There
are

a
positive

correlation
betw

een
the

presence
of

the
STE

in
V

4-6
derivations

and
the

presence
ofthe

apicalaneurysm
(Spearm

an'sρ=0.895,p<0.001)(O
zeke

2015).
V

.
Positivisation

ofnegative
T

w
avesin

V
3-V

6
(deep

t-w
ave

in
V

5)(Pennacchini2015).
Itis

very
im

portantto
highlightthatincidence

increases
significantly

the
m

ore
advanced

the
age

of
the

group
under

study,since
typicalEC

G
m

anifestations
m

ay
appearlate

and
w

ith
evolution.

D
ifferential diagnosis of A

p-H
C

M
 (Yusuf 2011)

D
isease

D
iagnostic tool to establish diagnosis of A

p-H
C

M
1.

LV
 apical cardiac tum

ors
Echocardiogram

 w
ith contrast/C

C
T/C

M
R

I
2.

LV
 apical throm

bus
Echocardiogram

 w
ith contrast/C

C
T/C

M
R

I
3.

Isolated ventricular non-com
paction

C
M

R
I/C

C
T

4.
Endom

yocardialfibrosis
LV

G
/C

M
R

I
5.

C
oronary artery disease

Echocardiogram
/coronary angiogram

 and LV
G

The diagnosis is based on the follow
ing elem

ents in A
pH

C
M



There
are

m
any

disorders
that

m
ay

involve
the

left
ventricular

apex;
how

ever,
they

are
som

etim
es

difficult
to

differentiate.
the

spectrum
of

diseasesthatm
ostfrequently

affectthe
apex

ofthe
leftventricle

including:

D
isorders that m

ay involve the left ventricular apex

1.
Takotsubo

cardiom
yopathy

“octopus
trap”,

transient
apical

ballooning
syndrom

e,
apical

ballooning
cardiom

yopathy,
stress-induced

cardiom
yopathy,G

ebrochenes-H
erz-Syndrom

e,broken
heart,and

sim
ply

stress
cardiom

yopathy
a

bulging
outofthe

leftventricularapex
w

ith
a

hypercontractile
base

ofthe
LV

is
often

noted.Itis
the

hallm
ark

bulging
outofthe

apex
ofthe

heartw
ith

preserved
function

ofthe
base

that
earned

2.
Leftventricularaneurysm

s,pseudoaneurysm
s

and
congenitalapicaldiverticula

(see
differentialdiagnosis

in
the

nextslide)
3.

A
picalventricularrem

odelling
4.

A
picalhypertrophic

cardiom
yopathy

(A
pH

C
M

)(C
isneros2011)

5.
Leftventricular

non-com
paction

6.
A

rrhythm
ogenic

rightventricularcardiom
yopathy/dysplasia(A

RV
C

/D
w

ith
leftventricularinvolvem

ent
7.

Leftventricular
false

tendons:are
fibrous

or
fibrom

uscular
bands

thatstretch
across

the
LV

from
the

septum
to

the
free

w
all.They

can
also

tetherto
a

papillary
m

uscle,butunlike
the

chordae
tendineae,do

notconnectto
the

m
itralleaflets.They

are
anatom

ic
variants

thatshould
not

be
m

istaken
forabnorm

alities
such

astum
ors,subaortic

m
em

branes,throm
bus

borders,septalhypertrophy.
8.

C
hronic

chagasic
m

yocardiopathy

W
ith

an
em

phasis
on

the
diagnostic

criteria
and

im
aging

features.In
this

setting
cardiac

im
aging

m
ethods

can
provide

the
clue

to
obtaining

the
diagnosis.



D
ifferences am

ong aneurysm
s, pseudo-aneurysm

s and congenital diverticula

R
elative m

erits of each non-invasive im
aging technique for the assessm

ent of H
C

M

A
neurysm

s
Pseudoaneurysm

s
C

ongenital diverticula

Layers
A

ll layersof the ventricular 
m

yocardium
O

rganized hem
atom

a
and pericardium

A
ll layers of the ventricular

m
yocardium

C
ine

A
kinetic

dyskinetic
segm

ent
A

kinetic
or dyskinetic

segm
ent

Slow
 contraction

during systole

M
yocardial late enhancem

ent
Yes

N
o, only the border of the pseudoaneurysm

w
ill show

 enhancem
ent

N
o

Pericardiallate enhancem
ent

N
o or faint

M
arked

N
o

Factor assessed
Echocardiography

M
ulti-detector C

T
M

R
 iaging

LV
 volum

e
+++

++
++++

Ejection fraction
+++

+++
++++

LV
 filling pressure

+++
-

++

D
ynam

ic obstruction
+++

+
+++

Ischem
ialC

FR
+

-
++

Tissue characterization
++

+
++++



Prognosis of A
p-H

C
M

The
prognosis

of
A

p-H
C

M
w

ith
regard

to
SC

D
is

believed
to

be
better

than
thatof

com
m

on
H

C
M

.
Patients

w
ith

the
A

p-H
C

M
had

a
benign

clinicalcourse.H
ow

ever,the
m

utation
A

rg719Trp
in

the
cardiac

beta-m
yosin

heavy
chain

(beta
M

H
C

)gene
is

a
high

risk
factorforsudden

death
and

can
be

associated
w

ith
an

unusualA
p-H

C
M

(D
ohlem

ann
2000).C

urrentevidence
suggests

thatthese
patients

experience
severe

sym
ptom

s
and

are
atincreased

risk
ofventriculararrhythm

iasand
death,especially

in
the

presence
ofan

apicalakinetic
cham

ber.A
p-H

C
M

show
a

relatively
sm

allburden
of

m
yocardialfibrosis

and
less

severe
diastolic

dysfunction
and

subsequently
m

ore
favorable

clinicalm
anifestations

in
com

parison
w

ith
otherH

C
M

s.Thism
ay

be
one

explanation
ofw

hy
m

ostpatientsw
ith

A
p-H

C
M

show
a

benign
course

ofdisease
com

pared
w

ith
non-A

p-H
C

M
(K

im
2015).M

orbid
sequel,and

others
extra-cardiac

disorders
such

as:A
trialfibrillation,diastolic

dysfunction,leftatrialenlargem
ent,apical

throm
bi,

stroke,
ventricular

aneurysm
s/apical

akinetic
cham

ber,
m

yocardial
infarction,

progressive
heart

failure,
high

incidence
of

coronary
fistulae

and
m

orbid
atrial

fibrillation
(C

hung
2010).

cardiovascular
death.

N
eurom

uscular
disorders

A
p-H

C
M

is
only

rarely
associated

w
ith

N
M

D
s,

such
as

lim
b

girdle
m

uscular
dystrophy,

glycogen
storage

disease,
m

etabolic
m

yopathy,
m

yopathy
of

unknow
n

significance,
or

eosinophilia-m
yalgia

syndrom
e.The

rare
association

of
N

M
D

s
w

ith
A

pH
C

m
ightbe

due
to

absence
of

system
atic

neurologic
investigations

of
patients

w
ith

A
H

C
and

vice
versa

(Finsterer
2009).

The
probability

of
survival

w
ithout

m
orbid

events
at

10
years

w
as

77
±

4%
.

Several
independentpredictors

of
cardiovascular

m
orbidity

are
identified:

1.A
ge

atdiagnosis
≥

60
years.;2.Leftatrialdiam

eter
≥

36
m

m
.;3.A

trial
fibrillation.;

4.
N

ew
York

heart
association

class
≥

III
at

baseline
(Yan

2012);
5.

Ventricular
aneurysm

s.;
6.

A
pical

throm
bi.;

7.
D

iastolic
dysfunction

and
8.M

yocardialinfarction.
The

m
ostfrequentm

orbid
events

in
patients

w
ith

A
p-H

C
M

are
atrialfibrillation

(10%
ofpatients)and

m
yocardial

infarction
(Eriksson

2002).Patients
w

ith
apical

aneurysm
have

a
largely

unfavorable
clinical

course,and
are

often
unrecognized

because
echocardiography

is
lim

ited
in

the
assessm

entofthe
leftventricular(LV

)apex.A
picalaneurysm

is
notrare

in
patients

w
ith

H
C

M
and

it
confers

an
extrem

ely
poorprognosis.Early

aggressive
therapies

should
be

considered
forthis

entity
and

prophylactic
aneurysm

ectom
y

m
ay

be
an

option
(X

iao
2016).A

p-H
C

M
patients,the

aneurism
presence

and
the

extentofquantification
oflate

gadolinium
enhancem

ent(LG
E)identified

by
cardiac

M
R

Iare
both

significantpredictors
ofm

ajoradverse
clinicalevents.Thus,patientsw

ith
both

apicalaneurysm
and

>5%
LG

E
are

athighest
risk

form
ajoradverse

events.The
rate

ofapicalobliteration
is

defined
as

the
netobliteration

to
end-diastolic

apicalcap
thickness

(H
annem

an
2014).A

bnorm
alsystolic

apicalcavity
obliteration

is
graded

as
>

20
m

m
or

>
10

m
m

.M
easured

in
the

5
m

m
long

axis
cine

crosscuts
in

the
3

view
s

(4ch,2ch,LV
O

T
view

)from
the

apicalcap
to

the
blood

cavity
in

systole.The
m

inim
um

ofthe
three

m
easurem

ents
isused.

The
ratio

ofobliteration
to

cavity
is

defined
as

the
end-systolic

obliteration
to

cavity
height.The

ratio
of

obliteration
to

cavity
could

provide
usefulinform

ation
to

predictthe
occurrence

ofadverse
eventsin

A
p-H

C
M

(K
im

2015).
Eventsw

ere
defined

asa
com

posite
ofnew

onsetofA
F,stroke,H

F,and
cardiovascular(C

V
)death.



M
anagem

ent
1.

D
rugs

M
edications

used
to

treat
sym

ptom
atic

patients
w

ith
A

pH
C

M
include

verapam
il,

beta-blockers
and

antiarrhythm
ic

agents
such

as
am

iodarone
and

procainam
ide.

2.
Im

plantable
cardioverter

defibrillator:
A

n
IC

D
is

recom
m

ended
for

high
risk

patients
IC

D
indications

in
H

C
M

if
one

or
m

ore
of

the
acknow

ledged
SC

D
risk

factorsw
ere

present:
–

Fam
ily

history
ofprem

ature
H

C
M

-related
death

particularly
ifsudden,in

a
close

relative,orm
ultiple

in
occurrence;

–
Priorcardiac

arrest
–

Sustained
V

T
and

N
on-SV

T
–

U
nexplained

syncope,particularly
in

young
patients,orifdem

onstrated
to

be
arrhythm

ia-based;
–

Frequent,m
ultiple,orprolonged

episodesofN
SV

T
docum

ented
on

serialam
bulatory

H
olterm

onitoring;
–

H
ypotensive

orattenuated
blood

pressure
response

to
exercise;

–
Extrem

e
leftventricularhypertrophy

(≥
30m

m
)particularly

in
young

patients.
–

A
n

abnorm
alblood

pressure
response

to
exercise

–
possible

risk
factors

included:
atrial

fibrillation,
m

yocardial
ischaem

ia,
left

ventricular
outflow

obstruction,
high

risk
m

utations,
and

intense
(com

petitive)physicalexertion.
3.

A
blation:

M
onom

orphic
V

T
in

a
A

pH
C

M
can

be
due

to
endocardial,

epicardial
or

intram
ural

reentry
in

areas
of

apical
scar.

Epicardial
ablation

ortranscoronary
alcoholablation

isrequired
in

som
e

cases(Inada
2011).

4.
A

pical
m

yectom
y

im
proves

functional
status

by
decreasing

left
ventricular

end-diastolic
pressure,

im
proving

operative
com

pliance,
and

increasing
stroke

volum
e.This

procedure
m

ightbe
of

value
in

other
patients

w
ith

H
C

M
w

ho
have

severe
hypertrophy

and
sm

allLV
end-

diastolic
volum

e
(Schaff2010).

5.
H

earttransplantation:
A

pH
C

M
is

a
m

orphologic
variantin

w
hich

the
hypertrophy

is
prim

arily
localized

to
the

apex
ofthe

LV.A
subsetof

patients
have

progressive,
drug-refractory

diastolic
heart

failure
w

ith
severely

lim
iting

sym
ptom

s
caused

by
low

cardiac
output.

H
eart

transplantation
hasbeen

the
only

therapeutic
option

available
forsuch

patients.
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