
με δυό λόγια, όλες οι ιδιοπαθείς 
VT από το ενδοκάρδιο της LV

Μάρτιος 2016



ποιές είναι οι ILVVT
• οι ταχυκαρδίες από τους χώρους εξόδου 

• RVOT 

• LVOT 

• τον αριστερό κόλπο του Valsalva, LSV 

• τον δεξιό, RSV 

• εστιακές ταχυκαρδίες από το ενδοκάρδιο της LV 

• συνήθως μεταξύ AV/MV, προς τη βάση της καρδιάς



ποιές είναι οι ILVVT

• οι δεσμιδικές ταχυκαρδίες (fascicular LV VT) 

• συνήθως από την οπίσθια δεσμίδα του αριστερού σκέλους (LPF) 

• η ταχυκαρδία “Belhassen”, που ανατάσσεται με βεραπαμίλη 

• από τους θηλοειδείς (papillary muscle VT) 

• μάλλον όχι “ιδιοπαθείς”: αιφνίδιος θάνατος σε MVP (Basso, 
2015)
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χρειάζεται χαρτογράφηση και των δυό 
OT (αλλά και των κόλπων του Valsalva) 
στις “ταχυκαρδίες από τον χώρο εξόδου”
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κατάλυση εστιακής VT από τον LSV



εγγύτητα του στελέχους



πως παρουσιάζονται:

• με πολύ συχνές VPD (ή ακατάπαυστη NSVT) 

• σπανιότερα, με εμμένουσα μονόμορφη VT 

• ήπια συστολική δυσλειτουργία (από τις αρρυθμίες)
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Η “αποκεκρυμμένη” βραδυκαρδία ως αιτία συστολικής δυσλειτουργίας



πως τις αναγνωρίζουμε? 
(τις αρρυθμίες από τους χώρους εξόδου)

• έχουν φυσιολογικό άξονα (κάθετο), στο ΗΚΓ 

• αν έρχονται από αριστερά (LVOT / SV), έχουν θετικότητα στις V1-2 

• αδρή επικαρδιακή χαρτογράφηση μέσω του στεφανιαίου κόλπου πριν 
πάμε στη ρίζα της αορτής



RVOT



LSV

αν έρχονται από αριστερά, θα έχουν λίγη θετικότητα στις δεξιές προκάρδιες (rS στις V1-2)



εστιακές VPD από τον αριστερό κόλπο Valsalva

σαφές r, με 
μετάπτωση < V3
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μορφολογία QS στις V1-3, και μετάπτωση > V3



Χαρτογράφηση του RVOT

αναζήτηση πρώϊμης δραστηριότητας και ομοιότητας με βηματοδότηση
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με ICE, φαίνονται καλά οι κόλποι του Valsalva, τα στόμια LCA/RCA και οι επιπλοκές (λ.χ. φυσαλίδες)
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εξάλειψη των VPD σε < 10 s

10 Ιαν 2012
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• LVOT 

• τον αριστερό κόλπο του Valsalva, LSV 

• τον δεξιό, RSV 

• εστιακές ταχυκαρδίες από το ενδοκάρδιο της LV 

• συνήθως μεταξύ AV/MV, προς τη βάση της καρδιάς 

• οι δεσμιδικές ταχυκαρδίες (fascicular LV VT) 

• συνήθως από την οπίσθια δεσμίδα του αριστερού σκέλους (LPF) 

• η ταχυκαρδία “Belhassen”, που ανατάσσεται με βεραπαμίλη 

• από τους θηλοειδείς (papillary muscle VT) 

• μάλλον όχι “ιδιοπαθείς”: αιφνίδιος θάνατος σε MVP (Basso, 2015)

ποιές είναι οι ILVVT



κατάλυση εστιακής κοιλιακής ταχυκαρδίας από το LVOT
(δίπτυχη AV + χειρουργημένη CoA)





άνδρας με ταχυμυοκαρδιοπάθεια: από την 
αορτομιτροειδική συνέχεια
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ment� of� electrocardiography,� “I� doubt� whether
without� his� valuable� contribution� I� should� have
the�privilege�of�standing�before�you�today�.�.�.”�in
his�Nobel�Prize�lecture27 on�December�11,�1925.�It
can�be�said�that�this�also�applies�to�Tawara’s�work.
Einthoven� was� fortunate� to� have� the�knowledge
about�the�conduction�system�shortly�after�his�de-
velopment�of�the�string�galvanometer.�It�was�also
fortunate�for�the�progress�of�cardiology,�including
cardiac�pacing�and� the� related�medical�science,
that� the� discovery�of� the�conduction� system�and
the�development�of�electrocardiography�took�place
almost�in�the�same�period.

Filial�Piety
Before� 1867,� Japan� was� ruled� by� a�central

government,�which�maintained�a�strict� isolation
policy�from�the�rest�of�the�world.�Due�to�increas-
ing�pressure�from�the�Western�countries�to�open
the�doors�of�the�country,�the�central�Japanese�gov-
ernment�collapsed� in� 1867.� In� the� same�year,�a
new�government�was�instituted.�The�main�goal�of
this� government� was� to� modernize� Japan� and
strengthen�national� power� to� compete�with� the
advanced�Western�countries.�Therefore,�Japan�de-
cided�to�learn�from�those�abroad�on�a�large�scale
and� systematically.� After� much�discussion,� the
Japanese�government�adopted�the�German�style�of
medical� education.� Several�German�physicians
were�invited�to�teach�medicine�at�the�University
of�Tokyo,�which�was�founded�in�the�early�1870s.
In�1903,�Sunao�Tawara,�one�of� the�German�pro-
fessors’�last�pupils,�went�to�Germany�2�years�after
his�graduation�from� the�university�and�began�to
work�with�Ludwig�Aschoff�(Fig.�7).

Tawara�had� two� research�projects.�The� first
was� concerned� with� myocarditis,� the�other� in-
volved� the� study� of� the� conduction� system.�He
wanted�to�complete�a�manuscript�for�each�project
during� his� stay� in� Marburg.� However,� several
months�before�he�left,�Tawara�realized�that� time
would� not� allow� him� to� complete� two� manu-
scripts.�He�still�wanted�to�complete�a�manuscript
on�the�conduction�system�by�himself�and�bring�its
monograph�back�as�a�gift�to�his�father�because�he
deeply�appreciated�his� father’s�help� throughout
his�life.�As�a�result,�in�a�frantic�and�somewhat�des-
perate�mode,�on�October�8,�1905�he�wrote�a�letter
to� Aschoff,� asking� his� help� in� completing� the
manuscript�on�myocarditis:28

When�I�on�quiet�evenings�sat�in�my�digs
and� thought� of� my� father� who,� I� am
sure,�every�day�and�every�hour�thought
of�me�in�quiet�hope�for�my�success,�and
when� I� then� considered�the� failure�of
my� experiments,� I� was� deeply� un-
happy.�In�these�two�long�years�I�did�not
have�one�single�happy�day.

After� we�had� made�this� spring�a�new
discovery�on� the� connecting�bundle,� I
regained�a� little� hope;� I� had� hoped� to
finish� all� the� descriptions� in� 2-3
months,� so� that� I� could� then�dedicate
myself�again�to�the�earlier�topic�of�“my-
ocarditis”,�and�thereby�finish�two�pro-
jects.�Unfortunately�I�was�mistaken,�.�.�.

Probably�this�letter�touched�Aschoff�because
he�also�had�a�feeling�of�gratitude�towards�his� fa-
ther.� Tawara’s� wishes� were� granted.� Although
Tawara’s�work�on�the�conduction�system�was�car-
ried� out� with� Aschoff’s� suggestions� and� direc-
tions,�Aschoff�did�not�claim�to�be�a�co-author�of
the� monograph,� but� provided� a� foreword.� In
Aschoff’s� letter� to� his� father�dated� on�April� 16,
1906,�he�wrote;29

Figure�7. Ludwig�Aschoff�(1866–1942).�(Courtesy�of�the
Pathological�Institute�of�Philipps�University�of�Marburg.)
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anatomic�tree�is�rooted�in�the�atrial�septum,�while
the�stem�and�the�main�branches�are�located�in�the
ventricular�septum.�He�also�stated�that�the�periph-
eral�branches�extend�to�the�papillary�muscles�and
the�parietal�walls,�and�that�the�smallest�ramifica-
tions� of� the�Purkinje� fibers� ultimately� spread,�as
the�terminal�ramifications�of� the�conduction�sys-
tem,� to� all� the�parts�of� the� ventricles.�The�word
“system”�was�first�used�in�Tawara’s�monograph�for
describing� the� pathway� of� excitation.3 He� also
stated,�“The�architecture�of� this� system�is� quite
similar�to�that�of�the�other�ductal�or�parenchymal
systems�with�roots�and�branches,�such�as�the�res-
piratory,� circulatory� and�nervous� systems.�In� all
these�systems,�gases�or� fluids� are� transported�or
impulse�conduction�takes�place.”3 Considering�the
architectural�characteristics�of�the�system,�Tawara
concluded�that�the�system�represents�a�transport-
ing�or�conduction�pathway,�and�that�it�serves�as�a
pathway�of�excitation�conduction�because�it�is�not
a�ductal,�but� instead� a�continuously� connected
protoplasmic�cord�of�specific�muscle�fibers.

At�that�time,�the�debate�had�not�been�settled
between�the�neurogenic�and�the�myogenic�theory
for�explaining�excitation�conduction�of�the�heart.
In�1893,�His2 reported�the�atrioventricular�bundle.
He�described�the�bundle� on� one�page�of� his� 36-
page�dissertation.�At�the�end�of�the�description,�it
reads�as�follows:

I� cannot� state� with� certainty�whether
this� bundle� actually� conducts� the� im-
pulses�from�the�auricle�to�the�ventricle,
as� I� did� not� perform�any�experiments
dealing�with�the�severing�of�the�bundle.
Its�presence,�in�all�events,�is�contrary�to
the�opinion� of� those,� who,� in� the�ab-
sence�of� such�a� muscular�connection
between�the� auricle� and� the�ventricle,
attempt�to�prove�the�necessary�presence
of�a�nerve�conduction.4

Tawara’s�study�provided�a�solid�basis�for�the
myogenic�theory,�although�he�referred�to�the�nerve
bundles�closely�related�to�the�conduction�system.

Breakthrough
The�most�difficult� area�to� define�for�Tawara

remained�the�identification�of�the�Purkinje�fibers
as� the� terminal� ramifications�of� the�conduction

Figure�1. Dr.�S.�Tawara’s�monograph,�The�Conduction
System� of� the� Mammalian� Heart:� An� Anatomico-
Histological�Study�on�the�Atrioventricular�Bundle�and
the�Purkinje�Fibers.

Figure�2. Sunao�Tawara�(1873–1952)�(Courtesy�of�Dr.�S.
Murayama,�M.D.,�S.�Tawara’s�grandson.)Sunao Tawara
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Mauriccio Rosenbaum
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Το ερεθισματαγωγό σύστημα



η ιδιοπαθής δεσμιδική ταχυκαρδία (FVT)

συνήθως από την οπίσθια δεσμίδα, ή ταχυκαρδία Belhassen: αριστερός άξονας και BBB 
(συνήθως RBBB, αλλά μπορεί και LBBB), με σχετικά στενό QRS

B. Belhassen 
Tel-Aviv









δυναμικό Purkinje στην θέση κατάλυσης (σε φλεβοκομβικό ρυθμό) και 
μεγάλη πρωϊμότητα (στη VPD)

P *



• οι ταχυκαρδίες από τους χώρους εξόδου 

• RVOT 

• LVOT 

• τον αριστερό κόλπο του Valsalva, LSV 

• τον δεξιό, RSV 

• εστιακές ταχυκαρδίες από το ενδοκάρδιο της LV 

• συνήθως μεταξύ AV/MV, προς τη βάση της καρδιάς 

• οι δεσμιδικές ταχυκαρδίες (fascicular LV VT) 

• συνήθως από την οπίσθια δεσμίδα του αριστερού σκέλους (LPF) 

• η ταχυκαρδία “Belhassen”, που ανατάσσεται με βεραπαμίλη 

• από τους θηλοειδείς (papillary muscle VT) 

• μάλλον όχι “ιδιοπαθείς”: αιφνίδιος θάνατος σε MVP (Basso, 2015)

ποιές είναι οι ILVVT



από τους θηλοειδείς
• όχι “ιδιοπαθείς” στην ουσία, αλλά πρέπει να ψάξουμε για να βρούμε 
παθολογία (συνήθως με CMR) 

• περυσινά στοιχεία από την C. Basso τις συνδέουν με την πρόπτωση 
μιτροειδούς (ιδίως όταν είναι “bileaflet”) και αιφνίδιο θάνατο 

• πάντως, μάλλον έχουν σχέση με τις “μηχανοηλεκτρικές 
αρρυθμίες” (Δ. Σιδερής) στην υπερτασική καρδιοπάθεια

Circulation. 2015;132:556-566 
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Mitral valve prolapse (MVP) is the most common valve 
disease, with an estimated prevalence of 2% to 3% in 

the general population.1 Although MVP is generally regarded 
as a benign condition,2,3 the outcome is widely heterogeneous, 
and complications such as mitral regurgitation, atrial fibril-
lation, congestive heart failure, endocarditis, and stroke are 
well known. Ventricular arrhythmias and sudden cardiac death 
(SCD) have been reported.4–7

Editorial see p 551 
Clinical Perspective on p 566

From a pathological anatomy viewpoint, accumulation of 
proteoglycans (myxomatous mitral valve) is the most com-
mon cause of MVP, accounting for leaflet thickening and 
redundancy, chordal elongation, interchordal hoodings, and 

annular dilatation.8 Although these valve abnormalities well 
explain mitral regurgitation and mechanical complications 
caused by enhanced extensibility, the pathogenesis of ventric-
ular arrhythmias/SCD in MVP remains controversial.

The estimated rate of SCD in MVP ranges from 0.2%/y 
to 0.4%/y in prospective follow-up studies.4 Left ventricular 
(LV) dysfunction resulting from severe mitral regurgitation 
identifies a patient subgroup at high risk of SCD.9 However, 
life-threatening ventricular arrhythmias also occur in patients 
with MVP with trivial or absent mitral regurgitation.10 
Previous pathology studies of SCD focused mostly on mitral 
valve or conduction system abnormalities as the cause of elec-
tric instability,8,11–17 and demonstration of a myocardial source 
of arrhythmias remained elusive.18–20

Background—Mitral valve prolapse (MVP) may present with ventricular arrhythmias and sudden cardiac death (SCD) even 
in the absence of hemodynamic impairment. The structural basis of ventricular electric instability remains elusive.

Methods and Results—The cardiac pathology registry of 650 young adults (≤40 years of age) with SCD was reviewed, and 
cases with MVP as the only cause of SCD were re-examined. Forty-three patients with MVP (26 females; age range, 
19–40 years; median, 32 years) were identified (7% of all SCD, 13% of women). Among 12 cases with available ECG, 10 
(83%) had inverted T waves on inferior leads, and all had right bundle-branch block ventricular arrhythmias. A bileaflet 
involvement was found in 70%. Left ventricular fibrosis was detected at histology at the level of papillary muscles in 
all patients, and inferobasal wall in 88%. Living patients with MVP with (n=30) and without (control subjects; n=14) 
complex ventricular arrhythmias underwent a study protocol including contrast-enhanced cardiac magnetic resonance. 
Patients with either right bundle-branch block type or polymorphic complex ventricular arrhythmias (22 females; age 
range, 28–43 years; median, 41 years), showed a bileaflet involvement in 70% of cases. Left ventricular late enhancement 
was identified by contrast-enhanced cardiac magnetic resonance in 93% of patients versus 14% of control subjects 
(P<0.001), with a regional distribution overlapping the histopathology findings in SCD cases.

Conclusions—MVP is an underestimated cause of arrhythmic SCD, mostly in young adult women. Fibrosis of the 
papillary muscles and inferobasal left ventricular wall, suggesting a myocardial stretch by the prolapsing leaflet, 
is the structural hallmark and correlates with ventricular arrhythmias origin. Contrast-enhanced cardiac magnetic 
resonance may help to identify in vivo this concealed substrate for risk stratification.   (Circulation. 2015;132:556-566.  
DOI: 10.1161/CIRCULATIONAHA.115.016291.)

Key Words: arrhythmias, cardiac ◼ death, sudden, cardiac ◼ implantable cardioverter defibrillator  
◼ magnetic resonance imaging ◼ mitral valve ◼ pathology
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victims in our large cardiac registry experience. The patient 
with MVP and ventricular arrhythmias at risk of SCD is usually 
a young adult woman with a midsystolic click at auscultation, 
bileaflet involvement of the mitral valve, T-wave abnormalities 
on inferior leads, and RBBB-type or polymorphic ventricu-
lar arrhythmias on ECG. Clear-cut evidence of a substrate of 
electric instability in MVP is provided here for the first time 
and consists of myocardial scarring targeting the PMs and the 
inferobasal LV free wall under the posterior leaflet, well in keep-
ing with the site of origin of RBBB-type ventricular arrhyth-
mias. The LV myocardial fibrosis observed at histology in SCD 
victims was then confirmed in the clinical arm of the study, with 
evidence of LGE at CE-CMR in arrhythmic patients with MVP, 
thus pointing to a promising role of this noninvasive technique 
for risk stratification beyond traditional prognostic markers.

MVP: An Underappreciated Cause of SCD
The absence of uniform diagnostic criteria of MVP in the gen-
eral and forensic pathology practice and the frequent consid-
eration of this valve disease as an uncertain cause of SCD21 

are major obstacles to provide data on the real burden of MVP 
according to a meta-analysis of published studies. With these 
shortcomings, the prevalence of MVP in pathology series 
of SCD in the young ranges from 0% to 24%.20,22,26,27 With 
the adoption of strict criteria for the definition of myxoma-
tous mitral valve, in the Veneto region SCD Registry, MVP 
accounted for 7% of all cases in young adults (<40 years of 
age) and 13% among women, representing the first structural 
cause in the latter group. The diagnosis can be established 
easily on macroscopic examination and then confirmed by 
routine histology, but it might be overlooked by superficial 
inspection, resulting in the heart being identified as normal. 
Our data are likely to change the current thinking about MVP 
as a benign condition and point to the need to draw the atten-
tion of forensic pathologists to an entity that has been largely 
underestimated so far.

Ventricular Arrhythmias in MVP
In MVP series with prolonged ECG recording, a variable 
prevalence of ventricular arrhythmias has been reported, 

Figure 3. Contrast-enhanced cardiac magnetic 
resonance findings in patients with mitral valve 
prolapse with complex ventricular arrhythmias and 
aborted sudden cardiac death. A and B, A 30-year-
old woman with mitral valve prolapse and complex 
ventricular arrhythmias. LGE of the papillary muscle 
is visible on mid short-axis view (A). The 12-lead 
ECG (B) shows the presence of nonsustained 
ventricular tachycardia with right bundle-branch 
block (RBBB) morphology originating from the 
posterior papillary muscle (superior axis). C and D, 
A 33-year-old woman with mitral valve prolapse 
and complex ventricular arrhythmias. LGE of the left 
ventricular inferobasal region under the posterior 
valve leaflet with endocardial-midmural extension 
is visible on the 3-chamber long-axis view (C). 
The 12-lead ECG demonstrates nonsustained 
ventricular tachycardia with RBBB morphology 
originating from the left ventricular inferobasal wall 
near the mitral annulus (inferior axis; D). E and F, 
A 38-year-old man with mitral valve prolapse and 
aborted sudden cardiac death. Cardiac magnetic 
resonance performed 6 months before cardiac 
arrest shows LGE in the inferobasal region of the left 
ventricle on the long-axis view (E). ECG recording 
of polymorphic supraventricular tachycardia 
degenerating into ventricular fibrillation (F).
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