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Kasuistik 1

§ 67-jähriger Patient

§ Arterielle Hypertonie, Diabetes mellitus, Adipositas

§ Aktuell: Rezidivierendes „Herzstolpern“, moderate 

Belastungsdyspnoe (NYHA II)

§ Ruhe-EKG unauffällig

§ Durchführung eines 24-Stunden-LZ-EKGs
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24-h-LZ-EKG

Ca. 3.000 polymorphe VES/d



24-h-LZ-EKG



Faktoren, die mit einer schlechteren Prognose bei VES/nsVT
einhergehen (können):

• Strukturelle Herzerkrankung, Ischämie oder elektrische Erkrankung

• > 2.000 VES / 24 Std.

• Komplexe VES (Couplets, Triplets, nicht-anhaltende VTs)

• Multifokales Auftreten

• Zunahme der VES unter Belastung

• VES, die nicht aus dem Ausflusstrakt stammen

• Kurzes Kopplungsintervall der VES („R-auf-T“-Phänomen)

• Breiterer QRS-Komplex

Risikostratifizierung

Arnar et al., Europace 2019



Abklärung von VES/nicht-anhaltenden 
ventrikulären Tachykardien

(A) Basisdiagnostik

• Anamnese 

• Familienanamnese

• Medikation

• 12-Kanal-EKG

• Körperliche Untersuchung 

• LZ-EKG

• Echokardiographie

• Labor

• Stress-Tests

(B) Erweiterte Diagnostik

• Nicht-invasive Ischämiediagnostik

• Koronarangiographie

• MRT

• Elektrophysiologische Untersuchung

• Pharmakologische Provokationstests

• Genetische Testung

Arnar et al., Europace 2019



Algorithmus „häufige VES“

Ventricular tachycardia

The definition of NSVT constitutes three or more consecutive ven-
tricular beats at a rate of greater than 100 b.p.m. with a duration of
less than 30 s. The prevalence of asymptomatic NSVT varies from
0.7% (healthy army population) to 10% (in a geriatric population) in
patients without known heart disease.175–177 On the other hand, it is
common in ischaemic heart disease (30–80% of patients) during long-
term ECG monitoring where it is usually asymptomatic.178

The mode of discovery of VT may vary, but a 12-lead ECG during
the arrhythmia should be obtained whenever possible. Whereas
NSVT may be asymptomatic, sustained VT is much more often symp-
tomatic. Slow VT, generally slower than 150 b.p.m., may however be
asymptomatic. When lasting for hours/days individuals with slow VT
may, however, become symptomatic because of HF symptoms.

Definitions of different sub-types of VT are summarized in Table 7.
Among ventricular arrhythmias, two distinct entities require specific
mention; bidirectional VT and torsades de pointes VT. Bidirectional
VT may be asymptomatic particularly in Andersen–Tawil syndrome.
The classic causes are digitalis toxicity or channelopathies such as cat-
echolaminergic polymorphic ventricular tachycardia (CPVT) or
Andersen–Tawil syndrome. Torsades de pointes VT is a type of VT
seen exclusively in the setting of prolonged QT interval whether it is
acquired or congenital.

.................................................................................................
Consensus statements Symbol References

Asymptomatic patients with frequent

PVCs (>500 per 24 h) should be re-

ferred to a specialist for further evalu-

ation to rule out any underlying

structural, ischaemic, or electrical

heart disease.

151,152

Very frequent PVCs (burden > 20%) are

a marker of all-cause and cardiovascu-

lar mortality and may justify intensi-

fied follow-up.

154

PVCs should be treated in patients with

suspected PVC-mediated

cardiomyopathy.

Expert

consensus

Treatment of patients with asymptom-

atic PVCs should focus on the under-

lying heart disease in order to

improve prognosis.

Expert

consensus

PVC, premature ventricular contraction.

PVC !500/24h

Exclude electrical, ischemic or structural underlying etiology

Imaging work-up: Electrical work-up: Genetic work-up:

Echocardiography
Cardiac MRI

Other

Consider based on
familial history,

imaging or electrical work-up

Exercise ECG
Signal-averaged ECG

Morphological PVC assessment
(unifocal/multifocal; site of origin)

Invasive EP study

Evidence for underlying etiology?
no

no

no

yes

yes

yes

Treatment to improve prognosis

Treatment to improve symptoms

Symptomatic PVC?

>10% PVC burden?

Long-term: CV disease?Yearly: LV function?

Figure 3 Evaluation of patients with >500 premature ventricular contractions per 24 h. There is no defined set of ‘minimal investigations’, but con-
ceptually three axes of evaluation need to be explored (imaging, electrical, and genetic) and investigations considered on an a case to case basis. CV,
cardiovascular; ECG, electrocardiography; EP, electrophysiology; LV, left ventricular; MRI, magnetic resonance imaging PVC, premature ventricular
contraction.
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Table 2. Morphological Abnormalities in Ambulatory 24-Hour ECGs in Healthy Subjects at Baseline Visit From 22 Phase 1 Studies (n = 1273)

Morphology Abnormality Total n (%) (n = 1273) Age 18–45 Years (n = 1165) Age 46–65 Years (n = 108) P Value*

Atrial !brillation 1 (0.1) 1 (0.1) 0 (0) .76
Supraventricular premature complexes-total 774 (60.8) 681 (58.5) 93 (86.1) .0004*
Supraventricular premature complexes-unifocal 479 (37.6) 427 (36.7) 52 (48.1) .06
Supraventricular premature complexes-multifocal 295 (23.2) 254 (21.8) 41 (38) .0008*
Supraventricular premature complexes-couplets 70 (5.5) 51 (4.4) 19 (17.6) <.0001*
Atrial bigeminy 1 (0.1) 1 (0.1) 0 (0) .76
Ectopic atrial rhythm 5 (0.4) 5 (0.4) 0 (0) .49
Supraventricular tachycardia 28 (2.2) 13 (1.1) 15 (13.9) <.0001*
Premature ventricular complexes (PVCs)-total 552 (43.4) 473 (40.6) 79 (73.1) <.0001*
PVCs in studies with 3-lead Holter ECGs** 199 (50.1) 170 (47.2) 29 (78.4) .0021*
PVCs in studies with 12-lead Holter ECGs** 353 (40.3) 303 (37.6) 50 (70.4) .0001*
Multiform PVC 68 (5.3) 54 (4.6) 14 (13) .0003*
Ventricular bigeminy 8 (0.6) 5 (0.4) 3 (2.8) .0032*
Ventricular trigeminy 6 (0.5) 5 (0.4) 1 (0.9) .47
Ventricular couplet 47 (3.7) 34 (2.9) 13 (12) .0000*
Nonsustained ventricular tachycardia 9 (0.7) 7 (0.6) 2 (1.9) .13
PVCs and SVPCs 388 (30.5) 316 (27.1) 72 (66.7) <.0001*
Junctional rhythm 3 (0.2) 3 (0.3) 0 (0) .59
Accelerated idioventricular rhythm 3 (0.2) 3 (0.3) 0 (0) .59
Sinus pause >2 seconds 51 (4) 51 (4.4) 0 (0) .0297*
Sinus pause >3 seconds 4 (0.3) 4 (0.3) 0 .54
First-degree AV block 13 (1) 12 (1) 1 (0.9) .91
Second-degree AV block (Mobitz type I) 31 (2.4) 30 (2.6) 1 (0.9) .29
Complete heart block 0 (0) 0 (0) 0 (0) NA
Right bundle branch block 2 (0.2) 2 (0.2) 0 (0) .66
Left bundle branch block 0 (0) 0 (0) 0 (0) NA

Note: *P value by chi-squared test. Statistically signi!cant P–value <.05.
**Of the 1273 subjects, 397 subjects (360 aged 18–45 and 37 aged 46–65 years) had 3–lead Holter recordings and 876 (805 aged 18–45 and 71 aged 46-65
years) had 12-lead Holter recordings.

the ventricular tachycardia was identi!ed based on
previously described criteria.15 Supraventricular tachy-
cardia was de!ned as !3 consecutive supraventric-
ular complexes at a rate >100 bpm. Supraventric-
ular rhythm with a rate "100 was diagnosed as
junctional rhythm or ectopic atrial rhythm based
on the presence or absence of P waves and their
morphology.

Statistical Analysis
A chi-squared test was performed to test the statistical
signi!cance of each arrhythmia for the various age
groups. The proportion of subjects (p) with speci!c
arrhythmias in this study was calculated. This was
then used to calculate the number of subjects with the
particular arrhythmia that would be expected to be seen
in a clinical studywith a sample size of n. Themaximum
number of patients (y) expected to have a particular
arrhythmia in a study with n volunteers was assumed to
be the upper con!dence bound of the estimated number
and was given by y= n! (p+ 1.96! #p[1-p]/n).16 The
value of y was rounded off to the next higher whole
number.

Results
Ambulatory 24-hour ECGs recorded at the baseline
visit in 1363 healthy subjects who participated in 22
phase 1 studies were identi!ed. All subjects had a
normal screening ECG recorded a few weeks prior to
theHolter ECG.Ninety subjects were excluded because
their age was >65 years. Thus, 1273 healthy subjects
(1000males; 273 females) were included in this analysis;
876 subjects from 17 studies had 12-lead Holter record-
ings as per the study protocol requirement, and 397
subjects from 5 studies had 3-lead Holter recordings.
Eleven of the 22 studies included both males and
females, but 11 studies included only male subjects. The
mean age of subjects was 41 years (range 18 to 65 years).

Supraventricular premature complexes (SVPCs)
were seen in 774 (60.8%) healthy subjects (Table 2). Of
these, 36 subjects had>50 SVPCs, 24 had>100 SVPCs,
18 had >200 SVPCs, 7 had >500 SVPCs, 4 had >1000
SVPCs, and only 1 subject had >2000 SVPCs per
24 hours. Supraventricular couplets were seen in 5.5%
of subjects, and supraventricular bigeminy was seen in
only 1 subject (0.1%). Ectopic atrial rhythm with heart
rate <100 bpm was seen in 5 subjects (all females), and
the maximum of 52 episodes were observed in a single

Hingorina et al., The Journal of Clinical Pharmacology 2016: 56(7); 885–893

Ventrikuläre Arrhythmien bei 
Herzgesunden
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ST-segment changes during exercise (HR: 1.8; 95% CI: 1.04
to 3.2; p < 0.05).

Over a mean follow-up of 13.5 ! 7.7 years, 518 subjects
(24.6%) died. The median follow-up of the entire sample was
12.5 years, with a median follow-up of 9.5 years in subjects
with exercise-induced NSVT and 12.7 years in subjects
without this !nding. As shown in Figure 3A, the unadjusted
total mortality rate was higher in subjects with exercise-
induced NSVT than in those without (39% vs. 24%, p <
0.0001). However, after adjustment for baseline demo-
graphic variables and coronary risk factors, the total mortality
rate was not signi!cantly different between subjects with
and without exercise-induced NSVT (Fig. 3B). Unadjusted
total mortality rates did not vary signi!cantly by morphology
of NSVT or by whether VT occurred on a single test or
multiple tests. Mortality also did not differ signi!cantly
between the 74% of subjects with NSVT only during exer-
cise and the 20% with NSVT only in recovery (chi-square
p value " 0.53). In addition, the risk of death was similar
in the 12 subjects who had NSVT on more than 1 visit
compared with the 30 subjects who had NSVT on only
1 visit (chi-square p value " 0.55).

Multivariate determinants of total mortality in a Cox
model that included baseline demographic variables, coro-
nary risk factors, resting ECG, and exercise variables are
shown in Table 4. Older age, male, diabetes, hypertension,
and shorter exercise duration were independent predictors of
total mortality in the cohort. However, the presence of
exercise-induced NSVT was not independently predictive
of mortality.

Discussion

In the current analysis, exercise-induced NSVT occurred
on 1 or more tests in 3.7% of asymptomatic community-
dwelling BLSA volunteers who were free of clinical
heart disease on initial testing. The !nding was more prev-
alent in men, older subjects, and those with hypertension.

Conduction and repolarization abnormalities and VPDs on
resting ECG and exercise-induced ischemic ST-segment
changes were more frequent in subjects with exercise-induced
NSVT. Although the unadjusted total mortality rate was
higher in subjects with exercise-induced NSVT, this !nding
did not persist after adjustment for baseline clinical character-
istics and was largely explained by differences in age and sex.

In a prior BLSA study, 10 older individuals who were
found to have exercise-induced NSVT had similar coronary
risk factors, exercise tolerance, and ST-segment response
to exercise compared with age- and sex-matched subjects
without NSVT. Over 2 years of mean follow-up, all indi-
viduals remained free of cardiac events (5). In a later study,
subjects with frequent exercise-induced VPDs (n " 62) or
NSVT (n " 18) displayed no difference in the prevalence

Table 3 Exercise Test Characteristics

Characteristic
NSVT

(n " 79)
No NSVT

(n " 2,020) p Value

Exercise duration
(min)

8.9 ! 2.6 10.6 ! 3 <0.0001

Peak heart rate
(beats/min)

155 ! 17 168 ! 21 <0.0001

Maximum predicted
heart rate (%)

101 ! 9 99 ! 8 0.24

Peak systolic blood
pressure (mm Hg)

187 ! 26 171 ! 28 0.0004

Peak rate-pressure
product (beats/min
# mm Hg)

28,991 ! 5,260 28,918 ! 5,487 0.90

Ischemic ST-segment
changes

16 (20.2) 206 (10.2) 0.0044

Values are mean ! SD or n (%).
Abbreviation as in Table 1.

Figure 3
Kaplan-Meier Analysis of Survival Probability
Strati!ed by the Presence or Absence of NSVT

(A) Unadjusted survival analysis of study subjects strati!ed by the presence or
absence of exercise-induced NSVT. (B) Adjusted survival analysis of study
subjects strati!ed by NSVT status, adjusted for the !nal Cox model, which included
NSVT status, age, sex, diabetes, hypertension, body mass index, smoking status,
hypercholesterolemia, any baseline electrocardiographic abnormality, exercise
duration, and ischemic ST-segment depression. Abbreviations as in Figures 1
and 2.

Marine et al. JACC Vol. 62, No. 7, 2013
Prognosis of NSVT in Asymptomatic Volunteers August 13, 2013:595–600
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Kasuistik 1

§ 67-jähriger Patient

§ Arterielle Hypertonie, Diabetes mellitus, Adipositas

§ Aktuell: Rezidivierendes „Herzstolpern“, moderate 

Belastungsdyspnoe (NYHA II) 

§ Ruhe-EKG unauffällig

§ Durchführung eines 24-Stunden-LZ-EKGs

§ Positive Ergometrie 

§ Koronarangiographie: KHK-1, PCI des RIVA
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• Risikostratifizierung bei ventrikulären Arrhythmien

• Ventrikuläre Arrhythmien bei struktureller Herzerkrankung

• Ventrikuläre Arrhythmien bei „Herzgesunden“
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Kasuistik 2

§ 63-jähriger Patient

§ Arterielle Hypertonie, Ex-Nikotinabusus (ca. 30 p.y.)

§ Z.n. Myokardinfarkt 2005

§ Z.n. primärprophylatischer ICD-Implantation 2007

§ Aktuell: Rezidivierende ICD-Schocks
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Anhaltende monomorphe
ventrikuläre Tachykardie
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Kasuistik 2

§ 63-jähriger Patient

§ Arterielle Hypertonie, Ex-Nikotinabusus (ca. 30 p.y.)

§ Z.n. Myokardinfarkt 2005

§ Z.n. primärprophylatischer ICD-Implantation 2007

§ Aktuell: Rezidivierende ICD-Schocks

§ Antiarrhythmika versus Ablation
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Pathophysiologie: Reentry-Kreis in 
Narbengewebe

17

Endo

Epi



VT-Narbenmapping
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VT-Aktivierungsmapping
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ICM-VTs bei ICD-Trägern
Ablation oder Antiarrhythmika-Eskalation?

Sapp NEJM 2016 (VANISH Trial) 20

(Mortalität, VT-Sturm, ICD-Schock)

(Amiodaron neu, höher oder plus Mexiletin)



Präventive VT-Ablation bei 
ICD-Trägern

21

SMASH-VT VTACH

Kuck Lancet 2010Reddy NEJM 2007



ICM-VT-Ablation bei ICD-Trägern:
Langfristiger Erfolg

Marchlinski JACC 2016 (THERMOCOOL VT Trial) 22



CRT: Prognostischer Effekt
von Extrasystolen 

Ruwald JACC 2014 (MADIT-CRT Subanalyse) 23



VES/VT-Ablation bei Patienten 
mit struktureller Herzerkrankung

§ Häufige ICD-Schocks:

Verbesserung der Lebensqualität (Mortalität)

§ Unaufhörliche VTs/electrical storm:

Akute (lebensrettende) Notfall-Ablation

§ Unzureichender biventrikulärer Stimulationsanteil bei 

CRT-Patienten: Prognose-Verbesserung

24



• Risikostratifizierung bei ventrikulären Arrhythmien

• Ventrikuläre Arrhythmien bei struktureller Herzerkrankung

• Ventrikuläre Arrhythmien bei „Herzgesunden“
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Kasuistik 3

§ 32-jährige Patientin

§ Leere kardiovaskuläre Anamnese

§ Aktuell: „Herzstolpern“, Schwindel

26



12-Kanal-EKG

27



Kasuistik 3

§ 32-jährige Patientin

§ Leere kardiovaskuläre Anamnese

§ Aktuell: „Herzstolpern“, Schwindel

§ Transthorakale Echokardiographie: Kein Hinweis für 

strukturelle Herzerkrankung

§ Ergometrie: Kein Hinweis für myokardiale Ischämie

28
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24-Std.-LZ-EKG

Ca. 15.000 monomorphe VES/d



like morphology and left superior-axis configuration with relatively
narrow QRS (120–140 ms), and (iii) manifestation in patients with-
out SHD. Subsequently, in 1981, Belhassen et al. demonstrated the
pharmacologic characteristic of verapamil sensitivity as the fourth
main feature.34,35 Normally, this form of VT presents as paroxysms
of sustained VT, often exercise related, and responds to carotid si-
nus pressure and Valsalva maneuver. Age at presentation is typically
15–40 years and affected individuals are predominantly men (60–

80%). The clinical presentation includes palpitations, lightheaded-
ness, and less frequently, syncope.

The mechanism of verapamil-sensitive VT is reentry, likely incorp-
orating abnormal Purkinje tissue with slow, decremental, calcium-
dependent conduction serving as the antegrade limb and fascicle
(most commonly posterior) as the rapid retrograde limb. The elec-
trocardiographic findings vary depending on the exit site to the
myocardium, which is associated with the retrograde limb. The

Figure 1 Twelve-lead electrocardiogram morphology of different sites of origin in idiopathic ventricular tachycardia (RVOT, right ventricular
outflow tract; RCC, right coronary cusp; R–L com, right– left coronary cusp commissure; LCC, left coronary cusp; AMC, aortomitral continuity;
TV, tricuspid annulus; MV, mitral annulus; APM, anterior PAP; PPM, posterior PAP; LPF, left posterior fascicle; LAF, left anterior fascicle; GCV,
greater cardiac vein; AIV, anterior inter-ventricular vein).

T. Tanawuttiwat et al.596
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Kasuistik 3

§ 32-jährige Patientin

§ Leere kardiovaskuläre Anamnese

§ Aktuell: „Herzstolpern“, Schwindel

§ Transthorakale Echokardiographie: Kein Hinweis für 

strukturelle Herzerkrankung

§ Ergometrie: Kein Hinweis für myokardiale Ischämie

§ Medikamentöse Therapie (Betablocker, Ca-
Antagonist, Klasse-Ic-AAD) vs. Ablation
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Salven nach Belastung 
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Ausflusstrakt-Anatomie
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Aktivierungs-Mapping 
Ausflusstrakt-VES
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RVOT-VES
Elektro-anatomisches Mapping
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RVOT-VES
Elektro-anatomisches Mapping
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RVOT-VES
Ergebnisse der Ablation

Hoshi JCE 2005 37



VES-induzierte Kardiomyopathie

Kanei, ANE 2008 38



Tachykardie-induzierte
Kardiomyopathie

39

of TICMP (Figure 4), although the understanding of this entity remains
in many aspects unclear. Overlap of the mechanisms leading to
TICMP may vary in the different types of arrhythmias and their pre-
sentations. In patients with AF, the restoration of sinus rhythm results
in significant improvements in ventricular function, particularly in the
absence of ventricular fibrosis on cardiac MRI.230

There are no firm diagnostic criteria for TICMP. In patients pre-
senting with new-onset LV dysfunction and a chronic or recurrent
tachycardia with a heart rate >100 b.p.m., the diagnosis of TICMP
may be suggested by the elements listed in Table 12.231 Due to the
retrospective nature of the diagnosis, it is often difficult to confirm a
diagnosis of TICMP which can also be made by default after exclusion
of other causes of worsening ventricular dysfunction. The dilemma in
clinical practice is to differentiate TICMP from other forms of dilated
cardiomyopathy that may be associated with atrial or ventricular
arrhythmias.

Assessment of HF patients with a suspected tachycardia aetiology
should include ECG, to evaluate the cardiac rhythm and look for signs
of myocardial ischaemia, while an echocardiogram should be con-
ducted to determine LV structure, functional characteristics, and to
exclude valvular and pericardial abnormalities. A Holter monitor
should be considered in the event of the tachyarrhythmia being par-
oxysmal. Evaluation of coronary arteries (by non-invasive methods
or invasive coronary angiography) is necessary to rule out a potential
ischaemic aetiology of the ventricular dysfunction. Cardiac MRI imag-
ing can rule out a ventricular scar, shed light on myocarditis and some
specific aetiologies of cardiomyopathy, and myocardial biopsy is now
rarely used in this setting.231–233

Atrial fibrillation, the most prevalent sustained cardiac rhythm dis-
order, is considered as the most common cause of TICMP234,235 in
adults whilst permanent junctional reciprocating tachycardia is the
most common arrhythmia associated with TICMP in children.236 The
incidence of TICMP is variable depending upon the type of tachycar-
dia. In a study of 625 patients referred for radiofrequency ablation of
various tachyarrhythmias, TICMP was found in 17 (2.7%; 1.3% with

Table 11 Types of arrhythmias that can lead to tachy-
cardia-mediated cardiomyopathy

Supraventricular tachycardia
• Atrial fibrillation
• Atrial flutter
• Atrial tachycardia
• Permanent junctional reciprocating tachycardia
• AV nodal re-entrant tachycardia
• AV re-entrant tachycardia
• Inappropriate sinus tachycardia (rare)

Ventricular tachycardia
• Any type of ventricular tachycardia

Premature contractions
• High burden of premature ventricular contractions

Pacing
• High-rate atrial pacing
• Persistent rapid ventricular pacing
• Permanent pacing with right ventricular stimulation

AV, atrioventricular.
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Figure 4 Possible pathophysiological mechanisms leading to tachycardia-induced cardiomyopathy (TICMP). ANP, atrial natriuretic peptide.
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VES-induzierte Kardiomyopathie
Reversibel durch Ablation

Bogun Heart Rhythm 2007 40

Ablationsgruppe

Kontrollgruppe

• 70 Patienten mit häufigen VES (> 10/h) 

und reduzierter EF (~34 ± 13%)

• 80% Ablation erfolgreich

• 11 Patienten ohne Ablation als

Kontrollgruppe



VES/VT-Ablation bei Patienten 
ohne strukturelle Herzerkrankung

§ Symptomatische Therapie (Kurativ)

§ Verhinderung/ Behandlung einer VES/VT-induzierten 

Kardiomyopathie
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Zusammenfassung

§ Bei dokumentierten ventrikulären Arrhythmien sollte 
eine individualisierte Risikostratifizierung erfolgen.

§ Hierbei spielt der Ausschluss einer strukturellen/ 
ischämischen/ elektrischen Herzerkrankung eine 
zentrale Rolle

§ Bei Patienten ohne strukturelle Herzerkrankung und 
hoher VES-Last besteht das Risiko einer Arrhythmie-
induzierten Kardiomyopathie 

§ Sowohl bei Patienten mit als auch ohne strukturelle 
Herzerkrankung stellt die Katheterablation eine 
etablierte Therapieoption dar.

42



Vielen Dank

43


