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Statement of the Working Group Cardiac Pacemakers of the German Cardiac Society 
 

Safety of Asynchronous Ventricular Pacemaker Stimulation 
 
Asynchronous ventricular pacemaker stimulation occurs during magnet application, sensing 
of electromagnetic interference, undersensing of spontaneous rhythms and resulting from 
technical defects of pacemakers. In the case of interference, this is intended to prevent 
pacemaker inhibition over a longer period of time, thus causing asystolie in pacemaker-
dependent patients. 
 
The safety of this asynchronous ventricular stimulation in patients with intrinsic rhythm is the 
subject of discussion in Germany, as there are no controlled studies available about this 
topic. This has, among other things, led to controversial discussion in technically oriented 
standards committees. This statement brings together, therefore, the current state of 
knowledge about the safety of asynchronous ventricular stimulation in order to enable an 
adequate assessment. 
 
In the beginning of pacemaker therapy in the 1960s, asynchronous ventricular stimulation in 
the VOO mode was the only pacing mode available. Here, the competition between 
ventricular stimulation and the heart’s own rhythm was called parasystolie (10). Due to 
stimulation in the vulnerable phase of the T-wave, parasystolie was linked to cases of 
sudden death caused by induction of ventricular fibrillation (2, 4, 17, 21). 
 
There are case reports available in which, during magnet application with resulting 
asynchronous stimulation, ventricular fibrillation was induced (5, 6, 9, 11, 18, 23).  These 
cases are discussed further below.  In contrast, an asynchronous stimulation through magnet 

                                                 
1  The German original is available at 

http://leitlinien.dgk.org/images/pdf/leitlinien_volltext/2005-05_schrittmacherstimulation.pdf 



 2

application is regularly performed during pacemaker follow-up as a part of an everyday 
routine, without problems being reported.  According to the current guidelines for pacemaker 
therapy, the magnet application and with it asynchronous stimulation, are a regular part of 
pacemaker follow-up (13,14).  Similarly, in the current American guidelines for telephone 
monitoring – that is, without a doctor being present – a magnet application for 6 to 9 seconds 
by the patient is recommended (8).  The following statement on the safety of asynchronous 
ventricular pacemaker stimulation is based on the literature available and, further, on an 
international survey about the safety of asynchronous stimulation during pacemaker follow-
ups. 
 
Pathophysiology 
 
A stimulus will only be relevant, if it induces an action potential during the vulnerable phase 
of the T-wave, that is, during the relative refractory period. This requires clearly above 
threshold stimuli.  A current review (1) addresses the pathophysiology of the risks of an 
asynchronous ventricular stimulation. Through this, a stimulated extrasystole can be induced, 
which in some circumstances can result in circus movement excitations.  Pre-conditions are, 
however, the occurrence of unidirectional pathway blocks and a sufficient conduction delay. 
In particular, patients with prior myocardial infarction, reduced left ventricular function and 
frequent spontaneous arrhythmias appear to be at risk. In normal hearts, ventricular 
fibrillation can be induced by above threshold stimuli during the vulnerable phase within the 
relative refractory period, of the heart muscle cells. Therefore are mostly higher voltages and 
currents necessary, than normally programmed in pacemakers.  
It has been proven experimentally that, in order to induce ventricular fibrillation with a pacing 
impulse, there must be 12 to 15 times the power usually required for the depolarization of 
cells which, in the normal case of implanted pacemakers, is not generated. A drop in the 
threshold is conceivable under certain conditions, for example, electrolyte disorders. The 
authors conclude that above threshold stimulation in the vulnerable phase, as 
pathomechanics of proarrhythmia through asynchronous ventricular stimulation, is not very 
likely.  Zehender writes 1999 in a review about sudden cardiac death in pacemaker patients: 
"Without doubt, however, it can be assumed thereof, that in the vast majority of cases the 
sudden cardiac death is a consequence of pre-existing underlying disease in patients and 
thereby fully independent from pacemaker therapy. The risk of inducing malignant 
arrhythmias increases the more the underlying disease predisposes for spontaneous 
arrhythmias (24). 
 
Literature Review 
 
Whereas some authors link an stimulation into the vulnerable phase of the T-wave with 
cases of death in pacemaker patients (2, 4, 17, 21), have other authors, in contrast, 
observed no induction of malignant arrhythmias through a parasystolie (11, 19, 25).  In a 
review regarding parasystolie, von Knorre (1970) comes to the following conclusion: "Under 
only rare adverse conditions pacemaker parasystolie may result in life-threatening 
tachyarrhythmias. The typically applied impulses do not have the intensity to trigger 
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ventricular fibrillation" (10).  Caused by myocardial diseases, cardiac decompensations, 
metabolic and electrolyte disorders, digitalis overdose, oxygen deficiency, operations and 
anesthesia, the fibrillation threshold may nevertheless be lowered (10). 
 
This is supported by case reports about the induction of malignant arrhythmias through 
asynchronous stimulation. Here, the following patient groups were nearly always affected: 
patients with acute myocardial infarction (5, 9, 11, 18, 23) and patients with severe 
electrolyte disorders (6). These patients are acutely ill and require hospital treatment.  They 
are, regardless of their pacemakers, at risk of malignant arrhythmias. 
 
Malignant ventricular arrhythmias were also triggered through asynchronous stimulation in 
patients with severe left ventricular function dysfunction and spontaneous ventricular 
tachycardias (3, 6, 7, 12, 22).  These patients are also at risk of sudden cardiac death, 
independent of whether or not they have pacemakers implanted. 
 
There is only one case report in which an asynchronous stimulation triggered ventricular 
fibrillation in a patient without myocardial infarction, electrolyte disorders or digitalis 
intoxication (20). 
 
Survey about the Safety of asynchronous Stimulation 
 
The survey was answered by 102 pacemaker specialists worldwide (15, 16).  The survey 
participants were active in pacemaker therapy for between 3 and 40 years (mean 20 ± 8 yrs, 
median 20 yrs).  The cumulative pacemaker experience of all survey participants was 1,974 
years. The number of pacemaker follow-ups which were performed by the survey 
participants ranged from 50 to 12,000 per year (mean 2326 ± 2082, median 1550). A total of 
230,305 pacemaker follow-ups were performed by the survey participants per year. 
 
In total, 34 / 102 (33%) survey participants have experienced an arrhythmia induction in 48 
cases. An arrhythmia induction by asynchronous pacemaker stimulation was reported by 14 
survey participants in Germany (34%), by 11 in Europe (34%) and by 9 of the remaining 
survey participants worldwide (31%). Of these, 25 events were insignificant (single 
extrasystoles) or clearly caused secondarily by myocardial ischemia and/or electrolyte 
disorders. 
 
23 cases were classified as severe. In 13 patients, ventricular fibrillation or sustained 
ventricular tachycardia were induced. Of these, one patient died. In 4 / 13 patients, the left 
ventricular function was severely reduced. In further 10 cases, there was no specific 
information available, hence these are counted with the severe cases, in order to avoid an 
underestimation. 
 
A risk assessment on the basis of the collected data is, due to the limitations of a survey (see 
below), affected by inaccuracy and, therefore, cannot be compared with a controlled study.  
For such a risk assessment, the years of pacemaker experience are the likeliest reliable 
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reference parameter. If one were to refer the number of serious cases on this data, it would 
give the result that for the 102 surveyed physicians, a significant arrhythmia through 
asynchronous ventricular stimulation during pacemaker follow-up would be anticipated every 
85.5 years. The survey participants conduct around 2.3 million pacemaker follow-ups in ten 
years. If one were to correlate the serious cases of arrhythmia induction only with this data, 
this would correspond to a incidence of 0.001%.  As the pacemaker experience is, however, 
at a median of 20 years and here 10 cases were included in the calculation – in which there 
were no specific information available – the actual incidences may be rather lower. 
 
The last arrhythmia induction by asynchronous stimulation dates back to 1996.  
Consequently, in the 7 years prior to the conducting of the survey in 2003, no induction of 
arrhythmias by asynchronous stimulation was reported.  One possible explanation for this is, 
that through modern electrodes with lower pacing thresholds, ever lower impulse amplitudes 
can be programmed. Hence, the manufacturer programmed impulse amplitudes of the 
pacemaker are also lower than in former times. For an effective stimulation during the 
relative refractory period, however, significantly above threshold impulses are required, 
which possibly can no longer be achieved. 
 
Limitations:  The presented data is derived from a retrospective survey and reflects the 
memory of the survey participants. It is not derived from a controlled scientific study but, 
rather reflects many years of experience in pacemaker therapy. Cases could have been 
forgotten. In contrast, the double mention of cases also is possible. 
 
Nowadays, an asynchronous stimulation is no longer induced during every pacemaker 
follow-up.  Through magnet application, the stimulation rate is increased in some devices 
and thus spontaneous rhythm is potentially suppressed. For this reason, the behavior of 
asynchronous stimulation by external interference and during pacemaker follow-up is not 
always similar. 
 
Summary 
 
The induction of ventricular tachyarrhythmias by short term asynchronous ventricular 
stimulation is a rarity.  The seldom events occur probably only in patients with an organic 
heart disease, especially acute myocardial ischemia, reduced left ventricular function and 
spontaneous ventricular tachyarrhythmias or with severe electrolyte disorders.  
Asynchronous ventricular stimulation, as it occurs during magnet application during 
pacemaker follow-up, is therefore only associated with a minimal risk.   
 
This does not mean that pacemaker patients could or should be exposed unconsidered to 
electromagnetic interference, with consecutive device interactions. Basically, interference 
must be avoided as much as possible. Furthermore, other possibilities of interference 
between implants and electromagnetic fields are not assessed in this statement about 
asynchronous ventricular stimulation. 
 



 5

 
References 
 
1) Bauer A, Schoels W. Risiken bei asynchroner Ventrikelstimulation. Herzschr 

Elektrophys 2004;15:22-26 

2)  Bilitch M. Ventricular fibrillation and pacing. Ann NY Acad Sci 1969;167:934-940 

3)  Brück H, Runkel W, Esser H, Sabin GV. Komplexe ventrikuläre 
Herzrhythmusstörung durch Magnetauflage in der Herzschrittmacher-Überwachung. 
Herzschr Elektrophys 1993;4:40-42 

4)  Castellanos A, Lemberg L, Jude JR, Berkovits BV. Repetitive firing occuring during 
synchronized electrical stimulation of the heart. J Thorac Cardiovasc Surg 
1966;51:334-340  

5)  Cueni TA, White RA, Burkart F. Pacemaker-induced ventricular tachycardia in 
patients with acute inferior myocardial infarction. Int J Cardiol 1981;1:93-97 

6)  Eberle F, Schmitt CG, Köhler F. Kammerflimmern während der Funktionsprüfung 
eines Demandschrittmachers. Erhöhtes Risiko durch Schenkelblock, ventrikuläre 
Extrasystolen, Digitalisintoxikation und Hypokaliämie. Herz-Kreisl 1979;11:585 

7)  Fischer J, Dave T, von Olshausen K, Wagner J. Gefährdung von Herzschrittmacher-
Patienten durch integrierte Kopfhörer-Schwesternrufanlage. Herzschr Elektrophys 
1991;2:75-76 

8)  Gregoratos G, Abrams J, Epstein AE, et al. ACC/AHA/NASPE 2002 guideline 
update for implantation of cardiac pacemakers und antiarrhythmia devices. 
www.acc.org/clinical/guidelines/pacemaker/pacemaker.pdf 

9)  Kaden F. Kammertachykardie durch Magnetauflage bei Überprüfung der 
Schrittmacherfunktion. Herzschrittmacher 1986;6:37-38 

10)  Knorre von GH, Hafemeister G, Schröder G. Schrittmacherparasystolie. Zschr Inn 
Med 1970;25:385-390 

11)  Koch R, Wießmann B. Kammerflimmern durch Herzschrittmacher. Z 
Kreislaufforschg 1971;60:842-850 

12)  Lefroy DC, Crake T, Davies DW. Ventricular tachycardia: an unusual pacemaker-
mediated Tachycardia. Br Heart J 1994;71:481-483 

13)  Lemke B, Fischer W, Schulten HK. Richtlinien zur Herzschrittmachertherapie. 
Z Kardiol 1996;85:611-627 

14)  Lemke B, Nowak B, Pfeiffer D. Leitlinien zur Herzschrittmachertherapie. 
Z Kardiol 2005;94:704-720 

15)  Nowak B. Is asynchronous pacing dangerous? Results of a worldwide survey 
(Abstract). Europ Heart J 2004;25 Abstract Suppl:27 



 6

16)  Nowak B. Ist die asynchrone ventrikuläre Schrittmacherstimulation gefährlich? – 
Ergebnisse einer Internationalen Umfrage. Dtsch Med Wochenschr 2005;130:997-
1001 

17)  Rodewald G. Giebel O, Harms H et al. Elektrotherapie kardialer 
Rhythmusstörungen. Internist 1968;9:314 

18)  Scheibelhofer W, Glogar D, Probst P, et al. Induction of ventricular tachycardia by 
pacemaker programming. PACE 1982;5:587-592 

19)  Scheppokat KD, Kirsch U. Störungen und Gefahren der künstlichen Herzstimulation. 
Verh Dtsch Ges Kreislaufforschg 1969;35:151 

20)  Seipel L, Bub E, Driwas S. Kammerflimmern bei Funktionsprüfung eines Demand-
Schrittmachers. Dtsch med Wschr 1975;100:2439-2442 

21)  Tavel ME, Fisch C. Repetitive ventricular arrhythmia resulting from artificial internal 
pacemaker. Circulation 1964;30:493 

22)  Tommaso C, Belic N, Brandfonbrener M. Asynchronous ventricular pacing: A rare 
cause of ventricular tachycardia. PACE 1982;5:561-563 

23)  Treese N, Kasper W, Meinertz T, Popp T. Undersensing of demand pacemakers in 
acute myocardial infarction. Klin Wochenschr 1980;58:1319-1321 

24)  Zehender M, Brunner M, Grom A, et al. Stellenwert und Pathogenese des 
plötzlichen Herztodes bei Patienten nach Schrittmacherimplantation. Herzschr 
Elektrophys 1999;10 Suppl 2:69-77 

25)  Zoll PM, Frank HA, Linenthal AJ. Four-year experience with an implanted cardiac 
pacemaker. Ann Surg 1964;160:351-365 

 

 


