
Anodal stimulation as a cause of pacemaker-induced 

ventricular fibrillation 

Thomas A. Preston, M.D. 
Ann Arbor, M&h. 

T he possibility of pacemaker-induced 
ventricular arrhythmias has been rec- 

ognized since the beginning of widespread 
use of artificial pacemakers,*-I6 but the 
extent of the clinical risk of such arrhyth- 
mias has been questionable.17-2* The possi- 
bility of a dangerous arrhythmia being 
precipitated by a pacemaker stimulus fall- 
ing during the vulnerable period of a pre- 
ceding ventricular beat exists most com- 
monly when an asynchronous artificial 
pacemaker is in competition with normal 
sinus rhythm or ectopic beats from any 
source. The risk is particularly great in 
patients requiring pacing during acute 
myocardial infarction, as these patients 
are most susceptible to life-threatening 
ventricular arrl~ytl~n~ias.1g~20~26~27~2g~30-33 This 
is a review of the reported studies of pace- 
maker-induced ventricular arrhythmia, 
with attention to the type of electrodes 
used, unipolar or bipolar. Every docu- 
mented case of pacemaker-induced ven- 
tricular tachycardia or fibrillation occurred 
in association with a bipolar electrode 
system, adding support to the concept 
that these arrhythmias are evoked at the 
anode and do not occur with unipolar 
cathodal pacing. 

Methods 

A survey was made of all reported in- 
stances of ventricular tachycardia or fibril- 
lation occurring in human patients with ar- 
tificial ventricular pacemakers. The events 
were separated into two categories: (1) 
documented episodes in which the onset of 
the ventricular arrhythmia followed a 
pacemaker stimulus falling during the vul- 
nerable period of the preceding beat, and 
(2) episodes in which the ventricular ar- 
rhythmia but not its onset was docu- 
mented. There are in addition reports of 
pacemaker-induced ventricular arrhythmia 
in which the arrhythmia was not docu- 
mented 6,12,13,20r34,35 or in which the elec- 
trode configuration was not stated.34,36,37,74 
For the purposes of this study a ventricular 
arrhythmia was defined as four or more 
responses following a pacemaker stimulus. 
The stimulus was judged to fall in the 
vulnerable period if it occurred during the 
T-wave of the preceding beat. 

Each case was further categorized as 
bipolar or unipolar stimulation, with the 
assumption that in all cases of unipolar 
pacing the intracardiac electrode was the 
cathode and the indifferent electrode was 
the anode. Although it is possible to re- 
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Table I. Documented onset of pacemaker-induced ventricular tachycardiu or ventricular jibrilla- 
tion in humans 

Electrode 
system 

No. of 
patients Arrhythmia 

Bertrand?’ 
Bilitcha3 
Castellanosso 
Elmqvist16 
Fletcher78 
Grondin” 
Jensen75 
Julian32 
KleigerT6 
Lembergls 
Preston7* 
Robinson” 
Roea 
Tavel6 
Weinberg77 

Bipolar 
Bipolar 
Bipolar 
Bipolar 
Bipolar 
Bipolar 
Bipolar 
Bipolar 
Bipolar 
Bipolar 
Bipolar 
Bipolar 
Bipolar 
Bipolar 
Bipolar 

1 VF* 
1 VF 
1 VF 
1 VF 
2 1 VT, 1 VF 
1 VT 
1 VT 
4 VF 
1 VT 
2 1 VT, 1 VF 
2 VF 
1 VF 
1 VF 
1 VF 
1 VT 

*Abbreviations: VT = ventricular tachycardia; VF = ventricular fibrillation. 

verse polarity in external pacing, all com- 
mercially available permanent implant 
pacemakers which are unipolar are fixed 
with anodal stimulation at the indifferent 
ht$ode. 

kcults 

In every case of documented onset 
of ventricular tachycardia or ventricular 
fibrillation (21 cases) with the pacemaker 
stimulus falling in the vulnerable period 
of the preceding beat, the electrode system 
employed was bipolar (see Table I). We 
were unable to find such a case using a uni- 
polar system. Sowton and Flores17~38 have 
reported two patients who developed ven- 
tricular fibrillation shortly after receiving 
permanent unipolar pacemakers which com- 
peted with normal sinus rhythms. In the 
first patient the onset was not documented, 
although the author considered it to be 
pacemaker-induced. He does state, how- 
ever, ‘I. . . because there is no written ECG 
record it is just possible that the whole 
sequence was due to the spontaneous onset 
of ventricular fibrillation.“38 Sowton’s sec- 
ond case was also undocumented, and al- 
though the patient was found with ventric- 
ular fibrillation, the episode was apparently 
preceded by abdominal distention, vomit- 
ing, and aspiration. In a patient reported 
by :Roe and Katy,3g unipolar pacing did not 
reeult in a ventricular arrhythmia, whereas 

bipolar pacing in the same patient resulted 
in recurrent bouts of ventricular fibrillation. 
Of the 21 episodes of pacemaker-induced 
ventricular tachycardia, there were no 
reported episodes of ventricular arrhyth- 
mia arising from a pacemaker stimulus fall- 
ing outside the vulnerable period. 

There were 34 episodes of ventricular 
tachycardia or ventricular fibrillation docu- 
mented in patients with functioning arti- 
ficial pacemakers, but without documenta- 
tion of the onset of the arrhythmia.2*3~6-8Jo* 
11,14-17,18,71*73,‘9 In 33 patients the pace- 
maker was operating as a fixed-rate (com- 
petitive) type, and one patient had a 
normally functioning demand (noncompeti- 
tive) unit. Twenty-eight episodes were with 
bipolar electrodes, and six episodes were 
with unipolar electrodes. Thirty episodes 
were ventricular fibrillation; four episodes 
were ventricular tachycardia. 

Discussion 

The problem of pacemaker-induced ven- 
tricular tachycardia or ventricular fibrilla- 
tion has been studied since pacemakers 
have been in common use. Most reports 
stress the improbability of this phenome- 
non, but some notable exceptions have 
been documented. Sowton, in 1965 re- 
ported six patients who developed ven- 
tricular tachycardia or ventricular fibrilla- 
tion while in parasystole with sinus rhythm 
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and a non-inhibited fixed-rate pacemaker, 
and concluded that especially in tile first 
two days after implantation there is a 
risk of pacemaker-induced ventricular ar- 
rhythmia. Bilitch and co-\\.orkers33 reported 
a case of ventricular fil~rillation occurring in 
a patient ~,ho had an acute myocardial in- 
farction, \vith documentation of the onset of 
the arrhythmia at the time of a pacemaker 
stimulus falling in the vulnerable period 
of the preceding beat. Castellanos and co- 
workerG studied 14 human patients and 
were able to produce “repetitive firing” in 
three patients and ventricular fibrillation 
in one patient by scanning the vulnerable 
period with bipolar right-ventricular pac- 
ing. Welti and colleagues40 also produced 
repetitive firing in humans by scanning the 
vulnerable period with bipolar stimuli of 
low amplitude. Lewis and associates,41 using 
unipolar pacing, were unable to produce 
ventricular arrhythmias. 

Clinical studies comparing groups of pa- 
tients with competitive and noncompetitive 
systems have yielded conflicting conclu- 
sions. Furman and colleagues25 report no in- 
increased incidence of sudden death in pa- 
tients with non-triggered or competitive 
units, while Bilitch18 reported death due to 
ventricular fibrillation in 5 of 40 patients 
with fixed-rate units, and only one death 
due to ventricular fibrillation in 46 patients 
with demand units. Ilost investigators feel 
that pacemaker-induced ventricular ar- 
rhythmias are most likely during acute 
myocardial infarction,~g~20~24~2F~42 during the 
first two days after implantation of the elec- 
trodes,3*23 or during periods of hypoxia24t27 
or electrolyte imbalance.24J7 Another ex- 
ample of ventricular arrhythmia produced 
by pacing during the vulnerable period is 
that of paired pacing of the ventricle. 
Bipolar electrodes are almost always em- 
ployed for paired pacing, and similarly the 
complication of ventricular tachycardia 
and fibrillation has been associated with bi- 
polar, not unipolar, electrode systems.40f43-50 

The results shown in Table I suggest an 
association of pacemaker-induced ventricu- 
lar fibrillation with bipolar electrodes in the 
human. There is no documented case 
of human pacemaker-induced ventricular 
tachycardia or ventricular fibrillation with 
unipolar electrodes, although unipolar sys- 
tems probably account for almost half of 
all implanted pacemakers. 

Although the cardiac electrode of a 
permanent unipolar system is connected to 
the cathode of the impulse generator, in 
temporary systems it is possihfe to connect 
the cardiac electrode to the anode of the 
impulse generator, in \\hich case the risk 
of anodal pacing lvould be the same as for 
a bipolar system. This could have been 
the situation in the two patients reported 
by Portal and colleagueq7 and in other 
cases of temporary unipolar pacing. One of 
two patients reported by Grondin and co- 
workers74 had a unipolarized electrode sys- 
tem with repetitive firing, but whether 
anode or cathode was made the indifferent 
electrode is not known. 

Some patients with artificial pacing will 
develop ventricular arrhythmias not in- 
duced by a pacing stimulus. For this reason 
only the documented onset of pacemaker- 
induced ventricular tachycardia or ven- 
tricular fibrillation is acceptable as evi- 
dence of association with the electrode 
system in use at the time of the arrhyth- 
mia. 

Numerous investigators have studied 
induction of ventricular arrhythmias in 
animals by repetitive firing during.’ the 
vulnerable period. Most investigations have 
been carried out with bipolar elec- 
trodes51-54,56-5g*61*66-70 with fewer studies 
of fibrillation thresholds with unipolar 
cathodal or anodal stimulation.1g~55~60~6~~63 
In studies comparing anodal and cathodal 
stimulation, experimental evidence con- 
sistently demonstrated increased vulner- 
ability to ventricular arrhythmias from 
anodal as compared to cathodal stimula- 
tion.42,55r60*64,65 Chardack and colleagues,1s 
using unipolar cathodul stimulation, \vere 
unable to increase the prevalence of ven- 
tricular fibrillation in dogs with acute 
coronary occlusion. Although this was 
taken as evidence of the safety of artificial 
pacing, it is possible that the low preval- 
ence of fibrillation was associated with the 
absence of anodaf stimulation. 

Hoffman and Cranefield concluded that 
during induction of ventricular fibrillation 
with bipolar electrodes, the ventricular 
fibrillation is initiated at the anode. They 
state: “If the flow of anodal current is suf- 
ficiently diffuse, it is so difficult to evoke 
fibrillation that it seems safe to assume 
that fibrillation evoked by electrical stitiu- 
fation depends upon anodal excitation.“64 
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Cranefield and associates55 ruled out a 
double origin of ventricular fibrillation 
from both the anode and cathode, and con- 
cluded that the vulnerable period coincides 
with the period when threshold excitation 
occurs at the anode. 

C4nclusions 

The association of bipolar electrodes in 
humans and animals with pacemaker- 
induced ventricular arrhythmias suggests 
that in the majority of instances an anode 
on or within the heart, of size and configura- 
tion to permit anodal stimulation, is neces- 
sary to produce ventricular tachycardia 
or ventricular fibrillation in humans with 
permanent or temporary pacing systems. 
As excitation during the vulnerable period 
is usually possible only at the anode,64J5 
with the excitation threshold often ten 
times as great at the cathode, it does seem 
like!y that single responses during the 
vulperable period are usually evoked at the 
anode with presently used human pacing 
s*tems. It follows that the origin of re- 
petitive ventricular beats, or ventricular 
fibrillation, is equally likely to be at the 
anode. 

Evidence is lacking that pacemaker- 
ind;lced arrhythmias are common, and 

>ommercially available pacemakers have 
outputs which are probably too small to 
produce arrhythmias in normal human 
hearts. It is probable that with impulse 
durations of one msec. or less, as is now 
common with commercial units, it is almost 
impossible to produce arrhythmias due to 
pacing in the vulnerable period.2’ However, 
commercial units must be designed to pro- 
duce stimuli exceeding the excitation 
thresholds of 95 per cent or more of all 
patients encountered. With time the ex- 
citation threshold for an implanted elec- 
trode system can rise to 10 times the initial 
implantation threshold, and therefore pace- 
makers are designed to deliver 10 to 30 
times as great a stimulus as is required for 
effective pacing at the time of electrode 
implantation. Therefore, under adverse 
conditions \vliich lower the fil,rillation 
threshold, such as acute myocardial in- 
farction, hypoxia, electrolyte inil)alance, or 
during‘ the first t\vo days after implanta- 
tion, pacemaker-induced ventricular ar- 
rhythmias arc possil)Ie, especially if the 
anode is on or inside the ventricle. 

The use of demand (noncompetitive) 
pacemakers has reduced the frequency 
with which pacing stimuli fall in the vul- 
nerable period of the preceding beat, but 
demand-type pacemakers are not totally 
reliable for this purpose, as they are sub- 
ject to failure or outside interference in 
which case they perform as fixed-rate units. 
Especially with bipolar electrodes even a 
normally functioning demand pacemaker 
may fail to sense some spontaneous beats, 
resulting in competitive pacing. 

The coronary care unit is a high-risk 
area for pacemaker-induced ventricular 
arrhythmias, because of the higher prev- 
alence of ectopic beats which are not 
sensed by demand pacemakers and the 
markedly reduced fibrillation threshold 
of patients with acute myocardial infarc- 
tion. Therefore, in the coronary care unit 
only unipolar cathodal pacing should be 
used. As most pacing in a coronary care 
unit is through temporary catheter elec- 
trodes, either a remote indifferent electrode 
(anode), or a catheter with a distal pacing 
electrode (cathode) and a large proximal 
electrode (anode-at least ten times the 
surface area of the distal electrode) po- 
sitioned outside of the right ventricle, 
should be used. Virtually all temporary 
endocardial pacing systems employ bipolar 
electrodes and bipolar pacemakers, such 
that the pacemaker anode can be attached 
to either electrode. Elimination of bipolar 
temporary systems should increase the 
safety of temporary pacing. 

Although the danger of pacemaker-in- 
duced ventricular arrhythmia exists mostly 
in patients with hypoxia or acute myo- 
cardial infarction, the greater possibility 
of such arrhythmias with bipolar elec- 
trodes in any situation militates against 
the general use of bipolar electrodes. 

Summary 

A review of animal investigations sug- 
gests that pacemaker-induced ventricular 
fibrillation usually occurs at the anode, 
and in fact is difficult to evoke at the 
cathode. A search of the literature showed 
that every documented episode of pace- 
maker-induced ventricular tacllycardia/fib- 
rillation in liuma~is has been with a bipolar 
electrode system. Since the problem most 
often occurs during temporary pacing as- 
sociated with mvocardial infarction. bi- 
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polar catheter electrodes should not I)e 
used for temporary pacing, and the use 
of unipolar (cathodal) pacing systems 
should increase the safety of electrical pac- 
ing. 
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