
Introduction
Inappropriate therapy of supraventricular

tachyarrhythmias by an implantable cardioverter
defibrillator (ICD) is still a common problem oc-
curring in 16%–22% of patients implanted with
an ICD.1,2 Despite the introduction of more ad-
vanced detection algorithms for single chamber
ICDs, a substantial number of patients are still re-
ceiving inappropriate therapy.3–6 In addition, it
has been shown that at least some of these detec-

tion enhancements bear the risk of underdetection
of ventricular tachycardia.3,4

In dual chamber (DDD) ICDs, atrial sensing
provides additional information that is analyzed
by new detection algorithms. These sophisticated
dual chamber algorithms should result in a higher
specificity for detection of supraventricular tach-
yarrhythmias. However, the number of studies ad-
dressing the specificity of DDD ICD algorithms is
limited. Data comparing the specificity between
systems are scarce and only preliminary data are
currently available like the results of premarket re-
lease studies,7,8 reports on first clinical experience
with a new device,9,10 or comparison of a single
chamber with a dual chamber algorithm.11,12

However, a direct comparison of different
dual chamber algorithms has not been reported.
The present study performed a comparison of the
detection algorithms of four DDD ICDs.
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Methods
The detection algorithms of four DDD ICDs

were tested by means of simulating supraventric-
ular and ventricular arrhythmias. Arrhythmias
recorded from patients undergoing invasive elec-
trophysiological studies, and in many cases
catheter ablation, at our institution were used
without any modifications to create a library con-
sisting of 71 supraventricular and 15 ventricular
tachyarrhythmias on a standard personal com-
puter by measuring the PP and R-R intervals of
each episode including preceding rhythm and on-
set of the arrhythmia. The library consists of
episodes of atrial fibrillation, atrial flutter with
different atrioventricular (AV) conduction, typical
and atypical AV nodal reentrant tachycardia, AV
reentrant tachycardia, sinus tachycardia, and ven-
tricular tachycardia with and without ventriculoa-
trial (VA) conduction (Table I). To cover the full
spectrum of RP and PR intervals of typical and
atypical AV nodal reentrant tachycardia, the VA
interval was increased by 20-ms steps from
episode to episode. Each of these simulated
episodes was tested separately.

Four different commercially available DDD
ICDs were tested: Phylax AV (Biotronik, Berlin,
Germany), Defender IV (ELA Medical, Montrouge,
France), Ventak AV III DR (Guidant, St. Paul, MN,
USA), and Gem DR 7271(Medtronic, Minneapolis,
MN, USA). The atrial and ventricular sensing in-

put of each DDD ICD was connected to a custom-
made device that created rectangular impulses of
a standardized amplitude of 20 mV and a duration
of 10 ms at the intervals stored for each episode of
tachyarrhythmia in the personal computer.

All the devices were programmed for detec-
tion of:

1. Ventricular fibrillation at a cycle length ,
280 ms.

2. Ventricular tachycardia at a cycle length
between 500 and 280 ms.

3. The upper rate limit of antibradycardia
pacing was always programmed below the detec-
tion window for ventricular tachycardia.

All detection enhancements for supraventric-
ular tachyarrhythmias were activated at their
nominal values.

The endpoint of each episode was:

1. Delivery of therapy of 1-J shock in case of
ventricular fibrillation or antitachycardia stimula-
tion in case of ventricular tachycardia.

2. The end of the simulated episode in case of
detection of supraventricular tachyarrhythmia.

Episodes and their classification by the ICD
were recorded by interrogation of the device, doc-
umented by a printout of the programmer, and, if
possible, stored on a floppy disk or the hard disk
of the programmer. If the classification of an
episode by the DDD ICD was wrong, optimization
of the programming was attempted with the help
of an engineer of the manufacturer, and the test
was repeated.

To correct the results of classification of ar-
rhythmias for their clinical relevance, each
supraventricular tachyarrhythmia was weighted
according to its incidence as derived from the lit-
erature.13,14

Statistical Analysis

The specificity for detection of supraventricu-
lar tachyarrhythmias is expressed by the percent-
age of supraventricular arrhythmias that were cor-
rectly classified by the algorithm and, therefore,
were not treated by the device. Comparison of the
specificity of the four different algorithms was per-
formed using the McNemar test. A P value , 0.05
was considered statistically significant. In a sec-
ond analysis the simulated supraventricular ar-
rhythmias were weighted according to their spon-
taneous clinical prevalence as reported in the
literature,13,14 and the specificity was recalculated.

Results
None of the DDD ICDs achieved a specificity

of 100%, even during the second test after opti-
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Table I.

Spectrum of Tachyarrhythmias Simulated and Tested

Atrial fibrillation
Atrial flutter with 1:1 AV conduction
Atrial flutter with n:1 AV conduction
Atrial tachycardia with 1:1 AV conduction
Atrial tachycardia with irregular AV conduction
Typical AV nodal reentrant tachycardia
Atypical AV nodal reentrant tachycardia with R 2 P . P

2 R
Atypical AV nodal reentrant tachycardia with R 2 P , P

2 R
Orthodromic AV reentrant tachycardia
Sinus tachycardia with normal AV conduction
Sinus tachycardia with AV block I8
Ventricular tachycardia with stable VA conduction

occurring during sinus tachycardia with normal AV
conduction

Ventricular tachycardia with stable VA conduction
occurring during sinus tachycardia with AV block I8

Ventricular tachycardia with various but constant VA
conduction

Ventricular tachycardia with VA dissociation

AV 5 atrioventricular; VA 5 ventriculoatrial.



mization of the programmed settings. However,
there were major differences in the classification
of supraventricular tachyarrhythmias (Table II).

The Biotronik Phylax AV DDD ICD classified
all stable supraventricular tachycardias with 1:1
AV conduction as ventricular tachycardia,
whereas supraventricular tachyarrhythmias with
n:1 AV conduction (n . 1) were correctly classi-
fied. Sinus tachycardia with or without im-
pairment of AV conduction was also correctly
classified. In summary, 58 of 71 episodes of
supraventricular tachyarrhythmia were inappro-
priately classified as ventricular tachyarrhythmia
and subsequent therapy was delivered, resulting
in a specificity of 12% before and 87% after cor-
rection for the clinical prevalence of the simulated
supraventricular arrhythmias (Fig. 1A and B). All
episodes of ventricular arrhythmias were detected
and appropriate therapy was delivered.

The ELA Defender IV DDD ICD classified AV
nodal reentrant tachycardias induced by an atrial
ectopic beat and a VA interval of at least 47 ms as
supraventricular tachycardia while episodes of
AV nodal reentrant tachycardia with a VA interval
shorter than 47 ms and AV reentrant tachycardias
induced by ventricular ectopic beats were classi-
fied as ventricular tachycardia. Supraventricular
tachyarrhythmias with n:1 AV conduction were
correctly classified. Sinus tachycardia with or
without impairment of AV conduction was cor-
rectly classified. In summary, 25 of 71 episodes of

supraventricular tachyarrhythmia were inappro-
priately classified as ventricular tachyarrhythmia
and subsequent therapy delivered, resulting in a
specificity of 28% before and 93% after correction
for the clinical prevalence of the simulated
supraventricular arrhythmias (Fig. 1A and B).
However, ventricular tachycardia with VA con-
duction following sinus tachycardia with first-de-
gree AV block was not detected and no therapy
was delivered.

The Guidant Ventak AV III DR DDD ICD clas-
sified all supraventricular tachycardias resulting
in a stable ventricular rate as ventricular tachycar-
dia. Supraventricular tachyarrhythmias resulting
in an irregular ventricular rate were correctly clas-
sified. Sinus tachycardia with or without impair-
ment of AV conduction was correctly classified. In
summary, 62 of 71 episodes of supraventricular
tachyarrhythmia were inappropriately classified
as ventricular tachyarrhythmia and therapy was
delivered resulting in a specificity of 11% before
and 86% after correction for the clinical preva-
lence of the simulated supraventricular arrhyth-
mias (Fig. 1A and B). All episodes of ventricular
arrhythmias were detected and therapy was deliv-
ered.

The Medtronic Gem DR 7271 DDD ICD cor-
rectly classified AV nodal reentrant tachycardias
with a maximum VA interval of 50 ms, while
episodes with a VA interval . 50 ms and AV reen-
trant tachycardias were classified and treated as
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Table II.

Classification of Arrhythmia by the Four Different DDD ICD Algorithms

Arrhythmia Biotronik ELA Guidant Medtronic

Atrial fibrillation 1 1 1 1

Atrial flutter 1:1 AV conduction 2 2 2 2

Atrial flutter n:1 AV conduction 1 1 2 1

AT, 1:1 AV conduction 1 1 2 1

AT, irregular AV conduction 1 1 1 1

Typical AVNRT 2 2 2 1
Atypical AVNRT, R 2 P . P 2 R 2 1 2 1

Atypical AVNRT, R 2 P , P 2 R 2 (1) 2 2

Orthodromic AVRT 2 2 2 2

ST, normal AV conduction 1 1 1 1

ST, AV block I8 1 1 1 2

VT, stable VA conduction/ 1 1 1 1
ST, normal AV conduction

VT, stable VA conduction/ 1 2 1 1

ST, AV block I8
VT, constant VA conduction 1 1 1 1

VT, VA dissociation 1 1 1 1

1 5 correct classification; 2 5 wrong classification; AV 5 atrioventricular; AT 5 atrial tachycardia; AVNRT 5
AV nodal reentrant tachycardia; AVRT 5 AV reentrant tachycardia; ST 5 sinus tachycardia; VT 5 ventricular
tachycardia; VA 5 ventriculoatrial.



ventricular tachycardia. However, atypical AV
nodal reentrant tachycardias with a RP interval
longer than the PR interval were correctly classi-
fied. Sinus tachycardia with first-degree AV block
resulting in a PR interval longer than the RP inter-
val was classified as ventricular tachycardia and
therapy was delivered. In summary, 36 of 71
episodes of supraventricular tachyarrhythmia
were inappropriately classified as ventricular
tachyarrhythmia and therapy was delivered, re-
sulting in a specificity of 20% before and 83% af-
ter corrected for the clinical prevalence of the sim-
ulated supraventricular arrhythmias (Fig. 1A and
B). All episodes of ventricular arrhythmias were
detected and therapy was delivered.

Rapid supraventricular tachyarrhythmias re-
sulting in a cycle length , 280 ms (i.e., atrial flut-
ter with 1:1 AV conduction were classified and
treated as ventricular fibrillation by all DDD ICDs.

Options to modify the detection algorithm are

not available (Biotronik, Medtronic) or are limited
(ELA, Guidant). Therefore, the second test, after
an attempt to optimize the classification of
supraventricular tachyarrhythmias, did not show
any difference. The only exception was the ELA
algorithm. Shortening of the postventricular atrial
refractory period to the minimum value resulted
in correct classification of all AV nodal reentrant
tachycardias with a VA interval . 47 ms.

Discussion
This is the first study comparing the detection

algorithms of all four currently available DDD
ICDs for their specificity in detection of supraven-
tricular tachyarrhythmias. Testing each device us-
ing the same uniform spectrum of simulated tach-
yarrhythmias made a direct comparison possible
that otherwise would require a large clinical
study.

Major Findings

None of the detection algorithms of the four
DDD ICD devices tested resulted in 100% speci-
ficity for detection of supraventricular tach-
yarrhythmias. The specificity for detection of
supraventricular tachyarrhythmias calculated
from the simulation used in this study ranging
from 11% to 28% is by far lower than reported
from clinical studies with DDD ICDs.7–11 This low
specificity is due to the fact that this simulation
covered the full spectrum of supraventricular ar-
rhythmias collected in the electrophysiology labo-
ratory independent of the prevalence of a particu-
lar supraventricular arrhythmia. However, when
the data were corrected for the clinical prevalence
of each simulated supraventricular tachyarrhyth-
mia by weighing it according to its spontaneous
incidence as reported in the literature,13,14 the
specificity was similar to the results collected in
clinical studies. This is explained by the fact that
atrial fibrillation, the most common supraventric-
ular tachyarrhythmia, was correctly detected by
all four devices.

Differences In Classification By The Algorithms
Tested

Our simulation revealed major differences in
the detection of supraventricular tachyarrhyth-
mias resulting in a stable ventricular cycle length
illustrating the different approaches to tach-
yarrhythmia classification by these four algo-
rithms (Figs. 2–5).

The algorithms of the Biotronik and Guidant
ICD mainly rely on detection criteria known from
single chamber ICDs. Additional DDD ICD criteria,
like the stability of atrial cycle length in case of the
Biotronik algorithm or the atrial fibrillation rate
threshold in case of the Guidant algorithm, are
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Figure 1. Comparison of specificity in detection of
supraventricular tachyarrhythmias tested by the four
different dual chamber defibrillators. (A) The specificity
achieved by the Biotronik (BIO) and the Guidant (GUI)
algorithms, statistically, is significantly lower compared
to the ELA and Medtronic (MED) algorithms (P , 0.05).
(B) The difference in the specificity achieved by the four
algorithms when weighing the supraventricular
tachyarrhythmias according to their spontaneous
incidence appears to be much smaller. However,
weighing the supraventricular arrhythmias according to
their clinical prevalence still does not result in a
representative sample. Therefore, the statistical
significance of the different specificity achieved by the
algorithms tested could not be calculated.

A

B



overruled by these “old” single chamber criteria
like ventricular onset or ventricular stability, re-
spectively. Kühlkamp et al.11 compared the speci-
ficity for detection of supraventricular arrhyth-
mias of the Guidant Ventak Mini I, II, and III single
chamber ICD, respectively, with the Guidant Ven-
tak AV 1810 DDD ICD. They found a significantly
higher incidence of inappropriate therapy deliv-
ered for atrial flutter or fibrillation for the dual
chamber device as compared to the single cham-
ber ICD. This was due to the fact that the atrial 
fibrillation threshold criterion overrides the ven-
tricular stability criterion. Therefore, even an 

unstable, fast ventricular rhythm will be classified
as ventricular tachycardia if the sensed atrial rate
is below the threshold. In atrial fibrillation, atrial
undersensing occurs frequently, resulting in a
false low atrial rate and underdetection of atrial
fibrillation. However, the algorithm used in the
Ventak AV III DR and tested in this study has been
modified such as the atrial rate threshold now can
be programmed to a lower rate. This modification
is supposed to result in a higher probability for
fulfilling the atrial rate threshold criterion even in
case of intermittent atrial undersensing during
atrial fibrillation. In simulation in the present
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Figure 2. Biotronik Phylax AV algorithm. Once a R-R
interval is detected in the ventricular tachycardia (VT)
detection zone, the SMART dual chamber detection
algorithm by Biotronik compares the mean atrial cycle
length with the mean ventricular cycle length. If the
ventricular cycle length is shorter compared to the atrial
cycle length, VT is diagnosed. If the atrial cycle length
is shorter than the ventricular cycle length,
supraventricular tachyarrhythmia is detected unless the
R-R interval is stable and a stable n:1 PR association is
not detected. In case of a constant 1:1 PR association,
the stability of the ventricular rhythm will be analyzed.
If the R-R interval is stable but the PP interval is unstable
(i.e., the PR interval is varying), VT is diagnosed. If the
PP interval is stable, the presence of ventricular sudden
onset is analyzed, while atrial sudden onset is not
analyzed. If sudden onset is found, the rhythm is
classified as VT. However, ventricular sudden onset will
be recorded in ventricular and in supraventricular
tachycardias (SVTs), resulting in classification as VT in
both cases. If there is no sudden onset detected, SVT (i.e.,
sinus tachycardia) is diagnosed. In case of unstable
ventricular cycle length, the P:R interval is analyzed. If
unstable (i.e., no constant P:R association is present), the
tachycardia will be classified as VT (e.g., presence of
atrial and VT independently from each other), whereas
a stable P:R interval will result in classification as
supraventricular tachyarrhythmia. Reproduced with
permission from Biotronik, Germany.

Figure 3. ELA Defender IV algorithm. If at least 75% of
the R-R intervals are detected in the ventricular
tachycardia zone, the R-R intervals are first analyzed for
stability similar to single chamber ICDs. If the rhythm is
unstable, atrial fibrillation is diagnosed and therapy is
withheld. If a stable rhythm is dissociated, ventricular
tachycardia is diagnosed unless a long cycle is detected.
If a long cycle or a n:1 PR association is found, the rhythm
is classified as atrial fibrillation or atrial flutter. In case
of 1:1 PR association, the rhythm is further analyzed for
acceleration. If the acceleration is gradual, sinus
tachycardia is diagnosed. If the acceleration was found
to be sudden, therapy for ventricular tachycardia is
delivered in case of onset in the ventricle and therapy is
withheld in case of onset in the atrium, suggesting atrial
tachycardia. However, an atrial event during the
postventricular atrial refractory period is not sensed
resulting in classification of typical atrioventricular (AV)
nodal reentrant tachycardia with an ventriculoatrial
(VA) interval of less than the minimum programmable
postventricular atrial refractory period despite an atrial
sudden onset. Onset of a ventricular tachycardia with
1:1 VA conduction following sinus tachycardia with AV
block I8 with a similar rate may occur without sudden
onset in the atrium or the ventricle and, therefore, may
be not detected. Reproduced with permission from ELA
Medical, France.



study, all episodes of atrial fibrillation were cor-
rectly classified. However, in simulation, reliable
atrial sensing was anticipated and is still manda-
tory in a clinical setting.

The ELA algorithm performs a more detailed
analysis of the atrial rhythm and the PR associa-
tion (Fig. 3). On one hand this results in the high-
est specificity, on the other hand this bears the
risk of underdetection of ventricular arrhythmias.
This is illustrated by ventricular tachycardia with
VA conduction occurring during sinus tachycar-
dia with first-degree AV block. Militianu et al.15

reported VA conduction with a cycle length , 400
ms in 20% of patients with an ICD. Therefore, un-

derdetection of ventricular tachycardia during si-
nus tachycardia may occur in a substantial num-
ber of patients and has to be of clinical concern.

The highest specificity for detection of
supraventricular arrhythmias while maintaining
100% sensitivity for detection of ventricular ar-
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Figure 4. Guidant Ventak AV III DR algorithm. Stability
and onset criterion are modified by adding atrial rate
information. Once a fast rhythm is detected, ventricular
and atrial rates are analyzed. If the ventricular rate
exceeds the atrial rate by . 10 beats/min, ventricular
tachycardia is diagnosed. If not, the atrial fibrillation
enhancement criterion is applied. If the atrial rate is
greater than the atrial fibrillation threshold and the R-R
intervals are not stable, the rhythm is classified as
supraventricular arrhythmia. If the atrial rate is not
greater than the atrial fibrillation threshold, then
detection still can be withheld despite stable R-R
intervals if no sudden onset of the ventricular rate 
was detected. However, all tachycardias with stable 
R-R intervals and a ventricular sudden onset will 
be classified as ventricular tachycardia, resulting 
in inappropriate therapy for all paroxysmal supra-
ventricular tachycardias with a stable ventricular rate.

Figure 5. Medtronic Gem DR 7271 algorithm. The PR
LOGIC algorithm by Medtronic analyzes the two
previous R-R intervals for each ventricular event. The
number of atrial events and their timing relative to the
ventricular events are used to assign one of 19 couple
codes to the most recent ventricular event. Zero, one, or
more atrial events are classified within the first or second
half of each R-R interval. If an atrial event is detected
within 80 ms before or within 50 ms after a R wave, then
that P wave should not be related to the ventricular event
by antegrade or retrograde conduction. However, any
supraventricular tachycardia with a ventriculoatrial
(VA) interval . 50 ms and , 50% of the tachycardia
cycle length will be classified as ventricular tachycardia
with 1:1 VA conduction. Sinus tachycardia with
atrioventricular (AV) block I8 with a PR interval . 50%
of the tachycardia cycle length will be classified as a
ventricular tachycardia with 1:1 VA conduction, too (A).
A potential solution would be analysis of sudden onset,
which may be hazardous for differentiation of a slow
ventricular tachycardia, or AV synchronous pacing with
an upper rate limit overlapping the detection window for
ventricular tachycardia. However, in the current
algorithm, this overlap is not programmable. As the R-R
intervals vary, the PP, PR, and R-R intervals may or may
not change. Any cardiac rhythm generates a series of
couple code letters. The string of letters is compared to
sequences of letters known to occur during sinus
tachycardia (B). When the pattern is no longer matching
with sequences known for sinus tachycardia or
supraventricular tachyarrhythmias as atrial fibrillation,
atrial flutter, or supraventricular tachycardia with 1:1
PR association, ventricular tachycardia is diagnosed
and therapy will be delivered. Reproduced with
permission from Medtronic, Austria.
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rhythmias was achieved by the Medtronic algo-
rithm. However, there is one major limitation to
this particular algorithm. An atrial-sensed event
will be classified as a genuine atrial beat or a ret-
rogradely conducted beat during ventricular
tachycardia by dividing the R-R interval into dif-
ferent zones (Fig. 5A). Therefore, a discrimination
between ventricular tachycardia and sinus tachy-
cardia with first-degree AV block with the P wave
sensed in the first 50% of the R-R interval is not
possible (Fig. 5B). A potential solution could be
AV synchronous pacing with an upper rate limit
overlapping the ventricular tachycardia detection
window. However, in the Medtronic device the
upper rate limit for antibradycardia pacing always
has to be programmed below the detection win-
dow for ventricular tachycardia.

Conclusion
Atrial fibrillation, the most common

supraventricular tachyarrhythmia in patients with
an ICD, was detected by all devices. However, ma-
jor differences were found in the classification of
supraventricular arrhythmias resulting in a stable
ventricular rhythm. Detailed knowledge of the
specific approaches of DDD ICD detection algo-
rithms to classification of supraventricular and
ventricular tachyarrhythmias and individual se-
lection of a device depending on the supraventric-
ular tachyarrhythmias that are expected to occur
in a specific patient may be helpful to improve the
specificity for detection of supraventricular tach-

yarrhythmia in the whole population of patients
receiving DDD ICDs.

Limitations
Testing ICD detection algorithms using tach-

yarrhythmias collected in the electrophysiological
laboratory by intracardiac recordings from the
right atrium and the right ventricle exactly mimics
sensing by an implanted device and makes direct
comparison of four different DDD ICD detection
algorithms possible. However, this simulation is
not a clinical study. Therefore, problems with re-
spect to electrode position, undersensing due to
poor wall contact, or sensing of far-field signals
are not addressed by this study.

The tachyarrhythmias recorded in our elec-
trophysiological laboratory and used for our tests
without any further modification (with exception
of the VA interval in case of AV nodal reentrant
tachycardia) cover most of the spectrum of possi-
ble supraventricular tachyarrhythmias. However,
dual tachycardias (e.g., ventricular tachycardia in
the presence of atrial fibrillation with rapid ven-
tricular rate) were not recorded in our electro-
physiological laboratory and, therefore, were not
tested in this study.
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