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Summary
For patients requiring implantable cardioverter defibrillator (ICD) therapy for ventricular tachyarrhythmias, one
potential treatment option for concomitant atrial tachyarrhythmias includes an ICD with atrial therapy.
Implantation and follow-up testing of such a device should include induction of atrial tachyarrhythmias to evaluate atrial tachyarrhythmia detection and conversion efficacy. Data from a dual-chamber ICD study was analyzed
to evaluate the effectiveness of several device-based methods for atrial tachyarrhythmia induction. The programmed extra stimuli were efficient in atrial tachyarrhythmia induction in 24% of patients in whom it was tested,
high-frequency bursts in 68%, and atrial induction shock in 55% of patients. Programmed extra stimuli were particulary inefficent in patients at risk for but without documented history of atrial tachyarrhythmia. As high-frequency burst pacing offers comparable success to that of atrial induction shock and is less painful, it should be the
first choice when attempting atrial tachyarrhythmia induction during implant testing.
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Introduction
In addition to standard ventricular therapy, cardioversion using an implantable cardioverter defibrillator
(ICD) with atrial therapy is one of the many new
options available for treating atrial tachyarrhythmias.
New data suggest that shock efficacy for AF depends
on identifying atrial defibrillation thresholds (DFT)
and programming the first atrial shock to at least two
times the atrial DFT [1]. Therefore, to ensure the highest degree of atrial therapy effectiveness, atrial induc-

tion testing should be conducted during the initial
implantation procedure. In order to successfully induce
atrial tachyarrhytmias during implantation or followup, the ICD should have several methods of atrial tachyarrhythmia induction.
Atrial arrhythmias contribute to patient morbidity and
mortality by impairing cardiac function, increasing the
risk of thromboembolic events, and inducing ventricular arrhythmia [2-4]. Medications for atrial tachy-
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arrhythmia are largely unsatisfactory because of their
poorly-tolerated side effects [5,6]. Patients experiencing asymptomatic atrial tachyarrhythmias may benefit
from early automatic intervention, because "electrical
remodeling" of the cardiac muscle makes arrhythmia
conversion at a later time more difficult [7,8]. Based on
this information, an ICD with features designed to
automatically detect and treat both symptomatic as
well as asymptomatic atrial tachyarrhythmias would
potentially benefit patients already requiring standard
ICD therapy for ventricular tachyarrhythmias.
The primary objective of this study was to evaluate the
ability of a new dual-chamber, rate-adaptive ICD
(Tachos DR – Atrial Tx, Biotronik, Germany) to detect
and convert atrial tachyarrhythmias in patients requiring standard ICD therapy who also have a history of or
significant risk for developing atrial tachyarrhythmias.
Additionally, the induction success rate for several
device-based atrial tachyarrhythmia induction methods
was evaluated.

Table 1. Atrial therapies available in the Tachos DR – Atrial
Tx (Biotronik, Germany). AT = atrial tachycardia; AF =
atrial fibrillation.

Materials and Methods
Device
The Tachos DR – Atrial Tx is a dual-chamber implantable cardioverter defibrillator capable of delivering
antitachycardia pacing (ATP) as well as cardioversion
and defibrillation shock therapy to convert ventricular
tachyarrhythmias. The ICD provides an advanced
SVT/VT discrimination algorithm and rate-adaptive
brady pacing. The device is capable of detecting and
converting atrial tachyarrhythmias, including atrial fibrillation (AF) and other atrial tachycardias (AT). Atrial
tachyarrhythmia therapies include atrial ATP therapy
for AT, atrial burst therapy for AT/AF, and shock therapy for AT/AF (Table 1). The device allows programming of one AF and two AT zones.
The Tachos DR – Atrial Tx induces atrial tachyarrhythmias using three different methods: programmed extra
stimulation (PES), high-frequency burst (HF burst), or
coupled atrial induction shocks similar to the method
for inducing ventricular arrhythmias or ventricular
T-wave shocks (Table 2).
Study Design
The Tachos Atrial Conversion Therapy (TACT) study
included 174 patients enrolled at 18 U.S. sites [9]. All
patients had a clinical indication for the implantation
of a ventricular ICD and a history or significant risk of

Table 2. Atrial tachyarrhythmia induction methods available in the Tachos DR – Atrial Tx (Biotronik, Germany).

developing atrial tachyarrhythmias. The average
patient was a 68-year-old male with NYHA class II, an
LVEF of 31%, and a monomorphic ventricular tachycardia as the primary ventricular tachycardia. Patients
with atrial tachyarrhythmia refractory to cardioversion
shock therapy were excluded from enrollment. Prior to
enrollment, Institutional Review Board approval and
written informed consent was obtained. The study
required the implantation of a dual-coil ICD lead.
Atrial leads were bipolar and included both passive
and active fixation mechanisms. A step-up atrial defibrillation threshold protocol was recommended but not
required.
The study included the evaluation of AT/AF detection
sensitivity, which is the ability of the atrial detection
algorithm to appropriately detect AT/AF. Additionally,
the overall ability of the device to appropriately convert AT and AF using different therapies was evaluated. The analysis was based on the investigator's review
of stored diagnostics from the implanted device.
Patients received routine device interrogations at 1, 3,
and 6 months after implantation, with additional visits
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Table 3. Atrial tachyarrhythmia (AT) induction success rates in patients with documented history of AT (group I) and significant risk of developing AT (group II), and in patients with (group A) and without (group B) spontaneous atrial episodes.

as clinically indicated. Quality of life was evaluated
using a validated questionnaire at enrollment and at the
3-month follow-up [10]. The success rate of the three
device-based atrial tachyarrhythmia induction methods
was further evaluated in different groups of patients.
Patients in Group I had a documented history of
AT/AF. Patients in Group II only had a significant risk
of developing atrial tachyarrhythmias. Patients in
Group A had spontaneous atrial episodes during the
study. Patients in Group B did not present with spontaneous atrial episodes (Table 3).

induction methods. PES induction was more successful in patients with a history of atrial tachyarrhythmia
(Group I) compared to patients with a risk of developing atrial tachyarrhythmia (Group II). High-frequency
burst or atrial shock induction success rates showed no
difference between Groups I and II. Analysis of the
data in relation to patients who presented with atrial
tachyarrhythmia episodes during the course of the
study versus patients who did not have atrial tachyarrhythmia episodes did not show a difference in
induction success for PES, HF burst, or atrial induction
shock.

Results
In order to assess whether the implanted ICD system
could consistently convert the patient's atrial tachyarrhythmias, the effectiveness of atrial cardioversion
was evaluated. A minimum of two successful atrial
cardioversions per patient during implantation was
required. The induction was considered successful
only when the atrial tachyarrhythmia was sustained for
longer than one minute.
During implantation atrial conversion testing was completed in 147 (84.4%) of the 175 patients. Twenty
patients did not undergo atrial conversion testing
because induced atrial tachyarrhythmias could not be
sustained. Four patients did not complete the testing
because they became unstable during the procedure.
The other two patients were unable to be converted
from an ongoing AT/AF episode during conversion
testing. Two devices were intraoperatively explanted.
Table 3 provides an overview of the atrial tachyarrhythmia induction success rate for the different

Conclusion
New atrial therapies offer the physician an additional
option for treating patients with coexisting arrhythmias. For these atrial therapies to be most effective,
atrial induction testing should be conducted during the
initial implantation procedure. This study demonstrated that atrial induction techniques have varied success
rates. The data suggest that PES is associated with limited success for induction of atrial tachyarrhythmias
during device implantation, particularly in patients at
risk for but without documented history of atrial tachyarrhythmias. The rates of successful atrial tachyarrhythmia induction are similar for HF burst or
timed atrial induction shocks. Repeated atrial induction shocks may have side effects such as emboli, LV
depression, cerebral anoxia, hypotension, and elevation of cardiac enzymes [11-15]. In contrast, HF burst
induction offers a less painful alternative with a lower
risk of complications. Therefore, HF burst should be
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the first choice when attempting atrial tachyarrhythmia
induction during implant testing. Additionally, these
data clearly show that multiple methods of atrial tachyarrhythmia induction must be available in ICDs to
assure successful atrial induction at the time of device
implantation.
References
[1]

[2]

[3]

[4]

[5]

[6]

Ricci R, Pignalberi C, Disertori M, et al. Efficacy of a dial
chamber defibrillator with atrial antitachycardia functions in
treating spontaneous atrial tachyarrhythmias in patients with
life-threatening ventricular tachyarrhythmias. Eur Heart J.
2002; 23: 1471-1479.
Grogan M, Smith H, Gersh B, et al. Left ventricular dysfunction due to atrial fibrillation in patients initially believed to
have idiopathic dilated vardiomyopathy. Am J Cardiol. 1992;
69: 1570.
Benjamin EJ, Wolf PA, D'Agnotino RB, et al. Impact of atrial fibrillation on the risk of death: the Farmingham study.
Circulation. 1998; 98: 946-952.
Stein KM, Euler DE, Mehra R, et al. Do atrial tachyarrhythmias beget ventricular tachyarrhythmias in defibrillator
recepients? J Am Coll Cardiol. 2002; 40: 335-340.
Chung M, Schweikert R, Wilkoff B, et al. Is hospital admission for initiation of antiarrhythmic therapy with sotalol for
atrial arrhythmias required? Yield of in-hospital monitoring
and prediction of risk for significant arrhythmia complications. J Am Coll Cardiol. 32; 169-76.
Wyse DG, Waldo AL, DiMarco JP, et al. A comparison of
rate control and rhythm control in patients with atrial fibrillation. N Engl J Med. 2002; 347: 1825-1833.

[7]

Goette A, Honeycutt C, Langberg JJ. Electrical remodeling in
atrial fibrillation. Time course and mechanisms. Circulation.
1996; 94: 2968-2974.
[8] Franz MR, Karasik PL, Li C, et al. Electrical remodeling of
the human atrium: similar effects in patients with chronic atrial fibrillation and atrial flutter. J Am Coll Cardiol. 1997; 30:
1785-1792.
[9] Machado C, Gering L, Bailey W. Incidence of delayed conversion in response to atrial therapy in a multicenter atrial
conversion therapy ICD trial. Prog Biomed Res. 2003; 8: 1518.
[10] Bubien RS, Knotts-Dolson SM, Plumb VJ, et al. Effect of
radiofrequency catheter ablation on health-related quality of
life and activities of daily living in patients with recurrent
arrhythmias. Circulation. 1996; 94: 1585-1591.
[11] Osswald S, Roelke M, O'Nunain SS, et al. Electrocardiographic pseudo-infarct patterns after implantation of cardioverter-defibrillators. Am Heart J. 1995; 129: 265-272.
[12] Gazmuri RJ. Effects of repetitive electrical shocks on postresuscitation myocardial function. Crit Care Med. 2000; 28 (11
Suppl): N228-232.
[13] de Vries JW, Bakker PF, Visser GH, et al. Changes in cerebral oxygen uptake and cerebral electrical activity during
defibrillation threshold testing. Anesth Analg. 1998; 87: 1620.
[14] Wong GC, Boone JA, Thompson CR. Arterial embolism
complicating implantable cardioverter defibrillator shocks
with normal ventricular function. Can J Cardiol. 1998; 14:
1151-1153.
[15] Gilbert TB, Gold MR, Shorofsky SR, et al. Cardiovascular
responses to repetitive defibrillation during implantable cardioverter defibrillator testing. J Cardiothorac Vasc Anesth.
2002; 16: 180-185.

Contact
Dr. Christian E. Machado
Heart Cardiology
22250 Providence Drive, Suite 555
Southfield, Michigan 48075
USA
Phone: +1 248 552 9858
Fax: +1 248 552 9510
E-mail: cmachado@comcast.net

Progress in Biomedical Research

