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Antitachycardia Pacing

Rex S. Piper

Antitachycardia pacemaker XE  "Antitachycardia pacemaker" s (ATPs) are specialized pacemakers designed specifically for the electrotherapeutic treatment of tachycardia. Tachycardia occurs when a process other than the sinus node usurps control of the heartbeat for one or more cycles. The result is normally a faster, irregular heart rhythm. All previously described pacemakers have dealt with the treatment of bradycardia, a slow heart rate caused by a process which acts to block normal sinus node control of the heart. 


This chapter deals with the use, design, and results concerning antitachycardia pacemakers. It starts with a brief historical introduction, followed by an overview of alternative tachycardia treatments. Then, it presents the theoretical aspects of antitachycardia pacing. The heart of the chapter includes a comprehensive review of current and proposed pacemaker detection, termination, and prevention algorithms. The chapter concludes with a survey of reported results and an overview of commercially available devices before discussing third generation antitachycardia pacemaker technology.

18.1  The first antitachycardia pacemaker

In May 1968, the first permanent antitachycardia pacemaker was implanted at Rochester General Hospital, Rochester, New York (Barold, 1989). The recipient was a 52 year old female who had suffered frequent attacks of tachycardia for years. As the patient was not responding to pharmacological therapy, during one tachycardia episode it was decided to insert a temporary pacing lead into the right ventricle with hopes of terminating tachycardia via mechanical induction of an extra beat. Remarkably, a single mechanically induced beat immediately restored sinus rhythm. A pacemaker was actually never connected to the pacing lead. Since the tachycardia was so easily terminated by ventricular “pacing,” a permanent VVI pacemaker was implanted. A simple patient activation system using a magnet enabled temporary slow ventricular pacing until termination (see Figure 18.1). Her first attack outside the hospital occurred at the hairdresser. She was sitting with a dryer over her head when she became light headed and thought she was going to faint, but she was able to reach the magnet and activate the pacer, thereby terminating the tachycardia in a few seconds. Over the next several years (during which the pacemaker was replaced a number of times), the patient terminated an average of 2–3 attacks of tachycardia per day.
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Figure 18.1  Typical electrocardiogram showing termination of a tachycardia episode by pulse train, initiated by the patient using a magnet. The magnet is withdrawn immediately after normal rhythm returns. Each arrowhead represents one pacemaker pulse.

18.2  Antitachycardia treatment alternatives

Even though the first use of pacemakers for termination of recurrent tachycardia was more than 20 years ago, and even though there have been tremendous advances in the field of pacemaking, antitachycardia pacing has not gained widespread use. This is due to the inherent risk of fatality associated with tachycardia. As is pointed out in section 4.3.2, the very techniques commonly used to terminate tachycardias are employed in the clinical laboratory to induce arrhythmias. Because of the inherent risk of inducing or accelerating a tachycardia with an antitachycardia pacemaker, all other treatment methods are considered first, and only certain stable tachycardias are considered for pacemaker treatment. A clinically stable tachycardia is characterized by a monomorphic wave form, an intermediate to high rate, and an ability to maintain consciousness in the patient.


Alternative treatments for tachycardia other than pacing include drugs, ablation, surgery and implantable cardioverter/defibrillators (ICDs). Pharmacological treatments attempt to effect the underlying abnormal conduction mechanisms directly. Cardioversion and defibrillation are discussed in Chapter 19. Surgery and ablation techniques physically destroy the known reentrant substrate or ectopic center. For example, laser or radio frequency ablation would be appropriate methods for treating a reentrant tachycardia emanating from a His bundle branch circuit as shown in Figure 18.2. At a strategic location, the cardiac tissue is rendered nonconductive by ablation; the circuit is broken and tachycardia can no longer occur.


The decision making process for antitachycardia treatment has been analyzed by Fisher et al. (1987) to include the factors shown in Figure 18.3. In general, ablation and surgery render the highest ratings. This is due primarily to their excellent long term efficacy and cure rate. Pacing is viewed as a rescue system not a cure, as is reflected by the data. Development of intolerance or noncompliance make the long term risk of drugs higher than pacing. Even the success of pharmacological therapy is rated slightly higher than pacing, making antitachycardia pacing a last resort. However, notice that when antitachycardia pacing is augmented with implantable cardioversion/defibrillation capability, its success score is the highest of all the therapies. As is discussed in the patient selection section later on, treatment of tachycardia with antitachycardia pacemakers is ideal for well selected patients.
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Figure 18.2 Shows a reentrant circuit XE  "reentrant circuit"  of His bundle branches. The right bundle branch with its slow conduction (shaded) is the critical part of the self propagating circuit. A cut using surgery or ablation in the slow conduction path can terminate the tachycardia. His = His bundle; RBB = right bundle branch; LBB = left bundle branch.

	Factor /

maximal score
	Drugs
	Surgery
	Ablation
	ATP
	Pacer with

ICD capability

	Long-term efficacy / 20
	15
	20
	20
	15
	15

	Comfort/5
	3
	4
	5
	2
	1

	Side effects/5
	1
	4
	5
	3
	3

	Convenience/5
	1
	4
	5
	3
	2

	Cost/10
	6
	6
	10
	5
	2

	Prescribing Ease/5
	5
	1
	1
	1
	1

	Cure/15
	0
	15
	15
	0
	0

	Rescue/15
	0
	0
	0
	11
	15

	Risk/15
	13
	4
	12
	7.5
	12

	Compliance/10
	3
	10
	10
	8
	8

	Success/10
	7
	8
	6
	4.5
	10


Figure 18.3  Graded advantages of various antitachycardia therapy options. The relative importance of each factor is reflected by its maximal score. Compliance pertains to the patient’s willingness to follow the prescribed therapy. ATP = antitachycardia pacemaker; ICD = implantable cardioverter/defibrillator. From Fisher, J. D., Kim, S. G., and Mercando, A. D. 1987. Arguments for antitachycardia therapies using a graded point score model. In G. Breithardt, M. Borggrefe and D. Zipes (eds) Nonpharmocological therapy of tachyarrhythmias. Futura Publishing.

18.3  Antitachycardia theory

This discussion of tachycardia theory pertains to the underlying mechanisms of those arrhythmias deemed treatable by antitachycardia pacemakers and the interaction between their electrically paced events and the representative tachycardia cause. A good understanding of the fundamental causes of abnormal conduction is assumed (see Chapter 3). To further comprehend the electrophysiologic mechanisms for antitachycardia pacemaker therapy, researchers use advanced models to analyze the interaction between a paced electrical wave front and the tachycardia generating circuit. Here we present these higher level models to enable study of pacemaker effectiveness and interactions.

18.3.1 Underlying mechanisms

Almost all clinically important tachycardias are due to the phenomenon of reentry (Fisher, 1990). The electrical characteristics of reentrant circuits have been studied in animals and even some human patients for years. During this time, three models of reentrant tachycardias have been developed: the ring model, the figure-of-eight model and the leading-circle model. The mechanisms of other causes of tachycardias including reflection, reexcitation, and autoactivation are presented in Chapter 3. These causes are normally treated with drug therapy, but in some cases antitachycardia pacemaker prevention or inhibition can be utilized as is discussed in subsequent sections.

Ring model of reentry XE  "Ring model of reentry" 
The most well known model of a reentrant circuit consists of a conducting ring around an inexcitable center. Typically there is a fixed anatomic obstacle around which the encircling wave front propagates (see Figure 3.11). The model includes these required elements: a nonconducting center, a locus of unidirectional block, and a segment of slow conduction. The first element alone cannot cause a reentrant circuit. This may explain why ablation and surgery do not induce reentrant tachycardia. The second element is needed to initiate the reentrant wave front and the third element ensures that the encircling wave does not collide with its own refractory tail and thus extinguish itself.

Figure-of-eight model of reentry XE  "Figure-of-eight model of reentry" 
Studies of reentry in the thin layer of ischemically injured myocardium overlying infarcted tissue in canines have discovered the features of the figure-of-eight model. Ischemically injured myocardium is the most common source of ventricular arrhythmias in the clinical setting (Rosen, 1990). As shown in Figure 3.10, the model consists of two circulating wave fronts advancing around two zones of functional conduction block. Ischemia provides for both the functional arcs of block and the slowed conduction in the circuit. It should be noted that this phenomenon is dynamically unstable, the arcs can shift, disappear and reappear. During monomorphic tachycardia, the two arcs are relatively stable, but during polymorphic tachycardia, both the arcs and the encircling wave fronts change their geometry.

Leading Circle model of reentry XE  "Leading Circle model of reentry" 
In this model, the center of the circuit is functionally inexcitable. It is rendered refractory by wavelets initiated by the encircling wave front (see Figure 3.12). For the purpose of antitachycardia pacemaker analysis, this model represents a special case of the more general figure-of-eight model.

18.3.2 Resetting, entrainment and acceleration

Using the models of reentrant tachycardia, modes of antitachycardia pacemaker termination can be analyzed. All methods of tachycardia capture or termination seek to reset or entrain the reentrant wave front to destroy the circuit. Because of their dynamic nature, some figure-of-eight circuits can present dire consequences when attempts to capture them result in acceleration of the tachycardia.

Resetting a tachycardia cycle XE  "Resetting a tachycardia cycle" 
Resetting a ring model reentrant circuit consists of using a properly timed stimulus generated wave front to terminate the encircling wave. As can be seen by Figure 18.4, there is an excitable gap between the front of the circling wave and its tail; the tissue in this gap is not refractory. The objective of tachycardia resetting is to insert a properly timed second wave front into this gap. The new entering excitation front fails to conduct when it reaches the tail of the encircling wave, and in the other direction, it collides with the head of the encircling wave. Thus the encircling wave is captured by refractory tissue and dissipates; at this point the circuit is terminated.
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Figure 18.4 Resetting a ring model of reentry. In (a), the refractory tissue (shaded) is narrow allowing a larger entry window for a secondary wave front to enter the circuit and reset it. In (b), the entry window is very narrow and difficult to reset. In (c), an extrastimulus wave front has entered the reentrant circuit properly and will reset the circuit.

Tachycardia circuit entrainment XE  "Tachycardia circuit entrainment" 
Entrainment is a procedure which uses a multiple pulse train to terminate those tachycardias which are represented by figure-of-eight and leading circle models. It is a method of identifying the slowest possible rapid burst pacing rate that will both terminate a reentrant circuit and minimize the risk of acceleration. By definition, entrainment results in a monomorphic stable wave form from the interaction of two wave fronts. To start, bursts of pulses are sent into the reentrant circuit at a rate just above the normal tachycardia rate (see Figure 18.5 (c)). Then, the burst pacing rate is slowly increased until, at some critical rate the morphology of the electrically summed wave fronts breaks to a smooth regular form. At this rate, if a particular number of burst pulses entrains the circuit, the same number of pulses at a critically shorter cycle length would terminate the tachycardia (El-Sherif, 1990; Fisher, 1990). Figure 18.5(b) demonstrates this phenomenon. It should be noted that some authors define entrainment to include the actual determination of the critical frequency, however, this is one step beyond actual entrainment.

Tachycardia acceleration XE  "Tachycardia acceleration" 
Just as the dynamic nature of some reentrant tachycardia circuits is utilized to terminate their encircling waves, this same principle can result in the formation of new potentially fatal circuits. At the completion of a burst train, a new circuit can terminate, dissipate to its original morphology, or degenerate into an even faster form, one resulting in fibrillation. As shown in Figure 18.5(c), prematurely ending the pulse train or inappropriate pulse cycle lengths can induce tachycardia acceleration if a new circuit with a shorter revolution time is formed. This is why antitachycardia pacemakers are tested numerous times (often in the hundreds) in the clinical setting before being released in automatic mode. It is the same reason third generation devices include defibrillation capabilities.
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Figure 18.5  Entrainment, termination, and acceleration of tachycardia using the figure-of-eight model. Functionally nonconducting arcs (thick lines) are shown to change shape as the burst pulses (1 through 4) merge with the encircling wave. The time sequence of events is left to right and then top to bottom. In (a), entrainment is achieved when the shapes of the nonconducting arcs stabilize. At this burst pulse frequency, the resultant wave form becomes regular and monomorphic. The same number of pulses at a critically higher frequency will terminate the reentrant circuit as shown in (b). In (c), incorrect pulse timing has modified the arcs and shortened the encircling wave’s cycle time, resulting in acceleration of the tachycardia. From El-Sherif, N. 1990. Electrophysiologic mechanisms in electrical therapy of ventricular tachycardia. In S. Saksena and N. Goldschlager (eds) Electrical therapy of cardiac arrhythmias. Saunders.

18.3.3 Factors influencing termination success

Factors affecting termination of tachycardia XE  "termination of tachycardia"  by antitachycardia pacemakers include (Saksena, 1990): refractory period and conduction velocity of the stimulation site, reentrant circuit, and intervening myocardium; number of entry routes into the reentrant circuit; the relative locations of the stimulation site and the circuit; the rate of the tachycardia; stimulus pulse timing and number; pharmacological factors; and the disease process or substrate. If any or all of these relationships prevent termination by single extrastimulus pulses, multiple burst pulse trains may be effective.


The two antitachycardia pacemaker parameters that correlate very highly to successful termination are number of stimulation pulses and stimulation pulse timing. Determining the optimal number of pulse stimuli is the first step towards termination success. In unresponsive tachycardias, two or more stimuli are often more effective than a single stimulus. The first pulse compresses the length of the refractory tissue in the reentrant circuit when it collides with and slows the encircling wave momentarily. The resultant wider excitable gap allows the second pulsed wave to reach the reentrant circuit early enough to fully interrupt the circulating wave. Determining optimal pacing pulse timing is very critical to tachycardia termination. Protocols for timing single, double, and burst pulse stimuli are discussed later.


The most important clinical parameter for determining tachycardia termination success is the site of stimulation. Studies have shown (El-Sherif, 1990) that reentrant circuits can be terminated by fewer pulses when the stimulation site is located in the normal myocardial tissue proximal to the slow conduction zone (were the arcs tend to come together). The optimal site for success is in the ischemic zone itself, close to the proximal side of the slow zone. A balloon shaped sensor with 64 separate electrodes has been used during open heart surgery to map and localize ventricular reentrant circuits within four minutes (de Bakker et al., 1987). However, noninvasive techniques for determining the precise location of a reentrant circuit, particularly its slow zone of reentry and the direction of the wave front in this zone, are topics of future research. Practical clinical restrictions on mapping reentrant circuits and electrode placement currently limit implementation of precise site of stimulation manipulation.

18.4  Tachyarrhythmia detection XE  "Tachyarrhythmia detection" 
Programmable tachycardia detection schemes for antitachycardia pacemakers fall into two general categories: patient oriented detection, and automatic pacemaker detection. Automatic detection can be very complex, involving a variety of algorithms and parameters, while manual patient detection is simple and straight forward.

18.4.1 Manual activation

Manually activated antitachycardia pacemakers have been used since the first antitachycardia pacemaker was installed in 1968. They are ideally suited for patients who remain conscious during their periods of tachycardia. The patient, by sensing characteristic symptoms or a rapid pulse rate, can be as accurate as the physician’s reading of an electrocardiogram. This tends to limit false triggering, although some patients can become overconfident in their abilities and may initiate pacemaker therapy inappropriately. Older externally activated antitachycardia pacemakers employ a simple magnet while some newer models are activated by radiofrequency transmitters. Because manual intervention is required, their overall usefulness and convenience is limited. Since patient cooperation is mandatory, disabling symptoms can be fatal. The advantages of manual detection include simplicity and the ability to restrict patient activation to a hospital setting where a physician and defibrillation can be present.

18.4.2 Automatic detection

Automatic tachycardia detection by the pacemaker itself presents a considerable convenience and responds more quickly without intervention by the patient or physician. One or more sensed parameters may be used to determine if tachycardia exists. These include heart rate related criteria and in some newer models electrogram characteristics. Proposed future parameters include the use of biosensors to detect concurrent activity levels and hemodynamic stability in the patient.

Baseline heart rate

The most useful parameter for detection of tachycardia is baseline heart rate. When the sensed rate exceeds a preprogrammed threshold, tachycardia is considered valid and the termination protocol is commenced. The rate threshold is programmed individually to accommodate different tachycardias and peak normal beats per minute. For an average patient with a normal sinus rhythm of 70 bpm, a rate of 190 bpm is considered tachycardia and a rate above 210 bpm, fibrillation. The major disadvantage of rate only detection is its lack of specificity; it can be difficult to distinguish between an exercise induced rapid rate and a tachycardia rate. Additionally, it cannot be used to detect tachycardias which fall below the threshold cutoff.

Rate-related parameters

More sophisticated detection algorithms now use additional rate-related parameters to further classify the baseline heart rate. The rate of onset, the stability of the heart rate and the duration of the rapid rate are commonly used to enhance baseline heart rate data. Rapid onset of a high rate is associated with tachycardia, whereas gradual onset usually characterizes exercise. A study examining rate of onset in patient subjected to 30 s of maximal bicycling (Mercando et al., 1988) demonstrated excellent tachycardia detection results using this scheme. A number of commercial devices already incorporate rate of onset parameters. Measurement of a regular R–R interval is also used to distinguish exercise related high rates, with its respiratory related variation, from more stable tachycardia intervals. However, such stability parameters must be chosen very carefully, since some tachycardias will include a limited amount of R–R interval variation. Finally, the duration of the tachycardia in terms of the number of consecutive cycles measured can be used to prevent responses to temporal arrhythmias and to allow spontaneous termination of transient tachycardias.

Oversensing XE  "Oversensing"  and biosensors

There exists a need for more reliable and exacting detection of tachycardia. Because oversensing is a critical problem (see Figure 18.6), rate related detection parameters are currently set to conservative levels, leaving some tachycardias undetectable. With the advent of rate-adaptive bradycardia pacemakers in recent years (see Chapters 13 through 17), useful biosensor technology is becoming available that might be used to augment and fine tune tachycardia detection. Using these sensors, patient activity level could theoretically be used to enhance detection of tachycardias outside the realm of exercise. Measurements of blood pressure and stroke volume could be used to differentiate hemodynamically stable tachycardias from unstable ones and further delay or abort the termination algorithm. Hiles et al. (1993) demonstrated in laboratory tests with dogs that aortic blood temperature was responsive to induced tachycardia; the blood temperature showed a transient decrease during induced arrhythmia. Saksena (1990) recommends using cardiac impedance to detect stroke volume, which has been shown to drop significantly during tachycardia.
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Figure 18.6  Antitachycardia pacemaker induced tachycardia occurred when oversensing resulted in a pulse train (see arrowheads) during a normal heart rhythm. This propagated an actual tachycardia episode, as seen following the pulse train.


To be useful in tachycardia detection, the sensed parameter, must be relatively stable at baseline, respond rapidly and significantly during unstable tachycardias, and return to baseline promptly after termination. Some of the biosensors that have been investigated for tachycardia discrimination include pressure, oxygen saturation, impedance, pH, temperature, activity/motion, respiration, cardiac output and various combinations. Details regarding biosensors are covered in Chapter 13.
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Figure 18.7 A biosensor augmented antitachycardia pacemaker algorithm could utilize activity level and hemodynamic stability to optimize tachycardia detection. For example, if a high rate indicates a tachycardia, activity level and hemodynamic stability can be checked. If the activity level is high and blood pressure is stable (indicating exercise), unnecessary pacing can be avoided. TC = tachycardia; BC = bradycardia; CV/DF = cardioversion/defibrillation.


Additional physiological and activity related biosensor information may enhance the specificity of tachycardia detection. This would help prevent oversensing and allow rate based detection rules to be broadened. As shown in Figure 18.7, stable tachycardias could be discriminated and treated accordingly, while unstable tachycardias could be aggressively treated by pacing or cardioversion/defibrillation. Hemodynamic data could be used to select optimal termination algorithms. At this stage, research regarding biosensor integration into antitachycardia pacemakers is promising; however, the clinical use of these systems remains to be validated. Practical disadvantages of biosensors include slow response time, higher costs, increased complexity, and chronic performance.

Electrogram XE  "Electrogram" 
Some experimental third generation antitachycardia pacemakers with cardioversion/defibrillation capabilities perform advanced analysis of the tachycardia wave form to differentiate between simple tachycardia and fibrillation. Fast Fourier analysis, template matching, gradient pattern detection and probability density function are some of these sophisticated calculations. As these algorithms become more available and more efficient, they could be used to distinguish tachycardia itself from normal rapid heart rate.

18.5  Termination algorithms XE  "Termination algorithms" 
The theory and mechanisms of reentrant tachycardia demonstrate that resetting, entrainment and termination of tachycardia is highly correlated to the stimulus pulse delivery algorithm, specifically, variations in pulse number and timing. Today’s multiprogrammable, second generation antitachycardia pacemaker devices offer a number of pulse delivery protocols. All of these protocols can be categorized into two groups; those based on the delivery of one or two extrastimuli and those based on the delivery of a pulse train.

18.5.1 Single/double extrastimulus

Programmed extrastimulus pulse delivery XE  "Programmed extrastimulus pulse delivery"  or PES is used by devices that deliver a few critically timed stimuli. If the number of pulses can be limited to one or two there is a potential reduction in the risk of tachycardia acceleration (Echt et al., 1990). Earlier models delivered one or two pulses at a preprogrammed delay time following a tachycardia beat. Newer models can adaptively change both the number of pulses and the delivery timing of the pulse/s (see Figure 18.8). Some devices can remember the timing of successful pulses and adaptively tune themselves. Others respond to changing tachycardia rate adaptively by adjusting their timing parameters proportionally.
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Figure 18.8 Tachycardia termination algorithms are demonstrated against a background tachycardia wave form. Paced pulses are represented by arrowheads. PES pacing includes pulse number and timing variability. Burst, ramp, and underdrive protocols include pulse timing, number, and frequency variation. Since a tachycardia’s response to a pulse train is very unpredictable, for clarity, the wave form is not shown after pulse trains start.

18.5.2 Pulse train stimulus XE  "Pulse train stimulus" 
Since rapid tachycardias rarely respond to the single capture techniques used by PES stimulation, pulse train delivery is used. Within the two classes of pulse train algorithms, burst and underdrive pacing, there are a large number of protocols. As can be seen in Figure 18.8, a number of delivery parameters are adjusted by these different algorithms, including burst delivery initiation and termination timing, pulse to pulse interval, and the number of pulses.


Burst pacing utilizes a short train of pulses, usually between 5 to 15, delivered at a rate faster than the tachycardia to effect termination. Since the risk of acceleration is greater for multiple pulses, even for slow well tolerated tachycardias (Fisher, 1990), a key operational objective is to keep the number and rate of pulses as low as possible. Earlier burst delivery algorithms used a short burst of traditionally fixed cycle length pulses. More sophisticated algorithms can adaptively adjust the cycle timing as a percentage of the tachycardia cycle timing, and/or shift the burst train forward or backward. Another type of burst pacing uses ramping to modify the pulse train. Ramping the pulse frequency down is designed to help minimize the risk of acceleration. Some devices will ramp the frequency up and then down, which has less side effects than a very fast burst but still reaches a peak target frequency.


Underdrive is a technique used to treat some patients with slow, well tolerated, hemodynamically stable tachycardias (Echt et al., 1990). Unlike burst pacing which delivers short trains of pulses, underdriving can continue for a long period of time. It delivers a slow constant train of pulses, which randomly interact with the tachycardia until an appropriately timed pulse terminates it. Care must be taken to ensure that the frequency of the pulse train is not a harmonic of the tachycardia wave form or the tachycardia may be reinforced or accelerated. Burst pacing and PES are substantially more effective for the treatment of frequent, reentrant tachycardias.

18.6  Prevention pacing

Some antitachycardia pacemaker algorithms are designed to detect the onset of tachycardia and immediately prevent further propagation. Prevention pacing deals primarily with triggered tachycardia and pacemaker mediated tachycardia.

18.6.1 Triggered tachycardia XE  "Triggered tachycardia" 
Initiation of tachycardia requires a trigger event (see section 3.4.3) and an associated substrate to propagate reentry. To prevent tachycardias, one or both of these influences must be altered. Antitachycardia pacemakers can be used as a preventative measure to suppress or inhibit either the trigger mechanism or the tachycardia causing substrate.

Overdrive suppression XE  "Overdrive suppression" 
The occurrence of triggers, for example early or late afterpotentials, have a strong relationship to heart rate. There appears to be an optimal intermediate rate in the range of 10 to 15 beats per minute above the normal heart rate where trigger frequency is suppressed. Many studies confirm that overdriving the heart rate can significantly reduce the number of tachycardias (Mehra, 1990). In preventing torsades de pointes tachycardias caused by early afterdepolarization triggers, temporary overdrive pacing was the only consistently effective therapy. However, chronic pacing at rates in excess of 90 to 100 beats per minute is usually not well tolerated. In some patients, pacing at even moderately elevated rates worsens the tachycardia by producing hemodynamic deficits and inducing ischemia. Nevertheless, in the treatment of patients with frequent triggers leading to sustained tachycardia, overdrive suppression can be invaluable.


Some antitachycardia pacemakers use the concept of dynamic overdrive to increase the pacing rate whenever triggers are observed. If an irregular trigger pulse is detected, the overdrive pacing frequency is increased by a preprogrammed value. The pulse cycle time is then gradually reduced until the baseline heart rate is reached. This algorithm has demonstrated a reduction in trigger events of 80% (Mehra, 1990). However, concerns about frequent high rate pacing still exist.

Inhibition XE  "Inhibition" 
Inhibition is used to prevent tachycardias by prolonging the refractory period of the causative substrate. Preexcitation is administered to the site by a pulse during the refractory period, thereby extending the refractory period of the tissue. If applied to strategic points, the resultant prolonged refractoriness can choke the substrate and prevent tachycardia from occurring. However, due to electrode implantation restrictions, inhibition remains primarily a laboratory phenomenon.

Vagus nerve stimulation XE  "Vagus nerve stimulation" 
Strong evidence that the sympathetic nervous system can play a significant role in the initiation of tachycardia suggests using the vagus nerve, of the parasympathetic nervous system, to induce the relaxation response XE  "relaxation response"  and decrease susceptibility to tachycardia (Schaldach, 1992). The role of vagal activity in antitachycardia effects is controversial, the associated heart rate reduction might play a more significant role (Mehra, 1990). If vagal stimulation does have antitachycardia effects, electrical stimulation of the vagus nerve could be used to prevent tachycardias. Schaldach proposes an autonomic nervous system controlled antitachycardia pacemaker. His system would monitor sympathetic tone using a contractility sensor and heart rate. When high sympathetic tone and heart rate are detected, indicating susceptibility to tachycardia, the afferent fibers of the vagus nerve are stimulated to effectively relax the heart.

18.6.2 Pacemaker-mediated tachycardia XE  "Pacemaker-mediated tachycardia" 
With the advent of dual chamber pacing, pacemaker-mediated tachycardia has become an increasingly important issue. For patients with a variety of conditions like sick sinus node or AV block who require DDD mode, any sensed atrial activity is relayed to the ventricles. Unfortunately, if atrial tachyarrhythmias occur they are perpetuated in the ventricle by the pacemaker; this has been named pacemaker mediated tachycardia. It includes two phenomena. Irregular atrial events can be from direct atrial tachycardia or from retrograde (back propagating) ventricle signals. Otherwise known as endless loop tachycardia XE  "endless loop tachycardia"  (ELT), this later phenomenon is supported by a reentrant circuit whose anterograde conduction is provided by the pacemaker (see Figure 18.9). Three conditions are necessary for endless loop tachycardia to occur: ventricular atrial conduction must be present, a trigger event is normally required, and retrograde ventricular signals must be sensed by the atrial sensor. In patients using DDD mode, 41% have shown retrograde conduction from the ventricle (Nitzsche et al., 1992). The incidence of ventricular atrial conduction varies from 66% to 100% (note that VA conduction can appear and disappear) when AV conduction is normal to 0% to 25% with third degree AV block (Bertholet et al., 1985). The order of events starts when the pacemaker senses a premature atrial event. This trigger can come from numerous sources: a premature atrial contraction (PAC), a retrograde premature ventricular contraction (PVC), electromagnetic interference with the pacemaker, and myopotentials from skeletal muscle. In response, the pacemaker then paces the ventricle at a time when the retrograde conduction pathway is not refractory, allowing the ventricular pulse to back propagate. When this is sensed as an atrial event, a racing endless loop tachycardia cycle begins.
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Figure 18.9  Pacemaker-mediated tachycardia occurs in DDD mode when irregular atrial events are relayed to the ventricle through the pacemaker’s anterograde pathway. For endless loop tachycardia, retrograde P waves are sensed as atrial events completing a reentrant circuit.

Traditional prevention methods

A number of traditional methods have been used to prevent pacemaker mediated tachycardia. The primary method is to lengthen the post ventricular atrial refractory period, PVARP (see section 9.2.1), thus delaying atrial sensing so that trigger events are not sensed as atrial activity. This is precisely why endless loop tachycardia was not an issue with older pacemakers. They had long atrial refractory periods used to limit the maximum beat rate for hemodynamic reasons. However, this limits the ability of pacemakers to track during high demand activity because the upper rate interval (URI) is usually set equal to the sum of the PVARP and the atrial ventricular interval (AVI). When the heart rate exceeds the URI, either the fixed ratio block method or the Wenckebach algorithm are triggered to prevent high rate tracking (see section 9.2.4).

VACT prevention

As modern pacemakers have sought to track higher rates by lowering the PVARP, ELT has become much more prevalent. Some have added an anti-ELT algorithm which utilizes the ventricular atrial conduction time (VACT) to differentiate true atrial events from retrograde P waves (Fisher et al., 1986; Limousin et al., 1990). This procedure starts with monitoring the VACT for normal timing. If the VACT drops below 450 ms, ELT is suspected and tested for by shortening the AVI a preprogrammed value (see Figure 18.10). If the VACT remains constant within a range limit, back propagating P waves are confirmed. A normal atrial pulse signal would be unaffected by an early ventricular pace. To terminate the ELT, the PVARP is then lengthened to 450 ms for one cycle, rendering the next P wave unsensable. Additional proposed sophistication includes adjusting the length of the PVARP to a value longer than the longest VACT as measured during the last ELT. This would prevent future P wave sensing but also tends to limit high rate tracking.
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Figure 18.10  Using the ventricular atrial conduction time (VACT) to prevent ELT. Timing bar (a) shows a baseline beat to beat sequence. In (b), ELT is suspected and tested for by decreasing the AVI by a small amount, Del. This results in early ventricle activation, shown as the dashed triangle. If the following VACT time has increased by Del, ELT does not exist. If the VACT remains constant (the atrial pulse moved forward to the dashed position) as shown in (c), ELT is confirmed; the atrial pulse is tracking the ventricle beat via retrograde ventricle signals.

WARAD prevention XE  "WARAD prevention" 
Since endless loop tachycardia trigger events are well known, it would be advantageous to prevent the initiation of this tachycardia. To do this, Nitzsche et al. (1992) introduced a new parameter called the window of atrial rhythm acceleration detection (WARAD), which is equal to 75% of the preceding P–P interval. As shown in Figure 18.11, if an atrial event is sensed during the WARAD, it is considered to be a trigger (a premature ventricular or atrial contraction). Instead of resetting the AVI delay on this event, only the AEI (Atrial escape interval, also known as ventriculoatrial interval, VAI) is reset and atrial activity is monitored. If no atrial event occurs within the AEI, the trigger is considered to be isolated and after the atrium is paced, the AVI is temporarily set to 31 ms to maximize the next atrial sensing. Endless loop tachycardias are prevented if the trigger event falls within the WARAD. If a new atrial event is detected during the AEI, the pacemaker suspects atrial tachycardia and temporarily limits the pacing rate to 120 bpm. As a final fallback, the pacemaker defaults to VDI mode.

Enhanced sensing XE  "Enhanced sensing"  and prevention

As is discussed in section 18.4.2, biosensor data can be utilized to augment tachycardia algorithms. An implanted activity sensor could be used to judge the appropriateness of the P wave rate. If the rate is considered beyond the patients activity level a pacemaker mediated tachycardia is detected. In this case, tachycardia termination or fallback procedures could then be pursued. Lau et al. (1992) successfully used respiration rate and body acceleration sensing to distinguish correctly pacemaker mediated tachycardia from normal high activity heart rate. Another method suggests using activity related biosensors to set the PVARP to two different levels (Lau, 1991). The resting PVARP can be kept long to exclude retrograde P waves from atrial sensing and during exercise the PVARP can be shortened to allow high rate tracking in DDDR mode. The main disadvantage of using activity sensors for ELT prevention is if the sensor does not have a fast response time, high heart rates from quick physical exertions might be mistaken for tachycardia. However, the future prospects of using biosensors for pacemaker-mediated tachycardia discrimination remain promising.
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Figure 18.11 Using the window of atrial rhythm acceleration detection (WARAD) to prevent ELT. As shown in timing bar (a), the WARAD starts at an atrial event and is equal to 75% of the previous P–P interval. If a premature atrial event occurs during the WARAD the ventricle is not paced, rather the AEI is reset as shown in (b). If no atrial event occurs during the AEI, the atrium is paced with the AVI set to 31 ms. If another atrial event occurs during the AEI, an atrial tachycardia is confirmed.


A very different approach to ELT prevention using atrial sensor sensitivity adjustment has been successfully demonstrated by Rognoni et al. (1991). Atrial sensing in advanced DDD pacemakers with programmable sensing parameters were optimized. The LEM/CCS Twinal 20/30 pacemaker allows a wide range of atrial sensing options, and its telemetry options include transmissions of sensed electrograms used for optimization. After recording and analyzing the sensed characteristics of both atrial and retrograde P wave signals, optimal threshold levels were used to filter P waves from true atrial beats. Reprogramming the atrial sensing parameters resulted in immediate ELT interruption in 14 out of 15 patients. The obvious risk in atrial sensing optimization is undersensing due to small safety margins.

18.7  Reported results

Documented results regarding antitachycardia pacemakers with and without cardioversion are generally very good. This can be attributed, in large part, to the strong patient screening, careful testing and conservative operational modalities employed in prescription. The limited use of antitachycardia pacemakers will remain so as long as they continue to pose a risk of acceleration and as long as they remain unable to distinguish reliably slower tachycardias from high rate physiologic rhythms. Fortunately, the use of augmented biosensory input data and combined cardioversion/defibrillation promise wider future acceptance and application.

18.7.1 Patient selection

It is important to note that all the patients selected for antitachycardia pacing therapy have been very carefully screened. This tends to bias the results. The typical patient is resistant to drug treatment and must have a characteristically stable medium to high rate, monomorphic tachycardia, which is reproducible. The hemodynamic stability of the patient must be strong enough during the tachycardia to maintain patient consciousness. In all cases the termination algorithm of antitachycardia pacemakers used in automatic mode are thoroughly tested and confirmed by inducing and terminating at least 100 consecutive tachycardia episodes.

18.7.2 Surveys

In order to present both sides of the results, the negative results of antitachycardia pacemakers are presented first. As has been stated previously, pacemaker treatment of tachycardia can have detrimental and potentially hazardous side effects. Figure 18.12, some cases have induced acceleration or proarrhythmic effects. Because of available data, this is a very limited survey, but it does reflect why an antitachycardia pacemaker is prescribed cautiously.

	First author,

year
	No. of

patients
	Pacing

mode
	Proarrhythmic

effect

	Kahn, 1976
	12
	Manual
	Atrial fibrillation, 2 Atrial flutter, 2

	Peters, 1978
	10
	Manual
	Atrial fibrillation, 3

	Nathan, 1983
	15
	Auto
	Atrial fibrillation, 3

	Peters, 1978
	6
	Manual
	VT acceleration, 2

	Falkoff, 1986
	2
	Auto
	VT acceleration, 1


Figure 18.12  Tachycardia acceleration effects of antitachycardia pacemakers. Flutter is a fast tachycardia usually treated with cardioversion. Fibrillation is an extremely fast tachycardia treated with cardioversion and/or defibrillation. VT = ventricular tachycardia. From Rosenthal, M. E., Marchlinski, F. E., and Josephson, M. E. 1990. Complications of implantable antitachycardia devices: diagnosis and management. In S. Saksena and N. Goldschlager (eds) Electrical therapy of cardiac arrhythmias. Saunders.


Figure 18.13 summarizes the reported results of antitachycardia pacemakers in the absence of backup defibrillation. In the absence of effective backup defibrillation, most detection schemes have been patient activated. As is shown, patients have been very effectively managed with the majority reporting good to excellent results.


Figure 18.14 summarizes the reported results of antitachycardia pacemakers when combined with backup defibrillation. An important observation is the relatively small number of episodes requiring shocks for termination. Bearing in mind patient selection, this can be interpreted as evidence that when used in automatic mode antitachycardia pacing techniques have a high degree of efficacy.

18.8  Commercial devices

Current antitachycardia pacemakers offer a number of treatment options including a variety of programmable detection and termination criteria. Some have additional cardioversion/defibrillation backup capability used as the final step if pacing fails to terminate the tachycardia. A brief description of a few commercial devices follows.

	First author,

year
	No. of

patients
	Pacer

model
	Pacing

mode
	EX
	GD
	PR

	Ruskin, 1980
	3
	Medtronic 5998
	Manual
	3
	
	

	Luderitz, 1982
	3
	2 Magnet

1 Cordis

Orthocor 234 A
	Manual, underdrive

Manual, burst
	NS
	2
	1

	den Dulk, 1984
	6
	Medtronic SPO500
	Manual, variable modes
	4
	2


	

	Griffin, 1984

(multicenter)
	52
	Intermedics Cybert
	Auto, burst
	30
	
	

	Rothman, 1984 (multicenter)
	53
	Cordis Orthocor
	Manual burst
	45
	
	

	Falkoff, 1986
	2
	Intermed Cybertach
	Burst
	2
	
	

	Fisher, 1987
	20
	Miscellaneous
	Miscellaneous
	16
	2
	3

	Fromer, 1987
	1
	Intermed Intertach
	PES scan
	1 
	
	

	Palakurthy, 1988
	1
	Telec PASAR
	Auto scan PES
	1
	
	

	Moller, 1989
	2
	Telec PASAR
	Burst
	2
	
	

	Occhetta, 1989
	1
	Cordis Orthocor
	Burst
	1
	
	

	Bertholet, 1985
	13
	PASAR 4151 Medtronic SPO500
	Auto, scan PES

manual PES

bursts
	7
	3
	3

	Spurrell, 1984
	21
	PASAR 4151, 4171
	Auto, shift scan bursts
	16
	
	

	Sowton, 1984
	16
	Siemens-Elma Tachylog
	Auto, scan, PES bursts
	14
	
	

	Zipes, 1984
	21
	Medtronic Symbios 7008
	Auto, scan, PES bursts
	21
	
	

	Portillo, 1982
	8
	Medtronic DVI-Mn
	Auto
	5
	
	

	Fahraeus, 1984
	8
	PASAR 4151
	Auto, scan
	4
	
	

	Luderitz, 1982
	9
	Intermedics Cybertach
	Auto, manual underdrive, burst
	5
	4
	

	Kahn, 1976 (multicenter)
	12
	Medtronic 5998
	Manual burst
	10
	
	


Figure 18.13  Survey of antitachycardia pacemaker results demonstrating a majority of good to excellent results. EX = excellent results; GD = good results; PR = poor results; PES = programmed extrastimulus; NS = not stated. From Roth, J. A. and Fisher, J. D. 1993. Antitachycardia pacing-ICD interaction. In G. V. Naccarelli and E. P. Veltri (eds) Implantable cardioverters-defibrillators. Blackwell Scientific.

Ventak PRX (Cardiac Pacemakers, Inc.)

This device is designed to detect and treat multiple ventricular tachycardias while providing a variety of electrical therapeutic alternatives, bradycardia support, and extensive diagnostic data. The device has several additional sensing features that improve detection of ventricular tachycardia. These include a sudden onset criterion and a stability criterion that evaluates the degree of variation in cycle length during an arrhythmia. This criterion is designed to help differentiate tachycardia from fibrillation. The Ventak PRX also has bradycardia pacing capabilities in VVI mode only.

PCD (Medtronic Inc.)

The PCD is capable of detecting and treating bradycardia, ventricular tachycardia and fibrillation. Therapies include VVI pacing, adaptive ramp or burst 

antitachycardia pacing, or cardioversion or defibrillation from 0.2 to 34 J. Detection of tachycardia using this device is predominantly via rate 
(100–214 beats/min) with optional stability and onset criteria. Fibrillation is detected by rate only.

	First author,

year
	No. of

patients
	Pacer

model
	Pacing

mode
	No. of

pacings
	Percent

termination
	No. of

shocks

	Greve, 1988
	11
	Intermed - Intertach, ICD
	NS
	87
	approx. 50%
	43

	Newman, 1989
	11
	Intermed Intervach ICD
	PES, burst, ramp
	>1998
	
	2

	Bonnet, 1991
	14
	4 Cordis Orthocor 284A, 6 Intermed Intertach ICD
	Burst
	6029
	
	103

	Fromer, 1991 
	4
	Medtronic PCD 7216A, 7217B
	Ramp
	16
	70%
	19

	Leitch, 1991
	46
	Medtronic PCD 7216, 7217
	Burst, Ramp
	909
	92.4%
	44

	Ludertiz, 1991
	6
	Siemens-Elma Tachylog ICD
	Burst
	1631
	
	227



	Saksena, 1991
	16
	Medtronic PCD 7216A
	Burst, Ramp
	96
	81%
	27

	Singer, 1991
	5
	Telectronics Guardian 4210
	Burst
	226
	
	127

	Block, 1991
	21
	Medtronic PCD
	NS
	439
	99%
	16

	Ellenbogen, 1991
	100
	Telectronics Guardian 4210
	NS
	128
	59%
	9


Figure 18.14  Survey of reported results for antitachycardia pacemakers with cardioverter/defibrillation capability. A relatively high rate of success for pacing termination of tachycardia is shown. NS = not stated. From Roth, J. A. and Fisher, J. D. 1993. Antitachycardia pacing-ICD interaction. In G. V. Naccarelli and E. P. Veltri (eds) Implantable cardioverters-defibrillators. Blackwell Scientific.

RES-Q (Intermedics Inc.)

This device features VVI pacing, antitachycardia pacing, synchronized low energy shocks and defibrillation shocks up to 40 J. Ten different tachycardia detection schemes are available, four therapies are selectable for each patient.
Cadence V-100(Ventritex Corp.)

The Ventritex Cadence has unique features capable of delivering a biphasic shock wave form and storing electrograms. In 211 patients, 7541 episodes of tachycardia received therapy with the device; 337 tachycardia episodes terminated with a shock as first therapy (92% efficacy), and 6763 were terminated with pacing as first therapy (94% efficacy). Ninety six (1%) episodes were accelerated with pacing.

Siecure P59 (Siemens)

The Siecure is a multitiered antitachycardia device with VVI pacing. The detection scheme includes three rate zones (tachycardia low zone, tachycardia high zone, and tachycardia zone). Detection is primarily by rate, but rate of onset, stability and number of beats are also programmable. Antitachycardia pacing can be either a burst or a ramp.

18.9  Third generation ATP devices

Often third generation antitachycardia pacing devices utilize built in cardioversion and defibrillation capabilities. Most second generation antitachycardia pacemaker devices are applied conservatively because they lack sufficient backup in the form of defibrillation. As more third generation devices become available many more tachycardias will be treated with electrotherapy.

18.9.1 Automatic drug infusion XE  "Automatic drug infusion" 
One radical proposal for an advanced antitachycardia pacemaker device involves automatic dispensing and injection of antitachycardia drugs. Arzbaecher et. al. (1989) has investigated the possibility of developing such a device for the dispensing of procainamide and disopyramide, both normal antitachycardia pharmacological treatments. Preliminary studies showed quicker conversion of tachycardia using disopyramide and more accurate control of concentrations when released exponentially. Results showed termination of tachycardia in three patients and significant increase in tachycardia cycle length in three others, prompting easy pace termination. However, the device is bulky, difficult to implant, and limited in its flexibility. Future objectives include miniaturization and interconnection between tachycardia detection and drug delivery capabilities in one implantable system.

18.9.2 Tiered therapy XE  "Tiered therapy"  and the ideal device

The ideal antitachycardia device would include treatment options for bradycardia, tachycardia, and fibrillation. The features of such a device are listed in Figure 18.15. Third generation antitachycardia devices including cardioversion and defibrillation capability are the subject of Chapter 19.

Sensing


Distinguish pathologic from physiologic tachycardias


Differentiate two (or more) pathologic tachycardias


Recognize nonsustained tachycardias


Automatic sensitivity gain for different rhythms

Pacing


Bradycardia pacing (single and dual chamber, physiologic sensors)


Antitachycardia pacing (extrastimulus, burst or adaptive)


Different antitachycardia therapies for different tachycardias


Noninvasive electrophysiologic study capabilities


Tachycardia prevention

Cardioversion/defibrillation


Low energy synchronized cardioversion


High energy cardioversion of defibrillation


Bidirectional, biphasic, or sequential shocks

Figure 18.15 The “ideal” antitachycardia device. One device includes sensing, pacing, and prevention for both bradycardia and tachycardia. It also has cardioverter/defibrillation options for backup. From Klein, L. S., Hackett, F. K., Miles, W. M., Mohamed, Y., and Zipes, D. P. 1993. Clinical experience with new implantable antitachycardia cardioverter-defibrillators. In G. V. Naccarelli and E. P. Veltri (eds) Implantable cardioverters-defibrillators. Blackwell Scientific.
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18.11  Instructional objectives

18.1
Why and why not prescribe ATP treatment?

18.2
Why is the leading circle model more like the figure-of-eight model than the ring model?

18.3
How does refractoriness effect resetting?

18.4
Explain entrainment.

18.5
Why prescribe manual mode over automatic mode?

18.6
Diagram and give a short summary for PES, Burst and underdrive antitachycardia pacing.

18.7
List 3 reasons why early ATPs did not enter ELT.

18.8
What is the disadvantage to traditional ELT prevention? Pick one of the new methods and explain it.

18.9
Explain the sequence of events for a typical ELT.

18.10
Why are the reported result generally good for ATPs?

18.11
Since PVCs are so common in the general population, can you explain under what conditions they are not safe?

18.12
Can you think of a particular situation where tachycardia is not faster than what “would be” (hint) the “normal” sinus node heart rate?

18.13
List the pros and cons of prescribing ATP treatment.
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