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Artificial Pacing
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The previous chapters described how cardiac pathology may affect the patient. After diagnosis, the patient seeks proper therapy. The first avenue of therapy is to use drugs. Many of the abnormalities of the heart can be treated by drugs. If drugs alone are not sufficient, then temporary (artificial) pacing is considered. If the disease is not chronic, in many cases, a combination of temporary pacing and drugs helps the patient. But if temporary pacing is inconvenient and the patient needs regular pacing, an (artificial) permanent pacemaker is considered. This option involves a surgical operation and the related cost.


Implantable pacemakers improve the quality of life and give the patients near normal life functionality. This chapter considers general considerations for artificial pacing. Section 5.1 reviews basic components of an artificial pacemaker, the lead and pulse generator. Section 5.2 describes different types of pacing (synchronous, asynchronous, and rate-adaptive). Section 5.3 describes temporary pacemakers. Section 5.4 reviews indications for pacing (whether temporary or permanent). Section 5.5 defines the methods of designating pacemaker modes. Section 5.6 defines several functional pacing modes and finally section 5.7 considers the criteria for selection of proper pacemakers. 

5.1  Artificial pacemaker unit

The pacemaker unit delivers an electrical pulse with the proper intensity to the proper location in the heart to stimulate the heart at a desired rate and thus provides the patient with a functional heart. Figure 5.1 shows a functional diagram of an artificial pacemaker, which requires a pulse generator and a lead. The pulse generator houses electrical components responsible for generating the pulse (via output circuits) at the proper time (via (timing) control circuits) based on events sensed (via sensing circuits). It also contains the power supply and may include other elements such as telemetry for testability and programmability and ROM or RAM to store data for diagnostic purposes. The lead contains a wire to deliver the pulse to its destination in the heart and to sense and carry back information to the sensing units in the pulse generator. This section reviews major components of an artificial pacemaker.

5.1.1 Lead XE  "Lead" 
The lead electrically connects the pulse generator to the myocardium of choice. The lead delivers the pulse from the pulse generator unit to the site of excitation. In addition, it carries the myocardial potentials back to the sensing portion of the pulse generator. The lead consists of three portions: a connecting portion to the pulse generator, an electrode for attachment to the myocardium and a wire connecting the two connectors. Chapter 6 discusses the lead and electrode as well as the biocompatibility.
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Figure 5.1  A functional diagram of heart and pacemaker.
5.1.2 Power source

The power source provides the energy required for the operation of the circuitry of a pacemaker, which includes the control, sensing and pulse-generating units. For implantable pacemakers, at present the power source is usually a chemical battery XE  "battery" . Several other sources (such as a nuclear battery and a biological battery) have been developed, but their use in pacemakers is considered less practical. Modern pacemakers typically use batteries with lithium as the anode element and iodine as the cathode. These form a battery that does not produce gas and can be hermetically sealed to protect the battery from body tissues (Mond, 1983). A main concern in using a battery is its longevity. Longevity of a battery can be determined knowing battery capacity and current drain. Battery capacity is usually defined in term of ampere-hours while current drain is in terms of microamperes. The current drain is dependent on the type of electrode as well as the circuitry and type of pulse generation of the pacemaker. Chapter 7 discusses power supplies.

5.1.3 Sensing

The sensing unit amplifies and filters the information received via the electrode and lead from activities inside the heart. To avoid attenuation of signals, op amps with a high input impedance amplify the signal. Bandpass filtering removes unwanted signals. A comparator determines whether the QRS is detected in order to reset a timing circuit. Modern pacemakers also include noise reversion circuits to change the pulse generator to an asynchronous pacing mode when the noise  level surpasses the noise reversion threshold. This prevents inhibition of pacing in the presence of noise. The sensing circuits also include circuits for protection of the electronic circuitry of the pulse generator in the clinical situations where excessive voltage may be applied to the sensing circuit. Such a case would happen in the presence of defibrillation. Sensing is explained in Chapter 8. The sensing element relays the processed information to the control unit where it is analyzed and decisions are made.

5.1.4 Control

The control unit is responsible for determining when to send a pulse for pacing, to change the mode, and to save data. The control unit for the most part is a timing device. The first control units were simple timers made of resistors and capacitors. Presently the timing circuit is made of a crystal oscillator, which generates accurate signals. Using the clock pulses, the control logic determines when to trigger the output pacing pulse, the blanking and the refractory intervals and the AV delay and to reset the escape intervals of an inhibited pacing system or trigger initiation of an AV delay for triggered pacing modes. The control also contains a rate-limiting circuit that sets an upper limit (runaway rate) for pacing in case of a failure. Chapter 9 discusses the timing logic. Chapter 10 covers CMOS technology used for implementation of control. In many of today’s pacemakers telemetry circuits are available to allow programming the control functions and transfer of collected information (if any) for diagnosis purposes. In addition, a magnetic field detector is included to intentionally interrupt the normal functions of a pacemaker for test purposes. Chapter 12 covers programming and telemetry.

5.1.5 Pulse-generating unit XE  "Pulse generator" 
The pulse-generating circuitry (referred to as the output circuit) is responsible for generating a voltage pulse to create an electric field of adequate intensity to stimulate the myocardium and create a wave of action potentials. The minimal energy to create such a waveform is called stimulation threshold. As the duration of a pulse is increased, the voltage magnitude required to exceed stimulation threshold decreases and as the duration of a pulse is decreased, the voltage magnitude needed to exceed that stimulation threshold increases. The pulse generating unit charges up a capacitor and the capacitor is discharged when the control (timing) circuitry requires the delivery of a pulse. The unit uses pump-up capacitors to deliver pulses of larger magnitude than the potential of the batteries. The pump up capacitors are charged in parallel and discharged into the output capacitor in series. Chapter 11 discusses pulse generation.

5.2  Pacing synchrony
Operation of a pacemaker can be divided into 3 classes: (1) asynchronous (fixed) (2) synchronous (demand) (3) rate-adaptive.

5.2.1 Asynchronous

In asynchronous (fixed-rate) pacing, the paced chamber is paced at a constant rate irrespective of events in the heart or physiological needs of an individual. This is the simplest of all operational routines for a pacemaker and requires minimal circuitry and logic implementation. However, this type of operation causes serious problems in patients. Since no event is sensed, the synchrony between the atria and the ventricles may be lost and thus the pumping efficiency of heart would decrease about 15%. As a result, the patient may not get enough nutrients and oxygen and may feel dizzy or have palpitations. Fibrillation may result (in some patients) if the pulse is delivered within the vulnerable period. Further, the patient’s heart is paced at a rate that may be too rapid during sleep or rest and too slow during exercise.

5.2.2 Synchronous

In synchronous (demand) pacing, the heart is paced based on an event in the heart. In response to the sensed event within a base period, a synchronous pacemaker XE  "synchronous pacemaker"  may trigger or inhibit a pacing pulse. The triggered pulse may occur immediately after sensing the event (for example, when a ventricle is paced based on the R wave) or after some delay (for example, when the ventricle is paced based on a P wave). This avoids the probability of pacing the heart during the vulnerable period and minimizes hemodynamic deficiencies. If the searched-after event is not sensed within the base period, a synchronous pacemaker delivers a pacing pulse. Figure 5.2 shows examples of ventricular inhibited and ventricular triggered synchronous modes. As with asynchronous pacing XE  "asynchronous pacing" , the patient’s heart at rest would be paced at the base rate, which may be too fast and continue at the base rate even though a higher rate is needed (as while running).

5.2.3 Rate-adaptive

Despite the fact that the normal sinus node is the ideal rate-adaptive generator, the occurrence of sinus node dysfunction and atrial fibrillation in many individuals limits the use of atrial sensing for rate adaptation (Kay, 1992). Rate-adaptive pacing refers to the case when the base rate of pacing is influenced by events occurring outside the heart. Modulation of the pacing rate based on these events, which correlate indirectly or directly with the level of metabolic demand, satisfies the metabolic needs of a patient as the situation changes (e.g. from resting to exercise). These events include changes in mechanical vibration, ventilation, right ventricular stroke volume and systolic time intervals, temperature, paced depolarization integral, and mixed venous oxygen saturation. Chapter 13 explains rate-adaptive pacemakers. Chapters 14, 15, and 16 cover motion-based rate-adaptive pacemakers, temperature-based rate-adaptive pacemakers, and right ventricular stroke volume and systolic time intervals-based rate-adaptive pacemaker XE  "rate-adaptive pacemaker" s.

5.3  Temporary pacing

A temporary pacemaker XE  "temporary pacemaker" , like an implantable pacemaker, consists of two major parts: the pulse generator and the lead. However, unlike in implantable pacemakers, the size of pulse generator is not a major issue and no major surgery is involved. It can be used for diagnostic purposes as well as in therapeutic applications where artificial pacing is needed immediately or temporarily. Therapeutic uses of temporary pacing include any transient and reversible situation such as tachyarrhythmias due to effects of antibradyarrhythmia drugs, temporary symptomatic arrhythmias, open heart surgery, or while a patient is waiting for an implantable pacemaker. Diagnostic applications of temporary pacing include among others the assessment of a patient's tolerance to stress and assessment of coronary artery diseases by increasing the heart rate artificially. This section describes different techniques in applying temporary pacing. The techniques differ in the delivery of the pacing pulse and include transcutaneous cardiac pacing, transvenous pacing, transthoracic pacing, and transesophageal pacing.
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Figure 5.2  Diagram showing ventricular triggered and inhibited synchronous mode. (a) represents a naturally occurring heart beat situation, (b) represents the ventricular triggered pacing, while (c) indicates ventricular inhibited pacing.

5.3.1 Transcutaneous pacing XE  "Transcutaneous pacing" 
In transcutaneous pacing, the pacing pulse is delivered at the surface of a patient’s chest wall through surface electrodes. The electrodes can be positioned anteriorly and posteriorly on the chest wall or both anteriorly (Figure 5.3). However, the cathodal (negative) electrode must be placed only anteriorly or otherwise thresholds may be unobtainable or painful (Wood et al., 1992). This pacing is easy and can be done quickly and with little training; however, it challenges patient tolerance and suffers from variable capture. Only ventricles can be paced asynchronously, and it is used mainly for cardiac arrest and prophylactic pacing.
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Figure 5.3  Position of transcutaneous electrodes. Circular electrode (the cathode) is placed on the anterior of thorax. The rectangular electrode (the anode) can be placed on the anterior or posterior of the thorax.

5.3.2 Transvenous pacing XE  "Transvenous pacing" 
In transvenous endocardial pacing, pacing leads are usually inserted intravenously under fluoroscopy and local anesthesia to be positioned safely and accurately (Figure 5.4). This method of pacing is the most reliable of all temporary methods and can be used for a long time; however, it is time-consuming and has some complications (such as venous spasm and chance of lead displacement with body position changes). Both atria and ventricles can be paced (asynchronously and synchronously) and it is used mainly for cardiac arrest and prophylactic pacing.
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Figure 5.4 Temporary transvenous pacing. The leads are passed through veins under fluoroscopy.

5.3.3 Transthoracic pacing XE  "Transthoracic pacing" 
In transthoracic pacing, pacing leads are inserted into ventricles directly through percutaneous cardiac needles inserted into the chest wall. This method is the fastest and simplest of all temporary pacing methods; however, placement of the needle can cause coronary vessel laceration leading to cardiac tamponade (Purcell et al., 1986) and its efficacy is unproved (Wood et al., 1992). Only ventricles can easily be paced, and it is used mainly for cardiac arrest.

5.3.4 Transesophageal pacing XE  "Transesophageal pacing" 
In transesophageal pacing, pacing leads are placed into the esophagus, which is in the proximity of the left atrium. This method is simple and safe when pacing the atrium and allows reliable atrial capture; however, it provides poor ventricular capture and may become intolerable (when the output current is high). It is used mainly in prophylactic atrial pacing, diagnostics and termination of supraventricular tachycardias (Wood et al., 1992).

5.4  Pacing indication XE  "Pacing indication" 
Indications for pacing are constantly evolving and it is difficult to define absolute indications for pacing. Further, pacing, in particular permanent pacing, is costly and overuse of pacemakers must be avoided. To address these issues and to design a standard for pacing indications, the American College of Cardiology and the American Heart Association collectively developed and published guidelines of indications for permanent pacemakers, antitachy pacemakers, and implantable defibrillators in 1984. The guidelines also included the recommended pacing modes and were accepted widely. In 1991, the guidelines were revised to incorporate new developments in artificial pacing.


The guidelines classify indications of pacing for different groups of arrhythmias based on the degree of their acceptabilities and lack of contraindications. Figure 5.5 shows the three classes defined by ACC/AHA for permanent pacing. This section discusses indications for antibradycardia permanent and temporary pacing. Subsections 5.4.1 to 5.4.6 address indications of permanent pacing while 5.4.7 summarizes indications of temporary pacing. Chapter 17 covers indications for antitachyarrhythmia pacing and Chapter 18 addresses indications for implantable cardioverter defibrillators. 

	Classification of indications for permanent pacemakers

	Class I: Conditions for which there is general agreement that permanent pacemakers or antitachycardia devices should be implanted.

	Class II: Conditions for which permanent pacemakers or antitachycardia devices are frequently used but there is divergence of opinion with respect to the necessity of their insertion.

	Class III: Conditions for which there is general agreement that pacemakers or antitachycardia devices are unnecessary.


Figure 5.5  1991 ACC/AHA classifications of indications for permanent pacemakers. From Dreifus, L. S., Fisch, C., Griffin, J. C., Gillette, P. C., Mason, J. W., and Parsonnet, V. 1991. Guidelines for implantation of cardiac pacemakers and antiarrhythmia devices. JACC 18: 1–13.

5.4.1  Indications for permanent pacing in acquired AV block in adults

AV block is classified electrocardiographically as first degree, second degree, or third degree (or complete) heart block.  It is anatomically defined as supra-His, intra-His and infra-His.  Second degree heart block with and without progressive prolongation of P-R interval before a blocked beat is called type I and type II, respectively.  Patients with abnormalities of AV conduction may be asymptomatic or symptomatic.  Presence or absence of symptoms that are directly related to bradycardia influence the decision as to whether permanent pacing is needed.  The mere presence of supraventricular tachyarrhythmia in AV block does not indicate the need for permanent pacing unless it is specifically indicated. Figure 5.6 shows the indications for permanent pacing in acquired AV blocks in adults.

	Class I

	A.  Complete heart block, permanent or intermittent, at any anatomic level, associated with any one of the following complications:

	  1. Symptomatic bradycardia.  In the presence of complete heart block, symptoms must be presumed to be due to the heart block unless proved to be otherwise.

	  2.  Congestive heart failure.

	  3. Ectopic rhythms and other medical conditions that require drugs that suppress the automaticity of escape pacemakers and result in symptomatic bradycardia.

	  4.  Documented periods of asystole ≥ 3.0 s or any escape rate < 40 beats/min in symptom-free patients.

	  5.  Confusional states that clear with temporary pacing.

	  6.  Post AV junction ablation, myotonic dystrophy.

	B.  Second degree AV block, permanent or intermittent, regardless of the type or the site of block, with symptomatic bradycardia.

	C.  Atrial fibrillation, atrial flutter or rare cases of supraventricular tachycardia with complete heart block or advanced AV block, bradycardia and any of the conditions described under IA.  The bradycardia must be unrelated to digitalis or drugs known to impair AV conduction.

	Class II 

	A.  Asymptomatic complete heart block, permanent or intermittent, at any anatomic site, with ventricular rates of 40 beats/min or faster.

	B.  Asymptomatic type II second degree AV block, permanent or intermittent.

	C.  Asymptomatic type I second degree AV block at intra-His or infra-His levels.

	Class III 

	A.  First degree AV block.

	B.  Asymptomatic type I second degree AV block at the supra-His (AV node) level. 


Figure 5.6  1991 ACC/AHA guidelines for permanent pacing in acquired AV block in adults. From Dreifus, L. S., Fisch, C., Griffin, J. C., Gillette, P. C., Mason, J. W., and Parsonnet, V. 1991. Guidelines for implantation of cardiac pacemakers and antiarrhythmia devices. JACC 18: 1–13.

5.4.2  Indications for permanent pacing AV block associated with myocardial infarction

A variety of AV and intraventricular conduction disturbances follow myocardial infarction. The disturbances are mostly related to the site of infarction. Supraventricular arrhythmias, such as sinus bradycardia, sinus arrest, atrial fibrillation, atrial flutter, and first and second degree type II AV blocks, associate with an inferior myocardial infarction. Intraventricular conduction defects and/or AV block associate with anterior myocardial infarction. 


The presence of intraventricular conduction defects mainly indicates the need for permanent pacing after myocardial infarction in patients with AV block. The criteria in patients with myocardial infarction and AV block do not necessarily depend on the presence of symptoms. Figure 5.7 shows widely accepted ACC/AHA guidelines for permanent pacing in AV block associated with myocardial infarction. The three classes of indications for permanent pacing AV block associated with myocardial infarction are as follows:

	Class I 

	A.  Persistent advanced second degree AV block or complete heart block after acute myocardial infarction with block in His-Purkinje system (bilateral bundle branch block).

	B.  Patients with transient advanced AV block and associated bundle branch block.

	Class II

	A. Patients with persistent advanced block at the AV node.

	Class III 

	A.  Transient AV conduction disturbances in the absence of intraventricular conduction defects.

	B.  Transient AV block in the presence of isolated left anterior hemiblock.

	C.  Acquired left anterior hemiblock in the absence of AV block.

	D.  Patients with persistent first degree AV block in the presence of bundle branch block not demonstrated previously.


Figure 5.7  1991 ACC/AHA guidelines for permanent pacing after myocardial infarction. From Dreifus, L. S., Fisch, C., Griffin, J. C., Gillette, P. C., Mason, J. W., and Parsonnet, V. 1991. Guidelines for implantation of cardiac pacemakers and antiarrhythmia devices. JACC 18: 1–13.

5.4.3 Indications for pacing in bifascicular and trifascicular block (chronic)

Bifascicular and trifascicular blocks refer to impaired conduction below the AV node in two or three fascicles of the right and left bundle. A high death rate and a significant incidence of sudden death have been associated with bifascicular or trifascicular block.  Syncope is common in patients with bifascicular block.


Measurements of P–R and H–V intervals are considered as possible predictors of complete heart block and sudden death. P–R interval prolongation is a sign of bifascicular block. Some investigators consider permanent pacing for bifascicular block accompanied with a prolonged H–V interval of greater than 100 ms and others have advocated pacing for an H–V interval of greater than 70 ms.  Figure 5.8 shows commonly accepted ACC/AHA guidelines for pacing in bifascicular and trifascicular block.

5.4.4  Indications for pacing in sinus node dysfunction

Sinus node dysfunction includes cardiac arrhythmias such as sinus bradycardia, sinus arrest, sinoatrial block, and paroxysmal supraventricular tachycardia alternating with periods of bradycardia or asystole. For permanent pacing, only cases of bradycardia accompanied with symptoms are considered suited. Use of drugs to control tachycardia may induce symptoms of bradycardia. Treatment of tachycardia may then substantiate the use of an antibradycardia pacemaker.  Figure 5.9 shows the ACC/AHA guidelines for pacing in sinus node dysfunction.

	Class I 

	A.  Bifascicular block with intermittent complete heart block associated with symptomatic bradycardia (as defined).

	B.  Bifascicular or trifascicular block with intermittent type II second degree AV block without symptoms attributable to the heart block.

	Class II

	A.  Bifascicular or trifascicular block with syncope that is not proved to be due to complete heart block, but other possible causes for syncope are not identifiable.

	B.  Markedly prolonged HV (> 100 ms).

	C.  Pacing-induced infra-His block.

	Class III

	A.  Fascicular block without AV block or symptoms.

	B.  Fascicular block with first degree AV block without symptoms.


Figure 5.8  1991 ACC/AHA guidelines for pacing in bifascicular and trifascicular block (chronic). From Dreifus, L. S., Fisch, C., Griffin, J. C., Gillette, P. C., Mason, J. W., and Parsonnet, V. 1991. Guidelines for implantation of cardiac pacemakers and antiarrhythmia devices. JACC 18: 1–13.

	Class I

	A. Sinus node dysfunction with documented symptomatic bradycardia.  In some patients this will occur as a consequence of long-term (essential) drug therapy of a type and dose for which there are no acceptable alternatives.

	Class II

	A. Sinus node dysfunction, occurring spontaneously or as a result of necessary drug therapy, with heart rates < 40 beats/min when a clear association between significant symptoms consistent with bradycardia and the actual presence of bradycardia has not been documented.

	Class III

	A. Sinus node dysfunction in asymptomatic patients, including those in whom substantial sinus bradycardia (heart rate < 40 beats/min) is a consequence of long-term drug treatment.

	B. Sinus node dysfunction in patients in whom symptoms suggestive of bradycardia are clearly documented not to be associated with a slow heart rate.


Figure 5.9  1991 ACC/AHA guidelines for permanent pacing in sinus node dysfunction. From Dreifus, L. S., Fisch, C., Griffin, J. C., Gillette, P. C., Mason, J. W., and Parsonnet, V. 1991. Guidelines for implantation of cardiac pacemakers and antiarrhythmia devices. JACC 18: 1–13.

5.4.5 Indications for pacing in hypersensitive carotid sinus and neurovascular syndromes

A syncope resulting from an extreme reflex response to carotid sinus stimulation is defined as the hypersensitive carotid syndrome. Cardioinhibition and vasodepression are two components of the reflex. The cardioinhibitory reflex results from an increased parasympathetic tone and is manifested by slowing of the sinus rate or prolongation of the P–R interval and advanced AV block. The vasodepressor reflex follows a reduction in sympathetic activity resulting in hypotension. Hyperactive response to a carotid sinus stimulation is defined as asystole due to sinus arrest or AV block of more than 3 s or a substantial symptomatic decrease in systolic blood pressure, or both. Permanent pacing for patients with pure excessive cardioinhibitory response to carotid stimulation is effective in relieving symptoms. In patients whose reflex response includes both cardioinhibitory and vasodepressor components, attention to the latter is essential for effective therapy in patients undergoing permanent pacing. Figure 5.10 shows ACC/AHA guidelines for pacing in hypersensitive carotid sinus and neurovascular syndrome.

	Class I

	A. Recurrent syncope associated with clear, spontaneous events provoked by carotid sinus stimulation; minimal carotid sinus pressure includes asystole of > 3 s duration in the absence of any medication that depresses the sinus node or AV conduction.

	Class II

	A. Recurrent syncope without clear, provocative events and with a hypersensitive cardioinhibitory response.

	B. Syncope with associated bradycardia reproduced by a head-up tilt with or without isoproterenol or other forms of provocative maneuvers and in which a temporary pacemaker and a second provocative test can establish the likely benefits of a permanent pacemaker.

	Class III

	A. A hyperactive cardioinhibitory response to carotid sinus stimulation in the absence of symptoms.

	B. Vague symptoms, such as dizziness or light-headedness, or both, with a hyperactive cardioinhibitory response to carotid sinus stimulation.

	C. Recurrent syncope, light-headedness or dizziness in the absence of a cardioinhibitory response.


Figure 5.10  1991 ACC/AHA guidelines for permanent pacing in hypersensitive carotid sinus and neurovascular syndromes. From Dreifus, L. S., Fisch, C., Griffin, J. C., Gillette, P. C., Mason, J. W., and Parsonnet, V. 1991. Guidelines for implantation of cardiac pacemakers and antiarrhythmia devices. JACC 18: 1–13.

5.4.6 Indications for permanent pacing in children

There are special considerations when considering permanent pacing in children.  Figure 5.11 shows these conditions and the variations from pacing in adults.

5.4.7 Indications for temporary cardiac pacing

Temporary cardiac pacing is used as a therapeutic means in treating transient and reversible situations. The transient examples of pacing include when the patient is waiting for a permanent pacemaker or after surgery. An example of reversible situations is acute myocardial infarction. Figure 5.12 includes several common indications for  temporary cardiac pacing.

5.5  Pacing designation XE  "Pacing designation" 
As different kinds of pacemakers became available, it became necessary to find a simple way to classify pacemakers. Parsonnet, Furman, and Smyth developed a three-letter pacemaker coding system based on the functionality of pacemakers. In 1974 the Inter-Society Commission for Heart Disease Resources (ICHD) recommended it and it became widely accepted (Figure 5.13). The letters correspond to the chamber(s) paced, chamber(s) sensed, and mode of response(s). As more complex pacemakers (such as programmable pacemakers, noninvasively activated pacemakers and antitachypacemakers) became available, the three-letter code became inadequate and thus in 1981, ICHD recommended a revised (by the original authors) version of the 1974 code. The new code had an additional mode of responses (for tachycardia management called Reverse in position III), and letter positions four and five corresponded to programmable functions and special tachyarrhythmia functions, respectively (Figure 5.14).

	Class I

	A.  Second or third degree AV block with symptomatic bradycardia, as defined.

	B.  Advanced second or third degree AV block with moderate to marked exercise intolerance.

	C.  External ophthalmoplegia with bifascicular block.

	D.  Sinus node dysfunction with symptomatic bradycardia, as defined.

	E.  Congenital AV block with wide QRS escape rhythm or with block below the His bundle.

	F.  Advanced second or third degree AV block persisting 10 to 14 days after cardiac surgery.

	Class II

	A.  Bradycardia-tachycardia syndrome with need for an antiarrhythmic drug other than digitalis or phenytoin.

	B.  Second or third degree AV block within the bundle of His in an asymptomatic patient.

	C.  Prolonged subsidiary pacemaker recovery time.

	D.  Transient surgical second or third degree AV block that reverts to bifascicular block.

	E.  Asymptomatic second or third degree AV block and a ventricular rate < 45 beats/min when awake.  Complete AV block when awake, with an average ventricular rate < 50 beats/min.

	F.  Complete AV block with double or triple rest cycle length pauses or minimal heart rate variability.

	G.  Asymptomatic neonate with congenital complete heart block and bradycardia in relation to age.

	H.  Complex ventricular arrhythmias associated with second or third degree AV block or sinus bradycardia.

	I.  Long QT syndrome.

	Class III

	A. Asymptomatic postoperative bifascicular block.

	B. Asymptomatic postoperative bifascicular block with first degree AV block.

	C. Transient surgical AV block that returns to normal conduction in < 1 week.

	D. Asymptomatic type I second degree AV block.

	E. Asymptomatic congenital heart block without profound bradycardia in relation to age.


Figure 5.11  1991 ACC/AHA guidelines for permanent pacing in children. From Dreifus, L. S., Fisch, C., Griffin, J. C., Gillette, P. C., Mason, J. W., and Parsonnet, V. 1991. Guidelines for implantation of cardiac pacemakers and antiarrhythmia devices. JACC 18: 1–13.

	Indications for temporary pacing

	Third degree AV block

	A. Congenital (AV nodal), symptomatic

	B. Acquired (His-Purkinje), symptomatic

	C. Postoperative, symptomatic (and asymptomatic (Bartecchi, 1987))

	Second degree AV block, symptomatic

	(Resulting from) acute myocardial infarction

	A. Symptomatic bradycardia

	B. Third degree AV block

	C. Alternating bundle branch block

	D. New bundle branch block with transient complete heart block

	E. Acute bifascicular or trifascicular block

	Symptomatic sinus node bradyarrhythmia

	Symptomatic digitalis-induced bradyarrhythmias

	Ventricular ectopic arrhythmia related to bradycardia and drug-unresponsive

	Prior to implantation of permanent pacemaker

	During or after heart surgery


Figure 5.12  Common indications for temporary cardiac pacing. Compiled from multiple sources.


In 1983, North American Society of Pacing and Electrophysiology (NASPE) adopted a ratio-format code (NASPE specific code XE  "NASPE specific code" ) based on a specific code proposed by Brownlee, Shimmel and Del Marco in 1981. This code was developed to describe clearly and accurately the most complicated modes of pacing. This code, however, was not intended to replace the generic code. In 1987, NASPE and the British Pacing and Electrophysiology Group (BPEG) adopted a generic code for pacemakers based on the two earlier recommended versions of pacemaker codes (1974 and 1981 ICHD codes). This new generic code called NASPE/BPEG Generic Pacemaker (NBG) Code allowed inclusion of additional features such as rate-adaptive (in which the escape rate is controlled by events other than that of heart) and antitachyarrhythmia devices including cardioverters and defibrillators. The generic code is used for conversational tasks and the specific code is used when the generic code can not provide enough information (such as the case in some dual pacemakers). In effect, the NBG code is a concise code and the NASPE Specific code is a precise code. 

	Three-letter pacemaker code ICHD

	Position
	I
	II
	III

	Category
	Chamber(s) paced
	Chamber(s) sensed
	Mode of response(s)

	Letters
	V = Ventricle
	V = Ventricle
	T = Triggered

	
	A = Atrium
	A = Atrium
	I = Inhibited

	
	D = Double
	D = Double
	D = Double*

	
	
	O = None
	O = None

	*Atrial triggered and ventricular inhibited


Figure 5.13  The three-letter pacemaker coding system was recommended by ICHD in 1974 and became the first widely adopted pacemaker code.  It was simple and easy to use and it only contained three letters.  The first letter designates the chamber(s) paced: ventricle (V), atrium (A), or both (D for double).  The second letter designates the chamber(s) sensed. The third letter designates the mode of response(s). The code was revised in 1981 to accommodate new functionalities of pacemakers.


As the capabilities and complexities of implantable cardioverter defibrillators (ICD) increased, a generic code for cardioverter defibrillators was adopted in 1993 by NASPE  and BPEG and is called NASPE/BPEG Defibrillator (NBD) code. The code describes the capability and operation of ICDs and comes in two long and short versions. This section describes the NBG code, the NASPE specific code, and the NBD code, in addition to some combination of these codes.

5.5.1 NASPE/BPEG generic pacemaker code XE  "NASPE/BPEG generic pacemaker code" 
Figure 5.15 shows that the NBG code is composed of five letters. The first letter corresponds to the chamber(s) paced. In this position, O refers to no bradycardia pacing, V refers to pacing the ventricle while A denotes pacing the Atrium and D corresponds to Dual when pacing both chambers. 


The second letter corresponds to chamber(s) sensed. The letters are the same as for the first position.


The third letter corresponds to the response to sensing. An O is used when there is no response to the sensed event. A T is used when the sensed event triggers the paced event and an I when the sensed event inhibits the paced event. A D is used if in response to the sensed event(s), pacing in chamber(s) is inhibited or triggered based on sensed event(s). D in this position stands for Dual (T + I).


The fourth letter corresponds to programmability and rate modulation. An O in this position indicates the lack of programmability and rate modulation. A P stands for simple programmable, in which case one or two features can be programmed. Usually, however, it indicates the programmability in rate and output. An M in this position stands for Multiprogrammable. A C in this position indicates telemetry capability and stands for communicating (the use of T was avoided to prevent confusion between triggered and telemetry). An R in this position stands for rate modulation and indicates a pacemaker whose escape rate may change from beat to beat in response to a physiological variable.

	Five-letter pacemaker code ICHD

	Position
	I
	II
	III
	IV
	V

	Category
	Chamber(s) paced
	Chamber(s) sensed
	Modes of response(s)
	Programm-able functions
	Special tachyarrhyth-mia functions

	Letters used
	V–Ventricle
	V–Ventricle
	T–Triggered
	P–Programm-able (rate and /or output)
	B–Bursts

	
	A–Atrium
	A–Atrium
	I–Inhibited
	M–Multipro-grammable
	N–Normal Rate Com-petition

	
	D–Double
	D–Double
	D–Double*
	
	S–Scanning

	
	
	
	O–None
	
	

	
	
	O–None
	R–Reverse
	O–None
	E–External

	Manufacturer’s designation only
	S–Single chamber
	S–Single chamber
	
	
	

	*Atrial triggered and ventricular inhibited.


Figure 5.14  The revised five-letter version of the 1974 ICHD code, was recommended in 1981.  In the first two letters, there was no change.  In the third position an additional letter was added to indicate pacemakers which start pacing when the heart beats become too fast. This mode of response was designated by R for Reverse. Letter position four corresponded to programmable functions and contained three letters:  P for (simple) programmable (either rate or output or both can be programmed), M for multiprogrammable (capable of changing more than two features) and O for no functions. Letter position five corresponded to special tachyarrhythmia functions. In this position, O stands for none, B for bursts of impulses, N for normal-rate competition (such as in dual-demand pacemaker), S for scanning response (such as timed extrasystoles, etc.), and E for external control (pacemaker activated by a magnet or by radiofrequency). Telemetric functions were not included in the code as they did not “involve pacing or sensing modalities”. From Parsonnet, V., Furman, S., and Smyth, N. P. D. 1981. A revised code for pacemaker identification. PACE  4: 400–402.


The fifth letter denotes antitachyarrhythmia function(s). O denotes the case where no antitachyarrhythmia function is available, P stands for pacing antitachyarrhythmia, S stands for shock, and D stands for dual in which both pacing and shock are used.

5.5.2 The NASPE specific code XE  "NASPE specific code" 
The NASPE specific code was designed to supplement the generic code. It is a ratio-format code in which information pertaining to pacing in atrium is placed in the numerator of the ratio and information regarding the pacing in ventricle is placed in the denominator. A P is used to indicate pacing in a chamber, an S is used to indicate sensing in a chamber, and when no sensing or pacing is done in a chamber, an O is used. Pacing may be inhibitory (I) or triggering (T). A lower case letter following either I or T indicates what event influences the mechanism of pacing. For a pacing mechanism based on sensing an event in the atrium, ventricle, or other than these two, the lower case letter is a or v or e, respectively. Figure 5.16 shows the NASPE specific code.

	The NASPE/BPEG generic (NBG) pacemaker code

	Position
	I
	II
	III
	IV
	V

	Category
	Chamber(s) paced
	Chamber(s) sensed
	Response to sensing
	Programm-ability rate modulation
	Antitachy-arrhythmia function(s)

	
	O= None
	O= None
	O= None
	O= None
	O= None

	
	A= Atrium
	A= Atrium
	T=Triggered
	P= Simple programmable
	P= Pacing (antitachy-arrhythmia)

	
	V= Ventricle
	V= Ventricle
	I=Inhibited
	M=Multipro-grammable
	S= Shock

	
	D= Dual 

(A + V)
	D= Dual 

(A + V)
	D= Dual

(T + I)
	C=Commun-icating
	D= Dual 

(P + S)

	
	
	
	
	R = Rate modulation
	

	Manufacturer’s designation only
	S = single 

(A or V)
	S = single 

(A or V)
	
	
	

	Note: Positions I through III are exclusively for antibradyarrhythmia function


Figure 5.15  The NBG pacemaker code; internationally accepted and adopted since 1987. From Bernstein, A. D., Camm, A. J., Fletcher, R. D., Gold, R. D., Richards, A. F., Smyth, N. P. D., Spielman, S. R., and Sutton, R. 1987. The NASPE/BPEG generic pacemaker code for antibradyarrhythmia and adaptive-rate pacing and antitachyarrhythmia devices. PACE 10: 794–799.

	NASPE specific code

	General format
	Atrial-channel functions / ventricle-channel functions

	
	a-c abc f (a-c atc f) / v-c abc f (v-c atc f)

	
	Antibradycardia functions
	Antitachycardia functions

	Basic functions
	O=none
	U=underdrive

	
	P=pacing
	B=burst

	
	S=sensing
	R=ramp

	
	I=inhibited
	X=extrastimulus

	
	T=triggered
	C=cardioversion

	
	
	D=defibrillation

	Source of sensing 
	a=atrium
	a=atrium

	
	v=ventricle
	v=ventricle

	
	e=external
	e=external


Figure 5.16  NASPE specific code. The code provides a detailed description of functions of a pacemaker. a-c: atrial-channel; v-c: ventricle-channel; abc: antibradycardia; atc: antitachycardia; f: functions. From Bernstein, A. D., Camm, A. J., Fletcher, R. D., Gold, R. D., Richards, A. F., Smyth, N. P. D., Spielman, S. R., and Sutton, R. 1987. The NASPE/BPEG generic pacemaker code for antibradyarrhythmia and adaptive-rate pacing and antitachyarrhythmia devices. PACE 10: 794–799.


Antitachyarrhythmia pacing functions can also be specified in this format. The capital letters for antitachyarrhythmias are U or underdrive, in which the chamber is paced at a rate lower than that of the tachyarrhythmia; B or burst (also overdrive), in which case the chamber is paced at a fixed rate of limited duration at a rate greater than that of the tachyarrhythmia; R or ramp, in which case the chamber is paced at a fixed rate with limited duration and systematically varying rate, both chosen by the user; X or extrastimulus, in which case a stimulus or stimuli synchronous with a previous event sensed by the device, with fixed or variable coupling and/or interstimulus intervals are delivered to the corresponding chamber; C or cardioversion, in which case a synchronized shock of preselected energy is delivered, and D or defibrillation, in which case an asynchronous shock of preselected energy is delivered to the corresponding chamber. The lower case modifiers as for bradyarrhythmia are a, v, and e. The portion of code corresponding to antitachyarrhythmia modes in each chamber is placed within parentheses. Figure 5.17 presents several examples of the general code and specific code. 

	Examples

	NBG code
	NASPE specific code

	VOO
	O/P

	VVIP
	O/PSIv

	VVIM
	O/PSIv

	VVIC
	O/PSIv

	VVIR
	O/PSIv

	AAIR
	PSIa/O

	DVIM
	PIv/PSIv

	VDDM
	S/PSIvTa

	DDDM
	PSIaIv/PSIvTa

	DDDM
	PSTaIv/PSIvTa

	DDDR
	PSTaIv/PSIvTa

	DDDMS
	PSIaIv/PSIvTa

	DDDCD
	PSIaIv/PSIvTa(D)

	VVIMP
	O/PSIv(Bv)

	OOOOP
	O(UA)/O

	DDDCP
	PSIv(BaBvUv)/PSIvTa(Uv)


Figure 5.17  Examples of NBG and NASPE specific code. NASPE explains the functionality of a pacing mode with a greater degree of precision. However, it does not hold information such as programmability, telemetry, or rate-adaptation. Thus in the NBG examples, the fourth position has no bearing on the NASPE specific code. The absence of the fifth letter indicates the absence of antitachycardia functions. Unlike the NBG code, NASPE specific code specifies antitachycardia functions and the chamber in which antitachyarrhythmia functions exist. From Bernstein, A. D., Camm, A. J., Fletcher, R. D., Gold, R. D., Richards, A. F., Smyth, N. P. D., Spielman, S. R., and Sutton, R. 1987. The NASPE/BPEG generic pacemaker code for antibradyarrhythmia and adaptive-rate pacing and antitachyarrhythmia devices. PACE 10: 794–799.


The official NASPE specific code does not include adaptive pacing (including rate-adaptation). However, a mechanism has been suggested to include adaptive pacing features (Bernstein, 1991). In this mechanism, adaptive features of antibradyarrhythmia pacing are appended to the antibradyarrhythmia portion of the code (Figure 5.18). The adaptive features are appended to the corresponding part of the code using a hyphen to separate the adaptive features from unadaptive. Capital letters are used to indicate pacing parameters and lower-case letters to indicate the controlling variables. Pacing parameters include escape interval (E), refractory period (R), and atrioventricular interval (AV). Controlling variables include stimulus-to-T wave interval (qt), activity or mechanical vibration (act), temperature (t), respiration (r), pace or sense (ps), and ventricular premature depolarization (vpb). A VVI pacemaker with rate hysteresis is then represented by O/PSIv-Eps, a motion-sensing VVIR pacemaker by O/PSIv-Eact and an inhibited ventricular pacemaker with temperature-controlled rate modulation and externally initiated antitachyarrhythmia burst plus extrastimulus VVIRP by O/PSIv-Et(BXe).

	Pacing 
	E=escape interval

	parameters:
	R=refractory period

	
	AV=atrioventricular interval

	Controlling 
	act=activity

	variables:
	ps=pace or sense

	
	qt=stimulus-to-T wave interval

	
	r=respiration

	
	t=temperature

	
	vpb=ventricular premature depolarization


Figure 5.18  Rate-adaptive parameters suggested by Bernstein in 1991 to be added to NASPE specific code for inclusion of rate-adaptivity in the code. From Bernstein, A. D. 1991. Classification of cardiac pacemakers. In El-Sherif, N., and Samet P. (eds.) Cardiac pacing and electrophysiology. 3rd Ed. Saunders.

5.5.3 Defibrillator code XE  "Defibrillator code" 
Figure 5.19 shows the NASPE/BPEG defibrillator code XE  "NASPE/BPEG defibrillator code" , NBD, which is a four-letter code. The first position corresponds to the shock chamber. An O indicates that no defibrillation function is present, an A stands for atrium, a V stands for ventricle, and a D (dual) in this position indicates that both chambers can be shocked. The presence of antitachycardia pacing capability in a pacemaker implicitly includes the capability of tiered therapy in which antitachycardia pacing may be followed by a shock if necessary.


The second position indicates the antitachycardia pacing chamber. An O indicates the absence of any antitachycardia pacing while A, V, and D indicate which chamber(s) can be paced to stop or prevent tachycardia.


The third position indicates the means of tachycardia detection. An E stands for electrogram and indicates that detection is done only on the basis of electrogram signal processing while an H stands for hemodynamic and indicates that the device senses one or more hemodynamics-related variables, such as transthoracic impedance or blood pressure in addition to electrogram signal processing.

	The NASPE/BPEG Defibrillator (NBD) Code

	I Shock chamber
	II Antitachycardia pacing chamber
	III Tachycardia detection
	IV Antibradycardia pacing chamber

	O = None
	O = None
	E = Electrogram
	O = None

	A = Atrium
	A = Atrium
	H = Hemodynamic
	A = Atrium

	V = Ventricle
	V = Ventricle
	
	V = Ventricle

	D = Dual (A + V)
	D = Dual (A + V)
	
	D = Dual (A + V)


Figure 5.19  The NASPE/BPEG Defibrillator Code (long version). From Bernstein, A. D., Camm, A. J., Fisher, J. D., Fletcher, R. D., Mead, R. H., Nathan, A. W., Parsonnet, V., Richards, A. F., Smyth, N. P. D., Sutton, R., and Tarjan, P. P. 1993. The NASPE/BPEG defibrillator code. PACE  16: 1776–1780.


The fourth position indicates the antibradycardia pacing chamber. If no antibradycardia is present, an O stands in that position. If antibradycardia pacing is present, A, V, or D are used to indicate the chamber paced.


Positions I and II are needed in all cases. Position III should be included if antibradycardia function is present or hemodynamic sensing is present. For device labeling and record keeping, when antibradycardia pacing is present, the fourth letter is replaced with a hyphen followed by the 4 letter NBG code corresponding to that antibradycardia pacing mode. For example, a ventricular hemodynamic defibrillator with rate-adaptive  ventricular antibradycardia pacing could be labeled VOH-VVIR.


Figure 5.20 shows a version of the NBD code, called the short form, which is intended for conversational usage.  This code allows distinguishing among devices that are cardioverters or defibrillators only and the ones that incorporate antitachycardia and antibradycardia pacing as well. Figure 5.21 provides a few examples of short and long forms of the NBD code.

	The short form of the NASPE/BPEG defibrillator (NBD) code

	ICD-S = ICD with shock capability only

	ICD-B = ICD with bradycardia pacing as well as shock

	ICD-T = ICD with tachycardia (and bradycardia) pacing as well as shock


Figure 5.20  The NASPE/BPEG defibrillator code (short form). From Bernstein, A. D., Camm, A. J., Fisher, J. D., Fletcher, R. D., Mead, R. H., Nathan, A. W., Parsonnet, V., Richards, A. F., Smyth, N. P. D., Sutton, R., and Tarjan, P. P. 1993. The NASPE/BPEG defibrillator code. PACE  16: 1776–1780.

	Examples of defibrillator designation

	Short Form
	Long Form
	Label

	ICD-S
	VO
	VOE-OOOO

	ICD-S
	VOEO
	VOE-OOOO

	ICD-S
	DOH
	DOH-VVIR

	ICD-S
	DOHV
	DOH-VVIR

	ICD-B
	VO
	VOE-VVIR

	ICD-B
	VOEV
	VOE-VVIR

	ICD-T
	DD
	DDE-DDDC

	ICD-T
	DDE
	DDE-DDDC

	ICD-T
	DDED
	DDE-DDDC


Figure 5.21  Examples of defibrillator code (NBD). From Bernstein, A. D., Camm, A. J., Fisher, J. D., Fletcher, R. D., Mead, R. H., Nathan, A. W., Parsonnet, V., Richards, A. F., Smyth, N. P. D., Sutton, R., and Tarjan, P. P. 1993. The NASPE/BPEG defibrillator code. PACE  16: 1776–1780.

5.6  Pacing mode XE  "Pacing mode" 
Manufacturers use the NBG code to give the description of pacemakers. The five letters designate the mode and capabilities of a pacemaker. At least the first four letters are needed to give product descriptions; however, in clinical usage, only three are needed if the fourth letter does not indicate a rate-adaptive pacemaker (Bernstein et al., 1987). Each different pacing mode can be indicated for certain abnormalities and may be harmful for some others. (Improvements in implementations may change the view.) This section reviews different modes of pacing, their usage, and their contraindications.

5.6.1  VOO  or O/P ventricular asynchronous

In ventricular asynchronous (also called ventricular fixed rate and ventricular set rate) mode, the ventricle is paced at a constant rate irrespective of any event affecting the cardiac activity.  This mode can be used in patients with no intrinsic cardiac rhythm.  As long as the natural ventricular rhythm is not present or normal rhythm is below the preset rate, VOO mode can help the patient.  However, if the naturally occurring rhythm returns (which is the case when the natural rate is above the preset rate), ventricular activation is disturbed causing degradation of hemodynamics with serious consequences in some patients. In patients with myocardial ischemias and/or irritable myocardia, the occurrence of an artificial pulse during the vulnerable period of the heart may cause ventricular fibrillation.  As a result, VOO is not used as a single-mode implantable pacemaker.  However, VOO can be used temporarily to underdrive or overdrive the ventricles for reversion of tachyarrhythmias (where occurrence of pacer pulses between ectopic QRS complexes may stop tachyarrhythmia) (Mond, 1983), severe bradycardia/asystole due to oversensing, and routine end-of-life checks of pulse generator (Purcell and Burrows, 1986).  In patients with no competitive rhythm and myocardial ischemia, VOO pulse generators can also be used when pacemaker inhibition is interrupted due to skeletal myopotential and/or other extracorporeal interference.  Thus, VOO is included in programmable pacemakers. It is important to understand VOO since pacemakers revert to VOO as a result of failed sensing. The patient may feel dizziness and/or palpitation if this occurs.

5.6.2 AOO or P/O atrial asynchronous

In atrial asynchronous (also called atrial fixed rate) mode, the atrium is paced at a constant rate irrespective of any event affecting the cardiac activity. It induces a P wave which is followed by a QRS. This mode can be used in patients with “severe stable sinus bradycardia and inadequate sinus response to exercise” who have a normal His Purkinje system and no evidence of atrial fibrillation, tachyarrhythmia or ectopic rhythm (Mond, 1983). AOO is also used for the reversion of supraventricular tachyarrhythmia. Since the occurrence of naturally occurring P waves at a rate greater than that of the pacemaker may induce atrial fibrillation and would waste the battery, the mode is rarely used in single-mode implantable pacemakers. The mode, however, is included in many multiprogrammable pacemakers to be used when the need arises.

5.6.3 DOO or P/P atrioventricular asynchronous sequential

In AV asynchronous sequential (also called AV fixed-rate sequential) mode, the ventricle is paced with a delay (equal to a set interval called the AV sequential interval) after the atrium is paced at a constant rate irrespective of any event affecting the cardiac activity.  As with VOO and AOO, DOO alone is not used any more. In a multiprogrammable pacemaker, however, it may be used to test the battery capacity. It has also been used to reverse and control atrial reentry tachyarrhythmias using very short AV sequential intervals (Mond, 1983).

5.6.4 VVI or O/PSIv ventricular inhibited

In ventricular inhibited (also called R-wave inhibited, R-inhibited, R-blocking, R-suppressed, noncompetitive inhibited, demand (USA), and standby) mode, the ventricle is paced only if a naturally occurring R wave does not occur within a certain interval. If a naturally occurring pulse occurs within the interval, the pacemaker pulse is inhibited. As a result, as compared to asynchronous pacemakers, it conserves power source energy when no pacemaker pulse is needed and thus extends the pulse generator longevity. Further, it avoids the occurrence of competitive rhythms. It is indicated for atrial fibrillation with symptomatic bradycardia in the chronotropically competent patients and for complete heart block with recurrent Stokes–Adams’ attacks. VVI does not provide AV synchrony and as a result, the cardiac output may be low. This condition is referred to as pacemaker syndrome. In addition, it does not change the pacing rate as the need arises. The use of this mode in patients who benefit from rate response and who are known to have encountered pacemaker syndrome or hemodynamic deterioration with ventricular pacing should be avoided (Hayes, 1991).

5.6.5 DVI or PIv/PSIv atrioventricular sequential

In atrioventricular sequential (also called sequential demand) mode, only the ventricle is sensed but both chambers are paced.  Both chambers are paced at the same rate separated by a fixed AV sequential interval and both are inhibited by ventricular events. It is indicated where previously documented pacemaker syndromes exist and/or where there is a need for synchronous AV contraction in symptomatic bradycardia with a slow atrial rate (Dreifus et al., 1993). Lack of atrial pacing prevents the rate responsiveness in the chronotropically competent patients and may lead to competitive atrial pacing. It has also been contraindicated where frequent supraventricular tachyarrhythmias, including atrial fibrillation and flutter exist.

5.6.6 VVT or O/PSTv ventricular triggered

Ventricular triggered (also called R-wave synchronous, R-wave triggered, R triggered, R-wave stimulus, demand in Europe and Australia, and standby) mode, the pacemaker delivers a pulse not only when no ventricular event has been sensed within a preset interval but also paces over any naturally occurring ventricular event sensed within the preset interval. The mode was invented to overcome difficulties that the earlier VVI pacemaker encountered when exposed to magnetic interference in which case the pacemaker would falsely inhibit the delivery of pacing pulses. As the casing material and noise filters were improved, the VVI pacemaker became more resistant to magnetic interference. VVT is used only when a patient is routinely exposed to electromagnetic interference and where symptomatic tachycardia can not be prevented by sensitivity programming adjustments. VVT is generally not used as it may cause tachyarrhythmias up to the rate limit when oversensing occurs, in which case ventricular fibrillation may result.

5.6.7 VVIR or O/PSIv rate-adaptive ventricular inhibited

In this mode, the occurrence of a naturally occurring R wave within a certain interval inhibits the pacemaker impulse. The pacemaker paces a new pulse at the end of the interval if no pulse is encountered and enters a new interval. The length of the interval is influenced by physiological factors. Thus it overcomes the limitation of VVI in which VVI is not responding to the metabolic changes. VVIR is used for fixed atrial arrhythmias with symptomatic bradycardia in chronotropically incompetent patients. It is contraindicated if ventricular pacing results in retrograde (VA) conduction and/or a fall in blood pressure (Hayes, 1991) and when congestive failure or angina pectoris is aggravated by fast rates (Dreifus et al., 1993).

5.6.8 AAI or PSIa/O atrial inhibited

In atrial inhibited (also called P-wave inhibited, P blocking, and P suppressed) mode, the atrium is paced if a P wave does not occur within a certain interval, otherwise the pacemaker pulse is inhibited. This mode is used for sick sinus syndrome without periods of atrial fibrillation (i.e. AV conduction is adequate) with symptomatic bradycardia in the chronotropically competent patient. Use of AAI must be avoided when adequate atrial sensing can not be attained and with sinus node dysfunction with associated AV block either demonstrated spontaneously or during preimplant testing (Hayes, 1991).

5.6.9 AAT or PSTa/O atrial triggered

In atrial triggered (also called P triggered, P stimulated, or P synchronous) the atrium is paced immediately after a P wave or when no P wave occurs within a preset interval. In theory, this mode is used when due to symptomatic skeletal muscle sensing, the AAI mode can not be used. AAT is preferred to AOO as it does not induce atrial fibrillation. 

5.6.10 AAIR or PSIa/O rate-adaptive atrial inhibited

In this mode, the atrium is paced if a P wave does not occur within a certain interval. The occurrence of a naturally occurring P–wave will inhibit the pacemaker pulse.  In addition, the length of the interval is changed in response to physiological events.  AAIR is used in treatment of symptomatic bradycardia as a result of sinus node dysfunction in the chronotropically incompetent patient and a predicted high level of physical activity and when AV conduction can be proven normal. This mode will restore rate responsiveness and maintain AV synchrony.  AAIR has been contraindicated when adequate atrial sensing can not be attained and with sinus node dysfunction with associated AV block either demonstrated spontaneously or during preimplant testing (Hayes, 1991).

5.6.11 VAT or S/PIa atrial synchronous

In atrial synchronous (also called P-wave synchronous, atrial triggered and AV synchronous) mode, the ventricle is paced after a set period (which corresponds to P–R interval) following the recognition of a P wave. This mode attempts to reestablish AV synchrony and responds to the physiological needs of the patient as the atrial rate adapts. This mode can be used in patients with complete heart block with normal sinus and atrial electrical function, but it should be avoided when an abnormality of sinus or atrial function is present. Due to the atrial sensing refractory period, the maximal ventricular rate is limited (to approximately 125 beats/min), which is disadvantageous in young patients but is protective in situations where atrial sensing may occur such as in supraventricular tachycardia and atrial flutter. When a unidirectional AV block with slow retrograde conduction is present, it may result in tachyarrhythmias (Mond, 1983).

5.6.12 VDD or S/PSIvTa atrial synchronous ventricular inhibited

In this mode (abbreviated as ASVIP and also called P-wave synchronous ventricular inhibited), the ventricle is paced after a set period (which corresponds to the P–R interval) following the recognition of a P wave unless an R wave occurs before expiration of the interval. This mode is used for complete AV block with normal sinus node function and for congenital AV block (Furman, 1991). It also permits variable ventricular pacing at the rate of P waves and ventricular sensing prevents pacing of ventricles during the vulnerable period (Purcell and Burrews, 1986). VDD is contraindicated when AV node and distal conducting systems are intact, since it may cause retrograde conduction with sensing of P waves leading to reentry tachycardia (Mond, 1983). If AV synchrony is lost due to cessation of atrial activity or malfunction in atrial lead, pacing becomes VVI which may become symptomatic in patients dependent on AV synchrony as a result of inadequate cardiac output (Dreifus, 1986).

5.6.13 DDI or PSIaIv/PSIv AV sequential, atrial, and ventricular inhibited

In this mode, occurrence of certain events (P or R wave) start cycles. Since only ventricular activity is tracked in pacing ventricles, its rate of pacing never exceeds the programmed rate. This mode is used in patients with paroxysmal supraventricular tachycardias that could result in rapid ventricular pacing if the patient were programmed to the DDD mode (Hayes, 1991). It is also used with chronotropically competent patients with AV block and sinus node dysfunction in the presence of significant PSVT. It has been contraindicated in chronotropically incompetent patients with a demonstrated need or improvement with rate responsiveness (Hayes, 1991).

5.6.14 DDIR or PSIaIv/PSIv rate-adaptive DDI

DDIR, the rate-adaptive DDI, is used in chronotropically incompetent patients with AV block and sinus node dysfunction when a high level of activity is anticipated and frequent supraventricular tachyarrhythmias are present. It is controversial in the absence of AV block (Hayes, 1991).

5.6.15 DDD or PSIaIv/PSIvTa AV universal

In DDD, both chambers are paced and sensed. Pacing is inhibited in atrium by a sensed ventricular or atrial activity and is inhibited in ventricle by a ventricular activity but triggered by sensing an atrial activity. DDD is indicated for chronotropically competent patients with normal sinus node function and AV block and for patients in need of AV synchrony to achieve maximal cardiac output as well as in patients where previous pacemaker syndrome has been observed. It has been contraindicated in situations where frequent supraventricular tachyarrhythmias, including atrial fibrillation or flutter, exist and where atrial sensing is inadequate.

5.6.16 DDDR or PSIaIv/PSIvTa Rate-adaptive AV universal

DDDR, the rate-adaptive DDD, is used in chronotropically incompetents with AV block and sinus node dysfunction when a high level of activity is anticipated but atrial rhythm is stable (Dreifus et al., 1993). DDDR pacing in these patients restores rate responsiveness and AV synchrony. In patients with paroxysmal atrial rhythm, DDDR allows tracking of any rapid pathological rhythm (unlike DDIR, for example) (Hayes, 1991). DDDR is particularly suited for patients with persistent VA conduction. It has been contraindicated when chronic atrial fibrillation, atrial flutter, giant inexcitable atrium, or other frequent paroxysmal supraventricular tachyarrhythmias are present and when adequate atrial sensing is not achieved (Hayes, 1991).

5.7  Pacing selection XE  "Pacing selection" 
After the patient has been diagnosed properly and the need for permanent pacing has been confirmed, the proper pacemaker must be identified. In selecting the proper pacing mode, whether synchronous or rate-adaptive (asynchronous mode is obsolete as an implant time mode), several factors must be considered. These factors include the patient’s physical condition (Hayes, 1991), the presence of coronary heart disease and angina pectoris (Dreifus et al., 1993), the anticipated level of activity, exercise capacity, chronotropic response to exercise, and the cost. For example, in the absence of chronotropic incompetence, one may not need a rate-adaptive pacemaker, which (at present) costs more than a synchronous pacemaker.


Some believe that single chamber rate-adaptive pacemakers can replace dual chamber pacemakers in terms of physiological effectiveness. However, the single chamber rate-adaptive pacemakers do not maintain AV synchrony. This may not be an issue at fast heart rates, but at slow heart rates, maintaining AV synchrony is desired. Absence of AV synchrony may lead to atrial fibrillation and stroke and reduces patient life expectancy, especially if impaired ventricular functions are present. Figure 5.22 shows whether pacing modes listed preserve AV synchrony and are rate-responsive to exercise.


Finally, in selecting the proper pacemaker, one needs to have a complete knowledge of advantages and disadvantages of using a pacing mode and be familiar with abnormalities and their consequences. Figure 5.23 shows an example of an algorithm for selecting the proper pacemaker for a patient possessing symptomatic bradycardia while Figure 5.24 shows a logic diagram for selecting the proper pacing mode.

	Mode
	Preserves AV synchrony
	Rate-responsive to exercise?
	Rate-response accurate in presence of atrial arrhythmias?

	VVI
	no
	no
	N/A

	AAI
	 yes*
	     yes**
	no

	DVI
	yes
	no
	N/A

	DDI
	yes
	no
	N/A

	VDD
	      yes***
	     yes**
	no

	DDD
	yes
	     yes**
	no

	VVIR
	no
	yes
	yes

	DDDR
	yes
	yes
	???


Figure 5.22 Hemodynamic effects of pacing mode. N/A: not applicable; *: only if AV conduction is preserved; **: only if sinus response to exertion is preserved; ***: unless sinus bradycardia is present. From Naccarelli, G. V. 1991. Cardiac arrhythmias: a practical approach. Mount Kisco, NY: Futura Publishing.

	Can the atrium be sensed and paced reliably?

	If no, use VVIR or VVI.

	If yes,

	
Is AV conduction adequate?

	
If yes:

	
          Is there chronotropic competence?

	
          If yes, use one of these: AAI, DDI, AAIR, DDDR

	
          If no, use AAIR or DDDR

	
If not:

	
          Is there chronotropic competence?

	
          If yes, use DDD or DDDR

	
          If no, use DDDR or DDIR


Figure 5.23  A logical sequence in selecting the proper pacing mode for a patient with symptomatic bradycardia. From Benditt, D. G. 1993. Current pacing modes: a brief review of their features and indications. In Benditt, D. G. (ed.) Rate-adaptive pacing. Cambridge, MA: Blackwell Scientific.
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5.9  Instructional objectives

5.1
Describe the operation of an artificial pacemaker and its functional units.

5.2
Describe asynchronous and inhibited synchronous pacings. Describe what happens when AV synchrony is lost. List the advantages  of rate-adaptive pacing.

5.3
List the diagnostic and therapeutic uses of temporary pacing. List the advantages and disadvantages of each of the four temporary pacing techniques discussed in section 5.3. Explain transcutaneous and transesophageal temporary pacing.

5.4
Describe the classes of indications for permanent pacing.

5.5
State the abnormal conditions of acquired AV block for which permanent pacing is necessary.

5.6
Determine the class of each of these abnormalities: (1) first-degree heart block (2) second-degree AV block with symptomatic bradycardia (3) second-degree AV block with asymptomatic bradycardia (4) complete heart block with ventricular rates of at least 40 beats/min.

5.7
Describe the indications for permanent pacing after myocardial infarction in patients with AV block. List five intraventricular conduction disturbances and indicate whether they associate with an inferior or anterior myocardial infarction.

5.8
List bifascicular blocks where pacing is necessary or may be necessary. Describe the sinus node dysfunctions for which permanent pacing is not required.

5.9
State the abnormalities that necessitate permanent pacing in a child.

5.10
For a pacemaker made between 1981 and 1987 and designated as AAR,ON, give its designation in both NBG and NASPE specific codes if it were made today.

5.11
Explain cardioversion, defibrillation, underdrive, and burst.

5.12
Write the code for each of the following pacing modes in both NBG and NASPE specific codes: (1) ventricular pacing inhibited by sensing in ventricle and tachycardia detection in ventricles results in bursts in ventricle (2) pacing in ventricle inhibited by sensing in ventricle and includes these antitachyarrhythmia functions: burst, underdrive, ramp, burst plus extrastimulus, extrastimulus in ventricle activated externally (3) pacing of both chambers after an event sensed in the atrium (and include multiprogrammability).

5.13
Describe each of these pacing modes: (1) PSIaIv/PSIvTa(D), (2) O(Ua)/O, (3) P/O and (4) PIv/S.

5.14
Describe the operation of each DDD mode listed in Figure 5.17.

5.15
Write the code for these VVIR pacemakers using NASPE specific code and suggested rate-adaptive addition: (1) varies escape interval in response to the changes in (a) temperature (b) ventricular premature depolarization (c) ventilation, (2) varies refractory period in response to changes in (a) activity level (b) stimulus-to-T wave interval, and (3) varies atrioventricular interval in response to (a) temperature (b) ventilation.

5.16
Write the code for a DDD pacemaker whose AV interval differs after paced and sensed events and whose atrial refractory period is extended after a ventricular premature depolarization. Give the advantages of using this pacemaker.

5.17
Write the code in NBD format (short form, long form and label) for the following devices: (1) ventricle-only ICD with VVIR antibradycardia pacing, (2) ICD with ventricular cardioversion/defibrillation, dual chamber antitachycardia pacing and DDDR antibradycardia pacing, and (3) ICD with ventricular cardioversion/defibrillation, AF conversion, hemodynamic sensing, and VVIR antibradycardia pacing. Note that, in each case, more than one long form may be possible.

5.18
Describe each of the following NBD codes, indicate whether the corresponding code is for general description, for conversational purposes, or for book-keeping purposes and give each code in its conversational format if not already in that form: (1) VOEO (2) VOEV (3) AAEA (4) DDED (5) DDE-DDDC (6) DDH-DDDR (7) AAE-AAIC (8) ICD-T (9) ICD-S (10) ICD-B.

5.19
List the potential problems when using VOO mode. Describe how a failed pacemaker sensor would affect the patient. Identify the group of patients for which AOO may be used. Identify the mode that preserves AV synchrony.

5.20
Explain the pacemaker syndrome. Give the indications for VVI pacing. List the conditions for which the use of DVI mode can be beneficial. Identify the mode that preserves AV synchrony.

5.21
Identify the situations in which AAT or VVT may be used. List the disadvantages of using these modes. Identify the mode that preserves AV synchrony.

5.22
Distinguish which of these pacemakers may be used in chronotropically competent patients and which in chronotropically incompetent patients: VVI, VVIR, DVI, AAI, AAIR, DDI, and DDDR. List the modes that preserve AV synchrony.

5.23
Comment on the rate responsiveness to exercise of each mode mentioned in section 5.6 and not listed in Figure 5.22. Comment on whether or not the rate-response can be considered accurate in the presence of atrial arrhythmias in each case.

5.24
Explain whether or not dual chamber pacemakers can replace single chamber rate-adaptive pacemakers. Explain why AV synchrony is important.

5.25
Suggest the proper pacing mode for the following patients using Figure 5.24: (1) a patient with often unreliable atrial rhythms (2) a patient with sometimes unreliable atrial rhythms but with no need for atrial synchrony (3) a patient with unreliable atrial rhythms in need of rate adaptive pacing. If more than one mode is possible, select only one as the proper mode and justify your answer assuming that you have a programmable pacemaker. What would have you selected if cost were a factor in determining the proper mode? Justify your answer. 
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