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SVT

tachycardia in which the driving circuit or focus 
originates, at least in part, in tissue above the level of 
the ventricle (i.e., sinus node, atria, AV node, or His 
bundle)

 usually not lethal

often does not result in hemodynamic compromise

more conservative measures can be applied initially to 
convert to sinus rhythm
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tone. Carotid sinus massage and Valsalva or other vagal 
maneuvers gradually slow sinus tachycardia, which then 
accelerates to its previous rate on cessation of enhanced 
vagal tone. More rapid sinus rates can fail to slow in 
response to a vagal maneuver, particularly those driven 
by high adrenergic tone.

CLINICAL FEATURES. Sinus tachycardia is common 
in infancy and early childhood and is the normal reac-
tion to various physiologic or pathophysiologic stresses, 
such as fever, hypotension, thyrotoxicosis, anemia, 
anxiety, exertion, hypovolemia, pulmonary emboli, myo-
cardial ischemia, congestive heart failure, and shock. 
Drugs such as atropine, catecholamines, and thyroid 
medications as well as alcohol, nicotine, caffeine, and 
amphetamines or other stimulants can produce sinus 
tachycardia. Persistent sinus tachycardia can be a mani-
festation of heart failure.

In patients with structural heart disease, sinus tachy-
cardia can result in reduced cardiac output or angina or 
can precipitate another arrhythmia, in part related to the 
abbreviated ventricular filling time and compromised 
coronary blood flow. Sinus tachycardia can be a cause 
of inappropriate defibrillator discharge in patients with 
an implantable cardioverter-defibrillator (ICD; see Chap. 
38). Chronic inappropriate sinus tachycardia (also 
known as the syndrome of inappropriate sinus tachycar-
dia) has been described in otherwise healthy persons, 
possibly secondary to increased automaticity of the 
sinus node or an automatic atrial focus near the sinus 
node.6,7 The abnormality can result from a defect in 
either sympathetic or vagal nerve control of sinoatrial 
(SA) automaticity or from an abnormality of the intrinsic 
heart rate. In postural orthostatic tachycardia syndrome, 
a related syndrome with orthostatic hypotension and 
sinus tachycardia, the cause of the orthostatic decrease 
in blood pressure is not hypovolemia or drugs. Both syn-
dromes can result from autonomic neuropathy (either 
peripheral, as in diabetic patients, or central, from spinal 
cord injury).6,7 Sinus node reentry (see Fig. 39-e1 on 
website) is an atrial tachycardia originating from tissue 
near the sinus node and thus has a P wave morphology 
similar to sinus rhythm. The mechanism and manage-
ment of this tachycardia are discussed later in more 
detail in the section on focal atrial tachycardias.

MANAGEMENT. Management should focus on the cause of the 
sinus tachycardia. In the hospital inpatient setting, this is usually 
obvious (e.g., hemorrhage, sepsis, agitation). In the outpatient setting, 
the cause may be more elusive. The most common reversible causes 
include hyperthyroidism, anemia, infection or inflammation, and hypo-
volemia. Diabetic neuropathy is also common but not reversible. Elimi-
nation of tobacco, alcohol, coffee, tea, or other stimulants, such as the 
sympathomimetic agents in nose drops and cold medications, may be 
helpful. Drugs such as propranolol and verapamil, fluid replacement 
in a hypovolemic patient, or fever reduction in a febrile patient can 
help slow the sinus nodal discharge rate. Treatment of inappropriate 
sinus tachycardia requires beta blockers or calcium channel blockers, 
alone or in combination. In severe cases, sinus node radiofrequency 
(RF) or surgical ablation may be indicated; however, these approaches 
are usually only temporarily palliative (see Chap. 37). A specific blocker 
of the pacemaker current (If), ivabradine, has been developed (cur-
rently available in some European countries and Australia) and may 
be useful treatment in some patients with inappropriate or refractory 
sinus tachycardia.

Premature Atrial Complexes
Premature complexes are among the most common causes of an 
irregular pulse. They can originate from any area in the heart—most 

FIGURE 39-1 Algorithm for diagnosis of a narrow QRS tachycardia. AVRT = AV reentrant 
tachycardia; AVNRT = AV nodal reentrant tachycardia; MAT = multifocal atrial tachycardia; PJRT 
= permanent form of AV junctional reciprocating tachycardia. (From Blomstrom-Lundqvist C, 
Scheinman MM, Aliot EM, et al: ACC/AHA/ESC guidelines for the management of patients with supra-
ventricular arrhythmias—executive summary: A report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines and the European Society of Cardiology 
Committee for Practice Guidelines [Writing Committee to Develop Guidelines for the Management of 
Patients With Supraventricular Arrhythmias]. Circulation 108:1871, 2003.)
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TABLE 39-2 Major Features in the Di"erential Diagnosis 
of Wide QRS Beats Versus Tachycardia

SUPPORTS SVT SUPPORTS VT

Slowing or termination by vagal tone Fusion beats

Onset with premature P wave Capture beats

RP interval ≤100 msec AV dissociation

P and QRS rate and rhythm linked to 
suggest that ventricular activation 
depends on atrial discharge, e.g., 2 : 1 
AV block rSR′ V1

P and QRS rate and rhythm 
linked to suggest that atrial 
activation depends on 
ventricular discharge, e.g., 2 : 1 
VA block

Long-short cycle sequence “Compensatory” pause
Left-axis deviation; QRS duration 

>140 msec
Speci!c QRS contours (see text)

have a normal contour, a larger amplitude can develop, and the wave 
can become peaked. They appear before each QRS complex with a 
stable PR interval unless concomitant AV block ensues.

Accelerated phase 4 diastolic depolarization of sinus nodal cells (see 
Chap. 35) is generally responsible for sinus tachycardia and is usually 
caused by elevated adrenergic tone or withdrawal of parasympathetic 
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general, at least three P wave contours are noted, with most P waves 
conducted to the ventricles, although often with variable PR intervals. 
This tachycardia occurs commonly in older patients with chronic obstruc-
tive pulmonary disease and congestive heart failure and may eventually 
develop into atrial !brillation. Digitalis appears to be an unusual cause, 
and theophylline administration has been implicated. Chaotic atrial 
tachycardia can occur in childhood.

MANAGEMENT. Management is primarily directed toward the under-
lying disease. Antiarrhythmic agents are often ine"ective in slowing 
either the rate of the atrial tachycardia or the ventricular response. Beta 
adrenoceptor blockers should be avoided in patients with bronchospas-
tic pulmonary disease but can be e"ective if tolerated. Verapamil and 
amiodarone have been useful. Potassium and magnesium replacement 
may suppress the tachycardia. Ablation may be e"ective in some cases.12

Tachycardias Involving the AV Junction
Much confusion exists about the nomenclature of tachycardias char-
acterized by a supraventricular QRS complex, a regular R-R interval, 
and no evidence of ventricular preexcitation. Because various elec-
trophysiologic mechanisms can account for these tachycardias (Fig. 
39-8), the nonspecific term paroxysmal supraventricular tachycardia 
has been proposed to encompass the entire group. This term may be 
inappropriate because some tachycardias in patients with accessory 
pathways (see later) are no more supraventricular than they are ven-
tricular in origin as they may require participation of both the atria 
and the ventricles in the reentrant pathway and exhibit a QRS complex 
of normal contour and duration, only because anterograde conduc-
tion occurs over the normal AV node–His bundle pathways (Fig. 
39-8C). If conduction over the reentrant pathway reverses direction 
and travels in an “antidromic” direction (i.e., to the ventricles over the 
accessory pathway and to the atria over the AV node–His bundle), 
the QRS complex exhibits a prolonged duration, although the tachy-
cardia is basically the same. The term reciprocating tachycardia has 
been offered as a substitute for paroxysmal SVT, but use of such a 
term presumes the mechanism of the tachycardia to be reentrant, 
which is probably the case for many SVTs. Reciprocating tachycardia 
is probably the mechanism of many VTs as well. Thus, no universally 
acceptable nomenclature exists for these tachycardias, but rather 
descriptive labels for specific arrhythmias, as used throughout this 
chapter.

pulmonale, or digitalis intoxication, it is also seen in patients without 
structural heart disease. Potassium depletion can precipitate the 
arrhythmia in patients taking digitalis. The signs, symptoms, and prog-
nosis are usually related to the underlying cardiovascular status and 
the rate of the tachycardia. Atrial tachycardias often occur in short 
recurrent bursts but on occasion can be incessant. When they are 
incessant, tachycardia-induced cardiomyopathy can result. This can 
be partially or totally reversible with elimination of the tachycardia. 
In some patients, exercise or stress can provoke the tachycardia; in 
others, the tachycardia can be positional. Stimulants such as caffeine, 
chocolate, and ephedrine can also provoke episodes.

Physical findings during a variable rhythm include variable intensity 
of the first heart sound and systolic blood pressure as a result of the 
varying AV block and PR interval. An excessive number of a waves 
can be seen in the jugular venous pulse. Carotid sinus massage or 
administration of adenosine increases the degree of AV block by 
slowing the ventricular rate in stepwise fashion without terminating 
the tachycardia, as in atrial flutter. It should be performed cautiously 
in patients with digitalis toxicity because serious ventricular arrhyth-
mias can result. On occasion, carotid sinus massage or adenosine can 
terminate some forms of atrial tachycardia.

MANAGEMENT. Atrial tachycardia in a patient not receiving digi-
talis is treated in a manner similar to other atrial tachyarrhythmias. 
Depending on the clinical situation, digitalis, a beta blocker, or a 
calcium channel blocker can be administered to slow the ventricular 
rate; if atrial tachycardia remains, class IA, IC, or III drugs can be 
added. Catheter ablation procedures are usually effective at eliminat-
ing the atrial tachycardia, depending on the mechanism and underly-
ing heart disease.11 However, atrial tachycardias can occasionally 
recur at a different site after a successful ablation. If atrial tachycardia 
appears in a patient receiving digitalis, the drug should initially be 
assumed to be responsible for the arrhythmia. Therapy includes ces-
sation of digitalis and administration of digitalis antibodies or potas-
sium, if the level is low. Often, the ventricular response is not 
excessively fast, and simply withholding digitalis is all that is 
necessary.

Chaotic Atrial Tachycardia
Chaotic (sometimes called multifocal) atrial tachycardia is characterized 
by atrial rates between 100 and 130 beats/min, with marked variation in 
P wave morphology and totally irregular P-P intervals (Fig. 39-7). In 

FIGURE 39-6 Atrial tachycardia. This 12-lead ECG and rhythm strip (bottom) demonstrate an atrial tachycardia at a cycle length of approximately 520 milliseconds. 
Conduction varies between 3 : 2 and 2 : 1. Note the negative P waves in leads II, III, and aVF and, when consecutive P waves are conducted, that the RP interval 
exceeds the PR interval. Note also that the tachycardia persists despite the development of AV block, an important !nding that excludes the participation of an AV 
accessory pathway and sharply di"erentiates this tachycardia from the one shown in Figure 39-21.
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FIGURE 39-7 Chaotic (multifocal) atrial tachycardia. PACs occur at varying cycle lengths and with di!ering contours.

FIGURE 39-8 Diagrammatic representation of various tachycardias. In the upper portion of each example, a schematic of the presumed anatomic pathways is 
shown; in the lower half, the ECG and explanatory ladder diagram are depicted. A, AV nodal reentry. In the left example, reentrant excitation is drawn with retrograde 
atrial activity occurring simultaneously with ventricular activity as a result of anterograde conduction over the slow AV nodal pathway (SP) and retrograde conduc-
tion over the fast AV nodal pathway (FP). In the right example, atrial activity occurs slightly later than ventricular activity because of retrograde conduction delay.  
B, Atypical AV nodal reentry caused by anterograde conduction over a fast AV nodal pathway and retrograde conduction over a slow AV nodal pathway. C, Concealed 
accessory pathway (AP). Reciprocating tachycardia is caused by anterograde conduction over the AV node (AVN) and retrograde conduction over the accessory 
pathway. Retrograde P waves occur after the QRS complex. D, Sinus nodal reentry. The tachycardia is caused by reentry within the sinus node, which then conducts 
the impulse to the rest of the heart. E, Atrial reentry. Tachycardia is caused by reentry within the atrium, which then conducts the impulse to the rest of the heart. 
F, Automatic atrial tachycardia (star indicates origin). Tachycardia is caused by automatic discharge in the atrium, which then conducts the impulse to the rest of 
the heart; it is di"cult to distinguish from atrial reentry. G, Nonparoxysmal AV junctional tachycardia. Various manifestations of this tachycardia are depicted with 
retrograde atrial capture, AV dissociation with the sinus node in control of the atria, and AV dissociation with atrial #brillation. Star indicates sinus node discharge. 
Red circles indicate site of junctional discharge. SAN = sinoatrial node.
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often occur in short, recurrent bursts

occasionally incessant

can cause tachycardia induced cardiomypathy

exercise, stress, change of position, caffeine, chocolate 
and ephedrine can provoke episodes



ATRIAL TACHYCARDIA

S1 intensity varies, SBP varies as AV block and PR 
interval varies

excess a waves in the JVP

Carotid massage: increases the AV block, slows the 
ventricular rate in a stepwise fashion without 
terminating the tachycardia (most cases)
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Rx: Dig, BB or CCB

class IA, IC or III AAD can be added

catheter ablation is usually effective

occasionally can recur at a different site after a 
successful ablation

For Dig induced: stop digoxin, give dig AB or K
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digitalis is an unusual cause

may eventually develop into afib

theophylline has been implicated
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Rx the underlying cause

AADs are often ineffective

BB should be avoided in bronchospastic disease

Verapamil and amiodarone have been useful

K and Mg replacement may suppress it

Ablation effective in some cases
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(perhaps caused by anisotropy) or 
are functional in nature is not 
known. In most examples, the retro-
grade P wave occurs at the onset of 
the QRS complex, clearly excluding 
the possibility of an accessory 
pathway. If an accessory pathway in 
the ventricle were part of the tachy-
cardia circuit, the ventricles would 
have to be activated anterogradely 
before the accessory pathway could 
be activated retrogradely and depo-
larize the atria, thus placing the ret-
rograde P wave no earlier than 
during the ST segment.

In approximately 30% of cases, 
atrial activation begins at the end of 
or just after the QRS complex and 
gives rise to a discrete P wave on the 
scalar ECG (often appearing as a 
nubbin of an R in V1; see Fig. 39-8A), 
whereas in most patients, P waves 
are not seen because they are 
buried within the inscription of the 
QRS complex. In the most common 
variety of AV nodal reentrant tachy-
cardia (AVNRT), the ventriculoatrial 
(VA) interval (i.e., the interval 
between the onset of QRS and the 
onset of atrial activity) is less than 
50% of the R-R interval (a so-called 
short RP tachycardia), and the ratio 
of the AV to the VA interval exceeds 
1.0. These VA intervals are longer in 
patients with tachycardia related to 
accessory pathways as well as in 
atypical forms of AV nodal reentry 
(see Fig. 39-8B).

Slow and Fast Pathways. In 
most patients, anterograde conduction to the ventricle occurs over the 
slow pathway and retrograde conduction occurs over the fast pathway 
(see Chap. 35 and Fig. 39-8A, B). To initiate tachycardia, an atrial complex 
blocks conduction in the fast pathway anterogradely, travels to the ven-
tricle over the slow pathway, and returns to the atrium over the previ-
ously blocked fast pathway (slow-fast form). The proximal and distal !nal 
pathways for this circus movement appear to be located within the AV 
node, so as currently conceived, the circus movement occurs over the 
two atrial approaches and the AV node (see Fig. 39-8A, B). The reentrant 
loop for typical AV nodal reentry is the anterograde slow AV nodal 
pathway to the !nal distal common pathway (probably the distal AV 
node), to the retrograde fast AV nodal pathway, and then to atrial myo-
cardium. In atypical AV node reentry, the reentry occurs in the opposite 
direction. In some patients, the His bundle may be incorporated into the 
reentrant circuit. Less commonly, the reentry pathway can be over two 
slow pathways or over a slow and intermediate pathway, the so-called 
slow-slow AV node reentry (see Fig. 39-3B). Some data are consistent with 
intranodal activity.

The cycle length of the tachycardia generally depends on how well 
the slow pathway conducts because the fast pathway usually exhibits 
excellent capability for retrograde conduction and has the shorter refrac-
tory period in the retrograde direction. Therefore, conduction time in the 
anterograde slow pathway is a major determinant of the cycle length of 
the tachycardia.

Dual AV Nodal Pathway Concept. Evidence supporting the dual-
pathway concept derives from several observations, the most compel-
ling of which is that RF catheter ablation of either the slow pathway or 
the fast pathway eliminates AV nodal reentry without eliminating AV 
nodal conduction. Other observations provide supporting proof. For 
example, in these patients, a plot of the A1-A2 versus the A2-H2 or the A1-A2 
versus the H1-H2 interval shows a discontinuous curve (see Fig. 39-11). 
The explanation is that at a crucial A1-A2 interval, the impulse is suddenly 
blocked in the fast pathway and is conducted with delay over the slow 
pathway, with sudden prolongation of the A2-H2 (or H1-H2) interval. In 
general, the A-H interval increases at least 50 milliseconds, with only a 
10-millisecond decrease in the coupling interval of the PAC. Less com-
monly, dual pathways may be manifested by di"erent PR or A-H intervals 
during sinus rhythm or at identical paced rates or by a sudden jump in 
the A-H interval during atrial pacing at a constant cycle length. Two QRS 

AV Nodal Reentrant Tachycardia
ELECTROCARDIOGRAPHIC RECOGNITION. Reentrant tachycar-

dia involving the AV node is characterized by a tachycardia with a 
QRS complex of supraventricular origin, with sudden onset and ter-
mination generally at rates between 150 and 250 beats/min (usually 
180 to 200 beats/min in adults) and with a regular rhythm. Uncom-
monly, the rate may be as low as 110 beats/min; occasionally, espe-
cially in children, it may exceed 250 beats/min. Unless functional 
aberrant ventricular conduction or a previous conduction defect 
exists, the QRS complex is normal in contour and duration. P waves 
are generally buried in the QRS complex. Often, the P wave occurs 
just before or just after the end of the QRS and causes a subtle altera-
tion in the QRS complex that results in a pseudo-S or pseudo-r′, which 
may be recognized only on comparison with the QRS complex in 
normal sinus rhythm (Fig. 39-9). AV nodal reentry begins abruptly, 
usually after a PAC that conducts with a prolonged PR interval (see 
Figs. 39-3B and 39-8A). The R-R interval can shorten over the course 
of the first few beats at the onset or lengthen during the last few beats 
preceding termination of the tachycardia. Variation in cycle length, 
particularly at the onset of tachycardia or just before termination, is 
usually caused by variation in anterograde AV nodal conduction time. 
Cycle length or QRS alternans can occur, usually when the rate is very 
fast. Carotid sinus massage can slow the tachycardia slightly before its 
termination or, if termination does not occur, can produce only slight 
slowing of the tachycardia.

ELECTROPHYSIOLOGIC FEATURES. An atrial complex that conducts with 
a critical prolongation of AV nodal conduction time generally precipi-
tates AV nodal reentry (Figs. 39-10 and 39-11). Premature ventricular 
stimulation can also induce AV nodal reentry in about one third of 
patients. Data from RF catheter ablation results and mapping support 
the presence of di"erential atrial inputs into the AV node, the fast and 
slow pathways, to explain this tachycardia (see Chaps. 35 and 37). In 
Figure 39-8A and B, the atria are shown as a necessary link between the 
fast and slow pathways. Whether these pathways are discrete pathways 

FIGURE 39-9 Twelve-lead ECG of AVNRT. A, During tachycardia, a pseudo-r′ is seen in lead V1 (arrowhead) and 
pseudo-S waves (arrowhead) are seen in leads II, III, and aVF. B, These waves become more obvious compared with the 
QRS complexes during sinus rhythm.
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(perhaps caused by anisotropy) or 
are functional in nature is not 
known. In most examples, the retro-
grade P wave occurs at the onset of 
the QRS complex, clearly excluding 
the possibility of an accessory 
pathway. If an accessory pathway in 
the ventricle were part of the tachy-
cardia circuit, the ventricles would 
have to be activated anterogradely 
before the accessory pathway could 
be activated retrogradely and depo-
larize the atria, thus placing the ret-
rograde P wave no earlier than 
during the ST segment.

In approximately 30% of cases, 
atrial activation begins at the end of 
or just after the QRS complex and 
gives rise to a discrete P wave on the 
scalar ECG (often appearing as a 
nubbin of an R in V1; see Fig. 39-8A), 
whereas in most patients, P waves 
are not seen because they are 
buried within the inscription of the 
QRS complex. In the most common 
variety of AV nodal reentrant tachy-
cardia (AVNRT), the ventriculoatrial 
(VA) interval (i.e., the interval 
between the onset of QRS and the 
onset of atrial activity) is less than 
50% of the R-R interval (a so-called 
short RP tachycardia), and the ratio 
of the AV to the VA interval exceeds 
1.0. These VA intervals are longer in 
patients with tachycardia related to 
accessory pathways as well as in 
atypical forms of AV nodal reentry 
(see Fig. 39-8B).

Slow and Fast Pathways. In 
most patients, anterograde conduction to the ventricle occurs over the 
slow pathway and retrograde conduction occurs over the fast pathway 
(see Chap. 35 and Fig. 39-8A, B). To initiate tachycardia, an atrial complex 
blocks conduction in the fast pathway anterogradely, travels to the ven-
tricle over the slow pathway, and returns to the atrium over the previ-
ously blocked fast pathway (slow-fast form). The proximal and distal !nal 
pathways for this circus movement appear to be located within the AV 
node, so as currently conceived, the circus movement occurs over the 
two atrial approaches and the AV node (see Fig. 39-8A, B). The reentrant 
loop for typical AV nodal reentry is the anterograde slow AV nodal 
pathway to the !nal distal common pathway (probably the distal AV 
node), to the retrograde fast AV nodal pathway, and then to atrial myo-
cardium. In atypical AV node reentry, the reentry occurs in the opposite 
direction. In some patients, the His bundle may be incorporated into the 
reentrant circuit. Less commonly, the reentry pathway can be over two 
slow pathways or over a slow and intermediate pathway, the so-called 
slow-slow AV node reentry (see Fig. 39-3B). Some data are consistent with 
intranodal activity.

The cycle length of the tachycardia generally depends on how well 
the slow pathway conducts because the fast pathway usually exhibits 
excellent capability for retrograde conduction and has the shorter refrac-
tory period in the retrograde direction. Therefore, conduction time in the 
anterograde slow pathway is a major determinant of the cycle length of 
the tachycardia.

Dual AV Nodal Pathway Concept. Evidence supporting the dual-
pathway concept derives from several observations, the most compel-
ling of which is that RF catheter ablation of either the slow pathway or 
the fast pathway eliminates AV nodal reentry without eliminating AV 
nodal conduction. Other observations provide supporting proof. For 
example, in these patients, a plot of the A1-A2 versus the A2-H2 or the A1-A2 
versus the H1-H2 interval shows a discontinuous curve (see Fig. 39-11). 
The explanation is that at a crucial A1-A2 interval, the impulse is suddenly 
blocked in the fast pathway and is conducted with delay over the slow 
pathway, with sudden prolongation of the A2-H2 (or H1-H2) interval. In 
general, the A-H interval increases at least 50 milliseconds, with only a 
10-millisecond decrease in the coupling interval of the PAC. Less com-
monly, dual pathways may be manifested by di"erent PR or A-H intervals 
during sinus rhythm or at identical paced rates or by a sudden jump in 
the A-H interval during atrial pacing at a constant cycle length. Two QRS 
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monly, the rate may be as low as 110 beats/min; occasionally, espe-
cially in children, it may exceed 250 beats/min. Unless functional 
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exists, the QRS complex is normal in contour and duration. P waves 
are generally buried in the QRS complex. Often, the P wave occurs 
just before or just after the end of the QRS and causes a subtle altera-
tion in the QRS complex that results in a pseudo-S or pseudo-r′, which 
may be recognized only on comparison with the QRS complex in 
normal sinus rhythm (Fig. 39-9). AV nodal reentry begins abruptly, 
usually after a PAC that conducts with a prolonged PR interval (see 
Figs. 39-3B and 39-8A). The R-R interval can shorten over the course 
of the first few beats at the onset or lengthen during the last few beats 
preceding termination of the tachycardia. Variation in cycle length, 
particularly at the onset of tachycardia or just before termination, is 
usually caused by variation in anterograde AV nodal conduction time. 
Cycle length or QRS alternans can occur, usually when the rate is very 
fast. Carotid sinus massage can slow the tachycardia slightly before its 
termination or, if termination does not occur, can produce only slight 
slowing of the tachycardia.

ELECTROPHYSIOLOGIC FEATURES. An atrial complex that conducts with 
a critical prolongation of AV nodal conduction time generally precipi-
tates AV nodal reentry (Figs. 39-10 and 39-11). Premature ventricular 
stimulation can also induce AV nodal reentry in about one third of 
patients. Data from RF catheter ablation results and mapping support 
the presence of di"erential atrial inputs into the AV node, the fast and 
slow pathways, to explain this tachycardia (see Chaps. 35 and 37). In 
Figure 39-8A and B, the atria are shown as a necessary link between the 
fast and slow pathways. Whether these pathways are discrete pathways 

FIGURE 39-9 Twelve-lead ECG of AVNRT. A, During tachycardia, a pseudo-r′ is seen in lead V1 (arrowhead) and 
pseudo-S waves (arrowhead) are seen in leads II, III, and aVF. B, These waves become more obvious compared with the 
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(perhaps caused by anisotropy) or 
are functional in nature is not 
known. In most examples, the retro-
grade P wave occurs at the onset of 
the QRS complex, clearly excluding 
the possibility of an accessory 
pathway. If an accessory pathway in 
the ventricle were part of the tachy-
cardia circuit, the ventricles would 
have to be activated anterogradely 
before the accessory pathway could 
be activated retrogradely and depo-
larize the atria, thus placing the ret-
rograde P wave no earlier than 
during the ST segment.

In approximately 30% of cases, 
atrial activation begins at the end of 
or just after the QRS complex and 
gives rise to a discrete P wave on the 
scalar ECG (often appearing as a 
nubbin of an R in V1; see Fig. 39-8A), 
whereas in most patients, P waves 
are not seen because they are 
buried within the inscription of the 
QRS complex. In the most common 
variety of AV nodal reentrant tachy-
cardia (AVNRT), the ventriculoatrial 
(VA) interval (i.e., the interval 
between the onset of QRS and the 
onset of atrial activity) is less than 
50% of the R-R interval (a so-called 
short RP tachycardia), and the ratio 
of the AV to the VA interval exceeds 
1.0. These VA intervals are longer in 
patients with tachycardia related to 
accessory pathways as well as in 
atypical forms of AV nodal reentry 
(see Fig. 39-8B).

Slow and Fast Pathways. In 
most patients, anterograde conduction to the ventricle occurs over the 
slow pathway and retrograde conduction occurs over the fast pathway 
(see Chap. 35 and Fig. 39-8A, B). To initiate tachycardia, an atrial complex 
blocks conduction in the fast pathway anterogradely, travels to the ven-
tricle over the slow pathway, and returns to the atrium over the previ-
ously blocked fast pathway (slow-fast form). The proximal and distal !nal 
pathways for this circus movement appear to be located within the AV 
node, so as currently conceived, the circus movement occurs over the 
two atrial approaches and the AV node (see Fig. 39-8A, B). The reentrant 
loop for typical AV nodal reentry is the anterograde slow AV nodal 
pathway to the !nal distal common pathway (probably the distal AV 
node), to the retrograde fast AV nodal pathway, and then to atrial myo-
cardium. In atypical AV node reentry, the reentry occurs in the opposite 
direction. In some patients, the His bundle may be incorporated into the 
reentrant circuit. Less commonly, the reentry pathway can be over two 
slow pathways or over a slow and intermediate pathway, the so-called 
slow-slow AV node reentry (see Fig. 39-3B). Some data are consistent with 
intranodal activity.

The cycle length of the tachycardia generally depends on how well 
the slow pathway conducts because the fast pathway usually exhibits 
excellent capability for retrograde conduction and has the shorter refrac-
tory period in the retrograde direction. Therefore, conduction time in the 
anterograde slow pathway is a major determinant of the cycle length of 
the tachycardia.

Dual AV Nodal Pathway Concept. Evidence supporting the dual-
pathway concept derives from several observations, the most compel-
ling of which is that RF catheter ablation of either the slow pathway or 
the fast pathway eliminates AV nodal reentry without eliminating AV 
nodal conduction. Other observations provide supporting proof. For 
example, in these patients, a plot of the A1-A2 versus the A2-H2 or the A1-A2 
versus the H1-H2 interval shows a discontinuous curve (see Fig. 39-11). 
The explanation is that at a crucial A1-A2 interval, the impulse is suddenly 
blocked in the fast pathway and is conducted with delay over the slow 
pathway, with sudden prolongation of the A2-H2 (or H1-H2) interval. In 
general, the A-H interval increases at least 50 milliseconds, with only a 
10-millisecond decrease in the coupling interval of the PAC. Less com-
monly, dual pathways may be manifested by di"erent PR or A-H intervals 
during sinus rhythm or at identical paced rates or by a sudden jump in 
the A-H interval during atrial pacing at a constant cycle length. Two QRS 
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dia involving the AV node is characterized by a tachycardia with a 
QRS complex of supraventricular origin, with sudden onset and ter-
mination generally at rates between 150 and 250 beats/min (usually 
180 to 200 beats/min in adults) and with a regular rhythm. Uncom-
monly, the rate may be as low as 110 beats/min; occasionally, espe-
cially in children, it may exceed 250 beats/min. Unless functional 
aberrant ventricular conduction or a previous conduction defect 
exists, the QRS complex is normal in contour and duration. P waves 
are generally buried in the QRS complex. Often, the P wave occurs 
just before or just after the end of the QRS and causes a subtle altera-
tion in the QRS complex that results in a pseudo-S or pseudo-r′, which 
may be recognized only on comparison with the QRS complex in 
normal sinus rhythm (Fig. 39-9). AV nodal reentry begins abruptly, 
usually after a PAC that conducts with a prolonged PR interval (see 
Figs. 39-3B and 39-8A). The R-R interval can shorten over the course 
of the first few beats at the onset or lengthen during the last few beats 
preceding termination of the tachycardia. Variation in cycle length, 
particularly at the onset of tachycardia or just before termination, is 
usually caused by variation in anterograde AV nodal conduction time. 
Cycle length or QRS alternans can occur, usually when the rate is very 
fast. Carotid sinus massage can slow the tachycardia slightly before its 
termination or, if termination does not occur, can produce only slight 
slowing of the tachycardia.

ELECTROPHYSIOLOGIC FEATURES. An atrial complex that conducts with 
a critical prolongation of AV nodal conduction time generally precipi-
tates AV nodal reentry (Figs. 39-10 and 39-11). Premature ventricular 
stimulation can also induce AV nodal reentry in about one third of 
patients. Data from RF catheter ablation results and mapping support 
the presence of di"erential atrial inputs into the AV node, the fast and 
slow pathways, to explain this tachycardia (see Chaps. 35 and 37). In 
Figure 39-8A and B, the atria are shown as a necessary link between the 
fast and slow pathways. Whether these pathways are discrete pathways 

FIGURE 39-9 Twelve-lead ECG of AVNRT. A, During tachycardia, a pseudo-r′ is seen in lead V1 (arrowhead) and 
pseudo-S waves (arrowhead) are seen in leads II, III, and aVF. B, These waves become more obvious compared with the 
QRS complexes during sinus rhythm.
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(perhaps caused by anisotropy) or 
are functional in nature is not 
known. In most examples, the retro-
grade P wave occurs at the onset of 
the QRS complex, clearly excluding 
the possibility of an accessory 
pathway. If an accessory pathway in 
the ventricle were part of the tachy-
cardia circuit, the ventricles would 
have to be activated anterogradely 
before the accessory pathway could 
be activated retrogradely and depo-
larize the atria, thus placing the ret-
rograde P wave no earlier than 
during the ST segment.

In approximately 30% of cases, 
atrial activation begins at the end of 
or just after the QRS complex and 
gives rise to a discrete P wave on the 
scalar ECG (often appearing as a 
nubbin of an R in V1; see Fig. 39-8A), 
whereas in most patients, P waves 
are not seen because they are 
buried within the inscription of the 
QRS complex. In the most common 
variety of AV nodal reentrant tachy-
cardia (AVNRT), the ventriculoatrial 
(VA) interval (i.e., the interval 
between the onset of QRS and the 
onset of atrial activity) is less than 
50% of the R-R interval (a so-called 
short RP tachycardia), and the ratio 
of the AV to the VA interval exceeds 
1.0. These VA intervals are longer in 
patients with tachycardia related to 
accessory pathways as well as in 
atypical forms of AV nodal reentry 
(see Fig. 39-8B).

Slow and Fast Pathways. In 
most patients, anterograde conduction to the ventricle occurs over the 
slow pathway and retrograde conduction occurs over the fast pathway 
(see Chap. 35 and Fig. 39-8A, B). To initiate tachycardia, an atrial complex 
blocks conduction in the fast pathway anterogradely, travels to the ven-
tricle over the slow pathway, and returns to the atrium over the previ-
ously blocked fast pathway (slow-fast form). The proximal and distal !nal 
pathways for this circus movement appear to be located within the AV 
node, so as currently conceived, the circus movement occurs over the 
two atrial approaches and the AV node (see Fig. 39-8A, B). The reentrant 
loop for typical AV nodal reentry is the anterograde slow AV nodal 
pathway to the !nal distal common pathway (probably the distal AV 
node), to the retrograde fast AV nodal pathway, and then to atrial myo-
cardium. In atypical AV node reentry, the reentry occurs in the opposite 
direction. In some patients, the His bundle may be incorporated into the 
reentrant circuit. Less commonly, the reentry pathway can be over two 
slow pathways or over a slow and intermediate pathway, the so-called 
slow-slow AV node reentry (see Fig. 39-3B). Some data are consistent with 
intranodal activity.

The cycle length of the tachycardia generally depends on how well 
the slow pathway conducts because the fast pathway usually exhibits 
excellent capability for retrograde conduction and has the shorter refrac-
tory period in the retrograde direction. Therefore, conduction time in the 
anterograde slow pathway is a major determinant of the cycle length of 
the tachycardia.

Dual AV Nodal Pathway Concept. Evidence supporting the dual-
pathway concept derives from several observations, the most compel-
ling of which is that RF catheter ablation of either the slow pathway or 
the fast pathway eliminates AV nodal reentry without eliminating AV 
nodal conduction. Other observations provide supporting proof. For 
example, in these patients, a plot of the A1-A2 versus the A2-H2 or the A1-A2 
versus the H1-H2 interval shows a discontinuous curve (see Fig. 39-11). 
The explanation is that at a crucial A1-A2 interval, the impulse is suddenly 
blocked in the fast pathway and is conducted with delay over the slow 
pathway, with sudden prolongation of the A2-H2 (or H1-H2) interval. In 
general, the A-H interval increases at least 50 milliseconds, with only a 
10-millisecond decrease in the coupling interval of the PAC. Less com-
monly, dual pathways may be manifested by di"erent PR or A-H intervals 
during sinus rhythm or at identical paced rates or by a sudden jump in 
the A-H interval during atrial pacing at a constant cycle length. Two QRS 
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ELECTROCARDIOGRAPHIC RECOGNITION. Reentrant tachycar-

dia involving the AV node is characterized by a tachycardia with a 
QRS complex of supraventricular origin, with sudden onset and ter-
mination generally at rates between 150 and 250 beats/min (usually 
180 to 200 beats/min in adults) and with a regular rhythm. Uncom-
monly, the rate may be as low as 110 beats/min; occasionally, espe-
cially in children, it may exceed 250 beats/min. Unless functional 
aberrant ventricular conduction or a previous conduction defect 
exists, the QRS complex is normal in contour and duration. P waves 
are generally buried in the QRS complex. Often, the P wave occurs 
just before or just after the end of the QRS and causes a subtle altera-
tion in the QRS complex that results in a pseudo-S or pseudo-r′, which 
may be recognized only on comparison with the QRS complex in 
normal sinus rhythm (Fig. 39-9). AV nodal reentry begins abruptly, 
usually after a PAC that conducts with a prolonged PR interval (see 
Figs. 39-3B and 39-8A). The R-R interval can shorten over the course 
of the first few beats at the onset or lengthen during the last few beats 
preceding termination of the tachycardia. Variation in cycle length, 
particularly at the onset of tachycardia or just before termination, is 
usually caused by variation in anterograde AV nodal conduction time. 
Cycle length or QRS alternans can occur, usually when the rate is very 
fast. Carotid sinus massage can slow the tachycardia slightly before its 
termination or, if termination does not occur, can produce only slight 
slowing of the tachycardia.

ELECTROPHYSIOLOGIC FEATURES. An atrial complex that conducts with 
a critical prolongation of AV nodal conduction time generally precipi-
tates AV nodal reentry (Figs. 39-10 and 39-11). Premature ventricular 
stimulation can also induce AV nodal reentry in about one third of 
patients. Data from RF catheter ablation results and mapping support 
the presence of di"erential atrial inputs into the AV node, the fast and 
slow pathways, to explain this tachycardia (see Chaps. 35 and 37). In 
Figure 39-8A and B, the atria are shown as a necessary link between the 
fast and slow pathways. Whether these pathways are discrete pathways 

FIGURE 39-9 Twelve-lead ECG of AVNRT. A, During tachycardia, a pseudo-r′ is seen in lead V1 (arrowhead) and 
pseudo-S waves (arrowhead) are seen in leads II, III, and aVF. B, These waves become more obvious compared with the 
QRS complexes during sinus rhythm.
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TACHYCARDIAS INVOLVING THE AV 
JUNCTION

supraventricular complex + regular R-R interval + no 
evidence of ventricular preexcitation

Paroxysmal SVT: accounts for the various EP 
mechanisms; may be inappropriate as tachycardias in 
patients with accessory pathways require 
participation of both atria and the ventricles.

Reciprocating tachycardia: offered as a substitute, but 
presumes the mechanism to be reentrant



AVNRT

sudden onset and termination

rate 150 to 250 bpm (usually 180-200)

p waves generally buried in the QRS complex, often occur just 
before or after (30%) the QRS (pseudo-S or pseudo-r’)

begins abruptly usually after a PAC that conducts with a prologed 
PR interval

the R-R interval can shorten over the course of the 1st few beats 
at the onset or lengthen during the last few beats prior to the 
termination (variation in antergrade AV nodal conduction time)

cycle length or QRS alternans can occur



AVNRT ~ EP FEATURES

precipitated by an atrial complex that conducts with a 
critical prolongation of the AV nodal conduction time

presence of differential atrial inputs into the AV node, 
the fast and the slow pathways

the atria are a necesary link between the fast and 
slow pathways: discrete (anisotropy) vs. functional
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FIGURE 39-7 Chaotic (multifocal) atrial tachycardia. PACs occur at varying cycle lengths and with di!ering contours.

FIGURE 39-8 Diagrammatic representation of various tachycardias. In the upper portion of each example, a schematic of the presumed anatomic pathways is 
shown; in the lower half, the ECG and explanatory ladder diagram are depicted. A, AV nodal reentry. In the left example, reentrant excitation is drawn with retrograde 
atrial activity occurring simultaneously with ventricular activity as a result of anterograde conduction over the slow AV nodal pathway (SP) and retrograde conduc-
tion over the fast AV nodal pathway (FP). In the right example, atrial activity occurs slightly later than ventricular activity because of retrograde conduction delay.  
B, Atypical AV nodal reentry caused by anterograde conduction over a fast AV nodal pathway and retrograde conduction over a slow AV nodal pathway. C, Concealed 
accessory pathway (AP). Reciprocating tachycardia is caused by anterograde conduction over the AV node (AVN) and retrograde conduction over the accessory 
pathway. Retrograde P waves occur after the QRS complex. D, Sinus nodal reentry. The tachycardia is caused by reentry within the sinus node, which then conducts 
the impulse to the rest of the heart. E, Atrial reentry. Tachycardia is caused by reentry within the atrium, which then conducts the impulse to the rest of the heart. 
F, Automatic atrial tachycardia (star indicates origin). Tachycardia is caused by automatic discharge in the atrium, which then conducts the impulse to the rest of 
the heart; it is di"cult to distinguish from atrial reentry. G, Nonparoxysmal AV junctional tachycardia. Various manifestations of this tachycardia are depicted with 
retrograde atrial capture, AV dissociation with the sinus node in control of the atria, and AV dissociation with atrial #brillation. Star indicates sinus node discharge. 
Red circles indicate site of junctional discharge. SAN = sinoatrial node.
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AVNRT

typical AVNRT: down the slow and up the fast, early atrial 
complex blocks the antegrade fast pathway and conducts 
down the slow, circus movement, slow-fast reentry 

atypical AVNRT: down the fast and up the slow, < 5-10%

slow-slow reentry: rentry over 2 slow or a slow and an 
intermediate pathway

conduction time in the slow pathway is a major 
determinant of the cycle length of the tachycardia



TYPICAL AVNRT

usually VA interval < 50% the R-R interval (short RP)

usually AV to VA ratio >1.0

VA interval is longer in patients with tachycardia 
related to accessory pathways and in atypical AVNRT
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demonstrated in occasional patients. Virtually irrefutable proof of dual 
AV nodal pathways is the simultaneous propagation in opposite direc-
tions of two AV nodal wave fronts without collision (see Chap. 35) or the 
production of two QRS complexes from one P wave (see Fig. 39-10B) or 
two P waves from one QRS complex.

In less than 5% to 10% of patients with AV nodal reentry, anterograde 
conduction proceeds over the fast pathway and retrograde conduction 
over the slow pathway (termed the unusual or atypical form of fast-slow 

complexes in response to one P wave provide additional evidence (see 
Fig. 39-10B).

Some patients with AV nodal reentry may not have discontinuous 
refractory period curves, and some patients who do not have AV nodal 
reentry can exhibit discontinuous refractory curves. In the latter patients, 
dual AV nodal pathways can be a benign !nding. Many of these patients 
also exhibit discontinuous curves retrogradely. Similar mechanisms of 
tachycardia can occur in children. Triple AV nodal pathways can be 

FIGURE 39-10 A, Initiation of AVNRT in a patient with dual AV nodal pathways. Upper and lower panels show the last two paced beats of a train of stimuli deliv-
ered to the coronary sinus at a pacing cycle length of 500 milliseconds. The results of premature atrial stimulation at an S1-S2 interval of 250 milliseconds on two 
occasions are shown. Upper panel, S2 was conducted to the ventricle with an A-H interval of 170 milliseconds and was then followed by a sinus beat. Lower panel, 
S2 was conducted with an A-H interval of 300 milliseconds and initiated AV nodal reentry. Note that the retrograde atrial activity occurs (arrow) before the onset of 
ventricular septal depolarization and is superimposed on the QRS complex. Retrograde atrial activity begins !rst in the low right atrium (HBE lead) and then progresses 
to the high right atrium (RA) and coronary sinus (CS) recordings. B, Two QRS complexes in response to a single atrial premature complex. After a basic train of S1 
stimuli at 600 milliseconds, an S2 at 440 milliseconds is introduced. The !rst QRS complex in response to S2 occurs after a short A-H interval (95 milliseconds) caused 
by anterograde conduction over the fast AV nodal pathway. The !rst QRS complex is labeled 1 (in lead V1). The second QRS complex in response to the S2 stimulus 
(labeled 2) follows a long A-H interval (430 milliseconds) caused by anterograde conduction over the slow AV nodal pathway.
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demonstrated in occasional patients. Virtually irrefutable proof of dual 
AV nodal pathways is the simultaneous propagation in opposite direc-
tions of two AV nodal wave fronts without collision (see Chap. 35) or the 
production of two QRS complexes from one P wave (see Fig. 39-10B) or 
two P waves from one QRS complex.

In less than 5% to 10% of patients with AV nodal reentry, anterograde 
conduction proceeds over the fast pathway and retrograde conduction 
over the slow pathway (termed the unusual or atypical form of fast-slow 

complexes in response to one P wave provide additional evidence (see 
Fig. 39-10B).

Some patients with AV nodal reentry may not have discontinuous 
refractory period curves, and some patients who do not have AV nodal 
reentry can exhibit discontinuous refractory curves. In the latter patients, 
dual AV nodal pathways can be a benign !nding. Many of these patients 
also exhibit discontinuous curves retrogradely. Similar mechanisms of 
tachycardia can occur in children. Triple AV nodal pathways can be 

FIGURE 39-10 A, Initiation of AVNRT in a patient with dual AV nodal pathways. Upper and lower panels show the last two paced beats of a train of stimuli deliv-
ered to the coronary sinus at a pacing cycle length of 500 milliseconds. The results of premature atrial stimulation at an S1-S2 interval of 250 milliseconds on two 
occasions are shown. Upper panel, S2 was conducted to the ventricle with an A-H interval of 170 milliseconds and was then followed by a sinus beat. Lower panel, 
S2 was conducted with an A-H interval of 300 milliseconds and initiated AV nodal reentry. Note that the retrograde atrial activity occurs (arrow) before the onset of 
ventricular septal depolarization and is superimposed on the QRS complex. Retrograde atrial activity begins !rst in the low right atrium (HBE lead) and then progresses 
to the high right atrium (RA) and coronary sinus (CS) recordings. B, Two QRS complexes in response to a single atrial premature complex. After a basic train of S1 
stimuli at 600 milliseconds, an S2 at 440 milliseconds is introduced. The !rst QRS complex in response to S2 occurs after a short A-H interval (95 milliseconds) caused 
by anterograde conduction over the fast AV nodal pathway. The !rst QRS complex is labeled 1 (in lead V1). The second QRS complex in response to the S2 stimulus 
(labeled 2) follows a long A-H interval (430 milliseconds) caused by anterograde conduction over the slow AV nodal pathway.
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DUAL AV NODE PHYSIOLOGY

RF catheter ablation of the slow pathway eliminates AVNRT

Discontinous curve on a plot of A1-A2 intervals versus A2-
H2 and H1-H2 intervals respectively: At a crucial A1-A2 
interval the impulse is blocked in the fast pathway and 
conducts down the slow pathway with sudden prolongation 
of the A2-H2 (or H1-H2) interval

usual increase in A-H interval is atleast 50 ms for a 10 ms 
decrease in the coupling interval of the PAC

2 QRS complexes in response to one P wave



DISCONTINOUS 
REFRACTORY PERIOD CURVES
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demonstrated in occasional patients. Virtually irrefutable proof of dual 
AV nodal pathways is the simultaneous propagation in opposite direc-
tions of two AV nodal wave fronts without collision (see Chap. 35) or the 
production of two QRS complexes from one P wave (see Fig. 39-10B) or 
two P waves from one QRS complex.

In less than 5% to 10% of patients with AV nodal reentry, anterograde 
conduction proceeds over the fast pathway and retrograde conduction 
over the slow pathway (termed the unusual or atypical form of fast-slow 

complexes in response to one P wave provide additional evidence (see 
Fig. 39-10B).

Some patients with AV nodal reentry may not have discontinuous 
refractory period curves, and some patients who do not have AV nodal 
reentry can exhibit discontinuous refractory curves. In the latter patients, 
dual AV nodal pathways can be a benign !nding. Many of these patients 
also exhibit discontinuous curves retrogradely. Similar mechanisms of 
tachycardia can occur in children. Triple AV nodal pathways can be 

FIGURE 39-10 A, Initiation of AVNRT in a patient with dual AV nodal pathways. Upper and lower panels show the last two paced beats of a train of stimuli deliv-
ered to the coronary sinus at a pacing cycle length of 500 milliseconds. The results of premature atrial stimulation at an S1-S2 interval of 250 milliseconds on two 
occasions are shown. Upper panel, S2 was conducted to the ventricle with an A-H interval of 170 milliseconds and was then followed by a sinus beat. Lower panel, 
S2 was conducted with an A-H interval of 300 milliseconds and initiated AV nodal reentry. Note that the retrograde atrial activity occurs (arrow) before the onset of 
ventricular septal depolarization and is superimposed on the QRS complex. Retrograde atrial activity begins !rst in the low right atrium (HBE lead) and then progresses 
to the high right atrium (RA) and coronary sinus (CS) recordings. B, Two QRS complexes in response to a single atrial premature complex. After a basic train of S1 
stimuli at 600 milliseconds, an S2 at 440 milliseconds is introduced. The !rst QRS complex in response to S2 occurs after a short A-H interval (95 milliseconds) caused 
by anterograde conduction over the fast AV nodal pathway. The !rst QRS complex is labeled 1 (in lead V1). The second QRS complex in response to the S2 stimulus 
(labeled 2) follows a long A-H interval (430 milliseconds) caused by anterograde conduction over the slow AV nodal pathway.
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DUAL PATHWAY EVIDENCE
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demonstrated in occasional patients. Virtually irrefutable proof of dual 
AV nodal pathways is the simultaneous propagation in opposite direc-
tions of two AV nodal wave fronts without collision (see Chap. 35) or the 
production of two QRS complexes from one P wave (see Fig. 39-10B) or 
two P waves from one QRS complex.

In less than 5% to 10% of patients with AV nodal reentry, anterograde 
conduction proceeds over the fast pathway and retrograde conduction 
over the slow pathway (termed the unusual or atypical form of fast-slow 

complexes in response to one P wave provide additional evidence (see 
Fig. 39-10B).

Some patients with AV nodal reentry may not have discontinuous 
refractory period curves, and some patients who do not have AV nodal 
reentry can exhibit discontinuous refractory curves. In the latter patients, 
dual AV nodal pathways can be a benign !nding. Many of these patients 
also exhibit discontinuous curves retrogradely. Similar mechanisms of 
tachycardia can occur in children. Triple AV nodal pathways can be 

FIGURE 39-10 A, Initiation of AVNRT in a patient with dual AV nodal pathways. Upper and lower panels show the last two paced beats of a train of stimuli deliv-
ered to the coronary sinus at a pacing cycle length of 500 milliseconds. The results of premature atrial stimulation at an S1-S2 interval of 250 milliseconds on two 
occasions are shown. Upper panel, S2 was conducted to the ventricle with an A-H interval of 170 milliseconds and was then followed by a sinus beat. Lower panel, 
S2 was conducted with an A-H interval of 300 milliseconds and initiated AV nodal reentry. Note that the retrograde atrial activity occurs (arrow) before the onset of 
ventricular septal depolarization and is superimposed on the QRS complex. Retrograde atrial activity begins !rst in the low right atrium (HBE lead) and then progresses 
to the high right atrium (RA) and coronary sinus (CS) recordings. B, Two QRS complexes in response to a single atrial premature complex. After a basic train of S1 
stimuli at 600 milliseconds, an S2 at 440 milliseconds is introduced. The !rst QRS complex in response to S2 occurs after a short A-H interval (95 milliseconds) caused 
by anterograde conduction over the fast AV nodal pathway. The !rst QRS complex is labeled 1 (in lead V1). The second QRS complex in response to the S2 stimulus 
(labeled 2) follows a long A-H interval (430 milliseconds) caused by anterograde conduction over the slow AV nodal pathway.
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AVNRT

no structural heart disease is common

presents in 3rd and 4th decade in adults

palpitations, nervousness, anxiety, angina, HF, syncope, 
shock

syncope: cerebral hyoperfusion or asystole when 
tachycardia terminates due to depression of sinus node 
automaticity by prolonged tachycardia

prognosis is good if no heart disease



AVNRT ACUTE RX
rest, reassurance, sedation

vagal maneuvers: carotid sinus massage, valsalva maneuver, muller’s 
maneuver, gagging or exposure of face to ice water

adenosine is the initial drug of choice (depress anterograde conduction 
in the slow pathway), 6-12 mg iv will successfully terminate in 90% of 
cases

Dig, CCB and BB:  Verapamil 5-10 mg iv or Diltiazem 0.25-0.39 mg/kg iv 
terminates AVNRT successfully in 90% cases when vagal/adenosine fails

DC shock (10 to 50J) or Pacing

Class IA, IC and III not usually used (cardioversion should be attempted 
before), may be administered to prevent recurrence; IA and IC drugs 
decrease conduction in the retrograde fast pathway



AVNRT RECURRENCE 
PREVENTION

long acting CCB, BB and digoxin are reasonable initial 
choices

RF ablation: >95% effective in curing patients long 
term, considered early in management of 
symptomatic patients



ACCESSORY PATHWAYS



ACCESSORY AV PATHWAYS

Fibers that connect the atrium or AV node to the ventricle, 
outside the normal AV nodal-his-purkinje conduction system

potential substrates for reentrant tachycardias (AV 
reciprocating tachycardia or AVRT)

Preexcitation: conduction antegrade over the accessory 
pathway resulting in a delta wave in the QRS complex

WPW syndrome: prexcitation + symptoms compatible with 
the tachycardia

Concealed: pathways conduct in the retrograde direction 
only, no prexcitation seen



AVRT

macroreentry

anterograde conduction over the AV node-his bundle pathway 
and retrograde conduction over the AP is most common

QRS complex is normal, the retrograde p wave occurs after 
completion of the QRS complex, in the ST segment or early 
in the t wave

sometimes the p wave is not clearly visible and can result in 
depression of the ST segment (resolves with tachycardia 
termination)



AVRT

P wave follows the QRS complex during tachycardia

the retrograde P wave must occur after ventricular 
excitation, in contrast to AV nodal reentry, in which the 
atria are usually excited during ventricular activation

the contour of the retrograde P wave can differ from 
that of the usual retrograde P wave because the atria 
may be activated eccentrically, this occurs because the 
concealed AP in most cases is left-sided



CONCEALED ACCESSORY 
PATHWAYS



CONCEALED ACCESSORY PATHWAY
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FIGURE 39-7 Chaotic (multifocal) atrial tachycardia. PACs occur at varying cycle lengths and with di!ering contours.

FIGURE 39-8 Diagrammatic representation of various tachycardias. In the upper portion of each example, a schematic of the presumed anatomic pathways is 
shown; in the lower half, the ECG and explanatory ladder diagram are depicted. A, AV nodal reentry. In the left example, reentrant excitation is drawn with retrograde 
atrial activity occurring simultaneously with ventricular activity as a result of anterograde conduction over the slow AV nodal pathway (SP) and retrograde conduc-
tion over the fast AV nodal pathway (FP). In the right example, atrial activity occurs slightly later than ventricular activity because of retrograde conduction delay.  
B, Atypical AV nodal reentry caused by anterograde conduction over a fast AV nodal pathway and retrograde conduction over a slow AV nodal pathway. C, Concealed 
accessory pathway (AP). Reciprocating tachycardia is caused by anterograde conduction over the AV node (AVN) and retrograde conduction over the accessory 
pathway. Retrograde P waves occur after the QRS complex. D, Sinus nodal reentry. The tachycardia is caused by reentry within the sinus node, which then conducts 
the impulse to the rest of the heart. E, Atrial reentry. Tachycardia is caused by reentry within the atrium, which then conducts the impulse to the rest of the heart. 
F, Automatic atrial tachycardia (star indicates origin). Tachycardia is caused by automatic discharge in the atrium, which then conducts the impulse to the rest of 
the heart; it is di"cult to distinguish from atrial reentry. G, Nonparoxysmal AV junctional tachycardia. Various manifestations of this tachycardia are depicted with 
retrograde atrial capture, AV dissociation with the sinus node in control of the atria, and AV dissociation with atrial #brillation. Star indicates sinus node discharge. 
Red circles indicate site of junctional discharge. SAN = sinoatrial node.
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FIGURE 39-7 Chaotic (multifocal) atrial tachycardia. PACs occur at varying cycle lengths and with di!ering contours.

FIGURE 39-8 Diagrammatic representation of various tachycardias. In the upper portion of each example, a schematic of the presumed anatomic pathways is 
shown; in the lower half, the ECG and explanatory ladder diagram are depicted. A, AV nodal reentry. In the left example, reentrant excitation is drawn with retrograde 
atrial activity occurring simultaneously with ventricular activity as a result of anterograde conduction over the slow AV nodal pathway (SP) and retrograde conduc-
tion over the fast AV nodal pathway (FP). In the right example, atrial activity occurs slightly later than ventricular activity because of retrograde conduction delay.  
B, Atypical AV nodal reentry caused by anterograde conduction over a fast AV nodal pathway and retrograde conduction over a slow AV nodal pathway. C, Concealed 
accessory pathway (AP). Reciprocating tachycardia is caused by anterograde conduction over the AV node (AVN) and retrograde conduction over the accessory 
pathway. Retrograde P waves occur after the QRS complex. D, Sinus nodal reentry. The tachycardia is caused by reentry within the sinus node, which then conducts 
the impulse to the rest of the heart. E, Atrial reentry. Tachycardia is caused by reentry within the atrium, which then conducts the impulse to the rest of the heart. 
F, Automatic atrial tachycardia (star indicates origin). Tachycardia is caused by automatic discharge in the atrium, which then conducts the impulse to the rest of 
the heart; it is di"cult to distinguish from atrial reentry. G, Nonparoxysmal AV junctional tachycardia. Various manifestations of this tachycardia are depicted with 
retrograde atrial capture, AV dissociation with the sinus node in control of the atria, and AV dissociation with atrial #brillation. Star indicates sinus node discharge. 
Red circles indicate site of junctional discharge. SAN = sinoatrial node.
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CONCEALED ACCESSORY PATHWAY
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of 1 to 1.5 mg, followed by 0.25 to 0.5 mg every 6 hours, for a total 
dose of 2 to 3 mg. A less rapid oral regimen induces digitalization in 
2 to 3 days with an initial dose of 0.75 to 1 mg, followed by 0.25 to 
0.5 mg every 12 hours, for a total dose of 2 to 3 mg. Alternatively, 
digoxin administered as a maintenance dose of 0.125 to 0.5 mg 
achieves digitalization in about 1 week. If any of these drugs is inef-
fective when it is taken singly, combinations can be attempted.

RADIOFREQUENCY ABLATION. RF ablation is more than 95% 
effective at curing patients long term, with a low incidence of compli-
cations. Because it is preferable to cure the patient of the tachycardia 
rather than to use potentially toxic drugs to suppress it or to implant 
an antitachycardia device that terminates the tachycardia only after 
its onset (see Chap. 37), RF catheter ablation should be considered 
early in the management of patients with symptomatic recurrent epi-
sodes of AV node reentry. The procedure can be offered as an alterna-
tive to drug therapy in patients with frequent symptomatic episodes. 
For patients who do not wish to take drugs, patients who are drug 
intolerant, or those in whom drugs are ineffective, RF catheter ablation 
is the treatment of choice. It should be considered before long-term 
therapy with class IA, IC, or III antiarrhythmic drugs. Ablation has 
replaced surgery in virtually all cases and may be considered the 
initial treatment of choice in many symptomatic patients.

Accessory AV Pathways
Accessory pathways are fibers that connect the atrium or AV node to 
the ventricle outside the normal AV nodal–His-Purkinje conduction 
system. These pathways can conduct impulses in the forward (antero-
grade from atrium to ventricle) or reverse (retrograde from ventricle 
to atrium) direction and are potential substrates for reentrant tachy-
cardias (AV reciprocating tachycardia). When the pathway is capable 
of anterograde conduction, the ventricle can be depolarized in part 
by the accessory pathway (outside of the normal His-Purkinje system) 
and produces a QRS complex that is preexcited (i.e., with a delta 
wave; see later). When a ventricular preexcitation is present and 
symptoms are compatible with tachycardia, the patient is said to have 
the Wolff-Parkinson-White (WPW) syndrome. In some cases, the path-
ways are able to conduct only in the retrograde direction; thus, they 
do not produce any ventricular preexcitation and are said to be 
concealed.

Reentry over a Concealed (Retrograde-only) Accessory Pathway
ELECTROCARDIOGRAPHIC RECOGNITION. The presence of an 

accessory pathway that conducts unidirectionally from the ventricle 
to the atrium but not in the reverse direction is not apparent by analy-
sis of the scalar ECG during sinus rhythm because the ventricle is not 
preexcited (Fig. 39-12). Therefore, electrocardiographic manifesta-
tions of WPW syndrome are absent, and the accessory pathway is said 
to be concealed. Because the mechanism responsible for most tachy-
cardias in patients who have WPW syndrome is macroreentry caused 
by anterograde conduction over the AV node–His bundle pathway 
and retrograde conduction over an accessory pathway, the accessory 
pathway, even if it conducts only retrogradely, can still participate in 
the reentrant circuit to cause an AV reciprocating tachycardia. On 
electrocardiographic examination, a tachycardia resulting from this 
mechanism can be suspected when the QRS complex is normal and 
the retrograde P wave occurs after completion of the QRS complex, 
in the ST segment, or early in the T wave (see Fig. 39-8C). Sometimes 
the P wave is not clearly visible and can result in depression of the ST 
segment; when this is seen during tachycardia, the mechanism of the 
arrhythmia is most often reentry involving an accessory pathway (AV 
reentrant tachycardia). In addition, in this setting, the ST depression 
that occurs only during the tachycardia (resolves with tachycardia 
termination) does not indicate ischemia in the absence of other evi-
dence for ischemia (chest pain, enzyme elevation, known coronary 
disease).

The P wave follows the QRS complex during tachycardia because the 
ventricle must be activated before the propagating impulse can enter 
the accessory pathway and excite the atria retrogradely. Therefore, the 
retrograde P wave must occur after ventricular excitation, in contrast to 
AV nodal reentry, in which the atria are usually excited during ventricular 

FIGURE 39-12 Atrial preexcitation during AV reciprocating tachycardia in a 
patient with a concealed accessory pathway. No evidence of accessory pathway 
conduction is present in the two sinus-initiated beats shown in A. A premature 
stimulus in the coronary sinus (S) precipitates SVT at a cycle length of approxi-
mately 330 milliseconds. The retrograde atrial activation sequence begins !rst 
in the distal coronary sinus (A′, DCS), followed by activation recorded in the 
proximal coronary sinus (PCS), low right atrium (HBE), and then high right atrium 
(not shown). The QRS complex is normal and identical to the sinus-initiated QRS 
complex. (The terminal portion is slightly deformed by superimposition of the 
retrograde atrial recording.) Note that the RP interval is short and the PR interval 
is long. The shortest VA interval exceeds 65 milliseconds, consistent with con-
duction over a retrogradely conducting AV pathway. B, Premature ventricular 
stimulation at a time when the His bundle is still refractory from anterograde 
activation during tachycardia shortens the A-A interval from 330 to 305 milli-
seconds without a change in the retrograde atrial activation sequence. (Note 
that no change occurs in the H-H interval when the right ventricular stimulus, 
S, is delivered. H-H intervals are in milliseconds in the HBE lead.) Thus, the ven-
tricular stimulus, despite His bundle refractoriness, still reaches the atrium and 
produces an identical retrograde atrial activation sequence. The only way that 
this !nding can be explained is by conduction over a retrogradely conducting 
accessory pathway. Therefore, the patient has a concealed accessory pathway 
with the WPW syndrome. HRA = high right atrium; RV = right ventricle.
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of 1 to 1.5 mg, followed by 0.25 to 0.5 mg every 6 hours, for a total 
dose of 2 to 3 mg. A less rapid oral regimen induces digitalization in 
2 to 3 days with an initial dose of 0.75 to 1 mg, followed by 0.25 to 
0.5 mg every 12 hours, for a total dose of 2 to 3 mg. Alternatively, 
digoxin administered as a maintenance dose of 0.125 to 0.5 mg 
achieves digitalization in about 1 week. If any of these drugs is inef-
fective when it is taken singly, combinations can be attempted.

RADIOFREQUENCY ABLATION. RF ablation is more than 95% 
effective at curing patients long term, with a low incidence of compli-
cations. Because it is preferable to cure the patient of the tachycardia 
rather than to use potentially toxic drugs to suppress it or to implant 
an antitachycardia device that terminates the tachycardia only after 
its onset (see Chap. 37), RF catheter ablation should be considered 
early in the management of patients with symptomatic recurrent epi-
sodes of AV node reentry. The procedure can be offered as an alterna-
tive to drug therapy in patients with frequent symptomatic episodes. 
For patients who do not wish to take drugs, patients who are drug 
intolerant, or those in whom drugs are ineffective, RF catheter ablation 
is the treatment of choice. It should be considered before long-term 
therapy with class IA, IC, or III antiarrhythmic drugs. Ablation has 
replaced surgery in virtually all cases and may be considered the 
initial treatment of choice in many symptomatic patients.

Accessory AV Pathways
Accessory pathways are fibers that connect the atrium or AV node to 
the ventricle outside the normal AV nodal–His-Purkinje conduction 
system. These pathways can conduct impulses in the forward (antero-
grade from atrium to ventricle) or reverse (retrograde from ventricle 
to atrium) direction and are potential substrates for reentrant tachy-
cardias (AV reciprocating tachycardia). When the pathway is capable 
of anterograde conduction, the ventricle can be depolarized in part 
by the accessory pathway (outside of the normal His-Purkinje system) 
and produces a QRS complex that is preexcited (i.e., with a delta 
wave; see later). When a ventricular preexcitation is present and 
symptoms are compatible with tachycardia, the patient is said to have 
the Wolff-Parkinson-White (WPW) syndrome. In some cases, the path-
ways are able to conduct only in the retrograde direction; thus, they 
do not produce any ventricular preexcitation and are said to be 
concealed.

Reentry over a Concealed (Retrograde-only) Accessory Pathway
ELECTROCARDIOGRAPHIC RECOGNITION. The presence of an 

accessory pathway that conducts unidirectionally from the ventricle 
to the atrium but not in the reverse direction is not apparent by analy-
sis of the scalar ECG during sinus rhythm because the ventricle is not 
preexcited (Fig. 39-12). Therefore, electrocardiographic manifesta-
tions of WPW syndrome are absent, and the accessory pathway is said 
to be concealed. Because the mechanism responsible for most tachy-
cardias in patients who have WPW syndrome is macroreentry caused 
by anterograde conduction over the AV node–His bundle pathway 
and retrograde conduction over an accessory pathway, the accessory 
pathway, even if it conducts only retrogradely, can still participate in 
the reentrant circuit to cause an AV reciprocating tachycardia. On 
electrocardiographic examination, a tachycardia resulting from this 
mechanism can be suspected when the QRS complex is normal and 
the retrograde P wave occurs after completion of the QRS complex, 
in the ST segment, or early in the T wave (see Fig. 39-8C). Sometimes 
the P wave is not clearly visible and can result in depression of the ST 
segment; when this is seen during tachycardia, the mechanism of the 
arrhythmia is most often reentry involving an accessory pathway (AV 
reentrant tachycardia). In addition, in this setting, the ST depression 
that occurs only during the tachycardia (resolves with tachycardia 
termination) does not indicate ischemia in the absence of other evi-
dence for ischemia (chest pain, enzyme elevation, known coronary 
disease).

The P wave follows the QRS complex during tachycardia because the 
ventricle must be activated before the propagating impulse can enter 
the accessory pathway and excite the atria retrogradely. Therefore, the 
retrograde P wave must occur after ventricular excitation, in contrast to 
AV nodal reentry, in which the atria are usually excited during ventricular 

FIGURE 39-12 Atrial preexcitation during AV reciprocating tachycardia in a 
patient with a concealed accessory pathway. No evidence of accessory pathway 
conduction is present in the two sinus-initiated beats shown in A. A premature 
stimulus in the coronary sinus (S) precipitates SVT at a cycle length of approxi-
mately 330 milliseconds. The retrograde atrial activation sequence begins !rst 
in the distal coronary sinus (A′, DCS), followed by activation recorded in the 
proximal coronary sinus (PCS), low right atrium (HBE), and then high right atrium 
(not shown). The QRS complex is normal and identical to the sinus-initiated QRS 
complex. (The terminal portion is slightly deformed by superimposition of the 
retrograde atrial recording.) Note that the RP interval is short and the PR interval 
is long. The shortest VA interval exceeds 65 milliseconds, consistent with con-
duction over a retrogradely conducting AV pathway. B, Premature ventricular 
stimulation at a time when the His bundle is still refractory from anterograde 
activation during tachycardia shortens the A-A interval from 330 to 305 milli-
seconds without a change in the retrograde atrial activation sequence. (Note 
that no change occurs in the H-H interval when the right ventricular stimulus, 
S, is delivered. H-H intervals are in milliseconds in the HBE lead.) Thus, the ven-
tricular stimulus, despite His bundle refractoriness, still reaches the atrium and 
produces an identical retrograde atrial activation sequence. The only way that 
this !nding can be explained is by conduction over a retrogradely conducting 
accessory pathway. Therefore, the patient has a concealed accessory pathway 
with the WPW syndrome. HRA = high right atrium; RV = right ventricle.
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SEPTAL AP

concealed septal AP is an exception to the rule

retrograde atrial activation is normal

VA interval and cycle length of the tachycardia 
increases 25 ms or less with development of an 
ipsilateral functional BBB

vagal maneuvers have a response similar to AVNRT



EP FEATURES OF A CONCEALED PATHWAY

initiation of tachycardia depends on a critical degree 
of AV delay, either the AV node or his-purkinje system 
(a critical  degree of A-H delay as in AVNRT is not 
necessary)

the AV nodal refractory period curve is smooth (not 
discontinous as in AVNRT)



DIAGNOSIS OF AP

premature ventricular stimulation activates the atria before retrograde 
depolarization of the His bundle

if the ventricle is stimulated prematurely during the tachycardia at a time 
when the His bundle is refractory, the impulse still conducts to the atrium

the VA interval is generally constant over a wide range of ventricular 
paced rates and coupling intervals of PVCs as well as during the 
tachycardia

the VA interval is usually less than 50% of the R-R interval

the tachycardia can be easily initiated by a PVC that conducts retrograde 
over the AP but blocks conduction in the AV node or His bundle



CLINICAL FEATURES OF AP

accounts for about 30% of the patients wit apparent 
SVT referred for EP evaluation

tachycardia rates tend to be bit faster (200 bpm)

palpitations, syncope

regular ventricular rhythm, S1 inensity is constant



MANAGEMENT 

vagal, iv adenosine, verapamil, diltizaem, dig and BB

RF catheter ablation: curative, low risk, should be 
considered early

 AAD can be considered



PREXCITATION SYNDROME
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Septal Accessory Pathway
An exception to these observations occurs in a patient with a con-
cealed septal accessory pathway. First, retrograde atrial activation is 
normal because it occurs retrogradely up the septum. Second, the VA 
interval and cycle length of the tachycardia increase 25 milliseconds 
or less with the development of an ipsilateral functional bundle 
branch block.

Vagal maneuvers, by acting predominantly on the AV node, 
produce a response on AV reentry similar to AV nodal reentry, and 
the tachycardia can transiently slow and sometimes terminate. In 
general, termination occurs in the anterograde direction, so the last 
retrograde P wave fails to conduct to the ventricle.

ELECTROPHYSIOLOGIC FEATURES. Electrophysiologic criteria supporting 
the diagnosis of tachycardia involving reentry over a concealed acces-
sory pathway include the fact that initiation of tachycardia depends on 
a critical degree of AV delay (necessary to allow time for the accessory 
pathway to recover excitability so that it can conduct retrogradely), but 
the delay can be in the AV node or His-Purkinje system; that is, a critical 
degree of A-H delay is not necessary (as it is in AV nodal reentry). On 
occasion, a tachycardia can start with little or no measurable lengthening 
of AV nodal or His-Purkinje conduction time. The AV nodal refractory 
period curve is smooth, in contrast to the discontinuous curve found in 
many patients with AV nodal reentry. Dual AV nodal pathways can occa-
sionally be noted as a concomitant but unrelated !nding.

DIAGNOSIS OF ACCESSORY PATHWAYS. Diagnosis can be made 
by demonstrating that during ventricular pacing, premature ventricu-
lar stimulation activates the atria before retrograde depolarization of 
the His bundle, thus indicating that the impulse reached the atria 
before it depolarized the His bundle and therefore must have traveled 
a different pathway. Also, if the ventricles can be stimulated prema-
turely during tachycardia at a time when the His bundle is refractory 
and the impulse still conducts to the atrium, retrograde propagation 
traveled to the atrium over a pathway other than the bundle of His 
(see Fig. 39-12B). If the PVC depolarizes the atria without lengthening 
the VA interval and with the same retrograde atrial activation sequence, 
one assumes that the stimulation site (i.e., ventricle) is within the 
reentrant circuit without intervening His-Purkinje or AV nodal tissue 
that might increase the VA interval and therefore the A-A interval. In 
addition, if a PVC delivered at a time when the His bundle is refractory 

activation (see Fig. 39-8A). Also, the contour of the retrograde P wave can 
di"er from that of the usual retrograde P wave because the atria may be 
activated eccentrically, that is, in a manner other than the normal retro-
grade activation sequence, which starts at the low right atrial septum as 
in AV nodal reentry. This eccentric activation occurs because the con-
cealed accessory pathway in most cases is left-sided (i.e., inserts into the 
left atrium), which makes the left atrium the !rst site of retrograde atrial 
activation and causes the retrograde P wave to be negative in lead I (see 
Fig. 39-12).

Finally, because the tachycardia circuit involves the ventricles, if a 
functional bundle branch block occurs in the same ventricle in which the 
accessory pathway is located, the VA interval and cycle length of the 
tachycardia can become longer (Fig. 39-13). This important change 
ensues because the bundle branch block lengthens the reentrant circuit 
(see Preexcitation Syndrome). For example, the normal activation 
sequence for a reciprocating tachycardia circuit with a left-sided acces-
sory pathway but without a functional bundle branch block progresses 
from the atrium to the AV node–His bundle, to the right and left ventri-
cles, to the accessory pathway, and then to the atrium. However, during 
a functional left bundle branch block, for example, the tachycardia circuit 
travels from the atrium to the AV node–His bundle, to the right ventricle, 
to the septum, to the left ventricle, to the accessory pathway, and then 
back to the atrium. This increase in the VA interval provides de!nitive 
proof that the ventricle and accessory pathway are part of the reentry 
circuit. The additional time required for the impulse to travel across the 
septum from the right to the left ventricle before reaching the accessory 
pathway and atrium lengthens the VA interval, which lengthens the cycle 
length of the tachycardia by an equal amount, assuming that no other 
changes in conduction times occur within the circuit. Thus, lengthening 
of the tachycardia cycle length by more than 39 milliseconds during an 
ipsilateral functional bundle branch block is diagnostic of a free wall 
accessory pathway if the lengthening can be shown to be caused by VA 
prolongation only and not by prolongation of the H-V interval (which can 
develop with the appearance of a bundle branch block). In an occasional 
patient, the increase in cycle length because of prolongation of VA con-
duction can be nulli!ed by a simultaneous decrease in the PR (A-H) 
interval.

The presence of an ipsilateral bundle branch block can facilitate 
reentry and cause an incessant AV reentrant tachycardia. A functional 
bundle branch block in the ventricle contralateral to the accessory 
pathway does not lengthen the tachycardia cycle if the H-V interval 
does not lengthen.

FIGURE 39-13 A, Recording of depolarization of an accessory pathway (AP) with a catheter electrode. The !rst QRS complex illustrates conduction over the AP. 
In the scalar ECG, a short PR interval and delta wave (best seen in leads I and V1) are apparent. His bundle activation is buried within the ventricular complex. In the 
following complex, conduction has blocked over the AP, and a normal QRS complex results. His bundle activation clearly precedes the onset of ventricular depolar-
ization by 45 milliseconds. The A-H interval for this complex is 90 milliseconds. B, In"uence of functional ipsilateral bundle branch block on the VA interval during 
an AV reciprocating tachycardia. Partial preexcitation can be noted in the sinus-initiated complex (!rst complex). Two premature ventricular stimuli (S1, S2) initiate a 
sustained SVT that persists with a left bundle branch block for several complexes before !nally reverting to normal. The retrograde atrial activation sequence is 
recorded !rst in the proximal coronary sinus lead (arrowhead, PCS), then in the distal coronary sinus lead (DCS) and low right atrium (HBE), and then high in the 
right atrium (HRA). During the functional bundle branch block, the VA interval in the PCS lead is 140 milliseconds, which shortens to 110 milliseconds when the QRS 
complex reverts to normal. Such behavior is characteristic of a left-sided accessory pathway with prolongation of the reentrant pathway by the functional left bundle 
branch block. (A from Prystowsky EN, Browne KF, Zipes DP: Intracardiac recording by catheter electrode of accessory pathway depolarization. J Am Coll Cardiol 1:468, 1983.)
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Septal Accessory Pathway
An exception to these observations occurs in a patient with a con-
cealed septal accessory pathway. First, retrograde atrial activation is 
normal because it occurs retrogradely up the septum. Second, the VA 
interval and cycle length of the tachycardia increase 25 milliseconds 
or less with the development of an ipsilateral functional bundle 
branch block.

Vagal maneuvers, by acting predominantly on the AV node, 
produce a response on AV reentry similar to AV nodal reentry, and 
the tachycardia can transiently slow and sometimes terminate. In 
general, termination occurs in the anterograde direction, so the last 
retrograde P wave fails to conduct to the ventricle.

ELECTROPHYSIOLOGIC FEATURES. Electrophysiologic criteria supporting 
the diagnosis of tachycardia involving reentry over a concealed acces-
sory pathway include the fact that initiation of tachycardia depends on 
a critical degree of AV delay (necessary to allow time for the accessory 
pathway to recover excitability so that it can conduct retrogradely), but 
the delay can be in the AV node or His-Purkinje system; that is, a critical 
degree of A-H delay is not necessary (as it is in AV nodal reentry). On 
occasion, a tachycardia can start with little or no measurable lengthening 
of AV nodal or His-Purkinje conduction time. The AV nodal refractory 
period curve is smooth, in contrast to the discontinuous curve found in 
many patients with AV nodal reentry. Dual AV nodal pathways can occa-
sionally be noted as a concomitant but unrelated !nding.

DIAGNOSIS OF ACCESSORY PATHWAYS. Diagnosis can be made 
by demonstrating that during ventricular pacing, premature ventricu-
lar stimulation activates the atria before retrograde depolarization of 
the His bundle, thus indicating that the impulse reached the atria 
before it depolarized the His bundle and therefore must have traveled 
a different pathway. Also, if the ventricles can be stimulated prema-
turely during tachycardia at a time when the His bundle is refractory 
and the impulse still conducts to the atrium, retrograde propagation 
traveled to the atrium over a pathway other than the bundle of His 
(see Fig. 39-12B). If the PVC depolarizes the atria without lengthening 
the VA interval and with the same retrograde atrial activation sequence, 
one assumes that the stimulation site (i.e., ventricle) is within the 
reentrant circuit without intervening His-Purkinje or AV nodal tissue 
that might increase the VA interval and therefore the A-A interval. In 
addition, if a PVC delivered at a time when the His bundle is refractory 

activation (see Fig. 39-8A). Also, the contour of the retrograde P wave can 
di"er from that of the usual retrograde P wave because the atria may be 
activated eccentrically, that is, in a manner other than the normal retro-
grade activation sequence, which starts at the low right atrial septum as 
in AV nodal reentry. This eccentric activation occurs because the con-
cealed accessory pathway in most cases is left-sided (i.e., inserts into the 
left atrium), which makes the left atrium the !rst site of retrograde atrial 
activation and causes the retrograde P wave to be negative in lead I (see 
Fig. 39-12).

Finally, because the tachycardia circuit involves the ventricles, if a 
functional bundle branch block occurs in the same ventricle in which the 
accessory pathway is located, the VA interval and cycle length of the 
tachycardia can become longer (Fig. 39-13). This important change 
ensues because the bundle branch block lengthens the reentrant circuit 
(see Preexcitation Syndrome). For example, the normal activation 
sequence for a reciprocating tachycardia circuit with a left-sided acces-
sory pathway but without a functional bundle branch block progresses 
from the atrium to the AV node–His bundle, to the right and left ventri-
cles, to the accessory pathway, and then to the atrium. However, during 
a functional left bundle branch block, for example, the tachycardia circuit 
travels from the atrium to the AV node–His bundle, to the right ventricle, 
to the septum, to the left ventricle, to the accessory pathway, and then 
back to the atrium. This increase in the VA interval provides de!nitive 
proof that the ventricle and accessory pathway are part of the reentry 
circuit. The additional time required for the impulse to travel across the 
septum from the right to the left ventricle before reaching the accessory 
pathway and atrium lengthens the VA interval, which lengthens the cycle 
length of the tachycardia by an equal amount, assuming that no other 
changes in conduction times occur within the circuit. Thus, lengthening 
of the tachycardia cycle length by more than 39 milliseconds during an 
ipsilateral functional bundle branch block is diagnostic of a free wall 
accessory pathway if the lengthening can be shown to be caused by VA 
prolongation only and not by prolongation of the H-V interval (which can 
develop with the appearance of a bundle branch block). In an occasional 
patient, the increase in cycle length because of prolongation of VA con-
duction can be nulli!ed by a simultaneous decrease in the PR (A-H) 
interval.

The presence of an ipsilateral bundle branch block can facilitate 
reentry and cause an incessant AV reentrant tachycardia. A functional 
bundle branch block in the ventricle contralateral to the accessory 
pathway does not lengthen the tachycardia cycle if the H-V interval 
does not lengthen.

FIGURE 39-13 A, Recording of depolarization of an accessory pathway (AP) with a catheter electrode. The !rst QRS complex illustrates conduction over the AP. 
In the scalar ECG, a short PR interval and delta wave (best seen in leads I and V1) are apparent. His bundle activation is buried within the ventricular complex. In the 
following complex, conduction has blocked over the AP, and a normal QRS complex results. His bundle activation clearly precedes the onset of ventricular depolar-
ization by 45 milliseconds. The A-H interval for this complex is 90 milliseconds. B, In"uence of functional ipsilateral bundle branch block on the VA interval during 
an AV reciprocating tachycardia. Partial preexcitation can be noted in the sinus-initiated complex (!rst complex). Two premature ventricular stimuli (S1, S2) initiate a 
sustained SVT that persists with a left bundle branch block for several complexes before !nally reverting to normal. The retrograde atrial activation sequence is 
recorded !rst in the proximal coronary sinus lead (arrowhead, PCS), then in the distal coronary sinus lead (DCS) and low right atrium (HBE), and then high in the 
right atrium (HRA). During the functional bundle branch block, the VA interval in the PCS lead is 140 milliseconds, which shortens to 110 milliseconds when the QRS 
complex reverts to normal. Such behavior is characteristic of a left-sided accessory pathway with prolongation of the reentrant pathway by the functional left bundle 
branch block. (A from Prystowsky EN, Browne KF, Zipes DP: Intracardiac recording by catheter electrode of accessory pathway depolarization. J Am Coll Cardiol 1:468, 1983.)
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PREEXCITATION

the atrial impulse activates the entire ventricle or 
some part of it or the ventricular impulse activates 
the entire atrium or some part of it earlier than 
would be expected  if the impulse traveled by way of 
the normal specialized conduction system

via accessory AV pathways

when tachyarrhythmias occur as a result of the AP it 
is called pre-excitation syndrome



LOCALIZING AP
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FIGURE 39-14, cont’d C, Left lateral accessory pathway. A positive delta wave in the anterior precordial leads and in leads II, III, and aVF, positive or isoelectric in 
leads I and aVL and isoelectric or negative in leads V5 and V6, are typical of a left lateral accessory pathway. Rapid coronary sinus pacing (450-millisecond cycle length) 
was used to enhance preexcitation (negative P wave in leads I, II, III, aVF, and V3 through V6). The location was veri!ed at surgery. D, Right free wall accessory pathway. 
The predominantly negative delta wave in V1 and the axis more leftward than in A indicate the presence of a right free wall accessory pathway. E, Logic diagram to 
determine the location of accessory pathways. Begin with analysis of V1 to determine whether the delta wave and the QRS complex are negative or positive. That 
establishes the ventricle in which the accessory pathway is located. Next, determine whether the delta wave and QRS complex are negative in leads II, III, and aVF. 
If so, the accessory pathway is located in a posteroseptal position. If the accessory pathway is located in the right ventricle, an inferior axis indicates an anteroseptal 
location, whereas a left axis indicates a right free wall location. If the accessory pathway is located in the left ventricle, an isoelectric or negative delta wave and QRS 
complex in leads I, aVL, V5, and V6 indicate a left lateral (free wall) location.
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FIGURE 39-14 A, Right anteroseptal accessory pathway. The 12-lead ECG characteristically exhibits a normal to inferior axis. The delta wave is negative in V1 and 
V2; upright in leads I, II, aVL, and aVF; isoelectric in lead III; and negative in aVR. Location was veri!ed at surgery. The arrowhead indicates a delta wave (lead I). 
B, Right posteroseptal accessory pathway. Negative delta waves in leads II, III, and aVF, upright in I and aVL, localize this pathway to the posteroseptal region. The 
negative delta wave in V1 with sharp transition to an upright delta wave in V2 pinpoints it to the right posteroseptal area. Atrial !brillation is present. The location 
was veri!ed at surgery. 
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FIGURE 39-14 A, Right anteroseptal accessory pathway. The 12-lead ECG characteristically exhibits a normal to inferior axis. The delta wave is negative in V1 and 
V2; upright in leads I, II, aVL, and aVF; isoelectric in lead III; and negative in aVR. Location was veri!ed at surgery. The arrowhead indicates a delta wave (lead I). 
B, Right posteroseptal accessory pathway. Negative delta waves in leads II, III, and aVF, upright in I and aVL, localize this pathway to the posteroseptal region. The 
negative delta wave in V1 with sharp transition to an upright delta wave in V2 pinpoints it to the right posteroseptal area. Atrial !brillation is present. The location 
was veri!ed at surgery. 
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FIGURE 39-14 A, Right anteroseptal accessory pathway. The 12-lead ECG characteristically exhibits a normal to inferior axis. The delta wave is negative in V1 and 
V2; upright in leads I, II, aVL, and aVF; isoelectric in lead III; and negative in aVR. Location was veri!ed at surgery. The arrowhead indicates a delta wave (lead I). 
B, Right posteroseptal accessory pathway. Negative delta waves in leads II, III, and aVF, upright in I and aVL, localize this pathway to the posteroseptal region. The 
negative delta wave in V1 with sharp transition to an upright delta wave in V2 pinpoints it to the right posteroseptal area. Atrial !brillation is present. The location 
was veri!ed at surgery. 
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FIGURE 39-14 A, Right anteroseptal accessory pathway. The 12-lead ECG characteristically exhibits a normal to inferior axis. The delta wave is negative in V1 and 
V2; upright in leads I, II, aVL, and aVF; isoelectric in lead III; and negative in aVR. Location was veri!ed at surgery. The arrowhead indicates a delta wave (lead I). 
B, Right posteroseptal accessory pathway. Negative delta waves in leads II, III, and aVF, upright in I and aVL, localize this pathway to the posteroseptal region. The 
negative delta wave in V1 with sharp transition to an upright delta wave in V2 pinpoints it to the right posteroseptal area. Atrial !brillation is present. The location 
was veri!ed at surgery. 
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FIGURE 39-14, cont’d C, Left lateral accessory pathway. A positive delta wave in the anterior precordial leads and in leads II, III, and aVF, positive or isoelectric in 
leads I and aVL and isoelectric or negative in leads V5 and V6, are typical of a left lateral accessory pathway. Rapid coronary sinus pacing (450-millisecond cycle length) 
was used to enhance preexcitation (negative P wave in leads I, II, III, aVF, and V3 through V6). The location was veri!ed at surgery. D, Right free wall accessory pathway. 
The predominantly negative delta wave in V1 and the axis more leftward than in A indicate the presence of a right free wall accessory pathway. E, Logic diagram to 
determine the location of accessory pathways. Begin with analysis of V1 to determine whether the delta wave and the QRS complex are negative or positive. That 
establishes the ventricle in which the accessory pathway is located. Next, determine whether the delta wave and QRS complex are negative in leads II, III, and aVF. 
If so, the accessory pathway is located in a posteroseptal position. If the accessory pathway is located in the right ventricle, an inferior axis indicates an anteroseptal 
location, whereas a left axis indicates a right free wall location. If the accessory pathway is located in the left ventricle, an isoelectric or negative delta wave and QRS 
complex in leads I, aVL, V5, and V6 indicate a left lateral (free wall) location.
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FIGURE 39-14, cont’d C, Left lateral accessory pathway. A positive delta wave in the anterior precordial leads and in leads II, III, and aVF, positive or isoelectric in 
leads I and aVL and isoelectric or negative in leads V5 and V6, are typical of a left lateral accessory pathway. Rapid coronary sinus pacing (450-millisecond cycle length) 
was used to enhance preexcitation (negative P wave in leads I, II, III, aVF, and V3 through V6). The location was veri!ed at surgery. D, Right free wall accessory pathway. 
The predominantly negative delta wave in V1 and the axis more leftward than in A indicate the presence of a right free wall accessory pathway. E, Logic diagram to 
determine the location of accessory pathways. Begin with analysis of V1 to determine whether the delta wave and the QRS complex are negative or positive. That 
establishes the ventricle in which the accessory pathway is located. Next, determine whether the delta wave and QRS complex are negative in leads II, III, and aVF. 
If so, the accessory pathway is located in a posteroseptal position. If the accessory pathway is located in the right ventricle, an inferior axis indicates an anteroseptal 
location, whereas a left axis indicates a right free wall location. If the accessory pathway is located in the left ventricle, an isoelectric or negative delta wave and QRS 
complex in leads I, aVL, V5, and V6 indicate a left lateral (free wall) location.

positive 
delta wave 

in the 
anterior 

precordial 
leads

positive 
delta wave 

in the 
inferior 
leads

rapid coronary sinus pacing to induce preexcitation



CH  
39SPEC

IFIC
 A

R
R

H
Y

TH
M

IA
S: D

IA
G

N
O

SIS A
N

D
 TR

EATM
EN

T

789

C

D

E

Right Ventricle Left Ventricle

VI

Negative delta wave
and QRS

Positive delta wave
and QRS

Posteroseptal Anteroseptal

Negative delta
wave and QRS

II, III, F
Inferior

axis

Posteroseptal Lateral

Negative delta
wave and QRS

II, III, F

Isoelectric or
negative delta
I, aVL, V5, V6

Right free wall

Left
axis

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

I

II

III

aVR

aVL

aVF

V1

V2

V3

V4

V5

V6

I

II

III

V1

FIGURE 39-14, cont’d C, Left lateral accessory pathway. A positive delta wave in the anterior precordial leads and in leads II, III, and aVF, positive or isoelectric in 
leads I and aVL and isoelectric or negative in leads V5 and V6, are typical of a left lateral accessory pathway. Rapid coronary sinus pacing (450-millisecond cycle length) 
was used to enhance preexcitation (negative P wave in leads I, II, III, aVF, and V3 through V6). The location was veri!ed at surgery. D, Right free wall accessory pathway. 
The predominantly negative delta wave in V1 and the axis more leftward than in A indicate the presence of a right free wall accessory pathway. E, Logic diagram to 
determine the location of accessory pathways. Begin with analysis of V1 to determine whether the delta wave and the QRS complex are negative or positive. That 
establishes the ventricle in which the accessory pathway is located. Next, determine whether the delta wave and QRS complex are negative in leads II, III, and aVF. 
If so, the accessory pathway is located in a posteroseptal position. If the accessory pathway is located in the right ventricle, an inferior axis indicates an anteroseptal 
location, whereas a left axis indicates a right free wall location. If the accessory pathway is located in the left ventricle, an isoelectric or negative delta wave and QRS 
complex in leads I, aVL, V5, and V6 indicate a left lateral (free wall) location.
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FIGURE 39-14, cont’d C, Left lateral accessory pathway. A positive delta wave in the anterior precordial leads and in leads II, III, and aVF, positive or isoelectric in 
leads I and aVL and isoelectric or negative in leads V5 and V6, are typical of a left lateral accessory pathway. Rapid coronary sinus pacing (450-millisecond cycle length) 
was used to enhance preexcitation (negative P wave in leads I, II, III, aVF, and V3 through V6). The location was veri!ed at surgery. D, Right free wall accessory pathway. 
The predominantly negative delta wave in V1 and the axis more leftward than in A indicate the presence of a right free wall accessory pathway. E, Logic diagram to 
determine the location of accessory pathways. Begin with analysis of V1 to determine whether the delta wave and the QRS complex are negative or positive. That 
establishes the ventricle in which the accessory pathway is located. Next, determine whether the delta wave and QRS complex are negative in leads II, III, and aVF. 
If so, the accessory pathway is located in a posteroseptal position. If the accessory pathway is located in the right ventricle, an inferior axis indicates an anteroseptal 
location, whereas a left axis indicates a right free wall location. If the accessory pathway is located in the left ventricle, an isoelectric or negative delta wave and QRS 
complex in leads I, aVL, V5, and V6 indicate a left lateral (free wall) location.
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tachycardia characterized by a normal QRS, a regular 
rhythm, VR of 150 to 250 bpm, sudden onset and 
termination

capacity for anterograde conduction over the 
accessory pathway  during afib or flutter
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ventricle (see Fig. 39-13, Figs. 39-15 to 39-22, and Fig. 39-e3 on website). 
This direct route of conduction produces the typical QRS complex that 
is a fusion beat as a result of depolarization of the ventricle, in part by 
the wave front traveling over the accessory pathway and in part by the 
wave front traveling over the normal AV node–His bundle route. The 
delta wave represents ventricular activation from input over the acces-
sory pathway. The extent of the contribution to ventricular depolariza-
tion by the wave fronts over each route depends on their relative 
activation times. If AV nodal conduction delay occurs because of a rapid 
atrial pacing rate or PAC, for example, more of the ventricle becomes 
activated over the accessory pathway and the QRS complex becomes 
more anomalous in contour. Total activation of the ventricle over the 
accessory pathway can occur if the AV nodal conduction delay is su!-
ciently long. In contrast, if the accessory pathway is relatively far from the 
sinus node, for example, a left lateral accessory pathway, or if the AV 
nodal conduction time is relatively short, more of the ventricle can be 
activated by conduction over the normal pathway (see Fig. 39-17). The 
normal fusion beat during sinus rhythm has a short H-V interval or His 
bundle activation actually begins after the onset of ventricular depolar-
ization because part of the atrial impulse bypasses the AV node and 
activates the ventricle early, at a time when the atrial impulse traveling 
the normal route just reaches the His bundle. This "nding of a short or 
negative H-V interval occurs only during conduction over an accessory 
pathway or from retrograde His activation during a complex originating 
in the ventricle, such as a VT.

Pacing the atrium at rapid rates, at premature intervals, or from a site 
close to the atrial insertion of the accessory pathway accentuates the 
anomalous activation of the ventricles and shortens the H-V interval even 
more (His activation may become buried in the ventricular electrogram, 
as in Fig. 39-17B). The position of the accessory pathway can be deter-
mined by careful analysis of the spatial direction of the delta wave in the 
12-lead ECG in maximally preexcited beats (see Fig. 39-14). T wave abnor-
malities can occur after the disappearance of preexcitation, with orienta-
tion of the T wave according to the site of preexcitation (T wave memory).

ACCESSORY PATHWAY CONDUCTION. Even though the accessory 
pathway conducts more rapidly than the AV node (conduction velocity 
is faster in the accessory pathway), the accessory pathway usually has a 
longer refractory period during long cycle lengths (e.g., sinus rhythm); 
that is, it takes longer for the accessory pathway to recover excitability 
than it does for the AV node. Consequently, a PAC can occur su!ciently 
early to block conduction anterogradely in the accessory pathway and 
conduct to the ventricle only over the normal AV node–His bundle (Fig. 
39-18A, B). The resultant H-V interval and the QRS complex become 
normal. Such an event can initiate the most common type of reciprocat-
ing tachycardia, one characterized by anterograde conduction over the 
normal pathway and retrograde conduction over the accessory pathway 
(orthodromic AV reciprocating tachycardia; see Fig. 39-18). The accessory 
pathway, which blocks conduction in an anterograde direction, recovers 
excitability in time to be activated after the QRS complex in a retrograde 
direction, thereby completing the reentrant loop.

Much less commonly, patients can have tachycardias called anti-
dromic tachycardias, during which anterograde conduction occurs over 
the accessory pathway and retrograde conduction over the AV node. The 
resultant QRS complex is abnormal because of total ventricular activa-
tion over the accessory pathway (Figs. 39-18C and 39-19). In both tachy-
cardias, the accessory pathway is an obligatory part of the reentrant 
circuit. In patients with bidirectional conduction over the accessory 
pathway, di#erent "bers can be used anterogradely and retrogradely.

A small percentage of patients have multiple accessory pathways, 
often suggested by various clues on the ECG, and on occasion, tachycar-
dia can be caused by a reentrant loop conducting anterogradely over 
one accessory pathway and retrogradely over the other. Fifteen percent 
to 20% of patients may exhibit AV nodal echoes or AV nodal reentry after 
interruption of the accessory pathway.

TABLE 39-4 Accessory Pathway Variants
PATHWAY TYPE PR QRS TACHYCARDIA COMMENTS

Atriohisian Short Normal Unlikely

Atriofascicular Normal Preexcitation (LBBB, superior axis) Antidromic AVRT Preexcitation with fast atrial rates or atrial extrastimuli

Nodofascicular Normal Preexcitation (LBBB, superior axis) Antidromic AVRT; AVNRT with 
bystander activation of AP

Preexcitation with fast atrial rates or atrial extrastimuli

Fasciculoventricular Normal Anomalous (short H-V) ?
AP = accessory pathway; AVNRT = atrioventricular nodal reentrant tachycardia; AVRT = atrioventricular reentrant (reciprocating) tachycardia; LBBB = left bundle branch block.

FIGURE 39-15 Schematic representation of accessory pathways. A, The 
“usual” AV accessory pathway giving rise to most clinical manifestations of tachy-
cardia associated with WPW syndrome. B, The very uncommon atriohisian 
accessory pathway. If Lown-Ganong-Levine syndrome exists, it would have this 
type of anatomy, which has been demonstrated on occasion histopathologi-
cally. C, Nodoventricular pathways, original concept, in which anterograde con-
duction travels down the accessory pathway with retrograde conduction in the 
bundle branch–His bundle–AV node (see later). D, Fasciculoventricular connec-
tions, which are not thought to play an important role in the genesis of tachy-
cardias. E, The current concept of nodofascicular accessory pathway, in which 
the accessory pathway is an AV communication with AV node–like properties. 
Sinus rhythm results in a fusion QRS complex, as in the usual form of WPW 
syndrome shown in A. Maximum preexcitation results in ventricular activation 
over the accessory pathway, and the His bundle is activated retrogradely. During 
reciprocating tachycardia, anterograde conduction occurs over the accessory 
pathway, with retrograde conduction over the normal pathway. LBBB = left 
bundle branch block; RBBB = right bundle branch block. (E from Benditt DG, 
Milstein S: Nodoventricular accessory connection: A misnomer or a structural/
functional spectrum? J Cardiovasc Electrophysiol 1:231, 1990.)
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fasciculoventricular connections, the H-V interval remains short and the 
QRS complex unchanged and anomalous during rapid atrial pacing.

ELECTROPHYSIOLOGIC FEATURES OF PREEXCITATION. If the accessory 
pathway is capable of anterograde conduction, two parallel routes of AV 
conduction are possible, one subject to physiologic delay over the AV 
node and the other passing directly without delay from the atrium to the 
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ventricle (see Fig. 39-13, Figs. 39-15 to 39-22, and Fig. 39-e3 on website). 
This direct route of conduction produces the typical QRS complex that 
is a fusion beat as a result of depolarization of the ventricle, in part by 
the wave front traveling over the accessory pathway and in part by the 
wave front traveling over the normal AV node–His bundle route. The 
delta wave represents ventricular activation from input over the acces-
sory pathway. The extent of the contribution to ventricular depolariza-
tion by the wave fronts over each route depends on their relative 
activation times. If AV nodal conduction delay occurs because of a rapid 
atrial pacing rate or PAC, for example, more of the ventricle becomes 
activated over the accessory pathway and the QRS complex becomes 
more anomalous in contour. Total activation of the ventricle over the 
accessory pathway can occur if the AV nodal conduction delay is su!-
ciently long. In contrast, if the accessory pathway is relatively far from the 
sinus node, for example, a left lateral accessory pathway, or if the AV 
nodal conduction time is relatively short, more of the ventricle can be 
activated by conduction over the normal pathway (see Fig. 39-17). The 
normal fusion beat during sinus rhythm has a short H-V interval or His 
bundle activation actually begins after the onset of ventricular depolar-
ization because part of the atrial impulse bypasses the AV node and 
activates the ventricle early, at a time when the atrial impulse traveling 
the normal route just reaches the His bundle. This "nding of a short or 
negative H-V interval occurs only during conduction over an accessory 
pathway or from retrograde His activation during a complex originating 
in the ventricle, such as a VT.

Pacing the atrium at rapid rates, at premature intervals, or from a site 
close to the atrial insertion of the accessory pathway accentuates the 
anomalous activation of the ventricles and shortens the H-V interval even 
more (His activation may become buried in the ventricular electrogram, 
as in Fig. 39-17B). The position of the accessory pathway can be deter-
mined by careful analysis of the spatial direction of the delta wave in the 
12-lead ECG in maximally preexcited beats (see Fig. 39-14). T wave abnor-
malities can occur after the disappearance of preexcitation, with orienta-
tion of the T wave according to the site of preexcitation (T wave memory).

ACCESSORY PATHWAY CONDUCTION. Even though the accessory 
pathway conducts more rapidly than the AV node (conduction velocity 
is faster in the accessory pathway), the accessory pathway usually has a 
longer refractory period during long cycle lengths (e.g., sinus rhythm); 
that is, it takes longer for the accessory pathway to recover excitability 
than it does for the AV node. Consequently, a PAC can occur su!ciently 
early to block conduction anterogradely in the accessory pathway and 
conduct to the ventricle only over the normal AV node–His bundle (Fig. 
39-18A, B). The resultant H-V interval and the QRS complex become 
normal. Such an event can initiate the most common type of reciprocat-
ing tachycardia, one characterized by anterograde conduction over the 
normal pathway and retrograde conduction over the accessory pathway 
(orthodromic AV reciprocating tachycardia; see Fig. 39-18). The accessory 
pathway, which blocks conduction in an anterograde direction, recovers 
excitability in time to be activated after the QRS complex in a retrograde 
direction, thereby completing the reentrant loop.

Much less commonly, patients can have tachycardias called anti-
dromic tachycardias, during which anterograde conduction occurs over 
the accessory pathway and retrograde conduction over the AV node. The 
resultant QRS complex is abnormal because of total ventricular activa-
tion over the accessory pathway (Figs. 39-18C and 39-19). In both tachy-
cardias, the accessory pathway is an obligatory part of the reentrant 
circuit. In patients with bidirectional conduction over the accessory 
pathway, di#erent "bers can be used anterogradely and retrogradely.

A small percentage of patients have multiple accessory pathways, 
often suggested by various clues on the ECG, and on occasion, tachycar-
dia can be caused by a reentrant loop conducting anterogradely over 
one accessory pathway and retrogradely over the other. Fifteen percent 
to 20% of patients may exhibit AV nodal echoes or AV nodal reentry after 
interruption of the accessory pathway.

TABLE 39-4 Accessory Pathway Variants
PATHWAY TYPE PR QRS TACHYCARDIA COMMENTS

Atriohisian Short Normal Unlikely

Atriofascicular Normal Preexcitation (LBBB, superior axis) Antidromic AVRT Preexcitation with fast atrial rates or atrial extrastimuli

Nodofascicular Normal Preexcitation (LBBB, superior axis) Antidromic AVRT; AVNRT with 
bystander activation of AP

Preexcitation with fast atrial rates or atrial extrastimuli

Fasciculoventricular Normal Anomalous (short H-V) ?
AP = accessory pathway; AVNRT = atrioventricular nodal reentrant tachycardia; AVRT = atrioventricular reentrant (reciprocating) tachycardia; LBBB = left bundle branch block.

FIGURE 39-15 Schematic representation of accessory pathways. A, The 
“usual” AV accessory pathway giving rise to most clinical manifestations of tachy-
cardia associated with WPW syndrome. B, The very uncommon atriohisian 
accessory pathway. If Lown-Ganong-Levine syndrome exists, it would have this 
type of anatomy, which has been demonstrated on occasion histopathologi-
cally. C, Nodoventricular pathways, original concept, in which anterograde con-
duction travels down the accessory pathway with retrograde conduction in the 
bundle branch–His bundle–AV node (see later). D, Fasciculoventricular connec-
tions, which are not thought to play an important role in the genesis of tachy-
cardias. E, The current concept of nodofascicular accessory pathway, in which 
the accessory pathway is an AV communication with AV node–like properties. 
Sinus rhythm results in a fusion QRS complex, as in the usual form of WPW 
syndrome shown in A. Maximum preexcitation results in ventricular activation 
over the accessory pathway, and the His bundle is activated retrogradely. During 
reciprocating tachycardia, anterograde conduction occurs over the accessory 
pathway, with retrograde conduction over the normal pathway. LBBB = left 
bundle branch block; RBBB = right bundle branch block. (E from Benditt DG, 
Milstein S: Nodoventricular accessory connection: A misnomer or a structural/
functional spectrum? J Cardiovasc Electrophysiol 1:231, 1990.)
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fasciculoventricular connections, the H-V interval remains short and the 
QRS complex unchanged and anomalous during rapid atrial pacing.

ELECTROPHYSIOLOGIC FEATURES OF PREEXCITATION. If the accessory 
pathway is capable of anterograde conduction, two parallel routes of AV 
conduction are possible, one subject to physiologic delay over the AV 
node and the other passing directly without delay from the atrium to the 



NODOFASCICULAR OR NODOVENTRICULAR AP

Mahaim conduction:  Ventricular preexcitation (widened QRS 
and short H-V interval) with a progressive increase in the AV 
interval in response to atrial overdrive pacing

because the AP responsible for this conduction pattern usually 
inserts in the RBB, preexcitation generally results in a LBBB pattern

phenomenon caused by fibers passing from the AVN to the 
ventricle (nodoventricular) or AVN to RBB (nodofascicular)

Nodoventricular fibers cause a normal or short PR interval and 
QRS complex is a fusion beat

These fibers almost always represent  dupliction of the AVN;  the 
distal conducting system is located in the RV free wall



NODOFASCICULAR OR NODOVENTRICULAR AP

the apical end lies close to the tricuspid annulus and conducts slowly with 
AVN like properties

After a long course the distal portion of these fibers, which conducts rapidly 
inserts into the distal RBB or the apical RV

no preexcitation is generally apparent during sinus rhythm, but it can be 
exposed by premature atrial stimulation

retrograde conduction is usually absent, produces only an antidromic AVRT 
(preexcited tachycardia): anterograde over AP and retrograde over the RBB-
his bundle-AVN

LBBB pattern seen for the preexcited tachycardia, long AV interval and short 
VA interval

RBBB is proarrhythmic by increasing the length of the tachycardia circuit and 
can lead to incessant tachycardia
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FIGURE 39-16 Development of preexcitation over an atriofascicular accessory pathway. During atrial pacing (S) on the left side of the !gure, conduction occurs 
down the AV node as evidenced by a normal-appearing QRS complex and a normal H-V interval. The stimulus marked by the arrowhead conducts the impulse 
down an atriofascicular !ber, which results in a preexcited QRS, as evidenced by a widened QRS and short H-V interval.
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FIGURE 39-17 Atrial pacing at di"erent atrial sites illustrating di"erent conduction over the accessory pathway. A, High right atrial (HRA) pacing at a cycle length 
of 500 milliseconds produces anomalous activation of the ventricle (note the upright QRS complex in V1) and a stimulus-delta interval of 155 milliseconds (S-δ 155). 
This interval indicates that the time from the onset of the stimulus to the beginning of the QRS complex is relatively long because the stimulus is delivered at a fairly 
large distance from the accessory pathway. Note that His bundle activation (H) occurs at about the onset of the QRS complex. B, Atrial pacing occurs through the 
distal coronary sinus electrode (DCS). At the same pacing cycle length, DCS pacing results in more anomalous ventricular activation and a shorter stimulus-delta 
interval (80 milliseconds). His bundle activation is now buried within the inscription of the ventricular electrogram in the HBE lead. C, Pacing from the proximal coro-
nary sinus electrode (PCS) results in the shortest stimulus-delta interval (45 milliseconds); such an interval indicates that the pacing stimulus is being delivered very 
close to the atrial insertion of the accessory pathway, which is located in the left posteroseptal region of the AV groove.
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VARIANTS



EP FEATURES OF PREEXCITATION

delta wave: ventricular activation from input over the acessorry pathway

the typical QRS is a fusion beat of the delta wave and conduction down the AVN

rapid atrial pacing or a PAC causes AV nodal conduction delay, more of the 
ventricle is activated by the AP,  and the QRS becomes more anomalous in contour

if the AP is relatively far from the sinus node (e.g, left lateral AP) or AVN 
conduction time is relatively short, normal ventricular activation predominates

the normal fusion beat during sinus rhythm has a short H-V interval or his bundle 
activation begins after onset on ventricular depolarization ( as part of the ventricle 
gets to depolarize early)

finding of a short or negative H-V interval occurs only during conduction 
over an AP or retrograde his activation as in VT



EP FEATURES OF PREEXCITATION

rapid atrial pacing, at premtaure intervals or close to 
the atrial insertion of the AP accentuates the 
anomalous activation of the ventricle and shortens 
the H-V interval even nore

12-lead ecg can help localize the position of the AP 
further

after dissapearance of preexcittation,  t wave 
abnormalities can occur (t wave memory)



ORTHODROMIC AVRT

AP conducts more rapidly than the AVN but has a 
longer refractory period during sinus rhythm (long 
cycle length)

thus an early PAC may block at the AP and conduct 
normally down the AVN

orthodromic AVRT: conduction down the AVN and 
retrograde over the AP



ORTHODROMIC AVRT
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trigone between the mitral valve and the aortic valve annuli. Recording 
of electrical activity directly from the accessory pathway obviously pro-
vides precise localization.

It may be di!cult to distinguish AV nodal reentry from participation 
of a septal accessory connection by use of the retrograde sequence of 
atrial activation because activation sequences during both tachycardias 
are similar. Other approaches to demonstrate retrograde atrial activation 
over the accessory pathway must be tried and can be accomplished by 
inducing PVCs during tachycardia to determine whether retrograde atrial 
excitation can occur from the ventricle at a time when the His bundle is 
refractory (see Fig. 39-17B). VA conduction cannot occur over the normal 
conduction system because the His bundle is refractory, so an accessory 
pathway must be present for the atria to become excited. No patient with 
a reciprocating tachycardia from an accessory AV pathway has a VA inter-
val of less than 70 milliseconds; this is measured from the onset of ven-
tricular depolarization to the onset of the earliest atrial activity recorded 
on an esophageal lead or a VA interval of less than 95 milliseconds when 
it is measured to the high right part of the atrium. In contrast, in most 
patients with reentry in the AV node, intervals from the onset of ventricu-
lar activity to the earliest onset of atrial activity recorded in the esopha-
geal lead are less than 70 milliseconds.

Other Forms of Tachycardia in Patients with  
Wol!-Parkinson-White Syndrome

Patients can have other types of tachycardia during which the accessory 
pathway is a bystander, that is, uninvolved in the mechanism responsible 
for the tachycardia, such as AV nodal reentry or an atrial tachycardia that 
conducts to the ventricle over the accessory pathway. In patients with 
atrial "utter or atrial #brillation, the accessory pathway is not a requisite 
part of the mechanism responsible for tachycardia, and the "utter or 
#brillation occurs in the atrium unrelated to the accessory pathway (see 
Fig. 39-18E). Propagation to the ventricle during atrial "utter or atrial 
#brillation can therefore occur over the normal AV node–His bundle or 
accessory pathway. Patients with WPW syndrome who have atrial #bril-
lation almost always have inducible reciprocating tachycardias as well, 
which can develop into atrial #brillation (see Fig. 39-e3 on website). In 
fact, interruption of the accessory pathway and elimination of AV recip-
rocating tachycardia usually prevent recurrence of the atrial #brillation. 
Atrial #brillation presents a potentially serious risk because of the pos-
sibility for very rapid conduction over the accessory pathway. At more 
rapid rates, the refractory period of the accessory pathway can shorten 
signi#cantly and permit an extremely rapid ventricular response during 
atrial "utter or atrial #brillation (see Fig. 39-14B). The rapid ventricular 
response can exceed the ability of the ventricle to follow in an organized 
manner; it can result in fragmented, disorganized ventricular activation 
and hypotension and lead to VF (Fig. 39-22). Alternatively, a supraven-
tricular discharge bypassing AV nodal delay can activate the ventricle 
during the vulnerable period of the antecedent T wave and precipitate 
VF. Patients who have had VF have ventricular cycle lengths during atrial 
#brillation in the range of 240 milliseconds or less.

Patients with preexcitation syndrome can have other causes of tachy-
cardia, such as AV nodal reentry (sometimes with dual AV nodal curves), 
sinus nodal reentry, or even VT unrelated to the accessory pathway. 
Some accessory pathways can conduct anterogradely only; more com-
monly, pathways conduct retrogradely only. If the pathway conducts 
only anterogradely, it cannot participate in the usual form of reciprocat-
ing tachycardia (see Fig. 39-18A). It can, however, participate in anti-
dromic tachycardia (see Fig. 39-18C) as well as conduct to the ventricle 
during atrial "utter or atrial #brillation (see Fig. 39-18E). Some data 
suggest that the accessory pathway demonstrates automatic activity, 
which could conceivably be responsible for some cases of tachycardia.

“Wide QRS” Tachycardias
In patients with preexcitation syndrome, so-called wide QRS tachycardias 
can be caused by multiple mechanisms: sinus or atrial tachycardias, AV 
nodal reentry, and atrial "utter or #brillation with anterograde conduc-
tion over the accessory pathway; orthodromic reciprocating tachycardia 
with functional or preexisting bundle branch block; antidromic recipro-
cating tachycardia; reciprocating tachycardia with anterograde conduc-
tion over one accessory pathway and retrograde conduction over a 
second one; tachycardias using nodofascicular or atriofascicular #bers; 
and VT.
CLINICAL FEATURES. The reported incidence of preexcitation 

syndrome depends in large measure on the population studied and 
varies from 0.1 to 3/1000 in apparently healthy subjects, with an 
average of about 1.5/1000. The incidence of the electrocardiographic 
pattern of WPW conduction in 22,500 healthy aviation personnel was 
0.25%, with a prevalence of documented tachyarrhythmias of 1.8%. 

PERMANENT FORM OF AV JUNCTIONAL RECIPROCATING TACHYCARDIA 
(PJRT). An incessant form of SVT has been recognized that generally 
occurs with a long RP interval that exceeds the PR interval (Figs. 39-20 
and 39-21). Usually, a posteroseptal accessory pathway (most often right 
ventricular but other locations as well) that conducts very slowly, possi-
bly because of a long and tortuous route, appears responsible. Tachycar-
dia is maintained by anterograde AV nodal conduction and retrograde 
conduction over the accessory pathway (see Fig. 39-18D). Although 
anterograde conduction over this pathway has been demonstrated, the 
long anterograde conduction time over the accessory pathway ordinarily 
prevents electrocardiographic manifestations of accessory pathway con-
duction during sinus rhythm. Therefore, during sinus rhythm, the QRS 
duration is prolonged from conduction over this accessory pathway only 
when conduction times through the AV node–His bundle exceed those 
in the accessory pathway.

RECOGNITION OF ACCESSORY PATHWAYS. When retrograde atrial activa-
tion during tachycardia occurs over an accessory pathway that connects 
the left atrium to the left ventricle, the earliest retrograde activity is 
recorded from a left atrial electrode usually positioned in the coronary 
sinus (see Fig. 39-12). When retrograde atrial activation during tachycar-
dia occurs over an accessory pathway that connects the right ventricle 
to the right atrium, the earliest retrograde atrial activity is generally 
recorded from a lateral right atrial electrode. Participation of a septal 
accessory pathway creates the earliest retrograde atrial activation in the 
low right portion of the atrium situated near the septum, anterior or 
posterior, depending on the insertion site. These mapping techniques 
provide an accurate assessment of the position of the accessory pathway, 
which can be anywhere in the AV groove except in the intervalvular 

FIGURE 39-18 Schematic diagram of tachycardias associated with accessory 
pathways. A, Orthodromic tachycardia with anterograde conduction (arrow-
head) over the AV node–His bundle route and retrograde conduction over the 
accessory pathway (left-sided for this example, as depicted by left atrial activa-
tion preceding right atrial activation). B, Orthodromic tachycardia and ipsilateral 
functional bundle branch block. C, Antidromic tachycardia with anterograde 
conduction over the accessory pathway and retrograde conduction (arrow-
head) over the AV node–His bundle. D, Orthodromic tachycardia with a slowly 
conducting accessory pathway (arrowhead). E, Atrial !brillation with the acces-
sory pathway as a bystander. F, Anterograde conduction over a portion of the 
AV node and a nodoventricular (NV) pathway and retrograde conduction over 
the AV node (arrowheads). AP = accessory pathway; AVN = atrioventricular node.
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trigone between the mitral valve and the aortic valve annuli. Recording 
of electrical activity directly from the accessory pathway obviously pro-
vides precise localization.

It may be di!cult to distinguish AV nodal reentry from participation 
of a septal accessory connection by use of the retrograde sequence of 
atrial activation because activation sequences during both tachycardias 
are similar. Other approaches to demonstrate retrograde atrial activation 
over the accessory pathway must be tried and can be accomplished by 
inducing PVCs during tachycardia to determine whether retrograde atrial 
excitation can occur from the ventricle at a time when the His bundle is 
refractory (see Fig. 39-17B). VA conduction cannot occur over the normal 
conduction system because the His bundle is refractory, so an accessory 
pathway must be present for the atria to become excited. No patient with 
a reciprocating tachycardia from an accessory AV pathway has a VA inter-
val of less than 70 milliseconds; this is measured from the onset of ven-
tricular depolarization to the onset of the earliest atrial activity recorded 
on an esophageal lead or a VA interval of less than 95 milliseconds when 
it is measured to the high right part of the atrium. In contrast, in most 
patients with reentry in the AV node, intervals from the onset of ventricu-
lar activity to the earliest onset of atrial activity recorded in the esopha-
geal lead are less than 70 milliseconds.

Other Forms of Tachycardia in Patients with  
Wol!-Parkinson-White Syndrome

Patients can have other types of tachycardia during which the accessory 
pathway is a bystander, that is, uninvolved in the mechanism responsible 
for the tachycardia, such as AV nodal reentry or an atrial tachycardia that 
conducts to the ventricle over the accessory pathway. In patients with 
atrial "utter or atrial #brillation, the accessory pathway is not a requisite 
part of the mechanism responsible for tachycardia, and the "utter or 
#brillation occurs in the atrium unrelated to the accessory pathway (see 
Fig. 39-18E). Propagation to the ventricle during atrial "utter or atrial 
#brillation can therefore occur over the normal AV node–His bundle or 
accessory pathway. Patients with WPW syndrome who have atrial #bril-
lation almost always have inducible reciprocating tachycardias as well, 
which can develop into atrial #brillation (see Fig. 39-e3 on website). In 
fact, interruption of the accessory pathway and elimination of AV recip-
rocating tachycardia usually prevent recurrence of the atrial #brillation. 
Atrial #brillation presents a potentially serious risk because of the pos-
sibility for very rapid conduction over the accessory pathway. At more 
rapid rates, the refractory period of the accessory pathway can shorten 
signi#cantly and permit an extremely rapid ventricular response during 
atrial "utter or atrial #brillation (see Fig. 39-14B). The rapid ventricular 
response can exceed the ability of the ventricle to follow in an organized 
manner; it can result in fragmented, disorganized ventricular activation 
and hypotension and lead to VF (Fig. 39-22). Alternatively, a supraven-
tricular discharge bypassing AV nodal delay can activate the ventricle 
during the vulnerable period of the antecedent T wave and precipitate 
VF. Patients who have had VF have ventricular cycle lengths during atrial 
#brillation in the range of 240 milliseconds or less.

Patients with preexcitation syndrome can have other causes of tachy-
cardia, such as AV nodal reentry (sometimes with dual AV nodal curves), 
sinus nodal reentry, or even VT unrelated to the accessory pathway. 
Some accessory pathways can conduct anterogradely only; more com-
monly, pathways conduct retrogradely only. If the pathway conducts 
only anterogradely, it cannot participate in the usual form of reciprocat-
ing tachycardia (see Fig. 39-18A). It can, however, participate in anti-
dromic tachycardia (see Fig. 39-18C) as well as conduct to the ventricle 
during atrial "utter or atrial #brillation (see Fig. 39-18E). Some data 
suggest that the accessory pathway demonstrates automatic activity, 
which could conceivably be responsible for some cases of tachycardia.

“Wide QRS” Tachycardias
In patients with preexcitation syndrome, so-called wide QRS tachycardias 
can be caused by multiple mechanisms: sinus or atrial tachycardias, AV 
nodal reentry, and atrial "utter or #brillation with anterograde conduc-
tion over the accessory pathway; orthodromic reciprocating tachycardia 
with functional or preexisting bundle branch block; antidromic recipro-
cating tachycardia; reciprocating tachycardia with anterograde conduc-
tion over one accessory pathway and retrograde conduction over a 
second one; tachycardias using nodofascicular or atriofascicular #bers; 
and VT.
CLINICAL FEATURES. The reported incidence of preexcitation 

syndrome depends in large measure on the population studied and 
varies from 0.1 to 3/1000 in apparently healthy subjects, with an 
average of about 1.5/1000. The incidence of the electrocardiographic 
pattern of WPW conduction in 22,500 healthy aviation personnel was 
0.25%, with a prevalence of documented tachyarrhythmias of 1.8%. 

PERMANENT FORM OF AV JUNCTIONAL RECIPROCATING TACHYCARDIA 
(PJRT). An incessant form of SVT has been recognized that generally 
occurs with a long RP interval that exceeds the PR interval (Figs. 39-20 
and 39-21). Usually, a posteroseptal accessory pathway (most often right 
ventricular but other locations as well) that conducts very slowly, possi-
bly because of a long and tortuous route, appears responsible. Tachycar-
dia is maintained by anterograde AV nodal conduction and retrograde 
conduction over the accessory pathway (see Fig. 39-18D). Although 
anterograde conduction over this pathway has been demonstrated, the 
long anterograde conduction time over the accessory pathway ordinarily 
prevents electrocardiographic manifestations of accessory pathway con-
duction during sinus rhythm. Therefore, during sinus rhythm, the QRS 
duration is prolonged from conduction over this accessory pathway only 
when conduction times through the AV node–His bundle exceed those 
in the accessory pathway.

RECOGNITION OF ACCESSORY PATHWAYS. When retrograde atrial activa-
tion during tachycardia occurs over an accessory pathway that connects 
the left atrium to the left ventricle, the earliest retrograde activity is 
recorded from a left atrial electrode usually positioned in the coronary 
sinus (see Fig. 39-12). When retrograde atrial activation during tachycar-
dia occurs over an accessory pathway that connects the right ventricle 
to the right atrium, the earliest retrograde atrial activity is generally 
recorded from a lateral right atrial electrode. Participation of a septal 
accessory pathway creates the earliest retrograde atrial activation in the 
low right portion of the atrium situated near the septum, anterior or 
posterior, depending on the insertion site. These mapping techniques 
provide an accurate assessment of the position of the accessory pathway, 
which can be anywhere in the AV groove except in the intervalvular 

FIGURE 39-18 Schematic diagram of tachycardias associated with accessory 
pathways. A, Orthodromic tachycardia with anterograde conduction (arrow-
head) over the AV node–His bundle route and retrograde conduction over the 
accessory pathway (left-sided for this example, as depicted by left atrial activa-
tion preceding right atrial activation). B, Orthodromic tachycardia and ipsilateral 
functional bundle branch block. C, Antidromic tachycardia with anterograde 
conduction over the accessory pathway and retrograde conduction (arrow-
head) over the AV node–His bundle. D, Orthodromic tachycardia with a slowly 
conducting accessory pathway (arrowhead). E, Atrial !brillation with the acces-
sory pathway as a bystander. F, Anterograde conduction over a portion of the 
AV node and a nodoventricular (NV) pathway and retrograde conduction over 
the AV node (arrowheads). AP = accessory pathway; AVN = atrioventricular node.
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trigone between the mitral valve and the aortic valve annuli. Recording 
of electrical activity directly from the accessory pathway obviously pro-
vides precise localization.

It may be di!cult to distinguish AV nodal reentry from participation 
of a septal accessory connection by use of the retrograde sequence of 
atrial activation because activation sequences during both tachycardias 
are similar. Other approaches to demonstrate retrograde atrial activation 
over the accessory pathway must be tried and can be accomplished by 
inducing PVCs during tachycardia to determine whether retrograde atrial 
excitation can occur from the ventricle at a time when the His bundle is 
refractory (see Fig. 39-17B). VA conduction cannot occur over the normal 
conduction system because the His bundle is refractory, so an accessory 
pathway must be present for the atria to become excited. No patient with 
a reciprocating tachycardia from an accessory AV pathway has a VA inter-
val of less than 70 milliseconds; this is measured from the onset of ven-
tricular depolarization to the onset of the earliest atrial activity recorded 
on an esophageal lead or a VA interval of less than 95 milliseconds when 
it is measured to the high right part of the atrium. In contrast, in most 
patients with reentry in the AV node, intervals from the onset of ventricu-
lar activity to the earliest onset of atrial activity recorded in the esopha-
geal lead are less than 70 milliseconds.

Other Forms of Tachycardia in Patients with  
Wol!-Parkinson-White Syndrome

Patients can have other types of tachycardia during which the accessory 
pathway is a bystander, that is, uninvolved in the mechanism responsible 
for the tachycardia, such as AV nodal reentry or an atrial tachycardia that 
conducts to the ventricle over the accessory pathway. In patients with 
atrial "utter or atrial #brillation, the accessory pathway is not a requisite 
part of the mechanism responsible for tachycardia, and the "utter or 
#brillation occurs in the atrium unrelated to the accessory pathway (see 
Fig. 39-18E). Propagation to the ventricle during atrial "utter or atrial 
#brillation can therefore occur over the normal AV node–His bundle or 
accessory pathway. Patients with WPW syndrome who have atrial #bril-
lation almost always have inducible reciprocating tachycardias as well, 
which can develop into atrial #brillation (see Fig. 39-e3 on website). In 
fact, interruption of the accessory pathway and elimination of AV recip-
rocating tachycardia usually prevent recurrence of the atrial #brillation. 
Atrial #brillation presents a potentially serious risk because of the pos-
sibility for very rapid conduction over the accessory pathway. At more 
rapid rates, the refractory period of the accessory pathway can shorten 
signi#cantly and permit an extremely rapid ventricular response during 
atrial "utter or atrial #brillation (see Fig. 39-14B). The rapid ventricular 
response can exceed the ability of the ventricle to follow in an organized 
manner; it can result in fragmented, disorganized ventricular activation 
and hypotension and lead to VF (Fig. 39-22). Alternatively, a supraven-
tricular discharge bypassing AV nodal delay can activate the ventricle 
during the vulnerable period of the antecedent T wave and precipitate 
VF. Patients who have had VF have ventricular cycle lengths during atrial 
#brillation in the range of 240 milliseconds or less.

Patients with preexcitation syndrome can have other causes of tachy-
cardia, such as AV nodal reentry (sometimes with dual AV nodal curves), 
sinus nodal reentry, or even VT unrelated to the accessory pathway. 
Some accessory pathways can conduct anterogradely only; more com-
monly, pathways conduct retrogradely only. If the pathway conducts 
only anterogradely, it cannot participate in the usual form of reciprocat-
ing tachycardia (see Fig. 39-18A). It can, however, participate in anti-
dromic tachycardia (see Fig. 39-18C) as well as conduct to the ventricle 
during atrial "utter or atrial #brillation (see Fig. 39-18E). Some data 
suggest that the accessory pathway demonstrates automatic activity, 
which could conceivably be responsible for some cases of tachycardia.

“Wide QRS” Tachycardias
In patients with preexcitation syndrome, so-called wide QRS tachycardias 
can be caused by multiple mechanisms: sinus or atrial tachycardias, AV 
nodal reentry, and atrial "utter or #brillation with anterograde conduc-
tion over the accessory pathway; orthodromic reciprocating tachycardia 
with functional or preexisting bundle branch block; antidromic recipro-
cating tachycardia; reciprocating tachycardia with anterograde conduc-
tion over one accessory pathway and retrograde conduction over a 
second one; tachycardias using nodofascicular or atriofascicular #bers; 
and VT.
CLINICAL FEATURES. The reported incidence of preexcitation 

syndrome depends in large measure on the population studied and 
varies from 0.1 to 3/1000 in apparently healthy subjects, with an 
average of about 1.5/1000. The incidence of the electrocardiographic 
pattern of WPW conduction in 22,500 healthy aviation personnel was 
0.25%, with a prevalence of documented tachyarrhythmias of 1.8%. 

PERMANENT FORM OF AV JUNCTIONAL RECIPROCATING TACHYCARDIA 
(PJRT). An incessant form of SVT has been recognized that generally 
occurs with a long RP interval that exceeds the PR interval (Figs. 39-20 
and 39-21). Usually, a posteroseptal accessory pathway (most often right 
ventricular but other locations as well) that conducts very slowly, possi-
bly because of a long and tortuous route, appears responsible. Tachycar-
dia is maintained by anterograde AV nodal conduction and retrograde 
conduction over the accessory pathway (see Fig. 39-18D). Although 
anterograde conduction over this pathway has been demonstrated, the 
long anterograde conduction time over the accessory pathway ordinarily 
prevents electrocardiographic manifestations of accessory pathway con-
duction during sinus rhythm. Therefore, during sinus rhythm, the QRS 
duration is prolonged from conduction over this accessory pathway only 
when conduction times through the AV node–His bundle exceed those 
in the accessory pathway.

RECOGNITION OF ACCESSORY PATHWAYS. When retrograde atrial activa-
tion during tachycardia occurs over an accessory pathway that connects 
the left atrium to the left ventricle, the earliest retrograde activity is 
recorded from a left atrial electrode usually positioned in the coronary 
sinus (see Fig. 39-12). When retrograde atrial activation during tachycar-
dia occurs over an accessory pathway that connects the right ventricle 
to the right atrium, the earliest retrograde atrial activity is generally 
recorded from a lateral right atrial electrode. Participation of a septal 
accessory pathway creates the earliest retrograde atrial activation in the 
low right portion of the atrium situated near the septum, anterior or 
posterior, depending on the insertion site. These mapping techniques 
provide an accurate assessment of the position of the accessory pathway, 
which can be anywhere in the AV groove except in the intervalvular 

FIGURE 39-18 Schematic diagram of tachycardias associated with accessory 
pathways. A, Orthodromic tachycardia with anterograde conduction (arrow-
head) over the AV node–His bundle route and retrograde conduction over the 
accessory pathway (left-sided for this example, as depicted by left atrial activa-
tion preceding right atrial activation). B, Orthodromic tachycardia and ipsilateral 
functional bundle branch block. C, Antidromic tachycardia with anterograde 
conduction over the accessory pathway and retrograde conduction (arrow-
head) over the AV node–His bundle. D, Orthodromic tachycardia with a slowly 
conducting accessory pathway (arrowhead). E, Atrial !brillation with the acces-
sory pathway as a bystander. F, Anterograde conduction over a portion of the 
AV node and a nodoventricular (NV) pathway and retrograde conduction over 
the AV node (arrowheads). AP = accessory pathway; AVN = atrioventricular node.
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trigone between the mitral valve and the aortic valve annuli. Recording 
of electrical activity directly from the accessory pathway obviously pro-
vides precise localization.

It may be di!cult to distinguish AV nodal reentry from participation 
of a septal accessory connection by use of the retrograde sequence of 
atrial activation because activation sequences during both tachycardias 
are similar. Other approaches to demonstrate retrograde atrial activation 
over the accessory pathway must be tried and can be accomplished by 
inducing PVCs during tachycardia to determine whether retrograde atrial 
excitation can occur from the ventricle at a time when the His bundle is 
refractory (see Fig. 39-17B). VA conduction cannot occur over the normal 
conduction system because the His bundle is refractory, so an accessory 
pathway must be present for the atria to become excited. No patient with 
a reciprocating tachycardia from an accessory AV pathway has a VA inter-
val of less than 70 milliseconds; this is measured from the onset of ven-
tricular depolarization to the onset of the earliest atrial activity recorded 
on an esophageal lead or a VA interval of less than 95 milliseconds when 
it is measured to the high right part of the atrium. In contrast, in most 
patients with reentry in the AV node, intervals from the onset of ventricu-
lar activity to the earliest onset of atrial activity recorded in the esopha-
geal lead are less than 70 milliseconds.

Other Forms of Tachycardia in Patients with  
Wol!-Parkinson-White Syndrome

Patients can have other types of tachycardia during which the accessory 
pathway is a bystander, that is, uninvolved in the mechanism responsible 
for the tachycardia, such as AV nodal reentry or an atrial tachycardia that 
conducts to the ventricle over the accessory pathway. In patients with 
atrial "utter or atrial #brillation, the accessory pathway is not a requisite 
part of the mechanism responsible for tachycardia, and the "utter or 
#brillation occurs in the atrium unrelated to the accessory pathway (see 
Fig. 39-18E). Propagation to the ventricle during atrial "utter or atrial 
#brillation can therefore occur over the normal AV node–His bundle or 
accessory pathway. Patients with WPW syndrome who have atrial #bril-
lation almost always have inducible reciprocating tachycardias as well, 
which can develop into atrial #brillation (see Fig. 39-e3 on website). In 
fact, interruption of the accessory pathway and elimination of AV recip-
rocating tachycardia usually prevent recurrence of the atrial #brillation. 
Atrial #brillation presents a potentially serious risk because of the pos-
sibility for very rapid conduction over the accessory pathway. At more 
rapid rates, the refractory period of the accessory pathway can shorten 
signi#cantly and permit an extremely rapid ventricular response during 
atrial "utter or atrial #brillation (see Fig. 39-14B). The rapid ventricular 
response can exceed the ability of the ventricle to follow in an organized 
manner; it can result in fragmented, disorganized ventricular activation 
and hypotension and lead to VF (Fig. 39-22). Alternatively, a supraven-
tricular discharge bypassing AV nodal delay can activate the ventricle 
during the vulnerable period of the antecedent T wave and precipitate 
VF. Patients who have had VF have ventricular cycle lengths during atrial 
#brillation in the range of 240 milliseconds or less.

Patients with preexcitation syndrome can have other causes of tachy-
cardia, such as AV nodal reentry (sometimes with dual AV nodal curves), 
sinus nodal reentry, or even VT unrelated to the accessory pathway. 
Some accessory pathways can conduct anterogradely only; more com-
monly, pathways conduct retrogradely only. If the pathway conducts 
only anterogradely, it cannot participate in the usual form of reciprocat-
ing tachycardia (see Fig. 39-18A). It can, however, participate in anti-
dromic tachycardia (see Fig. 39-18C) as well as conduct to the ventricle 
during atrial "utter or atrial #brillation (see Fig. 39-18E). Some data 
suggest that the accessory pathway demonstrates automatic activity, 
which could conceivably be responsible for some cases of tachycardia.

“Wide QRS” Tachycardias
In patients with preexcitation syndrome, so-called wide QRS tachycardias 
can be caused by multiple mechanisms: sinus or atrial tachycardias, AV 
nodal reentry, and atrial "utter or #brillation with anterograde conduc-
tion over the accessory pathway; orthodromic reciprocating tachycardia 
with functional or preexisting bundle branch block; antidromic recipro-
cating tachycardia; reciprocating tachycardia with anterograde conduc-
tion over one accessory pathway and retrograde conduction over a 
second one; tachycardias using nodofascicular or atriofascicular #bers; 
and VT.
CLINICAL FEATURES. The reported incidence of preexcitation 

syndrome depends in large measure on the population studied and 
varies from 0.1 to 3/1000 in apparently healthy subjects, with an 
average of about 1.5/1000. The incidence of the electrocardiographic 
pattern of WPW conduction in 22,500 healthy aviation personnel was 
0.25%, with a prevalence of documented tachyarrhythmias of 1.8%. 

PERMANENT FORM OF AV JUNCTIONAL RECIPROCATING TACHYCARDIA 
(PJRT). An incessant form of SVT has been recognized that generally 
occurs with a long RP interval that exceeds the PR interval (Figs. 39-20 
and 39-21). Usually, a posteroseptal accessory pathway (most often right 
ventricular but other locations as well) that conducts very slowly, possi-
bly because of a long and tortuous route, appears responsible. Tachycar-
dia is maintained by anterograde AV nodal conduction and retrograde 
conduction over the accessory pathway (see Fig. 39-18D). Although 
anterograde conduction over this pathway has been demonstrated, the 
long anterograde conduction time over the accessory pathway ordinarily 
prevents electrocardiographic manifestations of accessory pathway con-
duction during sinus rhythm. Therefore, during sinus rhythm, the QRS 
duration is prolonged from conduction over this accessory pathway only 
when conduction times through the AV node–His bundle exceed those 
in the accessory pathway.

RECOGNITION OF ACCESSORY PATHWAYS. When retrograde atrial activa-
tion during tachycardia occurs over an accessory pathway that connects 
the left atrium to the left ventricle, the earliest retrograde activity is 
recorded from a left atrial electrode usually positioned in the coronary 
sinus (see Fig. 39-12). When retrograde atrial activation during tachycar-
dia occurs over an accessory pathway that connects the right ventricle 
to the right atrium, the earliest retrograde atrial activity is generally 
recorded from a lateral right atrial electrode. Participation of a septal 
accessory pathway creates the earliest retrograde atrial activation in the 
low right portion of the atrium situated near the septum, anterior or 
posterior, depending on the insertion site. These mapping techniques 
provide an accurate assessment of the position of the accessory pathway, 
which can be anywhere in the AV groove except in the intervalvular 

FIGURE 39-18 Schematic diagram of tachycardias associated with accessory 
pathways. A, Orthodromic tachycardia with anterograde conduction (arrow-
head) over the AV node–His bundle route and retrograde conduction over the 
accessory pathway (left-sided for this example, as depicted by left atrial activa-
tion preceding right atrial activation). B, Orthodromic tachycardia and ipsilateral 
functional bundle branch block. C, Antidromic tachycardia with anterograde 
conduction over the accessory pathway and retrograde conduction (arrow-
head) over the AV node–His bundle. D, Orthodromic tachycardia with a slowly 
conducting accessory pathway (arrowhead). E, Atrial !brillation with the acces-
sory pathway as a bystander. F, Anterograde conduction over a portion of the 
AV node and a nodoventricular (NV) pathway and retrograde conduction over 
the AV node (arrowheads). AP = accessory pathway; AVN = atrioventricular node.

A B C

D E F

Atrium

AV node

His

Ventricle
RA
LA
IIECG

A
AV

V

Atrium

AV node

His

Ventricle
RA
LA
IIECG

A
AV

V

Reciprocating Tachycardias

Usual 
orthodromic

Slow 
retrograde

Bundle 
branch block

Antidromic

Atrial
fibrillation

Nodo-
ventricular

AVN

AVN
AVN

APAP

AVN AVN

AVN

AVN
NV

APAP

AVN

AP AP
AP

AP

QRS pattern 
is abnormal



ANTIDROMIC AVRT

CH  
39SPEC

IFIC
 A

R
R

H
Y

TH
M

IA
S: D

IA
G

N
O

SIS A
N

D
 TR

EATM
EN

T

793

FIGURE 39-19 Antidromic AV reciprocating tachycardia. Tachycardia in this example is caused by anterograde conduction over the accessory pathway (note the 
abnormal QRS complex of a left posterior accessory pathway) and a normal retrograde atrial activation sequence (beginning !rst in the HBED lead), which is caused 
by retrograde conduction over the AV node. Tachycardia cycle length is 390 milliseconds, with a VA interval of 300 milliseconds measured in the high right atrial 
lead, 260 milliseconds in the distal His lead, and 280 milliseconds in the proximal coronary sinus lead. I, II, III, and V1 are scalar leads. DCS = distal coronary sinus lead; 
HBEP and HBED leads = His bundle electrogram, proximal and distal; HRA = high right atrial electrogram; MCS1-3 = midcoronary sinus leads; PCS = proximal coronary 
sinus; RV = right ventricular electrogram.
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FIGURE 39-20 Termination of the permanent form of AV junctional reciprocating tachycardia (PJRT). In the left portion of this example, PJRT is present. The atrial 
activation sequence is indistinguishable from atypical AV nodal reentry and atrial tachycardia originating in the low right atrium. The response to premature stimula-
tion identi!es the tachycardia as PJRT. Premature ventricular stimulation (arrowhead) occurs at a time when the His bundle is refractory from depolarization during 
the tachycardia (second labeled H). Therefore, premature ventricular stimulation cannot enter the AV node. Furthermore, premature ventricular stimulation does not 
reach the atrium. Premature ventricular stimulation, however, terminates the tachycardia. This detail can be explained only by the PVC invading and blocking in a 
retrogradely conducting accessory pathway. I, II, III, and V1 are scalar electrocardiographic leads. DCS = distal coronary sinus electrogram; HBEP, HBED = His bundle 
electrogram, proximal and distal; HRA = high right atrial electrogram; MCS1, MCS2 = midcoronary sinus electrograms; PCS = proximal coronary sinus electrogram; 
RV = right ventricular electrogram.

400030002000

H
A V

V

S
H

I

II

III

V1

HRA

HBEP

HBED

PCS

MCS1

MCS2

DCS

RV

anterogarde 
conduction 
over the AP

abnormal 
QRS

normal 
retrograde 
activation 
sequence



PJRT

permanent form of AV junctional reciprocating 
tachycardia

incessant form of SVT

long RP tachycardia

usually a posteroseptal AP (most often RV) that 
conducts very slowly (long and tortuous route)

anterograde over AVN and retrograde over the AP



PJRT

CH  
39SPEC

IFIC
 A

R
R

H
Y

TH
M

IA
S: D

IA
G

N
O

SIS A
N

D
 TR

EATM
EN

T

793

FIGURE 39-19 Antidromic AV reciprocating tachycardia. Tachycardia in this example is caused by anterograde conduction over the accessory pathway (note the 
abnormal QRS complex of a left posterior accessory pathway) and a normal retrograde atrial activation sequence (beginning !rst in the HBED lead), which is caused 
by retrograde conduction over the AV node. Tachycardia cycle length is 390 milliseconds, with a VA interval of 300 milliseconds measured in the high right atrial 
lead, 260 milliseconds in the distal His lead, and 280 milliseconds in the proximal coronary sinus lead. I, II, III, and V1 are scalar leads. DCS = distal coronary sinus lead; 
HBEP and HBED leads = His bundle electrogram, proximal and distal; HRA = high right atrial electrogram; MCS1-3 = midcoronary sinus leads; PCS = proximal coronary 
sinus; RV = right ventricular electrogram.
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FIGURE 39-20 Termination of the permanent form of AV junctional reciprocating tachycardia (PJRT). In the left portion of this example, PJRT is present. The atrial 
activation sequence is indistinguishable from atypical AV nodal reentry and atrial tachycardia originating in the low right atrium. The response to premature stimula-
tion identi!es the tachycardia as PJRT. Premature ventricular stimulation (arrowhead) occurs at a time when the His bundle is refractory from depolarization during 
the tachycardia (second labeled H). Therefore, premature ventricular stimulation cannot enter the AV node. Furthermore, premature ventricular stimulation does not 
reach the atrium. Premature ventricular stimulation, however, terminates the tachycardia. This detail can be explained only by the PVC invading and blocking in a 
retrogradely conducting accessory pathway. I, II, III, and V1 are scalar electrocardiographic leads. DCS = distal coronary sinus electrogram; HBEP, HBED = His bundle 
electrogram, proximal and distal; HRA = high right atrial electrogram; MCS1, MCS2 = midcoronary sinus electrograms; PCS = proximal coronary sinus electrogram; 
RV = right ventricular electrogram.
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FIGURE 39-21 Permanent form of junctional reciprocating tachycardia (PJRT) in a patient with a left-sided accessory pathway. The 12-lead ECG demonstrates a 
long RP interval–short PR interval tachycardia, which in contrast to the usual form of PJRT exhibits negative P waves in leads I and aVL. The rhythm strips below (lead 
I) indicate that whenever a nonconducted P wave occurs, the tachycardia always terminates, only to begin again after several sinus beats. This pattern is in marked 
contrast to that in Figure 39-6, in which the tachycardia continues despite nonconducted P waves.
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FIGURE 39-22 Atrial !brillation (AF) becoming ventricular !brillation (VF). In the left portion of this panel, the ECG demonstrates AF with conduction over an 
accessory pathway producing a rapid ventricular response, at times in excess of 390 beats/min. In the midportion of the tracing, VF can be seen to develop. I, II, III, 
and V1 are scalar ECG leads. HRA = high right atrial electrogram; RVA = right ventricular apex electrogram.
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Left free wall accessory pathways are most common, followed in fre-
quency by posteroseptal, right free wall, and anteroseptal locations. 
WPW syndrome is found in all age groups from the fetal and neonatal 
periods to the elderly as well as in identical twins. The prevalence is 
higher in men and decreases with age, apparently because of loss of 
preexcitation. Most adults with preexcitation syndrome have normal 
hearts, although various acquired and congenital cardiac defects have 
been reported, including Ebstein anomaly, mitral valve prolapse, and 
cardiomyopathies. Patients with Ebstein anomaly (see Chap. 65) often 
have multiple right-sided accessory pathways, either in the posterior 
septum or in the posterolateral wall, with preexcitation localized to 
the atrialized ventricle. They often have reciprocating tachycardia, 
with a long VA interval and a right bundle branch block 
morphology.

The frequency of paroxysmal tachycardia apparently increases  
with age, from 10/100 patients with WPW syndrome in the 20- to 
39-year age group to 36/100 in patients older than 60 years. Approxi-
mately 80% of patients with tachycardia have a reciprocating  
tachycardia, 15% to 30% have atrial fibrillation, and 5% have atrial 
flutter. VT occurs uncommonly. The anomalous complexes can  
mask or mimic myocardial infarction (see Chap. 54), bundle branch 
block, or ventricular hypertrophy, and the presence of the preexcitation 
syndrome can suggest an associated cardiac defect. Although  
the prognosis was once thought to be excellent in patients without 
tachycardia or an associated cardiac anomaly, data from Italy  
suggest that there exists some risk, albeit rare, of VF in asymptomatic 
children and adults with electrocardiographic evidence of preexcita-
tion.14 For most patients with recurrent tachycardia, the prognosis is 

nonconducted p wave terminates the tachycardia unlike atrial tachycardia  
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trigone between the mitral valve and the aortic valve annuli. Recording 
of electrical activity directly from the accessory pathway obviously pro-
vides precise localization.

It may be di!cult to distinguish AV nodal reentry from participation 
of a septal accessory connection by use of the retrograde sequence of 
atrial activation because activation sequences during both tachycardias 
are similar. Other approaches to demonstrate retrograde atrial activation 
over the accessory pathway must be tried and can be accomplished by 
inducing PVCs during tachycardia to determine whether retrograde atrial 
excitation can occur from the ventricle at a time when the His bundle is 
refractory (see Fig. 39-17B). VA conduction cannot occur over the normal 
conduction system because the His bundle is refractory, so an accessory 
pathway must be present for the atria to become excited. No patient with 
a reciprocating tachycardia from an accessory AV pathway has a VA inter-
val of less than 70 milliseconds; this is measured from the onset of ven-
tricular depolarization to the onset of the earliest atrial activity recorded 
on an esophageal lead or a VA interval of less than 95 milliseconds when 
it is measured to the high right part of the atrium. In contrast, in most 
patients with reentry in the AV node, intervals from the onset of ventricu-
lar activity to the earliest onset of atrial activity recorded in the esopha-
geal lead are less than 70 milliseconds.

Other Forms of Tachycardia in Patients with  
Wol!-Parkinson-White Syndrome

Patients can have other types of tachycardia during which the accessory 
pathway is a bystander, that is, uninvolved in the mechanism responsible 
for the tachycardia, such as AV nodal reentry or an atrial tachycardia that 
conducts to the ventricle over the accessory pathway. In patients with 
atrial "utter or atrial #brillation, the accessory pathway is not a requisite 
part of the mechanism responsible for tachycardia, and the "utter or 
#brillation occurs in the atrium unrelated to the accessory pathway (see 
Fig. 39-18E). Propagation to the ventricle during atrial "utter or atrial 
#brillation can therefore occur over the normal AV node–His bundle or 
accessory pathway. Patients with WPW syndrome who have atrial #bril-
lation almost always have inducible reciprocating tachycardias as well, 
which can develop into atrial #brillation (see Fig. 39-e3 on website). In 
fact, interruption of the accessory pathway and elimination of AV recip-
rocating tachycardia usually prevent recurrence of the atrial #brillation. 
Atrial #brillation presents a potentially serious risk because of the pos-
sibility for very rapid conduction over the accessory pathway. At more 
rapid rates, the refractory period of the accessory pathway can shorten 
signi#cantly and permit an extremely rapid ventricular response during 
atrial "utter or atrial #brillation (see Fig. 39-14B). The rapid ventricular 
response can exceed the ability of the ventricle to follow in an organized 
manner; it can result in fragmented, disorganized ventricular activation 
and hypotension and lead to VF (Fig. 39-22). Alternatively, a supraven-
tricular discharge bypassing AV nodal delay can activate the ventricle 
during the vulnerable period of the antecedent T wave and precipitate 
VF. Patients who have had VF have ventricular cycle lengths during atrial 
#brillation in the range of 240 milliseconds or less.

Patients with preexcitation syndrome can have other causes of tachy-
cardia, such as AV nodal reentry (sometimes with dual AV nodal curves), 
sinus nodal reentry, or even VT unrelated to the accessory pathway. 
Some accessory pathways can conduct anterogradely only; more com-
monly, pathways conduct retrogradely only. If the pathway conducts 
only anterogradely, it cannot participate in the usual form of reciprocat-
ing tachycardia (see Fig. 39-18A). It can, however, participate in anti-
dromic tachycardia (see Fig. 39-18C) as well as conduct to the ventricle 
during atrial "utter or atrial #brillation (see Fig. 39-18E). Some data 
suggest that the accessory pathway demonstrates automatic activity, 
which could conceivably be responsible for some cases of tachycardia.

“Wide QRS” Tachycardias
In patients with preexcitation syndrome, so-called wide QRS tachycardias 
can be caused by multiple mechanisms: sinus or atrial tachycardias, AV 
nodal reentry, and atrial "utter or #brillation with anterograde conduc-
tion over the accessory pathway; orthodromic reciprocating tachycardia 
with functional or preexisting bundle branch block; antidromic recipro-
cating tachycardia; reciprocating tachycardia with anterograde conduc-
tion over one accessory pathway and retrograde conduction over a 
second one; tachycardias using nodofascicular or atriofascicular #bers; 
and VT.
CLINICAL FEATURES. The reported incidence of preexcitation 

syndrome depends in large measure on the population studied and 
varies from 0.1 to 3/1000 in apparently healthy subjects, with an 
average of about 1.5/1000. The incidence of the electrocardiographic 
pattern of WPW conduction in 22,500 healthy aviation personnel was 
0.25%, with a prevalence of documented tachyarrhythmias of 1.8%. 

PERMANENT FORM OF AV JUNCTIONAL RECIPROCATING TACHYCARDIA 
(PJRT). An incessant form of SVT has been recognized that generally 
occurs with a long RP interval that exceeds the PR interval (Figs. 39-20 
and 39-21). Usually, a posteroseptal accessory pathway (most often right 
ventricular but other locations as well) that conducts very slowly, possi-
bly because of a long and tortuous route, appears responsible. Tachycar-
dia is maintained by anterograde AV nodal conduction and retrograde 
conduction over the accessory pathway (see Fig. 39-18D). Although 
anterograde conduction over this pathway has been demonstrated, the 
long anterograde conduction time over the accessory pathway ordinarily 
prevents electrocardiographic manifestations of accessory pathway con-
duction during sinus rhythm. Therefore, during sinus rhythm, the QRS 
duration is prolonged from conduction over this accessory pathway only 
when conduction times through the AV node–His bundle exceed those 
in the accessory pathway.

RECOGNITION OF ACCESSORY PATHWAYS. When retrograde atrial activa-
tion during tachycardia occurs over an accessory pathway that connects 
the left atrium to the left ventricle, the earliest retrograde activity is 
recorded from a left atrial electrode usually positioned in the coronary 
sinus (see Fig. 39-12). When retrograde atrial activation during tachycar-
dia occurs over an accessory pathway that connects the right ventricle 
to the right atrium, the earliest retrograde atrial activity is generally 
recorded from a lateral right atrial electrode. Participation of a septal 
accessory pathway creates the earliest retrograde atrial activation in the 
low right portion of the atrium situated near the septum, anterior or 
posterior, depending on the insertion site. These mapping techniques 
provide an accurate assessment of the position of the accessory pathway, 
which can be anywhere in the AV groove except in the intervalvular 

FIGURE 39-18 Schematic diagram of tachycardias associated with accessory 
pathways. A, Orthodromic tachycardia with anterograde conduction (arrow-
head) over the AV node–His bundle route and retrograde conduction over the 
accessory pathway (left-sided for this example, as depicted by left atrial activa-
tion preceding right atrial activation). B, Orthodromic tachycardia and ipsilateral 
functional bundle branch block. C, Antidromic tachycardia with anterograde 
conduction over the accessory pathway and retrograde conduction (arrow-
head) over the AV node–His bundle. D, Orthodromic tachycardia with a slowly 
conducting accessory pathway (arrowhead). E, Atrial !brillation with the acces-
sory pathway as a bystander. F, Anterograde conduction over a portion of the 
AV node and a nodoventricular (NV) pathway and retrograde conduction over 
the AV node (arrowheads). AP = accessory pathway; AVN = atrioventricular node.
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trigone between the mitral valve and the aortic valve annuli. Recording 
of electrical activity directly from the accessory pathway obviously pro-
vides precise localization.

It may be di!cult to distinguish AV nodal reentry from participation 
of a septal accessory connection by use of the retrograde sequence of 
atrial activation because activation sequences during both tachycardias 
are similar. Other approaches to demonstrate retrograde atrial activation 
over the accessory pathway must be tried and can be accomplished by 
inducing PVCs during tachycardia to determine whether retrograde atrial 
excitation can occur from the ventricle at a time when the His bundle is 
refractory (see Fig. 39-17B). VA conduction cannot occur over the normal 
conduction system because the His bundle is refractory, so an accessory 
pathway must be present for the atria to become excited. No patient with 
a reciprocating tachycardia from an accessory AV pathway has a VA inter-
val of less than 70 milliseconds; this is measured from the onset of ven-
tricular depolarization to the onset of the earliest atrial activity recorded 
on an esophageal lead or a VA interval of less than 95 milliseconds when 
it is measured to the high right part of the atrium. In contrast, in most 
patients with reentry in the AV node, intervals from the onset of ventricu-
lar activity to the earliest onset of atrial activity recorded in the esopha-
geal lead are less than 70 milliseconds.

Other Forms of Tachycardia in Patients with  
Wol!-Parkinson-White Syndrome

Patients can have other types of tachycardia during which the accessory 
pathway is a bystander, that is, uninvolved in the mechanism responsible 
for the tachycardia, such as AV nodal reentry or an atrial tachycardia that 
conducts to the ventricle over the accessory pathway. In patients with 
atrial "utter or atrial #brillation, the accessory pathway is not a requisite 
part of the mechanism responsible for tachycardia, and the "utter or 
#brillation occurs in the atrium unrelated to the accessory pathway (see 
Fig. 39-18E). Propagation to the ventricle during atrial "utter or atrial 
#brillation can therefore occur over the normal AV node–His bundle or 
accessory pathway. Patients with WPW syndrome who have atrial #bril-
lation almost always have inducible reciprocating tachycardias as well, 
which can develop into atrial #brillation (see Fig. 39-e3 on website). In 
fact, interruption of the accessory pathway and elimination of AV recip-
rocating tachycardia usually prevent recurrence of the atrial #brillation. 
Atrial #brillation presents a potentially serious risk because of the pos-
sibility for very rapid conduction over the accessory pathway. At more 
rapid rates, the refractory period of the accessory pathway can shorten 
signi#cantly and permit an extremely rapid ventricular response during 
atrial "utter or atrial #brillation (see Fig. 39-14B). The rapid ventricular 
response can exceed the ability of the ventricle to follow in an organized 
manner; it can result in fragmented, disorganized ventricular activation 
and hypotension and lead to VF (Fig. 39-22). Alternatively, a supraven-
tricular discharge bypassing AV nodal delay can activate the ventricle 
during the vulnerable period of the antecedent T wave and precipitate 
VF. Patients who have had VF have ventricular cycle lengths during atrial 
#brillation in the range of 240 milliseconds or less.

Patients with preexcitation syndrome can have other causes of tachy-
cardia, such as AV nodal reentry (sometimes with dual AV nodal curves), 
sinus nodal reentry, or even VT unrelated to the accessory pathway. 
Some accessory pathways can conduct anterogradely only; more com-
monly, pathways conduct retrogradely only. If the pathway conducts 
only anterogradely, it cannot participate in the usual form of reciprocat-
ing tachycardia (see Fig. 39-18A). It can, however, participate in anti-
dromic tachycardia (see Fig. 39-18C) as well as conduct to the ventricle 
during atrial "utter or atrial #brillation (see Fig. 39-18E). Some data 
suggest that the accessory pathway demonstrates automatic activity, 
which could conceivably be responsible for some cases of tachycardia.

“Wide QRS” Tachycardias
In patients with preexcitation syndrome, so-called wide QRS tachycardias 
can be caused by multiple mechanisms: sinus or atrial tachycardias, AV 
nodal reentry, and atrial "utter or #brillation with anterograde conduc-
tion over the accessory pathway; orthodromic reciprocating tachycardia 
with functional or preexisting bundle branch block; antidromic recipro-
cating tachycardia; reciprocating tachycardia with anterograde conduc-
tion over one accessory pathway and retrograde conduction over a 
second one; tachycardias using nodofascicular or atriofascicular #bers; 
and VT.
CLINICAL FEATURES. The reported incidence of preexcitation 

syndrome depends in large measure on the population studied and 
varies from 0.1 to 3/1000 in apparently healthy subjects, with an 
average of about 1.5/1000. The incidence of the electrocardiographic 
pattern of WPW conduction in 22,500 healthy aviation personnel was 
0.25%, with a prevalence of documented tachyarrhythmias of 1.8%. 

PERMANENT FORM OF AV JUNCTIONAL RECIPROCATING TACHYCARDIA 
(PJRT). An incessant form of SVT has been recognized that generally 
occurs with a long RP interval that exceeds the PR interval (Figs. 39-20 
and 39-21). Usually, a posteroseptal accessory pathway (most often right 
ventricular but other locations as well) that conducts very slowly, possi-
bly because of a long and tortuous route, appears responsible. Tachycar-
dia is maintained by anterograde AV nodal conduction and retrograde 
conduction over the accessory pathway (see Fig. 39-18D). Although 
anterograde conduction over this pathway has been demonstrated, the 
long anterograde conduction time over the accessory pathway ordinarily 
prevents electrocardiographic manifestations of accessory pathway con-
duction during sinus rhythm. Therefore, during sinus rhythm, the QRS 
duration is prolonged from conduction over this accessory pathway only 
when conduction times through the AV node–His bundle exceed those 
in the accessory pathway.

RECOGNITION OF ACCESSORY PATHWAYS. When retrograde atrial activa-
tion during tachycardia occurs over an accessory pathway that connects 
the left atrium to the left ventricle, the earliest retrograde activity is 
recorded from a left atrial electrode usually positioned in the coronary 
sinus (see Fig. 39-12). When retrograde atrial activation during tachycar-
dia occurs over an accessory pathway that connects the right ventricle 
to the right atrium, the earliest retrograde atrial activity is generally 
recorded from a lateral right atrial electrode. Participation of a septal 
accessory pathway creates the earliest retrograde atrial activation in the 
low right portion of the atrium situated near the septum, anterior or 
posterior, depending on the insertion site. These mapping techniques 
provide an accurate assessment of the position of the accessory pathway, 
which can be anywhere in the AV groove except in the intervalvular 

FIGURE 39-18 Schematic diagram of tachycardias associated with accessory 
pathways. A, Orthodromic tachycardia with anterograde conduction (arrow-
head) over the AV node–His bundle route and retrograde conduction over the 
accessory pathway (left-sided for this example, as depicted by left atrial activa-
tion preceding right atrial activation). B, Orthodromic tachycardia and ipsilateral 
functional bundle branch block. C, Antidromic tachycardia with anterograde 
conduction over the accessory pathway and retrograde conduction (arrow-
head) over the AV node–His bundle. D, Orthodromic tachycardia with a slowly 
conducting accessory pathway (arrowhead). E, Atrial !brillation with the acces-
sory pathway as a bystander. F, Anterograde conduction over a portion of the 
AV node and a nodoventricular (NV) pathway and retrograde conduction over 
the AV node (arrowheads). AP = accessory pathway; AVN = atrioventricular node.
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FIGURE 39-21 Permanent form of junctional reciprocating tachycardia (PJRT) in a patient with a left-sided accessory pathway. The 12-lead ECG demonstrates a 
long RP interval–short PR interval tachycardia, which in contrast to the usual form of PJRT exhibits negative P waves in leads I and aVL. The rhythm strips below (lead 
I) indicate that whenever a nonconducted P wave occurs, the tachycardia always terminates, only to begin again after several sinus beats. This pattern is in marked 
contrast to that in Figure 39-6, in which the tachycardia continues despite nonconducted P waves.

I aVR V1 V4

II aVL V2 V5

III aVF V3 V6

FIGURE 39-22 Atrial !brillation (AF) becoming ventricular !brillation (VF). In the left portion of this panel, the ECG demonstrates AF with conduction over an 
accessory pathway producing a rapid ventricular response, at times in excess of 390 beats/min. In the midportion of the tracing, VF can be seen to develop. I, II, III, 
and V1 are scalar ECG leads. HRA = high right atrial electrogram; RVA = right ventricular apex electrogram.
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Left free wall accessory pathways are most common, followed in fre-
quency by posteroseptal, right free wall, and anteroseptal locations. 
WPW syndrome is found in all age groups from the fetal and neonatal 
periods to the elderly as well as in identical twins. The prevalence is 
higher in men and decreases with age, apparently because of loss of 
preexcitation. Most adults with preexcitation syndrome have normal 
hearts, although various acquired and congenital cardiac defects have 
been reported, including Ebstein anomaly, mitral valve prolapse, and 
cardiomyopathies. Patients with Ebstein anomaly (see Chap. 65) often 
have multiple right-sided accessory pathways, either in the posterior 
septum or in the posterolateral wall, with preexcitation localized to 
the atrialized ventricle. They often have reciprocating tachycardia, 
with a long VA interval and a right bundle branch block 
morphology.

The frequency of paroxysmal tachycardia apparently increases  
with age, from 10/100 patients with WPW syndrome in the 20- to 
39-year age group to 36/100 in patients older than 60 years. Approxi-
mately 80% of patients with tachycardia have a reciprocating  
tachycardia, 15% to 30% have atrial fibrillation, and 5% have atrial 
flutter. VT occurs uncommonly. The anomalous complexes can  
mask or mimic myocardial infarction (see Chap. 54), bundle branch 
block, or ventricular hypertrophy, and the presence of the preexcitation 
syndrome can suggest an associated cardiac defect. Although  
the prognosis was once thought to be excellent in patients without 
tachycardia or an associated cardiac anomaly, data from Italy  
suggest that there exists some risk, albeit rare, of VF in asymptomatic 
children and adults with electrocardiographic evidence of preexcita-
tion.14 For most patients with recurrent tachycardia, the prognosis is 



“WIDE QRS” TACHYCARDIAS

 sinus or AT,  AVNRT or afib/flutter with anterograde 
conduction over the AP

orthodromic AVRT with functional or preexisting BBB

antidromic AVRT

reciprocating tachycardia with anterograde conduction over 
one AP and retrograde over a 2nd one

tachycardias using nodofascicular or atriofascicular fibers

VT



PREEXCITATION SYNDROME

0.1-3 /1000 incidence

ECG WPW pattern incidence 0.25%

prevalence of documented tachyarrhythmias 1.8%

AP: male predominance,  frequency decreases with age

ebstein anomaly have multiple rt sided APs

paroxysmal tachycardias in wpw syndrome increases with age: 
10/100 to 36/100 (from age 20 to 60)

can mask or mimic BBB, MI and ventricular hypertrophy

sudden death frequeny is 0.1%, generally good prognosis



RX OF PREECITATION

drugs that  prolong the refractroy period of the AVN and AP, 
class IC and III prolong AP refractoriness

lidocaine and iv verapamil can ppt vfib in pts with afib and wpw

acute: vagal, adenosine, iv verapamil or diltiazem

flecainide + propranolol: decreases conduction in both limbs of 
the circuit

amiodarone and sotalol prolong refractoriness in both pathways

RF catheter ablation to prevent recurrence



P WAVES IDENTICAL TO SINUS P WAVES

long RP and short PR

sinus nodal reentry

sinus tachycardia

atrial tachycardia arising near the SA node



RETROGRADE P WAVES

p waves inverted in II, III and aVF

AVNRT

AVRT using a paraseptal AP



NO MANIFEST P WAVES

AVNRT (retrograde p buried in the QRS)



AVRT

Depression of ST segment

RP interval > 90 ms

AV dissociation or AV block during the tachycardia 
excludes the participation of an AP and makes AVNRT 
less likely

QRS alternans (rapid rate related phenomena)
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