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            Accessory Pathways 

 An anomalous strand of working myocardium, 
called an accessory pathway, bridges the electri-
cally isolated gap between the atria and ventricle 
(i.e., the AV groove) and supports atrioventricu-
lar reentrant tachycardia (AVRT, Fig.  4.1 ). These 
pathways are likely formed as a result of incom-
plete senescence (apoptosis) and differentiation 
during the fi rst trimester of gestation. During 
embryologic development, the fetal muscle 
fi bers are oriented longitudinally in the straight 
heart tube which loops and differentiates into 
the four chamber heart. Some of the fi bers of 
the straight heart tube undergo senescence 

(apoptosis— programmed cell death) leaving 
only the atrioventricular node and His-Purkinje 
system (AVN-HPS) electrically connecting the 
atria and ventricles. However, in some cases 
there is failure of apoptosis and anomalous con-
nections—the accessory pathways—may persist 
beyond birth (see Chap.   1    ).  

    Manifest Accessory Pathways 

 Accessory pathways may be manifest or con-
cealed. Manifest accessory pathways comprise 
antegrade activation of the ventricular myocar-
dium through the accessory pathway and can 
“manifest” as preexcitation on an electrocardio-
gram during sinus rhythm (Figs.  4.1 ,  4.2 ,  4.3 ). 
This pattern is called the Wolff–Parkinson–
White syndrome for the three physicians who 
described the syndrome in 1930—short PR 
interval, preexcitation (delta wave), paroxysmal 
tachycardia, usually fi rst appearing in young 
persons. Even when ventricular preexcitation is 
present on the surface ECG during sinus rhythm, 
the mechanism of the tachycardia is usually 
orthodromic AVRT.    

    Concealed Accessory Pathways 

 Concealed accessory pathways are those that do 
not have antegrade conduction, but only 
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  Fig. 4.1    Cartoon of the heart demonstrating the atrioven-
tricular conduction system with a left accessory connec-
tion. The P-wave and QRS complex are show short the 
indicating the impulse PR interval bypassing the AV node; 
also shown is the “delta wave” transcribing the slow 
anomalous ventricular activation and resulting in the early 

arrival (preexcitation of the ventricle) of the impulse 
through the accessory pathway. [Reprinted Kuilig J, et al. 
Wolff-Parkinson White syndrome and accessory path-
ways. Circulation 2010;122(15): e480–e483. With per-
mission from Wolters Kluwer Health]       

  Fig. 4.2    12-Lead ECG demonstrating preexcitation with 
a right-sided pathway in an 8-year-old female. This was 
mapped to the right anterior septal area as suggested with 

the R/S transition between V2 and V3 (suggesting a pos-
sible septal pathway) and the positive preexcitation noted 
in II, III, aVF       
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  Defi nitions  : 
    Orthodromic  is used to describe accessory path-

way (AP)-mediated tachycardias in which 
there is normal conduction from the atria to 
the ventricle via the AVS-HPS.  

   Antidromic  is used to describe AP-mediated 
tachycardias which traverse the AP from 
atrium to ventricle and proceed backwards up 
the HPS.  

   Antegrade  indicates conduction from atria to 
ventricle.  

   Retrograde  indicates conduction from ventricle 
to atrium.  

   Concealed  pathways only conduct in the retro-
grade direction.  

   Manifest  pathways conduct in the antegrade 
direction with or without retrograde conduc-
tion as well.     

    Mechanism of Atrioventricular 
Reentrant Tachycardia 

 Atrioventricular reentrant tachycardia can be 
either orthodromic or antidromic. Orthodromic 
AVRT (Fig.  4.4 ), comprising approximately 
90 % of AVRT, denotes antegrade conduction 
through the AVN-HPS and retrograde conduction 

through the accessory pathway, producing a nar-
row QRS tachycardia. This pattern can be seen in 
all patients with concealed and the great majority 
of patients with manifest pathways. If a patient 
has a manifest accessory pathway (WPW), ven-
tricular preexcitation    is no longer present during 
orthodromic AVRT as the antegrade ventricular 
activation occurs through the His-Purkinje sys-
tem, no longer passing from the atrium to the 
ventricle across the accessory pathway.  

 In contrast, antidromic AVRT is characterized 
by antegrade conduction through a manifest 
accessory pathway (and not a concealed one) 
and retrograde conduction through the His-
Purkinje- AV nodal system, resulting in a wide 
QRS complex tachycardia, mimicking ventricu-
lar tachycardia (Figs.  4.5a  and  4.6 ). Activation of 
the ventricular myocardium via the accessory 
pathway results in a wide QRS complex second-
ary to working myocardial cell-to-cell conduc-
tion rather than conduction through the 
His-Purkinje system.    

    ECG Diagnosis 

 For those patients with manifest pathways, the 
ventricular preexcitation pattern in sinus rhythm 
can be helpful in determining the location of the 

  Fig. 4.3    12-Lead ECG of patient with Wolff–Parkinson–
White syndrome with a left posterior accessory pathway. 
The PR interval is short and delta waves are easily 

 visualized. The R/S transition is before V1 suggesting a 
left- sided pathway       
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  Fig. 4.4    12-Lead ECG with narrow QRS tachycardia in a 10-year-old female       

  Fig. 4.5    Cartoon demonstrating typical orthodromic 
AVRT ( C ), rare antidromic AVRT ( A ), and antidromic 
AVRT during atrial fi brillation ( B ). (see text). [Reprinted 

Kuilig J, et al. Wolff–Parkinson–White syndrome and 
accessory pathways. Circulation 2010;122(15): e480–
e483. With permission from Wolters Kluwer Health]       
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accessory pathway. A number of algorithms have 
been developed to aid in pathway location with 
variable accuracy depending on the accessory 
pathway location. Briefl y, if the QRS transition 
(R greater than S-wave) is after V3 in the precor-
dial leads, the pathway is most likely on the right 
side; if it is at or between V2 to V3, it is most 
likely a septal pathway. If the transition is before 

V2, it is most likely on the left side. Using pub-
lished algorithms, further analysis of the delta 
wave polarity in the ECG leads can identify the 
location of the accessory pathway even more pre-
cisely. In patients with a concealed accessory 
pathway, the resting ECG is of no diagnostic 
value to determine accessory pathway location. 

 An ECG obtained during SVT can be very 
helpful to indicate AVRT (vs. AVNRT) and occa-
sionally to evaluate the location of the accessory 
pathway, especially when compared to an ECG 
obtained in sinus rhythm. Retrograde P-waves are 
typically present (typically with an R-P retrograde 
interval greater than 65–70 ms) in the ST segment 
or T-wave during AVRT, especially in Lead I, and 
suggests the diagnosis. This contrasts with a retro-
grade P-wave less than 40–60 ms in typical 
AVNRT. Table  4.1  summarizes the fi ndings for 
manifest and concealed pathways characteristi-
cally seen on the surface electrocardiogram during 
either sinus rhythm or SVT.

        Manifest Accessory Pathways 

    Wolff–Parkinson–White Syndrome 

 The preexcitation is the result of a congenital 
accessory pathway that conducts antegrade 
reaching the ventricles in advance of activation 
through the AVN-HPS (Figs.  4.1 ,  4.2 ,  4.3 ). The 
incidence of Wolff–Parkinson–White syndrome 
in children has been estimated around one in 
every 1,000 individuals. Ventricular preexcitation 
can be quite subtle, occasionally apparent only as 
a lack of a q-wave in the lateral precordial leads 
due to slow conduction in the accessory pathway; 
accelerated conduction through the AV node (as 
is common in children); or in later accessory 
pathway activation of a left-sided pathway (the 
most frequent site of a pathway). 

 While both manifest and concealed pathways 
can mediate reentrant tachycardia, patients with 
Wolff–Parkinson–White syndrome have a greater 
rate of recurrent SVT than those without preexci-
tation. The clinical course of AVRT is age related. 
If diagnosed as an infant, the preexcitation may 
resolve to complete disappearance as a child 

  Fig. 4.6    An 8-Lead ECG demonstrating antidromic 
tachycardia in a 5-year-old boy. The  top  three tracings are 
recorded through the limb leads I, II, III; the  bottom  four 
tracings are aVL, V1, V2, V3, V4. The tracing fourth 
from the top is recorded through the high right atrial cath-
eter. The tracing fi fth from the top is recorded through the 
mapping catheter located in the right atrial free wall near 
the tricuspid valve. The sixth and seventh tracings are 
recorded through the His bundle catheter located at the 
low right atrial-septal area. Note the wide QRS tachycar-
dia with maximal preexcitation of a left bundle branch 
confi guration, compatible with a right-sided pathway. 
Note the tight AV relationship between the right atrial free 
wall electrogram ( arrows ) and the surface QRS complex 
(and intracardiac ventricular electrogram) indicating anti-
dromic conduction down the right lateral accessory con-
duction to the ventricle. Retrograde conduction (not 
shown) supporting the tachycardia was through a left- 
sided concealed accessory pathway. Ablation of both 
pathways was successful       
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grows, usually by 18–24 months of age (30 % 
recurrence if diagnosed less than 1 year of age). 
However, if preexcitation or documented SVT is 
seen after this age, AVRT is unlikely to self- 
resolve (94 % recurrence rate). 

 Furthermore, patients with WPW are noted to 
have a very small, albeit increased, risk for a 
sudden cardiac arrest. During atrial fi brillation, a 
conduction of the fi brillatory impulses may prefer-
entially cross a fast conducting manifest accessory 
pathway, bypassing the more slowly conducting 
AV node resulting in a rapid life- threatening ven-
tricular response (>250–300 bpm) (Fig.  4.5b ; 
Chap.   20    , Fig.   20.2    ). The incidence of sudden car-
diac arrest in WPW patients has been estimated 
between one and 4.5 per 1,000 patient years, 
refl ecting a higher incidence of atrial fi brillation in 
WPW patients. The highest prevalence of sudden 
cardiac arrest appears to be between the ages of 15 
and 35 years. Patients with WPW syndrome who 
experience sudden cardiac death may have no his-
tory of a tachyarrhythmia. On the other hand, they 
may have had previous syncopal episodes. Potential 
risk factors for a sudden cardiac event with WPW 
include a younger age (<30 years), prior syncope 
or atrial fi brillation, male gender, familial WPW, or 
other heart disease. 

 The majority of accessory pathways are seen in 
patients with structurally normal hearts; however, 
approximately 10–15 % of patients with Wolff–
Parkinson–White syndrome has congenital heart 
disease (Ebstein’s anomaly,  L - transposition  of the 
great arteries, cardiomyopathy, and intracardiac 
tumors). Six to nine percent of patients who have 
WPW syndrome and congenital heart disease are 
more likely to have multiple pathways. 
Approximately a quarter of patients with Ebstein’s 
anomaly also have preexcitation, the most com-
mon association. In addition, up to 43 % of patients 
with WPW and Ebstein’s anomaly have multiple 
pathways. In patients with other forms of congeni-
tal heart disease, 25 % had multiple pathways. 
Pathway location is also associated with congeni-
tal heart disease: right-sided pathways are more 
common in congenital heart disease (63 %) 
whereas left-sided pathways are more common in 
the structurally normal heart (61 %). Interestingly, 
the appearance of preexcitation in patients with 

congenital heart disease may be misleading, as 
some malformations—tricuspid atresia and hypo-
plastic left heart syndrome—may be associated 
with “pseudo-preexcitation” or the appearance of 
preexcitation and not have an accessory pathway. 

 The management of the asymptomatic patient 
with WPW has been addressed by the Pediatric 
and Congenital Electrophysiology Society in a 
recent consensus statement (2012). Patients who 
are 8 years of age or older and are found to have 
manifest preexcitation on an ECG without symp-
toms are recommended to undergo risk stratifi ca-
tion, initially with noninvasive studies (i.e., 
exercise treadmill test; Holter monitor tracings). 
If inconclusive, invasive studies can be consid-
ered to determine those at higher risk for sudden 
cardiac arrest. In asymptomatic individuals under 
8 years of age, the low risk of sudden death due 
to atrial fi brillation, allow conservative manage-
ment and continued follow-up.  

    Atrioventricular and Mahaim Fibers 

 Mahaim fi bers, as fi rst described in 1938, are 
direct histologic links between either the AV node 
and the right ventricle (nodoventricular fi bers) or 
the His bundle and the right ventricle (fasciculo-
ventricular fi bers). These nodo or fascicular ven-
tricular fi bers are anatomically common (though 
often inactive, i.e., not resulting in preexcitation 
or tachycardia) When they do produce ventricular 
preexcitation, it may be only in a “by-stander” 
roles and not participate in an arrhythmia reen-
trant circuit. In patients with a nodoventricular 
fi ber, the PR interval varies relative to the fi ber’s 
take-off from the node. In those with a fascicular-
ventricular fi ber arising from the His bundle and 
inserting into the ventricular myocardium the PR 
interval is normal. Rarely the nodoventricular 
fi bers produce a wide QRS complex in the context 
of a different mechanism for SVT, such as AVNRT 
(Fig.  4.7 ), or even more rarely participate as a true 
antegrade limb of an atrioventricular circuit. 
Fasciculoventricular fi bers have not been shown 
to participate in a reentrant circuit other than as a 
bystander. These bystander pathways are often 
best left alone and not ablated.  

4 Atrioventricular Reentry Tachycardia
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 An uncommon right-sided atriofascicular 
fi ber (somewhat confusingly also referred to as a 
Mahaim fi ber) is located in the right posterior 
AV groove (Fig.  4.8 ). This accessory pathway 
has several features: (1) it typically conducts in 
only an antegrade direction producing preexcita-
tion in a left bundle branch block confi guration; 
(2) it inserts deep (not along the AV ring) in the 
right ventricle, often near the distal fascicle of 
the right bundle (moderator band); (3) the path-
way demonstrates decremental conduction; (4) if 
present, the tachycardia is antidromic resulting 
in a wide QRS left bundle branch pattern SVT. 
These fi bers were shown to be the cause of pre-
excitation characterized by left bundle branch 
block QRS morphology and wide QRS tachycar-
dia. Intracardiac electrophysiologic studies dem-
onstrate that the preexcitation and the wide QRS 
tachycardia are due to an atriofascicular acces-
sory pathway coursing from the lateral right 
atrial tricuspid valve annular area to insert 
deeper in the right bundle rather than at the AV 
groove. As these fi bers often have AV nodal 
properties, they may exhibit slow conduction 
velocity and “decremental conduction” with 
atrial extrastimulus and adenosine sensitive, 
resulting in AV block with adenosine administra-
tion. The hallmark of identifying the site for 
ablation is the identifi cation of a fast action spe-
cialized conduction tissue electrogram distant in 
both location and timing from the His bundle 

electrogram, often near the  moderator band. 
Ablation at that site terminates conduction 
within this pathway (eliminates the preexcita-
tion), as well as the wide QRS tachycardia 
(Fig.  4.8 ). It can also be ablated on the right 
 lateral annulus.    

    Diagnostic Evaluation of AVRT 

    Exercise Treadmill Testing and Holter 
Monitoring 

 Abrupt disappearance of ventricular preexcita-
tion on the electrocardiogram during exercise 
suggests an accessory pathway effective refrac-
tory period perhaps as long as 360–390 ms, plac-
ing the patient in a lower risk category (Fig.  4.9 ). 
Exercise testing or Holter monitoring during 
activity has been used as a noninvasive method to 
evaluate the conduction properties of a manifest 
accessory pathway. Abrupt loss of preexcitation 
during exercise treadmill testing occurred in 
15 % of a predominately s pediatric group of 
patients. However, in practice, disappearance of 
ventricular preexcitation exercise testing can be 
diffi cult to interpret due to movement artifact on 
the ECG and enhanced AV node conduction from 
increased adrenergic tone during exercise 
 resulting in gradual (and less) not abrupt diminu-
tion of the ventricular preexcitation.  

  Fig. 4.7    Wide QRS rhythm and tachycardia followed 
by narrow QRS sinus rhythm in a 9-year-old girl. 
Electrophysiology study demonstrated a nodoventricular 
fi ber (not involved in the reentrant circuit), which was 

ablated. Narrow QRS tachycardia was demonstrated 
post ablation of the Mahaim fi ber and was found to be due 
to AVNRT. The slow pathway and arrhythmia were 
ablated       
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 Holter monitoring of patients with WPW may 
demonstrate intermittent ventricular preexcita-
tion. This intermittent conduction down the man-
ifest accessory pathway is thought to confer 
low-risk attributes for the ability to conduct atrial 
fi brillation rapidly. This fi nding can be reassuring 
in the risk stratifi cation of patients for sudden 
cardiac arrest, but does not exclude the possibil-
ity of SVT.  

    Electrophysiology Study 

 The electrophysiology study (see Chap.   3    ) is an 
essential tool in the assessment of the patient 
with documented SVT. Although atrial extra-
stimuli can be delivered through a transvenous 
catheter or transesophageal catheter (particularly 
useful for infants and small children), the trans-
catheter intracardiac technique is necessary for a 

  Fig. 4.8    Patient with an atrioventricular fi ber causing 
wide QRS tachycardia.  Top panel : Initiation of wide QRS 
tachycardia with antegrade conduction through the 
Mahaim fi ber (note fast action defl ection of atriofascicular 
fi ber activation) and retrograde conduction through the 
normal His-Purkinje–AV node system.  Bottom panel : 

Radiofrequency ablation of antegrade conduction in the 
atriofascicular fi ber, terminating the tachycardia. Note the 
His bundle electrogram in the two sinus beats, as well as 
the absence of fast action defl ection of the atrioventricular 
fi ber in the mapping/ablation catheter post ablation       
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defi nitive examination of the properties and loca-
tion of the accessory pathway as well as for trans-
catheter ablation.  

    Baseline Studies 

 The patient is usually placed under general anes-
thesia supervised by an anesthesiologist; con-
scious sedation is usually well tolerated in the 
adolescent but in many centers still requires the 
presence of the anesthesiology service. At the 
start of the electrophysiology study, baseline sur-
face electrocardiogram and electrogram record-
ings are obtained. Baseline intracardiac intervals 
measured in patients with manifest accessory 
pathway conduction typically reveal an HV inter-
val (Fig.  4.10 ) much less than normal (40 ms) or 
at times <0 ms (ventricular activation occurring 
before the His electrogram). When the patient 
has manifested accessory pathway conduction, 
the earliest area of early ventricular activation 
(prior to the onset of the surface QRS complex) 
during antegrade conduction through the acces-
sory pathway can identify the location of ven-
tricular insertion of the accessory pathway.  

 Antegrade and retrograde electrophysiologic 
properties of the AV node and accessory pathway 
can then be determined. Atrial pacing is performed 
at a cycle length slightly shorter than the sinus rate, 
and this is gradually decreased in 10–20 ms incre-
ments until 1:1 AV conduction is no longer seen 
(Wenckebach cycle length), or for a sudden loss of 
preexcitation. The loss of 1:1 AV conduction repre-
sents either the accessory pathway Wenckebach 
cycle length (if the preceding beats were pre-
excited), or the AV node Wenckebach cycle length 
(if the preceding beats were conducting through the 
AV node, typically narrow complex). 

 The antegrade effective refractory period of 
the AV node and accessory pathway can then be 
determined by delivering extra stimuli after an 
8–10 beat drive train cycle length (e.g., at both 
600 and 400 ms. The S2 stimulus is decremented 
by 10–20 ms observing for a loss of AV conduc-
tion refl ecting the antegrade effective refractory 
period of the AV node or the loss of preexcitation 
representing the effective refractory period of the 
accessory pathway or both (Fig.  4.11 ). In rare 
cases, it may be possible to differentiate between 
two separate antegrade conducting pathways 
noted by alterations in the pre-excited QRS 

  Fig. 4.9    Leads II, V1, and V5 during an exercise tread-
mill test. Note the delta wave in the onset of the QRS ( left 
arrow ) and abrupt loss over 2–3 beats ( right arrow  and 

next two beats) as the heart slightly increases, suggesting 
a slowly conducting accessory pathway       
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  Fig. 4.10    Surface electrocardiograms (II, aVF, V1, V5) 
and intracardiac electrograms obtained during sinus 
rhythm in a patient with a left lateral accessory pathway. 
A very short HV interval (H to arrow) is seen in the His 
electrogram tracings indicating that ventricular activation 

is reaching the ventricles earlier than expected if the wave 
front from the sinus impulse were only traversing the 
atrioventricular nodal–His-Purkinje axis (i.e., the ventri-
cles are pre-excited).  A  atrial electrogram,  HRA  high right 
atrium,  HIS  =  H  His,  Abl  ablation catheter in RA       

  Fig. 4.11    Surface electrocardiograms and intracardiac 
electrograms obtained during an atrial extrastimulus in a 
patient with preexcitation. In the  left panel , the premature 
atrial stimulus (300 ms coupling interval conducts ante-
grade through the accessory pathway resulting in more pro-
nounced ventricular preexcitation and a short AV interval in 

the distal CS electrode pair. By shortening the atrial extra-
stimulus by 40 ms, the accessory pathway becomes refrac-
tory resulting in normal conduction through the AV node, a 
narrow QRS complex, and lengthening of the AV interval 
in the coronary sinus electrodes.  HRA  high right atrium, 
 HIS  His,  CS  coronary sinus,  RVA  right ventricular apex       
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morphology. In a similar manner, retrograde 
properties of the AV node and accessory pathway 
can be determined using the same techniques but 
pacing from the ventricle and monitoring for loss 
of VA conduction or eccentric accessory pathway 
conduction. If the manifest accessory pathway is 
noted to have decremental conduction, this may 
be indicative of an atriofascicular pathway.   

    Electrophysiologic Evaluation 
of the Manifest Accessory Pathway 

 As part of a risk stratifi cation strategy for WPW 
syndrome, induction OD atrial fi brillation during 
the electrophysiology study provides useful infor-
mation. Once atrial fi brillation is induced, by 
burst atrial pacing, the pre-excited R–R intervals 
are monitored. In a study of 60 children, a short, 
pre-excited R–R interval during rapid atrial fi bril-
lation was the most sensitive predictor of sudden 
cardiac death (Chap.   20    , Fig.   20.2    ), with all 
patients with a cardiac arrest having an interval 
<220 ms (though not all patients in this group had 
previously had an arrest). In this group, an inter-
val <220 ms was potentially associated (the natu-
ral history and risk was eliminated by surgery in 
some subjects with <220 ms pre-excited R–R 
interval) with a positive predicted value for car-
diac arrest of 68 %. In some patients, atrial fi bril-
lation may not be inducible or sustained; rapid 
atrial pacing with or without isoproterenol, 
although used, is not a good surrogate for atrial 
fi brillation. The antegrade accessory pathway 
effective refractory period has also been used for 
risk stratifi cation but has been less well correlated 
than atrial fi brillation. Multiple manifest acces-
sory pathways have also been demonstrated to 
confer a higher risk for ventricular fi brillation. 
Conversely, intermittent loss of preexcitation dur-
ing sinus rhythm suggests a low-risk pathway.  

    Electrophysiologic Evaluation 
of the Concealed Accessory Pathway 

 By defi nition, concealed accessory pathways 
cannot be evaluated during atrial pacing due to 
lack of antegrade conduction. However, both 

manifest and concealed accessory pathways can 
be evaluated by retrograde assessment using ven-
tricular pacing. A straightforward method to 
determine the presence of a concealed accessory 
pathway is performed by ventricular pacing dur-
ing a bolus infusion of IV adenosine (200 mcg/kg 
up to 12–18 mg) followed by a rapid fl ush 
(Fig.  4.12 ). Ventricular pacing at fast enough 
rates (<500 ms cycle length, 120 bpm) assures 
that the pacing rate is faster than the refl ex sinus 
tachycardia that follows adenosine infusion in 
15–20 s. As adenosine usually blocks retrograde 
conduction in the AV node a change in the atrial 
activation sequence suggests a shift of retrograde 
conduction from the AV node to the accessory 
pathway (Fig.  4.12 ), particularly evident with a 
left-sided accessory pathway. At times, a signifi -
cant change in the retrograde atrial activation 
may not be seen due to either a paraHisian or 
anterior pathway accessory pathway or an 
adenosine- resistant AV node. Occasionally, a 
concealed accessory pathway conducting slowly 
retrograde will block with an adenosine bolus 
during ventricular pacing.  

 Similar to antegrade assessment, the retro-
grade Wenckebach cycle length and retrograde 
effective refractory periods of the AV node and 
accessory pathway are determined by rapid ven-
tricular pacing and extrastimulus pacing. Though 
uncommon, the presence of multiple concealed 
pathways can be determined during extrastimu-
lus pacing observing for multiple changes in the 
retrograde atrial activation sequence or after 
ablation of one pathway.  

    Induction of SVT and Diagnostic 
Pacing Maneuvers 

 During the atrial and ventricular pacing maneu-
vers, SVT is induced and usually well tolerated. 
However, the hemodynamic status is closely 
monitored for any compromise. If there is signifi -
cant hemodynamic compromise, overdrive pac-
ing maneuvers, adenosine, or rarely direct current 
cardioversion may be required. On occasion, an 
isoproterenol continuous infusion is required to 
initiate SVT. The starting dose of isoproterenol is 
0.01–0.02 mcg/kg/min; rarely is more than 
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0.08 mcg/kg/min needed. When SVT cannot be 
induced with the previously described atrial and 
ventricular pacing maneuvers, two and three 
extrastimuli in the atrial or ventricle may be tried. 
Infrequently intravenous atropine, epinephrine, 
or caffeine may also be used in an attempt to 
induce arrhythmias. 

 If a bundle branch block pattern is seen dur-
ing the initiation of the SVT, the difference in 
the cycle length in the SVT between wide QRS 
(bundle branch) and narrow QRS tachycardia 
(or changes in the cycle length as the bundle 
block branch pattern resolves) can be helpful in 
determining the location of the accessory path-
way (Chap.   12    , Fig.   12.6    ). An initially wide 
bundle block branch pattern during the tachy-
cardia that prolongs the tachycardia cycle length 
is indicative of an ipsilateral accessory pathway 
(e.g., right bundle branch block lengthens the 
cycle length of orthodromic AVRT using the 
right- sided accessory pathway). This fi nding is 

explained by the slower conduction from myo-
cyte to myocyte through the reentry circuit as 
compared to through the rapidly conducting 
His- Purkinje system. Therefore, a bundle branch 
block prolongs the ventricular transit time to the 
ipsilateral accessory pathway, thus lengthening 
the cycle length (Figs.  4.13  and  4.14 ). The cor-
ollary to this fi nding is that if the bundle branch 
block pattern does not alter the SVT cycle 
length, the bundle branch block is contralateral 
to the accessory pathway (e.g., the right bundle 
branch block pattern with left-sided accessory 
pathway does not alter SVT cycle length). 
Occasionally, this observation is confounded by 
a compensating faster conduction through the 
AV node  neutralizing the cycle length change. 
This confounder is corrected by examining the 
AV conduction (time) as the AV conduction time 
remains constant regardless of cycle length 
change in the presence of an ipsilateral acces-
sory pathway.   

  Fig. 4.12    Change in retrograde atrial activation sequence 
following adenosine infusion during ventricular pacing. 
At the far left the earliest atrial activation is seen in the 
proximal CS (CSp) and the His bipolar electrode pairs 
(His d, His 5–6, His p). As the adenosine blocks  retrograde 

AV node conduction the earliest activation shifts (com-
pare second and third complexes in CSp) to the distal 
coronary sinus bipolar electrode pairs (CS 5–6, CS 3–4). 
 HRA  high right atrium,  HIS  His,  CS  coronary sinus,  RVA  
right ventricular apex       
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 Various pacing maneuvers can be important 
diagnostic procedures. Premature ventricular 
beats introduced into the SVT can be helpful in 
distinguishing between AVRT and AVNRT and 
can help determine the location of the accessory 
pathway. The degree of preexcitation may help in 
deciphering between left- and right-sided acces-
sory pathways as right-sided pathways typical 
pre-excite more prominently with right-sided 
pacing. Conversely, pacing from the left side 
(e.g., via the coronary sinus or left ventricle) may 
preferentially engage a left sided pathway. To 
ensure that retrograde conduction is not through 
the His bundle but rather the accessory pathway, 
premature beats may be given during His refrac-
toriness (i.e., not earlier than 10–25 ms prior to 
the His defl ection). If the ventricular stimulus is 
delivered during SVT while the His bundle is 
refractory in the presence of an accessory path-
way, the retrograde conduction is through the 
accessory pathway shortening the atrial cycle 

length. The preexcitation index may be calcu-
lated to assist with localization of the accessory 
pathway and is determined by subtracting the 
longest premature ventricular pacing interval that 
shortened the atrial cycle length from the SVT 
cycle length (Fig.  4.14 ). The shorter the preexci-
tation index (longest PVC coupling interval), the 
more likely the pathway is to be on the right side. 
Posterior septal accessory pathways have a mean 
preexcitation index of 38 ms whereas anterosep-
tal septal accessory pathways have a mean 
 preexcitation index of 17 ms. The longer the pre-
excitation index (shortest PVC coupling inter-
val), the more likely the pathway is left-sided but 
the possibility of conduction through the His- 
Purkinje system/AV node should be considered, 
suggesting AVNRT. This can be usually distin-
guished by adenosine bolus infusion during ven-
tricular  pacing. Additionally, paraHisian pacing 
may be used to distinguish retrograde conduction 
through the AV node or an accessory pathway. 

  Fig. 4.13    A change in the cycle length of the tachycardia 
is noted concurrently to a normalization of the rate-related 
aberrancy (left bundle block confi guration) to a narrow 
QRS complex on the surface and intracardiac electro-
grams. The electrograms in the CS catheters during nar-
row QRS tachycardia show left to right atrial activation 

from the distal CS to the proximal CS indicating a left- 
sided pathway with a slower tachycardia cycle length dur-
ing the LBBB seen in the fi rst two beats. This change 
suggests that the reentry circuit proceeds through an 
accessory pathway ipsilateral to the left bundle branch 
block       
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The VA time can be measured after high output 
pacing at the His signal to capture both the His 
bundle (as noted with a more narrow QRS) and 
the ventricular myocardium. By slowly decreas-
ing the pacing output until there is loss of His 
capture, with continued ventricular myocardial 
capture, the VA time is again measured. Accessory 
pathways continue to demonstrate consistent VA 
conduction time regardless of captured tissue 
(both or just heart muscle), while AV nodal retro-
grade conduction demonstrates an increase in the 
VA time consistent with the delay required for the 
ventricular myocardium to propagate into the 
His-Purkinje system. 

 Once an accessory pathway is identifi ed a 
more precise method to determine the location of 
the pathway is by evaluating for the site of the 
shortest ventriculoatrial conduction time during 
ventricular pacing or orthodromic AVRT or the 
shortest AV conduction time during antidromic 
AVRT or in the presence of preexcitation. If the 

pathway is on the left side of the heart, a coronary 
sinus catheter advanced beyond the left-sided 
pathway may “bracket” the pathway (i.e., when 
there are bipolar electrograms from either side of 
the pathway that have longer VA or ventricu-
loatrial conduction times than the bipolar electro-
grams located near the accessory pathway during 
AVRT or ventricular pacing). If the accessory 
pathway is right-sided, a multipolar (e.g., duode-
capolar) catheter or a roving catheter can be used 
to map around the tricuspid valve during SVT or 
ventricular pacing again observing for a short 
ventriculoatrial conduction time (or AV time with 
an antidromic SVT). 3-D mapping systems can 
enhance the ability to isolate the pathways using 
these techniques. 

 When mapping the accessory pathway during 
ventricular pacing (Chaps.   3     and   22    ), it is impor-
tant to remember that when pacing the ventricle, 
retrograde conduction through both the accessory 
pathway and the AV node is likely. It is often 

  Fig. 4.14    Surface electrocardiograms and intracardiac 
electrograms obtained during orthodromic AVRT. A pre-
mature ventricular extrastimulus introduced during His 
refractoriness shortens the atrial cycle length by greater 
than 10 ms. The preexcitation index is calculated by sub-

tracting the premature interval from the tachycardia cycle 
length (309–274 ms), resulting in a preexcitation index of 
35 ms, consistent with a right-sided accessory pathway. 
 HRA  high right atrium,  HIS  His,  CS  coronary sinus,  RVA  
right ventricular apex,  STIM  stimulation       
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 possible to pace suffi ciently fast to block conduc-
tion through the AV node and not the accessory 
pathway. If the pathway is located on the left side, 
pacing from the right ventricular outfl ow tract, LV 
apex or LV-free wall (retrograde through the aorta 
or transseptally across the atrial septum) may 
preferentially activate the left-sided accessory 
pathway prior to retrograde conduction through 
the AV node. Ventricular pacing at incrementally 
faster pacing rates may also be helpful in deter-
mining if there are multiple accessory pathways. 

 Complex anatomy and/or paraHisian path-
ways can make determination of the accessory 
pathway location more diffi cult. Three- 
dimensional mapping computer-based systems 
can prove to be extremely valuable in delineating 
the anatomy and precisely locating the area of 
His potentials (Fig.  4.15 ).    

    Treatment 

    Observation and Acute Treatment 

 As AVRT is rarely life threatening, and only rarely 
the cause of syncope (when orthodromic), several 
different options can be considered. For patients 
who have infrequent episodes that result in 

 minimal or no symptoms, observation can be 
considered, especially in smaller children. In 
these patients, vagal maneuvers can be effective at 
terminating tachycardia (Chap.   23    ). If the tachy-
cardia persists (>45–60 min) after vagal maneu-
vers, the patient should seek the assistance of a 
healthcare provider. In trained hands, esophageal 
overdrive pacing has been proven to be very effec-
tive, but is seldom used outside the infant age 
group. Medical cardioversion can also be very 
effective. Adenosine is 95–100 % effective in ter-
minating AVRT. Typically when not effective, it is 
due to inadequate delivery of the medication to 
the coronary circulation and the AV node from too 
a slow fl ush, a distant delivery site that is too 
peripheral, or, in an infant, poor circulation. The 
advantage of adenosine is a very short half-life; its 
effects seldom last more than 10 s. However, once 
the adenosine effect is ended there is no further 
protection for recurrence of SVT and recurrences 
are not uncommon. When delivering adenosine, it 
is important to be prepared for atrial fi brillation 
that can occur as a result of adenosine infusion. 
Patients with Wolff–Parkinson–White syndrome 
and a fast conducting accessory pathway who 
develop atrial fi brillation after adenosine inter-
vention are at risk for ventricular fi brillation. 
Although this combination is rare, an external 

  Fig. 4.15    RAO and LAO view of a paraHisian pathway 
mapped without radiation using 3-D mapping. The struc-
tures visualized include the SVC ( yellow ), IVC ( pink ), RA 
( gray ), and RV ( green ). Note the location of the His 
labeled in close proximity to the ablation lesions ( green 

circles ). A small His signal was seen during the successful 
cryoablation of this accessory pathway. (Tie His catheter 
is seen in the RA and had been moved away from the His 
to facilitate cryoablation.)  HIS  His electrogram markings, 
 RBP  right bundle potential       
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defi brillator should be readily available. Another 
option for medical cardioversion is verapamil, 
which is 80–95 % effective. Verapamil should not 
be used in infants (less than ~6 weeks old) and 
sparingly before 1 year of age, especially those in 
congestive heart failure as the calcium channel 
blocker effect can have a profound negative ino-
tropic effect resulting in severe hypotension. 
Procainamide may have selective effect on the 
accessory pathway terminating the tachycardia 
but should be given slowly and with caution in the 
hypotensive patient. 

 For those patients who can tolerate their SVT 
but do not respond to vagal maneuvers, a “pill in 
the pocket” technique could be employed. These 
patients may take a beta-blocker or calcium chan-
nel blocker when the SVT begins, however if the 
SVT is not tolerated well, there may not be time 
for the antiarrhythmic medication to take effect.  

    Antiarrhythmic Medications 

 For those patients who have frequent events or do 
not tolerate their SVT, chronic antiarrhythmic 
medication is an option (Chap.   21    ). Digoxin for 
infants with SVT or a beta-blocker with or with-
out digoxin have a long history and are safe when 
properly administered. However, as digoxin can 
shorten the accessory pathway effective refrac-
tory period, this should be avoided in patients 
who have Wolff–Parkinson–White syndrome. In 
older children digoxin has been largely replaced 
by others agents and beta-blockers are likely the 
most common antiarrhythmic medication used 
for daily prophylaxis. Sodium channel blockers 
and potassium channel blockers have are effec-
tive and there are liquid forms of all these antiar-
rhythmic medications. Amiodarone is an effective 
agent for especially resistant AVRT in infants and 
small children before they are candidates for 
ablation; however, duration of amiodarone should 
ideally not exceed 18–24 months. As noted previ-
ously, calcium channel blockers should not be 
used in children under ~6 weeks of age and cau-
tion in those less than 1 year. Some patients who 
have drug refractory SVT may require combina-
tion therapy such as sotalol (potassium with some 

beta blockade) and fl ecainide (sodium channel 
blockade) which has shown to be effective in a 
small group of children less than one year of age 
with refractory SVT.  

    Transcatheter Ablation 

 When antiarrhythmic therapy is ineffective or not 
desired, the ablation procedure offers the possi-
bility of a defi nitive cure. Disruption of the 
 accessory pathway was fi rst performed surgi-
cally, followed by direct current ablation. 
Radiofrequency ablation was fi rst introduced in 
1987 and was reported in a series of pediatric 
patients in 1991. Today radiofrequency and cryo-
therapy are the most common energy sources 
used for transcatheter ablation and both have 
been shown to have excellent success and safety 
profi les. 

 Transcatheter ablation is discussed in Chap. 
  22    . For patients who have paraHisian pathways 
or complex anatomy, 3-D mapping systems can 
be a useful adjunct to the electrophysiology study 
and the ablation procedure. Advances in mapping 
technology have resulted in 3-D spatial resolu-
tion of 1–2 mm, allowing for more precise local-
ization of accessory pathways and reproducible 
targeting of an identical point within the heart. 
This technology cannot only increase the success 
rate and safety of the procedure but eliminate or 
decrease the fl uoroscopic time and radiation 
dose. In patients with paraHisian pathways, accu-
rate mapping of the AV node and accessory path-
ways using a 3-D system can allow for ablation 
with careful and consistent localization of the AV 
node and the accessory pathway (Fig.  4.15 ). For 
example, using the 3-D mapping system to map 
the AV node during ventricular pacing, then map-
ping the accessory pathway during adenosine 
infusion (blocking the retrograde conduction 
through the AV node) may facilitate a more pre-
cise location of the site of the accessory pathway, 
especially in those with initial failure. In patients 
who have congenital heart disease and AV tachy-
cardia, 3-D mapping techniques can be used to 
better determine the complex anatomy and loca-
tion of the His-Purkinje system, which can be 
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displaced secondary to the congenital defect or 
previous surgery. 

 Care should be taken when applying radiofre-
quency energy during SVT as the ablation cathe-
ter position on the AV ring can shift abruptly upon 
termination of the tachycardia. A technique to 
overcome this shift is to map the location of the 
accessory pathway during SVT, place the ablation 
catheter at that site, then entrain the tachycardia 
circuit by pacing the ventricle at a slightly faster 
rate than the SVT. This technique engages the 
pathway and because the ventricular pacing con-
tinues throughout the energy application, it pre-
vents an abrupt shift of the catheter position away 
from the optimal site for ablation at the moment 
of successful ablation. Temperatures greater than 
50 °C are desired. However, temperatures as low 
as 48 °C have been shown to cause irreversible 
damage. Seldom is it necessary to use tempera-
tures greater than 65 °C. It is important to recog-
nize that accessory pathways are in close 
proximity to other important structures (AV valve, 
coronary artery, coronary vein); therefore, excess 
temperature and time of energy radiofrequency 
application should be weighed against collateral 
injury. If success of radiofrequency does not occur 
within 10 s of the radiofrequency application, 
then the energy is turned off. Successful ablation 
within the 10 s frame usually leads to a full 
30–60 s application (Chap.   22    ). 

 The advent of cryothermal ablation has added 
another energy source for ablation (Chap.   22    ). 
Cryothermal ablation affords catheter stability 
during ablation as the catheter adheres (frozen) to 
the tissue, even during SVT. Additionally, dam-
age to surrounding structures has been demon-
strated to be minimal during cryothermal 
ablation, including the AV node and coronary 
arteries. Although the surrounding regions of the 
site of ablation also cool, tissue injury has been 
found to be reversible. During ablation of acces-
sory pathways, careful monitoring of the PR 
interval and ST segments can prevent permanent 
injury if the cryo-application is terminated 
promptly. However, cryothermal ablation has 
also been felt to have a slightly higher recurrence 
compared to radiofrequency ablation. Several 
recommendations have been made to reduce 

recurrence. Use of a larger tip catheter (i.e., 6 mm 
vs. 8 mm) has may reduce recurrence. Elimination 
of pathway conduction early during the cooling 
process (less than 20–30 s after initiation and at 
warmer temperatures) suggests probable success. 
Lesion placement such as a freeze–thaw–freeze 
technique can also help in permanent pathway 
elimination. Finally, extensive testing post abla-
tion to monitor for recurrence (at least 45 min 
post fi rst successful lesion) may reduce the risk 
of recurrence. 

 The success rate for accessory pathway abla-
tion is now between 90 and 95 % with the highest 
success rates found in patients having left-sided 
accessory pathways. Patients with paraHisian 
pathways have the lowest success rate, under-
standably due to more cautious ablation therapy 
applications in an effort to avoid AV block. Data 
from the pediatric radiofrequency ablation regis-
try prior to adoption of cryotherapy by many cen-
ters recorded a risk of heart block at 1.2 % with a 
risk as high as 10.4 % for patients with mid- septal 
ablation site. 

 The overall risk of complications in patients 
undergoing an ablation is reported to be between 
3 and 4 %, with the most common complication 
being a hematoma. The risk of early death has 
been reported at 0.05 % with the risk of late death 
between 0.07 and 0.18 %. However, it should be 
noted that these data were primarily obtained in 
the earlier era (1991–2004) of conventional map-
ping using fl uoroscopy and only radiofrequency 
energy.   

    Summary 

 AVRT is a common form of reentrant arrhyth-
mias, commonly diagnosed in the newborn 
period. Spontaneous resolution of SVT after 1 
year of age in patients with preexcitation or who 
have AVRT is uncommon. Observation and med-
ical management play a role in the care of very 
young patients. However, transcatheter ablation 
offers the advantage of a lifelong cure in older 
patients, or in younger patients with poorly toler-
ated, medication refractory tachycardia. Three- 
dimensional mapping systems have been a major 
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advance in the management of children with 
AVRT, providing more precise pathway location 
data and reducing the exposure to ionizing radia-
tion. Continued advances in technology will 
allow for continued improvement in outcome for 
young patients with AVRT.     
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