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Eun-jeong Kim and Gregory F. Michaud

Introduction

Atrioventricular reentry tachycardia (AVRT) is a supraventricular tachycardia
(SVT) that involves anomalous pathways between atrium and ventricle that bypass
normal conduction via the atrioventricular (AV) node. The pathways create a direct
AV communication and may prompt an earlier ventricular activation than normal
conduction, manifesting as ventricular preexcitation. In 1930, Wolff, Parkinson, and
White described a syndrome of short PR and bundle branch block in young patients
prone to SVT [1]. Subsequently, the syndrome correlated with an anatomic sub-
strate of cardiac myocytes bridging the fibrous AV junction. Several other unusual
variants of APs have been discovered, and these are best described by their anatomic
relationships and not the historical names which have been inconsistently ascribed
to particular APs. Atriofascicular and nodofascicular pathways are decremental and
insert into or near the right bundle branch, producing SVT with left bundle branch
block. Nodoventricular pathways are decremental and may insert into the right or
left ventricle. Unusual variants that do not participate in tachycardia are atrio-Hisian
and fasciculoventricular pathways.
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Clinical Features

An ordinary accessory pathway (AP) is a group of muscle fibers bridging the AV
groove, providing electrical connection between atrium and ventricle and bypassing
the AVN and His-Purkinje system [2]. It can be found anywhere along the mitral
valve or tricuspid annulus except for the left anteroseptal region in the aortomitral
continuity. The most frequent location is left lateral (46—60%), followed by postero-
septal (25-30%), right lateral (13-21%), and anteroseptal (2-5%) [3]. Most APs
can conduct in both antegrade and retrograde directions (60-75%). However, some
APs are only able to conduct unidirectionally. When an AP is only able to conduct
in retrograde fashion (ventricle to atrium), it is called a “concealed accessory path-
way” and does not demonstrate preexcitation on ECG. The majority of concealed
pathways are left-sided [4]. The least common form of AP is capable of antegrade
conduction only. If tachycardia is poorly tolerated symptomatically and/or hemody-
namically, it requires a definitive approach with catheter ablation.

Most APs have non-decremental conduction properties except for uncommon
exceptions. AP tissue is similar to atrial, His-Purkinje, or ventricular tissue where
depolarization relies on rapid inward sodium current; thus, rapid conduction occurs
until it is blocked at the refractory period (i.e., non-decremental). In contrast, the AV
node and some APs are rich in inward calcium current and exhibit decremental
conduction with incremental pacing. Due to the non-decremental, rapid conduction
of most APs, very rapid ventricular rates during atrial fibrillation can cause degen-
eration in ventricular fibrillation [5]. Widely different properties between APs and
the AV node establish the foundation for differentiating AVRT from any other supra-
ventricular tachyarrhythmias, except for a minority of APs with AV node-like
properties. AVRT can be classified based on different properties and anatomic sub-
strates (Table 14.1). It may be associated with a clinical syndrome such as hypertro-
phic cardiomyopathy and Ebstein’s anomaly. Management of AVRT depends on the

Table 14.1 Classification of an accessory pathway

Directionality Antegrade
Retrograde (concealed)
Both antegrade and retrograde

Location Left free wall
Septal
Right free wall
Anatomic origin and insertion sites Atrioventricular

Atrio-Hisian
Atriofascicular
Nodofascicular
Nodoventricular
Fasciculoventricular

Conduction property Fast conducting, non-decremental
Slow conducting and decremental

Antegrade only: atrio-Hisian, atriofascicular, fasciculoventricular
Decremental: atriofascicular, nodofascicular, nodoventricular
No participation in SVT: atrio-Hisian, fasciculoventricular
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clinical picture, symptom severity, and hemodynamic effect of tachycardia. With
high success and low complication rates, catheter ablation remains the treatment of
choice for AVRT. Understanding of anatomic substrate and properties is key to suc-
cessful ablation.

ECG Manifestation and Localization

Classic ECG features of WPW are short PR interval, wide QRS complex, and a
delta wave, which represent the initial relatively slow preexcitation of ventricular
tissue at the AP insertion point prior to engagement of the His-Purkinje system over
the AV node. These findings are only seen with antegrade conduction over AP. The
QRS morphology is thus a fusion complex of ventricular preexcitation through the
pathway as well as normal His-Purkinje conduction. Enhanced AV nodal conduc-
tion that occurs with exercise usually reduces the degree of preexcitation or elimi-
nates it altogether. APs remote from the sinus node, such as a left lateral AP, may
result in minimal to no preexcitation. In this case, subtle findings such as absent
septal Q in V6 can suggest minimal preexcitation (Fig. 14.1) [6]. Atrial pacing to
prolong AV nodal conduction time or CS pacing to decrease AP conduction time
can exaggerate the delta wave in subtle cases.

Fig. 14.1 Electrocardiogram of accessory pathway. (a) Right anterior pathway (b) Left lateral
pathway. Right-sided pathway tends to manifest classic findings of short PR and wide QRS with
delta wave, while left lateral pathway demonstrates minimal preexcitation. Absent septal Q wave
in V5 and V6 can be a subtle finding of preexcitation
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Mitral Valve

Tricuspid Valve

Fig. 14.2 AV accessory pathway localization. RA right anterior, AS anteroseptal, MSTA mid-
septal tricuspid annulus, PSTA posteroseptal tricuspid annulus, RP right posterior, RPL right pos-
terolateral, RL right lateral, RAL right anterolateral RA right anterior, LAL left anterolateral, LL
left lateral, LPL left posterolateral, LP left posterior, PSMA posteroseptal mitral annulus, LS left
septal [7]

Baseline ECG

ECG pattern of preexcitation can be helpful to localize the AP by evaluating (1)
delta wave in sinus ECG if present and (2) P wave morphology during orthodromic
reciprocating tachycardia (ORT). Multiple algorithms have been developed that
help localize the AP (Fig. 14.2) [7-10]. Although it is useful to understand the algo-
rithm, there are limitations in their application when there is a lack of clear delta
wave or presence of multiple accessory pathways.

The main principle of pathway localization involves inspecting the horizontal
QRS axis, QRS transition (V1-V4), and delta wave polarity. A large R wave in V1
or negative delta wave in the lateral limb leads indicates a left-sided pathway. If the
transition occurs at V2, pathways are likely overlying the right posterior or mid-
septum. If the transition is late, it is more likely to be a right-sided pathway. Delta
wave polarity helps delineate an anterior vs. inferior location of pathways. If delta
polarity is (+) in aVF, it is more likely to be anterior and if it is (—) or isoelectric in
aVF, it is likely located inferiorly (posteriorly).

* Posteroseptal (PS): Leftward and superior delta wave, Rs/RS in V1-V3, sum of
delta wave polarity in inferior leads (II, III, aVF) §-2.
— If delta wave is steeply negative in II and steeply positive in aVR with deep S
wave in V6, it suggests an epicardial posteroseptal AP in the middle cardiac
vein, coronary sinus, or diverticulum [11].
e Mid-septal (MS): Sum of delta wave polarities in inferior leads (II, III, aVF)
—1to+1.
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Fig. 14.3 P wave axis during tachycardia. During an ORT with left lateral pathway, P wave has a
rightward axis (positive aVR and negative aVL)

» Right anteroseptal (RAS): Inferior delta wave with sum of delta wave polarity in
inferior leads € +2, away from leftward leads (Q or isoelectric in I, V6, aVL) and
LBBB, +30° & QRS axis < 120°

* Right lateral (RL): Posterior and leftward delta wave with late QRS transition &
V4 and LBBB type (no Rs, RS in V1-V3) with —120° < QRS axis < +30°.

e Left lateral (LL): RBBB type and negative lateral leads.

e Para-Hisian AP: Inferior delta wave (positive in I, II, aVF) and negative delta
wave in V1-V3 [12].

P Wave During Tachycardia

P wave analysis during orthodromic reciprocating tachycardia can be helpful for
localization (Fig. 14.3).

» Rightward P wave (positive aVR and negative aVL) for left-sided AP
* Midline, superior P waves for mid- or posteroseptal AP

* Midline, inferior P waves for anteroseptal AP

» Leftward axis (negative aVR, positive aVL) for right-sided AP

Rhythm Tracing Analysis

Analyzing the rhythm ECG tracing can provide clues to narrow the differential
diagnosis of supraventricular tachycardia by observing the behavior of the rhythm,
especially during transitions.

Initiation

If the initiation has a gradual increase in the heart rate (“warm-up period”), it is
more likely an automatic atrial tachycardia (AT). Abrupt onset following an atrial
premature depolarization (APD) favors a reentrant SVT, but the differential diagno-
sis remains broad: atrioventricular nodal reentry tachycardia (AVNRT), AVRT,
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automatic, or reentry AT. If initiation is preceded by late-coupled ventricular prema-
ture depolarization (VPD), it favors ORT or atypical AVNRT.

During Tachycardia

If spontaneous AV block or AV dissociation is observed, AVRT is essentially
excluded. Occasionally 2:1 AV block occurs during AVNRT, particularly in the EP
lab as a transient phenomenon facilitated by long-short induction sequences.
However, if variable AV block is observed, the most likely diagnosis is AT. Rare
exceptions to this rule would include pathways arising at the level of or distal to the
AV node including nodoventricular, nodofascicular, and fasciculoventricular path-
ways or unusual AVNRT. QRS alternans or beat-to-beat variation in R wave ampli-
tude (¢ 1 mm) during tachycardia can be observed. Presumably, this phenomenon is
driven by oscillations in the relative refractory period of the His-Purkinje system.
There is some evidence that QRS alternans suggests ORT, but it is more likely a
rate-related phenomenon and not specific for the type of tachycardia [13].

Termination

Tachycardia terminating with a gradual deceleration (“‘cool-down period”) suggests
an automatic mechanism, while a sudden termination more likely indicates reen-
trant or triggered tachycardia. If tachycardia reproducibly terminates with AV block
with P wave being the last complex, it is highly likely to be an AV node-dependent
tachycardia (e.g., AVNRT, ORT), and AT becomes unlikely since the chance of
simultaneous block in atrium and AV node is very low. If tachycardia terminates
with VA block (last complex is QRS) following a late-coupled PVC that fails to
reach atrium, it is more likely to be ORT.

Unusual Accessory Pathways

Unusual AP variants that can participate in SVT are atriofascicular, nodofascicular,
and nodoventricular fibers with distinct functional characteristics (Fig. 14.4).
Atriofascicular fibers participate in tachycardia with a LBBB pattern, with decre-
mental and generally antegrade-only conduction although there are case reports of
decremental AP that conducts retrogradely and blocks at the proximal insertion site
(AP potential not followed by atrial activity) [14, 15].

Atriofascicular fibers share AV node-like properties such as decremental conduc-
tion, conduction block from adenosine, heat-induced automaticity during RF cath-
eter ablation, as well as connection to His-Purkinje tissue that generates a distinct
“His”-like accessory pathway potential at the AV groove, usually at the lateral TV
annulus. Generally, preexcitation in sinus rhythm is subtle or absent. Minimal pre-
excitation with S pattern in lead III is seen in approximately 50% of patients, or
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Fig. 14.4 Types of accessory pathways

loss of septal Q in lateral leads may be the only finding [16, 17]. Further details of
electrophysiologic properties and implications are discussed later in the chapter.

Electrophysiologic Study

An invasive electrophysiology study is indicated to understand the mechanisms of
arrhythmia and localize the successful site for catheter ablation. There are multiple
mechanisms of SVT including reentry, automaticity, and triggered activity. AVRT is
a reentrant arrhythmia, and it can be initiated with a variety of pacing maneuvers or
pharmacologically with a beta agonist such as isoproterenol. The preexcitation in
ECG manifests as short (<35 ms) or negative HV and long VA (¢70ms), which is the
ECG equivalent of a long RP interval [3]. Typically, accessory pathways are non-
decremental or minimally decremental, and the circuit involves atrium, AVN and
His-Purkinje system, ventricle, and AP. Rare exceptions to these rules are discussed
later in the chapter.

Retrograde Atrial Activation Sequence

Understanding the atrial activation sequence is important in the differential diagno-
sis for narrow complex tachycardia. Typically, atrial activation through the AV node
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demonstrates earliest atrial activation in the anterior septum just posterior to the His
bundle. This pattern of activation is also seen in typical forms of AVNRT, ORT
using anteroseptal AP, automatic junctional tachycardia (JT) with retrograde con-
duction via the fast AV nodal pathway, or septal AT. If the earliest site of atrial
activation is seen in the inferior septum in the CS os recording, differential diagno-
sis includes atypical AVNRT, ORT utilizing posteroseptal AP, AT arising near CS
os, or JT with retrograde slow pathway. Most forms of ORT have eccentric retro-
grade conduction, and the earliest atrial activation site depends on the pathway loca-
tion. Accessory pathways located on the right free wall of the tricuspid annulus have
the earliest atrial activity in the lateral RA catheter, while left lateral AP have earli-
est atrial activation in the distal CS catheter.

However, there are exceptions to these rules. AVNRT may display eccentric
atrial activation pattern via left inferior nodal extension, slow CS conduction, or
bystander Marshall bundles [18-22]. Some septal pathways demonstrate decremen-
tal properties, making a diagnosis challenging.

Atrial Extrastimulus (AES)

Atrial extrastimuli (AES) are APDs delivered at shorter coupling intervals with
10 ms decrements after a drive chain (typically eight beats) of fixed cycle length or
during spontaneous rhythm. AES can assess the refractory period of the AV node,
atrium, and AP as well as induce tachycardia. AH intervals gradually prolong with
each earlier AES due to the decremental property of AV node. Dual AV node physi-
ology is seen when there is an abrupt increase in AH interval (usually >50 ms) in
response to a 10 ms decrement in the coupling interval of AES (Fig. 14.5). AES are
used to measure the refractory period of AP. The longest A1 A2 interval that fails to
conduct is the effective refractory period (ERP). Given the difference in ERP
between AV node and AP, A1A2 interval that is longer than AVN ERP but shorter
than AP ERP will only conduct via AV node. On the other hand, if AP ERP is
greater than AV node ERP, decremental AES approaching AV node ERP will result
in full preexcitation.

Atrial Overdrive Pacing (AOP)

Atrial overdrive pacing (AOP) is a drive chain of multiple stimuli at a fixed interval.
AOP is used to evaluate how fast the AP can conduct antegrade 1:1 or to induce
tachycardia or atrial fibrillation with rapid pacing. The mechanism of sudden death
in patients with WPW is thought to be due to rapid conduction of atrial fibrillation
through the AP which degenerates into ventricular fibrillation [5, 23]. The refractory
period of an AP correlates with the shortest RR interval and mean ventricular rate
when conducting antegrade [24]. For this reason, the AP ERP and shortest RR inter-
val in the setting of atrial fibrillation and antegrade ERP of AP have prognostic
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Fig. 14.5 AH jump. Atrial extrastimulus with 10 ms decrement in S2 results in AH increase of
more than 50 ms

implication in patients with preexcitation. One notable low-risk feature is the short-
est RR during atrial fibrillation >250 ms. These cutoff values may not apply to
patients under general anesthesia [25, 26]. Also, sudden AP block with exercise or
intermittent preexcitation indicates a poorly conducting AP with a long antegrade
refractory period and is associated with low risk for sudden death [27, 28].

Ventricular Extrastimulus (VES)

Ventricular extrastimuli (VES) are ventricular premature depolarizations (VPD)
delivered in 10 ms decrements after a drive chain of a fixed cycle length or during a
spontaneous rhythm. VES are very useful diagnostic tools for delineating the mech-
anisms of supraventricular tachycardia. VA intervals and retrograde refractory peri-
ods of the AV node or accessory pathways can be measured with decremental
VES. An abrupt increase in the VA conduction time via the AV node (>50 ms) in
response to a 10 ms decrement of the coupling interval suggests retrograde dual AV
node physiology. However, it is important to rule out retrograde RBBB when ana-
lyzing this phenomenon as retrograde RBBB will result in VA interval increases of
up to 50 ms due to the paced wavefront entering the His-Purkinje system transsep-
tally via the left bundle branch.
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Initiation

The reentrant SVT can be induced with a burst pacing or extrastimulation. The pre-
requisite for reentrant tachycardia induction includes (1) a unidirectional conduc-
tion block in one pathway and (2) slow conduction in the second pathway creating
a sufficient delay to allow recovery of the first pathway for retrograde conduction.
Generally, antegrade AP ERP is longer than AV node ERP, and AVRT is induced
with AES that causes AP block and sufficient prolongation of normal AV node con-
duction. In this case, PR prolongation and sudden loss of preexcitation precede the
initiation of tachycardia [29]. In concealed accessory pathways, retrograde AP ERP
is usually shorter than that of the AV node. Sequential VES with shorter cycle
lengths can increase AV nodal refractoriness and induce tachycardia. The AVRT
circuit must be sufficiently slow enough or large enough to prevent the leading
wavefront from reaching refractory tissue. Delay in the AV node manifests as AH
prolongation, either from physiological AH prolongation or switching from fast
pathway to slow pathway conduction, thus allowing perpetuation of tachycardia
(Fig. 14.6). Block in the His-Purkinje system, i.e., bundle branch block (BBB) on
the ipsilateral side of AP either following AES or VES, may lengthen the circuit
enough to maintain SVT. The induction of retrograde RBBB with ventricular stimu-
lation is defined as an increase in VH > 50 ms during pacing [30]. The ipsilateral
bundle branch block forces conduction over to the contralateral bundle via trans-
septal conduction, subsequently expanding the circuit and slower conduction
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Fig. 14.6 Tachycardia initiation. AH interval prolongation from atrial extrastimulus which fortu-
itously produces a premature atrial depolarization that prolongs AH sufficiently to initiate tachy-
cardia. Double atrial extrastimuli can be delivered to mimic this phenomenon and aid in SVT
initiation
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facilitating the induction of tachycardia. With AES, functional RBBB is more fre-
quently seen, while functional LBBB is more common with VES due to differential
bundle branch refractory period. Once functional BBB occurs with extrastimuli, the
same type of aberrant conduction can persist through the next beat via transseptal
linking from the retrograde invasion from the contralateral bundle [31, 32].

VA Relationship

VA relationship can be evaluated during tachycardia or with ventricular pacing.
AVRT is the only common SVT that incorporates ventricular myocardium as part of
the circuit and obligates a 1:1 AV relationship. AV block is possible in AT, JT, and
very uncommonly in AVNRT, usually a transient phenomenon with block occurring
in the His-Purkinje system (more As than Vs) or upper common final pathway
(more Vs than As) (Fig. 14.7). Typically, AT shows more reliable and sustained AV
block. Therefore, the presence of AV block or AV dissociation can rule out AVRT,
with rare AP variants such as nodofascicular/nodoventricular pathway being the
exceptions.

BBB During Tachycardia

Functional bundle branch block can be observed following ventricular pacing
during sinus rhythm or spontaneously during tachycardia. Ipsilateral BBB forces

I I P i RS
VT A /A VA
W \,/g\/\—'\//“——“/‘
aVvF W A Vo W

Fig. 14.7 AV block in the setting of AVNRT. AVNRT does not obligate atrium or ventricular as
part of the circuit and AV dissociation or AV block can be occasionally seen
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Fig. 14.8 Loss of RBBB and termination of ORT. During tachycardia with RBBB, the antegrade
wavefront propagates down the left bundle and through the septum, which allows sufficient time
for the pathway to recover and allows retrograde conduction to the atrium. With the loss of RBBB,
the earlier wavefront is blocked because the accessory pathway is refractory

conduction over the contralateral bundle through transseptal link and enlarges
the tachycardia circuit. Ipsilateral bundle branch block causes an increase in VA
time and sometimes TCL due to a larger circuit during ORT (Coumel’s sign)
[33]. This finding is diagnostic of pathway participation in the tachycardia,
whereas failure to observe the interval change does not rule out ORT (Fig. 14.8).
Likewise, TCL may not change when an increase in VA is canceled by a shorten-
ing of AV interval, particularly with septal pathways. Changes related to BBB in
ORT can help localize the pathway as well (Fig. 14.9). The anteroseptal path-
ways demonstrate an increase in VA interval with RBBB, while posteroseptal
pathways are associated with a change in VA interval in the setting of LBBB. Also,
VA interval increase € 35 ms is observed for the free wall and < 25 ms for the
septal pathways [34].

Diagnostic Maneuvers

In an electrophysiology study for narrow complex tachycardia, the common differ-
ential diagnosis is AT, AVNRT, and AVRT with a concealed pathway (ORT).
Junctional tachycardia is possible but rare in the adult population. Unusual AP vari-
ants are extremely rare. There are a variety of pacing maneuvers that help make the
diagnosis. The key is to understand the difference in the tachycardia mechanism and
limitation of each maneuver (Table 14.2).
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Fig. 14.9 Ipsilateral bundle branch block. A bundle branch block (BBB) ipsilateral to the side of
the pathway forces the conduction over to the contralateral bundle via transseptal conduction,
subsequently prolonging VA interval and enlarging the tachycardia circuit. (a) Left-sided pathway.
(b) Left-sided pathway with LBBB

VA Interval (V Pacing SR)

In the most common form of AVNRT, atrium and ventricle are activated almost
simultaneously resulting in short VA interval (interval from the onset of QRS to the
earliest site of atrial activation), although atypical forms of AVNRT can have a lon-
ger VA interval. VA interval < 70 ms excludes ORT, as the conduction from the
ventricle to the atrium via bypass tract takes longer than 70 ms, although in children
and young adults the cutoff value is 50 ms (Fig. 14.10) [35].
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Table 14.2 Major observation and diagnostic maneuvers for SVT

Finding Interpretation

Observation

Reproducible AH jump to initiate tachycardia Rules out AT/
JT

1:1 VA relationship ORT

VA interval > 70 ms (for young adults and pediatric 50 ms) ORT

VA increase >30 ms with ipsilateral BBB ORT

Maneuver

His-refractory VPD that (1) advances A and resets tachycardia, or (2) delays ORT
A, or (3) terminates tachycardia
VAV response Rules out AT
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Fig. 14.10 VA interval. AVNRT with VA interval < 70 ms excludes ORT

Differential RV Pacing

RV apical pacing results in a shorter VA interval through the AV node than RV basal
pacing due to an earlier invasion of the distal His-Purkinje system and is called a
nodal response. In the presence of a septal AP, RV basal pacing results in shorter VA
interval compared to apical pacing due to the basal location of most APs (Figs. 14.11
and 14.12). This may not be true with left lateral, slow, or rare APs.

Para-Hisian Pacing

Para-Hisian pacing can be used to distinguish septal APs from retrograde AV nodal
conduction [36]. A pacing wavefront from the RV base travels more apically to
enter the distal His-Purkinje system where it travels to the AV node and then to the
atrium, arriving just posterior to the His bundle recording site. The usual retrograde
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Fig. 14.11 Differential RV pacing in the presence of septal accessory pathway. (a) RV basal pac-
ing (b) RV apical pacing

atrial activation would start at the His bundle recording catheter followed by CS
proximal activation and then the HRA catheter. However, more unusual retrograde
atrial activation sequences exist that occur more inferiorly or leftward through the
AV node. By increasing the pacing output or with slight respiratory movements, His
bundle capture will occur with or without local RV capture. Since this provides a
shortcut to the AV node (the usual apical route is bypassed), a significant decrease
in Stim-A interval with no change in atrial activation is observed (i.e., nodal
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Fig. 14.12 Differential pacing. (a) In normal conduction via AV node, RV basal pacing produces
a longer VA interval than that of RV apical pacing which engages retrograde conduction system
more directly. (b) In the presence of a septal AP, RV basal pacing results in a similar or shorter VA
interval compared with RV apical pacing, as the impulse conducts retrograde through the pathway
to reach the atrium without engaging the normal conduction system
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Fig. 14.13 Para-Hisian pacing example. (a) Nodal response: VA interval with ventricular capture
only (triangle) is 32 ms longer than that with His capture (asterisk). (b) Extranodal response (path-
way present): VA interval with ventricular capture only (triangle) is similar to that with His capture
(asterisk). Note the His deflection in the His catheter with loss of direct His capture

response). In the presence of a retrograde conducting septal AP, the ventricular
wavefront propagates over a small area of ventricular tissue and back to the atrium
through AP. Capture of the His bundle does not provide a shortcut, so Stim-A
remains the same as that without capture of the His bundle and there is no change in
the atrial activation pattern. If AStim-A < 35 ms, it raises suspicion for the presence
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Fig. 14.14 Para-Hisian pacing. (a) In a normal AV nodal conduction (“nodal response”), a high
output para-Hisian pacing with His bundle (HB) and proximal right bundle (RB) capture in addi-
tion to local ventricular capture produces a short Stim to atrium (SA interval). A low output pacing
with ventricular capture only results in a longer SA interval, as the impulse propagates through
local myocardial tissue to engage the retrograde RB up to the atrium. With HB capture alone, SA
interval and atrial activation patterns are similar to HB/RB capture and QRS is normal. (b) In the
presence of septal pathway (“extranodal response”), a high output pacing with local ventricular
and HB/RB capture generates a short SA interval, and this remains similar when there is loss of
HB capture, as the impulse bypasses AV nodal conduction via the pathway. With HB capture alone,
atrial activation pattern remains the same; but SA interval is longer, as the impulse must now travel
fully through the His-Purkinje system and retrograde through the ventricle (equivalent to an echo
with atrial extrastimulus)

of AP (Figs. 14.13 and 14.14) [36]. It is important to avoid inadvertent atrial capture
to avoid error in interpretation. This maneuver may not be accurate in the setting of
a left lateral, or decremental pathway and mixed responses between AP and AV
node or multiple APs may be confusing. Para-Hisian pacing may need to be per-
formed at different CLs to allow separate conduction through AV node or AP.

An important caveat in both differential RV and para-Hisian pacing is that these
maneuvers demonstrate the structures responsible for the retrograde conduction but
do not prove that this circuit is operative during tachycardia. This limitation can be
overcome by differential RV and para-Hisian entrainment during tachycardia. Also,
failure to identify the pathway with para-Hisian pacing does not rule out the possi-
bility of an AP.
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HA Interval (V Pacing During SR or Entrainment)

During AVRT, HA interval measured during tachycardia requires sequential con-
duction through the His-Purkinje system, ventricular myocardium, and finally
AP. In contrast, ventricular pacing during sinus rhythm in the presence of an AP will
result in conduction from ventricular tissue to the AP, while simultaneously con-
ducting through the His-Purkinje system in a parallel fashion. Therefore, the HA
interval measured during ventricular pacing will be shorter than that during tachy-
cardia. The opposite is seen during AVNRT. During tachycardia, there is a parallel
activation of the atrium and the His-Purkinje system, while ventricular pacing
results in a sequential activation. Studies demonstrated that the cutoff value of AHA
(HAEntrainment/Pacing-HASVT) = 0 reliably differentiated AVNRT (positive
value) from ORT (negative value), incorporating a septal pathway [37, 38]. Accurate
recording of the retrograde His bundle potential is essential to utilizing this criterion
but is not always easy to obtain.

His-Refractory Extrastimulation (V Pacing During Tachycardia)

His-refractory ventricular extrastimulation refers to a VPD delivered either simulta-
neously or within 55 ms of His bundle activation, such that retrograde conduction
through the AV node is not possible. Therefore, any effect on the subsequent atrial
activation or tachycardia cycle length would require a separate retrograde pathway
(Fig. 14.15) [39]. If atrial activity is not affected by His-refractory VPDs, it favors
AVNRT or, at least, suggests that the pacing site is far from the pathway. If a His-
refractory VPD advances the atrium during tachycardia, it indicates the presence of
pathway but does not confirm pathway participation in the tachycardia. If His-
refractory VPD not only advances atrium but resets the tachycardia (e.g., all subse-
quent beats occur ahead of where they would be predicted during stable tachycardia
before the VPD), it confirms accessory pathway-mediated tachycardia [40, 41].
Similarly, tachycardia terminated by His-refractory VPD without reaching the
atrium excludes AT and AVNRT. If His-refractory VPD during tachycardia delays
atrial activation, it proves ORT utilizing a decremental pathway (Fig. 14.16) [42].
Exceptions to these rules would be the presence of bystander AP or unusual AP
variants that could affect AVNRT or AT with a His-refractory VPD.

Transition Zone (VOP During Tachycardia Regardless
of the Success of the Entrainment)

RV pacing during narrow complex tachycardia results in a progressive fusion of
QRS complexes before there is a constant fully paced or fused beat. A transition
zone lies between the first pacing stimulus with QRS fusion and the first paced beat
with a stable QRS morphology. Evaluating the atrial timing and the Stim-A interval
during and after a transition zone can be helpful to distinguish AVRT from other
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Fig. 14.15 His-refractory VPD examples. (a) Advance A: When VPD was delivered after His is
committed, atrium may be advanced in the presence of pathway. (b) Delay A: His-refractory VPD
delays atrial activation and this proves the pathway-mediated tachycardia. (¢) Terminate tachycar-
dia: If His-synchronous VPD terminates the tachycardia, it proves pathway-mediated tachycardia
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Fig. 14.15 (continued)

SVTs. The Stim-A interval becomes fixed before or at the time of the first fully
paced QRS in AVRT. However, in AVNRT and AT, the perturbation of atrial timing
is not seen until a few beats after the transition zone and Stim-A interval becomes
fixed after this zone. This finding is based on the fact that the ventricle is the part of
the reentrant circuit in ORT unlike other SVT mechanisms (Fig. 14.17) [43-45].
Identifying the first fully paced stable beat is the key for accurate interpretation,
although studies showed that the slight interobserver variation in judging the timing
of the first fully paced beat did not alter the diagnosis [45]. The advantage of this
maneuver is that it does not require successful entrainment and it can be used when
VOP train terminates tachycardia. It also seems less dependent on the pathway loca-
tion relative to the RV pacing site, but this is still a problem. This maneuver would
not work for tachycardia with significant oscillation of the cycle lengths or with a
bystander accessory. It will work better if you move the V pacing site to the earliest
atrial activation site, which allows early penetration of an AP when present.

Entrainment

Entrainment is an essential technique that identifies whether or not a specific pacing
site is an integral part of the reentrant circuit. The requirement of reentry includes
(1) functional or anatomic circuit, (2) unidirectional block, and (3) zone of slow
conduction.

During pacing at a constant rate slightly faster than the tachycardia, any of the
following could indicate entrainment.
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Fig. 14.16 His-refractory VPD responses. (a) In AVNRT, or if pacing far from the pathway, His-
refractory VPD does not perturb tachycardia. (b) During ORT, His-refractory VPD may advance
atrial electrogram. If tachycardia is resent, it proves pathway participation in the tachycardia. (c)
His-refractory VPD may terminate the pathway-mediated tachycardia if pathway is refractory. (d)
His-refractory may delay the atrial electrogram if pathway is slowly conducted or decremental
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* Constant ECG fusion except for the last entrained beat which is fully paced and
not fused
— Fused QRS complexes during SVT entrainment indicates ORT.
* Progressive ECG fusion
— The degree of QRS fusion in the ECG is different for different pacing rates
while pacing during SVT.

Observation and maneuvers during and post-entrainment further assist in making
a diagnosis [46-48].

A(H)V Versus AA(H)V Response (VOP or Entrainment)

The post-ventricular overdrive pacing (VOP) or entrainment response can be useful
in differentiating AT from other AV node-dependent tachycardia such as AVRT or
AVNRT (Figs. 14.18, 14.19, and 14.20). In patients with AV node-dependent tachy-
cardia, the last ventricular paced beat is followed by a retrograde atrial electrogram
and then ventricular activation. This finding is called an AV response where the last
atrial electrogram accelerated to the pacing CL (i.e., the first response after pacing
stopped) is the first electrogram counted in the interpretation. In AT, however, the

a b
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Fig. 14.18 Post-VOP response. (a) In ORT, the previous wavefront collides with the antidromic
wavefront from the paced beat, and the last paced beat conducts retrograde up the pathway and
antegrade down the AV node, thus generating VA(H)V response. (b) During atrial tachycardia, the
last paced beat conducts retrograde to the atrium, but the tachycardia resumes and results in a
“VAA(H)V” response
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discontinuation of pacing results in conduction through the AV node producing a
concentric atrial activation sequence followed by resumption of AT (usually with a
different activation sequence) producing an AAV response [49]. In practice, VA dis-
sociation is more commonly present than the AAV response during AT. It is impor-
tant to understand the pitfalls of post-VOP interpretation such as “pseudo-AAV
response.” Sometimes if the HV interval exceeds the HA interval or the HA interval
is short during AVNRT, an atrial electrogram will precede the ventricular electro-
gram during ongoing AVNRT. In this case, using the His bundle potential instead of
ventricular potential in the analysis (e.g., AH vs. AAH instead of AV vs. AAV
response) can help avoid the misinterpretation [50]. When the retrograde limb is
slow in the setting of “slow-slow” or “fast-slow” atypical AVNRT or AVRT with a
slowly conducting AP, the VA interval is longer than the VV interval, and post-
pacing response can be challenging to interpret but can be sorted out by measuring
the last A accelerated to the pacing cycle length. It is important to ensure that AAV
response is reproducible at different pacing rates [51].

PPI-TCL

Following termination of V pacing during tachycardia, the return cycle length to the
pacing catheter is the sum of tachycardia cycle length (TCL) and conduction time to
and from the tachycardia circuit. Post-pacing interval (PPI) is measured from the
last pacing impulse to the first recorded local impulse on the pacing channel. When
the tachycardia is stable and entrained, the post-pacing interval (PPI) can be useful
in differentiating AVNRT from AVRT using a septal AP. If PPI-TCL is less than
115 ms, it suggests that the ablation catheter is relatively near the tachycardia circuit
and the ventricle may be part of the circuit. If PPI-TCL > 115 ms, it supports the
diagnosis of AVNRT [52]. This equation was further modified to incorporate a
pacing-induced AV nodal conduction delay. AH interval following the last entrained
atrial electrogram is longer than AH during tachycardia due to decremental conduc-
tion over AV node and/or AP. You can correct the delay by calculating the difference
between AHSVT and AHEntrainment and subtract the differential from PPI-
TCL. When cPPI-TCL (i.e., PPI-TCL — { AHEntrainemnt- AHSVT}) < 110 ms, it
favors ORT (Fig. 14.19) [53]. Alternatively, entrainment via basal RV pacing gener-
ates an even longer PPI-TCL in AVNRT, and this maneuver is found to be superior
to RV apical pacing [54]. PPI-TCL maneuver may not be valid in the setting of ORT
with decremental AP or left lateral pathway [55]. The discriminatory ability of this
maneuver can be enhanced by pacing near the earliest atrial activation point.

SA-VA Difference (VOP or Entrainment)

As we discussed earlier, atrium and ventricle have a simultaneous parallel activation
in AVNRT. During entrainment with ventricular pacing, their activation is in series.
In ORT, atrium and ventricle have a serial activation during both tachycardia and
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ventricular pacing. The difference between SA (ventricular stimulation to the earli-
est site of atrial activation) and VA is greater in AVNRT than ORT. ASA—VA < 85 ms
is consistent with ORT, whereas ASA—VA > 85 mg suggests AVNRT. [52]. Again,
this maneuver may not be accurate when AP has decremental property or if pacing
is too far from AP such as RV apex pacing for the left-sided AP.

Ventricular Fusion

If entrainment with ventricular pacing results in constant or progressive QRS fusion,
it rules out AVNRT [56]. However, the absence of QRS fusion does not rule out
ORT with a distant AP insertion. For instance, QRS fusion with RV pacing is not
evident in the left-sided Aps, whereas RV pacing and entrainment cause a clear QRS
fusion on AVRTSs with the septal or right-sided APs [54].

Differential Entrainment

Differential entrainment from the basal and apical RV pacing can be useful. In
AVNRT, cPPI-TCL and VA intervals are significantly longer from base than apex,
while there is no significant difference in entrainment intervals among patients with
ORT. Differential cPPI-TCL > 30 ms or VA interval > 20 ms reliably identifies the
patient with AVNRT [57, 58]. This maneuver is not validated in patients with atypi-
cal AVNRT or ORT with decremental pathways.

Antegrade His Capture

During ORT entrainment, His bundle can be captured either orthodromically or
antidromically. If an orthodromic capture of the His bundle is seen, this is intracar-
diac evidence of fusion occurring in the circuit distal to the His bundle (Fig. 14.21).
This finding is diagnostic for AVRT [59, 60]. There are several ways to confirm
orthodromic His capture: (1) the His bundle morphology is identical during tachy-
cardia and entrainment; (2) AH interval during entrainment is the same as the first
AH interval following pacing; and (3) the last entrained His follows the atrial elec-
trogram after pacing [37]. In contrast, the antidromically captured His bundle will
have a different morphology from His electrogram during tachycardia, and
AHEntrainment and Stim-HEntraiment are shorter than first AHSVT and Stim-
HVPacing, respectively.

Para-Hisian Entrainment

As discussed earlier, para-Hisian pacing is a useful diagnostic maneuver if AV node
or AP is the retrograde pathway, although it does not prove the participation of the
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Fig. 14.21 Antegrade His capture during manifest QRS fusion. Ventricular pacing demonstrates
antegrade His activation during manifest QRS fusion. These findings are consistent with ORT as a
tachycardia mechanism

pathway in the tachycardia. Para-Hisian entrainment overcomes this limitation and
proves the pathway-mediated tachycardia by measuring differences in SA-VA inter-
vals and PPI-TCL with and without a His bundle capture [61, 62]. In patients with
AVNRT, entrainment without a His-bundle capture as opposed to the one with a His
bundle capture results in significant change in both SA (> 40 ms) and VA intervals,
whereas these values are not significantly different in AVRT. Although useful, this
technique is rather cuambersome to practice. It is at times difficult to ensure the His
bundle capture during entrainment, and a high-output pacing may inadvertently cap-
ture the nearby AV node or atrium. Also, the local ventricular signal can be difficult
to ascertain due to a pacing spike. One study also demonstrated that the change in
QRS width increase >40 ms during entrainment compared with that during tachycar-
dia is a good indicator for an absent His-bundle capture during entrainment [62].

AH interval (Atrial Pacing During SR)

Although not as useful as ventricular pacing overall, atrial pacing may also be used for
diagnostic maneuvers in long RP tachycardias. During AVNRT, AH interval represents a
parallel activation of the atrium and the His bundle, while an atrial pacing during AVNRT
results in a sequential activation. In patients with AVRT, AH intervals in both pacing and
tachycardia represent a sequential activation of the atrium and the His bundle, as both
structures are part of the circuit. The change in AH interval during atrial pacing and tachy-
cardia is >40 ms in atypical AVNRT, < 20 ms in AVRT and < 10 ms for AT [63].
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AVA Interval (VA Linking)

Relatively constant VA intervals while pacing from different sites in the atrium (e.g.,
high right atrium or coronary sinus) make AT less likely. Post-pacing VA intervals
are measured from the last captured ventricular signal to the earliest return atrial
electrogram. When calculating the maximal difference in post-pacing VA intervals
from different pacing sites, AVAmax was >14 ms in AT and < 14 ms in AVRT/
AVNRT with 100% sensitivity, specificity, PPV, and NPV. This phenomenon speaks
to the “VA linking” in AVRT and AVNRT [64].

Ablation of Accessory Pathway

Catheter ablation is an effective treatment for patients with symptomatic atrioven-
tricular reciprocating tachycardia with a high success rate. For a successful ablation,
an accurate localization of the AP is the key to guide the therapy.

Access

Having a general idea of pathway location before the EP study can be helpful in
procedure planning. For the left-sided pathway, either transseptal or retrograde
transaortic approach can be used. Either IVC or SVC is utilized for mapping and
ablation of the right-sided pathway.

Mapping and Ablation

For a left-sided AP, a multipolar CS catheter is useful to bracket the pathway to
guide precise localization, while a multipolar circular Halo catheter can be placed
along the tricuspid annulus for right-sided APs. The mapping approach is deter-
mined by the direction of the pathway conduction. For an AP with antegrade con-
duction, the pathway is mapped based on (1) the earliest ventricular electrogram
(pre-delta), (2) AV fusion location (general idea), and most importantly (3) AP
potential. The earliest antegrade ventricular activation during sinus rhythm indi-
cates the ventricular insertion site of the pathway and should precede the onset of
QRS (delta) by up to 20 ms [65]. The unipolar recording at the tip of the ablation
catheter can be particularly helpful as it confirms all ventricular activation propagat-
ing from that point [66]. Also, AV fusion (shortest local AV < 40 ms) is predictive of
successful ablation but is not reliable since most APs have an oblique course
between atrium and ventricle [67]. Thus, depending on wavefront direction, fusion
of VA signals may not represent an ideal ablation location. Reversing the direction
of wavefront in both atrium and ventricle and looking for variations of local VA
(earliest atrial activation) and AV (earliest ventricular activation) can facilitate the
localization and ablation of an oblique pathway [68]. In some very oblique
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pathways, atrial or ventricular activation can occur late despite being in an excellent
ablation location. For this reason, identification of an AP potential is more reliable
as an ablation target.

During either ORT or ventricular pacing with retrograde conduction over AP, the
earliest atrial activation can be investigated. If mapping AP retrograde with ven-
tricular pacing is challenging due to retrograde conduction via AVN, slowing down
AV nodal conduction pharmacologically or changing the pacing rate can be helpful
(Fig. 14.22). Typically, pathways sit along the AV groove with some rare exceptions
(e.g., atriofascicular pathways), and other diagnosis can be entertained if the earliest
signal is found elsewhere. For retrograde AP ablation, the shortest VA time during
ORT or RV pacing usually results in successful ablation; however, locating the local
AP potential is associated with a high success rate if ablated [69].

Once mapping is completed, ablation may be pursued. Most AP ablation is per-
formed with RF energy, but focal cryoablation is used for high-risk ablation such as
a mid-septal AP with the highest risk of AV nodal injury. The predictors of success-
ful ablation include ablation of the location with (1) shortest VA interval, (2) path-
way potential [70], and (3) QS pattern in unipolar signal [12]. The goal of ablation
is the loss of AP conduction. However, caution needs to be taken during anteroseptal
pathway ablation. Junctional complexes can be mistaken as the loss of preexcita-
tion; but rather it indicates possible injury to the AV node, and one must come off
RF energy when junctional rhythms are encountered. It is important to differentiate
the sinus beat with loss of preexcitation from the junctional beats (Fig. 14.23).

Adenosine inhibits both antegrade and retrograde conduction over the AV node,
while it has no or little effect on non-decremental APs. It also facilitates conduction
over “stunned” APs. Given its short half-life, it can be easily used in the lab follow-
ing ablation to test the completeness of the pathway ablation. Presence of AV and
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Fig. 14.22 Signal at the successful ablation site. Atrial extrastimulus shows only far-field atrial
electrogram and reveals multiple sharp potentials preceding the delta wave which represents
anteroseptal AP connection. The distance of AP potential from the ventricular electrogram implies
a very slanted pathway. There is a QS configuration at the unfiltered unipolar electrode (U1W), and
the AP potential is best seen on the filtered unipolar signal representing the ablation tip (U1).
Successful ablation was performed with resolution of pathway potential in 2 s resulting in RBBB
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Fig. 14.23 Junctional beat during anteroseptal pathway ablation

VA block with adenosine infusion with atrial and ventricular pacing provides a reli-
able and immediate assessment of successful pathway ablation.

It is reported that the main factors for ablation failure include a difficulty with
catheter manipulation, inadequate mapping and localization, multiple pathways or
insertions, or a congenital heart disease [71]. Approximately 10% of patients with
AVRT have more than one pathway [72, 73]. When there is more than one preex-
cited QRS, or P wave morphologies during tachycardia, or spontaneous transition
from ORT to ART, it raises suspicion for multiple pathways [74-76]. AVRT may
coexist with other SVT mechanisms, particularly AVNRT, which should be sought
after successful AP ablation [77].

Rare Types of SVT
Permanent Junctional Reciprocating Tachycardia (PJRT)

PJRT is often described as an incessant type of ORT with a concealed, slowly con-
ducting, decremental pathway [78—-80] but can also be due to atypical forms of
AVNRT. It manifests as a narrow complex tachycardia that is midline with long RP
and superior P wave axis. AP is located near the CS os in the posteroseptal region,
so the earliest atrial activation is seen in the proximal CS catheter. Typically, it initi-
ates spontaneously, and the slow and decremental retrograde conduction results in
long RP (long VA) and ultimately self-termination. His-refractory VPD may
advance, terminate the tachycardia, or delay the atrial electrogram due to its decre-
mental property [42]. Usually, AV fusion is not seen in electrogram due to its decre-
mental properties. Medications are not successful for suppression in general and
ablation may be necessary for a cure. Locating the pathway potential or earliest
atrial electrogram is helpful to guide ablation [79, 81].



14 Atrioventricular Reentry Tachycardia 329

aVF

LA A A S
MR PRTY SR P ]
SARARARANAT S

Hisd

TSR e
N ~ , A—r—
"r_J"r_J\'f_-\'r—+ A '|‘-v

csd f¥ Aeor Ar Arer A v—y —

RV

Stim

Fig. 14.24 Unusual variant. Antidromic tachycardia with decremental conduction prior to termi-
nation. This unusual AP variant inserted at the tricuspid valve annulus

Atriofascicular (AF) Pathway

Atriofascicular pathway inserts proximally in the lateral, anterolateral, and posterolat-
eral side of the tricuspid annulus and extends to the distal right bundle branch near the
RV apex. Clinically, it causes antidromic LBBB tachycardia (Fig. 14.24). Since the
atrium is part of the circuit, it has an obligatory 1:1 AV relationship. Its classic charac-
teristics are best seen with a selective His bundle and a right bundle branch recording.
The reversal of His and RBB activation sequence with progressive preexcitation
occurs in the setting of decremental atrial pacing. Just prior to the initiation of tachy-
cardia, RBBB electrogram occurs before His bundle potential, demonstrating ante-
grade conduction down the AP and retrograde conduction up through the His bundle
[14, 15]. Since the proximal insertion is in the atrium, His bundle pacing or His extra-
systole can normalize preexcitation. This pathway generally only conducts antegrade.
However, its long course and distal arborization with a broad insertion make mapping
of the ventricular insertion site challenging [17]. For this reason, ablation is usually
targeted at the proximal atrial insertion of the pathway by recording the AP potential.
It generates a large, high frequency AP potential recorded at the tricuspid annulus dur-
ing tachycardia or preexcited atrial pacing [82, 83].

Nodofascicular/Nodoventricular (NF/NV) Pathway

Nodofascicular or nodoventricular pathways originate in the AV node and insert
into the right bundle in the anteroapical region of RV [84, 85]. NF/NV pathways
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have decremental properties, commonly with concomitant dual AV node physiology
or multiple pathways in the setting of congenital heart disease. Generally, tachycar-
dia manifests with LBBB and long AV with either short VH or long VH. Short VH
is seen in the setting of retrograde conduction via RBB, while long VH occurs with
retrograde RBBB which forces conduction across the septum to LBB. The variation
of TCL with LBBB and RBBB confirms His-Purkinje fiber is an integral part of the
tachycardia circuit. Decremental atrial pacing generally causes both AV and AH
prolongation but fixed VH in the setting of greater preexcitation with LBBB mor-
phology. Once AH prolongation exceeds AV prolongation, HV shortens with
increasing preexcitation. Maximum preexcitation is seen with block in the AV node
distal to the AP origin, resulting in exclusive conduction over AP and retrograde
conduction of His bundle [84]. NF/NV pathways share similar characteristics with
other pathways. His-refractory PVC can reset or terminate tachycardia [15, 86].
Ipsilateral bundle branch block causes prolongation of TCL. Differentiating NV/NF
from anteroseptal or mid-septal AV AP can be challenging. Since NF/NV pathways
do not insert into atrial myocardium, AV dissociation seen spontaneously or with
atrial pacing is a distinguishing feature for NF/NV pathways [87]. They can be
innocent bystanders in the setting of AVNRT as well. If losing preexcitation does
not affect tachycardia or presence of variable preexcitation in a stable tachycardia,
AVNRT with bystander NF/NV pathway is more likely. Ablation is performed typi-
cally on the ventricular insertion site near the tricuspid valve, given the proximity to
the AV node. However, this is not possible for even more rare cases where AP only
conducts retrograde. Functionally, it is linked to a slow pathway and slow pathway
ablation in the posterior septum or Koch triangle region is performed with variable
success [85, 88]. Successful ablation of NF/NV pathways can result in a com-
plete RBBB.

Fasciculoventricular AP (FV) [89, 90]

Fasciculoventricular pathways originate in the right bundle and insert into the right
ventricle. Unlike other pathways, FV pathway manifests with fixed preexcitation
and HV or H-delta with variable AH and AV from atrial pacing. Therefore, FV path-
way should be suspected when there is fixed preexcitation with decrementing AV
node and persistent preexcitation during His extrasystole, as the pathway inserts
distal to His bundle.

In contrast to other slow, decrementing pathways such as AF, NF/NV pathways,
using adenosine results in fixed preexcitation despite PR prolongation or junctional
escape or loss of preexcitation with AV block [89]. Fasciculoventricular pathways
are extremely rare, although the actual prevalence is likely higher due to under-
recognition. They have been reported as bystanders only and do not participate in
clinical tachycardia [84].
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Subepicardial AP

Posteroseptal or posterior APs can involve myocardial fibers surrounding CS and
create a subepicardial communication between the left atrium and the ventricle [91,
92]. Some studies demonstrated that the anatomic CS anomalies such as aneurysms
or diverticula are associated with these pathways, thus emphasizing the importance
of CS venogram during ablation. However, other studies showed that subepicardial
pathways can occur even in the absence of CS anomalies and are closely associated
with the middle cardiac vein [93]. In the surface ECG, negative delta wave in lead
II suggests epicardial localization of the pathway. However, ablation of these path-
ways may not be necessarily effective with epicardial ablation and may rather
require CS mapping and ablation at the atrial insertion site [94, 95]. Coronary angi-
ography should be considered when ablating in the MCYV, since a branch of the right
coronary artery or left circumflex artery is often nearby.

Summary

Radiofrequency ablation has become the cornerstone of therapeutics for symptom-
atic patients with pathway-mediated tachycardia with a high success rate and rare
complications. In order to achieve a cure with catheter ablation, understanding dif-
ferent behaviors and the mechanisms of arrhythmia during electrophysiology study
is essential.
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