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A FUNCTIONAL APPROACH TO
THE PREEXCITATION SYNDROMES

Jess W. Oren IV, MD, Karen J. Beckman, MD,
James H. McClelland, MD, Xunzhang Wang, MD,
Ralph Lazzara, MD, and Warren M. Jackman, MD

The preexcitation syndromes encompass a
variety of electrocardiographic manifesta-
tions and arrhythmias, all of which are
related to the presence of an anomalous con-
nection (accessory pathway). Accessory path-
ways differ in the structures they connect
and in their functional properties. These dif-
ferences account for the variability in electro-
cardiographic patterns and arrhythmias. This
article describes our approach to patients
with preexcitation syndromes. We begin with
an assessment of the location and functional
properties of accessory pathways, followed
by an evaluation of arrhythmias. This infor-
mation provides the basis for selecting ap-
propriate therapy. For a more detailed dis-
cussion of the anatomic and histologic
features and of the historical evolution of the
terminology, the reader is referred to several
excellent reviews,!7 40 %

FUNCTIONAL AND
ELECTROPHYSIOLOGIC
PROPERTIES OF ACCESSORY
PATHWAYS

Accessory Atrioventricular Pathways
Associated with Preexcitation

The most common type of accessory path-
way is composed of working myocardium

and connects the right or left atrium to the
adjacent ventricle. Most of these accessory
atrioventricular (AV) pathways are capable
of conduction in both the antegrade (atrium
to ventricle) and retrograde (ventricle to
atrium) directions. The eponym “Kent bun-
dle,” frequently used to describe this type of
accessory pathway, is probably a misnomer
because Kent® ® described a gnarl of spe-
cialized conduction fibers located in the right
anterolateral region of the tricuspid anulus
that may be the substrate for Mahaim fibers
(right atriofasicular fibers) described later in
this article.

Almost all left free-wall accessory path-
ways course through the subepicardial fat
pad and connect the epicardial surface of the
left atrium to the epicardial surface of the left
ventricle (Fig. 1).” * Right-sided pathways
may course subepicardially or subendocar-
dially.” * Anatomic studies have shown
that some accessory AV pathways are
branching structures.' ** The presence of
multiple functioning components has been
demonstrated in many patients (1) by record-
ing multiple distinct accessory pathway acti-
vation potentials at different times from the
same closely spaced bipolar electrode, (2) by
recording simultaneous accessory pathway
potentials at separate positions, or (3) by
documenting intermittent loss of one poten-
tial with a small prolongation of the accessory
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Figure 1. Diagrammatic cross-sectional view of the mitral
anulus illustrating the typical course of left free-wall ac-
cessory AV pathways. The accessory pathway is located
on the epicardial side of the mitral anulus, connecting the
epicardial surfaces of the left atrium and ventricle. (From
Jackman WM: New catheter techniques for recording
accessory AV pathway activation. /n Benditt DG, Benson
DW (eds): Cardiac Preexcitation Syndromes. Origins,
Evaluation, and Treatment. Boston, Martinus Nijhoff,
1986, p 413; with permission.)

pathway conduction time.* - ¢ ¢ In approx-
imately 20% of patients undergoing radiofre-
quency catheter ablation, accessory pathway
conduction is eliminated incrementally by
applications of energy at multiple close
sites.® * This further supports the concept
that accessory pathways are composed of
multiple functional components.

Accessory AV pathways can be located
anywhere along the mitral or tricuspid anu-
lus except the aortic-mitral continuity (the
left anteroseptal region). In 439 patients
undergoing electrophysiologic study at our
institution, 55% of accessory AV pathways
were located in the left free-wall, 25% in the
posteroseptal region, 14% in the right free-
wall, and 6% in the anteroseptal region.
Multiple accessory pathways (at lease 3 cm
apart) were present in 5% of patients. This
distribution is similar to that in earlier re-
portS.Q, 47, 105

The true prevalence of accessory pathways
in the total population is unknown. Studies
involving screening electrocardiograms in
large populations (i.e., military pilots) have
found ventricular preexcitation in 0.1% to
0.3% of subjects, the majority of whom were
asymptomatic.’" ' 1 For an overall preva-

lence, this value should be increased by ap-
proximately 25% to include individuals with
accessory pathways that conduct only in the
retrograde direction (no preexcitation) and
individuals with negligible preexcitation dur-
ing sinus rhythm due to short AV nodal
conduction times with delayed ventricular
activation via the accessory pathway due to
left lateral location or long intrinsic accessory
pathway conduction times.

Most patients with accessory pathways
have no other structural heart disease. How-
ever, some congenital cardiac anomalies are
associated with a relatively high prevalence
of accessory pathways. Accessory pathways
are found in 4% to 26%" '™ of patients with
Ebstein’s anomaly, and there is a higher than
expected prevalence in patients with mitral
valve prolapse and hypertrophic cardiomy-
opathy.

The conduction properties of the common
form of accessory AV pathway are similar to
those of normal atrial or ventricular myocar-
dium. The conduction time is short (20 to 50
msec) and remains relatively constant during
decremental atrial or ventricular pacing until
the pacing cycle length is shortened to within
50 msec of the cycle length that produces
accessory pathway conduction block. Close
to the cycle length producing block, the ac-
cessory pathway conduction time lengthens
somewhat, usually by less than 40 msec. The
refractory period of the accessory path-
way shortens as the heart rate increases.™®
This accounts for the rapid ventricular rate
during atrial fibrillation observed in some
patients.

The conduction properties of the common
form of accessory AV pathway are usually
minimally affected by changes in autonomic
tone.” However, in some patients, the con-
duction capability of the accessory pathway
increases significantly with the administra-
tion of catecholamines such as isoproterenol
or is depressed by beta-adrenergic blocking
agents.* ' = Gimilarly, although calcium
channel blockers and adenosine usually do
not directly affect accessory pathway conduc-
tion,” '%- 116 depression of accessory pathway
conduction may be substantial in individual
patients.

An early study found that ouabain short-
ened the refractory period of the accessory
pathway.'* The principal effect of ouabain is
a centrally mediated increase in vagal tone.?
Because cholinergic stimulation shortens re-
fractoriness in the atrium” and lengthens
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refractory periods in all other cardiac tissues,
this observation suggests that some accessory
pathways may be composed of atrial myo-
cardium.

The conduction capability of accessory
pathways may differ significantly between
patients. In addition, the conduction capabil-
ity of an accessory pathway may be different
in the antegrade and retrograde directions.
The accessory pathway may be able to con-
duct impulses at rapid rates in the antegrade
direction but to conduct impulses only at
slow rates in the retrograde direction and
vice versa. These properties determine the
type and severity of arrhythmias that can
occur in individual patients. Orthodromic AV
reentrant tachycardia is likely in a patient in
whom the pathway has a short refractory
period in the retrograde direction and a long
refractory period in the antegrade direction.
Orthodromic AV reentrant tachycardia is un-
likely if the refractory period in the retro-
grade direction is very long. Conversely, an-
tidromic AV reentrant tachycardia may occur
in a patient with a short antegrade accessory
pathway refractory period and long retro-
grade refractory period and is unlikely to
occur if the antegrade refractory period is
long.

The variability in the conduction capability

of accessory pathways is probably related to
differences in the anatomic geometry of the
pathways rather than to differences in cell
type or function. Conduction may be limited
at the site of an abrupt change in pathway
diameter (impedance mismatch hypothe-
sis)* % or at a change in the direction of fiber
orientation (anisotropy).'"" Studies using
catheter recordings of accessory pathway ac-
tivation have shown that for a given acces-
sory pathway, the conduction-limiting site
(weakest link) is usually the same for con-
duction in the antegrade and retrograde di-
rections.” In left free-wall accessory AV path-
ways, conduction is usually limited near the
ventricular insertion of the accessory path-
way (Fig. 2). Conduction over right-sided
and septal pathways may be weakest at
either the ventricular or atrial insertion site.

Electrocardiographic and
Electrophysiologic Characteristics

Ventricular preexcitation is present if any
part of the ventricles is activated earlier by
the accessory pathway than it would have
been if the atrial impulse reached the ventri-
cles exclusively over the normal AV conduc-
tion system. During sinus rhythm in most

AP

RV _ﬁp AP ap

360 360

A

350 350 350

Figure 2. Use of catheter recordings to identify the site of retrograde conduction block in a left posterior accessory AV
pathway. From the top, tracings are leads Il and V,, and electrograms from the right atrium (RA), His bundle region
(HB), orthogonal electrodes on a catheter in the coronary sinus close to the accessory pathway (catheter symbol),*
and right ventricle (RV). During right ventricular pacing at cycle length 360 msec (first three complexes), retrograde
(VA) conduction occurred over the accessory pathway, with the earliest retrograde atrial potential recorded from the
coronary sinus (A). An activation potential from the accessory pathway (AP) was recorded before atrial activation. As
the ventricular pacing cycle length was shortened from 360 msec to 350 msec, retrograde block in the accessory
pathway occurred and retrograde conduction occurred over the AV node, reflected by abrupt prolongation of the VA
interval and a shift in the site recording the earliest atrial pctential to the HB electrogram (A.). The loss of retrograde
accessory pathway conduction was associated with the loss of the retrograde accessory pathway potential (open arrow)
indicating block occurred at or near the ventricular end of the accessory pathway. (From Jackman WM: New catheter
techniques for recording accessory AV pathway activation. /n Benditt DG, Benson DW (eds): Cardiac Preexcitation
Syndromes. Origins, Evaluation, and Treatment. Boston, Martinus Nijhoff, 1986, p 428; with permission.)
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patients with preexcitation, the ventricle is
activated by both the accessory pathway and
the AV node, resulting in a fusion QRS
complex. The delta wave, or initial slurred
portion of the QRS complex, represents ac-
tivation of the portion of the ventricles that
is prematurely activated by the accessory
pathway. As illustrated in Figure 3, the elec-
trocardiographic description of ventricular
preexcitation includes (1) a shortened PR
interval (often less than 120 msec), (2) the
presence of a delta wave, and (3) prolonged
QRS duration (greater than 120 msec). The
amount of the QRS complex resulting from
preexcitation is variable and is greatest when
(1) the accessory pathway is located close to

A
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Figure 3. Electrocardiagram lead Il demonstrating
the features of ventricular preexcitation that include
(1) a short PR interval, (2) a delta wave, and (3)
prolonged QRS duration.

the sinus node, (2) the accessory pathway
conduction time is short, and (3) AV nodal
conduction time is prolonged. Preexcitation
may be minimal or absent on a standard
electrocardiogram during sinus rhythm, de-
spite the presence of antegrade accessory
pathway conduction, when the accessory
pathway is located far from the sinus node
(i.e., left lateral accessory pathway) and the
AV nodal conduction time is short (Fig. 4).
The presence or absence of ventricular
preexcitation can be determined definitively
by an electrophysiologic study in which
transvenous electrode catheters are used to
record activation of key regions of the heart
during programmed electrical stimulation of

V4

Figure 4. A, Ventricular preexci-
tation was not evident during
sinus rhythm in this patient with a
| left free-wall accessory pathway,
located far from the sinus node.
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B, However, during atrial fibrilla-
tion in this same patient, conduc-
tion over the accessory pathway
resulted in a rapid ventricular re-
sponse with preexcited QRS com-
plexes.
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the atria and ventricles. In patients without
an accessory pathway, the His bundle must
be activated (producing a His bundle poten-
tial) before activation of the ventricles. The
interval from His bundle activation to acti-
vation of the ventricles (H to V interval) is at
least 35 msec. In patients with an accessory
pathway that bypasses the normal conduc-
tion delay in the AV node, the onset of
ventricular activation is not dependent on
His bundle activation. The resulting H to V
interval is shortened. Ventricular activation

A B

can even occur before His bundle depolari-
zation, resulting in a negative H to V interval.
The hallmark of antegrade accessory path-
way conduction is progressive shortening of
the H to V interval with a progressive in-
crease in preexcitation as AV nodal conduc-
tion time is lengthened by programmed atrial
stimulation (Fig. 5). With shorter premature
atrial coupling intervals or faster atrial pacing
rates, AV nodal delay increases, which de-
lays activation of the ventricles by the His-
Purkinje system. Because the conduction

HBp -——JL——H\f‘ ;-:-'tr A‘ —V— A——A~ e
1 Hy 2 Hz 100 130
HBy ——+\ — e
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Figure 5. Characteristics of accessory pathway conduction in the antegrade direction (ventricular preexcitation) revealed
by programmed atrial stimulation during electrophysiologic testing in a patient with a left free-wall accessory pathway.
A-E, An atrial extrastimulus (premature atrial stimulus, S,) at the end of a train of 8 atrial-paced complexes (pacing
stimuli, S,) at a cycle length of 600 msec. A—C, As the coupling interval for the extrastimulus (S,—S, interval shown in
RA electrogram) was shortened from 490 to 380 msec, the AV nodal conduction time (A,—H, interval in the distal His
bundle (HB,) electrogram) increased to 160 msec, while the accessory pathway conduction time (A,—V, interval in the
coronary sinus (CS) electrogram) remained constant at 90 msec. This produced a progressive increase in the proportion
of ventricular myocardium activated by the accessory pathway over that activated by the normal conduction system,
reflected as an increase in the degree of ventricular preexcitation. D, As the atrial coupling interval (A,—A,=350 msec
in CS electrogram) approached the refractory period of the accessory pathway, the accessory pathway conduction time
{A;~V, in CS electrogram) increased from 90 msec to 120 msec. E, At the effective refractory period of the accessory
pathway (A,—A, interval = 340 msec in CS electrogram), antegrade conduction over the accessory pathway is lost
(unfilled arrow indicates absence of early activation in the CS electrogram), with an abrupt prolongation of the PR

interval and normalization of the QRS complex.
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time over the accessory pathway remains
relatively constant at faster atrial pacing
rates, the interval from the atrial pacing stim-
ulus to the onset of the delta wave (stimulus
to delta interval) remains constant. The fixed
conduction time over the accessory pathway,
coupled with the delay in activation of the
His-Purkinje system, results in an increase in
the amount of ventricular myocardium acti-
vated by the accessory pathway, i.e., an
increase in the degree of preexcitation (Figs.
5 A to D). If conduction block occurs in the
accessory pathway, there is a sudden loss of
preexcitation manifested by prolongation of
the P to R interval with normalization of the
H to V interval and the QRS complex (Fig.
5E). In summary, the electrophysiologic find-
ings of ventricular preexcitation during pro-
grammed atrial stimulation include (1) an
abnormally short or negative H to V interval,
(2) a relatively constant interval between the
pacing stimulus and onset of the delta wave
(stimulus to delta interval), (3) increasing
preexcitation with increasing AV nodal de-
lay, and (4) sudden normalization (prolon-
gation) of the H to V interval and QRS
complex with loss of accessory pathway con-
duction.

The capability of the accessory pathway to
conduct atrial impulses to the ventricles de-
termines the likelihood of a rapid ventricular
response during atrial fibrillation. The ante-
grade conduction capability of the accessory
pathway is measured during the electrophys-
iology study by (1) decremental atrial pacing
(continuous atrial pacing with a progressive
decrease in pacing cycle length, i.e., 10 msec
decrements, after a steady state is reached at
each pacing cycle length); (2) atrial extrastim-
ulus testing; and (3) pacing-induced atrial
fibrillation. Accessory pathway conduction is
assessed during decremental atrial pacing by
determining the shortest atrial pacing cycle
length maintaining 1:1 antegrade accessory
pathway conduction. The effective refractory
period of the accessory pathway (the longest
premature atrial coupling interval that fails
to activate the ventricles via the accessory
pathway) is measured during atrial extrastim-
ulus testing. During pacing-induced atrial
fibrillation, the shortest and mean coupling
intervals (R to R intervals) between preex-
cited QRS complexes are measured.® Values
of 250 msec or less for any of these variables
identify an accessory pathway capable of
generating rapid ventricular rates during
atrial fibrillation. Occasionally patients may

have values longer than 250 msec for some
or all of these parameters and may still pre-
sent with a rapid ventricular response during
atrial fibrillation. In these patients, the differ-
ence in antegrade conduction capability of
the accessory pathway during electrophysi-
ologic study and during spontaneous atrial
fibrillation may be related to differences in
autonomic tone. The ventricular response via
the accessory pathway during atrial fibrilla-
tion has been shown to increase significantly
with isoproterenol administration in some
patients.* 115125

Infrequently, the accessory pathway does
not conduct during sinus rhythm or during
atrial pacing at slow rates but exhibits 1:1
conduction during rapid atrial pacing (Fig.
6).” The mechanism for this unusual behav-
ior is unknown. It could be speculated that
in a plexus of interconnected fibers, activa-
tion of one fiber might inhibit propagation
along another fiber.”® Failure to activate the
first fiber at faster atrial pacing rates might
release the inhibition on the second fiber,
allowing propagation of the impulse to the
ventricle over the second fiber (Fig. 7). Evi-
dence that accessory pathways are frequently
composed of an interconnected network of
functioning fibers has been obtained by direct
catheter recordings of accessory pathway ac-
tivation that show multiple discrete accessory
pathway activation potentials and, rarely,
reentry within the network of fibers.5

Retrograde conduction over the accessory
pathway can be demonstrated at electro-
physiologic study by programmed stimula-
tion of the ventricles or by inducing ortho-
dromic AV reentrant tachycardia. The
hallmarks of retrograde accessory pathway
conduction are (1) an eccentric retrograde
atrial activation sequence and (2) retrograde
conduction and atrial activation independent
of His bundle activation. In the absence of
an accessory pathway, retrograde (V to A)
conduction can occur only via the His bundle
and AV node, and the atrium is activated
earliest in the anterior septum, close to the
His bundle (except during retrograde con-
duction over the slow AV nodal pathway,
which activates the atrium at the posterior
septum, close to the coronary sinus).’ ' In
the presence of a left free-wall or right free-
wall accessory pathway, the earliest retro-
grade atrial activation is recorded at the left
free-wall or right free-wall adjacent to the
mitral or tricuspid anulus at the site of the
accessory pathway (eccentric retrograde atrial
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A Sinus Rhythm

L.
g

Atrium

Accessory
Pathway
Fibers

Figure 7. Subthreshold inhibition hypothesis for
bradycardia-dependent accessory pathway con-
duction block. The figures schematically represent
the AV sulcus with atrial myocardium at the top,
two intersecting accessory pathway fibers in the
middle, and ventricular myocardium at the bottom.

Ventricle

B 1st Atrial Paced Complex
: _\ -

A, The first complex of a train of atrial pacing at a
rapid rate. The early atrial impulse is unable to
excite pathway fiber 1, but successfully activates
fiber 2. The activation wavefront of fiber 2 is suffi-

cient to excite the common bundle (fiber 3), which
also activates successfully the ventricular myocar-
dium. The activation wavefront of fiber 2 retro-
gradely activates fiber 1. B, During sinus rhythm,
atrial activation propagates along the AV sulcus,
resulting in activation of accessory pathway fiber 1
before activation of fiber 2. The activation wavefront
of fiber 1 is insufficient to activate the common
bundle (fiber 3). The activation wavefront of fiber 2

C Sustained Atrial Pacing

arrives at the common bundle shortly thereafter,
but is also unable to excite the common bundle
because of subthreshold simulation from the non-
propagated impulse of fiber 1. C, Retrograde aciti-
vation of fiber 1 prevents subsequent antegrade

activation of that fiber during the period of atrial
pacing, allowing uninhibited propagation along fiber
2 and 1:1 antegrade accessory pathway conduc-
tion. (From Kuck KH, Jackman WM, Friday KJ, et
al: Sites of conduction block in accessory atrioven-
tricular pathways: Basis for concealed accessory
pathways. In Zipes DP, Jalife J (eds): Cardiac
Electrophysiology: From Cell to Bedside, Philadel-
phia, WB Saunders, 1990, p 511.)

activation sequence). The earliest retrograde
atrial activation recorded at the septum may
reflect retrograde conduction over either a
septal accessory pathway or the AV node.
During retrograde accessory pathway con-
duction, the timing of atrial activation is
dependent on the timing of ventricular acti-
vation near the accessory pathway and is not
related to retrograde His bundle activation.
These relationships can be verified by ven-
tricular pacing techniques that delay the tim-
ing of retrograde His bundle activation rela-
tive to the timing of ventricular activation
close to the accessory pathway. One ap-
proach is to pace the ventricular myocardium
close to the mitral or tricuspid anulus at the
site of the accessory pathway (Fig. 8A). This
results in retrograde activation of the acces-
sory pathway before retrograde activation of
the His bundle. The earliest atrial activation
is recorded nearly simultaneous with activa-
tion of the His bundle, indicating that retro-
grade conduction must have occurred over
an anomalous pathway. These relationships

are reversed when ventricular pacing is per-
formed at the right ventricular apex or at
other sites close to the peripheral inputs of
the Purkinje system and far from the acces-
sory pathway. During pacing at these sites,
retrograde conduction frequently occurs ear-
lier over the AV node than in the accessory
pathway (Fig. 8B).

Selective retrograde accessory pathway
conduction also can be demonstrated by de-
laying or eliminating retrograde AV nodal
conduction. This can be accomplished (1) by
initiating orthodromic AV reentrant tachycar-
dia in which retrograde conduction occurs
exclusively over the accessory pathway, (2)
by ventricular pacing at faster rates or induc-
ing closely coupled ventricular extrasystoles
to delay retrograde AV nodal conduction, or
(3) by the administration of pharmacologic
agents (such as adenosine) during ventricular
pacing that produce transient retrograde
block in the AV node, unmasking retrograde
accessory pathway conduction. Adenosine
rarely produces retrograde block in accessory



hypothesis for
pathway con-
ically represent
um at the top,
y fibers in the
| at the bottom.
rial pacing at a
e is unable to
sfully activates
fiber 2 is suffi-
(fiber 3), which
ricular myocar-
* fiber 2 retro-
] sinus rhythm,
the AV sulcus,
sathway fiber 1
ation wavefront
2 the common
efront of fiber 2
ily thereafter,
ommon bundle
1 from the non-
letrograde acti-
lent antegrade
period of atrial
ition atong fiber
ithway conduc-
1, Friday KJ, et
'ssory atrioven-
aled accessory
(eds): Cardiac
iside, Philadel-

wing is per-
apex or at
al inputs of
n the acces-
these sites,
" occurs ear-
1€ accessory

v pathway
rated by de-
> AV nodal
ished (1) by
mnt tachycar-
tion occurs
athway, (2)
:es or induc-
xtrasystoles
aduction, or
armacologic
z ventricular

retrograde
g retrograde

Adenosine
in accessory

A FUNCTIONAL APPROACH TO THE PREEXCITATION SYNDROMES 129

A B

| — .

o // N\
Figure 8. Effect of ventricular pacmg site on the \ _ / \\

retrograde atrial activation sequence in a patient with
a concealed left free-wall accessory pathway. A, Dur-
ing right ventricular pacing (Sgy), far from the acces-
sory pathway, ventricular activation (V) near the left
free-wall accessory pathway occurs late and earliest

retrograde atrial activation (A*) occurs via the His HB A—»Nlj-’\«/—‘
bundle and AV node. Accessory pathway conduction P =

is therefore not apparent. B, During left ventricular

pacing (Sy), ventricular activation (V) at the left free- HBd

wall accessory pathway occurs early, and earliest
retrograde atrial activation (A*) clearly occurs via the
accessory pathway. Therefore, pacing close to the
accessory pathway may make accessory pathway
conduction manifest.

pathways.® ' Therefore, the occurrence of
V to A block with adenosine during ventric-
ular pacing does not absolutely exclude the
presence of an accessory pathway.

Identification of Accessory Pathway
Location

The mapping procedure used to localize
an accessory pathway during an electrophys-
iologic study utilizes recordings of atrial and
ventricular activation at multiple sites (at less
than 5 mm intervals) around the mitral and
tricuspid anuli. Recordings from the region
of the mitral anulus are obtained by inserting
a multi-electrode catheter into the coronary
sinus and the great cardiac vein, which
courses around the left AV groove (Fig. 9).
This catheter is usually inserted into a sub-
clavian or internal jugular vein. The tricuspid
anulus can be mapped directly using a de-
flectable, multi-electrode catheter inserted
into a femoral, subclavian, or internal jugular
vein (Fig. 9). The approximate location of the
accessory pathway is identified as the site
recording the earliest ventricular potential
during antegrade accessory pathway conduc-
tion (sinus rhythm or atrial pacing) and the
site recording the earliest atrial potential dur-
ing retrograde accessory pathway conduction
(ventricular pacing or orthodromic AV reen-
trant tachycardia), as shown in Figures 10
and 11. These two sites often differ by 1 to 2
cm because either the accessory pathway
crosses the AV groove obliquely® or different

VI ——— -
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A

fibers in the accessory pathway network are
responsible for antegrade and retrograde
conduction.* For finer localization (within 3
to 4 mm), activation potentials from the ac-
cessory pathway fibers can be recorded using
closely spaced bipolar electrodes in approxi-
mately 90% of patients (Fig. 10).5 ¢!

Accessory Pathways Associated with
Unidirectional Conduction

As described previously, the conduction
properties of an accessory pathway may dif-
fer significantly in the antegrade and retro-
grade directions. The extreme situation, with
rapid accessory pathway conduction in one
direction and no conduction in the opposite
direction, is not infrequent. In symptomatic
patients undergoing electrophysiologic study
at our institution, accessory pathways con-
ducting only in the retrograde direction com-
prise 24% of all accessory pathways and
account for 32% of left free-wall pathways,
13% of posteroseptal pathways, 11% of right
free-wall pathways, and 23% of anteroseptal
pathways. These patients present with
orthodromic AV reentrant tachycardia
identical to that seen in patients with bidirec-
tionally conducting pathways. Because of the
absence of antegrade accessory pathway con-
duction, the electrocardiogram is normal,
without ventricular preexcitation. Conse-
quently, these pathways are frequently re-
ferred to as “concealed” accessory pathways
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Figure 9. Catheters used to localize an accessory pathway. Radiographs show orthogonal views in the (A) 30-degree
right anterior oblique projection and (B) 60-degree left anterior oblique projection. Left free-wall accessory pathways are
localized using a catheter in the coronary sinus (CS) to record atrial and ventricular activity close to the mitral anulus
as well as accessory pathway activation. Right-sided accessory pathways are localized using a catheter placed against
the tricuspid anulus (TA). A catheter is positioned across the anteroseptal tricuspid anulus to record the His bundle
activation (HB). In this patient, catheters are also positioned in the right atrial appendage (RAA) and right ventricular
apex (RV) for programmed electrical stimulation.
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Figure 10. Orthodromic AV reentrant tachycardia
(left) in a patient with a left free-wall accessory

pathway. The earliest retrograde atrial potential was CS

recorded in the coronary sinus electrogram (CS).
Note that a potential resulting from retrograde acti-
vation of the accessory pathway is recorded before
the earliest retrograde atrial potential.

in that the presence of an accessory pathway
is not evident or is concealed on the electro-
cardiogram.

In most (93%) concealed pathways, the
sinus atrial impulse activates the accessory
pathway, but the accessory pathway fails to
activate the ventricle; i.e., the impulse blocks
at the interface between the accessory path-
way and the ventricle (Fig. 12).” In 7% of
concealed accessory pathways, the atrial im-
pulse is blocked at the atrial insertion of the
accessory pathway.” Because the accessory
pathway is not activated antegradely during
sinus rhythm, the ventricular impulse regu-
larly activates the accessory pathway in the
retrograde direction. This results in incessant
AV reentrant tachycardia in some patients.

Accessory pathways that conduct only in
the antegrade direction are less common, in
our experience comprising 3% of accessory
AV pathways and accounting for 2% of left
free-wall pathways, 4% of posteroseptal
pathways, 5% of right free-wall pathways,
and 4% of anteroseptal accessory pathways.
These patients usually present with atrial
fibrillation with a rapid ventricular response
over the accessory pathway but, occasionally,
have antidromic AV reentrant tachycardia.

Figure 11. Orthodromic AV reentrant tachycardia (feft) in
a patient with a right anterolateral accessory pathway
showing that eartiest retrograde atrial activation was re-
corded from the anterolateral tricuspid anulus (TA). During
sinus rhythm (right), earliest antegrade ventricular acti-
vation (V) was recorded from the same site along the
tricuspid anulus and preceded the onset of the delta wave
(dotted line).
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ACCESSORY ATRIUM
PATHWAY

Pathways with Decremental
(Atrioventricular Node—Like)
Conduction Properties

Mahaim Fibers (Right Atriofasicular
Pathways)

In approximately 3% (12 of 439) of symp-
tomatic patients, the accessory pathway ex-
hibits unique characteristics. These fibers (1)
conduct only in the antegrade direction; (2)
have long conduction times that prolong fur-
ther at faster atrial pacing rates and exhibit
Wenckebach periodicity during second-de-
gree block (decremental properties); and (3)
are blocked by pharmacologic agents that
block AV nodal conduction, such as adeno-
sine and verapamil. These AV node-like
properties led early investigators® '** to be-
lieve these fibers were the physiologic cor-
relate of the fiber described histologically by
Mahaim,® 8 which originated in the AV
node and inserted into the right ventricular
septum, and were subsequently classified as
nodoventricular fibers.® However, recent
electrophysiologic evidence suggests that in
most (if not all) of these patients, the fibers
do not originate in the AV node.* ¢ % 117
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Figure 12. Catheter recording of activation of a concealed left lateral accessory AV pathway. Right complex: During
sinus rhythm, the catheter electrode in the coronary sinus (bottom tracing) records atrial activation (A) followed by an
accessory pathway activation potential (AP). The wide QRS complex results from left bundle branch block; not
preexcitation. The absence of antegrade accessory pathway conduction is reflected by the long interval between the
AP potential and the local ventricular potential (V). The presence of the AP potential indicates that the accessory
pathway was activated and that the site of conduction block was located at or near the junction of the accessory
pathway and left ventricle. Left complex: A spontaneous, late-diastolic ventricular extrasystole retrogradely activated the
accessory pathway, advancing the timing of the AP potential by 75 msec (curved arrow). The local atrial potential (A)
was recorded 70 msec after the right atrial potential (A in RA electrogram), just as in the right complex, and the
morphology of-the atrial potential was also the same, indicating that atrial activation was not affected by the ventricular
extrasystole and that the AP potential does not represent a fragmented atrial potential. (From Kuck KH, Jackman WM,
Friday KJ, et al: Sites of conduction block in accessory atrioventricular pathways: Basis for concealed accessory
pathways. In Zipes DP, Jalife J (eds): Cardiac Electrophysiology: From Cell to Bedside. WB Saunders, 1990, p 511.)
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Figure 13. Antidromic AV reentrant tachycardia in a patient with a right atriofasicular ("Mahaim") pathway. Catheters
were positioned in the right atrial appendage (RA), His bundle region (proximal [HB,] and distal [HB,] pairs of electrodes),
middle right ventricular septum overlying the middle of the right bundle branch (RB, and RB,), right ventricular apex
close to the distal insertions of the right bundle branch (RV, and RV,), and coronary sinus (CS). The accessory pathway
inserts into the distal end of the right bundie branch along the right free-wall close to the right ventricular apex. Therefore,
earliest ventricular activation (V) during antidromic AVRT was recorded from the right ventricular apex (RV electrograms)
and was preceded by a potential resulting from activation of the right bundle branch (RB). Retrograde activation of the
right bundle branch (RB potentials) was traced along the septum (RB electrograms), resulting in retrograde activation
of the His bundle (H) and AV node, with earliest retrograde atrial activation recorded in the HB, electrogram. Note the
long AV interval resulting from the long accessory pathway conduction time, typical of a right atriofasicular (“Mahaim”)

fiber.

The proximal end originates in the right
atrium close to the lateral or anterolateral
tricuspid anulus. The other end inserts into
the right ventricular free-wall, close to the
apex (rather than close to the anulus as is
true in all other types of accessory pathways).
Catheter recordings close to the ventricular
insertion of these accessory pathways have
shown activation potentials from the distal
right bundle branch before ventricular acti-
vation, suggesting that the pathway may
connect directly to the distal end of the right
bundle branch (Fig. 13). This possible con-
nection with the distal right bundle branch
has led to the terminology right atriofasicular
pathway.*- "7 The embryology of these fibers
is uncertain, but we speculate that they may
represent a duplicated AV node and Purkinje
system. While looking for the normal con-
duction system, Kent®  described a “node”
of specialized cells at the right anterolateral
tricuspid anulus. Although Kent is associated
with describing the common form of AV
accessory pathway, he may have actually
described a right atriofasicular pathway.
Because right atriofasicular pathways con-

duct only in the antegrade direction, these
patients present with antidromic AV reen-
trant tachycardia. Due to the long conduction
time of these accessory pathways, the elec-
trocardiogram during sinus rhythm usually
does not exhibit ventricular preexcitation.
Preexcitation is evident only when conduc-
tion in the AV node is delayed or blocked by
atrial extrasystoles, atrial pacing, or phar-
macologic agents (Fig. 14).

Permanent Form of Junctional
Reciprocating Tachycardia

In approximately 2% (8 of 439) of sympto-
matic patients, the accessory pathway con-
ducts only in the retrograde direction, has
long conduction times, and exhibits decre-
mental conduction properties during ventric-
ular pacing. The conduction time changes
with autonomic tone and is prolonged or
blocked by pharmacologic agents such as
adenosine, verapamil, or beta-adrenergic
blocking agents. These pathways are most
commonly located in the posterior septum
but are at times located in other areas such
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Figure 14. Holter monitor recording of spontaneous initi-
ation of antidromic AVRT in a patient with a “Mahaim”
pathway. The first two complexes were recorded during
sinus rhythm and show no ventricular preexcitation. An
atrial extrasystole (APC) is blocked in the AV node but is
conducted by the "Mahaim” pathway. This results in a
long PR interval with a fully preexcited QRS complex and
the initiation of antidromic AVRT. Note the long PR interval
during tachycardia, indicative of the long, antegrade-
accessory pathway conduction time.

as the left anterolateral region. Histologic
examination in one patient® revealed a pos-
teroseptal accessory pathway composed of
normal myocardium but following a long
“sinuous, tortuous” path.

These patients frequently present in child-
hood with incessant orthodromic AV reen-
trant tachycardia. Because the retrograde
conduction time over the accessory pathway
is long, the P wave during tachycardia occurs
long after the QRS complex (“long R to P
tachycardia”’). The long retrograde conduc-
tion time permits a relatively short antegrade
AV nodal conduction time, resulting in a
relatively short PR interval during tachycar-
dia (Fig. 15). This pattern of incessant tachy-
cardia with a long R to P interval was initially
labeled the permanent form of junctional
reciprocating tachycardia by Coumel et al.”
Although less common, the permanent form
of junctional reciprocating tachycardia can
also result from the atypical form of AV nodal

reentrant tachycardia, which uses a slow AV
nodal pathway for retrograde conduction.

The incessant nature of this form of AV
reentrant tachycardia results from the ability
of the accessory pathway to conduct retro-
gradely to the atrium during sinus rhythm
without a preceding atrial extrasystole or AV
nodal delay. This causes the tachycardia to
reinitiate soon after it terminates (Fig. 15).
The ability of the pathway to conduct retro-
gradely during sinus rhythm without preced-
ing AV nodal delay (PR prolongation) sug-
gests that the sinus atrial impulses do not
penetrate the accessory pathway; i.e., the
site of antegrade block is probably located at
the atrial accessory—pathway junction.

ARRHYTHMIAS ASSOCIATED WITH
ACCESSORY ATRIOVENTRICULAR
PATHWAYS

Orthodromic Atrioventricular
Reentrant Tachycardia

Orthodromic AV reentrant tachycardia is
the most common tachyarrhythmia associ-
ated with an accessory AV pathway, occur-
ring in approximately 70% of symptomatic
patients.®® As illustrated in Figure 164, the
reentrant impulse propagates from the
atrium to the ventricle (antegrade direction)
over the AV node and His-Purkinje system,
and from the ventricle back to the atrium
(retrograde direction) over the accessory
pathway. The term orthodromic refers to acti-
vation of the normal conduction system (AV
node and His-Purkinje system) in the normal
(antegrade) direction. This tachycardia has
also been referred to as AV reentrant tachy-
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Figure 15. Incessant orthodromic AVRT in a patient with a concealed posteroseptal accessory pathway which has a
long conduction time and decremental conduction properties (permanent form of junctional reciprocating tachycardia).
The tachycardia was terminated by a ventricular extrasystole. After two sinus complexes, the tachycardia started
spontaneously without an extrasystole or significant PR prolongation (PR = 0.16 sec). During tachycardia, the P wave
(arrow) in lead 1l is typically negative and occcurs long after the QRS complex (long R—P tachycardia), due to the long
retrograde conduction time over the accessory pathway.
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Figure 16. Schematic representation of orthodromic (A) and antidromic (B) AV reentrant tachycardia. During orthodromic
tachycardia, the reentrant impulse propagates in the antegrade direction (from atrium to ventricle) over the AV node
and His-Purkinje system, and in the retrograde direction (from ventricle to the atrium) over the accessory pathway.
During antidromic tachycardia, the reentrant impulse propagates in the antegrade direction over the accessory pathway
and in the retrograde direction over the normal conduction system (solid line) or a second accessory pathway (dashed

line).

cardia using the accessory pathway for ret-
rograde conduction,” as ‘‘circus movement
tachycardia,”’* and as “orthodromic recip-
rocating tachycardia.”*’

Orthodromic AV reentrant tachycardia can
be initiated by an atrial extrasystole or by a
ventricular extrasystole. In a small number
of patients, it may emerge from sinus rhythm
without a preceding extrasystole. An atrial
extrasystole can initiate orthodromic AV
reentrant tachycardia by producing ante-
grade conduction block in the accessory path-
way and sufficient delay over the normal
conduction system to allow retrograde acti-
vation of the accessory pathway and atrium.
A ventricular extrasystole produces ortho-
dromic AV reentrant tachycardia when the
ventricular impulse propagates retrogradely
to the atrium over the accessory pathway
while blocking in the normal conduction
system. Retrograde block must occur
either in the His-Purkinje system or very low
in the AV node to allow the atrial impulse
(originating from retrograde conduction over
the accessory pathway) to be propagated
through the AV node in the antegrade direc-
tion.* Orthodromic AV reentrant tachycardia
can emerge from sinus rhythm without a

precipitating extrasystole in some patients
with a concealed accessory pathway in which
conduction block in the antegrade direction
during sinus rhythm occurs at the atrial in-
sertion of the accessory pathway. In some of
these patients, the retrograde conduction
time over the accessory pathway is long,
permitting tachycardia to occur with almost
every sinus impulse, resulting in incessant
AV reentrant tachycardia or permanent junc-
tional reciprocating tachycardia (see Fig. 15).

Orthodromic AV reentrant tachycardia re-
sults in a normal QRS complex or functional
aberrant ventricular conduction but not a
preexcited QRS complex, because antegrade
conduction occurs exclusively over the AV
node and His-Purkinje system. The retro-
grade atrial activation sequence is eccentric
when the accessory pathway is located in the
left free-wall (see Fig. 10), the right free-wall
(see Fig. 11), or posteroseptal region. When
the accessory pathway is located in the an-
teroseptal region, the retrograde atrial acti-
vation sequence is normal (similar to retro-
grade conduction over the AV node), with
the earliest atrial activation occurring in the
anterior septum near the His bundle (Fig.
17). Regardless of the retrograde atrial acti-
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Figure 17. Orthodromic AVRT in a patient with a septal accessory AV pathway. The retrograde atrial activation sequence
resulting from retrograde accessory pathway conduction is normal (similar to retrograde AV nodal conduction), with
earfiest atrial activation recorded in the His bundle electrogram (HBE). During tachycardia, a paced ventricular
extrasystole is introduced (S-pacing stimulus) without affecting the timing or morphology of the antegrade His bundle
potential. However, the timing of the next atrial impulse is advanced by 30 msec (A-A interval was shortened from 370
msec to 340 msec). Because the His bundle was refractory and unable to conduct an impulse to the atrium, retrograde
conduction must have occurred over the accessory pathway (as seen in Figure 18). The subsequent H-H interval is
prolonged (395 msec) because of the increased AV nodal delay resulting from the premature atrial activation.

vation sequence, the presence or absence of
retrograde accessory pathway conduction
during a supraventricular tachycardia can be
determined at electrophysiologic study. This
is accomplished by introducing a paced ven-
tricular extrasystole at a time when the His
bundle is refractory, i.e., after antegrade ac-
tivation of the His bundle (Figs. 17 and 18).%*
%, 8%, 112, 118, 127, 10 ‘When an accessory pathway
is present, the premature ventricular im-
pulse advances the timing of the next atrial
impulse (see Fig. 17). In the absence of an
accessory pathway, the ventricular extrasys-
tole does not advance the next atrial impulse
because the only route to the atrium (the His
bundle) is refractory. This test is used to
differentiate orthodromic AV reentrant tachy-
cardia from AV nodal reentrant tachycardia.

Orthodromic AV reentrant tachycardia and
AV nodal reentrant tachycardia can fre-
quently be differentiated by examining the V
to A interval. In orthodromic AV reentrant
tachycardia, the reentrant impulse must
reach the ventricles and then propagate to
the base of the ventricles and conduct across
the accessory pathway before reaching the
atrium. Therefore, the V to A interval during
tachycardia is 60 msec or longer, and the P
wave is located at the end of the QRS com-
plex or in the ST segment." 1% In AV nodal
reentrant tachycardia, the ventricles do not
form part of the reentrant circuit, and retro-
grade conduction begins before (or shortly

after the onset) of His bundle activation. The
V to A interval is frequently (but not always)
shorter than 60 msec, with the P wave su-
perimposed on the QRS complex. Although
a V to A interval greater than 60 msec may
occur with either arrhythmia, a V to A inter-
val of less than 60 msec excludes orthodromic
AV reentrant tachycardia.
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Figure 18. Schematic representation of the use of a
paced ventricular extrastimulus during supraventricular
tachycardia to identify the presence of retrograde acces-
sory pathway conduction (see Figure 17). The ventricular
extrasystole (dot) is introduced simultaneously with an-
tegrade activation of the His bundle. If the timing of the
next atrial impulse is advanced, this indicates that the
ventricular extrasystole was conducted to the atrium.
Because the His bundle was refractory, the ventricular
extrasystole must have used an accessory AV pathway
for conduction to the atrium.
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Figure 19. Effect of transient left bundle branch block on the cycle length of orthodromic AVRT using a left free-wall
accessory AV pathway for retrograde conduction. A, Left bundle branch block (first 3 complexes) was associated with
a long VA interval (160 msec). Resolution of left bundle branch block with normalization of the QRS complex (right)
shortened the VA interval by 110 msec to 50 msec. The tachycardia cycle length was shortened by only 65 msec (410
to 345 msec) due to a 45-msec increase in the AV nodal conduction time (A-H interval) from 105 msec to 150 msec as
a result of the faster rate. B, Schematic of the reentrant circuit in the presence of left bundle branch block. The ventricles
are activated by the right bundle branch and the impulse must travel across the intraventricular septum and along the
left free-wall to the accessory pathway. The time for intraventricular conduction from the distal right bundle branch to
the site of the accessory pathway is long and results in an increase in the VA interval. C, When conduction over the
left bundle branch is present, the intraventricular conduction time to the accessory pathway is shorter. Prolongation of
the VA interval (=35 msec) and tachycardia cycle length by left bundle branch block is diagnostic of AVRT using a left
free-wall accessory pathway for retrograde conduction. Straight lines = rapid conduction; zigzag lines = slow conduction.

The effect of transient bundle branch block
on the tachycardia cycle length, and more
specifically on the V to A conduction time,
can establish the participation of an accessory
pathway in a supraventricular tachycardia.
Because the ventricles are a part of the
reentrant circuit in orthodromic AV reen-
trant tachycardia, bundle branch block on
the same side as the accessory pathway
lengthens the conduction time to the ventric-
ular insertion of the accessory pathway. In

left free-wall accessory pathways and right
free-wall accessory pathways, the occur-
rence of left bundle branch block and right
bundle branch block, respectively, during
orthodromic AV reentrant tachycardia
lengthens the V to A interval 35 to 120 msec
(Fig. 19).% 7 7 % 112 Contralateral bundle
branch block (i.e., right bundle branch block
in the presence of a left free-wall accessory
pathway) does not effect the V to A interval.
In patients with an anteroseptal accessory




138 OREN et al

pathway, right bundle branch block length-
ens the V to A interval during orthodromic
AV reentrant tachycardia by 0 to 25 msec,
and in patients with a posteroseptal acces-
sory pathway, left bundle branch block dur-
ing AV reentrant tachycardia lengthens the
V to A interval by 0 to 25 msec.”” Lengthening
the V to A interval lengthens the tachycardia
cycle length (slower rate), but the increase in
tachycardia cycle length is frequently less
than the increase in the V to A interval. This
is due to shortening of the conduction time
through the AV node as a result of the longer
cycle length (Fig. 19). Importantly, an im-
mediate lengthening of the tachycardia cycle
length (V to A interval) with the occurrence
of bundle branch block is pathognomonic for
orthodromic AV reentrant tachycardia.

Antidromic Atrioventricular
Reentrant Tachycardia

In antidromic AV reentrant tachycardia,
the reentrant impulse travels in the opposite
direction than during orthodromic AV reen-
trant tachycardia (Figs. 16 and 20). The reen-

1]
Vi

trant impulse propagates in the antegrade
direction over an accessory pathway and in
the retrograde direction over the His-Pur-
kinje system and AV node (see Fig. 16B).
The term antidromic refers to activation of the
normal conduction system in the abnormal
(retrograde) direction. Unlike orthodromic
AV reentrant tachycardia, antidromic AV
reentrant tachycardia is uncommon, occur-
ring in only 4% to 5% of patients with Wolff-
Parkinson-White syndrome.® > “ The low oc-
currence of this arrhythmia may be related
to at least two factors. The first factor is that,
in most patients, the AV node is unable to
maintain 1:1 retrograde conduction at the rate
of the tachycardia.”® This helps explain the
observation that a second accessory pathway
forms the retrograde limb of the reentrant
circuit in approximately 33% to 48% of pa-
tients with antidromic AV reentrant tachy-
cardia (dashed lines in Fig. 16B).* > ®* The
second factor relates to the requirements for
initiation of the tachycardia. For an atrial
extrasystole to initiate antidromic AV reen-
trant tachycardia, antegrade conduction must
occur over the accessory pathway while an-
tegrade conduction must be blocked in the
normal conduction system. The block must
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Figure 20. A, Antidromic AVRT using an anteroseptal accessory AV pathway for antegrade conduction and the His-
Purkinje system and AV node for retrograde conduction. The P wave (arrow) immediately precedes and fuses with the
QRS complex. The QRS complex is fully preexcited with initial forces identical to the delta wave during sinus rhythm
shown in B. B, Pacing stimulus (S) delivered to the high right atrium (HRA) during sinus rhythm produces a premature
atrial complex (Ag) that is conducted to the ventricles exclusively via the accessory pathway (fully preexcited QRS
complex) due to conduction delay or block in the AV node (absence of His potential). The resulting QRS complex is
identical to the QRS complex during tachycardia. LRA = lateral right atrium. (From Jackman WM, Friday KJ, Naccarelli
GV: VT or not VT? An approach to the diagnosis and management of wide QRS complex tachycardia. Clin Prog Pacing

Electrophysiol 1:239, 1983; with permission.)
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occur high in the AV node to allow the
reentering ventricular impulse (resulting
from antegrade conduction over the acces-
sory pathway) to be conducted retrogradely
through the AV node. Perhaps most atrial
extrasystoles penetrate deep into the AV
node, preventing early retrograde conduc-
tion through the AV node. For the tachycar-
dia to be initiated by a ventricular extrasys-
tole, the ventricular impulse must block
retrogradely in the accessory pathway and
be conducted retrogradely through the AV
node. In most patients, the retrograde refrac-
tory period of the AV node is longer than
that of the accessory pathway, causing ret-
rograde block in the AV node more readily
than in the accessory pathway. This limita-
tion is not present in patients with two or
more accessory pathways, but the occurrence
of two accessory pathways (at least 3 cm
apart) is present in only 5% of patients.

During antidromic AV reentrant tachycar-
dia, a fully preexcited QRS complex emerges
out of the P wave (see Fig. 20). However, in
patients with atriofascicular (Mahaim) path-
ways, there is a long interval from the P
wave to the onset of the QRS complex due
to the long antegrade conduction time over
the accessory pathway (see Figs. 13 and 14).
The initial forces in the QRS complex during
antidromic AV reentrant tachycardia are usu-
ally identical to the initial forces of the delta
wave during sinus rhythm (see Fig. 20). The
exception is in patients with multiple acces-
sory pathways in which the delta wave dur-
ing sinus rhythm is generated predominantly
by the accessory pathway used for retrograde
conduction during antidromic AV reentrant
tachycardia. When the tachycardia utilizes
the His-Purkinje system and AV node for
retrograde conduction, the earliest atrial ac-
tivation is recorded in the anteroseptal re-
gion, close to the His bundle, and, fre-
quently, a retrograde His bundle potential
can be recorded preceding atrial activation.
In patients in whom a second accessory path-
way is used for retrograde conduction, the
retrograde atrial activation sequence will be
eccentric, with earliest atrial activation being
recorded at the site of the retrogradely con-
ducting accessory pathway.

From the electrocardiogram, antidromic
AV reentrant tachycardia may be difficult to
distinguish from other tachycardias with
preexcited QRS complexes in which the ac-
cessory pathway is not a component of the
reentrant circuit, such as AV nodal reentrant

tachycardia, ectopic atrial tachycardia, or
atrial flutter. The accessory pathway con-
ducts atrial impulses during the tachycardia
producing preexcited QRS complexes, but
the presence or absence of accessory pathway
conduction has no effect on maintenance of
the tachycardia. Antidromic AV reentrant
tachycardia requires 1:1 conduction in both
the antegrade and retrograde directions (see
Fig. 16B). Transient antegrade block in the
accessory pathway with perpetuation of the
arrhythmia eliminates AV reentrant tachycar-
dia from the differential diagnosis. A 2:1 AV
ratio also eliminates AV reentrant tachycardia
and suggests atrial flutter with 2:1 conduction
over the accessory pathway.

Atrial Fibrillation

Atrial fibrillation is the second most com-
mon tachyarrhythmia in Wolff-Parkinson-
White syndrome, occurring in 10% to 38% of
patients.” ™ 1% Spontaneous sustained atrial
fibrillation is most common in patients with
antegrade accessory pathway conduction
(overt preexcitation) and is uncommon in
patients with concealed accessory path-
ways.* * Recent studies® '® suggest that
patients with accessory pathways having a
short antegrade refractory period (and there-
fore a faster ventricular response) are more
prone to the occurrence of atrial fibrillation.
The high incidence of atrial fibrillation in
patients with Wolff-Parkinson-White syn-
drome is not fully understood. Most pa-
tients with atrial fibrillation have no
detectable structural heart disease and no
evidence of electrophysiologic abnormalities
in the atria.” * 1 At least two mechanisms
have been proposed to explain the relation-
ship between the presence of an accessory
pathway and atrial fibrillation. First, atrial
fibrillation often develops during ortho-
dromic AV reentrant tachycardia.? ' The
rapid atrial rate and the eccentric pattern of
atrial activation during AV reentrant tachy-
cardia may lead to disorganization of the
atrial wavefront and the initiation of atrial
fibrillation. AV reentrant tachycardia cannot
explain the occurrence of atrial fibrillation in
all patients. Patients with accessory path-
ways that conduct only in the antegrade
direction have an increased incidence of
atrial fibrillation despite the absence of AV
reentrant tachycardia, and patients with con-
cealed accessory pathways have a low inci-
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dence of atrial fibrillation despite the pres-
ence of AV reentrant tachycardia.? *

A second proposed mechanism invokes
the complex anatomic structure of the acces-
sory pathway as a factor in atrial fibrillation.
As described previously, it appears that
many accessory pathways are composed of
multiple interconnecting fibers.! 1 5 6. €1 &t
Atrial impulses may enter these networks of
fibers and, after some delay (due to circuitous
propagation through the fibers), return to
the atrium to help perpetuate atrial fibrilla-
tion. Localized reentry within the network of
fibers (simulating atrial fibrillation and atrial
flutter) has been demonstrated in a small
number of patients using direct recordings of
accessory pathway activation.®* In support
of both hypotheses, surgical ablation of
the accessory pathway prevents the recur-
rence of atrial fibrillation in the majority of
patients.? '@

The ventricular response during atrial fi-
brillation is dependent upon the conduction
properties of the accessory pathway and the
AV node. When the refractory period of the
accessory pathway in the antegrade direction
is short, impulses are conducted to the ven-
tricles over the accessory pathway at a rapid
rate (Fig. 21). The QRS complexes are fully
preexcited, and the ventricular cycle length
is irregularly irregular. All of the QRS com-
plexes have a similar morphology in compar-
ison with atrial fibrillation with aberrant ven-
tricular conduction in which QRS complexes

after long cycles often normalize to some
degree.

When the antegrade refractory period of
the accessory pathway is longer, atrial fibril-
lation is frequently associated with both
preexcited QRS complexes and normally con-
ducted QRS complexes. The electrocardio-
gram reveals groups of preexcited complexes
separated from groups of normally con-
ducted QRS complexes by relatively long
intervals (Fig. 22, top panel).'> #. 7% 100, 118, 128
The clumping of preexcited complexes and
normally conducted complexes has been at-
tributed to concealed retrograde penetration
into the AV node or accessory pathway,
respectively. During a group of complexes
conducted over the accessory pathway, the
ventricular impulses penetrate the AV node
in the retrograde direction, preventing ante-
grade conduction over the normal conduc-
tion system (Fig. 23). Sudden antegrade block
in the accessory pathway eliminates the con-
cealed retrograde penetration into the AV
node. This permits the AV node to recover
excitability, allowing antegrade conduction
to proceed over the normal conduction sys-
tem. These normally conducted complexes
penetrate the accessory pathway in the ret-
rograde direction, preventing any preexcited
complexes. After a pause produced by block
in the AV node, concealed retrograde pene-
tration into the accessory pathway is elimi-
nated. This permits the accessory pathway
to recover excitability, and preexcited QRS
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Figure 21. Atrial fibrillation induced at electrophysiologic study in a patient with a left lateral accessory pathway. All
QRS complexes resulted from antegrade conduction over the accessory pathway with fully preexcited QRS complexes.
The ventricular rate was rapid with a shortest R-R interval of only 170 msec. Despite the beat-to-beat variation in cycle
length, all QRS complexes have a similar morphology. The right atrial electrogram (RA) shows the continuous, irregular

potentials indicative of atrial fibrillation.
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Figure 22. Comparison of atrial fibrillation with intermittent ventricular preexcitation and intermittent aberrant ventricular
conduction. A, During atrial fibrillation with preexcitation, groups of preexcited QRS complexes are separated by long
cycle lengths from groups of normally conducted QRS complexes due to concealed retrograde penetration of the AV
node (see Figure 23). B, During atrial fibrillation with intermittent aberrant ventricular conduction in a patient without an
accessory pathway, a group of aberrant QRS complexes begin after an abrupt shortening of the cycle length (short

cycle following a long cycle).

complexes emerge. Therefore, the first preex-
cited complex occurs after a relatively long
interval (see Fig. 22, top panel). This is easily
distinguished from atrial fibrillation with in-
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Figure 23. Schematic representation of atrial fibrillation
resulting in perpetuation of preexcited QRS complexes
due to retrograde penetration of the AV node, inhibiting
antegrade conduction over the normal conduction system.

termittent aberrant ventricular conduction, in
which the first wide QRS complex occurs
after a short interval (see Fig. 22, bottom
panel).

The morphology of the preexcited QRS
complexes during atrial fibrillation should be
examined carefully. Two or more distinct
preexcited morphologies suggest the pres-
ence of multiple accessory pathways. This
may be the only clue that a second accessory
pathway is present.

Atrial fibrillation with a rapid ventricular
response via the accessory pathway may de-
generate to ventricular fibrillation (Fig. 24),
resulting in sudden death. The actual inci-
dence of sudden death in patients with
preexcitation is unknown but has been esti-
mated to be 1 per 1000 patient years of follow-
up. Factors that have been associated with
the occurrence of ventricular fibrillation or
sudden death include (1) a clinical history of
both atrial fibrillation and AV reentrant
tachycardia; (2) a rapid ventricular response
via the accessory pathway during atrial
fibrillation induced at electrophysiologic
study, defined as a shortest R to R interval
between preexcited QRS complexes of 250
msec or less; (3) multiple accessory pathways;
and (4) the use of digitalis preparations. &
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Figure 24. Degeneration of atrial fibrillation to ventricular fibrillation during an electrophysiologic study. Left, Atrial
fibrilation with a rapid ventricular response due to conduction over a posteroseptal accessory pathway. All QRS
complexes were fully preexcited. Atrial fibrillation produced marked hypotension (femoral arterial pressure is shown at
the bottom), followed by the spontaneous occurrence of ventricular fibrillation. A direct current (DC) shock of 200 Joules
terminated ventricular fibritlation and atrial fibrillation, restoring sinus rhythm and an adequate arterial pressure.

Conversely, the characteristics of a group at
low risk for ventricular fibrillation include (1)
intermittent ventricular preexcitation during
sinus rhythm; (2) a shortest preexcited R to
R interval greater than 280 msec during atrial
fibrillation induced at electrophysiologic
study; (3) no inducible AV reentrant tachy-
cardia; and (4) a ventricular refractory period
of 190 msec or less.*

Sudden death may be the first clinical man-
ifestation of the Wolff-Parkinson-White syn-
drome. In two reports, preexcitation and ar-
rhythmias were previously undiagnosed in
12% to 26% of patients resuscitated from
ventricular fibrillation.® ® Most of the pa-
tients in this group had structurally normal
hearts and would otherwise have had a nor-
mal life expectancy.

The acute intravenous administration of
verapamil during atrial fibrillation has re-
sulted in acceleration of the ventricular re-
sponse and ventricular fibrillation in a signif-
icant number of patients.® % % 10 The
vasodilatation produced by verapamil results
in hypotension, which is followed by an
increase in sympathetic tone. This may
shorten the refractory period of the accessory
pathway, resulting in an increased ventricu-
lar response. Verapamil may also increase
the ventricular response via the accessory
pathway by producing antegrade block in
the AV node, eliminating concealed retro-
grade penetration of the accessory pathway

by normally conducted complexes. The com-
bination of a rapid irregular rate, an abnormal
ventricular activation sequence (activation
from one site in the base of the ventricles
instead of the symmetric, nearly simultane-
ous activation produced by the His-Purkinje
system), hypotension (poor myocardial per-
fusion), and increased sympathetic activity
may result in a disorganized ventricular
wavefront and ventricular fibrillation.

Digitalis preparations also have been as-
sociated with the degeneration of atrial fi-
brillation to ventricular fibrillation and sud-
den death in patients with preexcitation.® 1%
In one report,® ventricular fibrillation devel-
oped in six patients during the course of
atrial fibrillation shortly after the administra-
tion of intravenous digoxin. Most of these
patients had had previous episodes of atrial
fibrillation that had not degenerated into
ventricular fibrillation in the absence of
digoxin. Unlike the effects associated with
verapamil, ventricular fibrillation can occur
with an oral dose as well as an intravenous
dose of digoxin. Although class I antiar-
rhythmic agents, such as procainamide, may
reduce the ventricular response and convert
atrial fibrillation to sinus rhythm, the admin-
istration of lidocaine has been associated with
the degeneration of atrial fibrillation to ven-
tricular fibrillation.? The mechanism for this
response is unknown.
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TREATMENT OF THE
PREEXCITATION SYNDROMES

Therapy for preexcitation syndromes can
be directed at cure by eliminating the acces-
sory pathway using ablative techniques or
palliation of arrhythmias by pharmacologic
means.

Ablative Therapy

Ablative therapy refers to the interruption
of the accessory AV connection, which elim-
inates AV reentrant tachycardia and prevents
a rapid ventricular response via the accessory
pathway during atrial fibrillation. Ablation of
the accessory pathway may decrease the in-
cidence of atrial fibrillation.? ' In the first
ablative procedure a surgical approach was
used whereby the heart was exposed and
the accessory pathway localized and tran-
sected.'” Two surgical techniques evolved,
an endocardial approach® # % and an epi-
cardial approach.”” ® Both approaches are
highly successful but expose the patient to
the inherent risks of operation.

As an alternative to surgical treatment,
catheter ablation techniques using high-
energy direct current (defibrillator) shocks,
initially devised for ablation of the AV
junction,® '® were applied to ablation of
accessory pathways.' % 812012 Although a

RA —{f—i—"
HBD——NE—\P
HBd AP _‘{\F Current

\ i H

A V; Voltage

100 msec

high rate of clinical success (67% to 97%) was
achieved,® # 121 12 barotrauma from high-
energy shocks caused infrequent but serious
complications, including cardiac perforation
and death. These limitations led to the eval-
uation of radiofrequency current as an alter-
native energy source.’ % ¢ 75 76 Radiofre-
quency current causes necrosis by heating
the tissue without barotrauma or effects to
other regions of the heart.

Before ablation, the accessory pathway is
localized by mapping the mitral and tricuspid
anuli as described previously. The ablation
catheter is positioned against the mitral or
tricuspid anulus at the site of the accessory
pathway such that the ablation electrode re-
cords activation potentials from the accessory
pathway (Fig. 25A). Radiofrequency energy
is applied at 30 to 40 W to the ablation
electrode for 20 to 60 sec (Fig. 25B).

The results of radiofrequency catheter abla-
tion have been excellent. The technique elim-
inates accessory pathway conduction in more
than 90% of patients at experienced cen-
ters.? % 7 Accessory pathway conduction
returns in 3% to 9% of patients,? 7 and
most of these patients undergo a successful
second ablation procedure. In four large se-
ries,?" © 777 with a combined experience of
596 patients, there was no mortality associ-
ated with the procedure. Complications oc-
curred in 21 (3.5%) of the patients, including
complete AV nodal block in four patients,

1.0 sec

Figure 25. Radiofrequency catheter ablation of a right free-wall accessory pathway. A, Recorded during right atrial
pacing to produce maximal preexcitation. The ablation catheter was maneuvered along the tricuspid anulus (TA
electrogram) until the ablation electrode recorded accessory pathway activation (AP potential) indicating close proximity
to the accessory pathway. Right ventricular activation (V) began 20 msec before the onset of the delta wave (dotted
vertical line). B, Recorded as radiofrequency current was applied to the ablation electrode catheter at 61 V and 0.73 A
(calculated power = 45 W). Accessory pathway conduction ceased 2.3 sec after the onset of the application of
radiofrequency current (arrow), reflected by lengthening of the PR interval and normalization of the QRS complex.
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myocardial infarction in one patient, and
cardiac perforation and tamponade in one
patient. These results suggest that radiofre-
quency catheter ablation should be consid-
ered as primary therapy for symptomatic
patients with AV reentrant tachycardia or
atrial fibrillation with a rapid ventricular re-
sponse via the accessory pathway. Recent
analysis has suggested that radiofrequency
catheter ablation is cost effective when com-
pared with operation or chronic drug ther-
apy.* Surgical ablation is currently reserved
for the few patients in whom catheter abla-
tion is unsuccessful.

Acute Management

Acute management of arrhythmias associ-
ated with preexcitation depends on the type
of arrhythmia and the hemodynamic stability
of the patient. Any arrhythmia associated
with hemodynamic instability should be ter-
minated immediately with direct current car-
dioversion under heavy sedation or general
anesthesia. If the patient is hemodynamically
stable, therapy is guided based on the diag-
nosis of arrhythmia from the electrocardio-
gram.

In patients who present with orthodromic
AV reentrant tachycardia, interventions caus-
ing transient block in the AV node terminate
the tachycardia. This can be accomplished by
increasing vagal tone by carotid sinus mas-
sage or the Valsalva maneuver, or by intra-
venous administration of adenosine, calcium
channel blockers (verapamil and diltiazem),
or beta-adrenergic blockers (propranolol, me-
toprolol, and esmolol).

Adenosine, an endogenous nucleoside, is
the drug of choice due to its high efficacy
(greater than 95%) and extremely short half-
life (less than 1.5 sec).'?* % 7 The principal
advantage of adenosine over other drugs,
such as verapamil, is the very short period
of AV nodal block (2 to 3 sec) and the minimal
hemodynamic effects it produces. Therefore,
if adenosine fails to terminate a tachyarrhyth-
mia, the agent does not result in significant
hemodynamic compromise. In contrast, if
verapamil fails to terminate or slow a tachy-
arrhythmia, the vasodilatation and negative
inotropic effects may result in acute hemo-
dynamic decompensation.

Adenosine is effective only if given as a
rapid intravenous bolus. The recommended
starting dose is 6 mg, but if this is unsuc-

cessful, doses of up to 18 mg can be used.
The principal side effects are flushing and
dyspnea, which last only a few seconds;
transient arrhythmias are common (espe-
cially sinus bradycardia and nonsustained
atrial fibrillation). Adenosine is ineffective in
patients receiving phosphodiesterase inhibi-
tors (i.e., theophylline) and is contraindi-
cated in patients receiving dipyridamole, an
agent that prolongs adenosine metabolism.%

Adenosine usually does not affect conduc-
tion in the accessory pathway; however, in
some patients, accessory pathway conduc-
tion block can occur.”* ' Accessory pathways
with decremental properties or long refrac-
tory periods are more likely to be affected.

In patients with atrial flutter or fibrillation
with preexcited QRS complexes, the use of
AV nodal blocking agents is contraindicated.
The administration of intravenous verapamil
and either intravenous or oral digitalis prep-
arations may accelerate the ventricular re-
sponse over the accessory pathway and pro-
duce ventricular fibrillation.** #- 6 9. 100, 108
Electrical cardioversion is usually the pre-
ferred option in this setting. If the tachycar-
dia is hemodynamically stable, intravenous
procainamide can be used to terminate the
arrhythmia or slow the ventricular rate by
depressing conduction through the accessory
pathway. Lidocaine should be avoided in
the treatment of atrial fibrillation with pre-
excited QRS complexes because it is usually
ineffective* ! and may accelerate the ventric-
ular response and produce ventricular fibril-
lation.”

In patients with antidromic AV reentrant
tachycardia, adenosine may be effective if
the AV node is the retrograde limb of the
reentrant circuit. However, if a second acces-
sory pathway is being used for the retrograde
limb, adenosine is not effective. In addition,
antidromic AV reentrant tachycardia may be
difficult to distinguish from atrial flutter with
2:1 conduction and other preexcited tachy-
arthythmias. For these reasons, cardiover-
sion should be considered in all patients with
preexcited tachycardias.

Chronic Pharmacologic Therapy

Chronic antiarrhythmic drug therapy, once
the only therapeutic option, is now consid-
ered primarily in patients who are not can-
didates for radiofrequency catheter ablation.
Orthodromic AV reentrant tachycardia may
be suppressed by drugs that either depress
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conduction through the AV node, such as
beta-adrenergic blockers or calcium channel
blockers, or drugs that depress conduction
in the accessory pathway, such as quinidine,
disopyramide, procainamide, flecainide, pro-
pafenone, amiodarone, and sotalol. Drugs
that depress conduction in the accessory
pathway are generally more effective (espe-
cially flecainide, propafenone, and amioda-
rone) and have the added advantage of re-
ducing the incidence of atrial fibrillation and
reducing the ventricular response if atrial
fibrillation does occur. Catecholamines can
decrease or counteract the antiarrhythmic ef-
fects of these agents,® * ® suggesting a role
for the addition of beta-adrenergic blocking
agents. Even optimal antiarrhythmic therapy
rarely prevents all episodes of AV reentrant
tachycardia and may be associated with sig-
nificant side effects.

Agents that depress accessory pathway
conduction can produce severe ventricular
arrhythmias in patients with structural heart
disease, especially in those with depressed
ventricular function or preexisting ventricular
arrhythmias.” Antiarrhythmic agents can
also exacerbate AV reentrant tachycardia. In
patients in whom accessory pathways are
marginally able to maintain conduction at the
tachycardia rate, most episodes of tachycar-
dia are aborted due to spontaneous retro-
grade block of the reentrant impulse in the
accessory pathway. By using antiarrhythmic
agents that prolong the AV nodal conduction
time, the accessory pathway has more time
to recover excitability, making the tachycar-
dia more likely to be sustained or become
incessant, albeit at a slow rate. Conversely,
drugs that depress conduction in the acces-
sory pathway may exacerbate AV reentrant
tachycardia in patients in whom AV nodal
conduction is marginal at the drug-free tachy-
cardia cycle length.

Digoxin is contraindicated in patients who
have preexcitation because of the risk of atrial
fibrillation degenerating into ventricular fi-
brillation.®® ' Because ventricular preexcita-
tion may not be apparent during sinus
rhythm (see Fig. 4), digoxin should be used
with caution in patients with paroxysmal
supraventricular tachycardia.

The Asymptomatic Patient with
Preexcitation

The principal concern regarding asympto-
matic patients found to have ventricular

preexcitation on a routine electrocardiogram
is that the first symptomatic event will be
sudden cardiac death. However, the inci-
dence of sudden death in this group is low,”
1. 20 110 estimated to be at most 1 per 1000
patient years of follow-up.” At electrophysi-
ologic study, these asymptomatic patients
frequently lack retrograde accessory pathway
conduction, usually do not have inducible
sustained AV reentrant tachycardia, and tend
to have a longer effective refractory period
of the accessory pathway in the antegrade
direction.” * 1% In several series with long-
term follow-up,'* 7 * most of these patients
remained asymptomatic; none died sud-
denly; and in one study, 31% of patients lost
preexcitation.”

Catheter ablation of the accessory pathway
would presumably eliminate the risk of sud-
den death in the event of atrial fibrillation.
The question remains whether the risk of
sudden death outweighs the risks of proce-
dure-related complications. Unfortunately,
there is no specific marker to identify the
asymptomatic patient at risk for sudden
death. Loss of preexcitation with increasing
heart rate during exercise or with the admin-
istration of procainamide has been shown to
correlate with a long antegrade refractory
period of the accessory pathway (and, thus,
a slow ventricular response during atrial fi-
brillation); however, preexcitation is not lost
during these tests in many patients at low
risk. Invasive electrophysiologic testing per-
mits measurement of the shortest preexcited
R to R interval during induced atrial fibrilla-
tion. A value of less than 250 msec is sensitive
but not specific or predictive.’ 7 & There-
fore, we and others™® * 7 8 do not recom-
mend routine invasive electrophysiologic
testing or therapy in the majority of asymp-
tomatic patients with preexcitation. Excep-
tions to these recommendations might in-
clude patients with high-risk professions
(i.e., pilots, bus drivers).
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