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Atrioventricular nodal reentrant tachy-
cardia (AVNRT), also referred to as atrio-
ventricular (AV) junctional reentrant tachy-
cardia, is one of the most frequent supra-
ventricular arrhythmias. Having been stud-
ied for almost 50 years since Barker et al.1

proposed the AV node as a possible site of
reentry, the details regarding the exact
anatomic location of the tachycardia circuit
remain obscure. The aim of this review ar-
ticle is to address the present knowledge
about AVNRT with stress on the recent
anatomical findings, electrophysiological
properties and current opinion on the reen-
trant circuit localization.

Clinical presentation

The overall prevalence of AVNRT is un-
known; however, in the absence of the
Wolff-Parkinson-White syndrome, it seems
to be the most common regular narrow
QRS complex tachycardia2. Patients suffer-
ing from AVNRT can be of any age but are
usually younger (about 40 years old) and
female3-6. The prevailing symptoms in-
clude palpitations, fatigue, shortness of
breath, weakness or dizziness and even
syncope which may7 or may not8 be associ-
ated with a rapid tachycardia rate. On sur-
face ECG, AVNRT can be characterized

principally by two patterns. Most often, the
P waves are obscured in the terminal por-
tion of the QRS complex, sometimes form-
ing a pseudo-r’ in lead V1 or a pseudo-S
wave in the inferior leads (so-called typical
AVNRT). In less than 10% of patients with
the so-called atypical or unusual form of
AVNRT, the P waves are visible at the end
of or just after the T waves (long RP tachy-
cardia) and have a negative polarity in the
inferior leads. This tachycardia may mimic
atrial tachycardia arising in the posterosep-
tal region or permanent junctional recipro-
cating tachycardia which utilizes a retro-
grade conducting posteroseptal accessory
pathway. Rarely, the tachycardia may pre-
sent with functional bundle branch block
(as a wide QRS complex tachycardia) or
AV conduction may be blocked in a 2:1 ra-
tio (Fig. 1).

Electrophysiological properties and
anatomical localization of the
reentry circuit

Patients with AVNRT exhibit the typical
pattern of AV conduction during atrial ex-
trastimuli testing. As the coupling interval
of atrial extrastimuli (S1S2) is gradually
shortened, progressive prolongation of the
AH interval can be observed. At a certain
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critical point when the S1S2 is decreased by 10 ms, an
abrupt prolongation of the A2H2 interval by more than
50 ms occurs (Fig. 2). This phenomenon (called
“jump”) demonstrating an AV dual conducting physiol-
ogy led early investigators to formulate the hypothesis
that the AV node is longitudinally dissociated into two
separate pathways (fast and slow) and that the reentry
circuit is sited within the AV node between them.

However, over the past two decades the intranodal
versus partially extranodal origin of the AVNRT has
been questioned by electrophysiologists. A bulk of lit-

erary evidence was submitted to prove the entire intra-
nodal localization of the circuit9. In order to explain all
the electrophysiological properties of an AVNRT en-
tirely localized within the AV node, the concept of
common lower and upper pathways has been pro-
posed10-12. A lower common pathway is a conjoint con-
tinuation of both fast and slow pathways connecting
them to the His bundle. Conversely, an upper common
pathway represents a proximal common continuation
of both slow and fast pathways and retrograde impuls-
es can reach the atria only through this connection.
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Figure 1. Example of atrioventricular nodal reentrant tachycardia with 2:1 atrioventricular conduction block. Note that the anterograde conduction
block occurs proximal to the His bundle (i.e. in the possibly present lower common pathway), as the His potential is present only in conducted reentrant
beats. A = atrial potential; CS 1-2 to 9-10 = distal to proximal coronary sinus; H = His potential; HBd = distal His bundle; HBp = proximal His bun-
dle; hRA = high right atrium; RVa = right ventricular apex; V = ventricular potential.

Figure 2. Typical induction of atrioventricular nodal reentrant tachycardia. When the atrial premature extrastimulus (S1S2) was shortened, an abrupt
prolongation in the A2H2 interval was observed together with the initiation of the typical slow/fast form of the tachycardia. A = atrial potential; CS 1-2
to 9-10 = distal to proximal coronary sinus; H = His potential; HBd = distal His bundle; HBp = proximal His bundle; hRA = high right atrium; RVa =
right ventricular apex; V = ventricular potential.



This concept and its limitations have been reviewed in
detail elsewhere2. In fact, all evidences supporting the
existence of an upper common pathway are indirect
and unconvincing. The existence of separate break-
throughs of fast and slow pathways to the atria has
been shown by several investigators3,13 and the theory
of an upper common pathway is therefore untenable.
The existence of a lower common pathway is, on the
other hand, less controversial and highly appreciated
in that it explains several phenomena9,10,14: 1) the oc-
casional 2:1 block in AV conduction which does not
modify the tachycardia cycle length, when the impulse
is blocked in the lower common pathway before reach-
ing the His bundle (Fig. 1). As the lower common path-
way is not involved in the circuit, the block does not in-
fluence the tachycardia cycle length; 2) the shorter HA
interval during tachycardia in the His bundle recording
site compared to the HA interval during ventricular
pacing, typically in cases with a longer lower common
pathway. During ventricular pacing, the impulse has to
first travel via the lower common pathway before it
reaches the atria. In AVNRT, on the contrary, the im-
pulse reaches the atria directly via a fast or slow AV
nodal input (Fig. 3); 3) the penetration of the His bun-
dle by premature ventricular impulses which do not
modify the tachycardia cycle length. In a sufficiently
long lower common pathway a properly timed ventric-
ular premature stimulus can retrogradely advance the
His bundle potential, but not the atria as the lower
common pathway is activated by the tachycardia low-
er turnaround and is therefore refractory. These obser-
vations are not constant; yet the interindividual vari-
ance in the lower common pathway length and/or con-
duction properties may be a good explanation.

Anatomical considerations. Radiofrequency (RF)
catheter ablations of AVNRT have revived interest in

the AV nodal morphology. To better understand the cur-
rent concepts regarding the reentry circuit, it is neces-
sary to address the AV node anatomy in the light of the
latest findings.

A histologically distinct system of fibers extending
from the base of the right atrial septum, penetrating the
central fibrous body and ramifying on the sides of the
ventricular septum was first comprehensively de-
scribed by Tawara15. Recently, other investigators re-
visited the topic of the AV junctional anatomy and re-
fined it further16-19. The AV node is located in the trian-
gle of Koch, delineated by the Eustachian ridge, which
harbors the tendon of Todaro, the line of the septal
leaflet of the tricuspid annulus and the membranous
septum as part of the central fibrous body. The AV node
is an integral part of the atrial musculature. The cells
within the node are morphologically distinct, forming
interconnecting meshes set in a collagen type matrix.
While the distal continuation of the compact AV node,
i.e. the His bundle, is clearly demarcated from the adja-
cent working myocardium by the fibrous tissue, limit-
ed zones of special cells surround the proximal margins
of the compact AV node. Called the “transitional cells”,
they exhibit an intermediate morphology between the
cells of the compact node and the cells of the working
myocardium. An envelope of transitional cells inter-
poses between both the rightward and the leftward sur-
face of the AV node and working atrial myocardium.
More extensive zones of transitional cells extend infe-
riorly and posteriorly towards the ostium of the coro-
nary sinus and Eustachian ridge19. These zones of tran-
sitional cells are connected to the adjacent working my-
ocardium and provide inputs for the AV node. Func-
tional asymmetry in the anterior and posterior inputs
was proposed as being responsible for the dual AV node
physiology in animal models20-22, but other investiga-
tors failed to confirm this hypothesis23,24.
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Figure 3. Schematic illustration of the atrioventricular node (AVN), lower common pathway (LCP) and both slow (SP) and fast pathways (FP). Appro-
priate ECG patterns are depicted below. The arrows indicate impulse propagation. The LCP extends from the J point to the His bundle (H). Panel A:
during atrioventricular nodal reentrant tachycardia the impulse travels down through the SP, reaches the beginning of the LCP and simultaneously ret-
rogradely activates the FP. As a result of conduction via the LCP, the His potential is slightly delayed and the HA interval is shorter than that during
ventricular pacing, as shown in panel B. Panel B: during ventricular pacing, the impulse activates the H first, then travels through the LCP and finally
reaches the J point and activates the atrium via the FP. Therefore, the HA interval is longer during ventricular pacing than that during atrioventricular
nodal reentrant tachycardia in the presence of a relatively longer LCP.



An anatomical correlate for the slow pathway has
been extensively sought. Although Tawara15 described
posterior extensions of the AV node as early as in 1906,
for a long time they remained a neglected anatomic fea-
ture. Recently, Inoue and Becker17 examined histologi-
cal sections of the AV node area and found that these
peculiar extensions are present in most human AV
nodes. They form distinct contributing segments to the
compact AV node, approaching it from beneath the os-
tium of the coronary sinus, closely adherent to the fi-
brous annulus (Fig. 4). Among 21 examined heart spec-

imens both leftward and rightward posterior nodal ex-
tensions (PNE) were found in 13, single rightward PNE
in 7, and single leftward PNE in 1. Only in one prepa-
ration was it impossible to demonstrate the presence of
rightward or leftward PNE. The authors speculated that
the PNE form an anatomical substrate for the slow
pathway. This hypothesis was confirmed in detailed
mapping animal studies16,25,26. The posterior extension
of the AV node has slow conduction, short refractory
properties and it can sustain effective AV conduction at
all cycle lengths23. It generates slow hump-like poten-
tials and cycle length-dependent delays that account for
nearly 60% of the slow-pathway AH interval23,25,26.
These potentials are easily recorded posteroseptally an-
terior to the coronary sinus ostium during RF catheter
ablation of the slow pathway in patients with docu-
mented AVNRT3,4 (Fig. 5). An interesting observation
was made by Waki et al.27 who described age-depen-
dent changes in the AV node and its posterior exten-
sions. The PNE were found to be significantly longer in
young adults than in infants. Moreover, with increasing
age, the intensity of contacts between the transitional
cells and the AV node diminishes considerably, espe-
cially in the anterior parts28. This together with the
longer posterior extensions may “set the scene” for
AVNRT and could explain why this condition is more
frequent in young adults than in infants.

Recently, several histopathological reports on the
effects of RF catheter ablation of the slow pathway in
humans have appeared29-31. Two of them describe the
sites of cautery as being adjacent to the tricuspid annu-
lus, slightly anterior and superior to the coronary sinus
ostium, and extending to the border of the compact AV
node29,31. This led the investigators to refute the hy-
pothesis that the reentrant circuit is confined only with-
in the compact AV node. None of these studies, howev-
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Figure 4. Detailed view of the interatrial septum from the opened right
atrium with the schematic projection of the compact atrioventricular
node (*) and its leftward (L) and rightward (R) posterior extensions. CS
= coronary sinus ostium; FO = fossa ovalis; IVC = inferior vena cava;
TA = tricuspid annulus.

Figure 5. Intracardiac electrogram recorded at the successful distal ablation site (ABLd). Note the presence of a distinct slow pathway potential (SPP)
which is clearly separated from the atrial and ventricular electrograms by the isoelectric line. A single radiofrequency application in this site immedi-
ately elicited a junctional rhythm and eliminated the tachycardia. ABLp = proximal ablation site; CS 1-2 to 9-10 = distal to proximal coronary sinus;
HBd = distal His bundle; HBp = proximal His bundle; hRA = high right atrium; RVa = right ventricular apex.



er, provided a histological description of the PNE of the
compact AV node. The study by Inoue et al.30, on the
contrary, found that RF ablation disrupted a relatively
long rightward PNE running along the tricuspid annu-
lus beyond the ostium of the coronary sinus. This dis-
ruption led to the elimination of the AVNRT. At the ab-
lation site typical “slow” potentials were recorded at
the time of the electrophysiological procedure prior to
the RF pulse delivery. Inoue et al. speculated that they
had been fortunate enough to find relatively long PNE
enabling histological ascertainment of its interruption
by the RF current. In the previous two cases, a shorter
PNE could have been totally ablated throughout its lon-
gitudinal aspect and therefore not detected at serial sec-
tioning. Nevertheless, the case presented by Inoue et
al.30 provides further evidence that the PNE of the com-
pact AV node forms a morphological substrate for the
so called “slow-pathway” in patients with AVNRT.

Reentrant circuit delineation. Recent improvements
in the techniques of visualizing the propagating reen-
trant impulse in animal models have brought fascinat-
ing insight into detailed circuit description32-34. Optical
mapping allows the reconstruction of the activation
maps in a three-dimensional manner as the fluorescent
signals carry composite information about the activa-
tion of many layers of cells35. These studies suggest a
new concept of AV nodal electrophysiology. Due to
space limitations, only the main findings will be high-
lighted in the following text.
• The triangle of Koch exhibits a mutilayer conduction
pattern32. The impulse can propagate over the thin sur-
face of the atrial working myocardium and at the same
time over the slow pathway located in the PNE or vice
versa. Both manifest and concealed (when the fast
pathway input to the AV node prevails) conduction over
the so-called slow pathway is confined to the same
structure, i.e. the PNE23.
• Close perinodal tissue is composed of a transitional
cell envelope, which mediates the contact between the
compact AV node and the working atrial myocardi-
um34. The existence of at least two distinct groups of
atrionodal connections was confirmed by high-resolu-
tion mapping of the Koch triangle both in the animal34

and also in the clinical setting36. On the basis of the
conduction velocities, these multiple non-discrete
functional atrionodal connections can be arbitrarily di-
vided into slow, intermediate and fast pathways34. Wu
et al.34 recently demonstrated that at a short coupling
interval, unidirectional block occurs in the transitional
zone at the fast pathway input leaving the other pass-
able. Thus, the functional pathways divide into discrete
ones and can sustain a reentry circuit for anterograde
and retrograde conduction (slow/fast AVNRT). Anoth-
er interesting observation by the same group of authors
was that an abrupt jump in the AH interval was due ei-
ther to shifting of the anterograde conduction from the
fast to the slow pathway or to the conduction delay

bound in the compact node itself. The latter observation
was always associated with the simultaneous retro-
grade conduction over the slow pathway. When a suffi-
cient delay in this retrograde conduction was achieved,
the impulse exited at the posteroseptal point (slow path-
way exit) and propagated over the surface atrial layer
towards the fast pathway input, thus giving rise to
fast/slow AVNRT. Similarly, slow/slow AVNRT uti-
lizes intermediate and slow pathway inputs for antero-
grade and retrograde conduction respectively.
• Anterograde conduction over the intermediate path-
way “smoothens” the abrupt transition from the fast to
the slow pathway and produces a continuous AH con-
duction curve. Correspondingly, anterograde conduc-
tion over the slow pathway without retrograde exit over
the fast pathway can cause a discontinuous AH con-
duction curve without AVNRT inducibility34. This ex-
plains why a dual AH physiology is present in most hu-
mans even without AVNRT inducibility and on the oth-
er hand why in patients with a documented AVNRT a
continuous AH curve is sometimes demonstrable14. It is
also consistent with the clinical findings that the intro-
duction of more than one extrastimulus during pro-
grammed atrial stimulation can further disclose discon-
tinuous AH curves in most patients with “smooth” AH
conduction37. 
• The atrium is the integral part of the reentrant cir-
cuit32-34, i.e. no upper common pathway exists. Recent
clinical studies by Yamabe et al. confirm this finding
both in the slow/fast38 and fast/slow39 forms of AVNRT.
However, studies by Patterson and Scherlag40 demon-
strated the dissociation of the atrial myocardium during
tachycardia and suggested that the atrium is coupled as
a bystander to a circuit involving the transitional cells
and AV node. In conclusion, the authors commented
that several AVNRT scenarios (either including or not
including the atrial myocardium) are possible in the an-
imal model and further studies are needed to elucidate
this question.

Using high-resolution fluorescent mapping of the tri-
angle of Koch, a computerized three-dimensional recon-
struction of the reentrant beats over the fast and slow
pathways was recently elegantly demonstrated (online
movie available at http://www.circresaha.org)33. The use
of newer advanced methods such as two-photon fluo-
rescence or optical coherent tomography will probably
soon refine our knowledge regarding the exact local-
ization and tissue participation in the reentrant circuits
of AVNRT.

Tachycardia management

Although several pharmacological agents may be
used to control AVNRT in highly symptomatic patients
(mainly calcium channel blockers, beta-blockers or
class Ic antiarrhythmic drugs), RF catheter ablation is
nowadays used as a first-line therapy with a success
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rate closely approaching 100% and with a low risk of
AV block (1%)3,4,6,13,41.

The diagnosis of atrioventricular nodal reentrant
tachycardia in the electrophysiological laboratory.
Four distinct forms of AVNRT can be differentiated in
humans14. The most frequent is the slow/fast form of
AVNRT, which utilizes the slow pathway for antero-
grade conduction and the fast pathway for retrograde
conduction. The abrupt change in the AH interval dur-
ing programmed atrial stimulation (50 ms) is usually
associated with a reentrant atrial echo beat or with the
induction of the tachycardia (Fig. 2). Nevertheless, in
some patients a smooth AH conduction curve (i.e. with-
out a jump) may be observed37,42,43. As discussed
above, this may suggest the presence of intermediate
pathways. The HA interval during tachycardia is rela-
tively short (25 to 90 ms) and the first retrograde atrial
activation can be recorded above the tendon of Todaro
in close proximity to the His bundle region.

The left variant of slow/fast AVNRT is very rare44-46.
Although it has virtually the same intracardiac ECG
characteristics as the common variant, this tachycardia
usually cannot be ablated typically from the pos-
teroseptal right atrium. In some cases, in spite of a sus-
tained junctional rhythm during the application of RF
current in the right posteroseptal area the tachycardia is
not eliminated. On the contrary, RF catheter ablation
may be successful at the postero- or mid-septal site of
the mitral annulus or deep in the coronary sinus roof.
RF catheter ablation at this site usually produces a junc-
tional rhythm and typical slow pathway potentials may
or may not be seen at the site of successful RF applica-
tion. Unfortunately, there are no unique electrophysio-
logical features of this left variant slow/fast AVNRT.
The clues to this form of AVNRT may be: 1) the inabil-
ity to achieve the elimination of the tachycardia by RF
catheter ablation from the right posteroseptal region de-
spite a correct anatomical position and/or junctional
rhythm during application, 2) a very short HA interval
during the tachycardia, 3) an unusually prolonged
slow-pathway conduction, 4) the presence of the dou-
ble response phenomenon (i.e. a single atrial premature
extrastimulus leading to two ventricular depolariza-
tions representing simultaneous conduction via both
the fast and slow pathways)14,45.

The slow/slow form of AVNRT utilizes two slow
pathways (or slow and intermediate pathways) for both
anterograde and retrograde conduction. These patients
usually have more than one “jump” in the AH interval
during atrial premature stimulation, a finding consis-
tent with multiple atrionodal connections. The HA in-
terval can be virtually of any range due to the different
conduction properties of the slow pathways and to the
supposed existence of a considerably longer lower
common pathway. This tachycardia may even mimic
the typical slow/fast AVNRT. Recording the first retro-
grade atrial activation in the posteroseptal region and

maneuvers confirming the presence of the lower com-
mon pathway14 can differentiate it from the slow/fast
form.

The fast/slow form of AVNRT is the least under-
stood. It has a short AH interval (30 ms to 180 ms) and
a long HA interval with the earliest retrograde atrial ac-
tivation in the posteroseptal region. Yet, it is not clear
whether this tachycardia simply represents a reversal of
the slow/fast form of AVNRT or some different reen-
trant circuit.

Radiofrequency catheter ablation for atrioventricu-
lar nodal reentrant tachycardia. The historical evo-
lution of the invasive curative techniques for AVNRT
has been described in detail elsewhere2. The use of RF
current as a source of energy for ablation of the fast
pathway in patients with AVNRT was first reported by
Goy et al.47. The first report of successful slow pathway
RF ablation was by Roman et al.48. Nowadays, the on-
ly used approach is the slow pathway ablation as it con-
fers the lowest risk of inadvertent AV block and can
successfully eliminate both typical and atypical forms
of AVNRT, since the slow pathway is involved in both
of them.

Principally, there are two methods of catheter navi-
gation during RF catheter ablation for AVNRT. The
first approach uses guidance by anatomic landmarks
under fluoroscopy6,13, the second uses electrogram
mapping3,4. A prospective randomized comparison of
these approaches has revealed their equivalency; yet the
electrogram mapping approach tended to prevail49.
Thus, in many laboratories, a combined approach is
used.

Jackman et al.3 first described sharp potentials, usu-
ally recorded along the posteroseptal right atrium be-
tween the coronary sinus ostium and the tricuspid an-
nulus, that were thought to represent depolarization of
the slow pathway or the atrial termination of this path-
way. Application of RF current at this site eliminated
the tachycardia. Haissaguerre et al.4 reported the pres-
ence of low-amplitude potentials with a slow rate of
rise at the mid or posterior septum, anterior to the coro-
nary sinus ostium, but never within or posterior to it.
Similarly, guided by these slow, “hump-like” poten-
tials, they achieved elimination of the tachycardia by
application of RF energy more anteriorly than Jackman
et al., sometimes at the mid septum. This suggests that
slow pathway conduction may be modified at different
points of its course since both electrogram-guided RF
ablation approaches rendered AVNRT non-ininducible
in all patients. The study of McGuire et al.36 using pe-
rioperative 60 electrode high-resolution mapping of the
Koch’s triangle in humans proved that the zone of low-
frequency potentials was contiguous with the zone of
high-frequency potentials, the former being anterior to
the latter. Slow hump-like potentials continuously
changed to the sharp potentials going along the tricus-
pid annulus down from the compact AV node to the
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coronary sinus level with an indistinct transition zone
in between. Nevertheless, the authors proposed that the
genesis of these double potentials could be due to the
local atrial activation and “far-field” signal possibly
originating from the deep endocardium. Non-uniform
anisotropic activation in the triangle of Koch and mul-
tilayer activation of the nodal and transitional cells cov-
ered with working atrial myocardium combine to pro-
duce multipotential electrograms reflecting the com-
plex three-dimensional anatomy of the posteroseptal
region. Actually, relatively sharp spiky potentials may
represent the insertion of the atrial myocardium into the
slow pathway atrionodal interface, whereas rounded,
lower-amplitude slow potentials correlate well with the
activation of the transitional and/or nodal cells in the
proximity of the PNE17,18,32,33.

Anatomically, an effective RF ablation site is locat-
ed along the tricuspid annulus at the level of or anteri-
or to the coronary sinus ostium in approximately 80%
of cases (Fig. 6). In the remaining cases, mainly in
atypical forms of AVNRT, the successful ablation site is
either in the roof or in the inferior “lip” of the coronary
sinus or just a few millimeters inside3,4,6,13. The left
variant of typical AVNRT as described above, must be
ablated 1 to 2 cm within the coronary sinus or at the
posteroseptal area of the mitral annulus14,44,45. The ap-
propriate target site is characterized by an atrial-to-ven-
tricular electrogram ratio of 0.5 and a wide multicom-
ponent atrial signal or possibly by a slow pathway po-
tential (Fig. 5).

During successful RF application, a junctional
rhythm occurs in approximately 90% of cases. Howev-
er, the presence of a junctional rhythm during ablation
is a sensitive but not specific marker of successful ab-
lation as it can also be elicited during approximately 30
to 35% of ineffective applications50,51.

Another recently described method of identifying
the successful RF application site is the use of sub-
threshold stimulation52. The basic principle of sub-

threshold stimulation consists of the continuous appli-
cation of a low intensity current to the spot close to the
reentrant circuit that fails to depolarize the adjacent
myocardium. The velocity of the wave front is gradual-
ly slowed at the place of application of subthreshold
stimulation and finally the tachycardia blocks. The
mechanism of subthreshold stimulation seems to be
partially explained by electrotonic interactions53, but
the exact elucidation of this phenomenon has not been
performed thus far. In a randomized prospective study,
subthreshold stimulation was shown to decrease the
number of RF pulses and the procedure duration54.

Among the complications of RF catheter ablation
for AVNRT, AV block is the most serious. The risk of
inadvertent AV block was reported to range from 0.5 to
2%3,4,6,13,41,55. The causes of unintentional AV block are
variable. Catheter displacement during the RF applica-
tion is a major cause of this adverse effect. In other cas-
es, AV block results from a too anterior position, close
to the His bundle recording site, or during serial at-
tempts at ablation of both the slow and fast pathways.
In still other cases, however, the cause of AV block re-
mains unclear because neither of these events occur. A
possible explanation for complete AV block occurring
during posteroseptal RF energy application is that the
fast pathway exit may be occasionally close to that re-
gion56. Another explanation is the anatomic variability
of the AV nodal area and the variability of the AV nodal
artery with respect to the ablation site57.

Several methods of avoiding unintentional AV block
during RF catheter ablation for AVNRT have been pro-
posed. Apart from the proper anatomic position and
atrial-to-ventricular amplitude ratio as described above,
it is important to monitor for any PR prolongation if the
patient is in sinus rhythm or for ventriculo-atrial block
or delay if there is a junctional ectopy during RF appli-
cation. If any of these is seen, RF current delivery must
be immediately terminated. Fast junctional tachycar-
dias seen during slow pathway ablation (cycle length of
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Figure 6. Right anterior oblique (A) and left anterior oblique views (B) showing the position of the catheters during radiofrequency ablation for atrio-
ventricular nodal reentrant tachycardia. The ablation catheter (Abl) is positioned along the tricuspid annulus slightly anteriorly to the coronary sinus
ostium, where the slow pathway potential is recorded. The catheter position corresponds to the intracardiac tracings depicted in figure 4. CS = coro-
nary sinus catheter; His = His bundle catheter; RA = right atrial catheter; RV = right ventricular catheter.



350 ms) suggest the proximity to the AV node impend-
ing the development of AV block. An elegant study by
Lin et al.57 demonstrated that when the distance be-
tween the RF ablation site and the end of the AV nodal
artery was > 2 mm, the complication of AV block vir-
tually never occurred. The necessity of performing an
angiography, however, limited the clinical use of this
method. Instead, electrophysiological methods easily
applicable during RF catheter ablation procedures were
sought.

Although subthreshold stimulation seemed to con-
fer less risk as it decreased the number of RF pulses
needed for successful ablation, it failed to prevent the
development of inadvertent, albeit transient, AV block
in a prospective study54. Pacemapping of the triangle of
Koch may be a promising method58, but its usefulness
in reducing the incidence of AV block must be evaluat-
ed in larger prospective studies. This method utilizes
the consequent stimulation of the anteroseptal, mid-
septal and posteroseptal sites of the Koch triangle to ex-
amine the location of the anterograde conducting fast
pathway input. In normal conditions, the stimulus-to-
His interval is shortest in the anteroseptal region and
longest in the posteroseptal region of the Koch triangle,
because the fast pathway input is localized anteriorly.
On the other hand, if the stimulus-to-His interval is
shortest mid-septally or even posteroseptally, this sug-
gests that the fast pathway input can be displaced pos-
teriorly and the application of RF current in that region
may cause damage to both pathways producing inad-
vertent AV block.

The interval between the atrial electrogram record-
ed in the ablation catheter and the atrial electrogram
recorded in the His bundle catheter (AH-AABL) repre-
sents another marker for impending heart block before
RF current application59. It was shown that an AH-AABL
interval < 20 ms was associated with an increased risk
of AV block. An AH-AABL interval > 30 ms was not, on
the contrary, bound to any subsequent inadvertent heart
block, even if retrograde ventriculo-atrial block oc-
curred during the RF current application.

Unlike RF ablation, cryothermal ablation creates a
lesion that is initially reversible (cooling down the tis-
sue to 0°C) and therefore represents an important pos-
sibility of avoiding inadvertent AV block. Another ad-
vantage of the method is that the formation of ice at the
catheter tip causes adherence of the catheter to the tis-
sue ensuring better catheter stability. Thus, any lesion
could be timely tested before definite destruction of the
tissue at low temperatures (-60 to -70°C). One study
demonstrated the efficacy in slow pathway ablation by
the use of cryoablation in the clinical setting60. It is
noteworthy that reversible “ice mapping” of the fast
pathway and of regions close to the AV node was
demonstrated. Owing to the characteristics of the tech-
nology, the main disadvantage is that cryoablation re-
quires longer ablation times generally resulting in a
longer procedure duration.

Conclusions

AVNRT is one of the most fascinating supraven-
tricular tachyarrhythmias. Although a large body of
work has been done both in animal models and in hu-
mans to elucidate the exact reentrant circuit propaga-
tion, several uncertainties remain. New methods of vi-
sualization of the propagating electrical impulse by
means of the potentiometric dyes are expected to re-
solve this question in the very near future. From the
clinical point of view, RF catheter ablation of the slow
pathway can almost achieve a 100% success rate in
treatment with a rate of inadvertent AV block approx-
imating 0.5% in experienced laboratories.
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