
M ahaim pathways were first de-
scribed in the 1930s. Here we de-
scribe a case where an accessory

Mahaim pathway participated in atriofasci-
cular re-entrant tachycardia.

Case presentation

A 62-year-old woman with a history of re-
cent onset paroxysmal tachycardias was re-
ferred for electrophysiological study (EPS).
Initial tachycardia episodes were docu-
mented when she was in her twenties. Epi-
sodes responded to Valsalva manoeuvres,
although interruption with adenosine or ve-
rapamil was necessary on two previous oc-
casions. Physical examination was unre-
markable, echocardiography revealed a
structurally normal heart, and resting ECG
was normal (Figure 1). During the EPS a
wide-QRS tachycardia (Figure 1) was easily
inducible by both atrial (Figure 2) and ven-
tricular pacing (Figure 3). Tachycardia in-
terruption could also be accomplished by
atrial and ventricular pacing, as well as with
intravenous adenosine.

The easy manipulation of the tachycar-
dia by both atrial and biventricular pacing
virtually ruled out atrial and ventricular
tachycardia. The differential diagnosis in
this case included atrioventricular nodal re-
entrant tachycardia (AVNRT) with aber-

rant ventricular conduction due to bundle
branch block or a bystander accessory
pathway, and antidromic atrioventricular
re-entrant tachycardia (AVRT) due to an
accessory pathway. Atrial retrograde acti-
vation was concentric and relatively pro-
longed (118 ms) at the His bundle elec-
trode, thus excluding slow-fast AVNRT.
Since the small potential indicated in Fig-
ures 2 and 3 (arrows) most probably repre-
sented a His bundle potential, if this tachy-
cardia were AVNRT we would be dealing
with a slow-slow form that was conducted
to the ventricles with left bundle branch
block or through a bystander accessory pa-
thway. However, during EPS, changes of
atrioventricular conduction with varying
degrees of aberration and decremental con-
duction were observed spontaneously and
on atrial pacing (Figure 4). During sinus
rhythm, the ECG was at times suggestive
of pre-excitation due to a right-sided ac-
cessory pathway (Figure 4). The presence
of intermittent pre-excitation on resting
ECGs, as well as the reproduction of this
pattern by atrial pacing at a sufficiently
high rate, argued in favour of the presence
of an accessory pathway. The LBBB pat-
tern at full pre-excitation and the response
to atrial pacing were suggestive of a Ma-
haim atriofascicular or nodoventricular path-
way.1
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Figure 1. Twelve-lead ECGs during sinus rhythm (left
panel) and tachycardia (right panel). I, II, II, aVR,
aVL, aVF, V1 to V6 – surface ECG leads.

Figure 3. Induction of tachycardia by ventricular pacing. During
constant ventricular pacing at a cycle length of 500 ms retrograde
atrial activation is concentric through the atrioventricular node. The
last extrastimulus at 260 ms results in prolonged retrograde conduc-
tion that returns antegradely via the Mahaim pathway. The next
beat is a typical antidromic re-entry beat, with the His bundle (ar-
row) being activated retrogradely through the right bundle branch
and then through the slow pathway of the atrioventricular node (as
indicated by the prolonged activation time) to the atria. I, aVR, V1,
V6 – surface ECG leads; HRA – high right atrium; His – His bundle;
CS – coronary sinus.

Figure 2. Induction of tachycardia by atrial pacing. During constant
atrial pacing at a cycle length of 500 ms the surface ECG is pre-ex-
cited. The last extrastimulus at 320 ms induces maximum pre-exci-
tation, thus indicating conduction along the Mahaim fibre. The im-
pulse activates the His retrogradely (arrows) through the right bundle
branch and then, through the slow pathway of the atrioventricular
node, is conducted to the atria. I, II, III, aVL, V1, V6 – surface ECG
leads; His – His bundle; CS – coronary sinus.



Differentiation between AVNRT with the by-
stander Mahaim pathway and antidromic AVRT in this
setting can be achieved by atrial extrastimulation.2 Atri-
al extrastimuli delivered during tachycardia after
recording of the His bundle atrial electrogram (Figure
5) advanced the next pre-excited ventricular, His bun-
dle, and atrial electrograms by 22 ms, without changing
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Figure 4. Left panel: Spontaneous pre-excitation
during sinus rhythm. Right panel: Varying degrees
of pre-excitation during atrial pacing. Normal atri-
oventricular nodal conduction (first beat), fusion
between nodal and Mahaim conduction (next two
beats) and full left bundle branch block appear-
ance due to conduction over the Mahaim pathway
(last beat) are depicted. Abbreviations as in Fig-
ures 2 and 3.

Figure 5. Resetting of tachycardia by atrial extrastimuli. Please
note advancement of ventricular, retrograde His, and atrial elec-
trograms by 22 ms without affecting retrograde activation se-
quence. I, V1, V6 – surface ECG leads; His – His bundle; CS –
coronary sinus.

the retrograde atrial activation sequence. This argued
in favour of a macro-re-entrant circuit with the Mahaim
as the antegrade limb and the AV node as the retro-
grade limb of the tachycardia. The inscribed potential
on the His bundle electrode in Figures 2 and 3, there-
fore, represents a His electrogram that is activated ret-
rogradely through the right bundle branch. Subsequent
retrograde atrial activation is most probably accom-
plished through the slow pathway of the AV node, judg-
ing from the prolonged activation sequence and the site
of earliest activation that was identified in the posterior
septum at the anatomic site of the right inferior nodal
extension.3,4 In Figure 4, right panel, the first beat is
conducted normally through the AV node and the His
bundle. The next two beats represent fusion beats be-
tween AV nodal and Mahaim conduction, and the last
beat is fully pre-excited, suggesting that the inscribed
His potential is due either to delayed activation of the
His bundle, or to retrograde activation of the His bun-
dle via the right bundle branch. Application of the St.
George’s algorithm to the fully pre-excited ECG sug-
gested a right lateral pathway.5

The anterior tricuspid annulus was mapped during
atrial pacing and full pre-excitation and a distinct Ma-
haim potential followed by an early ventricular elec-
trogram was recorded (Figure 6, left panel, arrow).
However the ablation electrode position was not sta-
ble, as documented by the inconsistently recorded
pathway potential and ventricular electrograms. Ra-
diofrequency current delivery at this site resulted in a
transient loss of pre-excitation, which reappeared fol-
lowing the cessation of current delivery. The lady un-
derwent a repeat procedure the next day. A long SR0



sheath was used through the right femoral vein, in or-
der to ensure ablation catheter stability, and mapping
was resumed. A consistent Mahaim potential followed
by a continuous ventricular electrogram was recorded
(Figure 6, right panel). Radiofrequency current deliv-
ery resulted in loss of pre-excitation (time to block 5 s)
and rendered the tachycardia non-inducible. The lady
was discharged in normal sinus rhythm on the follow-
ing day.

Discussion

Antidromic atrioventricular re-entrant tachycardias due
to accessory pathways are clinically documented in 5%
of patients with the Wolff-Parkinson-White syndrome,
but may be induced in 10% of patients during an EPS.6

In the 1930s, Mahaim and co-workers described tracts
connecting the AV node to the bundle branches or
ventricular myocardium, bypassing the His bundle.7

These pathways are characterised by decremental con-
duction that results in a gradual increase of the atri-
oventricular interval simultaneously with the develop-
ment of left bundle branch block.8 We know now that
most of them actually connect the atrium to the fasci-
cles by crossing the tricuspid annulus rather than the
septum (atriofascicular pathways), although true
nodoventricular Mahaim pathways also exist.1,8,9 Ma-
haim conduction is usually antegrade only, but con-
cealed fibres have also been described.10 Their recog-
nition is necessary in order to guide precise mapping.
The differentiation of an antidromic macro-re-entrant
circuit from AVNRT with the Mahaim pathway acting
as a bystander fibre is of paramount importance for

successful ablation. In the case of AVNRT, ablation
of the slow pathway may render the tachycardia non-
inducible despite the persistence of pre-excitation. In
antidromic AVRT, however, the Mahaim fibre has to
be ablated for abolition of the tachycardia. Atriofasci-
cular Mahaim fibres are usually ablated during atrial
pacing that results in maximum pre-excitation on the
anterior tricuspid annulus. In this setting, the use of
supportive long sheaths that stabilise the ablating
catheter may be very helpful. For the ablation of no-
doventricular fibres ablation lesions target the area be-
tween the slow pathway and the mid-septum. In an-
tidromic tachycardias mapping of the retrograde atrial
activation is of no use for ablation purposes.
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Figure 6. Mapping of the tricuspid annulus with the ab-
lation catheter during atrial pacing. Left panel: A pos-
sible Mahaim potential (arrow) followed by a relatively
early ventricular electrogram is recorded. Catheter in-
stability, reflected in inconsistent electrogram record-
ing, would not allow permanent loss of pre-excitation.
Right panel: Recording of a Mahaim potential (arrow)
and earliest ventricular activation at the anterior tricus-
pid annulus during atrial pacing and maximum pre-ex-
citation. Radiofrequency current delivery at this point
resulted in permanent loss of pre-excitation within 5 s.
I, V1, V6 – surface ECG leads; Abl – ablation catheter;
His – His bundle – CS: coronary sinus.
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