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Abstract

Although the majority of patients with atrial fibrillation and an indication for non-pharmacological therapy is treated with catheter
ablation, thoracoscopic surgery is an emerging technique that aims at combining the results of the classic Cox Maze operation with a
less invasive approach. Recurrences after thoracoscopic surgery have been mainly ascribed to incomplete ablation lines, but literature on
electrophysiological confirmation of thoracoscopic pulmonary vein isolation is limited.
Currently, surgical confirmation of uni- or bidirectional conduction block may be hampered by insufficient resolution of the mapping
material available. Additionally uncertainty remains on the precise lesions sets required, and how to tailor them to individual patients. In
hybrid procedures, electrophysiologists and surgeons join forces to combine their expertise and skills which may lead to increased procedural
success rates by minimizing the chance of incomplete PV isolation or absence of conduction block across an alternative ablation line. Here
we describe techniques for thoracoscopic mapping and present a literature review.

Introduction

A growing number of patients with atrial fibrillation (AF) is being
treated with left atrial catheter ablation. The results of this procedure
are favorable in patients with paroxysmal AF but may be modest
in persistent or long standing persistent AF patients.1 Moreover,
recent publications show that, even in paroxysmal AF, the real world
efficacy of catheter ablation is more modest than expected from the
initial randomized studies against antiarrhythmic drugs.2-12 Also,
multiple procedures are frequently required, and up to 7 ablations
were performed in some settings to reach a 5-year efficacy rate of
20-65%.13,14
The cornerstone of catheter ablation is isolation of the pulmonary
veins from which the arrhythmogenic triggers arise.15 Historically,
the Cox-Maze operation preceded catheter ablation as an invasive
treatment modality for AF, but due to complexity and a considerable
complication rate including mortality in 1-2% and a pacemaker
implantation rate of up to 7% of patients, it was never used in a
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widespread manner. The Cox-Maze 4 operation is an iteration of
the originally described Maze operation and constitutes a series of
ablation lines to compartmentalize the left and right atrium. The
philosophy of that approach lies in the observation that human AF
consists of multiple macroreentrant circuits in the left and right
atrium, and the linear ablation lines are designed to block all those
circuits.16 Reported single procedure efficacy of the Cox-Maze
operation is excellent, and a freedom of AF in 83% of patients after
2 years confirmed with modern follow-up techniques has been
reported.17 Currently, catheter ablation and also surgical ablation
are carried out in an increasing number of centers with a high
degree of variability in technique used, volume, and periprocedural
confirmation of conduction block.18
In an attempt to combine the efficacy of the Cox-Maze operation
with a less invasive approach, Wolf et al described a minimally
invasive procedure to isolate the pulmonary veins (PVs) on a beating
heart which evolved into a totally thoracoscopic approach.19,20 A
number of mostly small studies with minimally invasive surgery
for AF have recently been reviewed.21,22 There is one randomized
study comparing catheter with thoracoscopic ablation that shows
a twice as high efficacy of surgery at the cost of more procedural
complications.23 As with catheter ablation of AF, recurrences after
thoracoscopic surgery have been ascribed to reconnection of the
pulmonary veins or incomplete left atrial lines.24-26 This does not
imply that all reconnection is indeed responsible for recurrences, as
reconnection was demonstrated in AF free patients after ablation as
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well. Indeed, there was no difference in the number of reconnected
veins between patients with and without recurrences of AF,27,28
and recently it was shown that the vast majority of patients with a
complete PVI in the GAP-AF trial had reconnected PVs. However,
a number of recurrences relate to iatrogenic substrates and potentially
could have been prevented.25,26 Indeed, the creation of transmural
ablation lesions on a beating heart may be cumbersome due to heat
sink of the circulating blood, despite the various energy sources that
have been deployed.29,30
Therefore, hybrid approaches have been undertaken where
electrophysiologists are an integral part of the operation, carrying
out mapping and additional ablation either endocardially within the
left atrium or epicardially.31-38 Such procedures, in which surgeons
and electrophysiologists join forces to combine their knowledge and
skills may increase procedural success rate by minimizing the chance
of incomplete PV isolation or absence of conduction block across
an additional ablation line. There are no head-to-head comparisons
of electrophysiologically guided surgery versus non-hybrid surgery,
but the reported results of hybrid approaches, although based on
a limited number of small studies, are promising.31-38 Importantly,
electrophysiological guidance of surgical ablation appears not to affect
the complication rate of the surgical procedure. In this contribution
we will focus on techniques and feasibility of electrophysiological
evaluation pulmonary vein isolation during or after thoracoscopic
surgery for AF and outline where the electrophysiologist can
complement surgery for AF.

Definition of Endpoints

In the Heart Rhythm Society/European Heart Rhythm
Association/European Cardiac Electrophysiology Society (HRS/
EHRA/ECAS) consensus statement, updated in 2012 procedural
success is defined as: freedom of atrial fibrillation and any left or
right atrial arrhythmia lasting longer than 30 seconds at one year
after the procedure and without the use of antiarrhythmic drugs.39
The minimum monitoring strategy consists of 24-hour holters
every 6 months, and the first 3 months are considered a blanking
period. Consequently, patients without AF recurrence but still using
antiarrhythmic medication, who may have improved clinically, are
classified as failures by definition.
Procedural endpoints are PV isolation, demonstrated by entry block
(the inability of an LA impulse to reach the PV muscle) and/or exit
block (the inability of a PV potential to reach the LA). Duytschaever
et al. reported, using spontaneous PV ectopy after PV isolation, that
absence of exit block in the presence of entry block is rare.40 However,
entry block in specific cases may not be equivalent to exit block (A.
Bulava, personal communication). Mapping and pacing maneuvers
are recommended by the HRS/EHRA/ECAS consensus document
to demonstrate bidirectional block across left atrial ablation lines.
Finally, we define hybrid procedures as undertaken jointly by surgeons
and electrophysiologist. Staged hybrid approaches, where a catheter
procedure follows the surgery days to months later, are included in
this definition as long as the procedure was performed in all patients
undergoing the index procedure. When the endocardial part of the
treatment is only employed in patients with AF recurrence this, in
our opinion, should be coined a re-do procedure.

Clinical Studies

The literature on electrophysiological evaluation of thoracoscopic
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PVI is limited. There are only three studies available in the literature
where the investigators both organized the follow up and report their
results according to the HRS consensus document.32-34 Krul et al.
describe the initial experience with an entirely epicardial procedure.32
Thirty-one patients (median duration of AF was 8 (1-25) years) were
treated with thoracoscopic PVI using the Atricure bipolar system
when AF was paroxysmal. Patients with persistent or long standing
persistent AF were treated with PVI plus the addition of a superior
line, connecting both isolated PV islands at the level of the superior
PVs, an inferior line connecting the PV islands at the level of the
inferior PVs, and a trigone line connecting the superior line to the
left fibrous trigone at the level of the aortic annulus, functioning as
a mitral isthmus line.41 Conduction block was assessed epicardially
across all ablation lines and one year follow-up was available for 22
patients and freedom of AF was present in 86%. Pison et al. describe
their experience using a hybrid epicardial-endocardial approach in
26 patients (AF duration 5,6±6,6 years, 42% persistent AF).33 The
procedures were carried out in one session, surgery was performed
with the bipolar Atricure system and gaps in ablation lines were
ablated with standard catheter techniques. Pison et al. use a stepwise
approach guiding the addition of left atrial lines dependent on
AF conversion during the procedure rather than on AF type.33
Sequentially a roof line, inferior line are performed, with a mitral
isthmus or cavotricuspid isthmus line in patients with left or right
isthmus dependent flutters respectively. After one year, freedom of
AF was 83%. Finally, Zembala et al describe their experience in 27
patients (5 persistent AF, 22 long standing persistent AF), with AF
for 3,5±2,5 years undergoing a staged hybrid approach in 21 patients
where the catheter treatment followed epicardial ablation with the
unipolar nContact system (Visitrax).34 One year follow up was
available in 10 patients and amounted 80%.
Interestingly, complications reported in these papers related to the
surgical procedure and not to the electrophysiological procedures,
suggesting that electrophysiological guidance of the procedure can
be performed safely. Other authors organize the follow-up according
to the HRS consensus document but do not report one year results,
making comparison impossible. In general, the results are in line
with the data reported above.31,35-38 It should be noted, however,
that more rigorous monitoring for AF recurrences, for example with
implantable loop recorders, will undeniably result in the detection
of more recurrences, and therefore with a decreased success rate as
defined by the HRS/EHRA/ECAS consensus document.39,42

Mechanism of Arrhythmia Recurrence After Surgical Ablation
Role of Pulmonary Veins
Many studies on redo procedures demonstrate that re-connection
of the pulmonary veins is a general finding, and that reablation
may result in freedom of AF. Otherwise, studies also demonstrated
reconnection of the pulmonary veins in patients who were completely
free of AF after the index procedure.27,43
Periprocedural isolation of the PVs after ablation may be merely
an acute phenomenon, and conduction between the PVs and the left
atrial myocardium may restore with healing of the tissue. Acute injury
induced block by applying the ablation clamp without applying RF
energy has been demonstrated in thoracoscopic surgery for AF.44
The mechanism of acute but not chronic PV isolation may relate to
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residual intercellular coupling of damaged cells to principally viable
myocytes resulting in depolarization and inexcitability of the latter.
This mechanism is consistent with the action of adenosine, which
hyperpolarizes myocytes and may restore conduction.43
Despite measures taken in an attempt to separate acute from
chronic conduction block, the ultimate result of the procedure is
whether or not AF recurs and whether the PVs are connected or
not at the redo procedure. Still, confirming conduction block is the
best and only available measure to take to confirm that PV isolation,
at least during the surgical procedure. Demonstrating conduction
block is furthermore essential in thoracoscopic AF ablation because
thoracoscopic access to the heart may become extremely complicated,
although not impossible if performed early, once pleural and
pericardial adhesions have been formed after the index procedure.45
Hence, contrary to catheter ablation, where reentering the left atrium
after failure of the previous ablation is feasible and safe, this is not the
case in thoracoscopic surgery.
Role of Additional Left Atrial Lines
In persistent or long standing persistent AF the left atrium might
be already remodeled to such an extent that pulmonary vein isolation
alone does not suffice, and additional ablation lines may be needed.
In paroxysmal atrial fibrillation usually PVI is a sufficient treatment.
This is relevant because the chance of incomplete lines increases

Drawing of the posterior left atrium indicating the concept of
pacing from the box to demonstrate completeness of ablation
lines. Note that there is homogeneous conduction in the viable
Figure 1AB:
myocardium within the box. 1B. Image of the real situation
where pacing is not per se confined to viable tissue and
conducting channels may be present.
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with the number of lines. Mun et al. performed a study comprising
156 patients with paroxysmal AF, randomized to circumferential
PV isolation, circumferential PV isolation plus a roof line, or
circumferential PV isolation plus a roof and inferior line (posterior
box lesion). The rate of bidirectional block across all lines was 100,
80.8, and 59.6% respectively and after 15.6±5.0 months, Arrhythmias
recurred in 11.5, 21.2 and 19.2% respectively, supporting the notion
that more lines are not perse better in paroxysmal AF and suggesting
a relation between the rate of bidirectional block and the chance of
recurrence.46
Lockwood et al. described 14 patients in whom, after application
of minimally invasive surgery for AF employing the Dallas lesion
set,41 gaps were found in the roof line or trigone line. In fact, after
the initial surgical procedure, only 21% of lines were complete. After
ablation of the gaps they identified, there was a 50% freedom of AF/
AT after a mean follow up of 8 months.47 Kron et al. investigated
the mechanism of arrhythmia recurrence in 13 patients.25 They
demonstrate that up to 40% of patients experience recurrent AT,
and that 50% of the pulmonary veins studied were reconnected.
Additional ablation was limited to the PVs in only three patients
and included more extensive left atrial ablation in the others. Liu
et al reported the occurrence of atrial tachycardias in 8 patients
after thoracoscopic surgery.26 They also show that there are gaps
in the PV isolation lines in those patients, but demonstrate that
these are not responsible for arrhythmia recurrence. Conversely,
they demonstrate that macroreentrant arrhythmias relate to clamp
associated or LAA excision associated scarring. The important
implication of these findings is that there is an important iatrogenic
component in arrhythmia recurrence, that may be prevented using
electrophysiological confirmation of ablation lines. Furthermore, note
that these authors studied patients with recurrences and that their
findings can therefore not be extrapolated to all patients undergoing

Proof of local capture of the PV antrum (electrodes 5-6, 7-8 and
Figure 1C: 9-10, asterisks) and dissociation of the distal atrial myocardium
(electrodes 1-2 and 3-4, daggers). See text for details.
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thoracoscopic surgery for AF.
Role of the Left Atrial Appendage
It has been demonstrated before that 27% of patients undergoing
a redo catheter ablation for AF recurrence have triggers from the
LAA.48 Excision of the LAA potentially results in reduction of
the stroke risk, and certainly eliminates arrhythmogenic triggers
arising from the LAA. Recent data from long term follow-up of
the PROTECT AF trial (LAA closure with the Watchman device
versus warfarin in patients with non valvular AF) confirm noninferiority of LAA closure to warfarin treatment.49 Although the
clinical benefit in relation to potential risks of this procedure has
not yet been established unevocably, and although there are no solid
data showing that there is no more need for anticoagulation once the
LAA is removed, the option of LAA resection may be an advantage
of thoracoscopic surgery over catheter ablation.
Other Mechanisms of AF Recurrence
Several mechanisms other than incomplete lines have been
implicated in the mechanism of AF, and may therefore contribute
to recurrence after invasive therapy. Nishida et al demonstrated in
a chronic heart failure model of AF in the dog that ablation of the
ganglionic plexi is more important than PVI.50 Similarly, Nadamanee
et al have to be credited for bringing the role of continuous fractionated
atrial electrograms (CFAE) to our attention as a mechanism of
AF perpetuance.51 Recently, ablation of rotors with use of the
TOPERA system has been forwarded as an important contributor
to the mechanism of AF.52 These considerations that may affect AF
recurrence, are however, outside the scope of this review.

Practical Limitations of Surgical Confirmation of Conduction Block

Many surgical procedures consist of or contain a posterior box
lesion. This is a circular lesion, encompassing both left and right
pulmonary veins and the posterior wall of the left atrium. This lesion
set can also be produced by connecting the pulmonary vein isolation
islands with a superior and inferior line. Completeness of the box
is confirmed by demonstrating exit block while pacing from within
the box. Considering that, in general, surgical ablation tools are
optimized for surgical ablation, and have too large electrode surfaces
for electrophysiological testing, this approach comes with both
technical and conceptual shortcomings. Figure 1A shows the concept
of pacing from the box: a pacing stimulus is delivered somewhere
central in the box, and activation propagates in all directions until it
is blocked by the ablation lines. Crucial in this concept is that there
is local capture of homogeneously conducting atrial myocardium
within the box. Figure 1B displays a more real world situation, where
ablation line width is not one millimeter, but more in the range of one
or more centimeters. This results potentially in a very small central
viable tissue island that needs to be captured by the pacing electrode.
Consequently, while pacing the scar without capturing the central
viable tissue island, conduction block may be inadvertently assumed.
Alternatively, the output of the pacemaker is set so high that remote
capture of one or few connection channels in the proximity of the
pacemaker are captured, suggesting that there is residual conduction.
Further ablation encompassing those channels may inadvertently
lead to the conclusion that the line constitutes conduction block,
whereas potentially, the output of the pacemaker is insufficient to
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remotely capture an even more distant reconnecting channel. This is
underscored by the fact that patients can be paced transcutaneously
in emergency settings, demonstrating that when the output of the
pacemaker is sufficient, the entire heart can be captured, despite the
presence of any local conduction block (for example at the level of
the AV node). Therefore, when relying on pacing from the box, not
pacemaker output but local capture is crucial. Without confirmation
of local capture, preferably in combination with direct visualization
of the site where is paced from, the risk of pacing non-viable tissue
is considerable. Clinically important leaks or channels that remain
within the ablation line, can very well be arrhythmogenic during
further follow-up.
Figure 1C demonstrates this concept in a slightly different situation.
Here, a standard decapolar diagnostic catheter is thoracoscopically
positioned through the oblique sinus under the posterior wall of the
left atrium for time reference. After surgical isolation of the right
pulmonary veins with a bipolar ablation clamp, the catheter was
retracted such that the distal electrodes were now positioned against
the epicardium of the left atrium, while the proximal electrode pairs
were positioned at the isolated right pulmonary vein antrum. When
pacing from the right superior PV, it is clear that there is dissociation
of the atrial rhythm (dagger, electrodes 1-2 and 3-4), whereas there
is local capture of the PV antrum (asterisk, electrodes 5-6, 7-8 and
9-10). Similar to dissociated PV potentials this is proof of exit block,
which therefore does not per se require pacing at high output.40
Pacing at just above the threshold potential, resulting in local capture,
is sufficient.

Electrophysiological Confirmation of Surgical Ablation
Lines

The mainstay of invasive treatment of AF is isolation of the
pulmonary veins, and there is consensus that the goal should be
electrical isolation of the pulmonary veins.39 We have shown earlier
that the size of the surgical ablation electrode pen is too large to
reliable detect very small local potentials.53
During standard left sided catheterization thoracoscopic PV
isolation may be confirmed or checked using circular mapping
catheters. Indeed, this method is employed by most authors reporting
hybrid surgical-electrophysiological procedures.31,33-36,38 Gaps in the
lines, when present, can then be subsequently ablated. Also, the use
of diagnostic catheters allows differential pacing to demonstrate
bidirectional block across additional left atrial ablation lines.
The protocol of electrophysiological testing differs somewhat
between studies, whereby some use a stepwise approach with AF
inducibility whereas others just complete the epicardial ablation lines.
Among the advantages of an epicardial-endocardial approach are that
the procedures may be performed days or weeks apart, allowing every
operator to perform his work under circumstances he is comfortable
with, and the patient to recover from the surgery before undergoing
the catheter part of the operation. There is mention of a clear efficacy
benefit in the literature, and with increasing time between the two
procedures, one may ask the necessity of performing a catheter study
once the patient is asymptomatic.
Alternatively, thorough electrophysiological mapping can be
performed exclusively epicardial, as demonstrated by us and others.32,37
For this, we developed custom made mapping electrodes that fulfill
the following criteria: 1) Electrodes have a rigid but malleable shaft
that allows handling by the surgeon and positioning the electrode to
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distinct potentials on the PV antrum (recordings performed from
the location with the star), whereas after 8 RF applications with the
bipolar clamp, the area is completely silent. Note the very nice signal
to noise ratio and the absence of remote ventricular electrograms
in the bipolar recording using closely spaced small electrodes. We
previously described the mapping protocol for entry block, which
includes testing 7 different sites on the superior and inferior vein
as well as pacing from the mapping electrode to demonstrate exit
block (not shown).53 In that manuscript, we outlined that the PV
entry block is confirmed using a multipolar catheter at seven distinct
positions. The number of electrograms recorded with this approach is
higher than with conventional circular catheter mapping.53
For patients with persistent or longstanding AF, in our approach
the so-called Dallas lesion set, consisting of a roof line and a
trigone line is employed.41 Figure 3 demonstrates recordings from
testing conduction block across the right side of the superior line
and the trigone line. It is important to realize that with a bilateral
thoracoscopic procedure the right side needs to be completed before
the procedure is started on the other side since returning to the first
side at the end of the procedure is very unattractive, may be associated
with ventilation issues and should therefore be prevented. For local
pacing, a screw-in temporary pacemaker wire (Medtronic 6416) is
attached to the area cranial to the superior line and right from the
trigone line. Figure 3B demonstrates that pacing from there and
recording from a site caudal to the superior line, away from the line
(asterisk) is associated with a shorter conduction time (128 msec)
than when recording close to the line as the asterisk in Figure 3C
(214 msec), indicating that conduction propagates around the PV
antrum, toward the line and no conduction occurs across the line.

Tracings before (A) and after (B) ablation of the right PV antrum.
First two tracings are standard ECG leads I and II. Ref refers to
decapolar diagnostic catheter, positioned under the left atrium
via the oblique sinus. Bi and Uni represent bipolar and unipolar
Figure 2:
electrograms recorded from the custom made multielectrode.
Note that residual PV potentials are very clear before and absent
after ablation, note the superb signal to noise ratio. See text for
further details.

the epicardium. The use of standard diagnostic EP catheters in this
respect is not impossible but comes with the limitation that such
catheters are too flexible and therefore hard to maintain at a certain
location on the heart. Moreover, when they are not supported by a
vessel through which they are usually introduced, a surgical forceps
is needed to position the catheter against the heart, which further
complicates positioning of the electrode. 2) The size of the electrode
is adapted to the diameter of thoracoscopic ports. 3) The electrode
system contains multiple small electrodes with a small interelectrode
distance to be able to record bipolar electrograms of truly local
activations.53
Figure 2 displays an example of entry block after right sided
thoracoscopic PV isolation in a patient with several failed catheter
ablations. It can be clearly seen that before ablation, there are

www.jafib.com

Figure 3:

Confirmation of block across the right side of the roof line.
Pacing is performed from above the line, recording away
from the line (A, star) results in activation time of 128 msec.
Recording close to the line (B, star) results in activation time
of 214 msec, indicating that activation propagates toward
the line and there is no conduction through the line. Note the
fractionated potentials close to the line, see text for further
details. Organization of the tracings as in figure 2.
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electrode (not shown).

Discussion

Confirmation of block across the trigone line. Pacing is performed
from above the line, recording away from the line (A, star) results
in activation time of 186 msec. Recording close to the line (B,
Figure 4:
star) results in activation time of 224 msec, indicating that
activation propagates toward the line and there is no conduction
through the line. Organization of the tracings as in figure 2.

Note the fractionated electrograms close to the line, supporting the
concept that a thoracoscopic ablation line is usually a wide area of
damaged tissue (compare Figure 1B). Pacing from the two locations
recorded from in figure 3 results in differential activation time of
the tissue under the screw-in electrode, demonstrating bidirectional
block (not shown).
Figure 4 subsequently shows demonstration of block across the
trigone line. Pacing is performed from the same position as in Figure
3. When recording from a position left sided of the trigone line, and
away from the line, activation time is 186 msec (Figure 4B, asterisk).
When the recording electrode is now moved toward the line,
activation time becomes 224 msec (Figure 4C, asterisk), indicating
that activation propagates around the mitral valve and not through
the ablation line.
After completion of the left PV isolation, the left side of the
superior line is tested using the same protocol. Figure 5A shows the
custom made multi electrode probe placed cranial to the superior line,
and the decapolar reference catheter positioned parallel to the line,
under visual control. Pacing from different bipoles on the reference
catheter results in changes in activation time of the tissue under the
mapping electrode (Figure 5A and B). An intact line forces activation
propagation parallel to the superior line and around the isolated PV
antrum. Hence, the distance between the distal electrode pairs to
the mapping electrode is shorter than that from the more proximal
pairs. In case of a gap in the line, these distances are similar with no
difference in activation time cranial to the superior line. Bidirectional
block is proven by pacing from the multi electrode and observing
reversal of the activation sequence (compared to activation during
sinus rhythm) over the decapolar reference catheter (Figure 5C).
Lines with gaps present with a bracketing pattern over the reference
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Atrial fibrillation can be a symptomatic, complex arrhythmia with
frequent recurrences under antiarrhythmic drug treatment or after
catheter ablation. Thoracoscopic surgery for AF is a relatively novel
approach and can be complementary to other invasive treatment
modalities. It aims at combining the high success rates of the CoxMaze operation with a less invasive approach. The literature on this
topic, however, is limited and most studies are single center, nonrandomized reports with different patient selection and different
follow up.
A key component of every invasive treatment of AF is the isolation
of the pulmonary veins, and therefore consequently achievement of
conduction block across any atrial ablation line. Indeed, reconnection
of the pulmonary veins is a frequent finding at redo ablation
procedures. Although PV isolation is not similar to absence of AF,
and reconnection has also been described in patients after catheter
ablation but without recurrences, assessment of isolation at the index
procedure is the best measure available for procedural success. The
lack of information about integrity of ablation lines may be futile,
but more likely should be considered a missed chance for improving
procedural outcome. This is even more pertinent in thoracoscopic
surgery, where there is usually only one procedure possible.
There is limited literature on periprocedural electrophysiological
testing during thoracoscopic surgery, indeed, we are aware of only 3
manuscripts in which both the follow up is organized and the data
presented according to the HRS consensus.
However, what these papers do show is that confirmation of the
ablation lesions is both feasible and comes with no or very limited
additional risk. Whether hybrid procedures do eventually result in
a better procedural outcome has yet to be determined, and head-tohead comparisons with stand-alone surgery are lacking. However, the
literature available provides promising data.31-38
In most centers, the electrophysiological part of the procedure
is carried out using standard EP catheters and equipment. With
this, both surgeon and cardiologist can act in their comfortable
environment. However, transseptal access is needed and can
potentially induce complications. A fully epicardial procedure
requires no fluoroscopy or heparinization, and is technically feasible
given the use of the right materials.32,37 In our experience, standard
diagnostic catheters are not suitable in the thoracic cavity because of
lack of support. Therefore, as outlined above, we developed a custom
made multi electrode that can be handled easily by the surgeon. The
small electrode terminals and small inter electrode distance assure
bipolar recordings of high quality as displayed in the figures.53 The
fully epicardial approach has limitations in the sense that endocardial
touch up ablation is not possible in the case of detected gaps in the
lines. However, there seems to be no difference in procedural outcome
using a fully epicardial versus an epicardial/endocardial approach
(SPJ Krul and L Pison, unpublished data), nor are there differences
in complications related to the electrophysiological procedure.
The need for a hybrid approach is evident when the ablation
lesion set cannot be completed surgically due to the techniques used.
Here, endocardial ablation is mandatory to achieve pulmonary vein
isolation and bidirectional block across other left atrial lines.34,35
Whether the electrophysiological part of the procedure has to be
performed simultaneously with the surgery is unclear, and there are
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surgery for AF was caused by macroreentry through iatrogenically
constructed isthmuses.26 They showed that there were gaps in the PV
Lines, but those were not implicated in the arrhythmia mechanism.
For patients with a normally sized left atrium and paroxysmal AF,
pulmonary vein isolation alone may suffice, whereas in patients with
more progressed disease additional atrial lines may be pertinent.

Conclusions:

In summary, electrophysiological evaluation of thoracoscopic
pulmonary vein isolation is feasible and may add to better outcomes
of this procedure. Specifically, understanding how to measure
conduction block with electrophysiological tools and techniques may
provide an addition to the surgical procedure. Which ablation line
set to create, and whether such a hybrid approach where surgeon and
electrophysiologist join forces is cost effective remains incompletely
understood and may be subject of further investigation.
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position, but pacing from an electrode pair more proximal on
the decapolar catheter (B, star) results in activation time of 145
Figure 5: msec, indicating that activation travels longer around the PV
island and that there is no conduction through the line. C. Pacing
from the multielectrode above the roof line results in activation
of the posterior left atrium from left to right (reversal activation
sequence decapolar catheter). Dagger indicates the electrogram
from the screw-in pace electrode (Medtronic 6416) positioned
above the roof line rightward from the trigone line. Organization of
the tracings as in figure 2.

no data supporting superiority of a direct hybrid versus a sequential
or staged approach or vice versa. However, one could argue that the
longer the index surgical procedure and the electrophysiological
procedure are placed apart, the less urgent the hybrid procedure may
be for patients who are asymptomatic after the surgical procedure.
There is little sense in subjecting an asymptomatic patient without
apparent AF to an extra endocardial study. Indeed, in that case the
endocardial procedure is carried out exclusively in patients with
residual AF and symptoms, and defined as a redo procedure.
Another unresolved issue remains which lesions to make in which
patients. Generally, the more ablation lines are constructed, the
higher the chance of residual conduction or reconnection.46 Indeed,
reconnection of the PVs as well as gaps in atrial ablation lines have
been described after thoracoscopic surgery for AF. Interestingly,
Liu et al demonstrated that atrial tachycardia after thoracoscopic

www.jafib.com

1. Elayi CS, verma A, Di Biase L, Ching CK, Patel D, Barrett C, et al. Ablation
for longstanding permanent atrial fibrillation: results from a randomized study
comparing three different techniques. Heart Rhythm 2018;5(12):1658-64.
2. Bänsch D, Bittkau J, Schneider R, Schneider C, Wendig I, Akin I, et al.
Circumferential pulmonary vein isolation: wait or stop early after initial successful
pulmonary vein isolation? Europace 2012;15(2):183-8.
3. Van Brabandt H, Neyt M, Devos C. Effectiveness of catheter ablation of atrial
fibrillation in belgian practice: a cohort analysis on administrative data. Europace
2013;Online first:doi:10.1093/europace/eut004.
4. Nielsen JC, Johannessen A, Raatikainen P, Hindricks G, Walfridsson H, Kongstad
O, et al. Radiofrequency ablation as initial therapy in paroxysmal atrial fibrillation.
New England Journal of Medicine 2012;367(17):1587-95.
5. De Groot JR. Reconnecting to the endpoint of atrial fibrillation ablation: should
we mind the gaps? Europace 2013;15:157-8.
6. Packer DL, Kowal RC, Wheelan KR, Irwin JM, Champagne J, Guerra PG, et al.
Cryoballoon ablation of pulmonary veins for paroxysmal atrial fibrillation. Journal
of the American College of Cardiology 2013;61(16):1713-23.
7. Stabile G, Bertaglia E, Senatore G, De Simone A, Zoppo F, Donnici G, et al.
Catheter ablationtreatment in patients with drug-refractory atrial fibrillation: a
prospective multi-centre, randomized, controled study (Catheter Ablation For The
Cure Of Atrial Fibrillation Study). European Heart Journal 2006;27:216-21.
8. Pappone C, Augello G, Sala S, Gugliotta F, Vicedomini G, Gulletta S, et
al. A Rondomized trial of circumferential pulmonary vein ablation versus
antiarrhythmic drug therapy in paroxysmal atrial fibrillation. The APAF study.
Journal of the American College of Cardiology 2006;48(11):2340-7.
9. Jaïs P, Chaumenez B, Macle L, Daoud E, Khairy P, Subbiah R, et al. Catheter
ablation versus antiarrhythmic drugs for atrial fibrillation: the A4 study. Circulation
2008;118(24):2498-505.
10. Wazni OM, Marrouche NF, Martin DO, verma A, Bhargava M, Saliba W, et
al. Radiofrequency ablation vs antiarrhythmig drugs as first-line treatment of
symptomatic atrial fibrillation. A randomized trial. JAMA 2005;293:2634-40.
11. Oral H, Pappone C, Chucg A, Good E, Bogun F, Pelosi F, et al. Circumferential
pulmonary-vein ablation for chronic atrial fibrillation. New England Journal of
Medicine 2006;354:934-41.
12. Wilber DJ, Pappone C, Neuzil P, De Paola A, Marchlinski F, Natale A, et al.
Comparison of antiarrhythmic drug therapy and radiofrequency catheter ablation
in patients with paroxysmal atrial fibrillation. A randomized controlled trial.
JAMA 2010;303(4):333-40.
13. Tilz RR, Rillig A, Thum A-M, Arya A, Wohlmuth P, Metzner A, et al. Catheter
ablation of long-standing persistent atrial fibrillation: 5-year outcomes of the

Oct-Nov, 2013 | Vol-6 | Issue-3

100

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Journal of Atrial Fibrillation

Hamburg sequential ablation strategy. Journal of the American College of
Cardiology 2012;60(19):1921-9.
Weerasooriya R, Khairy P, Litalien J, Macle L, Hocini M, Sacher F, et al.
Catheter ablation for atrial fibrillation. Are results maintained at 5 years of followup? Journal of the American College of Cardiology 2011;57(2):160-6.
Haïssaguerre M, Jaïs P, Shah DC, Takahashi A, Hocini M, Quiniou G, et al.
Spontaneous initiation of atrial fibrillation by ectopic beats originating in the
pulmonary veins. New England Journal of Medicine 1998;339:659-66.
Cox JL, Schuessler RB, D’Agostino HJJ, Stone C, Chang BC, Cain ME, et al. The
surgical treatment of atrial firbillation, III: development of a definitive surgical
procedure. Journal of Thoracic and Cardiovascular Surgery 1991;101:569-83.
Weimar T, Schena S, Bailey MS, Maniar HS, Schuessler RB, Cox JL, et al. The
cox-maze procedure for lone atrial fibrillation: a single-center experience over 2
decades. Circulation Arrhythmia and Electrophysiology 2012;5(1):8-14.
Pison L, Dagres N, Lewalter T, Proclemer A, Marinskis G, Blomström-Lundqvist
C, et al. Surgical and hybrid atrial fibrillation ablation procedures. Europace
2012;14:939-41.
Wolf RK, Schneeberger EW, Osterday R, Miller D, Merrill W, Flege JB, et al.
Video-assisted bilateral pulmonary vein isolation and left atrail appendage

exclusion for atrial fibrillation. Journal of Thoracic and Cardiovascular Surgery
2005;130(3):797-802.
Yilmaz A, Geuzebroek GSC, Van Putte BP, Boersma LVA, Sonker U, De Bakker
JMT, et al. Completely thoracoscopic pulmonary vein isolation with ganglionated
plexus ablation and left atrial appendage amputation for the treatment of atrial
fibrillation. European Journal of Cardio-thoracic Surgery 2010;38:356-60.
Krul SPJ, Driessen AHG, Zwinderman AH, Van Boven WJ, Wilde AAM, De
Bakker JMT, et al. Navigating the minimaze: Systematic review of the first results
and progress of minimally-invasive surgery in the treatment of atrial fibrillation.
International Journal of Cardiology 2011;Epub ahead of print:-doi:10.1016/j.
ijcard.2011.10.011.
La Meir M, Gelsomino S, Luca F, Pison L, Colella A, Lorusso R, et al. Minimal
invasive surgery for atrial fibrillation: an updated review. Europace 2012;Page
numbers to be supplied by publisher.
Boersma LVA, Castella M, Van Boven WJ, Berruezzo A, Yilmaz A, Nadal M, et
al. Atrial fibrillation catheter ablation versus surgical ablation treatment (FAST):
a 2-center randomized clinical trial. Circulation 2012;125(1):23-30.
Jansen WPJ, Wijffels MCEF, Wever EFD, Van Boven WJ, Yilmaz A, Boersma
LVA. Recurrence of atrial fibrillation after mini-Maze is associated with
pulmonary vein reconnection. European Heart Journal 2009;30(Suppl 1):813.
Kron J, Kasirajan V, Wood MA, Kowalski M, Han FT, Ellenbogen KA.
Management of Recurrfent Atrial Arrhythmias After Minimally Invasive Surgical
Pulmonary Vein Isolation and Ganglionic Plexi Ablation for Atrial Fibrillation.
Heart Rhythm 2010;7(4):445-51.
Liu X, Dong J, Mavrakis H, Zheng B, Long D, Yu R, et al. Mechanisms of
arrhythmia recurrence after video-assisted thoracoscopic surgery for the treatment
of atrial fibrillation: insights from electrophysiological mapping and ablation.
Journal of Cardiovascular Electrophysiology 2009;20(12):1313-20.
Pratola C, Baldo E, Notarstefano P, Toselli T, Ferrari R. Radiofrequency ablation
of atrial fibrillation: is the persistence of all intraprocedural targets necessary for
long-term maintenance of sinus rhythm? Circulation 2008;117:136-43.
Lemola K, Oral H, Chugh A, Hall B, Cheung P, Han J, et al. Pulmonary vein
isolation as an end point for left atrial circumferential ablation of atrial fibrillation.
Journal of the American College of Cardiology 2005;46(6):1060-6.
La Meir M, Gelsomino S, Luca F, Pison L, Colella A, Lorusso R, et al. Minimal
invasive surgery for atrial fibrillation: an updated review. Europace 2013;15(2):17082.
Gelsomino S, La Meir M, Luca F, Lorusso R, Crudeli E, Vasquez L, et al. Treatment
of lone atrial fibrillation: a look at the past, a view of the present and a glance at the

www.jafib.com

Featured Review
future. European Journal of Cardio-thoracic Surgery 2012;41(6):1284-94.
31. Bisleri G, Rosati F, Bontempi L, Curnis A, Muneretto C. Hybrid approach for
the treatment of long-standing persistent atrial fibrillation: electrophysiological
findings and clinical results. European Journal of Cardio-thoracic Surgery 2013;E
pub ahead of print:doi:10.1093/ejcts/ezt115.
32. Krul SPJ, Driessen AHG, Van Boven WJ, Linnenbank AC, Geuzebroek GSC,
Jackman WM, et al. Thoracoscopic video-assisted pulmonary vein antrum
isolation, ganglionated plexus ablation, and periprocedural confirmation of ablation
lesions. First results of a hybrid surgical-electrophgysiological approach for atrial
fibrillation. Circulation Arrhythmia and Electrophysiology 2011;4(3):262-70.
33. Pison L, La Meir M, Van Opstal J, Blaauw Y, Maessen J, Crijns HJ. Hybrid
thoracoscopic surgery and transvenous catheter ablation for atrial fibrillation.
Journal of the American College of Cardiology 2012;60(1):54-61.
34. Zembala M, Filipiak K, Kowalski O, Boidol J, Sokal A, Lenarczyk R, et al.
Minimally invasive hybrid ablation procedure for the treatment of persistent atrial
fibrillation: one year results. Kardiol Pol 2013;70(8):819-28.
35. Gehi AK, Mounsey JP, Pursell I, Landers M, Boyce K, Chung EH, et al. Hybrid
epicardial-endocardial ablation using a pericardioscopic technique for the
treatment of atrial fibrillation. Heart Rhythm 2013;10(1):22-8.

36. Muneretto C, Bisleri G, Bontempi L, Curnis A. Durable staged hybrid ablation
with thoracoscopic and percutaneous approach for treatment of long-standing
persistent atrial fibrillation: a 30-month assessment with continuous monitoring.
Journal of Thoracic and Cardiovascular Surgery 2012;144:1460-5.
37. Stamou SC, Khabbaz KR, Mahmood F, Zimetbaum P, Hagberg RC. A
multidisciplinary approach to the minimally invasive pulmonary vein isolation for
the treatment of atrial fibrillation. Annals of Thoracic Surgery 2010;89:648-50.
38. Mahapatra S, LaPAr DJ, Kamath S, Payne J, Bilnick KC, Mangrum JM, et al.
Initial experience of sequential surgical epicardial-catheter endocardial ablation
for persistent and long-standing persistent atrial firbillation with long-term
follow-up. Annals of Thoracic Surgery 2011;91:1890-8.
39. Calkins H, Kuck KH, Cappato R, Brugada J, Camm AJ, Chen S-A, et al. 2012
HRS/EHRA/ECAS Expert consensus statement on catheter and surgical
ablation of atrial fibrilation: recommendations for patient selection, procedural
techniques, patient management and follow-up, definitions, endpoints, and
research trial design. Heart Rhythm 2012;9(4):632-96.
40. Duytschaever M, De Meyer G, Acena M, El-Haddad M, De Greef Y, Van
Heuverswyn F, et al. Lessons from dissociated pulmonary vein potentials: entry
block implies exit block. Europace 2013;E pub ahead of print:doi:10.1093/
europace/eus353.
41. Edgerton JR, Jackman WM, Mack MJ. A new epicardial lesion set for minimal
access left atrial maze: the Dallas lesion set. Annals of Thoracic Surgery
2009;88(5):1655-7.
42. Charitos EI, Stierle U, Ziegler PD, Baldewig M, Robinson DR, Sievers H-H, et
al. A comprehensive evaluation of rhythm monitoring strategies for the detection
of atrial fibrillation recurrence: insights from 647 continuously monitored patients
and implications for monitoring after theraputic interventions. Circulation
2012;126:806-14.
43. Datino T, Macle L, Qi X-Y, Maguy A, Comtois P, Chartier D, et al. Mechanism
by which adenosine restores conduction in dormant canine pulmonary veins.
Circulation 2010;121(8):963-72.
44. Pison L, La Meir M, Van Opstal J, Crijns HJ. Transient clamp-induced mechanical
block of pulmonary vein potentials. Journal of Thoracic and Cardiovascular
Surgery 2011;141(2):e15-e16.
45. Driessen AHG, Krul SPJ, De Mol BAJM, De Groot JR. Second chance for a
totally thoracoscopic, video-assisted pulmonary vein isolation for atrial fibrillation.
Annals of Thoracic Surgery 2012;93(6):2051-3.
46. Mun H-S, Joung B, Shim J, Hwan HJ, Kim JY, Lee M-H, et al. Does additional
linear ablation after circumferential pulmonary vein isolation imporve clinical

Oct-Nov, 2013 | Vol-6 | Issue-3

101

47.

48.

49.

50.

51.

Journal of Atrial Fibrillation

Featured Review

outcome in patients with paroxysmal atrial fibrillation? Prospective randomized
study. Heart 2013;98:480-4.
Lockwood D, Nakagawa H, Peyton MD, Edgerton JR, Scherlag BJ, Sivaram CA,
et al. Linear left atrial lesions in minimally invasive surgical ablation of persistent
atrial fibrillation: techniques for assesing conduction block across surgical lesions.
Heart Rhythm 2009;6:S50-S63.
Di Biase L, Burkhardt JD, Mohanty P, Sanchez J, Mohanty S, Horton R, et
al. Left atrial appendage: an underrecognized trigger site for atrial fibrillation.
Circulation 2010;122:109-18.
Reddy VY, Doshi SK, Sievert H, Buchbinder M, Neuzil P, Huber K, et al.
Percutaneous left atrial appendage closure for stroke prophylaxis in patients with
atrial fibrillation: 2.3 year follow-up of the PROTECT AF (Watchman left
atrialappendage system for embolic protection in patients with atrial fibrillation)
trial. Circulation 2013;127:720-9.
Nishida K, Maguy A, Comtois P, Inoue H, Nattel S. The role of pulmonary veins vs
autonomic ganglia in different experimental substrates of canine atrial fibrillation.
Cardiovascular Research 2011;89:825-33.
Nademanee K, McKenzie J, Kosar E, Schwab M, Sunsaneewitayakul B, Vasavakul
T, et al. A new approach for catheter ablation of atrial fibrillation: mapping of

the electrophysiologic substrate. Journal of the American College of Cardiology
2004;43(11):2044-53.
52. Narayan SM, Krummen DE, Shivkumar K, Clopton P, Rappel W-J, Miller JM.
Treatment of atrial fibrillation by ablation of localized sources. CONFIRM
(Conventional Ablation for Atrial Fibrillation With or Without Focal Impulse
and Rotor Modulation) trial. Journal of the American College of Cardiology
2012;60(7):628-36.
53. De Groot JR, Driessen AHG, Van Boven WJ, Krul SPJ, Linnenbank AC,
Jackman WM, et al. Epicardial confirmation of conduction block during
thoracoscopic surgery for atrial fibrillation. A hybrid surgical-electrophysiological
approach. Minimal Invasive Therapy & Allied Technologies 2012;21(4):293-301.

www.jafib.com

Oct-Nov, 2013 | Vol-6 | Issue-3

