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Hybrid Epicardial and Endocardial Ablation of Atrial Fibrillation: Is
Ablation on Two Sides of the Atrial Wall Better Than One?

Paul J. Wang, MD

Evolution of Surgical Ablation of Atrial
Fibrillation

T he success of catheter ablation of atrial fibrillation has
continued to increase with the introduction of new
technology, additional experience, and advances in our
understanding of the targets of ablation. Nevertheless,
patients with symptomatic drug refractory long-standing atrial
fibrillation present a particular challenge for treatment with
catheter ablation techniques. The so-called “cut-and-sew”
surgical maze procedure was developed by the pioneering
work of James Cox'? to treat this patient population. This
procedure was subsequently modified to reduce the com-
plexity and time required and is embodied in the Cox-Maze-IV
surgery, which is performed on cardiopulmonary bypass and
uses a combination of radiofrequency ablation, cryoablation,
and surgical incisions.>*

The next step in the evolution of the procedure was the
replacement of the cryoablation lesions and the surgical
incisions with radiofrequency ablation alone. This step
obviates the need for cardiopulmonary bypass and created
an epicardial-only technique. The evolution of epicardial
ablation tools created the ability to access portions of the
left atrium either through mini-thoracotomies or using
thoracoscopic tools. These tools were designed to address
several challenges including obtaining safe access around the
pulmonary veins. Currently most procedures use a bipolar
clamp-like device to ablate around the antral portion of the
left atrium just proximal to the pulmonary veins on each side.
Completion of the box lesion requires use of an epicardial-only
tool to create the roof and floor lines.’
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Results of a Thoracoscopic Based Surgical
Ablation Procedure

A number of studies have demonstrated the success of a
thoracoscopically based surgical ablation procedure incorpo-
rating many of the lesions in the Cox IV maze surgical
procedure.(”12 There has been a convergence of approaches,
with the creation of bilateral left atrial antral lesions for
pulmonary vein isolation and the roof and floor lines for
completion of the posterior wall box lesion. There is variability
in the incorporation of the other lines, with many surgeons
omitting the superior vena cava to inferior cava line, the line
to the mitral annulus, and “trigone” line extending from the
right superior pulmonary vein to the left fibrous trigone.

In addition to the variability of the procedural variables,
these studies differ in terms of the patient population studied.
Some of these studies have included both paroxysmal and
persistent atrial fibrillation patients while others are limited to
patients with persistent or long-standing persistent atrial
fibrillation. Other variables include left atrial size, underlying
valvular disease, and presence of left ventricular dysfunction.
Thus the results of freedom from atrial fibrillation at 1 year
vary with studies showing 70% to 87% success in patients
with paroxysmal atrial fibrillation®® but a lower success in
patients with persistent atrial fibrillation, for example, in the
range of 39% to 62% off anti-arrhythmic drugs at 6 months.?

Rationale for a Hybrid Surgical and Catheter
Ablation Approach

Particularly in patients with long-standing persistent atrial
fibrillation, epicardial-only minimally invasive surgical atrial
fibrillation has modest efficacy.® There are several opportu-
nities to improve the outcomes of epicardial-only minimally
invasive surgical atrial fibrillation ablation. The primary
rationale for hybrid surgical and catheter ablation'®>"? is the
assessment of gaps and the ability to ablate these gaps. A
secondary goal of the catheter ablation part of the procedure
is to create lesions that are surgically difficult or impossible
from the epicardial surface. These include a cavotricuspid
isthmus line and completion of lines to the mitral annulus. In
the Cox-Maze-IV procedure cryoablation was performed at the
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mitral annulus to complete the mitral annular line and
endocardial radiofrequency ablation is currently used to
replace these lesions.

There are biophysical reasons why the epicardial delivery
of radiofrequency energy is limited in terms of energy and
heat transfer. Excessive heating of the epicardial layers
increases tissue impedance reducing current delivery. Thus
repeat applications of energy may have diminishing returns. In
addition excessive heating at the epicardial surface may occur
while deeper layers of tissue are cooled by the endocardial
intracavitary blood flow. Combining endocardial ablation with
epicardial ablation may have advantages in creating transmu-
ral lesions, particularly in areas of increased tissue thickness
or in patients with scar or extremely large atria.

Timing of the Stages of the Hybrid Procedure

The first so-called hybrid procedures did not use catheter
ablation but used electrophysiological testing to document
conduction block at the time of surgical ablation.'® Subse-
quently, hybrid procedures incorporated both an epicardial
surgical ablation stage and an endocardial catheter ablation
stage. Initially, catheter ablation was performed at the same
sitting as the surgical thoracoscopic procedure.'”'® Alterna-
tively, however, the catheter ablation procedure may be done
in a separate procedure during the same hospitalization'® or
several months later.' There are potential advantages of
each approach. Performing the catheter ablation procedure at
the same setting enables the patient to undergo a single
procedure, obviating the need for a second anesthesia
administration that is frequently but not always used for
catheter ablation. Assessing conduction gaps during the same
hospitalization may have logistical benefits since the catheter
ablation is performed during the patient’s recovery time and
does not require a separate hospitalization. The primary
benefit of performing the catheter ablation procedure 1 to
3 months after the surgical procedure is that the lesions
would likely have healed and exhibit stable conduction
properties, potentially being more predictive than if performed
earlier.

Results of the Hybrid Procedure

The patient population studied plays an enormous role in
determining outcomes. Most studies report only 6-months or
1-year follow-up and the ideal goal of the hybrid procedure
should be freedom from atrial fibrillation in 3 to 5 years.
Nevertheless most of the studies to date, summarized in a
well-written review paper by Gelsomino et al,"® report free-
dom from atrial fibrillation at 6 months to be 78% to 100%. In
addition, some studies report conversion to sternotomy,

tamponade, hemothorax, pneumothorax, pleural bleeding, and
bleeding as complications.'® In a study of only patients with
long-standing persistent atrial fibrillation reported by Bulava
et al, 84% of patients were free of atrial fibrillation off anti-
arrhythmic drug but after 1 year there no recurrences of atrial
fibrillation reported. We do not know from these studies the
long-term, eg, 5 year, outcomes, particularly in patients with
very large atria.

Significance of the Hybrid Procedure

In addition to the significant success of the hybrid procedure,
one of the most important advances is creation of a
collaborative approach to the treatment of atrial fibrillation
between cardiac surgeons and electrophysiologists. This
collaboration will also permit important advances in improving
the procedure, particularly in patients with very large atria
(>5 cmor >6 cm dimension) or extensive scar. The vision of a
combined surgical and cardiac electrophysiology program
might provide an ideal venue for this approach.

Unanswered Questions

There are numerous unanswered questions raised by the
hybrid surgical-catheter ablation procedure:

How much does each stage of the hybrid procedure add
to the overall success of the procedure?

Further clinical trials are needed to compare the outcomes
of the hybrid procedure to catheter ablation alone and
epicardial thoracoscopic surgery alone.

Is one of the most important contributions of the
catheter ablation stage of the hybrid procedure the
feedback that is given the surgeon regarding lesion
formation? By documenting case-by-case the completion of
the posterior box lesion and other lines during the electro-
physiologic study, the surgeon receives feedback that is
critical to improving the results of the epicardial portion of the
procedure. As a result, it is common for the surgeon to
increase the number of ablation lesion applications to
maximize lesion transmurality.

Which of the lesions are most important? Is a more
extensive lesion set needed for long-term freedom from
atrial fibrillation? What is the contribution of the endocar-
dial lines, particularly the cavotricuspid annulus line and
the mitral annular line?

Bulava et al'® found that at short-term follow-up most
patients did not have complete isolation of the box lesion but
most patients were free of recurrent arrhythmias. One
interpretation of this observation is that complete isolation
of the box lesion is not needed for a good short-term
outcome. However, for long-term success will a more
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complete lesion set be needed? It is possible that new
reentrant wavefronts may develop over time and thus a more
extensive lesion set with transmural lesions might result in
the best long-term outcomes.

Can atrial fibrillation be mapped?

The work of Narayan and Krummen?® supports the concept
of mapping to identify areas that can be ablated. Can mapping
be combined with the hybrid approach?

Are there ways to improve lesion transmurality?

The need for repeated applications of radiofrequency
energy and the frequent absence of conduction block
underscores the need for improvements in technology to
make these lesions. Better tools to locate gaps are also
needed.

Conclusion

Hybrid surgical-catheter ablation of atrial fibrillation may add
importantly to the treatment of patients with atrial fibrillation,
particularly when it is persistent or long-standing persistent.
One of the most important roles of this procedure is to create
a collaborative approach between surgeons and electrophy-
siologists in treating atrial fibrillation, analogous to the
percutaneous heart valve hybrid procedure programs. There
are numerous opportunities to improve the hybrid procedure
and to answer important questions regarding its long-term
effectiveness, particularly in patients with dilated atria and
extensive scar.

Disclosures

Dr Paul J. Wang is Articure’s Co-Principal Investigator, DEEP
Hybrid Ablation Pivotal Clinical Trial. He is a recipient of
honoraria and fellowship support from Medtronic. He also
received fellowship support from St. Jude Medical, Biosense
J&J, and Boston Scientific. The author had carried out clinical
studies with percentage effort from Atricure and Medtronic.

References

1. Cox JL, Schuessler RB, Boineau JP. The development of the Maze procedure for
the treatment of AF. Semin Thorac Cardiovasc Surg. 2000;12:2—14.

2. Damiano RJ Jr, Gaynor SL, Bailey M, Prasad S, Cox JL, Boineau JP, Schuessler
RP. The long-term outcome of patient with coronary disease and atrial
fibrillation undergoing the Cox maze procedure. J Thorac Cardiovasc Surg.
2003;126:2016-2021.

3. Gaynor SL, Diodato MD, Pradas SM, Ishii T, Schuessler RB, Bailey MS,
Damiano NR, Bloch JB, Moon MR, Damiano RJ Jr. A prospective, single-center

clinical trial of a modified Cox maze procedure with bipolar radiofrequency
ablation. / Thorac Cardiovasc Surg. 2004;128:535-542.

4. Lee AM, Melby SJ, Damiano RJ Jr. The surgical treatment of atrial fibrillation.
Surg Clin North Am. 2009;89:1001-1020, x—xi.

5. Sakamoto S, Voeller RK, Melby SJ, Lall SC, Chang N, Schuessler RB, Damiano
RJ Jr. Surgical ablation for atrial fibrillation: the efficacy of a novel bipolar pen
device in the cardioplegically arrested and beating heart. / Thorac Cardiovasc
Surg. 2008;136:1295-1301.

6. McClelland JH, Duke D, Reddy R. Preliminary results of a limited thoracotomy:
new approach to treat atrial fibrillation. J Cardiovasc Electrophysiol.
2007;18:1289-1295.

7. Mehall JR, Kohut RM Jr, Schneeberger EW, Taketani T, Merrill WH, Wolf RK.
Intraoperative epicardial electrophysiologic mapping and isolation of auto-
nomic ganglionic plexi. Ann Thorac Surg. 2007;83:538-541.

8. Edgerton JR, Jackman WM, Mack M)J. Minimally invasive pulmonary vein
isolation and partial autonomic denervation for surgical treatment of atrial
fibrillation. J Interv Card Electrophysiol. 2007;20:89-93.

9. Beyer E, Lee R, Lam BK. Point: minimally invasive bipolar radiofrequency
ablation of lone atrial fibrillation: early multicenter results. J Thorac Cardiovasc
Surg. 2009;137:521-526.

10. Gillinov AM, McCarthy PM, Blackstone EH, Rajeswaran J, Pettersson G, Sabik
JF, Svensson LG, Cosgrove DM, Hill KM, Gonzalez-Stawinski GV, Marrouche N,
Natale A. Surgical ablation of atrial fibrillation with bipolar radiofrequency as
the primary modality. / Thorac Cardiovasc Surg. 2005;129:1322—-1329.

11. Voeller RK, Bailey MS, Zierer A, Lall SC, Shun-ichiro Sakamoto S, Aubuchon K,
Lawton JS, Moazami N, Huddleston CB, Munfakh NA, Moon MR, Schuessler RB,
Damiano R} Jr. Isolating the entire posterior left atrium improves surgical outcomes
after the Cox maze procedure. J Thorac Cardiovasc Surg. 2008; 135:870-877.

12. Boersma LVA, Castella M, vanBoven W, Berruezo A, Yilmaz A, Nadal M,
Sandoval E, Calvo N, Brugada J, Kelder J, Wijffels M, Mont L. Atrial fibrillation
catheter ablation versus surgical ablation treatment (FAST): a 2-center
randomized clinical trial. Circulation. 2012;125:23-30.

13. Gelsomino S, Van Breugel H, Pison L, Parise O, Crijns H, Wellens F, Maessen
JG, La Meir M. Hybrid thoracoscopic and transvenous catheter ablation of
atrial fibrillation. Eur J Cardiothorac. 2014;45:401-407.

14. Kurfirst V, Mokracek A, Bulava A, Canadyova J, Hanis J, Pesl L. Two-staged
hybrid treatment of persistent atrial fibrillation: short-term single-centre
results. Interact Cardiovasc Thorac Surg. 2014;18:451-456.

15. Krul S, Driessen A, van Boven W, Linnenbank A, Geuzebroek G, Jackman W,
Wilde A, de Bakker J, de Groot J. Thoracoscopic video-assisted pulmonary vein
antrum isolation, ganglionated plexus ablation, and periprocedural con-
firmation of ablation lesions first results of a hybrid surgical-electrophysio-
logical approach for atrial fibrillation. Circ Arrhythm Electrophysiol. 2011;4:
262-270.

16. Mahapatra S, LaPar D, Kamath S, Payne J, Bilchick K, Mangrum J, Ailawadi G.
Initial experience of sequential surgical epicardial-catheter endocardial
ablation for persistent and long-standing persistent atrial fibrillation with
long-term follow-up. Ann Thorac Surg. 2011;91:1890-1898.

17. Pison L, Gelsomino S, Luca F, Parise O, Maessen JG, Crijns H, La Meir M.
Effectiveness and safety of simultaneously hybrid thoracoscopic and endo-
cardial catheter ablation of lone atrial fibrillation. Ann Cardiothorac Surg.
2014;3:38-44.

18. Pison L, La Meir M, van Opstal J, Blaauw Y, Maessen J, Crijns HJ. Hybrid
thoracoscopic surgical and transvenous catheter ablation of atrial fibrillation. /
Am Coll Cardiol. 2012;60:54—61.

19. Bulava A, Mokracek A, Hanis J, Kurfirst V, Eisenberger M, Pesl L. Sequential
hybrid procedure for persistent atrial fibrillation. / Am Heart Assoc. 2015;4:
001754 doi: 10.1161/JAHA.114.001754.

20. Narayan SM, Krummen DE. Dynamic factors preceding the initiation of atrial
fibrillation in humans. Heart Rhythm. 2008;5:S22—S25.

Key Words: Editorials * ablation * arrhythmia e atrial fibril-
lation e catheter ablation ¢ surgery

DOI: 10.1161/JAHA.115.001893

Journal of the American Heart Association 3

TVIMOLIAH


info:doi/10.1161/JAHA.114. 001752

