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Bilateral pulmonary vein isolation along with amputa-
tion of the left atrial appendage has become a well-
recognized technique for the management of atrial fibril-
lation. We describe our multidisciplinary approach to
minimally invasive bilateral pulmonary vein isolation,
left atrial appendage resection, and ablation of auto-
nomic ganglia.
(Ann Thorac Surg 2010;89:648-50)
© 2010 by The Society of Thoracic Surgeons

inimally invasive surgical pulmonary vein isolation

(PVI) was first introduced several years ago and
has now become an accepted modality to treat patients
with atrial fibrillation (AF) [1]. Many different energy
sources have been used to accomplish epicardial lesions;
however, bipolar radiofrequency (RF) ablation may be
more reliable in creating transmural lesions [2]. We
describe our multidisciplinary surgical approach to PVI,
electrophysiologic testing;”autonomic ganglia mapping,
and ablation, as well as ‘complete resection of the left
atrial appendage (LAA).

Technique

After general endotracheal double lumen tube anesthe-
sia is achieved, the patient is placed in the left lateral
decubitus position and the right chest is prepped and
draped. A 4-cm incision is used to gain access to the
fourth intercostal space spanning the axillary line. Then a
reusable rib retractor is inserted. The pericardium is
opened 3 cm anterior to the phrenic nerve and is ex-
tended inferiorly and superiorly. Sharp dissection be-
tween the inferior vena cava and the right inferior pul-
monary vein provides access to the oblique sinus. A
dissector (Lumitip Dissector [Atricure, Cincinnati, OH] or
Cardioblate Navigator Tissue Dissector [Medtronic Inc,
Minneapolis, MN]) is then inserted through a 1.5-cm
incision in the anterior axillary line in the seventh in-
terspace, and it is used to bluntly dissect around the
right-sided pulmonary veins sweeping inferiorly to su-
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periorly. A silastic catheter is leftin place of the dissector,
which later facilitates the placement of a bipolar RF
clamp. We then test for entrance and exit conduction
prior to any ablative procedure. Signals are acquired with
a handheld multifunctional electrosurgical device (Isola-
tor Multifunctional Pen [Atricure] or Cardioblate MAPS
Device [Medtronic Inc]) connected to a monitoring—
pacing system (Prucka CardioLab EP System [GE Medi-
cal Systems, New York, NY]). We then test for reactive
autonomic ganglia in different locations around the pul-
monary veins using the same devices by pacing at high
frequency (800/minute, 12 to 16 mA, pulse duration 10
ms). A positive response is defined as a > 50% prolon-
gation of the RR interval. Radiofrequency energy (Isola-
tor Multifuntion Pen and ASU/ASB Generator [Atricure]
or Cardioblate MAPS and 680 Generator [Medtronic Inc])
is then used to ablate positive ganglia. These locations
are then re-tested to confirm successful ablation. Water-
ston’s groove is then developed using electrocautery. A
bipolar RF clamp (Isolator Synergy, Clamp [Atricure] or
Cardioblate Gemini Surgical Ablation System
[Medtronic]) is then advanced into position using the
previously placed silastic catheter, and it is used to
electrically isolate the right-sided pulmonary veins. The
clamp is applied to a cuff’of atrial tissue, which is
approximately 1 to 2 cm away from the ostia of both
right-sided pulmonary veins. The device is applied and
bipolar RF ablation performed for a total of three times
with the clamp in a different orientation (ie, neutral, toe
slightly in, heel slightly in) each time. Fifteen minutes
after the last ablation, entrance and exit block are con-
firmed. If needed, additional ablations are performed
until bidirectional block is obtained. A soft pleural drain
is placed through the dissector insertion site and the
incision is closed in layers.

The right lung is re-inflated and the patient is placed in
the right lateral decubitus position. The left chest is
prepared and a 4-cm incision spanning the axillary line is
made to enter the third intercostal space. The pericar-
dium is opened posterior to the phrenic nerve. A path
around the left pulmonary veins is then created using the
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same technique as previously described for the right
side. The dissector insertion site should be slightly more
lateral than on the right side so that the same incision can
be used to introduce the endoscopic gastrointestinal
anastomosis stapler for LAA resection. The stapler
should have a direct path to the base of the LAA, such
that there is no torque applied to the heart when resect-
ing the LAA. The ligament of Marshall is divided with
electrocautery. Electrophysiologic testing and ablations
are carried out using the same technique as described for
the right side. The LAA is then resected using an endo-
scopic gastrointestinal ar'(astom051s stapler with the 4.8
mm staple load (Powered Multlﬁre Endoscopic GIA 60
[Covidien, Norwalk, CTD\ThlS is done under real time
three-dimensional< é& D) transesophageal echocardio-
graphic (TEE) guidance performed by our anesthesia
team to make sure that there is no residual stump. If
there is any residual stump left over, strategic placement
of pledgeted 4.0 Prolene stitches (Ethicon Inc, Somerville,
NJ) is done under 3-D TEE guidance to completely
obliterate the LAA (Fig 1).

Comment

The described technique allows for safe and reliable
electrical isolation of pulmonary veins and resection of
LAA, while avoiding the morbidity of median sternotomy
and cardiopulmonary bypass. It also allows for sophisti-
cated electrophysiologic testing, which we believe is
essential in assessing the adequacy of PVI as well as the
detection and ablation of active ganglia. This technique
uses a cosmetically acceptable 4-cm incision allowing for
direct visualization of the surglcal site with minimal rib
spreading. We believe that (direct visualization is espe-
cially important when déalmg with the LAA, as addi-
tional sutures needegl for elther hemostasis or to obliter-
ate any residual LAA \stump can be done quickly and
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Fig 1. Demonstrates residual stump after first
resection of left atrial appendage (LAA) in
two-dimensional (panel A) and three-dimen-
sional (3-D) transesophageal echocardio-
graphic (TEE) (panel B). Panel C shows 3-D
TEE image confirming complete obliteration of
LAA after placing additional sutures.

easily through a mini-thoracotomy approach and may be
technically quite challenging with a totally thoraco-
scopic approach. Between 2006 and 2008, the procedure
was performed in 20 patients. Twelve patients have
completed 1-year follow-up (7 with paroxysmal AF and
5 with persistent, longstanding AF), whereas the rest of
the procedures were performed more recently on pa-
tients. Our success rate is 100% for those with paroxysmal
AF and only 40% for those with persistent or longstand-
ing persistent AF (3 of 5 failures). There have been no
deaths, no conversions, no major bleeding events or
procedure abortions, and the most fz quent complication
has been latent pericarditis (3 of- 20 [15%]). Our postop-
erative protocol 1nc1udes< cmﬂmuatlon of the anti-
arrhythmic that was already in use, but we do not start
any new drugs prophylactmaily Warfarin is started on
postoperative day 1 and continued until the patient is in
sinus rhythm continuously for 6 months and off all
anti-arrhymics for at least 3 months.

A multidisciplinary approach that includes an elec-
trophysiologist and an anesthesiologist experienced
with 3-D TEE can not be overemphasized, as each is
essential for quality control. Sophisticated intraopera-
tive electrophysiologic testing is essential for this tech-
nique, because we have frequently had to perform
more than the initial three ablations to achieve com-
plete electrical isolation of the pulmonary veins. We
have also found that developing Waterston’s groove
not only obliterates any ganglia that may be in that
location, but also, allows for direct application of the
bipolar clamp onto left atrial muscle rather than fat,
which may allow for a more successful ablation. Atrial
tachyarrhythmias after ablation procedures have been
reported and are most commonly caused by incom-
plete or nontransmural ablation lines [2]. In addition,
the most common cause of- fa}Pure with catheter-based
PVI is pulmonary vein reCanectlon [2]. Bipolar RF
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ablation reduces these risks by more reliably produc-
ing lesions that are transmural [1]. A 3-D TEE is
preferred to two-dimensional TEE, because what ap-
peared to be adequate LAA obliteration on two-
dimensional TEE was not always adequate on 3-D TEE.
Similarly, a previous study demonstrated that after
surgical “closure” of the LAA, a substantial propor-
tion (60%) of patients had findings, even on two-
dimensional TEE suggestive of incomplete or failed
closure that may keep patients at risk for future car-
dioembolic phenomena [3]. Follow-up will determine
the long-term efficacy of this technique in terms of
freedom from AF, as well as the potential for stroke
risk reduction. We belieye that PVI alone is appropri-
ate for patients with paroxysmal AF, but more exten-
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sive lesions may be necessary for patients with persis-
tent or longstanding persistent AF.
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