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Purpose. Comprehensive treatment of atrial fibrillation requires both compartmentaliza-
ion of the posterior left atrium and connecting ablations to the mitral annulus to interrupt
erimitral macro reentry and to isolate the arrhythmogenic left atrial substrate. We present
new procedure that compartmentalizes virtually all arrhythmogenic anatomy etiologic in

trial fibrillation, enabling simple verification by demonstration of bidirectional block.

Description. Through a totally thoracoscopic approach, complete dissection of the
ransverse sinus and exposure of the left atrial floor enables the creation of contiguous
ompartments connecting to the anterior mitral trigone and isolating the posterior left
trium. The result is a comprehensive electrophysiologic replication of the Cox Maze left
trial lesion pattern.

Evaluation. Each compartment is verified in real time using bidirectional block with a
robe placed on the untreated atrium inside the compartment.

Conclusions. Interruption of perimitral macro reentry in two perpendicularly oriented
lanes in a totally thoracoscopic procedure results in an operation with efficacy approxi-
ating the Cox Maze benchmark.

(Ann Thorac Surg 2010;90:986–90)

© 2010 by The Society of Thoracic Surgeons
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odern procedures for atrial fibrillation derive their
efficacy from three basic principles: compartmen-

alization of known arrhythmogenic areas, autonomic
e-innervation, and debulking of atrial substrate to pre-
ent macro reentry. Procedures lacking connecting abla-
ions to the mitral valve annulus suffer a large decrement
n curative outcomes in all types of atrial fibrillation, even
aroxysmal [1, 2]. Further, compartmentalization of the
osterior left atrium within wide pulmonary vein antral
blations positively affects treatment of advanced atrial
brillation [3, 4].

echnology

ecent advances in operative technique have enabled the
elivery of a comprehensive ablation pattern to treat the

eft atrial substrate using a totally thoracoscopic ap-
roach, with significant efficacy in nonparoxysmal atrial
brillation [5]. Previously, the transmurality of connect-

ng ablation lines to the mitral annulus has been verified
ith electrocardiogram attenuation, or more recently,

ctivation sequencing [6]. However, electrocardiogram
ttenuation is compromised by the artifact of temporary
yocardial stunning; activation sequencing involves di-

gnostic lead placement in poorly accessible regions of
he dome of the left atrium, thereby limiting its applica-
ility to a totally thoracoscopic approach.
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ociety of Thoracic Surgeons
sevier Inc

 bats.ctsnetjournals.orgDownloaded from 
We therefore present a totally thoracoscopic procedure
hat consistently applies bidirectional block as the stan-
ard for confirming transmurality in a complete, five-
ompartment lesion pattern. In particular, left atrial com-
artments produce interruption of perimitral macro
eentry in two perpendicularly oriented planes relative to
he mitral annulus, comprising not only a connection to
he mitral annulus but also isolation of the posterior left
trium. Thus, a more complete replication of the original
eft atrial Cox Maze lesion set is achieved.

echnique

his report was sanctioned by the Institutional Review
oards of the Medical Centers of the Ohio State Univer-
ity and the University of Pittsburgh.

The study cohort comprised 48 patients (28 men) aged
0 � 6 years (range, 47 to 82 years). Each had symptom-
tic, longstanding persistent atrial fibrillation, docu-
ented for a mean of 4.3 years (range, 1 to 20 years)

efore the procedure and resistant to efforts at type I/III
ntiarrhythmic drug suppression with or without electri-
al cardioversion. Thirteen patients had previously un-
ergone one or more attempts at percutaneous left atrial
blation. The mean left atrial diameter was 4.5 cm (range,
.4 to 6.3 cm). The mean left ventricular ejection fraction

Dr Sirak discloses that he has a financial relationship

with Atricure.

0003-4975/$36.00
doi:10.1016/j.athoracsur.2010.05.022

y John Sirak on September 9, 2010 

mailto:johnsirak@yahoo.com
http://ats.ctsnetjournals.org


w
g
o
p

i
e
p
t
n
s
t
l

R
W
p
r
t
o
n
1
a
t
p
p
t
b
p

c
E

p
v
d
a
s
c
c
l
s
o
a
s
l
d
t
p
t

a
d
p
l
p
c
t
a
a
c
n
t
(
t
a

F
a
m
r
a
a
(
P
a
r

F
t
r
a
a

987Ann Thorac Surg NEW TECHNOLOGY SIRAK ET AL
2010;90:986–90 FIVE-BOX THORACOSCOPIC MAZE PROCEDURE

N
EW

T
EC

H
N

O
LO

G
Y

as 0.534 (range, 0.15 to 0.65). One patient had under-
one a remote thymectomy through a median sternot-
my; otherwise, none had a history of an open chest
rocedure.
All patients underwent the same procedure. After the

nduction of general anesthesia using a double-lumen
ndotracheal tube, a transesophageal transducer is
laced in the esophagus. A defibrillator pad is placed on

he right scapula. A large padded roll is placed under-
eath the left scapula. After the patient is prepared
terilely, a second, sterile defibrillator pad is placed on
he anterior left chest just medial to the anterior axillary
ine at the inframammary fold.

ight Thoracoscopy
ith the right lung deflated, the initial 10-mm port is

laced in the sixth interspace in the anterior axillary line,
oughly in a sagittal plane with the xiphoid. Under
horacoscopic guidance, a second 10-mm port is placed
n a sagittal plane with the cephalad edge of the pulmo-
ary hilum, anterior to the right phrenic nerve. A third
0-mm port is placed one interspace cephalad and 5-cm
nterior to the middle port. A 5-mm port is placed over
he aortic root, just lateral to the internal mammary
edicle. The pericardium is opened anterior to the right
hrenic nerve, from the diaphragm to the refection on

he superior vena cava, and retracted with stitches
rought out posteriorly through the chest wall. The

ig 1. A large enclosed triangle is created on the dome of the left
trium (LA) posterior to the interatrial septum, consisting of a trans-
itral line originating from the noncoronary aortic root, a transverse

oof line between the superior pulmonary antra, and a line from the
pex of the transmitral line to the right pulmonary antrum. Note the
blations isolating the superior vena cava and distal coronary sinus.
Ao � aorta; CSo � coronary sinus; LAA � left atrial appendage;

� pericardium; R � retractor; RA � right atrium; RAA � right
trial appendage; RIPV � right inferior pulmonary vein; RPA �
ight pulmonary artery; RSPV � right superior pulmonary vein.)
ericardiotomy and subsequent dissection is greatly fa- v
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ilitated by use of a harmonic scalpel (Harmonic Ace;
thicon, Cincinnati, OH).
The superior vena cava is mobilized from the right

ulmonary artery up to the junction with the azygous
ein and is encircled with a flexible catheter, which is
elivered through the upper medial port. Gentle anterior
nd cephalad retraction of the superior vena cava, with
imultaneous retraction of the dome of the left atrium
audad, reveals areolar attachments of the superior vena
ava to both the right pulmonary artery and dome of the
eft atrium, all of which are divided with the harmonic
calpel. The remaining areolar tissue overlying the dome
f the left atrium and ensheathing the right pulmonary
rtery is similarly divided, resulting in the complete
keletonization of the transverse sinus leftward to the
igament of Marshall. The purposes for this extensive
issection of the dome of the left atrium include ensuring

he transmurality of subsequent ablations and also the
osterior positioning of the left atrial ablations relative to

he interatrial septum to avoid Bachmann’s bundle.
The dissection of the oblique sinus, right pulmonary

ntral isolation, and mapping and ablation of the epicar-
ial autonomic ganglia are performed as previously re-
orted [5]. With the thoracoscope shifted to the upper

ateral port, retraction is applied to the right atrial ap-
endage caudally and to the aorta medially, enabling
lear visualization of the left-noncoronary commissure of
he aortic root, where the fibrous confluence conjoins the
nterior trigone of the mitral annulus. A linear bipolar
blation probe (CoolRail, Atricure, Westchester, OH)
reates a line of ablations extending from the left-
oncoronary commissure of the aortic root, traversing

he right side of the base of the left atrial appendage
thereby avoiding the left main coronary artery), and
erminating on the posteromedial dome of the left
trium.

ig 2. Intraoperative photo demonstrates the completed triangle on
he dome of the left atrium posterior to the interatrial septum. Bidi-
ectional block from within the box confirms the integrity of the key
blations connecting the superior interantral line with the mitral
nnulus. (Ao � aorta; LA � left atrium; RSPV � right superior

ena cava; SVC � superior vena cava.)
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Real-time transesophageal echocardiography confirms
orrect positioning of the ablation probe on the anterior
itral trigone. An initial presumption of transmurality

or any given ablation is made only when output power
n the ablation generator falls to approximately 15 watts,

ndicating a rise in tissue impedance. Repetitive, overlap-
ing ablations are required to achieve this initial end
oint.
The thoracoscope is placed back into the middle port.
ith the superior vena cava again retracted with the

exible catheter, and with gentle caudad retraction of the
eft atrial dome, the previously created transmitral line is
asily visualized through the transverse sinus. A second
ine of ablations is performed from the base of the
ransmitral line across the posterior dome of the left
trium, terminating onto the right superior pulmonary
ein. Finally, a third line of ablations is performed from
he apex of the transmitral line to the medial end of the
econd line at the right superior pulmonary vein. The
hree lines constitute an enclosed triangle on the dome of
he left atrium that is safely posterior to the interatrial
eptum and Bachmann’s bundle (Fig 1). The integrity of
his compartment is verified by demonstration of bidi-
ectional block using a probe placed on untreated atrium
n the center of the triangle; exit block, in particular, is
onfirmed at 15 mA of amplitude (Fig 2).

Isolation of the superior vena cava is performed using
quadripolar radiofrequency clamp (Isolator Synergy;
tricure, Westchester, OH) 2 cm proximal to the sino-

ig 3. With the apex elevated, the enclosure of the posterior left
trium is completed with linear ablations connecting the inferior
ulmonary veins. The ablations on the dome of the left atrium, in-
luding the junction of the transmitral line with the superior inter-
ntral line, and traversing the distal coronary sinus, are easily visu-
lized. (CS � coronary sinus; Cx � circumflex; LA � left atrium;
AA � left atrial appendage; LIPV � left inferior pulmonary vein;
M � left main; LPA � left pulmonary artery; LSPV � left supe-
ior pulmonary vein; LV � left ventricle; P � pericardium; R �
etractor; RIPV � right inferior pulmonary vein.)
trial node, with subsequent confirmation of bidirec- n

 bats.ctsnetjournals.orgDownloaded from 
ional block. Additional linear ablations proceed from the
nteratrial groove anterior to the oblique sinus posteri-
rly into two trajectories: one traversing the distal coro-
ary sinus just cephalad to the right atrioventricular
roove, and one projected across the floor of the left
trium toward the left inferior pulmonary vein.

eft Thoracoscopy
he left pericardiotomy, division of the ligament of
arshall, mapping and ablation of the autonomic gan-

lia, and pulmonary antral isolation are performed as
reviously reported [5]. With an endoscopic fan retractor
roviding gentle caudad retraction on the left atrial
ppendage, the previously performed line of ablations
cross the transverse sinus is easily visualized and ex-
ended onto the left superior pulmonary vein. As a result,
blations connect to the left atrial appendage on both its
edial and posterior aspects.
A five-fingered endoscopic fan retractor (Endo Retract

I; Autosuture, Mansfield, MA) introduced through the
pper lateral port gently retracts the apex anteromedi-
lly, enabling clear exposure of the inferior vena cava,
blique sinus, and right inferior pulmonary vein. The
revious ablations performed in the oblique sinus from

he right chest are clearly visualized. The linear probe
reates a line of ablations connecting the caudal margins
f the two pulmonary antral isolation boxes (Fig 3). A
our-sided compartment perpendicular to the transmitral
ine is created on the posterior left atrium, comprising the
ulmonary antral boxes on the sides and the superior
nd inferior interantral lines cephalad and caudad. As

ig 4. The complete five-box lesion pattern encompasses four contig-
ous compartments: the two pulmonary antra (1,2), the posterior left
trium (3), and an enclosed triangle on the dome of the left atrium
ncorporating the connection the anterior trigone of the mitral annu-
us (4), as well as the superior vena cava (5). Additional linear le-
ions connect both the left pulmonary antrum and the transmitral
ine to the base of the left atrial appendage, and the right pulmo-

ary antrum to the coronary sinus.
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efore, the integrity of this compartment is verified with
emonstration of bidirectional block on untreated atrium

n the center of the box (Fig 4). Finally, the left atrial
ppendage is ligated, as previously described, under
ransesophageal echocardiographic guidance.

At the conclusion of each side of the operation, inter-
ostal nerve blocks are performed using a reusable liquid
itrogen cryoprobe. Cryoablations of 60 seconds at –30°C
re administered to the intercostal neurovascular bundle
edial to each port site. We have observed a substantial,

urable decrement in postoperative discomfort in our
atients, with narcotic analgesics typically discontinued
ithin 48 hours.

linical Experience

he mean operative time was 268 minutes (range, 225 to
78 min). Postoperative rhythm surveillance consists of 7
ays of continuous self-actuated event monitoring (Car-
ioNet, Conshohocken, PA) conducted at 3, 6, 13, and 24
onths. Failure of the procedure is defined as any

achyarrhythmia lasting 30 seconds. All antiarrhythmia
edications are discontinued by the end of the second

ostoperative month.
At the 3-month interval, 34 of 36 patients (94%) were

ree of atrial fibrillation. Interestingly, 1 patient, in whom
he procedure failed, experienced a single symptomatic
0-minute episode of atrial fibrillation that self-
erminated; the patient remained in sinus rhythm
hrough the 6-month monitoring. The other patient was

apped and treated percutaneously for cavotricuspid
utter. At the 6-month interval, 19 of 19 patients were

ree of atrial fibrillation. At the 13-month interval, 4 of 4
atients were free of atrial fibrillation.
No perioperative deaths occurred. One patient under-
ent a median sternotomy for an injury to the right
ulmonary artery. One patient required implantation of
ermanent pacemaker for a preexisting sick sinus
yndrome.

omment

dvances in linear ablation technology and thoraco-
copic operative technique have enabled the deployment
f a comprehensive lesion pattern to isolate virtually all
rrhythmogenic substrate, with the exception of the right

trial isthmus, through a truly minimally invasive ap- o

xamination of data. Sirak and colleagues [1] begin this
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roach. This procedure uniquely replicates the cut-and-
ew left atrial lesion set, with contiguous compartments
onnecting to the mitral annulus and isolating the pos-
erior left atrium. In addition, bidirectional block, with
xit block tested at 15 mA of power, serves as a simpli-
ed, uniform confirmation of the integrity of all compart-
ents. Further, it enables a logical, intuitively appealing

rogression through an unambiguous, efficient verifica-
ion of all technical end points. We anticipate that, in
ight of a convincing paradigm shift from lesion delivery
oward lesion confirmation, standardization of epicardial
blation procedures may offer a clear benchmark in the
reatment of advanced atrial fibrillation.
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NVITED COMMENTARY
s we begin the third decade of the surgical treatment of
trial fibrillation (AF), surgeons are actively engaged in
he development of new therapies to manage this ar-
hythmia. Efforts are broad and varied, including new
esion sets, new ablation technologies, and new ap-
roaches. Most advances are presented as small, single-
enter reports with limited follow-up. Validation of new
perations can only be achieved through generation and
rocess with their report of “The Five-Box Thoracoscopic
aze Procedure.” This article begins to answer the key

uestions that will determine whether this therapy can
e widely applied in patients with AF.
The authors provide a well-illustrated, clear descrip-

ion of the procedure. They answer the question: “How is
t done?” A second, compelling question for surgeons is:
an I do this operation? The thoracoscopic procedure
ertainly requires expertise and training. Thoracoscopy is
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