Preliminary Results of a Limited Thoracotomy: New Approach
to Treat Atrial Fibrillation
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Epicardial Ablation of Atrial Fibrillation. Objective: To determine efficacy of a new procedure
combining epicardial bipolar radiofrequency (RF) pulmonary vein (PV) antrum isolation and ganglionated
plexus (GP) ablation for treatment of atrial fibrillation (AF).

Background: PV antrum electrical isolation and GP ablation have each been associated with elimination
of AF. Both of these can be performed epicardially in a single combined surgical procedure, which may
have advantages over endocardial ablation.

Methods and Results: Twenty-one subjects entered a prospective evaluation of limited thoracotomy epi-
cardial bipolar PV antrum isolation, verified by PV recordings, with GP ablation, guided by GP mapping.
Procedural success was defined as freedom from AF and antiarrhythmic agents during 1 year of follow-up,
including evaluation by prolonged continuous monitoring capable of detecting asymptomatic arrhythmias.
All subjects had recordable PV potentials and GP activity prior to ablation. Circumferential epicardial
bipolar RF eliminated PV potentials in 18 of 20 right and 14 of 20 left PV antra. This concurrently elimi-
nated 79 % of GP activity (125 of 159 active sites); nearly all remaining GP activity could then be eliminated
using epicardial bipolar RF forceps. Fifteen of 20 (75%) subjects overall, and 14 of 16 (87.5%) subjects with
paroxysmal or persistent AF had a successful procedure.

Conclusion: Limited thoracotomy epicardial bipolar RF antrum isolation, verified by PV recordings,
with GP ablation, guided by GP mapping, is effective treatment for AF and should be considered in patients

with paroxysmal or persistent AF. (J Cardiovasc Electrophysiol, Vol. pp. 1-7)
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Introduction

Both endocardial! and epicardial>? pulmonary vein (PV)

antrum isolation have been shown to eliminate atrial fibrilla-
tion (AF), and ablation of ganglionated plexi (GP) has been
reported to reduce recurrence of or eliminate AF.4® AF has
also been shown to originate from the ligament of Marshall.”-®
A procedure which adds GP ablation and division of the lig-
ament of Marshall to epicardial PV isolation has recently
been reported.” We describe findings during this combined
procedure, and 1 year follow-up, in a prospective study of
consecutive patients.

Methods
Patient Selection

Between January 1, 2005 and July 3, 2006, patients aged
30-85 years with documented recurrent symptomatic parox-
ysmal, persistent, or long-standing persistent AF'® unrespon-
sive to medical therapy, with failure of or intolerance to at
least one class IC or Class III antiarrhythmic agent (gener-
ally two or more) were considered for entry. Exclusion cri-
teria included left atrium (LA) > 5.0 cm by transthoracic
echocardiography, ejection fraction (EF) < 40%, inability
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to give informed consent, comorbid conditions with a life
expectancy less than 1 year. IRB approval of the protocol,
including GP mapping and ablation, and written informed
consent were obtained. The study was terminated when all
subjects were classified as either Failed (at least 30 seconds
of AF!? detected at any time following the blanking period
of 3 months) or Success (free of class 1 and class III antiar-
rhythmic agents and AF by all electrocardiographic record-
ings including long-term continuous monitoring capable of
detecting asymptomatic arrhythmias at 1 year following the
procedure) Student’s 7-test and the chi-square test were used
for comparisons.

Description of the Procedure
Presurgical and surgical aspects

All patients were anticoagulated with warfarin for at least
1 month prior to the procedure. Transesophageal echocar-
diography was performed 1 week prior to surgery to ex-
clude LA thrombus. Warfarin was then discontinued and
low molecular weight heparin instituted through the morn-
ing prior to the procedure. Antiarrhythmics were continued
through surgery, and were discontinued 3 months postopera-
tively; no subject was taking amiodarone. Through bilateral
limited thoracotomy incisions (Fig. 1A), patients underwent
off-pump video-assisted PV antrum isolation and GP abla-
tion using an epicardial bipolar radiofrequency (RF) clamp
(Fig. 1B) (MIR1, MILI1 patients 1-17; EMR1, ELR1 patients
18-20; Atricure Inc.; Cincinnati, OH, USA), and left atrial
appendectomy,” with division of the ligament of Marshall
(Fig. 1C) guided by mapping of PV potentials and GP activ-
ity (Fig. 1D), as described below. A standard protocol was
followed regarding pain management including oral agents
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Figurel. Surgical epicardial PV antrumiso-
lation and GP ablation. Panel A: One 5 cm
and two 1 cm incisions (arrows) are required
on each side of the chest. Panel B: Epicar-
dial surface of the left antrum immediately
following application of RF using the clamp
(Clamp). Note linear lesion (RF), which is
relatively far from the crux of the left supe-
rior (LSPV) and left inferior pulmonary veins
(LIPV). Panel C: Superior aspect of the lig-
ament of Marshall (LOM), immediately prior
to transection and ablation by electrocautery
tool (EC). Panel D: Epicardial testing for
PV potentials using a standard EP catheter
(Cath) prior to delivery of RF via the clamp.

and epidural or subcutaneous infusions. All received intra-
venous hydrocortisone and oral prednisone for prophylaxis
of pericarditis.

Mapping and elimination of PV potentials

PV potentials were recorded (30-500 Hz, 2500 gain Car-
dioLab System, Pruka Engineering Inc., Houston, TX, USA)
epicardially by maneuvering a standard 4 pole electrode
catheter (Fig. 1D) to 12 sites around the pulmonary veins
(Right A—F and Left A-F), using a diagram (Fig. 2) adapted
from University of Oklahoma (personal communication). Po-
tentials were mapped prior to application of RF via the clamp,
and after RF application. The clamp is positioned anatomi-
cally, without reference to results of mapping. If PV potentials
remained following RF, additional applications were given,
and mapping repeated. The end-point for RF applications was
elimination of PV potentials at all mapped sites; one addi-
tional application of RF was generally given when this was

Figure 2. Diagram of mapping of PV poten-
tials and GP activity. The schematic used to
map the ganglionated plexi and pulmonary
vein antrum potentials. Six sites on each
antrum (Right A—F and Left A—F ) were tested
for PV potentials; 15 right antral sites (RO—
R14) and 12 left antral sites (LO-L11) were
used to map the ganglionated plexi. Sites
marked with a green arrow are located poste-
riorly (A, F,R0,R14,L0,L11). RSPV = right
superior pulmonary vein; RIPV = right infe-
rior pulmonary vein; LA = left atrium; SVC
= superior vena cava, IVC = inferior vena
cava; RA = right atrium; LSPV = left su-
perior pulmonary vein; LIPV = left inferior
pulmonary vein.
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demonstrated. No RF clamp lesions were given in any other
locations. After the seventh patient, animal studies demon-
strating the safety of up to 15 applications of RF using the
clamp became known, and the methods were altered to de-
liver up to a maximum of 10 applications of RF.

Mapping and elimination of GP activity

Sites of GP activity were mapped epicardially by stim-
ulating via the same 4-pole electrode catheter, using 1 ms
pulse width, 10 V (delivered to the subject assuming 100
load; 100 V output), 20 Hz (Grass Telefactor S88, Grass
Technologies, West Warwick, RI, USA) for 3 seconds; a
positive response was defined as ventricular asystole for 3
seconds or more. GP mapping was performed at 15 right
(RO-R14) and 12 left (LO-L11) antrum sites (Fig. 2). Only
sites R1-R13 and L1-L10 were in the first three patients,
after which the more posterior sites (RO, R14, LO, L11)
were added to the tested mapping procedure. GP mapping
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was performed prior to the initial RF application, and fol-
lowing the final application of epicardial RF via the clamp.
If GP activity remained, then bipolar epicardial RF for-
ceps were used to eliminate it, and GP mapping was then
repeated.

Evaluation and management following discharge

Patients were seen and EKGs performed at 1 week,
2 weeks, 3 weeks, 6 weeks, 3 months, 6 months, and then
every 6 months, and as needed for management of surgical
or arrhythmia issues. A 3 month blanking period followed
surgery, during which arrhythmia was ignored for outcome
classification purposes. Symptoms suggestive of arrhythmia
were evaluated by ECG, 24 or 48 hour ambulatory ECG mon-
itoring, or event monitoring, as clinically indicated. At 1 year
of follow-up, subjects underwent prolonged continuous mon-
itoring (30 days in all but one patient, who was monitored for
15 days) capable of detecting asymptomatic arrhythmias
(CardioPal SAVI, Medicomp Inc., Melbourne, FL, USA),
unless AF had already been documented otherwise. Warfarin
was continued for at least 1 year; it was then discontinued and
aspirin instituted if patients so requested, and were classified
as ’failed” or were without an indication for warfarin.

Patients with recurrent arrhythmia were offered catheter
ablation. Patients requiring catheter ablation solely of right
atrial flutter or a well-organized right atrial tachycardia were
not considered to have failed; rather, they were considered
to have a separate right atrial arrhythmia. If atrial fibrillation
or left atrial arrhythmias were demonstrated, subjects were
classified as Failed.

Results
Patient Characteristics and Outcomes

Twenty-one patients underwent this procedure; one pro-
tocol violation occurred (EF < 40%) and was excluded from
the analysis. Eleven had paroxysmal AF (PAF), five persistent
AF and four long-standing persistent AF (Table 1). None had
severe left atrial enlargement by 2D criteria, although five did
by volume criteria of >39 cc/m? (area/length method). Five
failures occurred during follow-up (mean 17 £ 3.5 months).
Success was much more likely in subjects with paroxysmal
(100f 11,91%) or persistent (4 of 5, 80%) than long-standing
persistent AF (1 of 4,25%) (Table 2). Two had right atrial flut-
ter in follow-up; this was successfully ablated in both. One
patient required transfusion for hemothorax related to the
procedure. There were no other major complications, includ-
ing death, neurological events, cardiovascular events, renal
failure, or pacemaker implantation.

Elimination of PV Potentials

Pulmonary vein potentials were recordable at all sites in
all subjects prior to application of RF, including one (DZ)
who had undergone prior catheter ablation of AF at our insti-
tution in 1999. Following application of RF using the clamp,
the presence or absence of electrograms was usually clear,
but in some circumstances diminutive potentials were noted
(Fig. 3); in all cases, RF was delivered until an end-point of
either elimination of all recordable potentials or 10 applica-
tions was reached. These are generally all given to precisely
the same site, or within a few millimeters of one another, as
the clamp positioning is restricted by the site of the thora-
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cotomy through which the clamp (Fig. 1A) passes, and the
anatomy at the antrum (Fig. 1B).

On the right side, complete elimination of recordable po-
tentials was attained in 18 of 20 subjects utilizing a me-
dian of 3.5 applications. On the left side, potentials were
completely eliminated in 14 of 20 cases, utilizing a me-
dian of 5 applications; diminutive potentials remained in
6 subjects (Table 1). PV potentials were much more diffi-
cult to eliminate in patients with paroxysmal AF (13.2 ap-
plications, total of right and left sides) than persistent (8.6
applications) or long-standing persistent (6.8 applications);
failure to eliminate PV potentials occurred almost exclu-
sively in subjects with paroxysmal AF (Table 2). AF, usually
transient, was often initiated by GP stimulation, occasion-
ally making comparison of pre-RF and post-RF electrograms
difficult.

GP Response Mapping and Ablation

GP activity was noted in all subjects prior to ablation;
it was almost always manifest as complete heart block be-
ginning about 1 second after onset of stimulation, persisting
for several seconds after termination of stimulation. It was
far more prevalent on the right side (125 active sites) than
the left (34 active sites), and was most prevalent in two re-
gions on the right antrum and two regions on the left antrum
(Fig. 4). Note that the right side of the chest was entered
first in all subjects, which may affect GP activity on the con-
tralateral side. Subjects demonstrated GP activity at 2 to 12
(median 6, average 6.25) of the 15 sites (RO-R14) tested
on the right side, and 0 to 6 (median 1, average 1.7) of the
12 sites (LO-L11) tested on the left side, or 125 of 294 (43%)
of right-sided and 34 of 234 (15%) of left-sided sites that were
mapped. Following attainment the end-point of elimination
of PV potentials or 10 applications of RF using the clamp,
125 of the 159 previously active sites (79%) were then with-
out GP activity, but 30 sites on the right and 4 sites on the left
remained active (Fig. 4C). Following the use of the epicar-
dial RF forceps to eliminate these areas of GP activity, 8 sites
on the right remained active; all were eliminated on the left
(Fig. 4D). GP activity was similar in those with paroxysmal,
persistent, and long-standing persistent AF (Table 2).

Clinical Outcomes of Failures

Failures were almost always identified immediately after
the blanking period ended, although one (WH) had a single
episode of AF 7 months postoperatively and underwent car-
dioversion; he remains clinically free of AF. Another (DM)
failed shortly after the blanking period, though noted marked
reduction of duration and frequency of symptoms. The
3 others (RM, LS, DZ) failed early, had no clinical improve-
ment and were offered catheter ablation. One (DZ) declined,
as catheter ablation had failed previously, while two (RM,
LS) underwent catheter ablation at other institutions without
success.

Discussion

Pulmonary vein isolation is established therapy in both
surgical>!! and catheter-mediated' procedures for treatment
of AF. Newer procedures target autonomic activity specifi-
cally.>® The procedure described in this report is designed to
perform both, minimizing RF applications by using epicardial
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TABLE 2
Findings Stratified by Atrial Fibrillation Type

Atrial Fibrillation Type

Long-standing

Paroxysmal Persistent  Persistent P value*

n 11 5 4
Success 10 4 1
Fail 1 1 3 0.01*
LA (cm) 4.2 4.0 4.4 0.056*
LA vol (cc/m2) 27.8 28.2 38.4 0.15*
RF Applications 5.8 2.8 2.8

(right)
RF Applications 74 5.8 4

(left)
RF Applications 13.2 8.6 6.8

(total)
Elim PV Potentials 9/11 5/5 4/4

(right)
Elim PV Potentials 6/11 5/5 3/4

(left)
GP Pre (right + left) 8.45 5 10.25

per subject
GP Post RF Clamp 1.82 2.4 0.5
GP Post RF Clamp 0.36 0.8 0

+ Forceps

%P value comparing paroxysmal and persistent versus long-standing
persistent. PV: pulmonary vein; GP: ganglionated plexus; LA: left atrium;
RF: radiofrequency.

recording to determine PV isolation, and by guiding GP abla-
tion via GP mapping. This combined procedure results in suc-
cess in 15 of 20 subjects overall (75%), and 14 of 16 subjects
with paroxysmal or persistent AF (87.5%). These findings are
noteworthy because follow-up included prolonged (30 days)
continuous ECG monitoring for detection of asymptomatic
arrhythmias,'? and because of the limited lesion set that was
utilized: a single encircling lesion around each antrum, with
additional epicardial RF using bipolar forceps to eliminate
the 1.3 &£ 2.0 sites of GP activity per patient that remained.

This is a very limited lesion set (Fig. 1B) when compared
to other surgical procedures and catheter ablation, which may
require more than 100 lesions,!3 including roof lesions, con-
necting lesions to the mitral annulus, within the coronary
sinus, atrial septum, vena cavae and at sites of complex frac-
tionated atrial electrograms. These additional lesions, which
were unnecessary for elimination of most paroxysmal or per-
sistent AF in these subjects, incur additional risks, 4710 and
may contribute to the high (approximately 30%) incidence of
left atrial arrhythmias following catheter ablation of AF, prob-
ably by causing gaps or areas of slow conduction.!”"!” Left
atrial flutter occurred in only 1 of 20 subjects (5%) (RM) in
this studys; it is interesting to speculate that this low incidence
may be due to the continuous linear nature of the RF lesion.
It is also noteworthy that extensive endocardial ablation was
ineffective in the two subjects who failed this procedure and
underwent subsequent catheter ablation.

The bipolar epicardial approach has advantages and dis-
advantages in comparison to a unipolar endocardial one.
Among the advantages are that continuous linear lesions can
be made®*?! (Figure 1B) and that the GPs are easily ap-
proached, as they reside in epicardial fat pads.?? Bipolar RF
has been reported to be the most effective and safest method
to attain conduction block and limit remote injury when com-
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Figure 3. Recordings at the time of surgery. Composite diagram of record-
ings during epicardial RF ablation procedure. A: ECG leads. B: Bipolar
electrograms recorded from the surface of the left atrium. C: Recordings from
the pulmonary vein antrum prior to application of RF energy. D: Record-
ings following elimination of PV antrum potentials. E and F: Diminutive
potentials recorded following delivery of RF using the clamp.

pared to other common energy sources in animal models.?
Because a correctly positioned clamp lies within the peri-
cardial space, injury to structures outside the pericardium,
such as the esophagus, should not occur, and as the clamp
is positioned on the antrum, far from the veins (Fig. 1B),
PV stenosis is unlikely. Other potential advantages are that
fluoroscopy is not required, no equipment is required in
the left atrium,?® the ligament of Marshall is eliminated®
(Fig. 1C), and the LA appendage can be removed.?* Disad-
vantages of this procedure include risks of surgery including
general anesthesia, median hospital stay of 4 days, cosmetic
issues, and incisional discomfort that may remain for weeks
in some cases.

A comparison to catheter ablation will inevitably be made.
We performed catheter ablation of AF from 1998 to 2004
and offer the observation that a successful surgical program
for AF utilizing this procedure requires a skilled cardiotho-
racic surgeon with thoracoscopic experience and a means for
recording electrograms and stimulating GPs, but not the in-
frastructure, equipment, expertise, or case volume that may
be required for an effective program of catheter ablation of
AF. For this reason, this procedure may be particularly suited
for lower volume centers.
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A

Right

PV side

Figure 4. Epicardial mapping of GP acitivty
and after ablation. GP mapping. Panel A: Di-
agram of the GP sites mapped using the dia-
gram shown in Figure 2, reorganized in a grid
pattern. Panel B: Percent of sites tested show-
ing GP activity prior to the delivery of RF, rep-
resented as numeric percentages, as well as by
grayscale (black = 0% white = 100% of sites
showing GP activity). Activity on the right is
localized to one large region anteriorly (RO,
RI, R4, R6, R7, R9, R10, RI2 area), and a
smaller region inferiorly (R13 R14). On the
left side, activity is localized superiorly (LO,
L1, L3), and inferiorly (L7). Panel C: Follow-
ing delivery of RF energy by the clamp, 125
of 159 (79%) of the active GP sites are elimi-
nated. Panel D: Handheld epicardial bipolar
RF forceps eliminated all but 8 of 159 sites;
none remained on the left antrum.

Left

Atrial side

Map

Limitations

A major limitation of this study is that the methods may not
have been adequate to always clearly determine PV isolation.
Elimination of PV potentials is verified at only three sites per
vein; this may not be equivalent to “PV isolation.” Pacing
was not regularly utilized to confirm isolation, as many of
our patients were in AF at the time of the procedure, or AF
was initiated by GP stimulation at the time, making this im-
possible in many subjects. Most importantly, the diminutive
potentials often recorded following ablation may represent
“far-field” left atrial potentials.

This study was designed without a comparison group, and
for that reason the incremental value of ligament of Marshall
division or GP ablation over PV isolation alone cannot be
determined. When compared to a similar procedure, without
additional GP mapping and ablation,? the results are similar;
perhaps this is to be expected in light of the finding in the
current study that 79% of the mapped GPs are eliminated by
the clamp alone during the process of attaining PV antrum
electrical isolation, without directed mapping. The long-term
effects of eliminating GPs are unknown.

The equipment and methods utilized to map GPs differ be-
tween centers, as do methods of anesthesia, which may affect
GP responses. The protocol used in this study was adapted
from methods utilized at the University of Oklahoma, in con-
junction with our experience with intracardiac GP mapping
and ablation during catheter ablation of AF; it identified mul-
tiple sites of GP activity in all patients. This is much more
than is detected using some other methods, which may find
no active sites in up to half of all patients (D. Oakes, per-
sonal communication); the significance of these differences
is unknown.

The method of detection of recurrent AF included frequent
routine ECGs, Holter or event monitor follow-up of symp-
toms, and prolonged continuous monitoring (30 days in all but

Atrial side

PV side

Post RF Clamp
and RF Forceps

Pre-RF Post RF Clamp

one patient, for whom it took 15 days) using a device designed
to detect asymptomatic arrhythmias (CardioPal SAVI). The
effectiveness of such systems is high'?23-2 but this particular
device has no published data regarding efficacy.

Subjects in this trial had an LA size of 4.2 + 0.3 cm and
ejection fraction of 57 £ 6%; results would likely be less fa-
vorable in a less carefully selected population. The right chest
was entered and right GPs ablated before the left in all pa-
tients, which may affect autonomic findings on the left. Tran-
section of the ligament of Marshall occurred before testing
for GPs on the left, and may affect left GP activity. Although
nearly all of mapped GPs can be eliminated using epicardial
RF as described here, mapping is not performed at all sites
at which GPs may be present, including posteriorly and at
the interatrial septum. If subjects were taking antiarrhythmic
agents, these were continued through the time of surgery, and
could affect determination of PV isolation.

Conclusions

Limited thoracotomy circumferential epicardial bipolar
RF antrum isolation, verified by epicardial recordings, with
GP ablation, guided by epicardial GP mapping, is effective
treatment for AF and should be considered in patients with
paroxysmal or persistent AF, good left ventricular function,
and a left atrium less than 5 cm. Patients with long-standing
persistent AF are less likely to have a successful procedure;
hence, a more extensive procedure, such as catheter abla-
tion or the Maze procedure may be more appropriate for
them.
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