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ABSTRACT

Background: Persistent atrial fi brillation (AF) and long-
standing persistent AF (LSPAF) are diffi cult to treat. Epicar-
dial surgical and percutaneous catheter ablations have lower 
success rates in these patients. The convergent procedure, an 
endoscopic transdiaphragmatic ablation procedure with con-
ventional percutaneous endocardial ablation, is examined.

Methods: Twenty-eight patients with persistent AF or 
LSPAF underwent the convergent procedure. All underwent 
combined surgical epicardial radiofrequency ablation and 
electrophysiological transseptal endocardial ablation to elec-
trically isolate the 4 pulmonary veins, to exclude the posterior 
left atrium, to ablate the coronary sinus, and to confi rm block 
at the cavotricuspid isthmus. Follow-up was with 24-hour 
Holter monitoring at 3 months, and 24-hour or 7-day moni-
toring at 6 and 12 months.

Results: The mean duration of the procedure was 
187 minutes (102 surgical ablation minutes; 85 endocardial 
ablation minutes). The mean total fl uoroscopy time was 
35.1 minutes. Two patients developed symptomatic pericar-
dial effusions requiring percutaneous drainage, and 1 patient 
has demonstrated phrenic nerve paresis. There were no 
deaths. At 3 months, 87% were in sinus rhythm, and 43% 
were free of AF and antiarrhythmic medications (AADs). At 
6 months, 76% were free from AF and AADs.

Conclusion: The convergent procedure effectively com-
bines surgical and electrophysiological AF expertise to pro-
vide a viable treatment option to patients with persistent AF 
or LSPAF. Long-term follow-up is under way.

INTRODUCTION

The surgical treatment of atrial fi brillation (AF) is based on 
the creation of an anatomical pattern of myocardial scar. The 
corridor procedure [Defauw 1992], the radial maze procedure 

[Nitta 1999], and the Cox maze I to III [Cox 1991; 1995] 
are anatomical patterns designed to disrupt the reentry cir-
cuits of AF by dividing the atria into nonconductive seg-
ments. Electrophysiologists, in comparison, use endocardial 
catheters and electrodes both to create a series of lesions that 
isolate specifi c areas of the left and right atrium and to iden-
tify triggers that may cause AF and then direct their treat-
ments toward these foci of abnormal electrical activity. The 
individual success of these approaches, either surgical or 
endocardial, has been limited by technical complexity and/or 
less-than-desirable outcomes.

A truly successful and adoptable AF treatment has always 
seemed to be “just out of reach.” The acclaimed “gold stan-
dard” cut-and-sew maze procedure has been reported to pro-
duce exceptional outcomes, but it remains a complex proce-
dure that is rarely performed [Kosakai 2000; Prasad 2003]. 
The “mini-maze” [Wolf 2005] and pulmonary vein isolation 
[Edgerton 2008] reduce procedural complexity by decreas-
ing the number of lesions and by eliminating cardiopulmo-
nary bypass; however, both surgeons and electrophysiologists 
have demonstrated that when treatment is limited to the left 
atrium, especially when the patient has long-standing persis-
tent AF (LSPAF) or left atrial enlargement, outcomes suffer 
as a consequence [Barnett 2006; Calo 2006]. The endocardial 
catheter-based AF ablations, not unlike the surgical procedures, 
remain long and technically diffi cult procedures that relatively 
few electrophysiologists perform. The high rate of repeat pro-
cedures and the less-than-desirable long-term outcomes have 
been disappointing [Cappato 2005]. Unfortunately, surgeons 
and electrophysiologists seldom collaborate in the develop-
ment of new technologies and innovative approaches to over-
come these individual procedural shortcomings.

A multidisciplinary team of electrophysiologists and car-
diac surgeons have developed the convergent procedure to 
address existing procedural and communication barriers. 
The convergent procedure is the simultaneous creation of a 
surgeon’s epicardial ablation pattern and an electrophysiolo-
gist’s endocardial ablation pattern. The surgeon’s ability to 
effectively create robust and visible epicardial ablation lines 
of 2 to 5 cm has greatly reduced the amount of endocardial 
tissue that must be ablated to complete pulmonary vein iso-
lation, coronary sinus ablation, posterior left atrial ablation, 
and ablation of the cavotricuspid isthmus. The integration of 

Th e Heart Surgery Forum #2009-1112
13 (5), 2010 [Epub October 2010]
doi: 10.1532/HSF98.20091112

Th e Convergent Procedure: A Multidisciplinary Atrial Fibrillation 
Treatment

Andy C. Kiser,1 Mark Landers,1 Rodney Horton,2 Andrew Hume,2 Andrea Natale,2 
Borut Gersak3

1FirstHealth Arrhythmia Center, Pinehurst, North Carolina, USA; 2St. David’s Medical Center, Austin, Texas, 
USA; 3University Medical Center Ljubljana, Ljubljana, Slovenia

Received August 8, 2009; received in revised form March 7, 2010; accepted 
April 7, 2010.

Correspondence: Andy C. Kiser, MD, FirstHealth Arrhythmia Center, FirstHealth 
Moore Regional Hospital, PO Box 3000, Pinehurst, NC 28374, USA; 1-910-
715-4113; fax: 1-910-715-4101 (e-mail: akiser@fi rsthealth.org).

Online address: http://cardenjennings.metapress.com



Th e Heart Surgery Forum #2009-1112

E318

a surgeon’s anatomical approach to AF with the physiological 
approach of the electrophysiologist has led to the develop-
ment of the convergent procedure.

METHODS

Patient Population
The electrophysiologists and cardiac surgeons evaluated 

patients with symptomatic persistent AF and LSPAF [Calkins 
2007] who had failed medical management to determine 
their candidacy for the convergent procedure. All patients 

underwent a standard preprocedural evaluation that included 
documentation of AF, a medical history and physical evalua-
tion, transthoracic and/or transesophageal echocardiography, 
cardiac catheterization, and a computed tomography angio-
graphic evaluation of the left atrium for integration with 
endocardial navigation systems. Both the surgeon and the 
electrophysiologist obtained informed consent.

Description of the Convergent Procedure
During paracardioscopy, the patient is positioned supine 

under single-lumen, general endotracheal anesthesia. 

Figure 1. Hybrid suite schematic for the convergent procedure. EPS indicates electrophysiological study; TEE, transesophageal echocardiography; sterile surg 
assist, sterile surgical assistant; Bard, electrophysiology catheters and mapping system (Bard Electrophysiology, Lowell, MA, USA); Defi b, defi brillator; Storz, 
Storz endoscope; EP, electrophysiologist; scrub/circ, scrub/circulating nurse.
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Procedures were performed in either a “hybrid” operating the-
ater or a “hybrid electrophysiology laboratory” with integrated 
fl uoroscopy, endoscopy, general anesthesia, and CARTO™ 
mapping and imaging technologies (Biosense Webster, Dia-
mond Bar, CA, USA) (Figure 1). A 2-cm incision is made 3 cm 
below the xiphoid process and extended into the peritoneum 
under direct visualization. Two 5-mm laparoscopic ports are 
placed in the left and right subcostal areas with the assistance 
of a fi nger inside the peritoneum. A 10-mm port is placed in 
the midline incision, and the abdomen is insuffl ated with CO2 
to 12 mm Hg. A 10-mm endoscope (Karl Storz Endoscopy, 
Tuttlingen, Germany) is used to identify the central fi brous 
region of the diaphragm anterior to the left lobe of the liver and 
left of the falciform ligament. With standard laparoscopic scis-
sors and graspers in the 5-mm ports, the central diaphragmatic 
tendon is opened longitudinally 3 cm. The incision should be 
1 to 2 cm anterior to the refl ection of the hepatic ligament to 
allow later closure of the diaphragm if desired. The incision 
in the pericardium should be made directly behind the dia-
phragmatic incision. The pericardium is opened longitudinally 
as well to provide access to the posterior region of the heart. 
Once opened, the pericardium will be fi lled with CO2 from 
the abdomen. The fi rst direct view of the heart is at the acute 
margin of the right ventricle.

The paracardioscopic cannula provides direct access to the 
heart. The 10-mm port is removed, and the cannula is posi-
tioned through the midline incision. Once the abdomen is 
re-insuffl ated, the cannula is positioned through the defect in 
the diaphragm and into the pericardium under direct visual-
ization via a 5-mm laparoscope in the left subcostal port. The 
abdominal insuffl ation is discontinued, and a rigid endoscope 
is inserted into the cannula to provide direct visualization 
and access to the left atrium, the coronary sinus, the superior 
and inferior vena cavae, the aorta, the right main pulmonary 
artery, the right and left pulmonary veins, the transverse sinus, 
the ligament of Marshall, and the left and right atrial append-
ages. Because the tip of the cannula is soft and fl exible, it can 
be manipulated within the pericardium without injury to the 
epicardial surface of the heart. There is minimal compromise 
of cardiac function during paracardioscopy, unlike the hemo-
dynamic compromises encountered during attempts to visu-
alize the posterior left atrium via a subxiphoid approach.

A guidewire incorporated at the tip of the cannula pro-
vides a platform over which the VisiTrax™ (nContact Surgi-
cal, Morrisville, NC, USA) irrigated, unipolar radiofrequency 
ablation device can be positioned. Radiofrequency energy is 
delivered at 30 W for 90 seconds, with temporary decreases 
in power occurring during a rapid increase in impedance, as 
measured at the ablation electrode. Because these ablation 
lines are visible, a contiguous epicardial ablation pattern can 
be created (Figure 2). The cannula and the associated guide-
wire are used to create ablation lines from the atrial side of 
the coronary sinus to the left inferior pulmonary vein (2b in 
Figure 2), behind the left pulmonary veins cephalad toward 
the posterior pericardial refl ection (2a), along the refl ection 
from the left superior pulmonary vein to the right superior 
pulmonary vein (1a), along the posterior right pulmonary 
veins (3a), along the coronary sinus from the right to the left 

inferior pulmonary veins (1b), from the right inferior pulmo-
nary vein onto the inferior vena cava (3b), and to the infe-
rior right atrium near the Thebesian valve (7). The cannula 
is moved anteriorly over the inferior vena cava into the space 
between the right atrium and the right pericardium. In this 
location, an ablation line is created along the anterior surface 
of the right pulmonary veins from the top of the superior pul-
monary vein to the oblique sinus (5 in Figure 2). A second line 
of ablation is created upon the fat in the Waterston groove 
(6). The cannula is repositioned behind the left atrium, where 
the left inferior pulmonary vein is again identifi ed. From 
here, the cannula is directed along the anterior left pulmo-
nary veins as far cephalad as possible in order to identify the 
base of the left atrial appendage and the ligament of Mar-
shall. The ligament of Marshall is thoroughly ablated, and 
an ablation line is extended from the highest point on the left 
superior pulmonary vein along the antrum to the fi rst abla-
tion line on the inferior left pulmonary vein (4 in Figure 2). 
The cannula is then repositioned anterior to the inferior vena 
cava and then along the anterior right atrium to the superior 
vena cava. The cannula is then carefully positioned medial 
to the superior vena cava and into the transverse sinus until 
the left atrial appendage is visualized. A fl exible guidewire is 
positioned through the cannula and the transverse sinus and 
behind the left atrial appendage to be in position along the 
anterior left pulmonary veins. The cannula is repositioned 
behind the left atrium; the wire is identifi ed and pulled into 
the cannula, thus providing a platform for positioning the 
ablation device. Ablation at the anterior left pulmonary veins, 
along the ligament of Marshall, and across the dome of the 
left atrium in the transverse sinus is completed, and all abla-
tion lines are reexamined to verify contiguity. On comple-
tion of the epicardial surgical portion of the procedure, the 
electrophysiologist begins the endocardial portion of the 
convergent procedure.

Femoral venous access is obtained percutaneously at both 
the right and left groins. After the transvenous placement of 
mapping catheters into the right atrium and coronary sinus, 
the electrophysiologist gains transeptal access to position cir-
cular mapping and ablation catheters into the left atrium. The 

Figure 2. The epicardial and endocardial pattern for the convergent 
procedure. See text for details.
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patient is anticoagulated with unfractionated heparin, and the 
activated coagulation time is maintained at >350 seconds. 
Because of the pericardial refl ections, the epicardial ablations 
may not be contiguous at the superior right (9 in Figure 2) 
and left (8) pulmonary veins and at the right inferior pulmo-
nary veins (10). Each pulmonary vein is mapped with a mul-
tipolar circular catheter. The circular catheter has a series of 
electrodes that are used to map the pulmonary veins and the 
left atrial surface for residual high-frequency signals. Areas of 
activity identifi ed in the pulmonary vein antrums are ablated 
endocardially until all of the pulmonary veins are electrically 
silent. Similarly, the posterior left atrium between the pulmo-
nary veins is mapped, and electrical silence is confi rmed. The 
coronary sinus is mapped, and if high-frequency electrical 
fi ring is demonstrated, a series of endocardial ablation lesions 
are applied in an effort to isolate the structure (12 in Figure 2). 
Finally, a line of ablation is created at the cavotricuspid isth-
mus with confi rmation of a line of block (11). The metrics 
of procedural completion are electrical silence of the 4 pul-
monary veins, electrical silence of the posterior left atrium, 
ablation of the coronary sinus with debulking or electrical 
isolation, and conduction block at the cavotricuspid isthmus. 
If sinus rhythm is not attained, the patient undergoes car-
dioversion, and further electrophysiological study with and 
without Isuprel® (Sanofi -Aventis, Bridgewater, NJ, USA) is 
performed with targeting of arrhythmias as indicated. Vari-
ous mapping and visualization systems are used during the 
electrophysiologist’s portion of the procedure. Fluoroscopy 
and ultrasound, either transesophageal or intracardiac, are 
used during transeptal puncture. Three-dimensional map-
ping systems are used with fl uoroscopy during atrial mapping 
and endocardial ablation.

Upon completion of the endocardial portion of the con-
vergent procedure, anticoagulation is corrected, and the 
venous sheaths are removed when the activated coagulation 
time is <200 seconds. A drain is placed in the pericardial space 
and routed through the left 5-mm incision, the midline fascia 
is closed securely with nonabsorbable interrupted suture, and 
the skin is closed in a routine manner. The patient is gen-
erally extubated in the operating room and is usually ready 
for discharge in 36 to 72 hours. With an enoxaparin (Sanofi -
Aventis) bridge, warfarin (Bristol-Myers Squibb, New York, 
NY, USA) therapy is initiated the night of the procedure and 
continued for at least 3 months. Antiarrhythmic medications 
(AADs) are initiated at the discretion of the electrophysiolo-
gist but are discontinued by 3 months. The patients are evalu-
ated at 1, 3, 6, and 12 months after the operation by routine 
electrocardiographic evaluation and with 24-hour Holter 

monitoring before the end of the fi rst 3-month postoperative 
period. Monitoring for 7 days or longer is conducted at the 
6- and 12-month visits and annually thereafter.

RESULTS

Twenty-eight patients (5 with persistent AF; 23 with 
LSPAF) have successfully undergone the convergent pro-
cedure. The mean AF duration was 8 years, and the mean 
size of the left atrium was 5.3 cm. The mean ablation time 
for the surgical portion was 102 minutes, and the mean 
endocardial ablation time was 85 minutes. The mean total 
fl uoroscopy time was 35.1 minutes. One patient simultane-
ously underwent the convergent procedure and minimally 
invasive mitral valve repair via a 7-cm right submammary 
incision. This patient remains in sinus rhythm at 3 months 
postoperatively. Two patients developed a pericardial effusion 
2 weeks after the procedure that required percutaneous drain-
age. Both patients recovered fully and remain in sinus rhythm 
at 3 months. No hemodynamically signifi cant pericardial 
effusions have occurred since postprocedure drainage of the 
pericardium became standard. One patient has demonstrated 
temporary right phrenic nerve paresis at 3 months.

The Table summarizes the early clinical results. Twenty-
three patients have reached the 3-month evaluation with 
24-hour Holter monitoring. Of these patients, 87% were in 
sinus rhythm, but only 43% were free of AF and AADs. At 
6 months, 84% were in sinus rhythm, and 76% were free of 
AF and AADs.

DISCUSSION

There have been many minimally invasive surgical 
approaches to treat AF, all based primarily on the original 
work by Cox and his maze procedure. Surgeons treating AF 
generally choose the technique, and thereby the device, that 
is most appropriate to their practice. This technique may be 
performed via thoracotomy, thoracoscopy, or paracardioscopy 
with a clamp, a pen, or an integrated device. Independent 
of the access or device, treatment must include pulmonary 
vein isolation, posterior left atrial exclusion, ablation of the 
coronary sinus, and a cavotricuspid isthmus ablation line for 
patients with persistent AF or LSPAF [Cox 2004]. Integrating 
cardiology with cardiac surgery in a “hybrid” AF treatment 
has allowed new procedural and perioperative standards to be 
established. The initial outcomes obtained with this multidis-
ciplinary approach have been excellent, with patient satisfac-
tion refl ected by the growth in the volume of patients.

Early Clinical Results of the Convergent Procedure*

3-Month Holter Monitoring 6-Month Holter/Telemonitoring

Patients free from AF 87% (20/23) 88% (23/25)

Patients in sinus rhythm 87% (20/23) 84% (21/25)

Patients free from AF and AADs 43% (10/23) 76% (19/25)

*AF indicates atrial fi brillation; AADs, antiarrhythmic medications.
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The success of any surgical treatment for persistent AF 
or LSPAF is dependent on the transmurality and contiguity 
of the ablation lines and the completeness of the lesion pat-
tern. The inability to obtain a high degree of success with the 
current minimally invasive surgical approaches or with the 
percutaneous catheter approaches has led us to develop the 
convergent procedure. This multidisciplinary approach inte-
grates the advantages of both cardiology and cardiac surgery. 
Without sternotomy or cardiopulmonary bypass, we are able 
to create and evaluate a comprehensive biatrial ablation pat-
tern, which is important in the successful treatment of AF. 
The surgeon is able to access the epicardial space and effec-
tively create wide, long ablation lines that signifi cantly reduce 
the amount of endocardial ablation required to complete an 
endocardial AF ablation. The electrophysiologists are able to 
verify that the pulmonary veins are electrically silent and that 
the posterior left atrium is electrically isolated, and are able 
to successfully create lesions in the coronary sinus and at the 
cavotricuspid isthmus without cardiotomy. This collabora-
tion of the surgeon and the electrophysiologist is an innova-
tive way to provide patients with chronic AF a potentially new 
gold standard treatment. This convergence of technologies 
and expertise (1) allows the creation of a complete, biatrial, 
endocardial, and epicardial ablation pattern without a chest 
incision or cardiopulmonary bypass; (2) provides intraopera-
tive metrics to confi rm procedural success; (3) encourages 
integrated patient care by cardiology and cardiac surgery per-
sonnel; and (4) potentially decreases the length of hospital 
stay and the number of repeat ablation procedures.

Although the early results we have described are encour-
aging, the number of patients evaluated remains small. The 
development of symptomatic pericardial effusions, perhaps 
directly related to the degree of pericardial irritation com-
bined with immediate anticoagulation, has been addressed 
successfully by draining the pericardium for 36 hours. We 
must, however, continue to evaluate these patients for pro-
cedure-related complications, such as phrenic nerve injury or 
intraoperative cardiac injury. Paracardioscopy with epicardial 
ablation is early in its development and thus requires appro-
priate initial training and guidance; however, it can be quickly 
mastered by surgeons with little experience in minimally 
invasive procedures. Careful evaluation of outcomes and pro-
cedural profi ciency are crucial to the long-term success of this 
new hybrid approach to chronic AF.
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