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ABSTRACT

Background: The efficacy of catheter-based or thoracoscopic ablation for treating
long-standing persistent atrial fibrillation (AF) with a dilated atrium remains subop-
timal. This study aimed to assess the feasibility and initial results of simultaneous
hybrid ablation with a new biatrial lesion set in these patients.

Methods: Twenty-seven consecutive patients with long-standing persistent AF and
dilated atrium underwent simultaneous hybrid ablation with a new biatrial lesion set
consistent with the principle of the Cox maze procedure at our institution. Patients
were followed up at 3, 6, and 12 months after the procedure and annually thereafter.

Results: After thoracoscopic epicardial ablation, endocardial mapping confirmed
complete bilateral pulmonary vein isolation in 25 patients (96.2%). All patients
were followed for a mean of 18.7 � 8.9 months. Freedom from atrial tachyar-
rhythmia at 1 year after the single hybrid procedure was 64% with antiarrhythmic
drugs and 60% without antiarrhythmic drugs. Freedom from atrial tachyar-
rhythmia at latest follow-up after the hybrid procedure and redo catheter ablation
was 77.8% with antiarrhythmic drugs and 74.1% without antiarrhythmic drugs. In
patients with sinus rhythm restoration, mean left atrial diameter decreased from
54.4 � 4.3 mm to 45.2 � 4.1 mm (P < .001), and mean right atrial diameter
decreased from 59.4 � 3.9 mm to 54.9 � 4.4 mm (P< .001). Postoperative pleural
effusion was observed in 3 patients (11.1%), and no adverse events occurred during
follow-up.

Conclusions: In patients with long-standing persistent AF and a dilated atrium,
simultaneous hybrid ablation with the new biatrial lesion set, in combination with
touch-up catheter ablation when necessary, can achieve promising results. More
studies are needed to confirm these findings. (JTCVS Techniques 2021;5:34-42)
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CENTRAL MESSAGE

The simultaneous hybrid maze
procedure is a safe and effective
treatment for long-standing
persistent atrial fibrillation with a
dilated atrium, in combination
with touch-up catheter ablation
when needed.
PERSPECTIVE
Simultaneous hybrid ablation with a lesion set
consistent with the principle of the Cox maze pro-
cedure can be performed safety with encour-
aging results on a beating heart. With further
technologic advances, the hybrid maze proced-
ure may be a minimally invasive method for
advanced atrial fibrillation with efficacy equal to
that of the Cox maze procedure.
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heng, MD, PhD and Yan Yao, MD, PhD, 167 Beilishi Rd,

ing 100037, China (E-mail: zhengzhe@fuwai.com or
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Abbreviations and Acronyms
AAD ¼ antiarrhythmic drug
AF ¼ atrial fibrillation
AFL ¼ atrial flutter
CA ¼ catheter ablation
ECG ¼ electrocardiography
IVC ¼ inferior vena cava
LA ¼ left atrium
LAA ¼ left atrial appendage
LAD ¼ left atrial diameter
LSPAF ¼ long-standing persistent atrial

fibrillation
NT-proBNP ¼ N-terminal pro B-type natriuretic

peptide
PV ¼ pulmonary vein
RA ¼ right atrium
RAD ¼ right atrial diameter
SR ¼ sinus rhythm
SVC ¼ superior vena cava
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Video clip is available online.

The Cox maze procedure has proven to be the best strategy
for treating atrial fibrillation (AF); however, it has been less
widely applied in the management of nonvalvular AF owing
to invasiveness and fears of associated increased
morbidity.1 When applying catheter ablation (CA) as the
first-line invasive therapy for persistent AF, the 5-year sinus
rhythm (SR) maintenance was<50%.2-4 Previous studies
have reported a success rate of thoracoscopic epicardial
ablation on beating heart for patients with persistent AF
was about 60%.5 Hybrid ablation combining thoracoscopic
epicardial ablation with electrophysiological mapping and
CAwas introduced to improve the results of thoracoscopic
epicardial ablation; however, one study reported a wide
variation in freedom from AF, from 19% to 94%, associ-
ated with the type of AF, left atrial size, and type of lesion
sets.6

The duration of AF and dilation of the left atrium (LA)
have been identified as risk factors for recurrent AF.4,7-10

The efficacy of hybrid ablation for patients with long-
standing persistent AF (LSPAF) and a dilated atrium has
been unclear. In our center, we performed hybrid ablation
with a new biatrial lesion set that is consistent with the prin-
ciples of the Cox maze procedure. In this study, we exam-
ined the initial results of simultaneous hybrid ablation
with the new lesion set in patients with LSPAF and marked
atrial dilation.
METHODS
Patient Population

Twenty-seven consecutive patients with LSPAF and a markedly dilated

atrium underwent simultaneous hybrid ablation between December 2016

and August 2019. Selection criteria included the following: LSPAF,

anteroposterior left atrial diameter (LAD) �50 mm (measured at the left

parasternal axis plane by transthoracic echocardiography), use of at least

1 antiarrhythmic drug (AAD) in standard dosage that failed or was not

tolerated, patient preference for a hybrid procedure instead of CA after

awareness of efficacy and safety, and absence of organic valvular disease.

This study was approved by and the need for informed consent waived by

the Institutional Review Board of Fuwai Hospital (date of review,

October24, 2019; approval 2017-880).
Thoracoscopic Epicardial Ablation Technique
Surgery was performed under general anesthesia and on a beating heart.

A double-lumen endotracheal tube for selective lung ventilation was

placed. A 10-mm, 30� scope was introduced into the thoracic cavity

through a camera port located in the third intercostal space anterior axillary

line. One 15-mm working port was located in the fourth intercostal space

midaxillary line, and a 10-mm working port was located in the second

intercostal space midclavicular line. Access to the right side was more for-

ward than on the left side.

Left-sided ablation. The left atrial appendage (LAA) was exposed

and excised by linear stapler (ECR 60G; Ethicon Endo-Surgery,

Cincinnati, Ohio). Division of the ligament of Marshall was performed

with an ultrasonic scalpel. A bipolar radiofrequency clamp (Isolator;

AtriCure, Mason, Ohio) was applied to ablate the antrum of left

pulmonary veins (PVs) using 3 or 4 applications of energy to create

durable linear and transmural lesions. The clamp was redirected with

one jaw into the oblique sinus and the other jaw into the transverse sinus

horizontally and then used to create left-sided roof and inferior linear

lesions on the epicardium. In this application, a double-layer atrial

tissue was clamped between the jaws. The line connecting the left PV

isolation loop to the mitral annulus was directed to the root of the aorta

at the junction of the left coronary and noncoronary cusp (left fibrous

trigone lesion).11,12 This line was made with bipolar radiofrequency

clamp application similar to left-sided roof and inferior linear lesions

and complemented with ablation from the Isolator bipolar

radiofrequency pen (Figure 1). Finally, coumadin ridge linear lesion

connecting the left superior PV to the LAA was created, and linear

lesion connecting the left inferior PV to the great cardiac vein, aiming

to interrupt the reentrant circuits located in the dilated mitral isthmus,

was performed with bipolar radiofrequency pen for 80 seconds in

each application.

Right-sided ablation. Right PVs were also ablated using the bipolar

radiofrequency clamp. The Waterston groove fat pad and part of the crista

terminalis were ablated by clamping. With the aid of a suction handle, the

inferior wall of the LAwas revealed, and the roof of the LAwas revealed

by hanging the superior vena cava. The left-sided box lesion through the

transverse sinus and oblique sinus from the right was clearly visible. The

right-sided roof and inferior linear lesions were created with the bipolar ra-

diofrequency pen to connect the right PV isolation loop to the left-sided

roof and inferior linear lesions. Next, the linear lesion on the crista termi-

nalis was extended to the superior vena cava (SVC) and inferior vena cava

(IVC) using the bipolar radiofrequency pen. The linear lesion connecting

the tip of the right atrial appendage (RAA) to the SVC-IVC line on the

free wall of the right atrium (RA) was made. To eliminate the reentrant cir-

cuits locating at the RAA, the linear lesion was extended from the tip to

the base of the RAA. These 2 linear lesions were created with the bipolar

radiofrequency pen. The epicardial ablation lesions are depicted in

Figure 1. If AF persisted after thoracoscopic epicardial ablation, cardiover-

sion was performed.
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FIGURE 1. A schematic drawing of biatrial lesion sets in simultaneous hybrid ablation. A, Posterior view of the left atrium, with linear lesions including

bilateral pulmonary vein isolation, the roof line, the inferior line, left fibrous trigone lesion, the linear lesion connecting the left upper pulmonary vein to the

left atrial appendage (LAA), the linear lesion connecting the left inferior pulmonary vein to the great cardiac vein (GCV), and GCV linear ablation. B, Lateral

view of the right atrium, with linear lesions including the superior vena cava–inferior vena cava (SVC-IVC) line, the linear lesion connecting the right atrial

appendage (RAA) to the SVC-IVC line, and the linear lesion connecting the tip to the base of the RAA on the inner wall of the RAA and cavotricuspid

isthmus line. The solid red lines represent epicardial ablation sites with a bipolar radiofrequency clamp, and the dotted red lines represent epicardial ablation

sites with a bipolar radiofrequency pen during thoracoscopic ablation. The yellow linewith crosses represents ablation sites other than touch-up or reinforced

sites during catheter ablation. PA, Pulmonary artery; LPV, left pulmonary vein; RPV, right pulmonary vein.
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Three-Dimensional Voltage Mapping and Catheter
Ablation

Endocardial electrophysiological mapping and CAwere performed imme-

diately after initial thoracoscopic epicardial ablation. Two multiple-polar

catheters were positioned within the coronary sinus (IBI; St Jude Medical,
FIGURE 2. Endocardial 3-dimensional voltage mapping and catheter ablation

atrial free wall view) showing a persistent normal potentials area and a low-vol

linear lesion and almost entire linear lesion connecting the right atrial appendag

tentials area. B, Bi-atrial mapping (anteroposterior view) showing the roof line

showing gray areas located in bilateral pulmonary veins, implying complete bil

terior wall of the left atrium and without an obvious inferior line. D, Based on the

(blue spots) was performed at the SVC-IVC line, and a cavotricuspid isthmus

reinforced endocardial catheter ablation (yellow spots) was performed at the roof

ping in C, reinforced endocardial catheter ablation (blue and yellow spots) with

models containing gray areas (no voltage), colored areas (low voltage), and pu

yellow dots. TV, Tricuspid valve; MV, mitral valve.
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St Paul, Minn) and at the right ventricle (Daig, St Jude Medical). After

transseptal puncture, 70 to 100 IU/kg heparin was administered i.v., and

the activated clotting time was maintained at 200 to 300 seconds. A long

Swartz sheath (8F, SR0; St Jude Medical) was introduced into the LA,

and a circular mapping catheter (PV12; APT, Shenzhen, China) was sub-

sequently navigated into the LA for electroanatomic and voltage mapping
after initial thoracoscopic epicardial ablation. A, Right atrial mapping (right

tage area located at the superior vena cava–inferior vena cava (SVC-IVC)

e (RAA) to the SVC-IVC lesion was composed of a persisting normal po-

and the left fibrous trigone line. C, Biatrial mapping (posteroanterior view)

ateral pulmonary vein isolation and persistent normal potentials at the pos-

electrophysiological mapping in A, touch-up endocardial catheter ablation

line was also created. E, Based on the electrophysiological mapping in B,

line and left fibrous trigone line. F, Based on the electrophysiological map-

a box lesion was performed. Endocardial voltage mapping displayed atrial

rple areas (normal voltage). Catheter ablation was marked with blue and



TABLE 1. Characteristics of 27 patients who underwent simultaneous

hybrid ablation for long-standing persistent atrial fibrillation

Characteristic Value

Age, y, mean � SD 58.8 � 6.6

Male sex, n (%) 21 (77.8)

BMI, kg/m2, mean � SD 27.3 � 3.5

AF duration, y, mean � SD 4.3 � 3.8

Hypertension, n (%) 21 (77.8)

Hyperlipemia, n (%) 5 (18.5)

Diabetes mellitus, n (%) 7 (25.9)

Previous stroke, n (%) 7 (25.9)

Previous PCI, n (%) 1 (3.7)

Hypertrophic cardiomyopathy, n (%) 2 (7.4)

Dilated cardiomyopathy, n (%) 1 (3.7)

AAD treatment, n (%)

IC 3 (12)

II 18 (66.7)

III 9 (33.3)

CHA2DS2-VASc score, mean � SD 2.1 � 1.4

LAD, mm, mean � SD 54.2 � 4.1

RAD, mm, mean � SD 59.1 � 5.5

LVEDD, mm, mean � SD, mm 49.0 � 4.5

LVEF, %, mean � SD 61.3 � 5.6

NT-proBNP, pg/mL, mean � SD 1057.1 � 992.9

BMI, Body mass index; AF, atrial fibrillation; PCI, percutaneous coronary interven-

tion; AAD, antiarrhythmic drug; LAD, left atrial anteroposterior diameter; RAD, right

atrial superior-inferior diameter; LVEDD, left ventricular end-diastolic diameter;

LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro B-type natri-

uretic peptide.
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with the EnSite NavX mapping system (Abbott, Indianapolis, Ind). The

normal voltage areas (purple areas) were defined as voltage>0.5mV, trans-

mural areas (gray areas) were defined as<0.1 mV, and low-voltage areas

were defined as 0.1 to 0.5 mV. The full length of the surgical linear lesion

and the length of the normal voltage areas were tagged and measured, and

the ratio of the two was calculated. A 4.0-mm TactiCath quartz ablation

catheter (Abbott) was used to confirm whether the surgical lesion was

completed and to ablate the residual conduction gaps along the previous

surgical lesion. Irrigated radiofrequency ablation was applied with an

upper temperature limit of 43 �C, power of 30 to 40 W, and flow rate of

17 mL/min. Linear lesions of the coronary sinus, tricuspid isthmus,

and mitral isthmus were delivered routinely after the foregoing steps

(Figure 2). Durable PV isolation, conduction block over the mitral

isthmus, and tricuspid isthmus lesions were confirmed. Finally, protamine

was used to abrogate the effect of heparin and maintain the activated clot-

ting time at<180 seconds before removing all catheters. Patients were

transferred to the intensive care unit for continuous monitoring and

treatment.

Postoperative Drug Treatment
Oral class III AADs with preference to sotalol was routinely adminis-

tered after the procedure and continued for 3 months after the procedure.

At 3 months after the index procedure, continuous AAD treatment or

redo catheter ablation was recommended for patients with AF recurrence.

Low molecular weight heparin and warfarin were started as soon as

bleeding risk allowed. Patients preference to taking novel oral anticoag-

ulants continued to be used low molecular weight heparin until

the thoracic drainage tube removal, then they were given novel oral anti-

coagulants. Oral anticoagulation was continued for at least 3 months.

If the 3-month monitoring visit confirmed the absence of atrial

arrhythmia, oral anticoagulants were stopped. If atrial arrhythmia per-

sisted, oral anticoagulants were continued when the CHA2DS2-VASc

score was �2.

Follow-up
The patients were followed-up at 3, 6, and 12 months after the procedure

and annually thereafter with 24-hour Holter or 7-day ECG monitoring. At

3 months after the procedure, 24-hour Holter or 7-day ECG monitoring

was undertaken after confirmation of the absence of atrial arrhythmia with

12-lead ECG and the withdrawal of AADs. Freedom from atrial tachyar-

rhythmia was defined as the absence of episodes of AF, atrial flutter

(AFL), or atrial tachycardia lasting �30 seconds on any surface ECG or

24-hour Holter or 7-day ECGmonitoring after the 3-month blanking period.

Endpoints
The primary endpoint was freedom from atrial tachyarrhythmia with or

without AADs at 12 months after the single hybrid procedure. The second-

ary endpoint was freedom from atrial tachyarrhythmia with or without

AADs at latest follow-up after the hybrid procedure and redo CA.

Statistical Analysis
Categorical data are presented as frequency and percentage, and contin-

uous variables are presented as mean � SD or median with interquartile

range as appropriate. Preoperative and postoperative comparisons of

continuous variables was performed with the paired Student t test.
RESULTS
Patient Characteristics

A total of 27 patients with LSPAF who underwent simul-
taneous hybrid ablation with the new biatrial lesion set were
included in the analysis. Patient characteristics are
summarized in Table 1. The mean patient age was
58.8 � 6.6 years, and 21 (77.8%) were male. The average
duration of AF was 4.3 � 3.8 years. The mean LAD was
54.2 � 4.1 mm, and the mean superior-inferior right atrial
diameter (RAD) was 59.1 � 5.5 mm.

Procedural Characteristics
Initial thoracoscopic epicardial ablation. All patients
underwent a complete biatrial lesion set. Three patients
(11.1%) were restored to SR when thoracoscopic epicardial
ablation was performed at the RA (Video 1). In addition, AF
converted to AFL in 2 patients (7.4%) during thoracoscopic
epicardial ablation, and electric cardioversion was per-
formed in the other 22 patients (81.5%) (Figure 3).
Twenty-five patients underwent a postoperative computed
tomography scan, which showed a 100% success rate of
LAA exclusion and a mean stump length was 2.6� 3.0 mm.
Electrophysiological mapping findings and jointed cath-
eter ablation. After initial thoracoscopic epicardial
JTCVS Techniques c Volume 5, Number C 37



VIDEO 1. In this patient with long-standing persistent atrial fibrillation

(3 years), the left atrium was significantly enlarged, with a diameter of

50 mm. The operation was performed under general anesthesia, with

double-lumen endotracheal intubation and a beating heart. At the beginning,

thoracoscopic surgical ablation was performed on both sides. The operating

hole was located in the second intercostal midclavicular line and the fourth

or fifth intercostal axillary line. The laparoscopic lens was entered into left

pleural cavity from the third intercostal axillary line. The pericardium was

cut by an ultrasonic knife, the left atrial appendage was removed by a stapler,

and the Marshall ligament was cut off. Next, the left pulmonary vein was

dissected with a soft tissue dissector and isolated by a bipolar radiofrequency

clamp, making sure that the clamp was beyond the pulmonary veins. Then

atrial tissues from the upper left pulmonary vein to the aortic root and left

side of the roof line was ablated by the bipolar clamp. The next step was abla-

tion from the left atrial appendage root to the upper left pulmonary vein. Atrial

tissues from the lower left pulmonary vein to the great cardiac vein were ab-

lated with a bipolar pen. After the procedures on the left side were completed,

the procedures on the right side were performed. Access to the right side was

more forward than on the left side. A lobular adhesion was released. After the

pericardiumwas cut and 3 traction lines were placed, the right pulmonary vein

was isolated by a bipolar clamp, and ganglionated plexi in the Waterstone

groove were also ablated by the clamp. Next, the left atrial roof beneath the

superior vena cava and the space between the inferior vena cava and the lower

right pulmonary vein were dissected, and a box lesion of the left atrial poste-

rior wall was finished by the bipolar pen. Finally, lesion sets of the right atrium

were completed by the bipolar pen, including the line from the superior vena

cava to the inferior vena cava, the line from the RAA to the aortic root, and the

connected line between the RAA and the line from superior vena cava to the

inferior vena cava. At the start of ablation of the connected line, AF converted

to AFL; at the completion of ablation of the connected line, sinus rhythm was

restored. After surgical ablation, the reference electrodewas placed in the cor-

onary sinus under X-ray guidance, and a circle electrodewas placed in the left

atrium through the atrial septal puncture. Voltage mapping was performed

when left atrial modeling was completed. The results showed residual poten-

tials in the left pulmonary vein andmitral isthmus and gaps in the ablation line

on the roof. An endocardial catheter ablation was performed at these sites.

Finally, isolation or entrance and exit blocks in the pulmonary veins, left atrial

posterior wall, and mitral isthmus were verified. Video available at: https://

www.jtcvs.org/article/S2666-2507(20)30588-5/fulltext.
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ablation, endocardial electrophysiological mapping and
checking at the LA and RA were analyzed in 26 and 8 pa-
tients, respectively. In 2 patients who presented with AFL,
electrical activation sequence mapping displayed a
38 JTCVS Techniques c February 2021
counterclockwise macro-reentry rotating mitral valve
annulus, and SR was restored after endocardial CAwas per-
formed at mitral isthmus. Complete low-voltage or trans-
mural areas were seen on left atrial linear lesions in 6
patients (23.1%); in contrast, in other patients, different
percentages of areas of persisting normal potentials were
seen in surgical linear lesions (Table 2).

Left and right PV entrance-exit block was confirmed in
25 patients (96.2%) and in all patients (100%), respec-
tively. In all the ablation lines at the LA, a linear lesion con-
necting the left inferior PV to the great cardiac vein had the
highest percentage of areas of persisting normal potentials
(22.4%). In all the ablation lines at the RA, the linear lesion
connecting the IVC to the tip of the RAA displayed the
highest percentage of areas of persisting normal potentials
(28.4%). Lesions of reinforced and touch-up ablation dur-
ing the jointed CA are described in Table 2. Endocardial
3-dimensional voltage mapping and CA after initial thora-
coscopic epicardial ablation in a patient is shown in
Figure 2.

Follow-up
Efficacy after the index procedure. All patients were fol-
lowed up to a mean of 18.7 months (median, 12 months;
range, 6 to 36 months). Recurrent AF occurred in 3 patients.
Eight patients were diagnosed with new-onset AFL, and 1
of those patients restored SR after AAD therapy. Freedom
from atrial tachyarrhythmia after the single hybrid proced-
ure was 70.4% at 6 months, 64.0% at 12 months, and
53.8% at 24 months in patients with AAD therapy and
70.4% at 6 months, 60% at 12 months, and 46.2% at
24 months in patients without AAD therapy (Figure 4).
Efficacy after redo catheter ablation. Five out of 8 pa-
tients with postoperative new-onset AFL underwent redo
CA. Electrophysiological mapping displayed complete
PV isolation in 5 patients and the gaps related to AFL
located on the mitral isthmus and coumadin ridge in 2 pa-
tients, on the mitral isthmus and roof linear lesion in 1 pa-
tient, on the cavotricuspid isthmus and roof linear lesion
in 1 patient, and on the mitral isthmus alone in 1 patient.
During redo CA, AFL terminated to SR in 3 patients, and
persisted in 2 patients and terminated to SR by overdrive
pacing. At latest follow-up, SR restoration was observed
in 4 out of 5 patients who underwent redo CA, and AFL per-
sisted in 1 patient (Figure 3). Freedom from atrial tachyar-
rhythmia after the hybrid ablation and redo CAwas 77.8%
at 6 months and 76.9% at 12 months in all patients with
AAD therapy and 74.1% at 6 months and 73.1% at
12 months in all patients without AAD therapy (Figure 4).
Atrial reversed remodeling and cardiac function
improvement. Compared with baseline, in patients with
SR, LAD, RAD, and N-terminal pro B-type natriuretic pep-
tide (NT-proBNP) all decreased and left ventricular ejection

https://www.jtcvs.org/article/S2666-2507(20)30588-5/fulltext
https://www.jtcvs.org/article/S2666-2507(20)30588-5/fulltext
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FIGURE 3. Flow diagram of the simultaneous hybrid maze procedure and the results at latest follow-up. LSPAF, Long-standing persistent atrial fibrillation;

SR, sinus rhythm; AFL, atrial flutter; AF, atrial fibrillation; CA, catheter ablation; AADs, antiarrhythmic drugs.
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fraction increased. In patients with recurrent AF or new-
onset AFL, only LAD decreased significantly (Table 3).
Adverse Events
No in-hospital deaths occurred. Three patients (11.1%)

had postoperative pleural effusion that was drained 2 weeks
after surgery. No patient required permanent pacemaker
TABLE 2. Electrophysiological voltage mapping results in 26 patients and

after initial thoracoscopic epicardial ablation

Parameter

Persisting normal

potentials, n (%)

Left atrial lesions (n ¼ 26)

Left PV isolation loop 1 (3.8)

Right PV isolation loop 0

Roof line 7 (26.9)

Inferior line 9 (34.6)

Left fibrous trigone line 11 (42.3)

Left inferior PV to GCV/MI 15 (57.7)

Right atrial lesions (n ¼ 8)

SVC-IVC line 1 (12.5)

IVC-RAA tip line 6 (75)

Line from the tip to the base

of RAA

2 (25)

Coronary sinus lesion ——

Cavotricuspid isthmus line ——

CA, Catheter ablation; PV, pulmonary vein; GCV, great cardiac vein; MI; mitral isthmus;
implantation. No thromboembolic complications or heart
failure readmission or deaths occurred.
DISCUSSION
Our data show that in patients with LSPAF with a mark-

edly dilated atrium (LAD �50 mm), freedom from atrial
tachyarrhythmia without AAD therapy was 60% at
procedural characteristics of jointed catheter ablation in all patients

Ratio of normal voltage,

%, mean ± SD

Reinforced or

touch-up CA, n (%)

—— 16 (59.3)

—— 15 (55.6)

8.6 � 21.0 26 (96.3)

7.8 � 13.6 6 (22.2)

11.2 � 13.7 17 (63.0)

22.4 � 23.2 26 (96.3)

3.2 � 9.1 1 (3.7)

28.4 � 25.5 0 (0)

12.4 � 23.5 0 (0)

—— 13 (48.1)

—— 27 (100)

SVC, superior vena cava; IVC, inferior vena cava; RAA, right atrial appendage.
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6 months 12 months

Freedom From Atrial Tachyarrhythmia without
Antiarrhythmic Drugs

70.4%
74.1%

60.0%

73.1%

the index hybrid Maze procedure
the index hybrid Maze procedure and redo catheter ablation

FIGURE 4. Freedom from atrial tachyarrhythmia without antiarrhythmic

drugs (AADs) after the single hybrid procedurewas 70.4% at 6 months and

60% at 12 months. Freedom from atrial tachyarrhythmia without AADs in

all patients was 74.1% at 6 months and 73.1% at 12months after the hybrid

ablation and redo catheter ablation.
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12 months after single simultaneous hybrid ablation with
the new biatrial lesion set and 74.1% after the index proced-
ure and redo CA at latest follow-up (Figure 5).
Ablation Efficacy in AFPatientsWithDilatedAtrium
Atrial enlargement is a predictor of AF recurrence

following radiofrequency CA or surgical ablation,7,9,13

which always indicates longer AF duration and more
complicated mechanism in AF. In the present study, the co-
horts were characterized by a markedly dilated biatrium and
would face challenges when treated with CA or thoraco-
scopic epicardial ablation. We performed a simultaneous
hybrid ablation in these patients to achieve a better result.
Asmundis and colleagues14 reported a 65.1% rate of
TABLE 3. Atrial reversed remodeling during follow-up

Parameter

Baseline,

mean ± SD

Follow-up,

mean ± SD P value

Patients with SR (n ¼ 17)

LAD, mm 54.4 � 4.3 45.2 � 4.1 <.001

RAD, mm 59.4 � 3.9 54.9 � 4.4 <.001

LVEF, % 61.2 � 4.4 64.1 � 3.8 .028

NT-proBNP, pg/mL 960.9 � 769.7 271.6 � 314.9 .001

Patients with AF or AFL

(n ¼ 10)

LAD, mm 53.9 � 4.1 47.6 � 5.2 .001

RAD, mm 58.3 � 8.7 57.5 � 4.5 .772

LVEF, % 61.4 � 7.6 60.5 � 8.8 .723

NT-proBNP, pg/mL 669.4 � 560.1 530.1 � 288.2 .501

SR, Sinus rhythm; LAD, left atrial anterior-posterior diameter; RAD, right atrial

superior-inferior diameter; LVEF, left ventricular ejection fraction; NT-proBNP,

N-terminal pro B-type natriuretic peptide; AF, atrial fibrillation; AFL, atrial flutter.
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freedom from atrial arrhythmias without AADs in patient
with LSPAF with a dilated LA at a nearly 2-year follow-
up. Recurrences were characterized by AF in 13 patients
(20.3%) and atrial tachycardia in 8 patients (12.5%).14

Population characteristics and atrial arrhythmia recurrence
in that study were similar to those in our study. The inci-
dence of recurrent AF was lower in our study, at 11%. Pison
and colleagues15 reported a success rate of 90% for persis-
tent AF with smaller LA (mean LAD, 43.1 � 5.6 mm)
without AAD therapy. In our study, LA size is larger, which
may be the reason for a lower success rate.

Advantages of the Hybrid Technique With the New
Biatrial Lesion Set

Lesion sets with box lesions or a left-sided Cox maze and
cavotricuspid isthmus are generally applied in the present
hybrid procedures.16,17 However, the substrate of potential
AF drivers might lay on the dilated RA in patients with
LSPAF.18 The new biatrial lesion set, which is analogous
to that of standard Cox maze, is an easily applied ablation
strategy that can interrupt all drivers in both atria and are
especially useful for patients with LSPAF and a dilated
atrium. In our cohort, AF terminated to SR in 11.1% of pa-
tients when RA ablation was performed. An additional left
trigone lesion is incorporated in the left-sided lesion set
compared with the left-sided Cox maze procedure to pre-
vent perimitral flutter.11,12 Electrophysiological mapping
after thoracoscopic epicardial ablation revealed that the bi-
polar pen created a suboptimal transmural effect on linear
lesions at the atrium. Therefore, the hybrid technique
combining thoracoscopic epicardial ablation and endocar-
dial CA on beating heart has the potential to create transmu-
ral tissue lesions equivalent to the cut-and-sew technique on
an arrested heart.

New-Onset AFL
Although the hybrid technique was applied to eliminate

the gaps after thoracoscopic epicardial ablation, some
studies have shown a noteworthy incidence of new-onset
AFL after simultaneous or staged hybrid ablation.10,14,19,20

Our study found a higher incidence of postoperative atrial
tachycardia. Several factors may be responsible for this.
First, immediate endocardial voltage mapping after thora-
coscopic epicardial ablation can result in false low-
voltage lesions due to acute edema, inflammation, and
myocardial ischemia,10 which might be overlooked by joint
touch-up CA, and late conductance reconnection may
occur. The staged hybrid procedure is beneficial to the
full inspection to mature tissue lesion at two or three months
after thoracoscopic epicardial ablation. The potential
advantage of staged hybrid ablation to decrease postopera-
tive AFL needs further clarification. Second, based on joint
CAwith spot ablations, the larger the atrium, the greater the
risk of gaps. Third, to avoid damage to the esophagus,
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left-sided box lesion ablation by a bipolar clamp through the transverse and oblique sinus, epicardial ablation with a bipolar pen at the free wall of the right

atrium, and endocardial ablation at the right atrium (blue spots) and the posterior wall of the left atrium (blue spots and yellow spots). The inferior part of the

middle portion in the picture show the complete lesion set during the simultaneous hybrid ablation. At 12 months after the single simultaneous hybrid abla-

tion, without antiarrhythmic drugs, 60% patients restored sinus rhythm (SR), 28% patients had new-onset atrial flutter (AFL), and 12% patients had recur-

rent atrial fibrillation (AF). At last follow-up after the simultaneous hybrid procedure and redo catheter ablation (CA) (4 of 5 patients who underwent redo CA

were followed for 12 months, and 1 patient was followed for 6 months), 74.1% restored SR, 14.8% had new-onset AFL and 11.1% had recurrent AF. The

hybrid maze procedure for treatment of a more challenging clinical problem of chronic persistent AF in patients with dilated atria was introduced. The initial

results were promising. More studies including the staged hybrid maze procedure in these patients are needed to confirm its effectiveness. PA, Pulmonary

artery; SVC, superior vena cava; LAA, left atrial appendage; LPV, left pulmonary vein; RPV, right pulmonary vein; IVC, inferior vena cava.
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endocardial ablation at the mitral isthmus was not done in
line with the epicardial lesion at the mitral isthmus, which
may be responsible for the new-onset AFL related to mitral
isthmus in this study. The incidence of new-onset AFL
should be given sufficient attention when simultaneous
hybrid ablation is performed. The appearance of nontrans-
mural lesions is common after thoracoscopic epicardial
ablation, therefore, higher requirements are proposed for
jointed endocardial ablation, especially in linear lesions at
the atrium. On the other hand, we believe that new-onset
AFL is the bridge through which AF converts to SR, and
that the hybrid maze procedure is a promising technique
to treat LSPAF with a dilated atrium.
Safety
The previous report showed that the severe complication

rate after a simultaneous procedure was 5%,17 the safety of
this study cohort was relatively good. There were no major
complications, such as death, stroke, procedural bleeding,
or conversion to median sternotomy with cardiopulmonary
bypass, which was attributed to the extensive experience of
the surgeon and interventionist in this study.We are not sure
that the safety of the simultaneous hybrid maze procedure in
this study can be generalized. Considering the results of our
study, we suggest that the procedure be carried out by expe-
rienced heart rhythm team for patients at low risk, and that
the safety outcome be strictly monitored.
JTCVS Techniques c Volume 5, Number C 41
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Limitations
One important limitation of this study is related to the in-

adequacy of a small pilot study for drawing definite conclu-
sions with a limited sample. Determining the safety and
effectiveness of the hybrid maze procedure for treating pa-
tients with LSPAF and a dilated atrium needs further power-
ful studies with larger sample. Given this early experience,
we did not perform the endocardium mapping and ablation
at the right atrium in all patients, which might have a nega-
tive influence on our results. For patients who converted to
sinus rhythm during thoracoscopic epicardial ablation,
whether the planned endocardial portion is beneficial re-
quires further confirmation. Extensive unidirectional radio-
frequency pen application was used to create most of linear
lesions at biatrium and without performing endocardial
catheter ablation, in line with the surgical lesion at the right
atrium in most patients, which might contribute to postop-
erative recurrence. Considering the side effects of AADs
and patient preference, not all patients were treated with
oral class I or III AADs before the procedure, which did
not likely influence the postoperative results because of
the limited efficacy of AADs in the treatment of LSPAF.
The small size of our study in patients with a preserved ejec-
tion fraction may limit its applicability to larger and more
diverse groups of patients. In addition, in this study, all pro-
cedures were performed by one team in a single center, and
the results should not be generalized.

CONCLUSIONS
In this pilot study, in patients with LSPAF with markedly

dilated atrium, simultaneous hybrid ablation with a new bia-
trial lesion set was shown to be a feasible and safe proced-
ure. More studies including the staged hybrid maze
procedure in these patients are needed to confirm the effec-
tiveness of the hybrid maze procedure.
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