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Abstract

Objective: Atrial fibrillation (AF) has a demonstrable effect on quality of life (QOL). Recurrent 

stroke occurs in 10% of patients with AF. The objective of this study was to demonstrate proof of 

concept that thoracoscopic pulmonary vein isolation and atrial appendage ligation (TPVIAL) 

could prevent recurrent stroke and could potentially improve QOL in patients with AF with a 

previous stroke.

Methods: The study was a National Institutes of HealthYfunded single-center proof-of-concept 

design that randomized 23 patients with AF-related stroke to TPVIAL (n = 12) or to medical 

management (n = 11). Quality of life was the primary outcome variable; secondary end points 

included restoration of rhythm, recurrent stroke, and surgical morbidity.

Results: Quality-of-life subscores at 3 and 6 months revealed improvements in energy and 

decreases in fatigue in the TPVIAL arm [baseline, 33 (19.8); 3 months, 49.5 (20.6), P = 0.01; 6 

months, 55.5 (14.4), P = 0.03]. At 12-month follow-up, there were no recurrent strokes in the 

TPVIAL group. In the medically treated arm, two patients at 6 months (P = 0.22) and three total 

patients at 12 months (P = 0.09) had recurrent ischemic stroke. There was one death in the medical 

management arm. In the TPVIAL arm, no AF recurrence occurred in patients with paroxysmal 
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AF, and one patient had recurrence of persistent and long-standing AF. Seven patients in the 

TPVIAL arm discontinued warfarin therapy for secondary stroke prevention.

Conclusions: This small proof-of-concept study showed that TPVIAL improved QOL on two 

subscores and restored normal sinus rhythm in all but one patient, and it showed the potential to 

prevent secondary stroke. A larger study will be needed.
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Atrial fibrillation (AF) is an important cause of disabling stroke as patients with AF are six 

times more likely to have a stroke compared with patients in normal sinus rhythm (NSR).1 

Overall, AF is responsible for 15% of all strokes, with the atrial appendage implicated as the 

predominant source of emboli in most patients with AF.2 As the population ages, stroke 

incidence in AF is expected to increase.3 The major risk factor for thromboembolic 

complications in patients with AF is a history of stroke or transient ischemic attack (TIA). 

This highlights the importance of secondary stroke prevention in these patients, which was a 

driver for this proof-of-concept pilot study.4

Patients with AF receiving medical therapy including anticoagulation and rate control have a 

stroke risk of 1% per year.5 More importantly, patients with AF with previous stroke have a 

10% risk of recurrence even with optimal anticoagulation strategies.6

Minimally invasive thoracoscopic pulmonary vein isolation and appendage ligation 

(TPVIAL) has been shown to have great procedural success (990%) in the elimination of AF 

and prevention of thromboembolic events.7–9 This minimally invasive surgical approach 

includes ligation of the atrial appendage, the predominant site of thrombus formation and the 

site thought to be most important in the genesis of AF-related stroke.8

To our knowledge, there have not been any previous trials comparing TPVIAL with standard 

medical therapy. Therefore, we designed a small randomized controlled clinical trial to 

examine the efficacy of TPVIAL on quality of life (QOL) improvement, NSR maintenance, 

and secondary stroke prevention in patients with AF with previous stroke.

MATERIALS AND METHODS

Study Design and Patient Selection

This was a National Institutes of HealthYfunded, prospective, single-center, randomized, 

and controlled pilot proof-of-concept study conducted from April 2011 to April 2013, which 

received institutional review board approval. Data were collected in accordance with the 

Declaration of Helsinki. The primary end point chosen was QOL improvement in patients 

undergoing TPVIAL versus medical management (MED) because it was unclear whether 

there would be a reduction in recurrent stroke. The trial was designed to be a clinical trial 

planning grant, which would provide the necessary information for a future multicenter 

study including selection of primary and secondary end points for such a study. Secondary 
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end points included recurrent stroke on surveillance pretreatment and posttreatment brain 

magnetic resonance imaging (MRI), repeat interventions, bleeding, and surgical morbidity.

Patients with ischemic stroke or TIA with documented paroxysmal or persistent AF were 

eligible for the study if they demonstrated an ischemic stroke on neuroimaging studies or 

had transient symptoms consisting of hemiparesis, aphasia, or hemineglect. Exclusion 

criteria included age of less than 18 or greater than 80 years, left atrial appendage thrombus 

on computed tomography or echocardiography, stroke within 30 days of screening, ejection 

fraction of less than 25%, previous cardiac or thoracic surgery or empyema, left atrial 

diameter of greater than 55 mm, contraindication to anticoagulation with warfarin, or mitral 

valve insufficiency (>2+).

Randomization

Patients were randomized to TPVIAL or MED after being initially evaluated in a stroke 

clinic or hospital after an acute stroke. Simple randomization was applied using a computer-

generated number sequence. At baseline, all patients underwent remote 10-day telemetry 

monitoring (Medicomp Inc, Melbourne, FL USA), echocardiogram, and brain MRI. A 64-

slice three-dimensional chest computed tomographic scan was performed in patients 

randomized to surgery to determine the anatomy and baseline dimensions of the pulmonary 

veins.

Surgery

Thoracoscopic pulmonary vein isolation was performed as described by Wolf with 

modifications including atrial appendage ligation with the AtriClip device (AtriCure, 

Westchester, OH USA)9,10 (Fig. 1). Transesophageal echocardiography was performed to 

rule out atrial thrombus upon induction of anesthesia. Thoracoscopic port access was 

obtained, and the pericardium was opened overlying the pulmonary veins on the right, with 

careful attention to preserve the phrenic nerve. The AtriCure bipolar radiofrequency energy 

ablation device (AtriCure, Westchester OH USA) was placed around the hilum of the right 

pulmonary veins for ablation, and the entire procedure was then repeated on the left side, 

along with ligation of the atrial appendage at its base under transesophageal 

echocardiography guidance with confirmation of appendage ligation at the base11 (Fig. 1).

Medical Therapy

Optimal medical therapy in patients with AF with TIA or stroke included anticoagulation 

with warfarin (international normalized ratio goal of 2.0‒3.0) or a novel anticoagulant, 

dabigatran (Boehringer Ingelheim, Ridgefield, CT USA). All patients in the medical arm 

were followed by a single cardiologist with either rate control or rhythm control according to 

patient preference as one large trial found no difference in either strategy.5

Quality of Life

Quality of life was assessed with the RAND 36-Item Health Survey questionnaire,12 which 

consists of eight components as follows: physical functioning, role limitations caused by 

physical health, role limitations caused by emotional problems, energy/fatigue, emotional 

well-being, social functioning, pain, and general health. Each component was scored on a 0-
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to-100 range, with higher scores showing a more favorable QOL in every component. 

Participants independently completed the QOL assessment at baseline and repeated at 3 and 

6 months.

Brain MRI

All patients underwent a clinical brain MRI study with diffusion sequence (repetition time, 

7800 milliseconds; echo rime, 89 milliseconds; 220-mm field of view; 4-mm slice thickness; 

and 1.5 × 1.5-mm pixel size) at baseline and at 6 month follow-up. A board-certified 

neuroradiologist blinded to patient treatment arm examined the MRI scans for onset of new 

strokes from pretreatment to posttreatment time points.

Follow-up

Patients were seen by both a neurologist and a cardiologist at 3, 6, and 12 months to assess 

for adverse events including new focal neurologic findings and cardiac dysrhythmia. As per 

protocol, amiodarone was discontinued at 3 months, and anticoagulation was discontinued at 

6 months in patients who had ligation of their atrial appendage if there was no evidence of 

AF on extended telemetry monitoring.

Statistical Analysis

Continuous variables are presented as the mean (SD), and categorical data are expressed as 

frequency and percentage. Baseline difference in QOL metrics between the two groups was 

assessed through Mann-Whitney U-test. Statistical comparison of the eight QOL items 

before and after therapy within groups was performed by Wilcoxon matched-paired test. 

Spearman correlation was used to find possible correlation between QOL improvement and 

clinical factors. Intention-to-treat analysis was performed using Fisher exact and χ2 tests for 

the recurrence rate of stroke at 6 and 12 months. All analyses were performed using SPSS 

Version 22 (IBM Co., Armonk, NY USA). Two-tailed P < 0.05 was considered significant.

RESULTS

Baseline Demographics and Risk Factors

Five hundred fifty patients were screened in the hospital, stroke and cardiology clinics. 

Cerebrovascular events were confirmed to be related to AF by a board-certified vascular 

neurologist based on history, clinical examination, and imaging characteristics according to 

TOAST criteria.13 Five hundred twenty-seven patients (95.81%) did not meet the inclusion 

criteria or refused to participate (Fig. 2). Overall, 23 patients, including 14 (60.86%) male 

and 9 (39.13%) female patients, met qualification criteria and were enrolled. There was no 

significant difference in baseline characteristics between groups (Table 1). CHADS2 risk 

factors14 for stroke including left ventricular systolic dysfunction with/without heart failure, 

age of 75 years or older, hypertension, and diabetes mellitus were similar between the two 

groups (all P values > 0.05).

Beaver et al. Page 4

Innovations (Phila). Author manuscript; available in PMC 2019 June 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Recurrence of Stroke, Procedural Complications, and Mortality

The American Heart Association expert panel definition of stroke includes any pathological, 

imaging, or other objective evidence of focal ischemic cerebral injury.15 All patients in the 

study had baseline and 6-month brain MRI studies and were successfully clinically followed 

up for 12 months. For TPVIAL, no secondary stroke or TIA was detected at 6 or 12 months. 

For the MED group, 2 (18%) of 11 patients had recurrent ischemic stroke at 6 months (P = 

0.22), and a total of 3 of (27%) 11 patients at 12 months (P = 0.09).

The TPVIAL surgical procedure including left atrial appendage ligation was performed 

successfully without complications in all patients in the minimally invasive surgery group 

except for one, who had pleural adhesions preventing thoracoscopy. This patient 

subsequently underwent an open Maze surgery via sternotomy and was included as per 

intention-to-treat analysis. One patient died in the MED group because of secondary stroke, 

and no death occurred among TPVIAL patients.

Maintenance of NSR

For the 12 TPVIAL patients, all 5 patients with paroxysmal AF remained in NSR after the 

procedure, whereas 6 of the patients with persistent/long-standing persistent AF were in 

NSR with 1 having a reoccurrence of AF at 12 months. In the MED arm, all patients 

remained in NSR on medical therapy through 12-month follow-up using rhythm control (n = 

1) and rate control (n = 10) strategies. The difference in AF recurrence was not significant 

between the two groups.

Maintenance of Anticoagulation

There was a significant association with the TPVIAL procedure versus MED therapy with 

successful warfarin withdrawal (P = 0.005), which was considered for patients with no AF 

on telemetry monitoring. Overall, seven patients (58.3%) were successfully taken off 

warfarin in the TPVIAL group and remained on aspirin for secondary stroke prevention. 

Despite the CHADS2 and the CHADS2-VASc scores being similar in both groups, no 

patients in the MED group were discontinued from anticoagulation.

Quality-of-Life Measures

At baseline, the QOL metrics were not different between the two groups (all P values > 

0.05). Within pretreatment to posttreatment, pairwise analyses showed significant 

improvement in energy and decrease in fatigue in the TPVIAL group at both 3 (z = ‒2.49, P 
= 0.017) and 6 months (z = ‒2.09, P = 0.036). Moreover, physical functioning, role 

limitations caused by physical health, social function, and general health metrics all 

improved in the surgical group, without reaching statistical significance (Table 2, Fig. 3). No 

correlation between improvement of QOL metrics and age, education, reading ability, or 

other clinical factors was found.

DISCUSSION

Atrial fibrillation is the most common cardiac arrhythmia, affecting more than 2.5 million 

Americans.16 Atrial fibrillation is responsible for 15% to 30% of strokes and costs Medicare 
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more than $7 billion annually.17 Although stroke prevention with AF includes effective 

anticoagulant therapy, anticoagulant management with warfarin can be challenging (even in 

monitored clinical trials, appropriate international normalized ratio ranges between 44% and 

83%).18 Even with optimal anticoagulation, patients with AF with previous stroke have an 

8% to 10% risk for recurrent stroke as reported in several major studies.6,19,20 Furthermore, 

some patients with AF may elect a single interventional procedure to avoid the risks of 

lifelong anticoagulation therapy.21

The left atrial appendage is the major source of emboli in AF, and in this study, the AtriClip 

(AtriCure Inc, Westchester, OH USA), a dacron-covered nitinol clip, was placed epicardially 

to close the appendage at the same time pulmonary vein isolation was performed to restore 

NSR. Although the Watchman device (Boston Scientific Inc, Marlborough, MA USA) has 

shown promise for appendage closure via catheter delivery, it should be noted in the latest 

randomized PREVAIL trial that the Watchman device did not meet the end point for 

reduction in ischemic stroke or systemic embolism as compared with warfarin.22 There also 

remains concern about residual leak around the Watchman, which by design is circular and 

is not a perfect fit for the oblong appendage.23–25 Furthermore, a recent meta-analysis of 

2406 patients in the Watchman Prevail and Prevent trials and associated registries found that 

intracranial hemorrhage was lower with Watchman versus warfarin (hazard ratio, 0.22; P = 

0.004), but ischemic stroke was higher (hazard ratio, 1.95; P = 0.05).26 Moreover, 

cardiologists have been reluctant to perform a catheter-based endocardial intervention in a 

patient after a recent acute stroke, and new approaches are therefore needed.

Appendage closure alone does not eliminate the risk for ischemic recurrent stroke, as 

observed earlier in the PREVAIL trial.22 Actually, restoration of NSR with a surgical MAZE 

procedure was found more effective than atrial appendage ligation for the prevention of 

embolic stroke by Bando et al27 during mitral valve replacement.27 Minimally invasive 

thoracoscopic pulmonary vein isolation has the potential to eliminate AF with up to 90% 

success rate9,10,28,29; however, controlled trials such as the one performed in this proof-of-

concept study are needed for confirmation.

The results of our pilot proof-of-concept study suggest that TPVIAL may provide improved 

outcome relative to medical management alone for patients with AF with a history of stroke. 

In this study, three patients in the medical arm patients had a stroke at 12 months, including 

one patient who died of a secondary stroke. Thoracoscopic pulmonary vein isolation and 

atrial appendage ligation restored the NSR and had zero recurrent strokes, allowed 

discontinuation of anticoagulation in select patients, and improved energy and fatigue on 

QOL subscores, with an acceptable safety profile. Thoracoscopic pulmonary vein isolation 

and atrial appendage ligation has the potential to reduce adverse events from 

anticoagulation, as 14% to 40% of patients with AF cannot take anticoagulant drugs.30,31

Although the findings in this proof-of-concept study did not reach statistical significance, 

the data will help us to appropriately design a larger multicenter clinical trial that could use 

recurrent stroke as the primary end point along with QOL end points.
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Study Limitations

The limitations of the study included the small number of patients with interventions only 

performed by a single surgeon at a single institution. Extended remote telemetry monitoring 

was not performed in the medical arm; therefore, patients may have had an undetected 

recurrence of AF. This study is too small to draw any major conclusions, and a future 

clinical trial could overcome these issues by powering the study appropriately and by 

randomizing patients to three arms as follows: (1) TPVIAL, (2) appendage ligation alone, 

and (3) MED therapy. Each arm would use extended telemetry monitoring during follow-up, 

and the primary outcome variable would be recurrent stroke.

CONCLUSIONS

This small proof-of-concept pilot clinical trial suggests that a minimally invasive TPVIAL 

procedure could be performed in patients with AF with recent stroke. Surgical patients had 

improved QOL scores for energy and fatigue and had no recurrent stroke but this did not 

reach significance. A redesigned larger multicenter clinical trial will be required to answer 

the question as to the utility of this procedure in clinical practice.
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CLINICAL PERSPECTIVE

This study was an National Institutes of Health-funded single-center proof-of-concept 

trial that randomized 23 patients with atrial fibrillation-related strokes to thoracoscopic 

pulmonary vein isolation and atrial appendage ligation (TPVIAL) or to medical 

management. At 12-month follow-up, there were no recurrent strokes in the TPVIAL 

group. In the medically treated arm, two patients at 6 months and three patients at 12 

months had recurrent ischemic strokes. Quality-of-life subscores at 3 and 6 months 

revealed improvements in energy and decreases in fatigue in the TPVIAL arm. This very 

small study showed that TPVIAL may have a potential for improving quality of life and 

preventing further strokes in patients who had had an atrial fibrillation-related stroke.

These preliminary data are encouraging but require verification in a larger multicenter 

randomized clinical trial. At the moment, the ability of TPVIAL to prevent recurrent 

strokes remains unproven.
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FIGURE 1. 
A, Thoracoscopic pulmonary vein isolation and atrial appendage ligation procedure. B, 

Patient position and ports on left side. C, Bipolar ablation clamp being placed around 

pulmonary vein hilum. Clip being placed at the base of the left atrial appendage.
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FIGURE 2. 
Flow diagram—Venrollment data.

Beaver et al. Page 12

Innovations (Phila). Author manuscript; available in PMC 2019 June 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 3. 
Quality-of-life analysis. A, Energy domain showed significant improvement in the 

minimally invasive surgical group from baseline. BYD, Physical health, social function, and 

general health did not change from baseline in the medical group, although some 

improvement was noted in the surgical group (medical, blue; surgery, green).

Beaver et al. Page 13

Innovations (Phila). Author manuscript; available in PMC 2019 June 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Beaver et al. Page 14

TA
B

L
E

 1
.

Pa
tie

nt
s’

 C
ha

ra
ct

er
is

tic
s 

an
d 

St
ud

y 
O

ut
co

m
es

V
ar

ia
bl

es
T

P
V

IA
L

 (
n 

= 
12

)
 

M
ed

ic
al

ly
 M

an
ag

ed
 (

n 
= 

11
)

P

A
ge

, m
ea

n 
(S

D
),

 y
67

 (
9.

4)
68

 (
8.

4)
0.

70

M
on

tr
ea

l c
og

ni
tiv

e 
as

se
ss

m
en

t, 
m

ea
n 

(S
D

)
25

 (
3.

7)
22

.9
 (

6.
2)

0.
36

E
du

ca
tio

n 
le

ve
l, 

m
ea

n 
(S

D
)

14
.6

 (
4.

3)
12

.5
 (

1.
7)

0.
13

M
al

e,
 n

 (
%

)
 5

 (
42

)
9 

(8
2)

0.
09

H
yp

er
te

ns
io

n,
 n

 (
%

)
10

 (
83

)
7 

(6
4)

0.
37

Sm
ok

er
, n

 (
%

)
 5

 (
42

)
6 

(5
5)

0.
68

C
ur

re
nt

 s
m

ok
er

, n
 (

%
)

 2
 (

17
)

1 
(9

)
 

1

D
ia

be
te

s,
 n

 (
%

)
 2

 (
17

)
 4

 (
36

)
0.

37

C
on

ge
st

iv
e 

he
ar

t f
ai

lu
re

, n
 (

%
)

 3
 (

25
)

 
1 

(9
.1

)
0.

59

Pe
ri

ph
er

al
 v

as
cu

la
r 

di
se

as
e,

 n
 (

%
)

 
0

 
3 

(2
7.

3)
0.

09

Ty
pe

 o
f 

at
ri

al
 f

ib
ri

lla
tio

n

Pa
ro

xy
sm

al
, n

 (
%

)
 5

 (
42

)
 6

 (
55

)
0.

68

Pe
rs

is
te

nt
/lo

ng
-s

ta
nd

in
g 

pe
rs

is
te

nt
, n

 (
%

)
 7

 (
58

)
 5

 (
45

)

Pr
ev

io
us

 c
ar

di
ov

er
si

on
, n

 (
%

)
 3

 (
25

)
 

2 
(1

8.
2)

 
1

Pr
ev

io
us

 c
at

he
te

r 
ab

la
tio

n,
 n

 (
%

)
 2

 (
17

)
0

0.
20

A
F 

re
cu

rr
en

ce
 a

ft
er

 T
PV

IA
L

 
▅

 P
ar

ox
ys

m
al

 (
n 

=
 5

)
 

0

 
▅

 P
er

si
st

en
t/l

on
g 

st
an

di
ng

 p
er

si
st

en
t A

F 
(n

 =
 7

)
 

1

Pr
ev

io
us

 s
tr

ok
e/

tr
an

si
en

t i
sc

he
m

ic
 a

tta
ck

, n
 (

%
)

 
12

 (
10

0)
 

11
 (

10
0)

 
1

C
H

A
D

S2
 s

co
re

, m
ea

n 
(S

D
)

 3
.2

5 
(0

.8
7)

 3
.2

8 
(1

.1
)

0.
96

C
H

A
D

S2
-V

A
Sc

 s
co

re
, m

ea
n 

(S
D

)
 4

.5
 (

1.
2)

 
4.

6 
(1

.3
)

0.
80

H
A

S-
B

L
E

D
 s

co
re

, m
ea

n 
(S

D
)

 3
.4

1 
(0

.9
0)

 
4.

0 
(1

.0
9)

0.
18

Ty
pe

 o
f 

m
ed

ic
al

 m
an

ag
em

en
t, 

n 
(%

)
‒

R
hy

th
m

 c
on

tr
ol

, 1
 (

9.
1)

R
at

e 
co

nt
ro

l, 
10

 (
90

.9
)

Su
cc

es
sf

ul
 w

ar
fa

ri
n 

w
ith

dr
aw

al
, n

 (
%

)
 7

 (
58

.3
)

 
0

 
0.

00
5

St
ro

ke
 r

ec
ur

re
nc

e,
 n

 (
%

)
 0

 2
 (

18
.2

) 
(6

 m
o)

0.
22

 3
 (

27
.3

) 
(1

2 
m

o)
0.

09

A
F,

 a
tr

ia
l f

ib
ri

lla
tio

n;
 T

PV
IA

L
, t

ho
ra

co
sc

op
ic

 p
ul

m
on

ar
y 

ve
in

 is
ol

at
io

n 
an

d 
ap

pe
nd

ag
e 

lig
at

io
n.

Innovations (Phila). Author manuscript; available in PMC 2019 June 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Beaver et al. Page 15

TA
B

L
E

 2
.

Im
pr

ov
em

en
t (

In
cr

ea
se

d 
M

ea
n 

Fr
om

 B
as

el
in

e 
to

 6
 M

on
th

s)
 o

f 
Q

ua
lit

y-
of

-L
if

e 
M

et
ri

cs
 in

 th
e 

M
in

im
al

ly
 I

nv
as

iv
e 

Su
rg

ic
al

 G
ro

up

Q
O

L
 I

te
m

s

M
ed

ic
al

ly
 M

an
ag

ed
T

P
V

IA
L

*

B
as

el
in

e,
 M

ea
n 

(S
D

)
3 

m
o,

 M
ea

n 
(S

D
)

P
6 

m
o,

 M
ea

n 
(S

D
)

P
*

B
as

el
in

e,
 M

ea
n 

(S
D

)
3 

m
o,

 M
ea

n 
(S

D
)

P
6 

m
o,

 M
ea

n 
(S

D
)

P

E
ne

rg
y/

fa
tig

ue
46

.2
5 

(2
5.

4)
49

.1
6 

(2
3.

1)
0.

49
54

.3
7 

(2
2.

1)
0.

06
33

 (
19

.8
)

49
.5

 (
20

.6
)

0.
01

55
.5

 (
14

.4
)

0.
03

Ph
ys

ic
al

 f
un

ct
io

n
65

 (
33

.9
)

60
.1

3 
(2

7.
3)

0.
73

65
.5

5 
(2

0.
8)

0.
88

50
.1

6 
(2

3.
5)

49
.2

2 
(2

0.
7)

0.
95

54
.8

8 
(2

6.
5)

0.
44

R
ol

e 
lim

ita
tio

n 
ca

us
ed

 b
y 

ph
ys

ic
al

 
he

al
th

46
.8

7 
(4

7.
1)

53
.1

2 
(4

7.
1)

0.
85

40
.6

2 
(4

2.
1)

0.
85

22
.5

 (
41

.5
)

32
.5

 (
40

.2
)

0.
41

50
 (

42
.4

)
0.

17

So
ci

al
 f

un
ct

io
n

73
.4

3 
(2

4.
4)

71
.8

7 
(1

9.
76

)
1.

0
73

.4
3 

(1
8.

2)
0.

72
66

.2
5 

(2
1.

2)
75

 (
26

.3
)

0.
55

80
 (

24
.4

)
0.

28

G
en

er
al

 h
ea

lth
61

.8
7 

(2
5.

9)
60

.6
2 

(2
3.

9)
1.

0
61

.2
5 

(2
5.

8)
0.

86
62

.8
7 

(1
8.

9)
69

.5
 (

15
.3

)
0.

34
72

.5
 (

20
.9

)
0.

29

Pa
in

72
.5

 (
23

.9
)

69
.3

7 
(2

3)
0.

68
79

.3
7 

(1
8.

5)
0.

12
73

.7
5 

(2
7.

7)
79

.7
5 

(1
9.

5)
0.

28
76

 (
23

.1
)

0.
55

L
im

ita
tio

ns
 c

au
se

d 
by

 e
m

ot
io

na
l 

pr
ob

le
m

s
66

.6
6 

(3
9.

8)
66

.6
6 

(3
9.

8)
0.

50
70

.8
3 

(3
3)

0.
50

 6
3.

33
 (

42
)

60
 (

40
.9

)
0.

68
70

 (
42

.8
)

0.
79

E
m

ot
io

na
l w

el
l-

be
in

g
72

 (
19

.4
)

69
.8

3 
(1

5.
5)

0.
52

71
.5

 (
16

.4
)

0.
88

 
74

.1
 (

9.
7)

71
.2

 (
20

.2
)

0.
52

67
.3

 (
19

.7
)

0.
28

* B
as

el
in

e 
ve

rs
us

 6
 m

on
th

s.

Q
O

L
, q

ua
lit

y 
of

 li
fe

; T
PV

IA
L

, T
ho

ra
co

sc
op

ic
 P

ul
m

on
ar

y 
V

ei
n 

Is
ol

at
io

n 
an

d 
A

pp
en

da
ge

 L
ig

at
io

n.

Innovations (Phila). Author manuscript; available in PMC 2019 June 03.


	Abstract
	MATERIALS AND METHODS
	Study Design and Patient Selection
	Randomization
	Surgery
	Medical Therapy
	Quality of Life
	Brain MRI
	Follow-up
	Statistical Analysis

	RESULTS
	Baseline Demographics and Risk Factors
	Recurrence of Stroke, Procedural Complications, and Mortality
	Maintenance of NSR
	Maintenance of Anticoagulation
	Quality-of-Life Measures

	DISCUSSION
	Study Limitations

	CONCLUSIONS
	References
	FIGURE 1
	FIGURE 2
	FIGURE 3
	TABLE 1.
	TABLE 2.

