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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), #=0.01; 6
months, 55.5 (14.4), £=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

Address correspondence and reprint requests to Thomas M. Beaver, MD, Division Thoracic and Cardiovascular Surgery, University of
Florida, PO Box 100129, Gainesville, FL 32610 USA. thomas.beaver@surgery.ufl.edu.

Presented at the Annual Scientific Meeting of the International Society for Minimally Invasive Cardiothoracic Surgery, June 3Y86,
2015, in Berlin, Germany.

Disclosures: Thomas M. Beaver, MD, is a member of the educational steering committee and a study site principal investigator for
AtriCure, Inc, West Chester, OH USA; however, there is no reported conflict of interest. William M. Miles, MD, is a consultant to
Medtronic, Inc, Minneapolis, MN USA. Vishnumurthy Shushrutha Hedna, MD, Anna Y. Khanna, MD, Catherine C. Price, PhD, llona
M. Schmalfuss, MD, Seyed Hossein Aalaei-Andabili, MD, and Michael F. Waters, MD, PhD, declare no conflicts of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Beaver et al. Page 2

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.

Keywords

Atrial fibrillation; Surgical ablation; Minimally invasive surgery; Stroke; Left atrial appendage
ligation

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 (T1A).
This highlights the importance of secondary stroke prevention in these patients, which was a
driver for this proof-of-concept pilot study.*

Patients with AF receiving medical therapy including anticoagulation and rate control have a
stroke risk of 1% per year.> More importantly, patients with AF with previous stroke have a
10% risk of recurrence even with optimal anticoagulation strategies.®

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.”=® 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

Surgery

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.

Thoracoscopic pulmonary vein isolation was performed as described by Wolf with
modifications including atrial appendage ligation with the AtriClip device (AtriCure,
Westchester, OH USA)?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 basel! (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.®

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.

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 x 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.

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

RESULTS

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 Xz 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 £ < 0.05 was considered significant.

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). CHADS?2 risk
factorsl4 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 Pvalues > 0.05).
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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.1® 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 (2= 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 Pvalues >
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, £=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.1” 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.2!

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.23-2% 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; 2= 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 al?? during mitral valve replacement.2” Minimally invasive
thoracoscopic pulmonary vein isolation has the potential to eliminate AF with up to 90%
success rate?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.3%: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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Pulmonary
Veins

1. Working port 2.Camera 3. Working port

Atrial Appendage Clip

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.

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




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Beaver et al. Page 12

| Enrollment

Assessed for eligibility (n= 550)

Excluded (n=527)
+ Not meetinginclusion criteria (n=515)

\ 4

+ Declined to participate (n=12)

Randomized (n= 23)

.
( Allocation
Allocated to medical management(n=11) Allocatedto TPVIAL group (n=12)
+ Received medical therapy (n=11) + Received TPVIAL (n=11)
+ Did not receive medical therapy (n=0) + Didnot receive TPVIAL (Underwent open
Maze due to pleural adhesion) (n=1)
l Follow-Up 3
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinuedtherapy (n=0) Discontinued intervention (n=0)
l Analysis :
Analysed (n=11) Analysed (n=12)
+ Excludedfromanalysis (n=0) + Excludedfromanalysis (n=0)

FIGURE 2.

Flow diagram—\enrollment data.
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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).

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




Page 14

Beaver et al.

‘uoiyebi| abepuadde pue uone|osi uisn Areuownd 91do3sooeIOY] “TWIACL ‘UOIR|[LIqL el ‘Y

0 (9%) U *80uBLIND3l 34015
(e789) £ (%) U ‘[eMRIPUIIM ULIBJIEM [NJSS8INS
- (%) u ‘Juawabeuew [earpaw Jo adAL
(06°0) 7' (@s) uesw ‘21025 d319-SYH
(1) 5¥ (As) uesw ‘21095 ISYA-ZSAVHD
(z80)sze (@s) uesw ‘21008 ZSAVHO
(oot) 2T (2%) U *oENR O1WBYDSI 1UBISULI]/840.1S SNOIABId

T (2 = u) 4v wassisiad Buipuels Buojausisisiod =

0 (g = u) [ewsAxoseq =
IVIACL J3Ye 30U81INJa) 4y
(nz (%) U ‘uone|ge Ja18y1ed SNoIAsId
(o) e (%) U ‘UOISIA0IPIED SNOIABI
(89) £ (9%) u quasisiad Buipuels-buojusisisiad
(ev) s (%) u ‘rewsAxoued
uone|1qy [ee jo adAL
0 (%) u ‘aseasIp JejnaseA [eaydLiad
(s2) e (9%) U ‘aun|rey Leay aAnsebuod
(e (%) u 'sa1eqeId
(nz (%) u 4sows JuaLINd
(@ns (%) u Usouwss
(e8) 01 (%) u ‘uoisusiadAH
(ev) s (%) u ‘aleN
(ev) 9vT (AS) uesw ‘|ana] uoneaNp3
(L¢) sz (@s) ueaw ‘yuawssasse aAIUBOD [ealJuUo
(¥'6) L9 £(as) uesw ‘aby

(eT=u) IVINdL

so|qelren

600 (ower) (e22) €
220 (ow9) (z'8T) ¢
S00°0 0
(6°06) OT ‘103U0D 8y
(T'6) T ‘101302 WYIAYY

810 (60T) 0%
080 (€T 9ov
960 (T1)8ce

T (oom) 1T
02°0 0

T (z8m) e

(sv) 5

89°0 (s9) 9
600 (eL2e
650 (te)T
L£0 (98) v

T (Oh)
89°0 (s9) 9
L£0 (¥9) L
600 (c8) 6
€10 (L1 ger
9e'0 (z9)6ce
0.0 (7'8) 89

d (TT = u) pebeue | A|feaipe N

‘T 3149vL
Author Manuscript Author Manuscript

SaW02INO ApNIS pue sonsusdRIeyD Slusied

Author Manuscript

Author Manuscript

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



Page 15

Beaver et al.

‘uonefi abepuaddy pue uone|os| uisA Areuownd o1doasodeioyl “TVIACL ‘4] Jo Alfenb 100

"SUILUOW 9 SNSIBA auljaseg
x

820 (L6T)€.L9 250 (zor)zTL (Le) Ty 880 (#'9T)G'TL 250 (g61) €869 (r6T) 2L Buiag-11am [euonowz
swia|qo.d
6.0 (8c¢v)oL 89'0 (6'0%) 09 (zv) eee9 050 (e€)e8'0L 050 (8'6€) 99'99  (8'6€) 99'99 [euonows Ag pasnes suonewi
650 (1€2) 9L 820 (S'6T)GL6L (L'12)6LeL 2To (5'87) L£6L 890 (€2) L£'69 (6'€2) G2 ured
6c0 (602)G2L ve0 (€ST) 669 (6'8T) 28'29 98°0 (8g2)sz19 0T (6'€2) 2909 (6'S2) L8'T9 Ulesy [elaus
820 (¥'¥2) 08 650 (e'92) 6L (z'12) G299 2L0 (zem)eveL 0T (9L°6T) L8TL  (V'¥e) ev'EL uonauny [e10s
Uieay

LT0  (v'zy) 0§ o (zov)see (CRiKeyad 680 (Tzv) coor 680 (Tv)eres  (1'19) 189y
0 (592) 88'YS G660 (L'02) zeey (5'€2) 910§ 880 (8'02) G559 €20 (e22)eT09  (6€€) 59 uonouny [eaisAyd
€00 (¥'¥T) 9SS 100 (9°02) G'6v (8'6T) €€ 900 (T'zo) LevS 670 (Tez)or6y  (7'S2) Seov anbey/ABisuz
d (aS)uenowg d (as)uesiyowe (QS)ues N Bulpseg d (@)uenowg d (as)uesy‘owe (as)ues N ‘sulpseq swell 7100

¥

LIVIAL

pabeue A Ajfed1ps N

dnoi9 [ea16ing anIseAu| AjfewiulA 8yl Ul SOUIBIA 84177-J0-Alend) JO (SYIUOIAl 9 0} sUl|aseg WoJH Ues|A pasealou]) Juswaroiduw|

Author Manuscript

¢31avil

Author Manuscript

Author Manuscript

Author Manuscript

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.

