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Percutaneous closure of the left atrial appendage versus
warfarin therapy for prevention of stroke in patients with
atrial fibrillation: a randomised non-inferiority trial

David R Holmes, Vivek Y Reddy, Zoltan G Turi, Shephal K Doshi, Horst Sievert, Maurice Buchbinder, Christopher M Mullin, Peter Sick, for the
PROTECT AF Investigators™

Summary

Background In patients with non-valvular atrial fibrillation, embolic stroke is thought to be associated with left atrial
appendage (LAA) thrombi. We assessed the efficacy and safety of percutaneous closure of the LAA for prevention of
stroke compared with warfarin treatment in patients with atrial fibrillation.

Methods Adult patients with non-valvular atrial fibrillation were eligible for inclusion in this multicentre, randomised
non-inferiority trial if they had at least one of the following: previous stroke or transient ischaemic attack, congestive
heart failure, diabetes, hypertension, or were 75 years or older. 707 eligible patients were randomly assigned in a
2:1 ratio by computer-generated randomisation sequence to percutaneous closure of the LAA and subsequent
discontinuation of warfarin (intervention; n=463) or to warfarin treatment with a target international normalised ratio
between 2-0 and 3 -0 (control; n=244). Efficacy was assessed by a primary composite endpoint of stroke, cardiovascular
death, and systemic embolism. We selected a one-sided probability criterion of non-inferiority for the intervention of
at least 97-5%, by use of a two-fold non-inferiority margin. Serious adverse events that constituted the primary
endpoint for safety included major bleeding, pericardial effusion, and device embolisation. Analysis was by intention
to treat. This study is registered with Clinicaltrials.gov, number NCT00129545.

Findings At 1065 patient-years of follow-up, the primary efficacy event rate was 3 -0 per 100 patient-years (95% credible
interval [CrI] 1-9—4-5) in the intervention group and 4-9 per 100 patient-years (2-8-7-1) in the control group (rate
ratio [RR] 0-62, 95% Crl 0-35-1-25). The probability of non-inferiority of the intervention was more than 99-9%.
Primary safety events were more frequent in the intervention group than in the control group (7-4 per 100 patient-
years, 95% CrI 5-5-9-7, vs 4-4 per 100 patient-years, 95% CrI 2-5-6-7; RR 1-69, 1-01-3-19).

Interpretation The efficacy of percutaneous closure of the LAA with this device was non-inferior to that of warfarin
therapy. Although there was a higher rate of adverse safety events in the intervention group than in the control group,
events in the intervention group were mainly a result of periprocedural complications. Closure of the LAA might
provide an alternative strategy to chronic warfarin therapy for stroke prophylaxis in patients with non-valvular atrial
fibrillation.

Funding Atritech.

Introduction
Atrial fibrillation is the most common sustained cardiac

Although membrane-active antiarrhythmic drugs®™®
and catheter ablation provide symptomatic relief for

arrhythmia, affecting an estimated 6 million individ-
uals in the USA." Since atrial fibrillation mainly affects
elderly people, its prevalence is expected to increase in
parallel with the increasing age of the population, with
a predicted 15-9 million cases by 2050."° The lifetime
risk for development of atrial fibrillation is one in four
in men and women 40 years of age and older.® Stroke,
the most serious complication of atrial fibrillation,
occurs in 5% of non-anticoagulated patients every year.
The risk of stroke increases substantially with age, from
1-5% in individuals aged 50-59 years to 23-5% for
those aged 80-89 years.™ Stroke is the third most
frequent cause of death in the USA and the leading
cause of serious disability. Therefore, stroke prophyl-
axis is a crucial component of management of atrial
fibrillation.

patients with atrial fibrillation, neither method is
sufficiently reliable in preventing thromboembolic
events, and long-term oral anticoagulation therapy is
recommended irrespective of the rhythm management
strategy. Randomised controlled trials have shown
that warfarin is effective in preventing stroke, more so
than aspirin and combination aspirin-clopidogrel.**
Despite its proven efficacy, warfarin is often not well
tolerated by patients, has a very narrow therapeutic
range, and has a high risk for bleeding complications.”
Furthermore, the effectiveness of anticoagulation varies
because of interactions with some foods and other
medications; even with frequent monitoring and dose
adjustments, patients’ test results are outside of the
therapeutic range in up to half of all blood drawings.”
Partly for these reasons, only around 50% of patients
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who are eligible for long-term warfarin are treated
with it.”

Pharmacological alternatives to warfarin have been in-
vestigated,”” and several new anticoagulants seem prom-
ising;” even if they prove to be safe, however, they will not
address many of the problems related to bleeding or
compliance or the need for lifelong treatment. On the basis
of echocardiography and autopsy studies showing that the
left atrial appendage (LAA) was the source of thrombi in
more than 90% of patients with non-valvular atrial fibril-
lation,* percutaneous catheter-based devices have been
developed to close and thereby effectively exclude the LAA
from the systemic circulation. Pilot studies have shown
acceptable risk-to-benefit ratios for these non-pharma-
cological alternatives to chronic warfarin therapy.”*

The PROTECT AF (WATCHMAN Left Atrial Appendage
System for Embolic Protection in Patients with Atrial
Fibrillation) study* examined the efficacy and safety of
percutaneous closure of the LAA in patients with non-
valvular atrial fibrillation. The study was designed to
assess the non-inferiority of the device against chronic
warfarin therapy.

Methods

Patients

This prospective, randomised controlled trial was
undertaken at 59 sites in the USA and Europe. Enrolment
began in February, 2005, and ended in June, 2008. Patients
aged 18 years or older with paroxysmal, persistent, or
permanent non-valvular atrial fibrillation were eligible for
enrolment if they had a CHADS?2 risk score of 1 or more
(ie, atleast one of the following: previous stroke or transient
ischaemic attack, congestive heart failure, diabetes
mellitus, hypertension, or were 75 years or older).”
Exclusion criteria included contraindications to warfarin,
comorbidities other than atrial fibrillation that required
chronic warfarin use, LAA thrombus, a patent foramen
ovale with atrial septal aneurysm and right-to-left shunt,®
mobile aortic atheroma, and symptomatic carotid artery
disease. Eligible patients underwent baseline neurological
assessment by a neurologist. For patients who had history
of stroke, a CT or MRI scan was taken at baseline. Patients
also had an echocardiographic examination (via a
transoesophageal echocardiograph [TEE]) to assess other
echocardiographic exclusion criteria.

The study was reviewed by the US Food and Drug
Administration (FDA) and approved by each site’s
institutional review board; all patients provided written
informed consent. An independent clinical events
committee reviewed and adjudicated all adverse events.
An independent data safety monitoring board met
regularly to review study data and to recommend any
changes to the protocol.

Randomisation and masking

After baseline screening, patients were randomly assigned
by a computer-generated randomisation sequence to inter-
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4998 patients screened

4291 ineligible

845 refusal to participate or provide
consent

360 planned cardioversion or cardiac
ablation within 30 days

343 lone atrial fibrillation or transient
atrial fibrillation alone

283 ejection fraction <30%

275 CHADS?2 score of 0

240 unwilling or unable to take warfarin

1945 various clinical and

echocardiographic reasons

v

| 707 randomised |

¢—‘—¢

463 assigned to closure of the LAA

| | 244 assigned to warfarin control

14 implant not attempted
6 device not implanted within

specified timeframe
4 withdrew consent

l—] —>| 3 warfarin never started

3 ineligible*
1died before the procedure

449 implant attempted

41 unable to implant
29 device release criteria not mett f—
12 procedural eventi

A 4

v

408 device implanted

349 stopped warfarin at 45 days | 241 warfarin started

59 not stopped warfarin at 45 days

v v

463 included in ITT population

| | 244 included in ITT population

Figure 1: Trial profile

[TT=intention-to-treat. *Patients were classed as ineligible after new clinical findings were seen (eg, cardiac tumour,
inadequate anatomy). TOne or more of the release criteria of acceptable device position, in-situ size (compression),
stability, and LAA seal were not met for device release. $Procedure-related complications that resulted in the device

not being used (all of which were classified as primary safety endpoints).

vention or control groups in a 2:1 ratio. Randomisation was
stratified by clinical centre and was done via a centralised
system with block sizes of six (four intervention, two
control). An independent statistician who had no
involvement in the design or analysis of the study generated
the randomisation sequence. The centralised computer
system was password protected and accessed by the
principal investigator or study coordinator after the patient
gave consent and had met inclusion criteria. The patients’
initials and date of birth were entered and then the
patient was allocated to intervention or control. Participants
and clinicians were not masked to treatment assignment.

Procedures
Patients allocated to the intervention group received
percutaneous closure of the LAA by use of the
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WATCHMAN device (Atritech, Plymouth, MN, USA).
As previously described, this device®*” is a self-expanding
nickel titanium (nitinol) frame structure with fixation
barbs and a permeable polyester fabric cover. The device
ranges in diameter from 21 mm to 33 mm to
accommodate varying LAA anatomy and size. It is
implanted via a trans-septal approach by use of a catheter-
based delivery system to seal the ostium of the LAA. The
implantation is guided by fluoroscopy and TEE to verify
proper positioning and stability.

After the device had been implanted, patients were
treated with warfarin (Coumadin, Bristol-Myers SquibD,
New York, NY, USA) for 45 days to facilitate device endo-
thelialisation. TEE imaging was done at 45 days,
6 months, and 12 months to assess residual peri-device
flow and device stability and position. Patients
discontinued warfarin therapy if the 45-day TEE showed
either complete closure of the LAA or if there was residual
peri-device flow (jet <5 mm in width). After stopping
warfarin treatment, once daily clopidogrel (75 mg) and
aspirin (81-325 mg) were prescribed until completion of
the 6-month follow-up visit, from which point aspirin
alone was continued indefinitely.

Patients in the control group received warfarin for the
duration of the study (target international normalised
ratio [INR] between 2-0 to 3-0). Monitoring of the INR
was done by the patient’s treating physician at least every
2 weeks for 6 months and at least once a month
thereafter.

Follow-up visits occurred at 45 days, at 6, 9, and
12 months, and twice a year thereafter. Neurological
assessments were done at baseline, 12 months, and
24 months and whenever a neurological event occurred.

The primary objective was to establish whether the
device was non-inferior to warfarin treatment by use of a
composite endpoint for efficacy that consisted of the
occurrence of stroke (including ischaemic or haemor-
rhagic stroke), cardiovascular or unexplained death, or
systemic embolism. The primary composite endpoint
for safety consisted of events related to excessive bleeding
(eg, intracranial or gastrointestinal bleeding) or
procedure-related complications (eg, serious pericardial
effusion, device embolisation, procedure-related stroke).
Time to first event was calculated from the date of
randomisation to the event, or to the last known status
date. Event rates were calculated as the number of events
per 100 patient-years of follow-up.

Statistical analysis

The preplanned primary analysis of efficacy and safety
used a Bayesian Poisson model, stratified for CHADS2
score, with a non-informative gamma conjugate prior
distribution.” Posterior sampling was used to calculate
probabilities and Bayesian credible intervals (Crls). This
model used data from this study only and assumed a
constant hazard rate with the number of events following
a Poisson distribution. The Kaplan-Meier method was

Intervention group

(n=463)

Control group
(n=244)

Characteristics

Age (years) 717(8-8;46:0-950)  727(92;41-:0-95:0)

Male 326 (70-4%) 171 (70-1%)

Race/ethnicity
Asian 4(0-9%) 1(0-4%)
Black/African-American 6(1-3%) 5(2:0%)
White 425 (91-8%) 222 (91-0%)
Hispanic/Latin American 25 (5-4%) 15 (6-1%)
Hawaiian/Pacific Islander 1(0-2%) 1(0-4%)
Other 2 (0-4%) 0

Risk factors

CHADS2 score*
1 157 (33-9%) 27-0%)
2 8 (34-1%) 36-1%)
3 19-0%) 20-9%)
4 7 (8-0%) 9-8%)
5 1%) 1%)

Congestive heart failure 124 (26-8%) 27-0%)

66 (
88(
51(
24(
10(4
5(
66 (
History of hypertension 413 (89-2%) 220 (90-2%)
Age 75 years or more 190 (41-0%) 54
113 (24-4%) 72(
49(

17:7%)

(
(
88(
37(
19(4
6 4(0-9%) 5(2:0%)
(
(
( 47-1%)
Diabetes ( 29-5%)
82 ( 9 (20:1%)

Previous transient ischaemic
attack/ischaemic stroke

Previous warfarin use

Less than 1year 254 (54-9%) 145 (59-4%)
1year or more 203 (43-8%) 96 (393%)
No estimate 6 (13%) 3(12%)
Atrial fibrillation pattern
Paroxysmal 200 (432%) 99 (40-6%)
Persistent 97 (21-0%) 50 (20-5%)
Permanent 160 (34-6%) 93 (38:1%)
Unknown 6 (13%) 2(0-8%)
Atrial fibrillation onset
Less than 1 year 69 (14-9%) 50 (20-5%)
1year or more 360 (77-8%) 182 (74-6%)
No estimate 34 (7:3%) 12 (4-9%)
Left ventricular ejection 573% (97; 56-7% (10-1;
fraction (%) 30-0-82-0) 30-0-86-0)

Data are mean (SD; range) or n (%). *At least one of the following: previous stroke
or transient ischaemic attack, congestive heart failure, diabetes mellitus,
hypertension, or were 75 years or older.

Table 1: Baseline characteristics and risk factors of study participants

used for graphical assessment of time-related events.
Post-hoc sensitivity analyses for the primary endpoint
were done by use of Cox proportional hazards models
and confidence intervals (Cls) for differences in Poisson
rates. Analysis of the primary efficacy and safety
endpoints was by intention to treat. All patients without
an event or lost to follow-up were censored at the time of
the last known event status. Consistency of the primary
efficacy results across prespecified patient subgroups
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Intervention group Control group

Rate ratio (intervention/ Posterior probabilities
control [95% Crl])

Events/ Observed rate (events  Events/ Observed rate (events Non-inferiority ~Superiority
patient- per 100 patient-years ~ patient- per 100 patient-years
years [95% Crl]) years [95% Crl])

ITT population*

Primary efficacyt 21/6941 3.0 (1:9-45) 18/3708 4.9 (2:8-71) 0-62 (0-35-1-25) >99:9% 90-0%
Ischaemic stroke 15/6946 22 (1-2-35) 6/3723 16 (0-6-3-0) 134 (0-60-4-29) 71-8% 20-1%
Cardiovascular/ 5/708-4 07 (0-2-1.5) 10/3749  2:7(1-2-4-4) 0-26 (0-08-0-77) >99-9% 99-3%
unexplained death
Haemorrhagic stroke ~ 1/708:4  0-1(0-0-0'5) 6/373-4  1.6(0-6-3-1) 0-09 (0-00-0-45) >99-9% 99-8%
Systemic embolism 2/707-8  0-3(0-0-0-8) 0/3749 0

All stroke 16/694-6  2:3(13-3:6) 12/370-8  3:2(1:6-52) 0-71(0-35-1-64) 99-3% 76-9%

All-cause mortality 21/708-4 3-0(1-9-4-5) 18/3749  4-8(2:8-71) 0-62 (0-34-1-24) >99:9% 90-7%

Primary safetyf 49/658-8  7-4(5-5-97) 16/3642  44(2:5-67) 169 (1.01-3-19)

Successfully treated population§

Primary efficacy 11/593-6  1.9(1.0-3-2) 17/3702 46 (2:6-6-8) 0-40 (0-19-0-91) >99-9% 98-6%

Primary safety 9/5921  1.5(0:7-2-8) 16/363-6  4-4(2:5-67) 0-35 (0-15-0-80)

Crl=credible interval. [TT=intention-to-treat. --=not applicable. Different events have different numbers of patient-years because patients without an event or lost to follow-up
were censored at the time of the last known event status. Posterior probabilities of non-inferiority are based on a two-fold non-inferiority margin. Posterior probabilities and Crls
are based on a Bayesian model stratified by CHADS2 score. *The ITT population consists of all randomised patients (intervention, n=463; control=244). The primary composite
endpoint for efficacy was the occurrence of stroke (including ischaemic or haemorrhagic stroke), cardiovascular or unexplained death, or systemic embolism. £The primary
composite endpoint for safety consisted of events related to excessive bleeding (eg, intracranial or gastrointestinal bleeding) or procedure-related complications (eg, serious
pericardial effusion, device embolisation, procedure-related stroke). §Successful treatment was defined in the intervention group as device implantation followed by
discontinuation of warfarin and in the control group as the start of warfarin treatment (intervention, n=389; control=241).

Table 2: Clinical outcomes

was assessed by use of Cox proportional hazard models
that incorporated an interaction term between
randomised groups and patient subgroups.

We also undertook a prespecified prospective analysis
of primary event rates in successfully treated patients.
For this analysis, successful treatment was defined in the
intervention group as device implantation followed by
discontinuation of warfarin and in the control group as
the start of warfarin treatment. Since this was a sensitivity
analysis to support the primary analysis, no alpha-level
adjustment was made. p values were two-sided and were
not adjusted for multiple comparisons. SAS version 9.2
was used for statistical analyses.

The sample size was based on an expected primary
endpoint event rate of 6-15 per 100 patient-years in the
control group, calculated by use of data from the Stroke
Prevention in Atrial Fibrillation studies database.**
Simulations were done to ensure 80% power and a 5%
false-positive (type I error) rate under a group sequential
analysis plan that included a first interim analysis after
600 patient-years of follow-up with subsequent analyses
after each additional 150 patient-years, up to a maximum
of 1500. Stopping rules were based on posterior
probabilities; the trial was to be stopped for futility if
the probability that the primary efficacy event rate for
the intervention group was higher than the rate for the
control group exceeded 95%. We selected a one-sided
probability criterion of non-inferiority for the device of
at least 97-5%, by use of a two-fold non-inferiority
margin.

www.thelancet.com Vol 374 August 15,2009

Non-inferiority was formally achieved at the first
prespecified interim analysis. However, in accordance with
the prespecified analysis plan, follow-up continued and
analyses were done at subsequent 150 patient-year
intervals. This report summarises the results at the most
recent evaluation (the fourth planned interim analysis)
following the review of the trial results by the Circulatory
Advisory Panel of the FDA. The analysis is based on an
aggregate of 1065 patient-years of follow-up for the primary
endpoint. Each of the interim analyses was consistent with
the initial primary finding of non-inferiority. This study is
registered with Clinicaltrials.gov, number NCT00129545.

Role of the funding source

This study was designed by the principal investigator
(DRH) in collaboration with the sponsor after consultation
with the FDA. The sponsor of the study had no role in
data analysis, data interpretation, or writing of the report.
The corresponding author had full access to all the data in
the study and had final responsibility for the decision to
submit for publication.

Results
Figure 1 shows the trial profile. Patients were followed
for an aggregate of 1065 patient-years. Mean follow-up
per patient was 18 months (SD 10). Table 1 shows the
baseline characteristics and risk factors of the study
participants.

The device was successfully implanted in 88% (408 /463)
of patients assigned to this intervention and in
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A Primary efficacy endpoint

B Primary safety endpoint

0-207  —— Control T
—— Intervention
= 0154 .
c
5]
2
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2
= 010 —
3
3
[<
(-
0-05 — -
RR 062 (95% Crl 0-35-1:25) RR 1-69 (95% Crl 1-01-3-19)
0 T T 1 T T 1
Number at risk
Control 244 174 67 17 244 171 65 16
Intervention 463 332 132 34 463 317 126 30
C  Allstroke D All-cause mortality
0-15 4 0-20
0-15-
£ 010
2
<
o
2 010
=
=
S 0.05
£ 0-05
0-05+
RR 0-71 (95% Crl 0-35-1-64) RR 0-62 (95% Crl 0-34-1-24)
0 T T 0 T T 1
0 365 730 1095 0 365 730 1095
Time since randomisation (days) Time since randomisation (days)
Number at risk
Control 244 174 67 17 244 176 68 17
Intervention 463 332 132 34 463 337 136 35

Figure 2: Kaplan-Meier curves of incidence of study endpoints in intervention and control groups

RR=rate ratio. Incidence probabilities for the intention-to-treat analysis are shown with time calculated as the days since randomisation for the primary efficacy

endpoint (A), the primary safety endpoint (B), all stroke (C), and all-cause mortality (D).

91% (408/449) of those in whom implantation was
attempted (figure 1). At the 45-day follow-up, 349 (86%) of
408 patients with an implanted device met TEE criteria
and were able to stop taking warfarin. 355 (92%) of
385 patients had met the criteria by 6 months, mainly
because of a reduction in peri-device leak. For the control
group, plasma warfarin concentration was in the
therapeutic INR range (between 2-0 and 3-0) 66% of the
time.*

Table 2 shows the clinical outcomes of the intervention
and control groups. The primary efficacy event rate was
3.0 per 100 patient-years (95% Crl 1-9—4-5) in the
intervention group and 4-9 per 100 patient-years
(95% CrI 2-8-7-1) in the control group (rate ratio [RR]
0-62, 95% Crl 0-35-1-25). The probability of non-
inferiority of the intervention was greater than 99-9%
based on a two-fold non-inferiority margin. Results
obtained by use of a Cox proportional hazards model
stratified by CHADS2 score were consistent with the
primary analysis (hazard ratio 0-70, 95% CI 0-37-1-32).

At 2 years, the cumulative event rate for the intervention
group was 5-9% (95% CI 3-1-8-8) compared with 8-3%
(95% CI 4-0-12.5) for the control group (figure 2).

The efficacy results were consistent across all subgroups
apart from sex: the HR in men was lower than that for
women (p=0-03; all other interaction tests p>0-40;
figure 3). Exclusion of patients at lowest risk for
thromboembolic events (ie, patients with a CHADS2
score of 1) did not affect the results of the primary efficacy
analysis: the rate ratio in patients with CHADS2 score of
more than 1 was 0-68 (95% CrlI 0-35-1-42).

The primary efficacy event rate was 1-9 per 100 patient-
years (95% Crl 1-0-3-2) in successfully treated patients
who discontinued warfarin in the intervention group
compared with 4- 6 per 100 patient-years (95% CrI 2-6—6-8)
in control patients who received warfarin (RR 0-40,
95% Crl 0-19-0-91; table 2).

The rate of ischaemic stroke was higher in the
intervention group than in the control group. In the
intervention group, one patient had a stroke after
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HR (95% CI) HR (95% CI)

Sex :

Female (n=210) . * 1.47 (0-52-4-11)

Male (n=497) e 0:32(013-077)
Age (years)

<75 (n=402) — 057 (0-24-1:34)

275 (n=305) * 074 (0-29-1-90)
CHADS2

1 (n=223) © 0-50 (0-10-2-51)

22 (n=484) — 0-68 (0:34-136)
Atrial fibrillation pattern

Paroxysmal (n=299) * 0-73 (0-26-2-06)

Persistent (n=147) B 0-19 (0-04-0-98)

Permanent (n=253) * 0-93 (0-35-2-45)
LAA ostium

<median (n=338) —& 0-71(0-30-1-69)

>median (n=358) B e 0-46 (0-18-1-19)
LAA length :

<median (n=320) * 0-86 (0-33-2-21)

>median (n=376) ——— 0-42 (0-17-1-02)
LVEF

<60% (n=340) D 051 (0-21-1-19)

260% (n=359) *> 0-80 (0-31-2:06)

—— Non-inferiority margin
All patients —— - Overall HR 0-62 (0-33-1-17)
I T T T 1
0 1 2 3 4 5
Favours intervention Favours control

Figure 3: Primary efficacy results by patient subgroup

HR=hazard ratio. LAA=left atrial appendage. LVEF=left ventricular ejection fraction. HRs (95% Cls) are shown for the primary efficacy endpoint for all patients and for
prespecified patient subgroups. Results are from Cox proportional hazards models, with each subgroup examined in a separate model. The number of randomised

patients with data available for the subgroup variable are shown.

randomisation but before scheduled device implantation,
and five patients had periprocedural events, mainly air
embolism. The five patients with procedure-related
strokes stayed in the hospital for a mean of 9 days
(range 5-19); three had no long-term residual deficit,
whereas two were discharged to nursing homes and
subsequently died. After the periprocedural timeframe,
ischaemic stroke occurred in nine patients in the
intervention group (1-3 events per 100 patient-years)
compared with six patients in the control group
(1-6 events per 100 patient-years). In both groups, all
ischaemic strokes that had INR measurements available
at the time of the event occurred at a subtherapeutic INR
level. Two of the ischaemic strokes were fatal, one in each
group.

Haemorrhagic strokes were less frequent in the
intervention group than in the control group. Five of the
six haemorrhagic strokes in the control group were fatal
and all occurred in patients with therapeutic INR levels.
The haemorrhagic stroke in the intervention group
occurred in a patient on warfarin during the 45-day period
after implanting the device and was fatal. The rate of all
ischaemic and haemorrhagic strokes was lower in the
intervention group than in the control group (table 2).

21 patients assigned to the intervention and 18 controls
died during the study. The deaths in the intervention
group were caused by stroke (n=2), unknown or other
cardiovascular causes (n=4), and non-cardiovascular
causes (eg, cancer, urosepsis; n=15). No deaths were
deemed related to the LAA closure device. The deaths in
the control group resulted from stroke (n=6), unknown

www.thelancet.com Vol 374 August 15,2009

or other cardiovascular causes (n=6), and non-
cardiovascular causes (eg, pneumonia; n=6). The
cumulative mortality rates for the intervention and
control groups were 3-0% (95% CI 1-3—4-6) versus 3-1%
(95% CI 0-8-5-4) at 1 year, and 5-9% (95% CI 2-8-8-9)
versus 9-1% (95% CI 4-2-14-1) at 2 years, respectively
(figure 2).

Primary safety events occurred at a higher rate in the
intervention group than in the control group (RR 1-69,
95% Crl 1-01-3-19; table 2). By contrast with the
intervention group, in which 27 (55%) of 49 primary
safety events occurred on the day of the procedure, the
events in the control group usually occurred later, with
eight (50%) of 16 recorded between 45 days and 1 year. At
2 years after randomisation, the cumulative primary
safety event rate was 10-2% (95% CI 7-4-13-0) for the
intervention group and 6-8% (95% CI 3-0-10-6) for the
control group. In the analysis of successfully treated
patients, the primary safety event rate was lower in the
intervention group than in the control group (RR 0-35,
95% Crl 0-15-0-80).

The most frequent primary safety event in the
intervention group was serious pericardial effusion
(defined as the need for percutaneous or surgical
drainage), which occurred in 22 (4-8%) of patients. 15 of
these patients were treated with pericardiocentesis, and
seven underwent surgical intervention. No patients with
pericardial effusion died, although length of hospital
stay in these patients was longer than it was in patients
without a pericardial effusion (median 4 days longer).
Effusion rates declined with investigator experience;
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among 542 patients for whom an implant was attempted,
including 93 non-randomised roll-in patients, serious
effusions occurred in 7-1% (11/154) of the first three
patients at each site and in 4-4% (17/388) of subsequent
patients (p=0-19). Device embolisation occurred in three
patients; one was noted during the procedure and two
were discovered by TEE on day 45. One device
embolisation was removed percutaneously by use of a
vascular snare; the other two patients underwent
surgery, one of whom had concomitant aortic valve
replacement. Device embolisation was not associated
with increases in stroke or mortality. Table 3 shows the
primary safety events by treatment group. Other adverse
events in the intervention group that were not included
in the primary safety endpoint included eight procedure-
related or device-related pericardial effusions that were
deemed non-serious because no drainage was required.
There were no pericardial effusions in the control

group.

Discussion

In view of the prevalence of atrial fibrillation and the
difficulties associated with chronic treatment with
warfarin—such as complications related to bleeding and
the need for continuous monitoring of INR—new
approaches for stroke prevention in cases of atrial
fibrillation have been pursued. The strategy of LAA
obliteration evolved from the finding that in patients with
non-valvular atrial fibrillation, the LAA is the most
common site of thrombi.***** This randomised controlled
trial showed that the efficacy of a strategy for percutaneous
closure of the LAA was non-inferior to that of chronic
warfarin therapy, providing evidence for the role of the
LAA in stroke pathogenesis and for a new treatment
strategy. This notion is also supported by the secondary
analysis, which showed that the efficacy and safety event
rates were lower in patients who had closure of the LAA
and who had stopped warfarin therapy than in control
patients who received warfarin.

In the control group, the therapeutic INR range was
achieved 66% of the time, despite close INR follow-up.
Recent trials of anticoagulation therapy in atrial
fibrillation have shown similar rates (64-68%*7*). The
most common primary safety events in patients assigned
to control were major bleeding and haemorrhagic stroke;
these events occurred throughout follow-up. By contrast,
in patients assigned to the intervention, there was a 90%
reduction in the rate of haemorrhagic stroke, and the
adverse events tended to occur early (periprocedurally),
with incidence rate declining over the course of the trial.
The high initial risk associated with implantation of the
LAA closure device is offset by the progressive cumulative
risk of chronic warfarin therapy. At 6 months, 355 (92%)
of 385 patients in the intervention group with implanted
devices discontinued warfarin therapy without an
increased risk of subsequent stroke.

In the recent ACTIVE W trial of patients with atrial fibril-

Intervention  Control

(n=463) (n=244)
Serious pericardial effusion* 22 (4-8%) 0
Major bleedingt 16 (3-5%) 10 (4-1%)
Procedure-related ischaemic stroke 5(11%) 0
Device embolisation 3(0-6%) 0
Haemorrhagic strokef 1(0-2%) 6 (2:5%)
Other§ 2 (0-4%) 0

*Defined as the need for percutaneous or surgical drainage. tMajor bleeding is
defined as a bleeding event that required at least 2 units of packed red blood cells
or surgery to correct. +Of the seven haemorrhagic strokes, six resulted in death
(intervention group, n=1; control group, n=5). SAn oesophageal tear and a
procedure-related arrhythmia.

Table 3: Adverse events

lation,” the annual risk of stroke, non-CNS systemic embo-
lus, myocardial infarction, or vascular death was 3-9%. In
the combined SPORTIF III, IV, and V trials in elderly
patients,” stroke and systemic emboli occurred at a rate of
2-2% per year in patients treated with warfarin. Addition-
ally, haemorrhagic strokes were more frequent in older
patients. The frequency of these events is similar to that
for the control group in this study, when adjusted for time
of follow-up and heterogeneity of populations studied.

The pronounced time dependency of the primary
safety events in the intervention group was caused by
two types of procedure-related complication: pericardial
effusions needing intervention and air embolism.
Although the rate of pericardial effusions in the
intervention group (4-8%) was substantially higher than
the rate in the control group (no events), none of the
cases resulted in permanent impairment or mortality.
Air embolism has been reported with other left-heart
catheter interventions, such as atrial septal defect closure
and catheter ablation of left-sided arrhythmias.* In view
of the learning curve effect—as seen in this trial and
with a variety of other procedures that involve structural
heart disease and electrophysiological interventions
requiring anticoagulation’—it is expected that these
event rates will further decrease with increased operator
training and experience. Physicians who inserted the
LAA closure device had undergone comprehensive
training in LAA device implantation and had the benefit
of intraprocedural TEE guidance.

Since implantation of the device for closure of the LAA
required concomitant warfarin treatment until sealing
was confirmed by TEE, this study did not address the
potential role for closure of the LAA in patients with
contraindications to warfarin therapy. Thus, the safety
and efficacy of LAA closure without short-term warfarin
treatment is unknown.

Most safety events occurred early in the intervention
group but continually in the control group. We do not
know if there might have been more or fewer events with
longer follow-up and we now need to establish the longer
term outcomes of patients who have undergone closure
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of the LAA. Additionally, there is a need to assess other
patient  populations,  especially  patients  with
contraindications for warfarin.

Patients in the intervention group who remained on
warfarin could have biased the recorded efficacy event rate.
However, because the primary efficacy event rate in the
intervention group was lower than it was in the control
group, the true efficacy of the device might be under-
estimated. Furthermore, warfarin was discontinued by
45 days in most patients in the intervention group, so that
most of the observed follow-up in the trial (83%) occurred
after anticoagulation had Dbeen stopped. Finally, the
separate analysis of patients who had successful implan-
tation of the device included only patients who had stopped
taking warfarin, thereby providing data that exclude the
protective or harmful effects of warfarin, lending support
to the hypothesis that successful closure of the LAA is not
inferior to warfarin for prevention of stroke.

Inadequate maintenance of the INR in the control
group could have increased the event rates for efficacy
and safety in these patients. The difficulties in main-
taining the INR in clinical practice are well established;
furthermore, the monitoring protocol in this study was
more stringent than current recommendations®” and the
time in the therapeutic range was similar to that reported
in other recent trials of anticoagulation in atrial
fibrillation.** Even with pharmacogenetic approaches,
INR control is variable, and there is a danger that tighter
control, if achieved in a clinical trial, would not reflect
that of clinical practice.®

Thus, our strategy for closing the LAA was non-inferior
to warfarin therapy in terms of the primary efficacy
endpoint of all stroke, cardiovascular death, and systemic
embolism. Although there is a higher initial safety event
rate for device implantation, adverse events were without
long-term sequelae for most patients. Closure of the LAA
might provide an alternative strategy to chronic warfarin
therapy for stroke prophylaxis in patients with non-
valvular atrial fibrillation.

Contributors

All authors contributed to data analysis and writing and reviewing of the
report. All authors saw and approved the final version of the report.

PROTECT AF Investigators (institution [number of patients enrolled])

Czech Republic Petr Neuzil (Na Homolce Hospital, Prague [32]). Germany
H Sievert (CardioVascular Center Frankfurt, Sankt Katharinen, Frankfurt
[52]); Sven Mobius-Winkler (Herzzentrum Leipzig [35]); Peter Sick
(Krankenhaus der Barmherzigen Bruder Regensburg [8]). USA

Kelly Tucker (Orange County Heart Orange County, CA [69]);

Shephal Doshi (Pacific Heart Institute/St Johns Health Center,

Santa Monica, CA [53]); Vijay Swarup, Marwan Bahu (Arizona Arrhythmia
Consultants Scottsdale, AZ [46]); Ramon Quesada (Baptist Hospital of
Miami, Miami, FL [38]); Kenneth Huber (St Luke’s Hospital Kansas City,
MO [34]); Vivek Reddy (Massachusetts General Hospital Boston, MA [31]);
Maurice Buchbinder (Foundation for Cardiovascular Research, La Jolla, CA
[29]); Brian Whisenant (Intermountain Medical Center Murray, UT [29]);
Steven Almany (William Beaumont Hospital Royal Oak, MI, [23]);

David R Holmes (Mayo Clinic Rochester, MN [20]); Robert M Siegel,
Ashok Garg (Advanced Cardiac Specialists, Gilbert, AZ [20]);

Gregory Mishkel (PERC/St Johns Hospital Springfield, IL [17]);

Stephen Ramee (Ochsner Clinic, New Orleans, LA [14)); Saibal Kar

www.thelancet.com Vol 374 August 15,2009

(Cedars-Sinai Medical Center, Los Angeles, CA [16]); Brijeshwar Maini
(Moffitt Heart & Vascular Group, Wormleysburg, PA [13]); Ray Matthews,
Steven Burstein (Los Angeles Cardiology Associates, Los Angeles, CA [12]);
Rodney Horton (Texas Cardiac Arrhythmia Research Austin, TX [12]);
Paul Mahoney, John Onufer (Sentara Norfolk General Hospital, Norfolk,
VA [11]); Kenneth Baran, Stuart Adler (St Paul Heart Clinic, St Paul, MN
[11]); Kimberly Skelding (Geisinger Medical Center Danville, PA [11]);
John Gurley (University of Kentucky, Lexington, KY [10]); Miland Shah
(Marshfield Clinic Marshfield, W1 [10]); Steven ] Yakubov (Riverside
Methodist Hospital Columbus, OH [8]); Angel Leon (Crawford Long
Hospital, Atlanta, GA [8]); Peter C Block (Emory University School of
Medicine Atlanta, GA [8]); Peter Fail, Richard Abben (Terrebonne General
Medical Center, Houma, LA [8]); Mark Reisman (Swedish Cardiovascular
Research, Seattle, WA [7]); Gery Tomassoni (Lexington Cardiology
Consultants, Central Baptist Lexington, KY [7]); Vishwajeth Bhoopalam
(Nebraska Heart Institute Lincoln, NE [7]); William Anderson (UPMC
[Presbyterian University Hospital], Pittsburgh, PA [6]); Robert A Pickett,
Douglas Wolfe (Baptist Medical Center, Jackson, MS [6]); Reginald Low
(UC Davis Medical Center, Sacramento, CA [5]); Ted Feldman,

Michael Sallinger (Evanston Northwestern Healthcare, Evanston, IL [5]);
James Irwin (Bay Heart Group, Tampa, FL [6]); John Lopez, Bradley Knight
(University of Chicago Medical Center, Chicago, IL [5]); Scott Lim
(University of Virginia School of Medicine Charlottesville, VA [5]);

Larry Chinitz (New York University Medical Center, New York, NY[5]);
Mehdi Razavi (St Luke’s Episcopal Hospital Houston, TX [5]);

David Wilbur, Ferdinand Leya (Loyola University Medical Center,
Maywood, IL [5]); Zoltan G Turi (Cooper Hospital, Camden, NJ [4]);

Bryan Raybuck (INOVA Research Center Falls Church, VA [3]);

Ron Waksman, Horst Sievert (Washington Hospital Center, Washington,
DC [4]); Steven Kalbfleisch (Ohio State University, Columbus, OH [3]);
Michael Mooney (Abbott Northwestern Hospital, Minneapolis, MN [3]);
William Gray (Columbia University Medical Center, New York, NY [3]);
Geoffrey Kunz (New Mexico Heart Albuquerque, NM [3]); Malcolm Foster
(Baptist Heart Institute, Knoxville, TN [2]); Eric Good (University of
Michigan, Ann Arbor, MI [2]); Murat Tuzcu (Cleveland Clinic Foundation
Cleveland, OH [2]); Fred St Goar (El Camino Hospital, Mountain View, CA
[2]); Richard Josephson (Summa Health System Akron, OH [2]);

W Carl Jacobs (Piedmont Hospital Atlanta, GA [2]); Rajesh Dave
(Harrisburg Hospital, Harrisburg, PA [1]); John Young (Lindner Clinical
Trial Center, Cincinnati, OH [1]); David Lasorda (Allegheny General
Hospital Pittsburgh, PA [1]).

Conflicts of interest

DRH and the Mayo Clinic have a potential interest in Atritech. VYR has
received clinical grant support as an investigator in the PROTECT AF
study. CMM is an an employee of the Integra Group, which has a
consulting contract with Atritech. All other authors declare that they have
no conflicts of interest.

Acknowledgments
This study was sponsored by Atritech.

References

1  Miyasaka Y, Barnes ME, Gersh BJ, et al. Secular trends in
incidence of atrial fibrillation in Olmsted County, Minnesota,
1980-2000, and implications on the projections for future
prevalence. Circulation 2006; 114: 119-25.

2 Benjamin EJ, Levy D, Vaziri SM, D’Agostino RB, Belanger AJ,
Wolf PA. Independent risk factors for atrial fibrillation in a
population-based cohort: the Framingham Heart Study. JAMA
1994; 271: 840-44.

Psaty BM, Manolio TA, Kuller LH, et al. Incidence of and risk factors
for atrial fibrillation in older adults. Circulation 1997; 96: 2455-61.

4 Stewart S, Hart CL, Hole DJ, McMurray ]J. Population prevalence,
incidence, and predictors of atrial fibrillation in the Renfrew/
Paisley study. Heart 2001; 86: 516-21.

5 Ruigomez A, Johansson S, Wallander MA, Rodriguez LA. Incidence

of chronic atrial fibrillation in general practice and its treatment

pattern. J Clin Epidemiol 2002; 55: 358-63.

Lloyd-Jones DM, Wang TJ, Leip EP, et al. Lifetime risk for

development of atrial fibrillation: the Framingham Heart Study.

Circulation 2004; 110: 1042—46.

7 Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent

[}

541



Articles

10

1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

542

risk factor for stroke: the Framingham Study. Stroke 1991; 22: 983-88.
Lin HJ, Wolf PA, Kelly-Hayes M, et al. Stroke severity in atrial
fibrillation. The Framingham Study. Stroke 1996; 27: 1760-64.

Garcia DA, Hylek E. Reducing the risk for stroke in patients who have
atrial fibrillation. Cardiol Clinic 2008; 26: 267-75.

Sherman DG, Kim SG, Boop BS, et al. Occurrence and characteristics
of stroke events in the Atrial Fibrillation Follow-up Investigation of
Sinus Rhythm Management (AFFIRM) study. Arch Intern Med 2005;
165: 1185-91.

Wyse DG, Waldo AL, DiMarco JP, et al. A comparison of rate control
and rhythm control in patients with atrial fibrillation. N Engl ] Med
2002; 347: 1825-33.

Van Gelder IC, Hagens VE, Bosker HA, et al. A comparison of rate
control and rhythm control in patients with recurrent persistent atrial
fibrillation. N Engl ] Med 2002; 347: 1834-40.

Sherman DG. Stroke prevention in atrial fibrillation pharmacologic
rate versus rhythm control. Stroke 2007; 38: 615-17.

The European Atrial Fibrillation Trial Study Group. Optimal oral
anticoagulant therapy in patients with nonrheumatic atrial fibrillation
and recent cerebral ischemia. N Engl ] Med 1995; 333: 5-10.

The Boston Area Anticoagulation Trial for Atrial Fibrillation Investiga-
tors. The effect of low-dose warfarin on the risk of stroke in patients
with nonrheumatic atrial fibrillation. N Engl ] Med 1990; 323: 1505-11.
Anon. Stroke Prevention in Atrial Fibrillation study. Final results.
Circulation 1991; 84: 527-39.

Connolly SJ, Laupacis A, Gent M, et al. Canadian Atrial Fibrillation
Anticoagulation (CAFA) study. ] Am Coll Cardiol 1991; 18: 349-55.
Ezekowitz MD, Bridgers SL, James KE, et al. Warfarin in the
prevention of stroke associated with nonrheumatic atrial fibrillation.
Veterans Affairs Stroke Prevention in Nonrheumatic Atrial
Fibrillation Investigators. N Engl | Med 1992; 327: 1406-12.

Petersen P, Boysen G, Godtfredsen ], Andersen ED, Andersen B.
Placebo-controlled, randomised trial of warfarin and aspirin for
prevention of thromboembolic complications in chronic atrial
fibrillation. The Copenhagen AFASAK study. Lancet 1989; 1: 175-79.
Hart RG, Pearce LA, Aguilar MI. Meta-analysis: antithrombotic
therapy to prevent stroke in patients who have nonvalvular atrial
fibrillation. Ann Intern Med 2007; 146: 857-67.

Go AS, Hylek EM, Chang Y, et al. Anticoagulation therapy for stroke
prevention in atrial fibrillation: how well do randomized trials
translate into clinical practice? JAMA 2003; 290: 2685-92.

Gage BF, Boechler M, Doggette AL, et al. Adverse outcomes and
predictors of underuse of antithrombotic therapy in Medicare
beneficiaries with chronic atrial fibrillation. Stroke 2000; 31: 82227
Walker AM, Bennett D. Epidemiology and outcomes in patients
with atrial fibrillation in the United States. Heart Rhythm 2008:
5:1365-72.

Go AS, Hylek E, Browsky LH, et al. Warfarin use among ambulatory
patients with non valvular atrial fibrillation: the coagulation and risk
factors in atrial fibrillation (ATRIA) study. Ann Intern Med 1999; 131:
927-34.

The ACTIVE Writing Group on behalf of the ACTIVE Investigators.
Clopidogrel plus aspirin versus oral anticoagulation for atrial
fibrillation in the Atrial Fibrillation Clopidogrel Trial with Irbesartan
for Prevention of Vascular Events (ACTIVE W): a randomised
controlled trial. Lancet 2006; 367: 1903-12.

Albers GW, Diener HC, Frison L, et al. Ximelagatran vs warfarin

for stroke prevention in patients with nonvalvular atrial fibrillation:
arandomized trial. JAMA 2005; 293: 690-98.

Executive Steering Committee on behalf of the SPORTTIF 111
Investigators. Stroke prevention with the oral direct thrombin
inhibitor ximelagatran compared with warfarin in patients with non-
valvular atrial fibrillation (SPORTIF I1I): randomised controlled trial.
Lancet 2003; 362: 1691-98.

Albers GW. Stroke prevention in atrial fibrillation: pooled analysis
of SPORTIF III and V trials. Am | Manag Care 2004; 10: S462—69.
Haas S. New anticoagulants—towards the development of an
“ideal” anticoagulant. Vasa 2009; 38: 13-29.

Blackshear JL, Odell JA. Appendage obliteration to reduce stroke in

31

32

33

34

35

37

38

39

41

42

43

45

47

49

50

cardiac surgical patients with atrial fibrillation. Ann Thorac Surg
1996; 61: 755-59.

Alberg H. Atrial fibrillation: a study of atrial thrombus and systemic
embolism in a necropsy material. Acta Med Scand 1969; 185: 373-79.
Stoddard MF, Dawkins PR, Price CR, Ammash NM. Left atrial
appendage thrombus is not uncommon in patients with acute atrial
fibrillation and a recent embolic event: a transesophageal
echocardiographic study. ] Am Coll Cardiol 1995; 25: 452-59.
Ostermayer SH, Reisman M, Kramer PH. Percutaneous left atrial
appendage transcatheter occlusion (PLAATO system) to prevent
stroke in high risk patients with non rheumatic atrial fibrillation:
results from the international multi-center feasibility trials.

J Am Card Coll Cardiol 2005; 46: 9-14.

Sievert H, Lesh MD, Trepels T, et al. Percutaneous left atrial
appendage transcatheter occlusion to prevent stroke in high-risk
patients with atrial fibrillation—early clinical experience. Circulation
2002; 105: 1887-89.

Hanna IR, Kolm P, Martin R, Reisman M, Gray W, Block PC.

Left atrial structure and function after percutaneous left atrial
appendage transcatheter occlusion (PLAATO) six-month
echocardiographic follow-up. J Am Coll Cardiol 2004; 43: 1868-72.
Fountain RB, Holmes DR, Chandrasekaran K, et al. The PROTECT
AF (WATCHMAN Left Atrial Appendage System for Embolic
Protection in Patients with Atrial Fibrillation) Trial. Am Heart |
2006; 151: 956-61.

Sick PB, Schuler G, Hauptmann KE, et al. Initial worldwide
experience with the WATCHMAN left atrial appendage system for
stroke prevention in atrial fibrillation. | Am Coll Cardiol 2007;

49: 1490-95.

El-Chami MF, Grow P, Eilen D, et al. Clinical outcomes three years
after PLAATO implantation. Catheter Cardiovasc Interv 2007; 69: 704-07.
Gage BF, Waterman AD, Shannon W, et al. Validation of clinical
classification schemes for predicting stroke. Results for the National
Registry of Atrial Fibrillation. JAMA 2001; 285: 2864-70.

Mas JL, Arquizan C, Lamy C, et al. Recurrent cerebrovascular
events associated with patent foramen ovale, atrial septal aneurysm,
or both. N Engl ] Med 2001; 345: 1740—46.

Gelman A, Carlin JB, Stern HS, Rubin DB. Bayesian data analysis.
London: Chapman & Hall/CRC, 1995.

Stroke Prevention in Atrial Fibrillation Investigators. Warfarin
versus aspirin for prevention of thromboembolism in atrial
fibrillation: Stroke Prevention in Atrial Fibrillation IT Study. Lancet
1994, 343: 687-91.

Stroke Prevention in Atrial Fibrillation Investigators. The stroke
prevention in atrial fibrillation III study: rationale, design, and
patient features. ] Stroke Cerebrovasc Dis 1997; 6: 341-53.

Rosendaal FR, Cannegieter SC, van der Meer FJ, Briet E. A method
to determine the optimal intensity of oral anticoagulant therapy.
Thromb Haemost 1993; 69: 236-39.

Lerakis S, Synetos A. Left atrial appendage exclusion system for
stroke prevention in atrial fibrillation: a percutaneous device
delivery approach. Minerva Cardioangiol 2008; 56: 667—70.

Franzen OW, Klemm H, Hamann F, et al. Mechanisms underlying
air aspiration in patients undergoing left atrial catheterization.
Catheter Cardiovasc Interv 2008; 71: 553-58.

Boden WE, O’Rourke RA, Teo KK, et al. Optimal medical therapy
with or without PCI for stable coronary disease. N Engl | Med 2007;
356: 1503-16.

Jorgenson J, Palmer S, Kalogeropoulos A, et al. Implantation of left
atrial appendage occlusion devices and complex appendage
anatomy: the importance of transesophageal echocardiography.
Echocardiography 2007; 24: 159-61.

Ansell ], Hirsh, ], Poller L, Bussey H, Jacobson A, Hylek E. The
pharmacology and management of the vitamin K antagonists.

Chest 2004; 126: 204S-33.

Connolly SJ, Eikelboom J, O’Donnell M, Pogue ], Yusuf S.
Challenges of establishing new antithrombotic therapies in atrial
fibrillation. Circulation 2007; 116: 449-55.

www.thelancet.com Vol 374 August 15,2009



	Percutaneous closure of the left atrial appendage versus warfarin therapy for prevention of stroke in patients with atrial fibrillation: a randomised non-inferiority trial
	Introduction
	Methods
	Patients
	Randomisation and masking
	Procedures
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


