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Aims The PROTECT-AF (WATCHMAN Left Atrial Appendage System for Embolic Protection in Patients with Atrial
Fibrillation) trial found left atrial appendage (LAA) closure an alternative to anticoagulation in selected patients with
non-valvular atrial fibrillation (AF). We aim to estimate the net clinical benefit (NCB) of percutaneous LAA closure.

Methods
and results

Post hoc analysis of outcomes among 707 adults with AF in the PROTECT-AF trial and 566 in the Continued Access
(CAP) registry undergoing LAA closure with the Watchman device compared with sustained anticoagulation. Out-
comes were ischaemic stroke, intracranial haemorrhage, major bleeding, pericardial effusion, and death, weighted to
reflect the relative impact in terms of death and disability. Net clinical benefit was calculated as the sum of annualized
rates of these outcomes after intervention minus rates on warfarin. The NCB of LAA closure during 1623 person-
years follow-up in the trial was 1.73%/year (95% CI: 20.54 to 4.39%/year) and during 741 patient-years in the registry
was 4.97%/year (95% CI: 3.07–7.15%/year). Among patients with a history of ischaemic stroke, the NCB was greater
in the registry (8.68%/year, CI: 2.82–14.92%/year) than the trial (4.30%/year, CI 22.07 to 11.25%/year). In the regis-
try, the NCB of LAA closure increased from 2.22%/year (CI: 0.27–6.01%/year) in patients with CHADS2 scores ¼ 1
to 6.12%/year (CI: 3.19–8.92%/year) in those with scores ≥2.

Conclusion Combining rates of thrombo-embolism, intracranial haemorrhage, major adverse events, and death allows objective
comparison of the benefit and risk of device therapy vs. anticoagulation in patients with AF. The NCB of LAA closure
is greatest for patients at a higher risk of stroke.
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Introduction
Although anticoagulation is effective in reducing the risk of ischaemic
stroke and systemic embolism in patients with non-valvular atrial
fibrillation (AF), warfarin increases the risk of intracerebral haemor-
rhage (ICH) even when given at the recommended dose intensity.1,2

In an attempt to weight the relative benefit of warfarin, the net clinical
benefit (NCB) of warfarin anticoagulation was assessed in 13 599
patients in the community-based Anticoagulation and Risk Factors

In Atrial Fibrillation (ATRIA) cohort followed over a median of 6
years. This study assigned an impact factor of 1.0 to ischaemic
stroke and 1.5 to ICH, and revealed an overall benefit of warfarin.3

However, one criticism was that the study took a neurologically
focused view of NCB, and did not account for the risk of extracranial
bleeding or non-stroke mortality.4

Embolism of thrombus from the left atrial appendage (LAA) is
thought to account for most ischaemic strokes in patients with
AF.5 Warfarin remains the standard therapy to prevent thrombus
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formation, but newer Factor IIa and Xa inhibitors have at least
comparable efficacy with lower rates of ICH.6 –8 Another alterna-
tive for thrombo-embolism prevention is percutaneous catheter-
based LAA closure.9,10 The previously reported results of The
PROTECT-AF (WATCHMAN Left Atrial Appendage System for
Embolic Protection in Patients with Atrial Fibrillation) trial demon-
strated the efficacy of LAA closure using the Watchman filter
device compared with warfarin therapy in selected patients with
AF.11,12 The procedure was associated with complications,
however—most notably, pericardial effusion (PEF) with tampon-
ade physiology, and procedure-related stroke. These complications
were related to operator experience over the course of the trial.13

Indeed, a subsequent non-randomized Continued Access
PROTECT-AF registry (CAP) that involved more experienced
operators demonstrated significantly fewer PEFs and no instances
of procedure-related stroke.13

To examine the NCB of LAA closure, we examined the annual-
ized rates of ischaemic stroke, ICH, major extracranial bleeding,
PEF, and death (DE) for patients enrolled in either the randomized
PROTECT AF trial or the non-randomized CAP registry. After
weighting these events relative to DE, the resulting combined
annualized rates on warfarin were then subtracted from the
respective annualized rates after LAA closure. The results shed
light on optimum selection of patients with AF for percutaneous
LAA closure as an alternative to long-term anticoagulation.

Methods

Study populations
The PROTECT-AF trial cohort enrolled 707 patients with non-valvular
AF at 59 sites in the USA and Europe between February 2005 and June
2008. The design of the trial and clinical characteristics of the cohort
have been described.11 In brief, consenting patients aged 18 years or
older with paroxysmal, persistent, or permanent AF were eligible if
they had CHADS2 risk scores ≥1. Exclusion criteria included contra-
indications to warfarin, comorbidities other than AF requiring anticoa-
gulation, detection by transoesophageal echocardiography (TEE) of
LAA thrombus, patent foramen ovale with atrial septal aneurysm
and right-to-left shunt, mobile aortic atheroma, and symptomatic
carotid artery disease. Eligible patients underwent baseline neurologic-
al assessment, and those with a history of stroke or transient ischaemic
attack (TIA) underwent CT or MR imaging at entry.

Patients were randomly assigned to the intervention or control
groups in a 2:1 ratio. The intervention involved percutaneous LAA
closure with the Watchman device (Atritech, Plymouth, MN, USA),
a self-expanding nickel–titanium (Nitinol) frame with fixation barbs
and a permeable polyester fabric cover, implanted via trans-septal
catheter-based approach to seal the ostium of the LAA.10,12 After im-
plantation, patients were treated with warfarin for 45 days to allow
endothelialization of the device, following which clopidogrel (75 mg
daily) plus aspirin (81–325 mg daily) were prescribed until completion
of the 6-month follow-up visit, and aspirin alone was continued there-
after. Patients in the control group received warfarin for the duration
of the study [target international normalized ratio (INR) 2.5, range
2.0–3.0]. Follow-up visits occurred at 45 days after entry, 6, 9, and
12 months, and twice annually thereafter, with neurological
assessments at baseline, 12 and 24 months, or whenever neurological
symptoms developed during follow-up.

At the end of the trial, 566 additional patients with AF were enrolled
in the non-randomized, single-arm CAP registry at academic medical
centres in the USA and Europe. Percutaneous LAA closure procedures
and subsequent antithrombotic management were the same, but
operators were more experienced than during the trial.

Outcome assessments
In both cohorts, patients were evaluated using the NIH stroke scale
(NIHSS) at baseline, 45 days, 12 and 24 months after entry and
within 48 h after the onset of symptoms suggestive of stroke or TIA.
The modified Rankin score (MRS) and the Barthel index (BI) were
measured at 6-, 9-, and 18-month telephone follow-up contacts, at
all clinic visits, and within 90 days of stroke or TIA. Patients were re-
ferred for neurological evaluation if there was an increase in the
NIHSS score of ≥2 points, increase in the MRS ≥1 point or increase
in BI ≥15 points. Ischaemic stroke was defined as the sudden onset of
a focal neurological deficit in the distribution of a single brain artery
with symptoms and/or signs persisting ≥24 h or when ≤24 h if accom-
panied by the evidence of tissue loss without haemorrhage based on
CT or MR brain imaging. Diagnosis of ICH was based on the sudden
onset of neurological deficit with CT or MR evidence of haemorrhage.

All DEs were investigated, and the circumstances surrounding the
event were documented. Autopsy results and explantation of the
device were obtained whenever possible. Mortality was categorized as
cardiovascular or non-cardiovascular in aetiology. Cardiovascular DE
included sudden DE and DE due to cardiac arrhythmia, MI, stroke,
heart failure, and DE of uncertain aetiology when witnessed as instantan-
eous or near-instantaneous, occurring without warning or within 1 h of
non-diagnostic symptoms, or when the cause could not be determined.

Patients underwent screening for PEF by transthoracic echocardiog-
raphy (TTE) and by TEE before and within 2 days after device implant-
ation. A TEE was repeated at 45 days, 6 months, and 12 months
afterwards in the PROTECT-AF trial. In the CAP registry a TEE was
repeated at 45 days and 12 months afterwards in all patients, and at
6 months at the discretion of the treating physician. We defined PEF
as significant when fluid in the pericardial space resulted in haemo-
dynamic compromise or required percutaneous or open surgical drain-
age. This definition includes cardiac perforation, defined as effusion
measuring .1 cm by TTE causing cardiac tamponade or haemo-
dynamic derangement requiring surgical closure. It does not include
effusions requiring no intervention, because such effusions are rarely
associated with mortality or residual morbidity.14,15

The whole blood haemoglobin content was measured at baseline
and daily during the procedural hospitalization. We defined major
bleeding (MB) as that requiring transfusion of ≥2 units of packed
red blood cells or surgical intervention. All events were adjudicated
by an independent Clinical Events Committee.

Net clinical benefit
We defined the NCB of percutaneous LAA closure as the sum of the
differences between the annualized rates of ischaemic stroke (TE),
ICH, DE, MB, and significant PEF occurring after intervention and the
respective rates on warfarin, weighting each component by a factor
reflecting the severity of functional impact relative to DE (unity),
according to the following equation:

NCB = (DEwarfarin − DEintervention) + 0.6 ∗ (ICHwarfarin − ICHintervention)
+ 0.2 ∗ (TEwarfarin − TEintervention) + 0.1 ∗ (MBwarfarin − MBintervention)
+ 0.1 ∗ (PEFwarfarin − PEFintervention).

In their analysis of mortality data from the Atrial Fibrillation
Clopidogrel Trial with Irbesartan for Prevention of Vascular Events
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(ACTIVE) trials, Connolly et al.16,17 reported that the adjusted hazard
ratio for DE after haemorrhagic stroke was 3.08 higher than that of is-
chaemic stroke. In addition, they reported that the adjusted hazard
ratio for DE after major extracranial bleeding was 0.67 times lower
than that of ischaemic stroke.16 In our model, the maximum weight
is ascribed to DE (1.00), while all other adverse events are given a
weight as a fraction (0.00–1.00). We selected a weight of 0.20 for is-
chaemic stroke as our reference weight, and applied the relative
weights described by Connolly et al. to our model in the same
ratios. We also provide additional sensitivity analysis by using reference
weight factors of 0.10 and 0.30 (Table 1). In our base case, we set the
weight of a haemorrhagic stroke (0.60) to be three times the risk of an
ischaemic stroke (0.20), and the weight of an MB event (0.10) or peri-
cardial tamponade (0.10) to be roughly half the weight of an ischaemic
stroke. Major bleeding requiring transfusion and PEFs requiring inter-
vention were both assigned impacts of 0.1, reflecting the lower mortal-
ity associated with these events.14,15 Indeed, in both PROTECT-AF and
the CAP registry, there were no instances of mortality associated with
PEFs. Patients managed with warfarin in the control group of the
PROTECT-AF trial served as the comparator against which the NCB
of LAA closure was assessed for patients undergoing intervention in
both the randomized trial and subsequent CAP registry.

Statistical analysis
The incidence of thrombo-embolism, ICH, DE, MB, and PEF was calcu-
lated as the number of events per 100 person-years of follow-up.
Person-years were calculated from the date of randomization to the
date of last known follow-up or DE. The NCB was calculated using
outcome events from the PROTECT-AF cohort and CAP registry.
Risk factors used as control variables included age, sex, prior ischaemic
stroke, hypertension, diabetes, and heart failure. Statistical significance
was accepted at the 95% confidence level (CI) (two-sided P ≤ 0.05)
without adjustment for multiple comparisons. To obtain the 95% CI
surrounding the NCB, we used a bootstrap sample of 1000 replica-
tions. The analysis was stratified by the CHADS2 score,18 ATRIA
bleeding risk score,19 and risk factors associated with stroke. Analysis
was performed using the STATA software, version 9.2 (StataCorp,
College Station, TX, USA).

Results

Patient characteristics
Table 2 lists the baseline characteristics of patients enrolled in the
PROTECT-AF trial and CAP registry. The mean age was 72.7 years

in the PROTECT-AF control group, 71.7 years in the intervention
group, and 74.0 years in the CAP registry. The mean CHADS2

score was 2.3 in the PROTECT-AF control group, 2.2 in the inter-
vention group, and 2.4 in the CAP registry. Patients enrolled in the
registry were more likely to have a history of ischaemic stroke or
TIA (30.6%) than those in the control (20.1%) or intervention
(17.7%) groups of the trial. Patients in the registry had a lower in-
cidence of heart failure (18.9%) than those in the control (27%) or
intervention (26.8%) groups of the trial.

Follow-up of patients in the PROTECT-AF trial accumulated
1623 person-years of observation (mean+ SD ¼ 28+ 13
months per patient). During this period, 27 thrombo-embolic
events occurred, 8 among 244 patients in the control group
(1.39%/year; 95% CI: 1.25–1.55%/year), and 19 among 463 patients
in the intervention group (1.80%/year; 95% CI: 1.68–1.94%/year).
Nine ICH events developed, 7 among 244 patients in the control
group (1.22%/year; 95% CI: 1.08–1.37%/year), and 2 among 463
patients in the intervention group (0.19%/year; 95% CI: 0.15–
0.23%/year). Among patients undergoing intervention, 4.1% (19/
463) developed PEF requiring intervention (1.81%/year; 95% CI:
1.69–1.94%/year), as opposed to none in the control group.
Major bleeding requiring transfusion occurred in 25 patients al-
together, 12 in the control group (2.09%/year; 95% CI: 1.92–
2.28%/year), and 13 in the intervention group (1.24%/year; 95%
CI: 1.14–1.34%/year). Death from all-causes occurred in 60
patients: 10.6% (26/244) in the control group (4.54%/year; CI
4.27–4.81%/year), and 7.34% (34/463) in the intervention group
(3.24%/year; 95% CI: 3.08–3.41%/year).

The NCB of LAA closure in the trial cohort was 1.74%/year
(95% CI: 20.54 to 4.39%/year) in favour of LAA closure;
however, the CI crossed zero (consistent with no benefit or pos-
sible harm). The net benefit was greatest in patients with a history
of ischaemic stroke (4.30%/year; 95% CI: 22.07 to 11.25%/year).
The benefit increased from 0.70%/year (95% CI: 21.99 to
3.93%/year) in those with CHADS2 scores ¼ 1 to 2.00%/year
(95% CI: 21.15 to 5.56%/year) in those with CHADS2 scores
≥2. The NCB of intervention was higher in those patients in
whom the device was used as secondary prevention—that is,
patients who had already sustained a thrombo-embolic event
(Table 3, Figure 1). The NCB of intervention increased from
0.96%/year (95% CI: 21.37 to 3.61%/year) in patients with
ATRIA bleeding risk scores ,4 to 2.78%/year (95% CI: 22.85
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Table 1 Net clinical benefit of LAA closure over warfarin by impact weights applied

Impact weight Net clinical benefit,
PROTECT-AFa

95% CI Net clinical
benefit, CAP

95% CI

DE (A) TE (B) ICH (C) MB (D) PEF (E)

1.00 0.10 0.30 0.05 0.05 1.52 20.54 to 3.81 4.75 3.07 to 5.51

1.00 0.20 0.60 0.10 0.10 1.73 20.54 to 4.39 4.97 3.07 to 7.15

1.00 0.30 0.90 0.15 0.15 1.96 20.67 to 4.79 5.19 3.02 to 7.59

aNCB ¼ A*(DEwarfarin 2 DEintervention) + B*(ICHwarfarin 2 ICHintervention) + C*(TEwarfarin 2 TEintervention) + D*(MBwarfarin 2 MBintervention) + E*(PEFwarfarin 2 PEFintervention),
where NCB, net clinical benefit; DE death; ICH intracerebral haemorrhage; TE, thrombo-embolic events; MB, major bleeding, and PEF, haemodynamically significant pericardial
effusion requiring intervention.
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to 9.06%/year) in those with bleeding risk scores ≥4. Male patients
and those with a history of heart failure or diabetes were more
likely to benefit from intervention (Table 3).

While warfarin treatment is associated with a relatively linear tem-
poral distribution of clinical events, the procedural nature of LAA
closure results in a bimodal distribution of events following interven-
tion—a cluster of events occurring in the periprocedural period,
followed by a linear distribution thereafter (Figures 2 and 3).13

To understand the impact of this pattern, the NCB was calculated
as a function of time following randomization. As shown in
Figure 4, the benefit of LAA closure increased over time, becoming
positive between 6 and 9 months following intervention for patients
in the randomized cohort.

We performed a separate analysis of the NCB using outcomes
from the CAP registry to account for the reduction in procedural
complications associated with greater operator experience. The
registry accumulated 741 person-years of follow-up, with mean
of 16+7 months per patient, during which 10 thrombo-embolic
events occurred (1.35%/year; 95% CI: 1.26–1.45%/year) and
there was one ICH (0.13%/year; 95% CI: 0.11–0.17%/year).
Among the 566 patients enrolled, there were 30 DEs (4.04%/
year; 95% CI: 3.89–4.22%/year) and 1.41% (8/566) experienced
PEF requiring intervention (1.08%/year; 95% CI: 0.99–1.17%/
year), compared with 4.1% in the intervention group of the
PROTECT-AF trial. Major bleeding occurred at an annualized
rate of 3.24% (95% CI: 3.09–3.39%/year).

The NCB associated with LAA closure in the registry was
4.97%/year (95% CI: 3.07–7.15%/year) and was greatest among
patients with a history of ischaemic stroke—that is, when used
as secondary prevention (8.68%/year; 95% CI: 2.82–14.92%/
year; Figure 1). The benefit increased from 2.22%/year (95% CI:
0.27–6.01%/year) in those with CHADS2 scores ¼ 1 to 6.12%/
year (95% CI: 3.19–8.92%) with a score ≥2. When viewed
from the standpoint of predictors of bleeding, the NCB increased
from 3.71%/year (95% CI: 1.87–6.07%/year) in patients with
ATRIA scores ,4 to 7.98%/year (95% CI: 3.91–13.93%/year)
when the score was ≥4. Male patients enrolled in the registry,
those ≥75 years old, and those with diabetes mellitus were
more likely to benefit from the intervention (Table 3). From a
temporal perspective, when compared with the PROTECT-AF
cohort, the NCB more consistently favoured intervention in
the registry cohort from the time of earliest follow-up at 3
months (Figure 4).

We performed additional sensitivity analyses to assess the
impact of PEF on the NCB for both cohorts (Figure 5). In the ran-
domized trial, which occurred earlier in the development of the
technology and operator experience, a weight of .1.1 (compared
with DE ¼1) was required for PEFs to result in an NCB assess-
ment favouring warfarin. In the registry, which benefited from
more experienced operators, the weight assigned to pericardial
complications would have to increase beyond 4.7 for warfarin
therapy to compare favourably with LAA closure.
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Table 2 Baseline characteristics and risk factors in the PROTECT-AF and CAP registry baseline characteristics and risk
factors

PROTECT-AF
control group
(n 5 244)

PROTECT-AF
intervention group
(n 5 463)

P-valuea CAP registry
(n 5 566)

P-valuea

Characteristics

Age in years (SD; range) 72.7 (9.2; 41–95) 71.7 (8.8; 46–95) 0.179b 74.0 (8.3; 44–94) 0.045b

Males (%) 171 (70.1) 326 (70.4) 0.931c 371 (65.5) 0.223c

Risk factors

CHADS2 score (%) 0.058d 0.161d

1 66 (27.0) 157 (33.9) 133 (23.5)

2 88 (36.1) 158 (34.1) 199 (35.2)

3 51 (20.9) 88 (19.0) 120 (21.2)

4 24 (9.8) 37 (8.0) 79 (13.9)

5 10 (4.1) 19 (4.1) 31 (5.5)

6 5 (2.0) 4 (0.9) 4 (0.7)

Heart failure (%) 66 (27.0) 124 (26.8) 1.000c 107 (18.9) 0.012c

History of hypertension (%) 220 (90.2) 413 (89.2) 0.796c 500 (88.3) 0.542c

Age ≥75 years (%) 115 (47.1) 190 (41.0) 0.129c 293 (51.8) 0.251c

Diabetes mellitus (%) 72 (29.5) 113 (24.4) 0.150c 140 (24.7) 0.164c

Prior stroke or TIA (%) 49 (20.1) 82 (17.7) 0.476c 173 (30.6) 0.002c

aThe P-values were calculated by comparing PROTECT-AF intervention group and CAP registry group, respectively, to the PROTECT-AF control group.
bThe P-value was calculated by the t-test.
cThe P-value was calculated by Fisher’s exact test.
dThe P-value was calculated by the Wilcoxon rand-sum test.
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Table 3 Annual net clinical benefit by risk factor in the PROTECT-AF cohort and CAP registry

Risk factor n Net clinical benefit,
PROTECT-AFa

95% Confidence
interval

n Net clinical
benefit, CAP

95% Confidence
interval

All patients 707 1.73 20.54 to 4.39 810 4.97 3.07–7.15

Age ≥75 years 305 1.18 23.16 to 5.89 408 6.92 3.50–10.84

Age ,75 years 402 1.68 20.83 to 4.41 402 3.31 1.12–5.72

Male 497 2.73 20.03 to 6.00 542 5.43 2.90–8.44

Female 210 20.70 24.62 to 3.92 268 3.87 1.39–7.37

Prior stroke or TIAb 131 4.30 22.07 to 11.25 222 8.68 2.82–14.92

No prior stroke or TIA 576 1.20 20.96 to 3.77 588 4.32 2.36–6.79

History of hypertension 633 1.18 21.16 to 3.52 720 4.57 2.64–6.82

No history of hypertension 74 7.53 20.22 to 18.19 90 9.43 1.97–20.48

Heart failure 190 3.64 20.97 to 9.24 173 7.29 3.60–12.22

No heart failure 517 1.04 21.63 to 3.83 637 4.07 2.30–7.12

Diabetes mellitus 185 2.19 22.57 to 8.04 212 6.84 2.98–11.52

Non-diabetic 522 1.45 20.92 to 4.25 598 4.18 2.17–6.79

CHADS2 score¼ 5–6b 38 4.53 29.66 to 21.34 50 11.12 1.75–27.33

CHADS2 score¼ 3–4 200 2.07 22.74 to 7.60 274 6.72 3.06–12.47

CHADS2 score¼ 2 246 1.37 22.14 to 6.02 287 4.89 1.75–8.82

CHADS2 score¼ 1 223 0.70 21.99 to 3.93 199 2.22 0.27–6.01

ATRIA score ≥4 180 2.78 22.85 to 9.06 249 7.98 3.91–13.93

ATRIA score ,4 527 0.96 21.37 to 3.61 561 3.71 1.87–6.07

aNCB ¼ (DEwarfarin 2 DEintervention) + 0.6*(ICHwarfarin 2 ICHintervention) + 0.2*(TEwarfarin 2 TEintervention) + 0.1*(MBwarfarin 2 MBintervention) + 0.1*(PEFwarfarin 2 PEFintervention),
where NCB, net clinical benefit; DE, death; ICH, intracerebral haemorrhage; TE, thrombo-embolic events; MB, major bleeding, and PEF, haemodynamically significant pericardial
effusion requiring intervention.
bTIA, transient ischaemic attack. CHADS2 refers to the risk of stroke defined by assigning one point for a clinical history of heart failure or impaired left ventricular systolic function
(ejection fraction ,35%), hypertension, age ≥75 years and diabetes mellitus, and 2 points for a history of stroke or TIA. ATRIA refers to the bleeding risk score developed by Fang
et al.,16 where 1 point is assigned for hypertension or prior haemorrhage, 2 points for age ≥75 years, and 3 points for severe renal disease or anaemia.19

Figure 1 Net clinical benefit by primary vs. secondary stroke prevention.
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Discussion
The PROTECT-AF trial demonstrated that percutaneous closure
of the LAA using the Watchman device is a viable approach for
the prevention of stroke in patients with AF, offering an alternative
to long-term anticoagulant therapy for high-risk patients. This tech-
nology is still under investigation the USA, but has gained regula-
tory approval in other parts of the world, including Europe and
parts of Asia. Like most interventional cardiovascular procedures,
catheter-based occlusion of the LAA is associated with a higher
initial risk resulting from complications of device deployment; but
once LAA closure is achieved successfully, this strategy accumu-
lates the benefit over time by avoiding the continuing risk of bleed-
ing associated with sustained systemic anticoagulant therapy. The
disadvantages associated with LAA closure that are not inherent
to pharmacological therapies include the need for hospitalization
and specific procedure-related risks—most notably PEF and
procedure-related embolic events including ischaemic stroke. In
contrast, warfarin therapy is associated with the risk of bleeding,
including ICH, need for regular INR monitoring, and the risk of

thrombo-embolism when the intensity of anticoagulation falls
below the therapeutic range. Device-related complications
usually occur during or shortly after the procedure, while
adverse events during pharmacological therapy develop continu-
ously over time, making direct comparisons of the relative risks
of these treatments inherently difficult.

The definition of the NCB employed in this analysis was
designed to balance adverse events associated with each treatment
against the efficacy for stroke prevention. We selected clinically
MB events, haemodynamically significant PEF and DE to represent
the risks of these therapies based on their incidence in the
PROTECT-AF trial. Analysis of the PROTECT-AF randomized
trial cohort found the NCB of closure greatest for patients at
highest risk for stroke—most notably those with higher
CHADS2 scores, and those in whom LAA closure was employed
as secondary prevention. Because of the bimodal distribution of
events in the intervention group—early procedure-related
strokes and PEFs and later events related to intrinsic cardiovascular
disease—the cumulative benefit was assessed as a function of time.
Largely driven by the procedure-related stroke events, the NCB

Figure 2 Kaplan–Meier failure curves for (A) death and (B) ischaemic stroke by study group, adjusted by the CHADS2 score.
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initially favoured anticoagulation, but after 6 to 9 months had
elapsed following the procedure the NCB crosses over in favour
of the device-based intervention, driven mainly by reductions in
ICH and DE in patients undergoing LAA closure.

Operator experience is an important factor to consider in asses-
sing the safety and efficacy of any intervention. Once operators
gained experience over the course of PROTECT-AF, the incidence
of procedure-related events was considerably lower in the non-
randomized CAP registry that followed. When this non-
randomized registry cohort was compared with the control arm
of the PROTECT-AF trial cohort, the NCB more clearly favoured
intervention. In the PROTECT-AF trial cohort, the 95% CI cross
zero, suggesting the possibility of no benefit or possible harm.
However, in the CAP registry it is notable that when various risk
factors were examined, the lower bounds of the 95% CI were
largely also above zero, that is, in favour of intervention. The
NCB was again higher for patients at greatest risk of stroke
(those with higher CHADS2 scores or prior thrombo-embolism.
Given the reduction in periprocedural events, the intervention
was associated with earlier net benefit.

Limitations
There are several possible ways to calculate the NCB of a new
treatment against the standard of care, and no perfect method
has been developed. Accordingly, our analysis has the inherent
limitation of the relative weighting of adversity we assigned to
the various potential morbid events and complications that can
befall patients with AF during long-term anticoagulation or with
deployment of a percutaneous LAA closure device. To mitigate
this, the weighting was based on the mortality observed with
various clinical events in other large studies such as ACTIVE A.
While no such data were available for PEFs, (i) it is important to
recognize that there were no instances of mortality associated
with PEFs in either the PROTECT-AF or CAP registry cohorts,
and (ii) even when various degrees of weighting were assigned
to PEFs, the NCB failed to favour the intervention only after the
weight was increased to over 1.1 and 4.7 for the PROTECT-AF
and CAP registry cohorts, respectively.

Secondly, all patients underwent TEE prior to randomization to
exclude intracardiac thrombus or other contraindications to device

Figure 3 Kaplan–Meier failure curves for (A) intracranial haemorrhage and (B) major bleeding by study group, adjusted by the CHADS2

score.
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deployment. This might have selected lower risk patients for inclu-
sion, but it is difficult to predict the direction in which this could
skew the NCB calculation. Thirdly, since all patients enrolled in
the CAP registry underwent LAA closure, estimation of the
NCB was based on comparison with the control group of the ran-
domized trial, overlooking differences in patient selection criteria
or outcomes. Compared with the trial cohort, patients included
in the registry had a higher mean CHADS2 score (2.4 vs. 2.2),
and more often had a history of stroke or TIA (30.6 vs. 17.7%),

both features associated with higher risk. Fourthly, the assessment
of the NCB assumes that all ischaemic strokes have a similar clinical
impact on patients, yet stroke mechanisms and severity may differ
according to the type of treatment received. As previously
reported, strokes in patients undergoing LAA closure in the
PROTECT-AF trial resulted in less functional disability than that
occurring in the anticoagulation arm.13 Fifthly, novel oral anticoagu-
lants (inhibitors of factors IIa or Xa) appear to have NCB superior
to warfarin for prevention of ischaemic and haemorrhagic events in

Figure 4 Net clinical benefits as a function of time in the PROTECT-AF and CAP Cohorts

Figure 5 Net clinical benefit of left atrial appendage closure over warfarin in anticoagulation as a function of pericardial effusion impact
weight. ‡Net clinical benefit ¼ (DEwarfarin 2 DEintervention) + 0.6 * (ICHwarfarin 2 ICHintervention) + 0.2 * (TEwarfarin 2 TEintervention) +
0.1 * (MBwarfarin 2 MBintervention) + X * (PEFwarfarin 2 PEFintervention), where X ¼ pericardial effusion impact weight.
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patients with AF, making warfarin a suboptimal comparator to
inform treatment decisions in many patients with AF. Sixthly, com-
petitive LAA closure devices such as the Amplatzer Cardiac Plug
or next generation devices such as the Gen-4 WATCHMAN are
currently under investigation, and, if shown to have a lower risk
of peri-procedural stroke and pericardial tamponade, may further
enhance the NCB.20 –22

Future studies must address these new agents, technological
advances in device design that reduce the need for intensive peri-
procedural antithrombotic therapy, and the improvement in per-
formance characteristics that typically occur as the ‘learning
curve’ reduces complication rates and enhances procedural
success rates associated with LAA closure. Finally, the duration
of follow-up was limited, and one cannot rule out the possibility
that observations of the NCB during the first 2 to 3 years of treat-
ment may not be sustained, as AF represents a marker of a popu-
lation at risk of ischaemic events that have multiple mechanisms
and respond favourably to anticoagulation over time.

In conclusion, the NCB of percutaneous LAA closure in patients
with non-valvular AF is greatest for those at highest risk of stroke.
An assessment that considers the combined risk of thrombo-
embolism, ICH, DE, and other clinically important adverse events
may better inform the selection of patients for device-based
therapy over long-term anticoagulation and improve clinical
outcomes.
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