1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
J Am Coll Cardiol. Author manuscript; available in PMC 2017 March 01.

Published in final edited form as:
J Am Coll Cardiol. 2016 March 1; 67(8): 907-917. doi:10.1016/j.jacc.2015.12.023.

-, HHS Public Access
«

Device Closure of Patent Foramen Ovale after Stroke: Pooled
Analysis of Completed Randomized Trials

David M. Kent, MD2P, Issa J. Dahabreh, MD2¢.d:¢ Robin Ruthazer, MPH2, Anthony J.
Furlan, MDf, Mark Reisman, MD9, John D. Carroll, MD", Jeffrey L. Saver, MD', Richard W.
Smalling, MD, PhDJ, Peter Jiini, MDK!, Heinrich P. Mattle, MD™, Bernhard Meier, MD", and
David E Thaler, MDP

aPredictive Analytics and Comparative Effectiveness (PACE) Center, Institute for Clinical
Research and Health Policy Studies, Tufts Medical Center/Tufts University School of Medicine,
Boston, Massachusetts PDepartment of Neurology, Tufts Medical Center/Tufts University School
of Medicine, Boston, Massachusetts °Center for Evidence-based Medicine, School of Public
Health, Brown University, Providence, Rhode Island 9Department of Health Services, Policy &
Practice, School of Public Health, Brown University, Providence, Rhode Island ¢Department of
Epidemiology, School of Public Health, Brown University, Providence, Rhode Island ‘Department
of Neurology, Case Western Reserve University, Cleveland, Ohio 9Division of Cardiology,
University of Washington Medical Center, Seattle, Washington "Division of Cardiology,
Department of Medicine, University of Colorado Denver, Aurora, Colorado iComprehensive
Stroke Center and Department of Neurology, David Geffen School of Medicine/University of
California Los Angeles, Los Angeles, California IDivision of Cardiology, Department of Medicine,
The University of Texas Medical School at Houston, Houston, Texas XInstitute of Primary Health
Care and Clinical Trials Unit Bern, University of Bern, Switzerland 'Applied Health Research
Centre (AHRC), Li Ka Shing Knowledge Institute of St. Michael's Hospital, University of Toronto,
Canada MDepartment of Neurology Bern University Hospital, Bern, Switzerland "Department of
Cardiology, Bern University Hospital, Bern, Switzerland

Abstract

Background—The comparative effectiveness of percutaneous closure of patent foramen ovale
(PFO) plus medical therapy versus medical therapy alone for cryptogenic stroke is uncertain.

Objectives—We performed the first pooled analysis of individual participant data from
completed randomized trials comparing PFO closure versus medical therapy in patients with
cryptogenic stroke.
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Methods—We analyzed data on 2 devices (STARFlex and Amplatzer PFO Occluder) evaluated
in 3 trials. The primary composite outcome was stroke, transient ischemic attack (T1A), or death;
the secondary outcome was stroke. We used log-rank tests and (unadjusted and covariate-adjusted)
Cox regression models to compare device closure versus medical therapy.

Results—Among 2,303 patients, closure was not significantly associated with the primary
composite outcome. The difference became significant after covariate adjustment (hazard ratio
[HR]: 0.68; p = 0.049). For the outcome of stroke, all comparisons were statistically significant,
with unadjusted and adjusted HRs of 0.58 (p = 0.043) and 0.58 (p = 0.044), respectively. In
analyses limited to the 2 occluder device trials, the effect of closure was not significant for the
composite outcome, but was for the stroke outcome (unadjusted HR: 0.39; p = 0.013. Subgroup
analyses did not identify significant heterogeneity of treatment effects. Atrial fibrillation was more
common among closure patients.

Conclusions—Among patients with PFO and cryptogenic stroke, closure reduced recurrent
stroke and had a statistically significant effect on the composite of stroke, TIA, and death in
adjusted but not unadjusted analyses.
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Approximately 30% of ischemic strokes are “cryptogenic,” an etiologically heterogeneous
class. Approximately half of patients with cryptogenic stroke <60 years of age have a patent
foramen ovale (PFO), nearly double the prevalence in the general population. For these
patients, cryptogenic stroke may be caused by paradoxical embolism, in addition to other
occult etiologies.

Controversy exists over the preferred management strategy for patients with cryptogenic
stroke and PFO. Three randomized clinical trials (RCTs) investigating 2 devices --
STARFIlex in CLOSURE | (Evaluation of the STARFlex Septal Closure System in Patients
with a Stroke and/or Transient Ischemic Attack due to Presumed Paradoxical Embolism
through a Patent Foramen Ovale) (1), and Amplatzer PFO Occluder in RESPECT
(Randomized Evaluation of Recurrent Stroke Comparing PFO Closure to Established
Current Standard of Care Treatment) (2) and PC Trial (Percutaneous Closure of Patent
Foramen Ovale in Cryptogenic Embolism) (3) -- have now been completed. The trials did
not report statistically significant differences between device closure and medical therapy.
Meta-analyses using published aggregate data have generally reported results suggestive of a
protective effect of closure on stroke or on the composite outcome of recurrent stroke,
transient ischemic attack (TIA), or death, but the data have been contradictory as to the
statistical significance of these associations (1-5). We performed a meta-analysis of
individual participant data to better synthesize data from the 3 randomized trials (6-8).

Individual participant data meta-analysis holds several advantages over meta-analysis using
aggregate results extracted from trial publications (9), including the ability to standardize
outcome definitions and analyses across studies without any reliance on numerical
approximations, which are often necessary when extracting data from publications.
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Additionally, access to participant-level data allows the use of statistical methods to address
missing data, perform covariate-adjusted analyses (which often have greater power than
unadjusted analyses for time-to-event outcomes [10-12]), and assess heterogeneity of
treatment effects across subgroups.

We pre-specified our analytical plan and registered the study protocol with PROSPERO, the
international prospective register of systematic reviews (CRD42014013895). The Tufts
Medical Center Institutional Review Board approved the study.

We used individual participant data from 3 randomized trials that to our knowledge
represent the totality of randomized evidence on percutaneously implanted PFO closure
devices versus medical therapy in patients with PFO and cryptogenic stroke. The CLOSURE
I trial (6) randomized 909 patients ages 18 to 60 years between 2003 and 2008 with a
planned follow-up of 2 years. The RESPECT trial (7) randomized 980 patients in the same
age range between 2003 and 2011. The trial's primary analysis was performed as planned
after the 25™ outcome event; the mean duration of follow-up was 2.6 years (range: 0 to 8.1
years). The PC Trial (8) randomized 414 patients <60 years old between 2000 and 2009. The
mean duration of follow-up was 4.1 years in the closure group and 4.0 years in the medical
therapy group.

The CLOSURE I Trial (6) used the STARFIlex septal closure system (NMT Medical, Inc.,
Boston, Massachusetts). After closure, all device patients received an antiplatelet regimen of
clopidogrel 75 mg daily for 6 months and aspirin 81 or 325 mg daily for 2 years. The
medical therapy group received warfarin with a target international normalized ratio of 2.0
to 3.0; aspirin 325 mg daily (81 mg daily dose was allowed for documented gastrointestinal
intolerance); or aspirin 81 mg daily with warfarin. Clopidogrel, ticlopidine, and aspirin plus
extended-release dipyridamole were not allowed in the medical group.

The RESPECT Trial (7) used the Amplatzer PFO Occluder (AGA Medical/St. Jude
Medical, St. Paul, Minnesota). Patients assigned to closure also received 81 to 325 mg of
aspirin and clopidogrel for 1 month after device placement, followed by aspirin
monotherapy for 5 months, thereafter at the site investigator's discretion. Patients in the
medical therapy group received 1 of 4 permissible medical regimens: aspirin; warfarin;
clopidogrel; or aspirin/extended-release dipyridamole. Aspirin with clopidogrel was
originally permitted but eliminated in 2006 following changes in the American Heart
Association/American Stroke Association (AHA/ASA) practice guidelines (13).

The PC Trial (8) also used the Amplatzer PFO Occluder. For patients randomized to closure,
recommended antithrombotic treatment included aspirin (100 to 325 mg/day) for at least 5 to
6 months, plus ticlopidine (250 to 500 mg/day) or clopidogrel (75 to 150 mg/day) for 1 to 6
months. For patients with aspirin intolerance, ticlopidine or clopidogrel was recommended.
Antithrombotic treatment in the medical group was left to physician discretion and could
include antiplatelet or anticoagulation therapy.
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Outcome Definitions and Ascertainment

Our primary outcome was the composite outcome of ischemic stroke, TIA, or death from
any cause. We defined ischemic stroke events in accordance with the updated AHA/ASA
expert consensus definition (14): a sudden onset neurological deficit in a vascular territory
presumably due to focal ischemia; deficits lasting <24 h were TIAs unless accompanied by
relevant acute infarcts on neuroimaging, in which case they were classified as ischemic
strokes. The PC Trial had originally used a stroke definition that required neurological
deficits to persist for >24 h, regardless of neuroimaging changes. For this analysis, we
recoded outcome data to conform to the updated stroke definition (corresponding to a
composite of PC Trial protocol-defined stroke plus TIA accompanied by neuroimaging
changes, assessed blinded to treatment assignment). Our secondary effectiveness outcomes
were stroke alone and the composite outcome of ischemic stroke, TIA, or early death from
any cause (within 45 days of randomization), similar to the primary outcome definition in
both RESPECT and CLOSURE I.

We considered the following safety outcomes, adopting the definitions used in the primary
studies: major vascular procedural complication; atrial fibrillation (AF); and major bleeding
episode.

Statistical Analysis

Summary descriptive statistics (means with SD and percentages) were generated for patient
characteristics in the overall cohort and compared between the 3 component studies. P
values testing the null hypothesis of no difference between the 3 studies were obtained either
from an analysis of variance F-test (age, body mass index) or from a chi-square test.

Our primary analyses of efficacy estimated intention-to-treat (ITT) effects of PFO closure
plus medical therapy versus medical therapy alone. In these analyses, all randomized
patients were analyzed according to their assigned treatment groups. We performed
additional analyses estimating “as treated” effects by comparing outcomes among patients
who underwent device closure (attempted or successful, depending on the trial) compared to
control patients. Safety analyses (i.e., analyses of adverse events) primarily estimated “as-
treated” effects; ITT safety effects are reported in the Online Appendix. For all analyses,
data for patients who discontinued before study completion were included until the time
censored.

For time-to-event analyses, we obtained Kaplan-Meier estimates (15) and tested the equality
of the survivor functions using the log-rank test stratified by trial. We obtained estimates of
the hazard ratio (HR) comparing treatment groups using Cox proportional hazard regression
stratified by trial with no covariate adjustment (16). In this analysis, we assumed that each
study had a different baseline hazard and that the treatment effect was common across trials.
We chose this model because the number of available studies was small, simulation studies
at the planning stage indicated that it had reasonable statistical performance, and it is
consistent with the statistical analyses performed within each study.

We also performed Cox proportional hazard regression analyses adjusted for the following
covariates: age, sex, race, coronary artery disease, diabetes, hypertension, hyperlipidemia,
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prior stroke, smoking status, index event (stroke vs. TIA), hypermobile septum, and PFO
shunt size (large vs. small). Covariates were selected on the basis of prior work suggesting
that they predicted stroke recurrence or a PFO-related mechanism in the Risk of Paradoxical
Embolism (RoPE) Score (17,18). We used multiple imputation to address missing data in
covariates used in adjusted and subgroup analyses.

For safety outcomes, we reported procedural complications in the device arms and, for AF
and bleeding events, estimated unadjusted HR comparing treatment groups using Cox
regression stratified by trial.

We assessed heterogeneity of treatment effects across levels of baseline characteristics by
repeating the efficacy analyses described above including appropriate interactions in Cox
regressions. Herein, we report pre-specified subgroups based on age, sex, smoking status,
and PFO anatomical features (shunt size and presence of atrial septal aneurysm). One
additional subgroup analysis based on the qualifying event (stroke vs. TIA) was added
during manuscript revision. Planned subgroup analyses based on the RoPE Score and
variations of the score that incorporate recurrence risk will be described in a separate report.

We repeated the analyses described above (stratified log-rank tests and unadjusted and
adjusted stratified Cox regressions) using only data from the 2 occluder trials (i.e., excluding
data from the CLOSURE 1 Trial). We also performed stability analyses after excluding each
of the other trials in turn.

We defined 2-sided p values < 0.05 as statistically significant. All analyses were performed
using SAS (Cary, North Carolina) version 9.4 TS Level 1MI (SAS/Stat 13.1).

This patient-level pooled analysis included data from 2,303 randomized patients followed
for a total of 5,849 person-years. Overall, 442 patients (263 in the medical therapy arm; 171
in the device arm) withdrew or were otherwise lost to follow-up before study termination.
Characteristics of patients are seen across trials (Table 1) and treatments (Table 2). There
were some minor differences across trials. The PC Trial had a higher prevalence of smoking
and prior stroke, but a lower prevalence of other vascular risk factors (i.e., diabetes,
hypercholesterolemia, or hypertension). Qualifying infarcts in the RESPECT trial were more
frequently located superficially on neuroimaging than in CLOSURE 1. (Infarct location was
unavailable in the PC Trial.) The PC Trial had a higher proportion of patients receiving
anticoagulation (instead of antiplatelet) therapy in the medical arm and a lower prevalence
of putative high-risk anatomic PFO features (i.e., large shunt or hypermobile interatrial
septum) than the other trials. Covariates were generally balanced across treatment groups,
except patients assigned to device closure were slightly more likely to have large PFOs.

A total of 108 composite endpoint events (ischemic stroke/TI1A/death) were observed,
including 58 ischemic strokes (56 as first events), 54 TIAs (48 as first events), and 7 deaths
(4 as first events; 4 classified as early deaths). The rate of stroke was 0.98 per 100 person-
years across both arms; the composite event rate was 1.8 per 100 person-years. Annualized

J Am Coll Cardiol. Author manuscript; available in PMC 2017 March 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kent et al.

Page 6

event rates by treatment arm are shown in Table 3. Results from trial-specific analyses are
shown in Online Table 1.

The Central Illustration depicts Kaplan-Meier curves for the primary composite outcome
and stroke alone. As shown in Table 3, the effect of closure on the composite outcome
narrowly missed statistical significance in unadjusted analysis (stratified log-rank p = 0.052;
HR: 0.69; 95% confidence interval [CI]: 0.47 to 1.01; p = 0.053). Yet, it was statistically
significant in adjusted analysis (HR: 0.68; 95% CI: 0.46 to 1.00; p = 0.049). Effects were
similar for the secondary composite outcome, including only early deaths, with the treatment
effect being statistically significant for the log-rank test and adjusted Cox regression
analysis (p = 0.049 and p = 0.047, respectively), and borderline for the unadjusted Cox
model (p = 0.050) (Table 3).

As shown in Table 3, all analyses for the stroke outcome showed that device closure plus
medical therapy was significantly more effective than medical therapy alone, with the
unadjusted and adjusted analyses producing identical HR estimates (HR: 0.58; 95% CI: 0.34
t0 0.98; p = 0.043 and 0.58; 05% CI 0.34 to 0.99; p = 0.044, respectively).

When the 2 occluder trials were analyzed separately (i.e., excluding data from the
CLOSURE I trial), the point estimates of the treatment effect for the composite outcome
were lower (more favorable for closure) than those in the overall analysis, but not
statistically significant in the smaller sample size of this sub-analysis (1,394 patients; 54
events): unadjusted HR: 0.63; 95% CI: 0.36 to 1.08; p = 0.091. The effect on stroke outcome
was stronger than in the overall analysis (unadjusted HR:0.39; 95% CI: 0.19t0 0.82; p =
0.013). The effect of closure on the secondary composite outcome was again stronger than
in the overall analysis, and statistically significant for the log-rank test and the unadjusted
Cox regression analysis (p = 0.045 and p = 0.048), but not for the adjusted Cox regression
analysis (p = 0.065).

As-treated analyses produced point estimates more favorable for closure compared with ITT
analyses and were statistically significant for all outcomes, both when all trials were pooled
and when analyses were limited to the 2 occluder trials (Table 4).

Subgroup analysis (Figure 1) did not reveal any statistically significant heterogeneity of
treatment effects. Subgroup effects for the ischemic stroke outcome and for the analysis
including just the occluder trials are shown in Online Figures 1 through 3.

Results for safety outcomes are summarized in Table 5. The hazard of AF among patients
receiving closure was 3 times as high as that among patients receiving medical therapy (HR:
3.22; 95% CI: 1.76 to 5.90; p < 0.0002). In analyses restricted to the occluder trials, the HR
for AF was 1.85 (95% CI: 0.86 to 3.98; p = 0.117). Bleeding rates were not statistically
different between treatment groups. Online Table 2 shows safety outcomes analyzed by ITT.

Finally, in stability analyses excluding either of the occluder trials (i.e., pairing CLOSURE |
with either RESPECT or the PC Trial), treatment effects were no longer statistically
significant (Online Table 3).
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Discussion

Our study indicates that patients <60 years of age found to have a PFO in the setting of a
cryptogenic ischemic stroke have relatively low stroke recurrence rates whether treated with
percutaneous device therapy or with medical therapy. Outcome rates were generally lower
with percutaneous closure plus medical therapy than with medical therapy alone (Central
Illustration); the difference between the 2 treatments was consistently significant for the
secondary efficacy outcome of ischemic stroke and for the primary composite outcome in
adjusted but not unadjusted analyses.

We interpret these results, based on the totality of available randomized data and all analyses
performed, as providing evidence that closure can prevent stroke recurrence in some patients
with cryptogenic stroke found to have a PFO. However, AF is increased with closure,
though less strongly with the occluder device. These findings suggest that closure with the
occluder is a reasonable therapeutic option in the context of informed decision making.
Informally, for patients similar to those enrolled in the trials, the annualized rate of ischemic
stroke, if treated medically, is approximately 1%; device closure decreases this rate by half.
Although there is uncertainty in the estimates, number needed to treat (NNT) over 2.5 years
to avert 1 primary composite outcome event was 50 and to avert one ischemic stroke, the
NNT was 67. A benefit of this magnitude may be clinically important to some patients and
may continue beyond 2.5 years among younger stroke patients with a long life expectancy.
We stress that our study results may not be applicable to other devices, particularly non-PFO
devices, being used off-label for PFO closure.

While bleeding rates were similar between device and medical therapy arms, rates of AF
increased with device closure in the overall analysis. The difference did not reach statistical
significance for the occlude device, for which point estimates indicated a potential number
needed to harm of 100 by causing 1 additional patient to develop AF over 2.5 years. These
results emphasize the importance of meticulously ruling out occult AF as a cause of the
index event and the necessity of close initial monitoring of the cardiac rhythm for patients
treated with PFO closure and appropriate management of documented atrial fibrillation.

While the effects estimated in our analysis were substantial on the relative-risk scale, and the
estimated reduction in absolute risk may be of clinical import, they were smaller than those
anticipated in the power calculation of the individual trials. For example, the RESPECT trial
was powered to detect a 75% relative risk reduction and the PC Trial was powered to detect
an absolute effect of >2% per year. Research completed since the planning of these trials has
shown that a substantial portion of index cryptogenic strokes in patients with PFO may be
due to mechanisms unrelated to PFO (18,19). Studies have additionally suggested that
paradoxical embolism may be a mechanism with an especially low recurrence risk; thus,
even in patients with such PFO-related mechanisms, recurrent events may often be unrelated
to PFO (6,20). Medical therapies, in theory, can have a protective effect on recurrent strokes
for both PFO-related and unrelated events, whereas device closure presumably protects only
against the former. Furthermore, our results do not suggest that putative high-risk
anatomical features, such as large PFO size or atrial septal aneurysm, are by themselves very
useful at discriminating patients likely to benefit from closure from those unlikely to benefit.
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Thus, even while a consistent signal for an effect on stroke recurrence is seen in our study,
the totality of results reported over the last several years should provide some caution
against overly simplistic assumptions that paradoxical embolism is the only important
mechanism of either index or recurrent stroke in these patients.

Current AHA/ASA guidelines do not support the use of PFO closure among patients with
PFO and cryptogenic stroke (21). This recommendation was based on the null results of the
3 trials included in this pooled analysis. Each of these trials was powered to detect very large
treatment effects only. In such circumstances, evidence synthesis across trials is appropriate
and provides more powerful tests and more precise estimates of the treatment effect than
separate analyses of the individual trials (22). Our analysis of all available individual patient
data from randomized trials generally suggests that closure plus medical therapy improves
outcomes compared with medical therapy alone; however, confidence intervals remained
wide, and ongoing and future studies may yet revise these effect estimates.

Our results, particularly with respect to tests of statistical significance, depended on a
number of analytic choices, such as using a composite outcome (stroke, TIA, or death)
versus using stroke alone; relying on all trials to estimate an overall effect versus trials of
different devices separately; and performing an unadjusted versus adjusted analysis. Because
the trials' published results were known before this pooled analysis was planned, our
analytic choices could not be made completely blinded to those results. Thus, we sought to
emulate pretrial reasoning with respect to outcome selection, following widely accepted
standard analysis practices, reporting results from all analyses conducted, and interpreting
findings based on all available information, including stability and sensitivity analyses.

Our results were minimally affected by whether the composite outcome included all or
(similar to RESPECT and CLOSURE 1) only early deaths, but these slight differences were
of some interest because they affected whether p values were significant at the 0.05 level or
borderline nonstatistically significant. In general, clinically informative composite outcomes
are those whose components are plausible targets of the intervention; for example, nonstroke
fatal events outside the peri-procedural period are unlikely to be affected by closure versus
medical therapy. Similarly, our results were minimally affected by whether analyses were
performed with or without adjustment for baseline covariates. Analyses adjusted for
covariates generally have greater statistical power for time-to-event outcomes compared
with unadjusted analyses. The interpretation of such analyses is typically felt to be more
relevant for the estimation of patient-level effects and multivariate adjustment of RCT
results is a common approach (23). In this study, adjusted and crude analyses gave
essentially identical results, despite the nominal significance of only the adjusted analysis
for the primary composite outcome.

Whether the endpoint analyzed was a composite outcome or ischemic stroke alone had a
somewhat greater effect on our analyses. By definition, composite outcomes have a higher
incidence rate than their components and are generally presumed to provide greater
statistical power than component outcomes. Nonetheless, about half of the composite
outcomes were TIA events, that is, transient neurological symptoms without objective
neuroimaging findings subject to diagnostic inaccuracy and all-cause mortality was rare and
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not pathogenically likely to be modifiable by PFO closure. Thus, ischemic stroke recurrence
as a lone endpoint may offer a more reliable outcome with regard to treatment effect, and is

an endpoint with greater clinical significance than when joined in a composite with TIA. In

our pooled analysis, the benefits of device closure for stroke alone were consistent across all
analytical approaches.

In a head-to-head trial comparing the occluder device and the septal closure system, the
latter was more commonly associated with device-related complications such as AF and
thrombus formation on the device (24); there was also some evidence that the occluder
device may more effectively prevent cerebrovascular events (25). A network meta-analysis
concluded that the effectiveness of closure depended on the type of device used (5). Thus, it
is reasonable to consider the evidence on each device separately. Furthermore, analyses
restricted to the occluder device trials are especially relevant to clinical decisions because, of
the devices assessed, only the Amplatzer device is available for clinical use (albeit not in the
United States); the STARFlex device is no longer manufactured.

This analysis using individual participant data offered several advantages over prior study-
level meta-analyses that were based on the published aggregate results. We were able to
harmonize outcome definitions across trials and did not have to rely on numerical
approximations when extracting data from trial publications; the availability of person-level
data also permitted covariate adjustment, proper handling of missing data, and exploration
of effect heterogeneity. These differences presumably explained why our results for some
analyses were statistically significant where prior study-level meta-analyses were not
(1-4,26-28).

Study Limitations

This work has some limitations. First, the pooled analysis inherited any limitations of the
component studies. Crossover and loss-to-follow up in the studies was high relative to the
number of events and somewhat more common in the medical arm. While the ITT effect is
consistently estimated in the presence of noncompliance to assigned treatment, selection
bias due to loss to follow-up may have affected our analyses. This analysis did not address
questions regarding the optimal antithrombotic regimen in patients with PFO and
cryptogenic stroke; medical regimens — both for the comparison group and as cotreatments
to device implantation — were heterogeneous within and between the included studies.
Observational comparative effectiveness research has shown nonsignificant effects of oral
anticoagulation over antiplatelet therapy in these patients (29). Newer agents are now under
study in the cryptogenic stroke population (NCT02239120; NCT02313909). Additionally,
the trials included in our analysis were designed as prospective, randomized, open, blinded
endpoint studies, and it appears this design may have led to a slight imbalance in referral for
endpoint adjudication in the PC Trial, though not CLOSURE | or RESPECT (30). Finally,
most patients were followed for a short time frame of around 2.5 years and device
implantation is essentially a permanent intervention. An observational study comparing
closure versus medical therapy using propensity-score matching methods suggested
widening benefits over time (31).
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Conclusions

In summary, patients with cryptogenic stroke and PFO have relatively low outcome rates
with medical therapy with or without device closure; recurrent stroke rates are lower with
percutaneously implanted device closure than with medical therapy alone.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Perspectives
Competency In Medical Knowledge

Patients with PFO who develop cryptogenic ischemic stroke face relatively low rates of
recurrent cerebral ischemic events during medical therapy with or without device closure,
but pooled results of randomized trials show lower stroke rates with percutaneously
implanted device closure than with medical therapy alone.

Translational Outlook

Longer-term follow-up of ongoing and completed trials will improve our understanding
of the comparative effectiveness of closure versus medical therapy, but comparative
studies of various antithrombotic treatment regimens, including those in patients
undergoing PFO closure, are needed to address important to knowledge gaps.
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Subgroup Stratum EwPT (closure)  EwPT {medical) HR (95% Cl)
Age Age < 45 13/1317 25/(1208 L 0.52 {0.26. 1.013
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] T T 1
0.20 0.5 0 2
Hazard ratio (logarithmic scale)

Figure 1. Subgroup Analysis: Device versus Medical Therapy
Per unadjusted hazard ratios (HR) for study-stratified Cox proportional hazard, pre-specified

subgroup analyses did not show any statistically significant heterogeneity of treatment effect
for the primary composite outcome. Cl = confidence interval; Ev = event; PT = patient; TEE
= transesophageal echocardiography.
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ALL TRIALS

A. Composite Outcome (Ischemic Stroke/TIA/Death)
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B. Recurrent Ischemic Stroke Outcome
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Central Illustration. Patent Foramen Ovale Closure in Stroke Trials: Kaplan-Meier curves

comparing device closure versus medical therapy
Kaplan-Meier curves comparing device closure (red) versus

medical therapy (blue). Results

shown for all trials pooled and for Amplatzer device trials only, and for both the primary
composite and ischemic stroke outcomes. Secondary composite outcome (including only
early death) was statistically significant for both the 3 trial (log rank p-value = 0.0488) and

the Amplatzer only analysis (log rank p-value= p = 0.0451).
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Patient Characteristics Across Treatment Strategies

Table 2

Variable

Combined Dataset (N = 2,303)

Device Closure (n = 1,150)

Medical Therapy (n = 1,153)

Source data

CLOSURE 38.9 (447) 40.1 (462)
PC TRIAL 17.7 (204) 18.2 (210)
RESPECT 43.4 (499) 417 (481)

Clinical variables

Age 453 +9.8(1,143) 453 +9.7 (1,148)
Male 51.6 (593/1,150) 53.8 (620/1,153)
Body mass index 28.0 +5.6 (654) 27.8 +5.8 (651)
Current smoker 17.0 (196/1,150) 14.9 (171/1,151)
Medical history

Coronary artery disease 3.1 (36/1,150) 1.7 (20/1,153)
Diabetes 6.9 (79/1,150) 6.6 (76/1,153)
Hypercholesterolemia 39.7 (456/1,150) 38.5 (444/1,153)
Hypertension 31.1 (358/1,150) 29.4 (339/1,153)
Migraine 34.3 (394/1,150) 32.6 (376/1,153)

Prior stroke/TIA

19.5 (224/1,150)

19.7 (227/1,153)

Echocardiographic variables™

Hypermobile septum

33.6 (380/1,130)

33.2 (378/1,137)

Large PFO

63.2 (672/1,063)

58.9 (620/1,052)

Index event variables

Index event of stroke

89.4 (1027/1,149)

88.5 (1020/1,152)

Superficial stroke 55.8 (484/867) 57.2 (511/894)
Baseline NIHSS 0.7 £1.6 (942) 0.7 £ 1.4 (940)
Baseline Rankin 0.7 £ 0.8 (941) 0.6 £ 0.8 (941)

Values are % (n), mean + SD (n of patients with available data), or % (n/N of patients with available data).

*
Findings on transesophageal echocardiography.

Abbreviations as in Table 1.
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