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Determinants of antithrombotic choice for
patent foramen ovale in cryptogenic stroke

ABSTRACT

Objective: We examined the influence of clinical, radiologic, and echocardiographic characteris-
tics on antithrombotic choice in patients with cryptogenic stroke (CS) and patent foramen ovale
(PFO), hypothesizing that features suggestive of paradoxical embolism might lead to greater
use of anticoagulation.

Methods: The Risk of Paradoxical Embolism Study combined 12 databases to create the largest
dataset of patients with CS and known PFO status. We used generalized linear mixed models with
a random effect of component study to explore whether anticoagulation was preferentially
selected based on the following: (1) younger age and absence of vascular risk factors, (2) “high-
risk” echocardiographic features, and (3) neuroradiologic findings.

Results: A total of 1,132 patients with CS and PFO treated with anticoagulation or antiplatelets
were included. Overall, 438 participants (39%) were treated with anticoagulation with a range (by
database) of 22% to 54%. Treatment choice was not influenced by age or vascular risk factors.
However, neuroradiologic findings (superficial or multiple infarcts) and high-risk echocardio-
graphic features (large shunts, shunt at rest, and septal hypermobility) were predictors of antico-
agulation use.

Conclusion: Both antithrombotic regimens are widely used for secondary stroke prevention in pa-
tients with CS and PFO. Radiologic and echocardiographic features were strongly associated
with treatment choice, whereas conventional vascular risk factors were not. Prior observational
studies are likely to be biased by confounding by indication. Neurology® 2014;83:1954–1957

GLOSSARY
CS 5 cryptogenic stroke; PFO 5 patent foramen ovale; PICSS 5 PFO in Cryptogenic Stroke Study; RoPE 5 Risk of Para-
doxical Embolism.

There is no definitive study comparing the efficacy of anticoagulation with antiplatelet therapy in
patients with cryptogenic stroke (CS) and patent foramen ovale (PFO) or consensus from guide-
lines1–3 regarding the optimal antithrombotic regimen for secondary stroke prevention. While a
meta-analysis including both randomized and (mostly) observational data suggested benefit from
anticoagulation,4 the component studies did not control for confounding by indication. It is
possible that patient characteristics might determine both therapy choice and prognosis.

The determinants of antithrombotic use in this population are unknown. We examined
whether patients with CS 1 PFO are nonrandomly assigned to secondary prevention strategies
and whether treatment is associated with patient characteristics at the time of the index stroke
using the Risk of Paradoxical Embolism (RoPE) Study database.

METHODS The RoPE Study and methods have been described previously.5,6 In brief, we created a database of 3,674 participants

with CS and known PFO status (transesophageal echocardiography or transcranial Doppler) by combining existing cohort studies with
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protocol-driven follow-up. Index events were strokes or TIAs.

The operational definition of “cryptogenic” varied somewhat

between databases but generally adhered to the TOAST (Trial

of Org 10172 in Acute Stroke Treatment) criteria. For the RoPE

Study, participants with medium-risk cardiac sources of

embolism, including PFO, were considered cryptogenic. To be

included, each cohort study was required to have a minimum of

85% follow-up for 1-year outcome and sufficient clinical,

echocardiographic, and neuroradiologic data to permit

multivariate modeling. Variable definitions have been described

previously.5,6 Variables were selected for analysis based on

availability across databases and the plausibility that they might

influence therapeutic decision-making.

Participants were classified as being treated with antiplatelets

or anticoagulation based on treatment after the index event. Sub-

sequent changes in medication were not analyzed. Participants

without recorded discharge medications or discharged on a com-

bination of both treatments were excluded in the primary analy-

sis, but the latter were included within the anticoagulation group

in a sensitivity analysis. Information was not available in the

RoPE datasets about concurrent indications for anticoagulation.

Those who were eventually treated with PFO closure were not

excluded but were censored at the time of the procedure. Of

the 12 RoPE databases, 4 were excluded because treatment was

protocol-dictated (French,7 all treated with antiplatelets, and

PICSS [PFO in Cryptogenic Stroke Study],8 randomized assign-

ment), treatment was unknown (Bern unpublished), or the prev-

alence of one treatment was so low as to make hierarchical

modeling impossible (Lausanne, antiplatelet use ,5%).

Characteristics were compared between patients treated with

anticoagulation and antiplatelets using 2-sample t tests (for age)
and x2 tests for all other categorized variables. Analyses were

performed on raw data. Data are summarized as means and

SDs and percentages, with the sample size for nonmissing values.

Multiple imputation, with 20 imputed datasets, was used to

fill in missing data. Generalized linear models with a logit link

function were used to estimate the odds ratios for each variable

with the outcome of anticoagulation treatment controlling for a

random effect of source database. All variables with a p value of

,0.20 from these analyses were entered into a multivariable

model, and retained if adjusted effects had a p value ,0.05.

The SAS procedures PROC MI and PROC GLIMMIX and

PROCMIAnalyze were used to impute data, perform generalized

linear model analyses, and then combine analysis results across

the datasets, respectively (SAS version $9.2; SAS Institute Inc.,

Cary, NC).

Standard protocol approvals, registrations, and patient
consents. This study was approved by the Tufts Medical Center

Internal Review Board.

RESULTS The RoPE databases that met inclusion
criteria were CODICIA (Prospective Spanish Multi-
center Study), APRIS (Aortic Plaque and Risk of
Ischemic Stroke), Bern published, Toronto, Sapienza,
Tufts, German, and NOMASS (Northern Manhat-
tan Stroke Study). Participants with CS 1 PFO
treated with anticoagulation or antiplatelets were
included (n 5 1,132). Overall, 438 participants
(39%) were treated with anticoagulation with a range
(by database) of 22% to 54%. Table 1 shows the
demographics and results overall and by treatment
group. The only clinical variables associated with

decreased warfarin use were (1) index TIA event,
and (2) later participant enrollment. Warfarin use
before publication of the PICSS Trial (pre-2002)
was 46% and was 35% in 2002 and after (p 5

0.001). The radiologic variables associated with
increased warfarin use were (1) superficial infarct
location (46% vs 31%, p5 0.0001), and (2) multiple
acute infarcts on the index imaging (52% vs 31%,
p 5 0.0027). All 3 echocardiographic variables were
associated with treatment choice—anticoagulation
was more common in those with large shunts (47%
vs 37%, p5 0.0119), shunting at rest (47% vs 27%,
p 5 0.002), and a hypermobile interatrial septum
(54% vs 34%, p , 0.001).

Results from the unadjusted and adjusted general-
ized linear models controlling for site and using mul-
tiple imputation are consistent with those from the
raw data. The only exception is that in the multivar-
iable model, once superficial location is controlled
for, the p value for multiple infarcts becomes
.0.05. Sensitivity analyses that (1) added partici-
pants treated with both antithrombotics (n 5 51)
to the anticoagulation group, and (2) separated com-
ponent databases into high and low users of antico-
agulation yielded the same associations (tables e-1 and
e-2 on the Neurology® Web site at Neurology.org).

DISCUSSION Our data show that echocardiographic
and neuroradiologic features putatively indicative of
“paradoxical embolism” (i.e., superficial lesion, mul-
tiple acute lesions, large shunt, and atrial septal aneu-
rysm) are associated with anticoagulation for
secondary stroke prevention in patients with CS 1

PFO. However, clinical features associated with a
probable pathogenic PFO (younger age and the
absence of conventional vascular risk factors9) are
not. In addition, anticoagulation became less fre-
quently used after publication of PICSS in 2002.
We did not investigate outcome rates or the compar-
ative effectiveness of the treatments.

Despite the overall negative results of PICCS,
which compared warfarin with aspirin in noncar-
dioembolic stroke, there is some evidence that antico-
agulation may be more effective for patients with
CS1 PFO.2 The pathology in paradoxical embolism
(venous thromboembolism) may be analogous to
deep vein thrombosis and pulmonary embolism,
where warfarin treatment has consistently been supe-
rior to antiplatelets. Only a small minority of partic-
ipants from PICSS had CS 1 PFO and were
randomized to antithrombotic treatment (98/601).
A trend in favor of warfarin was observed in this
group but did not reach statistical significance (hazard
ratio 0.52, 95% confidence interval 0.16–1.67; p 5

0.28). A recent meta-analysis4 including mostly
observational data suggests a similar—and statistically
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significant—benefit for anticoagulation over anti-
platelet therapy although it was potentially biased
by confounding by indication.

Our data, however, suggest that the prior observa-
tional studies, and so the meta-analyses,10 are likely to
be severely limited by confounding by indication. In
the RoPE population, the subgroup treated with anti-
coagulation and the one treated with antiplatelets are
systematically different in ways that may influence the

rates of recurrent stroke. Treatment effects measured
across these groups are likely to be biased without
controlling for confounding variables.

Our study has several limitations. We did not
account for the planned sequential use of one antith-
rombotic and then another, e.g., several months
of poststroke warfarin followed by antiplatelets. How-
ever, this does not explain the observed associations.
We were limited by the variables that were included

Table 1 Characteristics of patients with PFO treated with anticoagulant vs antiplatelet therapy

Characteristica All (n 5 1,132)

Treated with
anticoagulation
(n 5 438)

Treated with AP
(n 5 694) p Valueb

Study ,0.0001c

CODICIA 26.3 (298) 18.9 (83) 31.0 (215)

NOMASS/APRIS 2.4 (27) 1.4 (6) 3.0 (21)

Bern published 12.9 (146) 18.0 (79) 9.7 (67)

Toronto 7.9 (89) 5.9 (26) 9.1 (63)

Sapienza 11.7 (133) 9.4 (41) 13.3 (92)

Tufts 8.1 (92) 11.0 (48) 6.3 (44)

German 30.7 (347) 35.4 (155) 27.7 (192)

Clinical variables

American 10.5 (119/1,132) 12.3 (54/438) 9.4 (65/694) 0.1134

Age, y 53.7 6 14.7 (1,132) 53.1 6 14.6 (438) 54.1 6 14.8 (694) 0.2769

Age >65 y 26.1 (296/1,132) 25.1 (110/438) 26.8 (186/694) 0.5293

Sex, female 40.2 (455/1,132) 41.1 (180/438) 39.6 (275/694) 0.6231

White 86.5 (218/252) 89.5 (85/95) 84.7 (133/157) 0.2837

History of

Diabetes 10.4 (117/1,127) 10.6 (46/436) 10.3 (71/691) 0.8826

Coronary artery disease 6.3 (64/1,018) 6.8 (27/395) 5.9 (37/623) 0.5658

Hypercholesterolemia 28.3 (232/821) 27.4 (96/350) 28.9 (136/471) 0.649

Smoking 28.7 (321/1,120) 25.9 (113/436) 30.4 (208/684) 0.105

Stroke or TIA 15.6 (177/1,132) 18.3 (80/438) 14.0 (97/694) 0.053

Statins 18.1 (45/248) 21.3 (20/94) 16.2 (25/154) 0.3175

Antiplatelets 14.9 (127/852) 15.9 (49/308) 14.3 (78/544) 0.5362

Anticoagulants 2.6 (14/547) 3.1 (7/224) 2.2 (7/323) 0.4855

Incident TIA (vs stroke) 19.6 (195/997) 15.2 (60/396) 22.5 (135/601) 0.0044c

Pre-2002 32.4 (367/1,131) 38.1 (167/438) 28.9 (200/693) 0.0012c

Neuroradiology

Superficial infarct 64.8 (359/554) 73.1 (166/227) 59.0 (193/327) 0.0006c

Multiple infarct 21.1 (95/450) 27.8 (49/176) 16.8 (46/274) 0.0051c

Echocardiography

Large PFO 58.7 (441/751) 64.0 (206/322) 54.8 (235/429) 0.0113c

Shunt at rest 70.2 (318/453) 80.3 (151/188) 63.0 (167/265) <0.0001c

Hypermobile septum 26.4 (281/1,065) 36.4 (152/418) 19.9 (129/647) <0.0001c

Abbreviations: AP 5 antiplatelets; APRIS 5 Aortic Plaque and Risk of Ischemic Stroke; CODICIA 5 Prospective Spanish
Multicenter Study; NOMASS 5 Northern Manhattan Stroke Study; PFO 5 patent foramen ovale.
aData are % (n) or mean 6 SD.
b The p values were from t test (age) or x2 test.
cp values ,0.05.

1956 Neurology 83 November 18, 2014



in the component databases. There may be unmea-
sured factors that influenced treatment decisions
but that were not collected in the component
databases. The variable definitions differed by site,
potentially leading to patient misclassification. How-
ever, effort was made during the creation of the data-
base to harmonize the variables as much as possible.

The RoPE dataset confirms that anticoagulants
and antiplatelet drugs are nonrandomly assigned to
participants with CS and that there is an association
with radiologic and echocardiographic features
available at the time of the index event. Conventional
vascular risk factors, including age, were not associ-
ated with treatment choice. Despite the fact that
anticoagulation has not been shown to be beneficial
for paradoxical embolism, influential variables are
consistent with those often assumed to support an
embolic etiology or a perceived “high-risk” PFO.
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