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Background and Purpose—Patent foramen ovale (PFO) is associated with cryptogenic stroke. There is no study that
assessed the effect of age on adverse event rates in cryptogenic stroke patients with PFO. The purpose of this
retrospective analysis from PFO in Cryptogenic Stroke Study (PICSS) database was to assess the effect of age on the
risk of adverse events in medically treated cryptogenic stroke patients with PFO.

Methods—250 cryptogenic stroke patients from PICSS were followed-up for 24 months, with death and recurrent ischemic
stroke as primary endpoints. Hazard ratios were calculated for determination of relative risk in cryptogenic stroke
patients with and without PFO in 3 age groups (younger than 55, 55 to 64, and 65 years or older).

Results—Among the 2 younger age groups, the presence of PFO did not significantly affect the risk of adverse events
(P�0.15; hazard ratio�0.21; 95% CI, 0.02 to 1.78; 2-year event rates, 2.0% versus 9.3%; and P�0.70; hazard
ratio�0.72; 95% CI, 0.14 to 3.73; 2-year event rates, 10.0% versus 13.9%). However, in those aged 65 years or older,
the risk of adverse events was significantly higher in the patients with PFO (P�0.01; hazard ratio�3.21; 95% CI, 1.33
to 7.75; 2-year event rates 37.9% versus 14.5%).

Conclusions—In this exploratory analysis, the presence of PFO in the younger cryptogenic stroke patients did not increase
the risk of adverse events. However, in the older patients, PFO significantly increased the risk of adverse events. (Stroke.
2004;35:2145-2149.)
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Patent foramen ovale (PFO) has been associated with
stroke, particularly in young patients with cryptogenic

stroke.1,2 For medically treated cryptogenic stroke patients
with PFO, data on recurrent event rates are available for the
younger patients,3–5 but there is no information on the event
rates among older patients. We have recently shown in PFO
in Cryptogenic Stroke Study (PICSS) that in the overall group
of ischemic stroke patients receiving medical therapy, ad-
verse event rates are similar between those with and without
PFO.6 The patient population in PICSS was unique because,
unlike previous studies, both younger and older cryptogenic
stroke patients were included. In this retrospective study
using PICSS data, we tested the hypothesis that the effect
of the presence of PFO on the risk of adverse events differs
by age.

Materials and Methods
Patient Recruitment
PICSS collaborated with Warfarin–Aspirin Recurrent Stroke Study
(WARSS) for patient recruitment and follow-up.7 WARSS was a
48-center double-blind study that randomized 2206 stroke patients to

either warfarin or aspirin, with follow-up for stroke recurrence or
death over a 24-month period. At each center, cryptogenic stroke
patients in WARSS were solicited to undergo transesophageal
echocardiography (TE). PICSS also included all WARSS patients
that underwent TE for clinical purposes. All protocols for WARSS
and PICSS were approved by the Institutional Review Board at each
participating center.

Eligibility
Patients aged 30 to 85 deemed safe to undergo warfarin therapy were
eligible. Eligible patients experienced ischemic stroke within the
previous 30 days and rated �3 on the Glasgow Outcome Scale
(severe disability, moderate disability, no or minimal disability).8
Ineligible patients had baseline international normalized ratio (INR)
above the normal range (�1.4), stroke related to a procedure,
attributable to cardioembolic source, or planned to undergo surgery
for high-grade carotid stenosis. Patients with contraindication to TE
were excluded from consideration for participation in PICSS.

Stroke Subtyping
All baseline strokes were subtyped by a local neurology primary
investigator based on a predefined criteria set in the WARSS
protocol, modeled after the National Institute of Neurological Dis-
orders and Stroke (NINDS) Stroke Data Bank and Trial of Org
10172 in Acute Stroke Therapy (TOAST).9 Subtypes were lacunar,
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large vessel, cryptogenic, other determined cause, and conflicting
mechanisms. Cryptogenic strokes typically have no definite source
of the stroke despite an adequate diagnostic evaluation.

Medications and Blinding
Medications used were aspirin (Sterling-Winthrop [now Bayer])
325-mg tablets taken once daily and warfarin (duPont) in 2-mg
scored tablets taken daily, adjusted to achieve and maintain INR 1.4
to 2.8. Patients were double-blindly randomized to active aspirin or
warfarin, and to an identical placebo.

Follow-Up
All patients were followed-up for 2 years, operationalized as 24�1
months. Follow-up was made on a monthly basis by phone or in
person to assess compliance and to regulate INRs. Quarterly and
annual in-person follow-ups for detailed examination were
also made.

TE Protocol
All patients underwent TE guided by a predefined PICSS protocol
using either a biplane or a multiplane probe. The TE protocol
emphasized delineation of TE-associated embolic sources, including
extensive characterization of PFO. Saline contrast injection was
performed at rest as well as with and without Valsalva maneuver or
cough. Ongoing quality control was maintained with feedback to the
site regarding TE study quality.

Analysis of Tapes
All TE tapes were analyzed by a single observer blinded to treatment
assignment, stroke subtype, or outcome. PFO was determined to be
present if on saline contrast injection there was appearance of at least
1 microbubble in left atrium within 3 cardiac cycles after opacifica-
tion of right atrium.6,10,11 PFOs with either �2-mm separation of
septum secundum and primum or �10 microbubbles appearing in
the left atrium were classified as large. All other PFOs were
classified as small.6

Assessment of Endpoints
The primary endpoint was recurrent ischemic stroke or death from
any cause. Secondary endpoints included stroke, death or transient
ischemic attack (TIA), stroke or TIA, and stroke. Clinical evidence
of a recurrent ischemic stroke was a new lesion on CT or MRI, or
when new lesions were absent or clinical syndrome consistent with
stroke of �24 hours’ duration. All clinical and radiological events
were adjudicated independently by a panel blinded to treatment
assignment.7

Statistical Analysis
Patients were divided into 3 age groups and categorized as to the
presence or absence of PFO. Within each age group, differences
between those with and without PFO for sociodemographic vari-
ables, stroke risk factors, and stroke characteristics were assessed by
unpaired t test for continuous variables and by Fisher exact test for
categorical variables. Kaplan–Meier curves were constructed and a
Cox proportional hazards model was used to determine the relative
hazard ratio and associated 95% confidence interval for PFO with
patients stratified into different age groups. Differences in hazard
ratios between age strata were assessed using indicator variables.
Multivariate analyses were performed that included stroke risk
factors that were differentially distributed between subjects with and
without the exposure variable of interest within any of the age
groups. Analyses were performed for the primary endpoint and each
of the secondary endpoints. Reported 2-year event rates are point
estimates derived from the Kaplan–Meier curves. P�0.05 was
considered significant for all analyses.

Results
In PICSS, 630 patients were enrolled. After the planned 2
years of follow-up, endpoint status was known for 620

(98.4%). The remaining 10 (1.6%) withdrew consent or were
lost to follow-up at a mean 13.2�10.5 months after random-
ization. There were 223 patients aged �55 years, 177 aged 55
or older to younger than 65 years, and 230 aged 65 years or
older. When the strokes among the 630 PICSS patients were
subtyped, 265 (42.1%) were cryptogenic and 365 (47.9%)
were other subtypes (244 lacunar, 68 large vessel, 27 other
determined cause, and 26 conflicting mechanism). Of 265
cryptogenic stroke patients, TE tapes for 15 were inadequate
for analysis, leaving 250 patients for analysis in this study.
There were 103 cryptogenic stroke patients aged younger
than 55 years, 56 who were aged 55 to 64 years, and 91 aged
65 years or older. The mean INR in the warfarin-treated
patients was 1.98�0.40 (median 2.0).

Endpoints
The analyses were adjusted for the 4 patients lost to follow-up
using a prespecified imputation procedure.7 Using this model,
the overall primary event rate was 12.8%. Among the 265
cryptogenic stroke patients, there were a total of 34 end-
points, including 24 strokes and 10 deaths. Additionally, 16
TIAs occurred, including 3 that occurred before the primary
event.

Events According to Age and PFO Status
Sociodemographic factors for cryptogenic stroke patients in
different age groups are shown in Tables 1, 2, and 3. As
shown in Tables 4 and 5, the presence of PFO did not increase
the risk of adverse events in the 2 younger age groups. This
was the case with and without inclusion of TIA as an
additional endpoint and when stroke and TIA, as well as
stroke alone, were considered as separate endpoints. After
adjusting for unevenly distributed variables that affect out-

TABLE 1. Demographic and Stroke Risk Factors in Patients
Aged Younger Than 55 Years With and Without PFO

Variable
PFO

(N�49)
No PFO
(N�54) P *

Sociodemographic

Age 42.9�7.0 44.5�6.6 0.24

Male (%) 28/49 (57.1) 28/54 (51.9) 0.69

Stroke characteristics (%)

Glasgow score �5 7/49 (14.3) 19/54 (35.2) 0.02

Barthel score �95 7/49 (14.3) 11/54 (20.4) 0.45

Risk factors (%)

Hypertension 13/49 (26.5) 21/54 (38.9) 0.21

Diabetes 4/49 (8.2) 9/54 (16.7) 0.24

Heart disease 6/49 (12.2) 8/54 (14.8) 0.78

Previous stroke 1/47 (2.1) 6/52 (11.5) 0.12

Current smoker 16/49 (32.7) 25/54 (46.3) 0.17

Sedentary 5/48 (10.4) 16/54 (29.6) 0.03

Obese 23/49 (46.9) 30/54 (55.6) 0.43

Heavy alcohol consumption 6/49 (12.2) 6/54 (11.1) 1.0

Moderate alcohol consumption 28/49 (57.1) 24/54 (44.4) 0.24

Treatment assignment: warfarin (%) 22/49 (44.9) 30/54 (55.6) 0.33

*PFO vs no PFO.
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come (Glasgow score, moderate alcohol consumption, cur-
rent smoking, and sedentary lifestyle), there were no signif-
icant differences in the findings.

However, as shown in Table 6, when the cryptogenic
stroke patients with and without PFO were compared in those
aged 65 years or older, there was a significantly increased risk
of an adverse event in those with PFO. This was the case

when TIA was included as an endpoint and when stroke and
TIA, as well as stroke alone, were considered as separate
endpoints. We also repeated the multivariate analyses includ-
ing hypertension, diabetes, and previous stroke, along with
the other risk factors already included. These analyses yielded
similar results.

To assess if difference in PFO size played a role in these
findings, we compared the prevalence of large PFO in the
oldest age group to that in the younger groups; the prevalence
of large PFOs was lower in the oldest group (63% in those
younger than 55 years, 45% in those 55 to 64 years, and 34%
in those 65 years or older; P�0.01 for trend). Thus the event
rates in patients with PFO in the oldest age group was high
despite the presence of smaller PFO. We also assessed INR in
warfarin-treated patients in those with and without PFO in
different age groups to determine if the variation in INR may
have played a part in the outcome variation; there was no
difference in INR achieved among different age groups.

Discussion
Although PFO has been associated with cryptogenic stroke in
young patients, only a few studies have assessed the associ-
ation of PFO with cryptogenic stroke in older patients.
Several studies noted an association of PFO with cryptogenic

TABLE 2. Demographic and Stroke Risk Factors in Patients
Aged 55 to 64 Years With and Without PFO

Variable
PFO

(N�20)
No PFO
(N�36) P *

Sociodemographic

Age 60.0�3.2 60.2�3.1 0.78

Male (%) 15/20 (75.0) 24/36 (66.7) 0.56

Stroke characteristics (%)

Glasgow score �5 6/20 (30.0) 12/36 (33.3) 1.0

Barthel score �95 3/20 (15.0) 12/36 (33.3) 0.21

Risk factors (%)

Hypertension 8/20 (40.0) 22/33 (66.7) 0.09

Diabetes 3/19 (15.8) 11/36 (30.6) 0.33

Heart disease 4/20 (20.0) 6/36 (16.7) 0.73

Previous stroke 1/18 (5.6) 5/32 (15.6) 0.40

Current smoker 3/20 (15.0) 16/36 (44.4) 0.04

Sedentary 4/20 (20.0) 17/35 (48.6) 0.05

Obese 10/20 (50.0) 15/36 (41.7) 0.59

Heavy alcohol consumption 1/20 (5.0) 7/36 (19.4) 0.24

Moderate alcohol consumption 12/20 (60.0) 10/36 (27.8) 0.02

Treatment assignment: warfarin (%) 9/20 (45.0) 16/36 (44.4) 1.0

*PFO vs no PFO.

TABLE 3. Demographic and Stroke Risk Factors in Patients
Aged 65 Years or Older With and Without PFO

Variable PFO (N�29)
No PFO
(N�62) P *

Sociodemographic

Age 72.4�4.4 72.1�5.2 0.73

Male (%) 19/29 (65.5) 29/62 (46.7) 0.12

Stroke characteristics (%)

Glasgow score �5 8/29 (27.6) 20/62 (32.3) 0.81

Barthel score �95 6/29 (20.7) 17/62 (27.4) 0.61

Risk factors (%)

Hypertension 14/29 (48.3) 24/62 (38.7) 0.49

Diabetes 5/29 (17.2) 16/62 (25.8) 0.43

Heart disease 8/29 (27.6) 13/62 (21.0) 0.59

Previous stroke 4/28 (14.3) 7/56 (12.5) 1.0

Current smoker 5/29 (17.2) 8/62 (12.9) 0.75

Sedentary 14/28 (50.0) 26/62 (41.9) 0.50

Obese 11/29 (37.9) 25/62 (40.3) 1.0

Heavy alcohol consumption 2/29 (6.9) 5/62 (8.1) 1.0

Moderate alcohol consumption 14/29 (48.2) 24/62 (38.7) 0.49

Treatment assignment: warfarin (%) 11/29 (37.9) 26/62 (41.9) 0.82

*PFO vs no PFO.

TABLE 4. Hazard Ratios and 2-Year Adverse Event Rates in
Patients Aged Younger Than 55 Years With and Without PFO

PFO, %
(N�49)

No PFO, %
(N�54)

Hazard Ratio
(95% CI) P *

Death/stroke 2.0 9.3 0.21 (0.02–1.78) 0.15

0.25 (0.03–2.14) 0.20

Death/stroke/TIA 12.2 16.7 0.68 (0.20–1.35) 0.47

0.79 (0.28–2.26) 0.66

Stroke/TIA 12.2 16.7 0.68 (0.20–1.35) 0.47

0.77 (0.26–2.13) 0.58

Stroke 2.0 9.3 0.21 (0.02–1.78) 0.15

0.23 (0.03–1.96) 0.18

Values in bold are from multivariate model adjusting for sedentary lifestyle,
moderate alcohol use, current smoking, and Glasgow score �5.

*PFO vs no PFO.

TABLE 5. Hazard Ratios and 2-Year Adverse Event Rates in
Patients Aged 55 to 64 Years With and Without PFO

PFO, %
(N�20)

No PFO, %
(N�36)

Hazard Ratio
(95% CI) P *

Death/stroke 10.0 13.9 0.72 (0.14–3.73) 0.70

0.78 (0.14–4.28) 0.77

Death/stroke/TIA 10.0 16.7 0.59 (0.03–1.92) 0.52

0.77 (0.15–4.01) 0.76

Stroke/TIA 5.0 13.9 0.36 (0.04–3.08) 0.35

0.46 (0.05–4.13) 0.49

Stroke 5.0 11.1 0.46 (0.05–4.08) 0.48

0.48 (0.05–4.57) 0.52

Values in bold are from multivariate model adjusting for sedentary lifestyle,
moderate alcohol use, current smoking, and Glasgow score �5.

*PFO vs no PFO.
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stroke,2,12 whereas another did not.13 The effect of medical
therapy in younger cryptogenic stroke patients with PFO has
previously been reported.4,5 However, there are no studies
that assessed the efficacy of medical therapy in older cryp-
togenic stroke patients with PFO. Thus we sought to deter-
mine if differences in age affected the risk of adverse events
in medically treated cryptogenic stroke patients with PFO.
PICSS presented a unique opportunity to assess the adverse
event rates in older cryptogenic stroke patients with PFO
because a large proportion of the enrolled patients were older
patients. We chose to analyze the PFO effect in the 3 different
age groups, including a group aged younger than 55 years,
which is the age range of patients in recent studies evaluating
the efficacy of medical therapy in patients with PFO.

When the effect of the presence of PFO was assessed in the
cryptogenic stroke patients, we found that in younger pa-
tients, PFO did not increase the risk of adverse events. Our
event rate of 2.0% over 2 years or 1.0% per year in those
younger than 55 years is similar to the rates from the
previously published reports. Mas et al report 13 deaths or
strokes in 277 patients with PFO aged 55 or younger
followed-up for an average of 38 months, or an annual event
rate of 1.6%.5 Bogousslavsky et al report an annual rate of
2.4% for death or stroke in 140 patients younger than 60.4

These relatively low event rates in the younger patients may
be caused by several factors; in younger patients, medical
therapy with aspirin or warfarin may be effective or the event
rate may be low even without the use of medication.

However, among the older patients compared with those
without PFO, although demonstrating similar stroke risk
factor profile, we find that older patients with PFO have a
particularly high adverse event rate. In the older patients, the
prevalence of factors contributing to paradoxical emboliza-
tion may increase. Some studies have noted higher prevalence
of thrombophilic disorders in cryptogenic stroke patients with
PFO, hinting that the propensity for venous thrombosis may
increase the chance of paradoxical embolization.14,15 Higher
prevalence of deep venous thrombosis has been reported in
some cryptogenic stroke patients with PFO.16 Older patients
in general, and especially those who have had a stroke, have
an increased propensity for venous thrombus formation be-

cause of the decreased physical activity level.17,18 Addition-
ally, there are changes in the endothelial and platelet function,
which may increase the chance for venous thrombus forma-
tion.19,20 As one ages, there is also an increase in right
ventricular pressure that may predispose to right-to-left
shunting in the presence of PFO.21,22 Thus the increased
availability of potentially embolic material and hemodynam-
ics favoring right-to-left shunt may contribute to the in-
creased chance of paradoxical embolization in older patients.

The present study found that older cryptogenic stroke
patients with PFO are at greater risk, whereas younger
cryptogenic stroke patients with PFO are not. This finding
implies that the effect of age on risk of stroke recurrence
differs between patients with and without PFO. It is possible
to demonstrate a significantly greater hazard ratio (P�0.02)
per decade of age in cryptogenic stroke patients with PFO
(hazard ratio�3.00; 95% CI, 1.66 to 5.37) compared with
cryptogenic stroke patients without PFO (hazard ratio�1.34;
95% CI, 0.92 to 1.95).

Catheter or surgical closure of PFO has been used for
potentially reducing recurrent event rates in cryptogenic
stroke patients with PFO.23–25 Because of relative simplicity,
the use of catheter closure has supplanted surgical closure.26

Catheter closure studies without control groups have reported
low recurrent event rates.24,25 However, it is important to note
that patients enrolled in catheter closure studies are young
patients and therefore are expected to have low event rates, as
shown in our and other studies. Therefore, compared with
medical therapy, efficacy of PFO closure to prevent recurrent
events in the young cryptogenic stroke patients remains
undefined and will require a large number of patients to
compare their effectiveness. Additionally, because device
placement may have an enhanced placebo effect, this factor
needs to be carefully considered in the design of such a
study.27 However, in the older medically treated cryptogenic
stroke patients with PFO, there appears to be a substantial risk
deriving from the presence of PFO. As such, a trial to address
the efficacy of PFO closure may need to focus on this
particular group of patients.

This is the first study to our knowledge that attempts to
compare the effect of age on the risk of adverse events in
medically treated cryptogenic stroke patients with PFO.
Patients were prospectively enrolled and treatment assign-
ment was double-blindly. All patients were followed-up
systematically and the echocardiograms were centrally
blindly analyzed. In addition, we adjusted our analyses for
any unevenly distributed variables that affect outcome. Also,
we assessed a combination of different endpoints to exclude
the possibility that non-neurological events accounted for the
high event rates in older population. Furthermore, to exclude
the possibility that large PFOs in an older population may
have contributed to increased event rates, we compared the
prevalence of large PFOs in different age groups. We also
confirmed that INR were similar among all groups treated
with warfarin.

However, there are inherent limitations in this study. First,
the study group was chosen from patients enrolled in PICSS,
which represented a subgroup of WARSS patients. Then, the
analysis was not prespecified and the number of patients in

TABLE 6. Hazard Ratios and 2-Year Adverse Event Rates in
Patients Aged 65 Years or Older With and Without PFO

PFO, %
(N�29)

No PFO, %
(N�62)

Hazard Ratio
(95% CI) P *

Death/stroke 37.9 14.5 3.21 (1.33–7.75)† 0.01

3.32 (1.36–8.10)† 0.01

Death/stroke/TIA 41.4 17.7 2.96 (1.30–6.72)† 0.01

2.92 (1.28–6.68) 0.01

Stroke/TIA 31.0 11.3 3.43 (1.27–9.22)† 0.01

3.32 (1.22–8.98)† 0.02

Stroke 27.6 8.1 4.14 (1.35–12.67)† 0.01

4.21 (1.36–13.02)† 0.01

Values in bold are from multivariate model adjusting for sedentary lifestyle,
moderate alcohol use, current smoking, and Glasgow score �5.

*PFO vs no PFO.
†P�0.05 vs patients younger than 55 years old.
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some of the groups was small. Additionally, we did not
compare the efficacy of aspirin with warfarin in each age
group because the number of patients became too small in
each comparison group.

Conclusions
The effect of age on adverse event rates in cryptogenic stroke
patients with PFO was assessed from patients enrolled in
PICSS. Although the number of patients is small and the
analysis is retrospective, we find that the presence of PFO in
the younger cryptogenic stroke patients did not increase the
risk of adverse events; however, in the older patients, PFO
significantly increased the risk while medical therapy was
being used.
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16. Stöllberger C, Slany J, Schuster I, Leitner H, Winkler WB, Karnik R. The
prevalence of deep venous thrombosis in patients with suspected para-
doxical embolism. Ann Intern Med. 1993;119:461–465.

17. Schina MJ, Meumyer MM, Healy DA, Atnip RG, Thiele BL. Influence of
age on venous physiologic parameters. J Vasc Surg. 1993;18:749–752.

18. Nurmohahed MT, Buller HR, ten Cate JW. Physiological changes due to
age: implications for the prevention and treatment of thrombosis in older
patients. Drugs & Aging. 1994;5:20–33.

19. Tschudi MR, Barton M, Bersinger NA, Moreau P, Cosentino F, Noll G,
Malinski T, Luscher TF. Effect of age on kinetics of nitric oxide release
in rat aorta and pulmonary artery. J Clin Invest. 1996;98:899–905.

20. Vilén L, Jacobsson S, Wadenvik H, Kutti J. ADP-induced platelet aggre-
gation as a function of age in healthy humans. Thromb Haemost. 1989;
61:490–492.

21. Brendan M, McQuillan BM, Picard MH, Leavitt M, Weyman AE.
Clinical correlates and reference intervals for pulmonary artery systolic
pressure among echocardiographically normal subjects. Circulation.
2001;104:2797–2802.

22. Dib JC, Abergel E, Rovani C, Raffoul H, Diebold B. The age of the
patient should be taken into account when interpreting Doppler assessed
pulmonary artery pressures. J Am Soc Echocardiog. 1997;10:72–73.

23. Homma S, DiTullio MR, Sacco RL, Smith C, Mohr JP. Surgical closure
of patent foramen ovale in selected patients with cryptogenic stroke: a
preliminary study. Stroke. 1997;28:2376–2381.

24. Martı́n F, Sánchez PL, Doherty E, Colon-Hernandez PJ, Delgado G,
Inglessis I, Scott N, Hung J, King ME, Buonanno F, Demirjian Z, de
Moor M, Palacios IF. Percutaneous transcatheter closure of patent
foramen ovale in patients with paradoxical embolism. Circulation. 2002;
106:1121–1126.

25. Bruch L, Parsi A, Grad MO, Rux S, Burmeister T, Krebs H, Kleber FX.
Transcatheter closure of interatrial communications for secondary pre-
vention of paradoxical embolism: single-center experience. Circulation.
2002;105:2845–2848.

26. Meier B, Lock JE. Contemporary management of patent foramen ovale.
Circulation. 2003;107:5–9.

27. Kaptchuk TJ, Goldman P, Stone DA, Stason WB. Do medical devices
have enhanced placebo effects? J Clin Epidemiol. 2000;53:786–792.

Homma et al Age and Adverse Events in Stroke Patients With PFO 2149


