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Dear Sir:

Recent randomized trials have shown the benefit of patent fo-
ramen ovale (PFO) closure for secondary stroke prevention in 
patients with high-risk PFO.1-3 Because these trials enrolled rela-
tively young (<60 years) patients, the current American Acade-
my of Neurology guidelines recommend PFO closure in stroke 
patients who are <60 years old.4 Therefore, the benefit of PFO 
closure in older patients remains unclear.5 Device Closure Versus 
Medical Therapy for Cryptogenic Stroke Patients With High-Risk 
Patent Foramen Ovale (DEFENSE-PFO) was a randomized trial 
that showed that cardio-cerebral vascular events were signifi-
cantly reduced in the PFO-closure arm than in the medical-
treatment arm.6 Since there was no age limit in this study, we 
aimed to investigate the benefit of PFO closure in older adults. 
The DEFENSE-PFO trial has been described elsewhere.6 Briefly, 
we enrolled patients who had an ischemic stroke within the 
previous six months and a high-risk PFO (PFO with an atrial 
septal aneurysm, hypermobility, or size of ≥2 mm on trans-
esophageal echocardiography) with no other identifiable causes. 
Patients with significant (≥50%) cerebral artery steno-occlusion 
or lacunar infarcts were excluded. The trial was approved by the 
Institutional Review Board at participating centers, and all pa-
tients provided written informed consent.

For this study, patients were grouped into two (<60 and ≥60 
years old). The primary endpoint was ischemic stroke or tran-
sient ischemic attack (TIA) during 2 years of follow-up. The sec-
ondary endpoints included stroke, TIA, vascular death, and 
Thrombolysis in Myocardial Infarction (TIMI)-defined major 
bleeding. The baseline characteristics were compared using 
Pearson’s chi-square tests or Fisher’s exact test for categorical 
variables and the Mann-Whitney test for continuous variables, 

as indicated. All analyses were conducted using the intention-
to-treat population. Cumulative incidence was plotted using 
Kaplan-Meier curves and compared using the log-rank test. The 
hazard ratio (HR) was evaluated using the penalized maximum 
likelihood estimation. The interactions between the treatment 
allocation and age subgroups for each endpoint were evaluated 
using the Cox proportional hazard model. Considering the small 
sample of patients with advanced age and the explorative na-
ture of the study, we set the significant P-value level as 0.1 
rather than 0.05. 

From September 2011 to October 2017, 120 patients (mean 
age, 52 years; 60 patients in each arm) were enrolled. There 
were 86 (71.7%) and 34 (28.3%) patients in the <60 and ≥60 
years groups, respectively. Patients in the ≥60 years group had a 
higher prevalence of cardiovascular risk factors and lower para-
doxical embolism (risk of paradoxical embolism [RoPE]) scores 
than those in the <60 group years (Supplementary Table 1). In 
the <60 and ≥60 years groups, 47 (54.7%) and 13 (38.2%) pa-
tients were assigned to the PFO-closure arm, respectively. The 
baseline characteristics of the patients are summarized in Table 
1. The baseline characteristics and anatomic features of PFO 
were similar in both groups, except for the higher RoPE score 
(7.6±1.5 vs. 6.9±1.2, P=0.02) and fewer current smokers (17.0% 
vs. 35.9%, P=0.05) in the PFO-closure arm of the <60 years 
group. 

The median follow-up duration was 2.5 years (interquartile 
range [IQR], 0.8 to 3.9) for the <60 years and PFO closure group, 
2.9 years (IQR, 0.9 to 4.6) for the <60 years and medical treat-
ment group, 4.4 years (IQR, 3.7 to 5.0) for the ≥60 years and 
PFO closure group, and 2.5 years (IQR, 0.8 to 3.9) for the ≥60 
years and medical treatment group. Recurrent ischemic stroke 
or TIA occurred in six patients; all were from the medical thera-

http://crossmark.crossref.org/dialog/?doi=10.5853/jos.2021.00647&domain=pdf&date_stamp=2021-05-31


Kwon et al.  PFO Closure in Old Patients

https://doi.org/10.5853/jos.2021.00647290 http://j-stroke.org

py arm (Table 2). The Kaplan-Meier curve showed no difference 
(2-year event rate, 5.8%; HR, 5.99; 95% confidence interval 
[CI], 0.15 to 246.68; log-rank P=0.12) in the <60 years group; it 

showed a difference (2-year event rate, 24.6%; HR, 7.36; 95% 
CI, 0.28 to 195.81; log-rank P=0.07) between the two treatment 
arms in the ≥60 years group (Figure 1). P-value for interaction 

Table 1. Baseline characteristics of patients aged <60 and ≥60 years

Characteristic
<60 Years ≥60 Years

PFO closure (n=47) Medication only (n=39) P PFO closure (n=13) Medication only (n=21) P

Age (yr) 44.2±12.1 47.3±9.3 0.18 67.8±6.1 67.1±4.7 0.94

Male sex 28 (59.6) 25 (64.1) 0.67 5 (38.5) 9 (42.9) 0.80

Medical history

Hypertension 8 (17.0) 7 (17.9) 0.91 4 (30.8) 10 (47.6) 0.33

Diabetes 2 (4.3) 4 (10.3) 0.40 4 (30.8) 4 (19.0) 0.68

Current smoker 8 (17.0) 14 (35.9) 0.05 2 (15.4) 2 (9.5) 0.63

Hypercholesterolemia 12 (25.5) 14 (35.9) 0.30 6 (46.2) 11 (52.4) >0.99

Modified Rankin Scale 0.30 0.29

0–1 38 (80.9) 30 (76.9) 10 (76.9) 12 (57.1)

2–3 9 (19.1) 9 (23.1) 3 (23.1) 9 (42.9)

RoPE score 7.6±1.5 6.9±1.2 0.02 4.5±1.0 4.6±1.2 0.51

Shunt at rest 0.38 0.53

No shunt 18 (39.1) 17 (43.6) 7 (53.8) 9 (42.9)

Left-to-right shunt 25 (54.3) 22 (56.4) 6 (46.2) 12 (57.1)

Right-to-left shunt 3 (6.5) 0 (0) 0 (0) 0 (0)

Bidirectional shunt 1 (2.1) 0 (0) 0 (0) 0 (0)

PFO size (mm) 3.3±1.6 3.2±1.0 0.53 2.7±1.0 3.1±1.2 0.19

TEE >20 microbubbles 38 (56.7) 29 (43.3) 0.47 12 (92.3) 17 (81.0) 0.63

Atrial septal aneurysm 3 (6.4) 5 (12.8) 0.46 2 (15.4) 3 (14.3) >0.99

Atrial septal hypermobility 22 (46.8) 17 (43.6) 0.77 6 (46.2) 10 (47.6) 0.93

Values are presented as mean±standard deviation or number (%).
PFO, patent foramen ovale; RoPE, risk of paradoxical embolism; TEE, transesophageal echocardiography.

Table 2. Outcomes of patients aged aged <60 and ≥60 years

Variable
<60 Years ≥60 Years

PFO closure (n=47) Medication only (n=39) P PFO closure (n=13) Medication only (n=21) P

Primary endpoint

Ischemic stroke or transient 
  ischemic attack

0 (0) 2 (5.1) 0.12 0 (0) 4 (19.0) 0.07

2-Year event rate (%) NA 5.8 NA 24.6

Hazard ratio (95% CI) 5.99 (0.15–246.68) 0.35 7.36 (0.28–195.81) 0.23

Secondary endpoint

Ischemic stroke 0 (0) 2 (5.1) 0.12 0 (0) 3 (14.3) 0.12

Vascular death 0 (0) 0 (0) NA 0 (0) 0 (0) NA

TIMI-defined major bleeding 0 (0) 1 (2.6) 0.28 0 (0) 1 (4.8) 0.41

Hemorrhagic stroke 0 (0) 1 (2.6) 0.28 0 (0) 0 (0) NA

Transient ischemic attack 0 (0) 0 (0) NA 0 (0) 1 (4.8) 0.41

Systemic embolization 0 (0) 0 (0) NA 0 (0) 0 (0) NA

Values are presented as number (%).
PFO, patent foramen ovale; NA, not applicable; CI, confidence interval; TIMI, Thrombolysis in Myocardial Infarction.
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was 0.96. When the ages of the patients were ≥70 years, the 
incidence of the primary outcome was significantly higher in 
the medication group than in the PFO closure group (2-year 
event rate, 80%; HR, 11.64; 95% CI, 0.43 to 318.81; log-rank 
P=0.03) (Supplementary Table 2 and Supplementary Figure 1). 
The magnetic resonance imaging (MRI) findings for five patients 
with recurrent ischemic stroke are summarized in Supplemen-
tary Table 3. All recurrent strokes were regarded as embolic in-
farctions because there was no significant cerebral artery ste-
nosis. Electrocardiography and Holter examinations were per-
formed for all the patients at the time of the initial stroke and 
repeated for four and two patients, respectively, at the time of 
recurrence. No embolic causes (e.g., atrial fibrillation) were 
identified. None of the patients showed MRI findings of lacunar 
infarction (subcortical infarcts with diameter <20 mm) during 
the initial and recurrent strokes. 

The main DEFENSE-PFO trial showed that PFO closure was 
effective in preventing recurrent ischemic stroke and some ma-
jor vascular events.6 This sub-study indicates that the benefit is 
greater in patients aged ≥60 years than in younger patients. 
Further analysis showed that PFO closure was even more effec-
tive in patients aged ≥70 years. The interaction analysis, howev-
er, did not show significant differences in the primary outcomes 

across the age groups. Nevertheless, the tendency of a better 
clinical response to PFO closure in old patients may be attribut-
ed to their higher frequency of recurrent strokes regardless of 
treatment (Supplementary Figure 2). Although PFO size may in-
crease with age,7 there were no significant differences in the 
PFO size and the prevalence of atrial septal aneurysm and hy-
permobility in the groups, probably because only patients with 
high-risk PFO were enrolled in our trial. Thus, morphological 
PFO characteristics cannot adequately explain our observations. 
Although vascular risk factors increased with age, all cases of 
recurrent stroke were regarded as embolic. Previous studies 
demonstrated that recurrent stroke is common in old patients 
with PFO,8 9 possibly due to the increased prevalence of venous 
thrombosis10 or increased right ventricular pressure that pro-
motes right-to-left shunting.11 Our findings, therefore, suggest 
that PFO closure may be needed in older adult patients who are 
prone to recurrent strokes. 

This study has limitations. (1) This subgroup analysis was not 
prespecified but post hoc. (2) The number of older patients was 
small; therefore, the results were not adequately powered and 
may have been a consequence of chance. (3) Although a Holter 
examination was performed for all patients for the initial stroke, 
not all patients with recurrent stroke underwent repeated exam-

Figure 1. Kaplan-Meier estimates for patent foramen ovale (PFO) closure and primary endpoint. Event-free survival of all the patients in the PFO-closure 
group (red line), patients aged <60 years in the medical-treatment group (blue line), and patients aged ≥ 60 years in the medical-treatment group (green line). 
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inations. Despite these limitations, our data suggest that PFO 
closure may be effective in preventing recurrent stroke in older 
patients. Although randomized trials involving more patients are 
required to confirm our preliminary findings, we suggest that 
PFO closure should be considered seriously, even in older pa-
tients. 

Supplementary materials

Supplementary materials related to this article can be found 
online at https://doi.org/10.5853/jos.2021.00647.
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Supplementary Table 1. Baseline characteristics of the patients according to age

Characteristic Age <60 years (n=86) Age ≥60 years (n=34) P

Age (yr) 45.6±10.9 67.3±5.2 <0.001

Male sex 52 (61.6) 14 (41.2) 0.04 

Medical history

Hypertension 15 (17.4) 14 (41.2) 0.01 

Diabetes 1 (7.0) 8 (23.5) 0.02 

Current smoker 22 (25.6) 4 (11.8) 0.10 

Hypercholesterolemia 26 (30.2) 17 (50.0) 0.04 

Qualifying event 0.09 

Anterior circulatory territory 40 (46.5) 22 (64.7)

Multiple territories 1 (1.2) 1 (2.9)

Modified Rankin Scale 0.10 

0–1 68 (79.1) 22 (64.7)

2-3 18 (20.9) 12 (35.3)

RoPE score 7.3±1.4 4.56±1.1 <0.001

Shunt at rest 0.62 

No shunt 16 (47.1) 35 (41.2)

Left-to-right shunt 18 (52.9) 47 (55.3)

Right-to-left shunt 0 (0) 3 (3.5)

Bidirectional shunt 0 (0) 0 (0)

TEE >20 microbubbles 67 (77.9) 29 (85.3) 0.36 

PFO size (mm) 3.3±1.4 2.9±1.1 0.13 

Atrial septal aneurysm 8 (9.3) 5 (14.7) 0.52 

Atrial septal hypermobility 39 (45.3) 16 (47.1) 0.87 

Values are presented as mean±standard deviation or number (%).
RoPE, risk of paradoxical embolism; TEE, transesophageal echocardiography; PFO, patent foramen ovale.
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Supplementary Table 2. Outcomes of patients according to age 

Variable
<70 Years ≥70 Years

PFO closure (n=55) Medication only (n=54) P PFO closure (n=5) Medication only (n=6) P

Follow-up period (yr) 2.9 (1.1–4.3) 2.9 (0.9–4.6) 3.8 (2.1–4.5) 0.8 (0.5–2.1)

Primary endpoint

Ischemic stroke or transient ischemic attack 0 (0) 2 (3.7) 0.16 0 (0) 4 (66.7) 0.03

Secondary endpoint

Ischemic stroke 0 (0) 2 (3.7) 0.16 0 (0) 3 (50.0) 0.12

Vascular death 0 (0) 0 (0) NA 0 (0) 0 (0) NA

TIMI-defined major bleeding 0 (0) 1 (1.9) 0.29 0 (0) 1 (16.7) 0.32

Hemorrhagic stroke 0 (0) 1 (1.9) 0.29 0 (0) 0 (0) NA

Transient ischemic attack 0 (0) 0 (0) NA 0 (0) 1 (16.7) 0.32

Systemic embolization 0 (0) 0 (0) NA 0 (0) 0 (0) NA

Values are presented as median (interquartile range) or number (%).
PFO, patent foramen ovale; NA, not applicable; TIMI, Thrombolysis in Myocardial Infarction.

Supplementary Table 3. Magnetic resonance imaging characteristics of stroke in patients with recurrence stroke

No. Age (yr) PFO closure
Location Multiple lesions 

(initial/recur)
Cortical lesion 
(initial/recur)

Hemorrhagic change 
(initial/recur)

Ipsilateral artery 
stenosis (initial/recur)

Mechanism at 
recurInitial Recur

1 73 – Lt. Ant. Lt. Ant. –/– +/– –/– –/– Embolic

2 72 – Lt. Ant. Post. Both Ant. +/+ +/+ –/– –/– Embolic

3 51 – Rt. Ant. Rt. Ant. –/– +/– –/– –/– Embolic

4 75 – Rt. Ant. Lt. Ant. +/– +/+ –/+ –/– Embolic

5 50 – Lt. Ant. Rt. Ant. +/+ +/+ –/– –/– Embolic

PFO, patent foramen ovale; Lt., left; Ant., anterior; –, absent; +, present; Post., posterior; Rt., right.
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Supplementary Figure 1. Kaplan-Meier estimate for primary endpoint in age ≥70 years group. Event-free survival of the primary endpoint in the pat-
ent foramen ovale (PFO)-closure group (red line) versus the medical-treatment group (blue line) (log rank P=0.03).
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Supplementary Figure 2. Kaplan-Meier estimate for primary endpoint according to age. Graph showing primary endpoint event free survival in <60 
years group versus ≥60 years group.


