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RECURRENT RISK OF ADVERSE EVENTS IN MEDICALLY
TREATED PATIENTS WITH PATENT FORAMEN OVALE:
A REVIEW OF THE LITERATURE

Shunichi Homma, Robert R. Sciacca, Yukiko Oe, Tatjana Rundek, Ralph L. Sacco and Marco R. Di Tullio

Columbia University, New York, N.Y.,, USA

SUMMARY - Patent foramen ovale is associated with stroke. However, the rate of recurrent events in medically treated
patients with patent foramen ovale remains undefined. Estimates differ by the studies. In order to provide a more accurate
estimate of the recurrent adverse event rates in medically treated patients with patent foramen ovale, we reviewed the litera-
ture and analyzed the results from a total of 1,108 patients combining 12 studies. We found the annual rate of stroke or death
to be 3.12% (95% CI, 2.32-4.11%). This estimate will provide a valuable guideline for any future study to compare the efficacy
of other modalities such as percutaneous device closure of patent foramen ovale with medical treatment.
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Introduction

Patent foramen ovale (PFO) has been associated with
stroke, especially with stroke of undefined etiology or ‘cryp-
togenic’ stroke'. Up to 40% of strokes are deemed cryp-
togenic*, and given the annual rate of 750,000 patients in
the United States experiencing ischemic stroke, the num-
ber of cryptogenic stroke patients in this country reaches
over 250,000°. Now there are a variety of methods to po-
tentially reduce the rate of recurrent events in cryptoge-
nic stroke patients with PFO, which include surgery®’ and
percutaneous closure® .

The interest in closing PFO remains very high as a
potential therapeutic modality. As such, in designing a trial
to prevent recurrent events, it becomes critical, to have the
best available data on the recurrent event rates in medi-
cally treated cryptogenic stroke patients with PFO. Except
for a publication from 2001, there has been no systematic
literature review to assess the recurrent event rates in
patients with ischemic stroke and PFO!"'. As such, we

Correspondence to: Shunichi Homma, M.D., Division of Cardiology, De-
partment of Medicine, Columbia — Presbyterian Medical Center, PH-
3-342, 630 West 168™ Street, New York, N.Y. 10032, U.S.A.

E-mail: sh23@columbia.edu

Received July 4, 2003, accepted August 2, 2003

Acta Clin Croat, Vol. 42, No. 3, 2003

thought to assess this issue by pooling the data available
in the literature on medically treated cryptogenic stroke
patients with PFO.

Material and Methods

Recurrent event rates were estimated from all pub-
lished studies that are included in MedLine as well as
abstracts known to the authors to be presented at nation-
al meetings since 1990. The number of subjects, medical
treatment modality, and follow-up time were obtained for
each publication. There were 12 publications that were
considered appropriate and one not appropriate for inclu-
sion in this analysis. Summaries of these 12 studies are
shown below. Inclusion criteria were as follows:

1) patients with presumed paradoxic embolic events
without obvious cause, including patients with cryp-
togenic stroke, transient ischemic attacks (TIA), or
other arterial embolic events;

2) documented PFO documented on echocardiography,
either transthoracic (T'TE) or transesophageal (TEE)
echocardiography;

3) original manuscript is available in English.

For the purpose of creating a summary table, all-cause
mortality was included. Thus, when discrepancies in the
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numbers exist in some of the cells compared with the
published manuscript, this is due to the difference in the
criteria used for end-points. Table 1 includes author names
and year, number, type and mean age of study patients,
mean follow-up in months, and treatment modality used.
In terms of end-points, stroke, any-cause death, TIA,
stroke or death, stroke or TIA, and stroke, death or TTA
are included. In this study, we assessed the events in
medically treated patients irrespective of the type of ther-
apy. We did not have adequate information to determine
the efficacy of each therapy.

Studies included in the analysis

1) Schneck MJ, DiSavino EM, Leurgans S. Recurrence
rates in patent foramen ovale (PFO) and cryptogenic
stroke or transient ischemia (TIA). Circulation
2002;106:11514. (Abstract)*?

Forty-four patients with cryptogenic stroke and PFO,
14 of them aged =255, were followed up for 4514 months.
Eleven patients also had atrial septal aneurysm (ASA) and
recurrent events (4 strokes and 7 TIAs) each. At initial
event, 21 patients received anticoagulants, 20 antiplate-
let agents, and three no therapy. Log-rank tests showed
significant differences in recurrence between the patients
initially prescribed anticoagulants and those administered
antiplatelet agents (5% ws. 35%; X*=5.55; df=1; p=0.019).
Time to recurrence did not differ according to age
(p=0.29) or presence of ASA (p=0.37). Information on the
time of events is offered.

2) Hofmann I, Franzen O, von Kodolitsch Y, Koschyk D. Rate
of recurrent embolic events after paradoxic cerebral em-
bolism in patients with foramen ovale: comparison of trans-
venous occlusion of patent foramen ovale versus medical
therapy. Circulation 2002;106:11514. (Abstract) "

A total of 179 patients with presumed paradoxic cere-
bral embolism and PFO underwent transvenous occlusion
with an Angel Wings device (n=8), Amplatzer occluder
(n=108), ora PFO-Star device (n=62). The patients were
followed up for a mean of 12.7 months. A series of 111
patients with presumed paradoxic embolism and PFO
treated with aspirin (n=90) or phenprocoumon (n=21)
were followed up for 31 =11 months. The mean annual rate
of embolic event recurrence was 1.1% in patients treated
with an occluder system as compared with 4.1% in medi-
cally treated patients (p<0.05). No information on the
time of events is offered.

3) Homma Sh, Sacco RL, Di Tiullio MR, Sciacca RR, Mohr
JP, for PICSS Investigators. Effect of medical treatment in
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stroke patients with patent foramen ovale: patent foramen
ovale in cryptogenic stroke study. Circulation
2002;105:2625-31.'

PICSS was a 42-center study that evaluated transe-
sophageal echocardiographic (TEE) findings in patients
randomly assigned to warfarin or aspirin in the Warfarin-
Aspirin Recurrent Stroke Study (WARSS). In this study,
630 stroke patients were enrolled, 312 (49.5%) of them
randomized to warfarin and 318 (50.5%) to aspirin. Of
these, 265 patients experienced cryptogenic stroke and
365 had known stroke subtypes. End-points were recur-
rent ischemic stroke or death. PFO was present in 203
(33.8%) patients. There was no significant difference in
the time to primary end-points between the patients with
and those without PFO in the ovarall population (p=0.84;
hazard ratio 0.96; 95% CI 0.62-1.48; 2-year event rate 14.8%
os. 15.4%) or in the cryptogenic subset (p=0.65; hazard
ratio 1.17; 95% CI 0.60-2.37; 2-year event rate 14.3% vs.
12.7%). There was no significant difference among those
with no, small or large PFO (p=0.41 for small PFO and
p=0.16 for large PFO; 2-year event rates for no, small and
large PFO were 15.4%, 18.5% and 9.5%, respectively).
"There was no significant difference between patients with
isolated PFO and those with PFO in association with ASA
(p=0.84; 2-year event rate 14.5% vs. 15.9%). In patients
with PFO there was no significant difference in the time
to primary end-points between those treated with warfarin
and those on aspirin (p=0.49; hazard ratio 1.29; 95% CI
0.63-2.64; 2-year event rate 16.5%ws. 13.2%). Ninety-eight
cryptogenic stroke patients with PFO were treated with
warfarin (n=56) or aspirin (n=42), and followed up for
24+1 months. Amongst the warfarin treated patients there
were 2 strokes, 2 deaths and 3 TTAs. In the aspirin treated
group there were 8 strokes, 2 deaths and 5 T1As. Informa-
tion on the time of events is available.

4) Nedeltchev K, Arnold M, Wahl A, Struzenegger M, Vella
EE, Windecker S, Meier B, Martle HP Outcome of patients
with cryptogenic stroke and patent foramen ovale. ] Neu-
rol Neurosurg Psychiatry 2001;72:347-50."3

Artotal of 318 patients (mean age 50.7+13.5 years) with
cryptogenic stroke or TIA and PFO were followed up for
29+23 months. Of these, 159 patients received medical
treatment (79 oral anticoagulation and 80 platelet inhibi-
tors) and constituted study population. The remaining 159
patients underwent endovascular or surgical closure of
PFO and were not considered study population. The event
leading to the diagnosis of PFO was a TIA in 38 (23.9%),
an ischemic stroke in 119 (74.8%), and amaurosis fugax in
two (1.3%) patients. Forty-four (27.7%) patients had sus-
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tained multiple cerebrovascular ischemic events before
the diagnosis of PFO. Twenty-one (13.4%) patients had
recurrent cerebrovascular events (7 strokes and 14 TTAs).
The mean annual rate of recurrent stroke was 1.8%, and
of recurrent stroke or TIA 5.5%. When the patients with
PFO and multiple cerebrovascular events sustained before
the diagnosis of PFO were analyzed in separate, the mean
annual rate of recurrent cerebral ischemia was 3.6% for
recurrent stroke, and 9.9% for recurrent stroke and TIA.
These rates were significantly higher than those recorded
in patients with first ever stroke or TIA (p=0.02). Infor-
mation on the time of events is available.

5) Mas JL, Arquizan C, Lamy C, Zuber M, Cabanes L,
Derumeaux G, Coste J, for the Patent Foramen Ovale and Atrial
Septal Aneurysm Study Group. Recurrent cerebrovascular
events associated with patent foramen ovale, atrial septal
aneurysm, or both. N Engl ] Med 2001;345:1740-6.'°

Asseries of 581 patients (age range 18 to 55 years) with
cryptogenic stroke sustained within the preceding 3
months received aspirin (300 mg per day) for secondary
prevention. After 4-year (3810 months) follow-up, the
risk of recurrent stroke was 2.3% (95% CI 0-3-4.3%) in
patients with PFO alone (n=216), 15.2% (95% CI 1.8-
28.6%) in patients with both PFO and ASA (n=51), and
4.2% (95% CI 1.8-6.6%) in patients with neither PFO nor
ASA (n=304). There were no recurrences among the pa-
tients with ASA alone (n=10). The presence of both car-
diac abnormalities was a significant predictor of an in-
creased risk of recurrent stroke (hazard ratio for compari-
son with the absence of these abnormalities, 4.17;95% CI
1.47-11.84), whereas isolated PFO, either small or large,
was not. Information on the time of events is available.

6) De Castro S, Cartoni D, Fiorelli M, Rasura M, Anzini A,
Zanette EEM, Beccia M, Colonnese C, Fedele F Fieschi C, Pandian
NG. Morphological and functional characteristics of patent
foramen ovale and their embolic implications. Stroke
2000;31:2407-13.17

Seventy-four patients (mean age 53*14 years) with
acute ischemic stroke or TIA within 1 week of admission,
and with PFO identified by contrast TE were followed up
for a median of 31 (range 4 to 58) months. Thirteen PFO
subjects without the history of embolism were designat-
ed as a control group. In comparison with control subjects,
PFO patients with acute stroke or TTA more frequently
presented with a right-to-left shunt at rest and a higher
membrane mobility (p<0.05). Eight patients experienced
recurrent cerebrovascular events (5 strokes and 3 TIAs),
and two died from neoplasms. Of note, the patients en-
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rolled in the study had sustained cryptogenic stroke or TTA
and differentiation according to entry finding was not
possible. Information on the time of events is available.

7) Cujec B, Mainra R, Johnson DH. Prevention of recur-
rent cerebral ischemic events in patients with patent fo-
ramen ovale and cryptogenic strokes or transient ischem-
ic attacks. Can ] Cardiol 1999;15:57-64.18

The study included a series of 90 consecutive patients
aged <60 who underwent TE following a cryptogenic
stroke or TTA, 52 with and 38 without PFO. During a mean
follow-up of 46 months, 19 recurrent cerebral ischemic
events (7 strokes and 12 TIAs) were recorded in 14 pa-
tients with PFO, and 8 recurrent events (5 strokes and 3
TIAs) in six patients without PFO. The recurrence rate
was 12% and 5% per patient year in the PFO and control
group, respectively, for a crude recurrence rate ratio of 2.39
(95% C11.01-6.32; p<0.03). The risk attributable to PFO
in recurrent neurologic events was 7% per patient year. In
the Cox regression model, the predictors of recurrent neu-
rologic events were the presence of PFO (hazard ratio 5.27;
95% CI 1.58-7.6; p<0.007), history of migraine (hazard
ratio 4.54; 95% CI 1.11-18.52; p<0.035), hypertension
requiring therapy (hazard ratio 3.5; 95% CI 1.33-9.01;
p<0.01),and antiplatelet or no therapy instead of warfarin
therapy (hazard ratio 2.88; 95% CI 1.11-8.7; p<0.04). Four-
teen patients underwent surgical closure of PFO, with no
neurologic recurrences during a mean follow-up of 43
months (crude incidence rate difference 12% per patient
year; 95% CI 6.6-17.9; p<0.02). Information on the time
of events is offered.

8) Bogousslavsky J, Garazi S, Jeanrenaud X, Aebischer N, Van
Melle G, for the Lausanne Stroke with Paradoxical Embolism
Study Group. Stroke recurrence in patients with patent
foramen ovale: the Lausanne Study. Neurology
1999;46:1301-5."

Aseries of 140 consecutive patients (mean age 44+14
years, <60 years) with acute stroke and PFO were followed
up for 36 months. The initial event was stroke in 118 (84%)
and TTA in 22 (16%) patients. Pulmonary embolism, Val-
salva’s maneuver at onset, and coagulation abnormalities
were rare, however, one-fourth of the patients had intera-
trial septal aneurysm (ISA) coexisting with PFO. An alter-
native cause of stroke, mostly cardiac, was present in only
22 (16%) patients. The stroke or death rate was 2.4% per
year (stroke n=8, death n=5, TIA n=8), but only eight
(1.9% per year) patients had a recurrent infarct. This low
rate of recurrence contrasted the initial stroke severity.
Multivariate analysis showed that interatrial communica-
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tion, a history of recent migraine, posterior cerebral artery
territory infarct, and a coexisting cause of stroke were as-
sociated with recurrence, whereas ISA and treatment
modality (coagulant or antiaggregant therapy, surgical clo-
sure of PFO) were not. The presenting stroke was often
severe but recurrence was uncommon. The authors con-
clude that the demonstration of factors associated with a
higher risk of recurrence in patient subgroups is critical for
the longterm management of these patients. The total
number of patients also includes those undergoing surgery
(n=11), therefore the patient type at entry is not clearly
discernible as to either cryptogenic stroke or TIA. No in-
formation on the timing of events is offered.

9) Mas J, Zuber M, for the French Study Group on Patent
Foramen Ovale and Atrial Septal Aneurysm. Recurrent cere-
brovascular events in patients with patent foramen ovale,
atrial septal aneurysm, or both, and crpytogenic stroke or
transient ischemic attack. Am Heart ] 1995;130:1083-8.%°

The aim of this retrospective study was to assess the
absolute risk of recurrent cerebrovascular events in 132
patients aged <60 with PFO, ASA (diagnosed by TE) or
both, and an otherwise unexplained stroke or TIA. Dur-
ing a mean follow-up of 22+16 months, 6 patients sus-
tained recurrent stroke (n=2) or TTA (n=4). No system-
ic embolism was observed. The actuarial risk of recurrent
stroke was 2.3% (95% CI 0.6-8.2%), whereas the risk of
stroke or TIA was 6.7% (95% CI 3.1-14.2%). The mean
annual rate of recurrence was 1.2% and 3.4%, respectively.
In patients with both PFO and ASA, the actuarial risk of
first recurrent stroke was 9.0% (95% CI 2.4-28.5%) at 2
years, with a mean annual rate of recurrence of 4.4%. As a
group, the patients with PFO, ASA or both, and an other-
wise unexplained stroke or TTA appear to have a low risk
of recurrent stroke whatever the prophylactic antithrom-
botic therapy used. The association of ASA and PFO may
be an indicator of a higher risk of recurrent stroke. In our
"Table 1, patients with ASA alone (n=25) are not includ-
ed. The number of cryptogenic stroke and TIA is not giv-
en because ASA has been included in the number. One
patient that died from a ‘neoplasm’ has been excluded from
the ‘death’ category. Information on the time of events is
available.

10) Hausmann D, Miigge A, Danie/ WG. 1dentification of
patent foramen ovale permitting paradoxic embolism. ] Am
Coll Cardiol 1995;26:1030-8.%

"The study included 78 patients with PFO detected by
contrast TE: 21 patients with an otherwise unexplained
arterial ischemic event and clinical evidence implying para-
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doxic embolism (group I); 30 patients with an unexplained
ischemic event but no clinical evidence for paradoxic
embolism (group II); and 27 patients without ischemic
event (group III). On contrast TE, group I patients showed
amore severe right-to-left shunting (mean * SD, 52+16%
of the left atrial area filled with contrast medium) and
wider PFO opening (7.1£3.6 mm separation between the
septum primum and septum secundum) than group II
(35+15% and 4.4%=32 mm, respectively; p<0.001) or
group III (23+12% and 3.0+=2.0 mm, respectively;
p<0.001) patients. The incidence of ASA was similar in
the three groups. Severe contrast shunting (250% of the
left atrial area filled with contrast medium) and wide PFO
opening (25 mm separation) showed high sensitivity (71%
and 86%, respectively) and specificity (86% and 96%, re-
spectively) for identification of group I patients. Forty-four
of 51 patients (groups I and IT) treated with aspirin (n=17)
or warfarin (n=24) were followed-up for 59+12 months.
There was 1 recurrent stroke and 1 TIA in the aspirin
group, and 1 TIA in the warfarin group. Three patients
underwent surgery for PFO closure as a treatment modal-
ity. It is not clear whether these patients were included in
the follow-up number, however, the implication is that they
were not. The time to events is not available in this report.

11) Hanna JB Sun JB Furlan AJ, Stewart WJ, Sila CA, Tan
M. Patent foramen ovale and brain infarct, echocardio-
graphic predictors, recurrence, and prevention. Stroke
1994;25:782-6.%

During a 60-month period, PFO was identified on TE
by color Doppler or saline contrast study in 74 patients.
According to final clinical situation, patients were divided
into 3 groups: group 1, infarct with PFO a likely cause
(n=16); group 2, infarct with PFO an unlikely cause
(n=23); and group 3, no infarct (n=35). TEs were re-
viewed to assess PFO characteristics and associated car-
dioembolic sources without the knowledge of clinical de-
tails or group assignment. Follow-up data were obtained
by telephone or written correspondence in 15 of 16 group
1 patients. ASA was more common in group 1 (38%) as
compared with group 2 (10%) and group 3 (8%) (p=0.02).
Contrast right-to-left shunting occurred in 88% of group
1 (p=0.06) and 86% of group 2 (p=0.07) patients as com-
pared with 60% of group 3 patients. The prevention of
recurrence in subjects with presumed PFO-related brain
infarcts varied. Aspirin was usually chosen after initial brain
ischemia. Warfarin and PFO closure were usually reserved
for subjects with symptoms of brain ischemia while tak-
ing aspirin. No recurrent infarcts occurred in 15 patients
during a mean follow-up period of 28 months. Two of these
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15 patients underwent surgical PFO closure, thus the
number in Table 1 is 13. Information on the time of events
1s available.

12) Sharma AK, Ofili E, Castello R, Sullivan N, Labovits AJ.
Effect of treatment on recurrent embolic events with atrial
septal aneurysm and associated right to left shunting. JAm
Soc Echo 1991;3:294. (Abstract)®

Thirty-eight patients, mean age 55 (range 20-80) years,
met the criteria for ASA by TE (base width 21.5 cm and
excursion 21.5 cm). Twenty-five of these 38 patients pre-
sented with cerebral ischemic events. None of these pa-
tients had a history of significant carotid artery disease,
hypertension or valvular disease, and none had intracardi-
ac thrombus. Nine of 25 patients received anticoagulation
with warfarin (4/9 patients had right-to-left shunt) and 8/
25 were on antiplatelet agents (6/8 of these had right-to-
left shunt). These 17 active intervention patients had a
mean follow-up of 12 months. Four of 17 patients had re-
current ischemic events (three of them with right-to-left
shunt). All four patients were on antiplatelet agents. None
of the patients on anticoagulant therapy sustained a recur-
rent event. Thus, four ASA/PFO patients on warfarin and
six ASA/PFO patients on aspirin were followed-up. Three
events (presumably stroke or TIA) occurred in the aspi-
rin group. Information on the time of events is available.

A study not included in the analysis

Although providing information on the prognosis, the
study listed below was not included in the analysis because
we felt the methodology used had not been rigorous.

1) Stone DA, Goddard J, Corretti MC, Kittler ST, Sample C,
Price TR, Plotnick GD. Patent foramen ovale: association be-
tween the degree of shunt by contrast transesophageal
echocardiography and the risk of future ischemic neuro-
logic events. Am Heart ] 1996;131:158-61.%

The study included 34 patients with PFO identified
on saline contrast TE. Eighteen procedures were per-
formed to evaluate the potential cardiac source of embo-
lus, 4 to rule out valvular vegetation, 3 to evaluate native
mitral valve disease, and 1 to rule out aortic dissection. The
patients were divided into two groups according to the
maximal number of microbubbles in the left heart in any
single frame after intravenous saline contrast injection:
group 1 (n=16, prior stroke or TIA n=8) with a ‘large’
degree of shunt (220 microbubbles); and group 2 (n=18,
prior stroke or TIA n=10) with a ‘small’ degree of shunt
(=3 microbubbles). Patients were followed-up for a mean
of 21 months for subsequent systemic embolic events in-
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cluding TIA and stroke. Subsequent ischemic neurologic
events were recorded in five (31%) patients with large
shunts and none of the patients with small shunts. Ther-
apy was not randomized, and no statistical adjustment for
a variety of risk factors was done.

The Analysis

The results from individual studies were pooled to
estimate event rates per 100 patient years of follow-up. The
total number of events was calculated by summing up the
events from all studies. Event calculations that utilized
deaths were confined to the 4 studies that provided de-
tailed mortality information. The total time at risk for each
study was calculated as the product of the mean follow-
up and the number of subjects, and summed across stud-
ies to determine the total time at risk. In some studies,
follow-up times were provided for groups with PFO, where-
as in others only an overall mean follow-up time was avail-
able for patients with and without PFO. In one study,
median instead of mean follow-up was stated. Event rates
were calculated from the ratio of the total number of events
to the total time at risk and expressed per 100 patient years,
along with 95% confidence intervals, assuming that the
observed events followed Poisson distribution. The homo-
geneity of event rates across studies for stroke and TTIA was
assessed by Cochran’s Q test for all studies with more than
15 patients. No significant lack of homogeneity was detect-
ed for stroke (Q=7.83, p=0.55) or TIA (Q=8.93,
p=0.44). The homogeneity of event rates for deaths was
not tested because the number of occurrences was small
and limited to a few studies.

Results

A total of 1,108 subjects were considered in the analy-
sis (Table 1). Inclusion criteria were cryptogenic stroke and
TIA. In some cases, ‘paradoxic embolism’ included periph-
eral embolism. The mean age of the subjects was 45 years
and mean follow-up 34 months. The total number of
deaths (any cause) was 15, strokes 62 and TTAs 69. The
annual rate of stroke was 2.01% (95% CI 1.54-2.58%), and
of stroke or death 3.12% (95% CI 2.32-4.11%).

Discussion and Conclusions

PFO has been associated with cryptogenic stroke'~.
However, there is paucity of data regarding the recurrent
event rates in cryptogenic stroke patients with PFO. We
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Table 1. Summary of studies included in analysis

Study No. Patient Mean Follow Tx Stroke Death TIA S/D S/T S/D/T
type age -up(mo)  type (n) (n) (n) (n)  (n) (n)
1 Schenk, 44  Cryptogenic - 45 w21 4 - 7 - 11 -
Circ stroke or a 20,
2002 TIA - n3
2 Hofmann, 111 Paradoxic - 32 phen 21, 6 - 3 - 9 -
Circ embolism a 90
2002
3 Homma, 98 Cryptogenic 55 22 w 42, 10 4 8 14 18 22
Circ stroke a 56
2002
4 Nedeltchev, 159  Cryptogenic 51 29 w 79, 7 - 14 - 21
JIN stroke 119, antipl 80
P 2002 TIA 38
5 Mas, 2001 267 Cryptogenic 40 38 a 12 1 9 13 21 22
NEJM stroke
2001
6 De 74 Cryptogenic 53 31 w, 5 5 3 10 8 13
Castro, stroke or a,
Stroke TIA n
2000
7 Cujec, 52 Cryptogenic 38 46 W, 7 - 12 - 19 -
CcJC stroke 26, antipl
1999 TIA 26
8 Bogous, 129 Cryptogenic 44 36 w 37, 8 5 8 13 16 21
Neuro stroke, a92
1996 TIA,
other
9 Mas, 107 Cryptogenic 39 22 w, 2 - 3 - 5 -
AH] stroke, a,
1995 TIA n
10 Hausmann, 44 Cryptogenic 46 59 w 24, 1 - 2 - 3
JACC stroke, al7
1995 TIA, s3
perip. emb.
11 Hanna, 13 Cryptogenic 43 27 w7, 0 - 0 - 0 -
Stroke stroke ab
1994
12 Sharma, 10 Cryptogenic 55 12 W, - - - - 3 -
ASE stroke a
1991
Total 1108 45 34 62 15 69 50 134 78
Events/
100 pt/yrs 201 094 2.23 3.12 432 4.86
95% C1 1.54- 0.53- 1.70-  2.23- 3.59- 3.78-
2.58 1.55 2.76 411  5.05 5.94
S = stroke, D = death, T(TIA) = transient ischemic attack, - = unknown, w = warfarin, a = aspirin, n = no therapy
274 Acta Clin Croat, Vol. 42, No. 3, 2003
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have found 12 studies that include data on the follow-up
of medically treated patients with PFO. None of the stud-
ies except for PICSS was randomized according to thera-
py, thus the information on the efficacy of the medical
therapy modality is not reported. We combined 12 stud-
ies to see whether we could come up with the best esti-
mate of recurrent event rates in medically treated patients
with PFO.

The study population included a total of 1,108 patients,
mean age 45 years, followed-up for a mean of 34 months.
We note that the recurrent event rate for stroke or death
was 3.12%. Individual studies included in the analysis
demonstrated variable rates of recurrent events. This was
probably due to the age difference in the subjects involved
in particular studies. Our series is the largest one construct-
ed to estimate the event rates in patients with PFO. It is
clear that the recurrent stroke or death rate is considerably
lower than that generally reported for stroke patients®?°.
However, it is important to note that the mean age of the
patients considered in our analysis was quite different. The
patients typically enrolled in PFO studies are significant-
ly younger than the general stroke population.

In spite of the efforts presented, limitations remain.
Inclusion criteria were different in various studies. Also,
‘cryptogenic’ stroke may not be diagnosed with the same
standard. Similarly, the definition of TTA is often vague for
both initial inclusion and follow-up. Age difference may
also play an important role in the event rates. The mean
age of the patients involved in the analysis was 45 years,
i.e. considerably younger than for stroke patients in gen-
eral®?. The method and rigor of follow-up also determined
event rates in each of the studies, and it is unlikely that
uniform criteria were used in different studies. Addition-
ally, the length of follow-up was variable, and the events
recorded in the studies were not assessed by the time of
occurrence in relation to the initial event. Thus, the events
related to the presence of PFO may have occurred more
frequently at a certain time point after the initial event.
Longer follow-up in some of the studies may have provid-
ed different results. In our analysis, comparison of medi-
cal therapy modalities such as warfarin oezsus aspirin was
not performed because patients were not randomized to
particular therapies in any of the studies except for PIC-
SS. Nevertheless, given the limitations, the recurrent
event rate reported in this review represents the most up-
to-date information and should prove useful in planning
the trials aimed at demonstrating the efficacy of various
therapeutic modalities.

Acta Clin Croat, Vol. 42, No. 3, 2003

References

w

10.

11.

12.

13.

14.

LECHAT P, MAS JL, LASCAULT G, LORON P, THEARD M,
KLIMCZAC M, DROBINSKI G, THOMAS D, GROSGOGEAT
Y. Prevalence of patent foramen ovale in patients with stroke. N Engl
J Med 1998;318:1148-52.

Di TULLIO M, SACCO RL, GOPAL A, MOHR JP, HOMMA S.
Patent foramen ovale as a risk factor for cryptogenic stroke. Ann
Intern Med 1992;117:461-5.

OVERELL JP, BONE I, LEES KR. Interatrial septal abnormalities
and stroke: a meta-analysis of case control studies. Neurology
2000;55:1172-9.

SACCO RL, ELLENBERG JH, MOHR ]JP, TATEMICHI TK,
HIER DB, PRICE TR, WOLF PA. Infarcts of undetermined cause:
the NINCDS stroke data bank. Ann Neurol 1989;25:382-90.

American Heart Association. 2002 Heart and stroke statistical up-
date. Dallas, TX: American Heart Association, 2001.

DEVUYST G, BOGOUSSLAVSKY J, RUCHAT P, JEANRENAUD
X, DESPLAND PA, REGLI F, AEBISCHER N, KARPUZ HM,
CASTILLO V, GUFFI M, SADEGHI H. Prognosis after stroke fol-
lowed by surgical closure of patent foramen ovale: a prospective
follow-up study with brain MRI and simultaneous transesophageal
and transcranial Doppler ultrasound. Neurology 1996;47:1162-6.

HOMMA S, Di TULLIO MR, SACCO RL, SMITH C, MOHR JP.
Surgical closure of patent foramen ovale in selected patients with
cryptogenic stroke: a preliminary study. Stroke 1997;28:2376-81.

MARTIN E SANCHEZ PL, DOHERTY E, COLON-HERNAN-
DEZ PJ, DELGADO G, INGLESSIS I, SCOTT N, HUNG ],
KING ME, BUONANNO E DEMIRJIAN Z, de MOOR M, PALA-
CIOS IE Percutaneous transcatheter closure of patent foramen ovale
in patients with paradoxical embolism. Circulation 2002;106:1121-6.

BRUCH L, PARSI A, GRAD MO, RUX R, BRUMEISTER T,
KREBS H, KLEBER FX. Transcatheter closure of interatrial com-
munications for secondary prevention of paradoxical embolism: sin-
gle-center experience. Circulation 2002;105:2845-8.

MEIER B, LOCK JE. Contemporary management of patent fora-
men ovale. Circulation 2003;107:5-9.

ORGERA MA, O'MALLERY PG, TAYLOR AJ. Secondary preven-
tion of cerebral ischemia in patent foramen ovale: systematic review
and meta-analysis. South Med ] 2001;94:699-703.

SCHNECK M], DiSAVINO EM, LEURGANS S. Recurrence rates
in patent foramen ovale (PFO) and cryptogenic stroke or transient
ischemia (TTA). Circulation 2002;106:11514. (Abstract)

HOFMANN T, FRANZEN O, von KODOLITSCH Y, KOSCHYK
D. Rate of recurrent embolic events after paradoxic cerebral em-
bolism in patients with patent foramen ovale: comparison of trans-
venous occlusion of patent foramen ovale versus medical therapy.
Circulation 2002;106:11514. (Abstract)

HOMMAS, SACCO RL, Di TULLIO MR, SCIACCA RR, MOHR
JP, for PICSS Investigators. Effect of medical treatment in stroke
patients with patent foramen ovale: patent foramen ovale in cryp-
togenic stroke study. Circulation 2002;105:2625-31.

275



Homma S. ¢z al. Recurrent risk of adverse events in medically treated patients with PFO: a review of the literature

15. NEDELTCHEV K, ARNOLD M, WAHL A, STRUZENEGGER or both and cryptogenic stroke or transient ischemic attacks. Am
M, VELLA EE, WINDECKER S, MEIER B, MATTLE HP. Out- Heart ] 1995;130:1083-8.

come of patients with cryptogenic stroke and patent foramen ovale. 21. HAUSMANN D. MUGGE A, DANIEL WG. Identification of
J Neurol Neurosurg Psychiatry 2001;72:347-50. patent foramen ovale permitting paradoxic embolism. J Am Coll
16. MAS JL, ARQUIZAN C, LAMY C, ZUBER M, CABANES L, Cardiol 1995;26:1030-8.

DERUMEAUX G, COSTE J, for the Patent Foramen Ovale and 22. HANNA]P SUN JP FURLAN AJ STEWARTWJ SILA CA. TAN

Aurial Septal Aneurysm Study Group. Recurrent cerebrovascular M. Patent foramen ovale and brain infarct, echocardiographic pre-
events associated with patent foramen ovale, atrial septal aneurysm,

or both. N Engl ] Med 2001;345:1740-6.

17. De CASTRO S, CARTONI D, FIORELLI M, RASURA M, AN-
ZINIA, ZANETTE EM, BECCIAM, COLONNESE G, FEDELE septal aneurysm and associated right to left shunting. ] Am Soc Echo
E FIESCHI C, PANDIAN NG. Morphological and functional char- 1991:3:294. (Abstract)
acteristics of patent foramen ovale and their embolic implications.
Stroke 2000;31:2407-13.

18. CUJEC B, MAINRA R, JOHNSON DH. Prevention of recurrent
cerebral ischemic events in patients with patent foramen ovale and

dictors, recurrence, and prevention. Stroke 1994;25:782-6.

23. SHARMA AK, OFILI E, CASTELLO R, SULLIVAN N, LABO-
VITZA]J. Effect of treatment on recurrent embolic events with atrial

24. STONE DA, GODDARD ], CORRETTIMC, KITTLER SJ, SAM-
PLE C, PRICE TR, PLOTNICK GD. Patent foramen ovale: asso-
ciation between the degree of shunt by contrast transesophageal

echocardiography and the risk of future ischemic neurologic events.
cryptogenic strokes or transient ischemic attacks. Can ] Cardiol Am Heart ] 1996;131:158-61.

1999;15:57-64.
’ 7 25. MOHR JP, LAZAR RM, THOMPSON ]LP, ¢f a/. Warfarin-Aspirin

19. BOGOUSSLAVSKY J, GARAZI S, JEANRENAUD X, AEBISCHER Recurrent Stroke Study (WARSS). N Engl ] Med 2001;345:1444-
N, Van MELLE G, for the Lausanne Stroke with Paradoxical Em- 51.

bolism Study Group. Stroke recurrence in patients with patent fo- 26. MATIAS-GUIU . FERRO JM, ALVAREZ-SABIN ], TORRES E

le: the Laus: Study. N I 1999;46:1301-5. . .
ramen ovaie: the Lausanne Study. INeurology JIMENEZ MD, LAGO A, MELO T. Comparison of triflusal and
20. MAS JL, ZUBER M, for the French Study Group on Patent Fora- aspirin for prevention of vascular events in patients after cerebral

men Ovale and Atrial Septal Aneurysm. Recurrent cerebrovascular infarction. The TACIP study: a randomized, double-blind, multi-

events in patients with patent foramen ovale, atrial septal aneurysm, center trial. Stroke 2003;34: (in press)

Sazetak

RIZIK NEZELJENIH DOGADAJA KOD BOLESNIKA S OTVORENIM FORAMEN OVALE LIJECENIH LIJEKOVIMA:
PREGLED LITERATURE

S. Homma, R. R. Sciacca, Y. Oe, 1 Rundek, R. 1. Sacco i M. R. Di Tillio

Otvoreni foramen ovale (OFO) udruZen je s moZzdanim udarom. Medutim, ucestalost rekurentnih nezeljenih dogadaja u
bolesnika lijecenih lijekovima s otvorenim foramen ovale nije poznata, a procjene iz razli¢itih studija se razlikuju. Stoga smo
obavili pregled literature i analizirali rezultate za ukupno 1.108 bolesnika iz 12 studija, kako bismo dobili to¢niju procjenu
ucestalosti nezeljenih dogadaja u bolesnika s otvorenim foramen ovale lijecenih lijekovima. Utvrdili smo godi$nju stopu mozdanog
udara ili smrti od 3,12% (95% CI, 2,32-4,11%). Ova ¢e procjena posluZiti kao vrijedna smjernica za buduca ispitivanja u kojima
¢e se usporedivati u¢inkovitost drugih nacina lijeenja, primjerice, zatvaranje otvorenog foramen ovale pomocu perkutanog uredaja
uz medikamentno lijecenje.

Kljuéne rijeci: MoZdani udar; etiologija; Cerebrovaskularni poremeiaj, komplikacije; Atrijski septumski defekt, Prognoza; Rizicni cinitelji
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