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Abstract
Introduction: Prevention of recurrent cryptogenic strokes

or transient ischemic attacks in adults with patent foramen
ovale (PFO) represents a therapeutic challenge.
Antithrombotic pharmacological treatment is widely used,
but its indication is limited because of its significant
complications.

Objective: To demonstrate the efficacy of the surgical
closure of patent foramen ovale (PFO) as prophylaxis
secondary to cryptogenic strokes or transient ischemic attacks
of undetermined origin.

Method:  In this study, 31 men and 16 women with previous
ischemic cerebral events underwent direct surgical closure
of the PFO. Mean age was 40 years (from 27 to 59 years). No
coexisting cause of the stroke was found after extensive
investigation, including blood coagulation tests,
transesophageal contrast echocardiography (TEE),
extracranial and transcranial doppler ultrasonography, 24-
hour electrocardiographic monitoring, brain magnetic
resonance (BMR) and CT scan. Criteria for operation also
included at least two of the following: atrial septal aneurysm,

multiple cerebral infarcts, multiple cerebral events and a
history of Valsalva strain before stroke. Before operation,
only one patient had two shunts (1 PFO and 1 intrapulmonary
shunt).

Results: No complications occurred during or after the
operation, but a few hours after the operation transient
arrhythmias developed in four patients without atrial
fibrillation, hemodynamic instability nor embolism. All
patients survived in class I (NYHA) and during a mean follow-
up of 36 months, no patient had recurrence of the stroke or
transient ischemic attacks. All patients prospectively
underwent BMR and contrast TEE with simultaneous
transcranial doppler ultrasonography. A residual right-to-
left shunt, smaller than the preoperative one, was observed
in only one patient, whereas no lesion was seen on the BMR.

Conclusion: It is concluded that surgical closure of PFO
in patients with presumed paradoxical embolism is safe and
avoids recurrent stroke.

Descriptors: Stoke. Heart septum, surgery. Embolism
paradoxical.
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INTRODUCTION

JONES et al.[1] in 1983 demonstrated paradoxical emboli
by the patent foramen ovale (PFO) in a few clinical cases. In
the same year, HART & MILLER [2] reported that more than
one third of strokes and transitory ischemic attacks (TIA) in
young adults were of unknown origin, that is to say
cryptogenic. Until then the possible source of the small
system emboli was considered to be prolapse of the mitral
valve, smoking and primary or secondary alterations of the
coagulation system.

The studies in necropsy by PATTEN [3] in 1931, of 4,083
cadavers, and by HAGEN et al., in 1984, of 965 cadavers of
adolescents and adults demonstrated a prevalence of PFO
of 27%. It was only in 1988 that LECHAT et al. [5], with the
help of contrast transesophageal echocardiography (TEE),
defined the prevalence of PFO in under 55-year-old
undetermined stroke and TIA patients. This proved to be
very important, affecting 54% or more of the patients. Other
prospective echocardiographic studies by WEBSTER et al.
[6] (50%) and JEANRENAUD et al. [7] (70%) confirmed
similar high results.

As it is rarely possible to prove the passage of emboli
through the PFO, in these cases paradoxical embolia was
the presumed mechanism. The factor that encouraged
further clinical research about undetermined strokes and
TIA associated to PFO was the incidence of recurrence of
strokes of up to 14.4%. This situation threatened these
young adults as was demonstrated at the start of the 1990s
in retrospective studies by COMESS et al. [8], STONE et

al. [9] (8.4%), MAS & ZUBER [10] (3.4%) and prospective
studies by BOGOUSSLAVSKY [11] (3.8%). These
ratifications led several authors (DI TULLIO et al. [12],
CABANES et al. [13] and HOMMA et al. [14] to define to
what extent the anatomical structures of the interatrial
septum could be implicated in embolic events. This aspect
is of fundamental importance for the stratification of
recurrence risk of strokes or TIA until the present time. In
relation to this, a French study group was formed by MAS
& ZUBER [10], who described the incidence of recurrence
of 6.7% in the first 24 months of follow-up, with an increase
to as much as 9% of the patients with PFO and aneurysms
of the interatrial septum (AIAS). Diagnostic criteria had
been previously defined by PEARSON et al. [15]; in which
the aneurysm base and the digression away from the
interatrial septum axis should exceed 15 mm and 10 mm
respectively.

In 2000, DE CASTRO et al. [16] concluded that the
association of a right-left shunt demonstrated during rest,
without the necessity of increasing pressures using the
Valsalva maneuver, and the mobility of the fossa ovale
membrane of greater than 6.5 mm constitutes a recurrence
risk of strokes and TIA of on average, 7.6% in the first year
and 12.5% in the second year of follow-up. This association
represents a significant increase in the risk of future embolic
cerebral events, even greater than just the deviation that
appears during the Valsalva maneuver or a limited mobility
of the membrane.

The results of research using contrast TEE enabled a
more precise indication of the type of prophylaxis necessary
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Resumo
Introdução: A prevenção do acidente vascular cerebral

(AVC) ou ataque isquêmico transitório (AIT) de origem
indeterminada recorrente em adultos com forame oval
persistente  (FOP) representa um desafio terapêutico. O
tratamento farmacológico antitrombótico é amplamente
usado, mas a sua indicação é limitada, devido principalmente
às suas importantes complicações.

Objetivo: Demonstrar a eficácia da atriosseptorrafia como
profilaxia secundária do AVC ou AIT de origem indeterminada
em pacientes com FOP.

Método: Foram estudados 47 pacientes, sendo 31 homens
e 16 mulheres com eventos isquêmicos cerebrais. Todos foram
submetidos a fechamento cirúrgico direto do FOP. A idade
media foi de 40 anos. Não foi achada causa concomitante do
AVC ou AIT após investigações, as quais incluíram testes de
coagulação sanguínea, ecocardiografia transesofágica de
contraste (ETE), ultra-sonografia doppler transcraniana e
extracraniana (UDT), monitorização eletrocardiográfica de
24 horas, ressonância magnética cerebral (RMC) e tomografia
axial computadorizada (TAC). Os critérios para indicação

cirúrgica foram pelo menos dois dos seguintes eventos:
aneurisma do septo interatrial, infartos cerebrais múltiplos,
eventos cerebrais múltiplos e história de manobra de Valsalva
antes do AVC ou AIT.

Resultados: Não ocorreram complicações durante ou após
as operações. Quatro pacientes apresentaram arritmia
transitória algumas horas após a operação, sem fibrilação
atrial, nem instabilidade hemodinâmica ou embolismo. Todos
os pacientes sobreviveram em classe I (NYHA) e durante
seguimento médio de 36 meses nenhum paciente apresentou
recorrência do AVC ou AIT. Todos os pacientes foram
submetidos prospectivamente a RMC e ETE de contraste com
simultânea UDT. Apenas um paciente apresentou desvio
residual direita-esquerda, menor do que o desvio pré-
operatório, porém sem lesões na RMC.

Conclusão: A atriosseptorrafia em pacientes com suspeita
de embolia paradoxal é segura e pode evitar o AVC ou AIT
recorrente nos primeiros 36 meses de seguimento.

Descritores: Acidente cerebrovascular. Septo cardíaco,
cirurgia. Embolia paradoxal.
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in recurrent strokes and TIA.
In 1994, MATCHAR et al. [17] and MORRISON et al.

[18] demonstrated that, in patients with PFO, recurrent
strokes and TIA can not be prevented totally by the classical
antithrombotic pharmacological treatment, which uses
anticoagulants or anti-aggregates.

Also, the first attempts of closure of the PFO as was
reported by BRIDGES et al. [19] using a transcutaneously
implanted prosthesis, proved to be ineffective, with as many
as 10% of patients presenting with new TIA events. They
also suffered from complications due to the procedure, which
necessitate emergency surgical operations to remove devices
that migrated either to the heart chambers or to the peripheral
vascular system, as was described by AGARWAL et al. [20]
in 1996.

The development and sophistication of materials
employed, as well as a better definition of the morphological
criteria of PFO and AIAS proposed by MARSHALL & LOCK
[21], and by EWERT et al. [22] respectively, have improved
the placement and the choice of the most appropriate
devices.

One of the greatest problems related to the
transcutaneous closure of PFO still resides in the necessity
of continued anticoagulation treatment due to the formation
of peri-protectic thrombosis. HOEPP et al. [23] performed a
study of 20 consecutive patients who utilized anticoagulants
and confirmed a prevalence of 30% of cases who suffered
from thrombosis.

To avoid the deleterious effects of long-term
anticoagulation in young patients with PFO and
undetermined strokes and TIA, and the complications due
to the transcutaneously introduced devices, a protocol to
select patients who would benefit from surgical prophylaxis
was established.

Thus, this investigation aims to analyze the results
obtained from 47 patients submitted to surgical prophylactic
treatment secondary to strokes or TIA.

METHOD

Subjects
From December 1992 to October 1998, 47 patients (31

male) with PFO and strokes or TIA of unknown origin, with
ages ranging from 27 to 59 years old (mean age 40 years),
were selected for direct surgical closure of the PFO in the
University Hospital of Lausanne and the Hospital de la Tour
in Geneva, Switzerland.

Twenty-four patients presented with at least one of the
following thromboembolic risk factors: smokers (11),
hypercholesterolemia (11), obesity (2) and familiar (4). One
patient presented with bronchial asthma treated with
terbutaline sulfate (Nº 9, Table 1).

Constituted groups
After receiving written consent from all the patients

informing them of the norms of the Helsinki convention, the
following selection criteria were utilized for surgical
treatment:

The most important criteria were PFO diagnosed during
TEE (47), stroke or TIA of unknown etiology (47) and age =
59 years (47). The less important criteria considered were at
least two of the following findings: aneurysm of the
interatrial septum (AIAS) (17), multiple cerebral infarctions
(34), multiple cerebral events (39), Valsalva maneuver
preceding strokes or TIA (12).

Procedures of clinical diagnosis
In all the patients a TEE demonstrated a PFO with a

right-left arterial shunt, visible by the passage of micro-
bubbles from 10 mL of isotonic saline solution injected into
the basilic vein, as is illustrated in Figure 2. Simultaneously,
it was possible to demonstrate by means of transcranial
Doppler ultrasound (TDU) their arrival in the brain,
confirming the possibility of paradoxical emboli, as is
demonstrated in Figure 2. In 17 patients an aneurysm of the
interatrial septum (AIAS) was demonstrated and in one
patient (Nº 1, Table 1) an intrapulmonary shunt, which was
not located. The criteria utilized for diagnosis of AIAS
included base width > 15 mm and deviation in relation to the
interatrial septum axis of 10 mm. The maximum size of the
PFO was 16 mm.

Stroke was defined as an acute and permanent
neurological deficit, caused by an obstructive lesion of
known arterial distribution evidenced by brain magnetic
resonance (BMR), as demonstrated in Figure 3 or by
computed axial tomography (CAT). The TIA was defined as
an acute localized and transitory neurological deficit without
a corresponding lesion on the BMR or CAT. The stroke or
TIA is defined as cryptogenic when its etiology is unknown
and without evidence of embolic source on the TDU, BMR,
CAT blood coagulation tests, TEE and 24-hour
electrocardiographic monitoring. This last investigation was
performed to exclude intermittent atrial fibrillation-type
arrhythmia, capable of causing thromboembolism from the
left atrium. The data of the patients, the diagnostic
procedures and the preoperative neurological and
cardiological diagnosis are demonstrated in Figures 1, 2, 3
and 4 and in Table 1 respectively.

Surgical procedure
All the patients were submitted to median sternotomy.

For esthetic reasons, a bilateral submammary cutaneous
incision was made in the youngest patient (Nº 46, Table 1).
Cardiopulmonary bypass (CPB) was established after
systemic heparinization, with introduction of the catheters
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Patient n°

1
2
3
4
5
6
7
8
9

1 0
1 1
1 2
1 3
1 4
1 5
1 6
1 7
1 8
1 9
2 0
2 1
2 2
2 3
2 4
2 5
2 6
2 7
2 8
2 9
3 0
3 1
3 2
3 3
3 4
3 5
3 6
3 7
3 8
3 9
4 0
4 1
4 2
4 3
4 4
4 5
4 6
4 7

Date of the neurological
event before the

atriosseptorraphia
11.12.92
07.05.93
23.07.93
20.08.93
15.09.93
04.11.93
29.04.94
04.08.94
16.08.94
24.08.94
20.10.94
15.02.95
03.03.95
07.04.95
30.06.95
10.07.95
10.10.95
14.11.95
03.04.96
14.06.96
19.07.96
13.09.96
30.09.96
15.11.96
16.12.96
09.01.97
18.02.97
22.04.97
30.04.97
28.07.97
20.11.97
01.12.97
18.12.97
30.12.97
12.02.98
16.02.98
02.03.98
15.05.98
16.06.98
01.07.98
03.07.98
16.07.98
24.07.98
18.08.98
07.09.98
19.09.98
08.10.98

Gend

F
M
M
F
M
M
F
M
M
M
M
M
F
F
M
F
M
M
M
F
M
F
M
M
M
F
M
M
M
M
F
F
M
M
M
F
M
F
M
M
F
M
F
M
M
F
F

Age

31
41
34
42
43
32
45
30
59
45
36
34
41
41
50
30
37
39
45
42
49
36
38
55
44
33
32
37
44
40
39
45
35
54
43
39
42
36
40
52
44
31
33
41
49
27
29

Neurological diagnosis

TIA multiple
Stroke multiple
Stroke + TIA

Stroke multiple
Stroke + TIA multiple

Stroke multiple
Stroke multiple
Stroke multiple
Stroke multiple

Stroke multiple + TIA
Stroke + TIA
TIA multiple
TIA multiple

Stroke left frontal + TIA
Stroke cerebral multiples

Stroke multiple
TIA multiple

Stroke right frontal; vertigo
Stroke multiple + TIA multiple

Stroke + TIA multiple
TIA multiple

Stroke multiple
Stroke multiple + TIA multiple

TIA multiple
Stroke multiple + TIA multiple

Stroke multiple
Stroke multiple
Stroke multiple
Stroke multiple
Stroke + TIA

TIA multiple + Stroke multiple
TIA multiple

Stroke multiple
Stroke + TIA multiple

TIA multiple
TIA multiple

Stroke multiple
TIA multiple

Stroke multiple
TIA multiple

Stroke multiple
Stroke + TIA multiple

Stroke + TIA
Stroke multiple
TIA multiple

Stroke multiple
Stroke + TIA

Cardiological diagnosis

PFO + AIAS
PFO + intrapulmonary shunt

PFO
PFO

PFO + AIAS
PFO
PFO

PFO + AIAS
PFO + AIAS
PFO + AIAS

PFO
PFO
PFO

PFO + AIAS
PFO + AIAS

PFO
PFO
PFO
PFO
PFO

PFO + AIAS
PFO

PFO + AIAS
PFO
PFO
PFO
PFO

PFO + AIAS
PFO + AIAS
PFO + AIAS

PFO
PFO

PFO + AIAS
PFO
PFO
PFO

PFO + AIAS
PFO

PFO + AIAS
PFO
PFO
PFO
PFO
PFO

PFO + AIAS
PFO

PFO + AIAS

Valsalva

Yes

Yes

Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

TIA = transitory ischemic attacks; AIAS = aneurysms of the interatrial septum; Stroke; PFO = patent foramen ovale

Table 1. Pre-operative clinical data
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Fig. 1 – Demonstration by transesophageal echocardiography (TEE) of the right-left arterial shunt for patent foramen ovale (PFO) before (A)
and after (B, C,) administration of contrast (Echovist) in patient Nº 35 of this series

A B C

Fig.  2 - Demonstration by transcranial Doppler Ultrasonography (TDU) of the arrival of the micro-bubbles in the middle cerebral artery
(arrow), after the bubbles passed by the interatrial septum during the Valsalva’s maneuver in patient Nº 35 of this series

Fig.  3 – Demonstration by magnetic nuclear resonance of a ischemic infarction of the left cerebral hemisphere (arrows) after the injection of
contrast in patient Nº 44 of this series
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in the ascending aorta and vena cavas. Thirty operations
occurred at moderate hypothermia (32º rectum temperature)
without cardioplegia, inducing slight ventricular fibrillation
after aortic clamping. The PFO was identified after right
atriotomy. In 46 patients atrioseptorraphia was performed,
posterior to Todaro’s tendon, with continuous suturing
using 4-0 polypropylene thread. Only in one case (Nº 7,
Table 1) separate sutures were used. In patients with AIAS,
the fold was achieved with the same suturing. The atriotomy
was closed with a 4-0 polypropylene thread. After removal
of air from the heart chambers, the aorta was de-clamped.
The CPB was terminated when the rectal temperature reached
35º C. Before administering protamine, a routine check of
the closure of the interatrial septum was performed using an
intraoperative TEE (Figures 4 and 5).

Postoperative follow up
Before release from hospital, a thoracic radiogram, ECG

and TEE were obtained. In an average period of 36 months
(from 7 to 100 months), all the patients underwent a clinical
re-evaluation with transcranial Doppler echogram combined
with contrast TEE and the Valsalva maneuver. A thoracic
radiogram and ECG were repeated, as well as BMR to
investigate possible silent infarctions, which could have
occurred during the follow-up period.

RESULTS

The mean time from the neurological diagnosis (Table 1)
to the surgical closure of the PFO was 58.1 days (from 7 to
210 days). The patients were operated on by six different
surgeons and the operative time was from 100 to 165 minutes
(mean 145 minutes). The mean times of aortic clamping and
of CPB were 13 minutes (from 6 to 24 minutes) and 28 minutes

(from 22 to 42 minutes) respectively, as is shown in Table 2.
The sinusal rhythm reappeared spontaneously in 42
patients and after internal electric shock of 10 joules in five.
Some hours after the operation, four patients developed
transitory arrhythmias (three nodal rhythms and one
ventricular tachycardia, which were immediately reverted to
sinusal rhythm by the injection of lidocaine in bolus).

No embolic events, atrial fibrillation or hemodynamic
instability were seen. Twelve patients received dopamine at
5 ìg/ kg/min during the first 12-24 hours. The patients stayed
in the intensive care unit on average for 19.6 hours (from 8
to 24 hours). Only one patient required 600 mL of autologous
blood transfusion (Nº 17, Table 1). Thoracic drainage varied
from 265 to 670 mL (mean 410 mL). The thoracic drains were
removed within 30 to 48 hours (mean of 42 hours). Recovery
of all the patients occurred without complications, except
for the youngest patient (Nº 46, Table 1) who needed to be
readmitted to an intensive care unit of another hospital,
three days after release, owing to a significant drop of
methaemoglobinaemia (6 g/L).

Pleural stokes, residual intracardiac veno-arterial shunts,
atrioventricular blocks, strokes or TIA were not observed
during the mean hospitalization period of 8.5 days (from 8 to
10 days). One patient (Nº 11, Table 1), who had previously
presented with psychotic episodes, presented with
behavioral disturbances two months after the operation,
without evidence of simultaneous embolic events. At 36
months, no cases of strokes or TIA or extracranial embolic
events were evidenced and the BMR did not demonstrate
new lesions. No patient presented thrombosis in the right
atrium or at the edges of the persistent foramen ovale.

The only patient (Nº 7, Table 1) in whom a residual right-
left shunt was found with micro-bubbles in the Valsalva
test, atrioseptorraphia was performed with separate sutures.

Fig. 5 – Intra-operative transesophageal echocardiography after
removing the cardiopulmonary bypass demonstrating the absence
of residual shunts in the interatrial septum of patient Nº 22 of this
series confirming the success of atrioseptorrafia

Fig. 4 – Intra-operative transesophageal echocardiography
demonstrating the right-left arterial shunt (in blue) by foramen
ovale, before starting cardiopulmonary bypass in patient Nº 22 of
this series
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Date

23.12.92
20.05.93
06.08.93
24.09.93
15.10.93
07.03.94
10.06.94
24.10.94
12.12.94
23.11.94
09.11.94
24.04.95
11.05.95
18.05.95
07.07.95
18.07.95
08.01.96
20.12.95
05.07.96
20.09.96
30.09.96
21.11.96
30.10.96
10.12.96
03.02.97
08.04.97
16.03.97
22.05.97
30.07.97
28.10.97
16.12.97
02.02.98
07.01.98
26.02.98
12.03.98
30.03.98
15.05.98
17.06.98
24.09.98
14.08.98
21.09.98
18.08.98
28.08.98
16.03.99
14.12.98
10.12.98
18.11.98

Patient n°

1
2
3
4
5
6
7
8
9

1 0
1 1
1 2
1 3
1 4
1 5
1 6
1 7
1 8
1 9
2 0
2 1
2 2
2 3
2 4
2 5
2 6
2 7
2 8
2 9
3 0
3 1
3 2
3 3
3 4
3 5
3 6
3 7
3 8
3 9
4 0
4 1
4 2
4 3
4 4
4 5
4 6
4 7

Time of surgery
(min.)

148
124
142
145
150
157
118
149
146
145
129
165
135
140
146
125
156
160
151
148
139
151
158
139
139
128
160
156
154
159
128
160
150
138
146
100
162
142
140
144
149
150
158
153
139
122
149

Time of CPB
(min.)

28
29
23
25
40
31
27
41
39
25
22
33
36
23
30
26
22
38
26
23
27
29
33
23
30
25
29
36
42
31
22
27
30
22
24
22
40
25
28
28
25
27
30
32
24
23
29

Time of anoxic
arrest (min.)

15
11
10
8

22
18
10
24
21
12
10
17
15
13
13
14
10
20
9
8

12
11
21
12
12
10
14
20
20
12
10
11
20
9

10
6

21
13
11
14
10
12
18
11
10
6

19

Table 2. Operative times

CPB = cardiopulmonary bypass; min. = minutes
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The pre-operative shunt had a large number of micro-
bubbles. Although a residual interatrial shunt was excluded
with the help of contrast TEE, in the patient with an
intrapulmonary shunt (Nº 2, Table 1), transcranial doppler
echography evidenced a small late passage of contrast (>
20 micro-bubbles), compatible with this type of extracardiac
shunt.

In 17 patients with corrections of the AIAS, residual
deviation of the interatrial septum was evidenced.

The thoracic radiogram and the ECG did not demonstrate
alterations in this series.

COMMENTS

The prevalence of PFO was described by LECHAT et al.
[5] at 40% of young adults with strokes or TIA of unknown
etiology, but DE BELDER et al. [24] demonstrated that the
PFO constitutes a thromboembolic risk factor in all age
groups. For this, it was decided that patients with up to 59
years of age were included in this study. Additionally, the
selection criteria demanded by our protocol allowed the
exclusion of patients with other potential causes of strokes
or TIA. Patients who presented with multiple cerebral events,
history of Valsalva maneuver or AIAS were also selected
for operations, as these factors might be associated with
high risk of reoccurrence, when compared with the risk in
other patients with strokes or TIA and PFO (CABINES et al.
[13]; ZUBER & MAS [25]).

As already pointed out, currently the most common
treatment to reduce the frequency of recurrent paradoxical
embolia is anticoagulation, but the prognosis of patients
with strokes or TIA, submitted to long-term anticoagulation,
is harmed due to hemorrhagic complications, specifically
cerebral complications (BOGOUSSLAVSKY & REGLI [26];
KOSTANTINIDES & JUST [27]). For these reasons,
anticoagulation is indicated in two specific clinical situations:
whilst waiting for the surgical closure of the PFO and to
treat venous thrombosis. Prophylaxis of recurrent strokes
of unknown origin only with the use of platelet anti-
aggregates seems to be inappropriate as paradoxical
embolism also depends on venous thrombosis, which
principally demands anticoagulation and not anti-
aggregates. Transcutaneous introduced devices constitute
a therapeutic alternative, but must frequently be associated
to anticoagulation, especially when there is recurrence of
strokes or TIA (BRIDGES et al. [19]; RAO et al. [28]) and
also because of the presence of a significant number of
cases of peri-protectic thrombosis (HOEPP et al. [23]).
Despite of the possibility of recovering some devices using
available catheters, WINDECKER & MEIER [29] in 1999
reported innumerous disadvantages of these systems.
These disadvantages include right atrial disc obstructed

with the “Amplatzer PFO occluder”; difficulty of
repositioning of the “CardioSEAL septal occluder”, the “PFO
STAR”, and the “DAS occluder”; Septal necrosis with the
“ASDOS device” and embolic events with the “Sideris
Buttoned occluder”. Thus, the interventionalist treatment
can still be considered as experimental, which should be
further studied in centers trained in this type of procedure,
with the selection of patients respecting defined protocols.

The current tendency, according to DEVUYST &
BOGOUSSLAVSKY [30] in 2000 is to introduce the devices
when, apart from the principal criteria, two less important
criteria are also evidenced; on the other hand, surgical
treatment should be indicated when three less-important
criteria are present. Although these devices have still not
been approved for clinical application by the Food and Drug
Administration or the European Community, a comparative
analysis of interventionalist costs and respective surgical
treatment of interatrial communications, performed by
BAKER et al. [31] in 2002 described the current tendency to
favor prostheses as opposed to surgery for economic
reasons. The therapeutic abstention in cases of paradoxical
embolism through the PFO would be the worst option, as
the risk of recurrence exceeds 0.8% per year, according to
the stratification of risk proposed by NENDAZ et al. [32].

Table 3 presents the comparative results of the different
types of treatment for strokes and TIA of unknown origin,
showing the advantages of surgical treatment. This treatment
has the potential of eradicating the necessity of intracardiac
prostheses, anticoagulation with its problems related to the
compliance of patients and also the potential of eliminating
recurrent paradoxical embolism. In this series, the only
residual shunt was probably the result of the technique of
suturing with separate stitches, which suggests that
continuous suturing is better indicated. After this
experience, it was decided to close the PFO systematically
with double continuous suturing.

Gaseous embolism constitutes the greatest danger in
patients submitted to operations for the correction of
interatrial septum defects (KIRKLIN & BARRATT-BOYES
[38] in 1993). This might be avoided minimizing the intra-
operative suction of atrial blood, suction of air at the aortic
root before electric cardioversion or maintaining the filling
of the left atrium by a continuous flow of blood from the
pulmonary veins, after induction of fine ventricular
fibrillation. This last technique dispenses with the use of
cardioplegia, allowing rapid re-establishment of cardiac
output, and was also successfully utilized in four patients
by TEVEARAI et al. [39].

The times of surgery, perfusion and aortic clamping
related to this little invasive approach exceed the times
employed in the classic median sternotomy. It is an
interesting technique, but it should not be considered as a
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TREATMENT

Without

Antithrombotic

Intracardiac
devices

Surgery

Table 3. Recurrence risk of stroke or transitory ischemic attacks in patients with patent foramen ovale and proved cerebral ischemia
according to the type of treatment.

REFERENCE

De Castro et al. / Am J Cardiol /
2000 [16]

Bogousslavsky et al.  /Neurology/
1996 [11]

Mas e Zuber/ Am Heart J /
1995 [33]

Zuber e Mas / Cerebrovasc Dis /
 1994  [25]

Hung  et al. / J Am Coll Cardiol /
2000 [34]

Guffi  et al. / J Thorac Cardiovasc
Surg / 1996 [35]

Ruchat et al. / Eur J Cardiothorac
Surg /1997 [36]

Devuyst et al./ Neurology /
1996  [37]

PATIENTS

6

140

132

132

 63

11

32

30

TIME OF
FOLLOW UP

31,0 months

36,0 months

24,0 months

24,4 months

31,2 months

12,0 months

48,0 months

24,0 months

RECURRENCE
RISK

5,5% - 7,6%*
(12 months)

7,2% -12,5%*
(24 months)

3,8%

6,7% - 9,0%*

2,8%

3,2%

-----

-----

-----

* with aneurysm of the interatrial septum

routine procedure and substitute the usual technique, which
gives us well-defined safety margins. Atrioseptorraphia can
also be performed using a little evasive robotic technique
assisted by video whose promising results were recently
published by TORRACCA et al. [40].

Although in this series, no deaths occurred and the
morbidity was minimal, randomized prospective studies need
to be made to assess the long-tern efficacy of the surgical
approach when compared with pharmacological and
interventionalist treatments. The hospital stay was long in
relation to the standard treatment. Nevertheless this allowed
a more detailed follow up, especially in relation to the cardiac
and cerebral ultrasound control searching for short-term
residual shunts. In fact the patients were studied with TEE
between the seventh and tenth post-operative day, when it
is supposed that the process of endothelium regeneration
is defined. Recurrence of strokes or TIA after
atriosseptorraphia for PFO might not be related to
paradoxical embolism, but with another etiology of strokes
and TIA, which might be identified later (DEARANI et al.
[41], 1999), when no interatrial shunt or residual AIAS exists.
We are enthusiastic about the results presented in this work,

and 25 additional patients, selected according to this
protocol, were also operated on with success, and they were
also released from hospital in good clinical conditions
without interatrial veno-arterial shunts.

Surgical prophylaxis secondary to strokes or TIA of
unknown origin, in the 47 patients selected with PFO,
demonstrated to be safe and no patient presented with
strokes or TIA during the study period.

CONCLUSIONS

Surgical prophylaxis secondary to strokes or transitory
ischemic attacks in patients with persistent foramen ovale
demonstrated to be efficient without any deaths, functional
sequels nor relapses occurring during the investigative period.
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