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Department of Cardiology and Critical Care, Clinique Ambroise Paré, Neuilly-sur-Seine, France

Introduction: It is unknown whether patent foramen ovale (PFO) reopening
in the peri-operative setting of cardiac surgery affects the risk for stroke and
post-operative outcomes.

Methods: We performed a single-center, retrospective study based on a
prospectively collected database in a tertiary cardiac surgery center. Using
logistic regression, we assessed risk factors of PFO finding around surgery and
subsequent clinical complications.

Results: Between January 2007 and July 2019, 11034 patients who underwent
cardiac surgery in our center were included. A total of 233 patients (2.1%)
presented a finding of PFO including 138 per-operative disclosures and 95
post-operative finding for hypoxemia. In the whole cohort, the mean age
was 68.4 + 11.5 years including 73.9% of men. Post-operative PFO finding
was associated with more ischemic strokes compared with per-operative
finding and control group [7(7.4%) vs. 3(2.2%) vs. 236(2.2), respectively;
p =0.003]. Moreover, patients with post-operative PFO reopening experienced
a higher rate of pneumonia, reintubation, and longer length of stay in the
ICU. Post-operative reopening of PFO, but not per-operative finding, was
independently associated with ischemic strokes {adjusted odds-ratio = 3.5,
95% confidence interval (Cl) [1.6-7.8]; p = 0.002}. Other variables associated
with stroke incidence included age, mitral valve surgery, and ascending aorta
surgery. Per- or post-operative PFO closure was associated with reduced
adverse respiratory outcomes and a trend of the lower cerebral ischemic event.

Conclusion: Patent foramen ovale finding incidence in peri-operative cardiac
surgery care was rare (2%) but post-operative finding of PFO was associated
with a increased risk of ischemic strokes, worsened respiratory outcomes, and
prolonged hospitalization.

patent foramen ovale, cardiac surgery, stroke, patent foramen ovale closure,
ascending aorta surgery, mitral valve surgery
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Introduction

Patent foramen ovale (PFO) is a frequent pathology with an
incidence of 25% in the general population of healthy subjects
(1). Its reopening during peri-operative care around cardiac
surgery may have severe consequences such as hypoxemia and
ischemic events, including strokes. Its management from means
of diagnosis to treatment remains ambiguous for now.

Patent foramen ovale is associated with a marked increase
in cryptogenic strokes, due to paradoxical embolism (2-4).
Recent randomized trials have been published showing a
significant decrease in the risk of stroke recurrence after PFO
closure among patients with cryptogenic stroke (5-8). This
risk also exists in patients undergoing non-cardiac surgery.
It is probably increased by peri-operative venous stasis and
hemodynamic changes that increase right-side pressures, such
as orotracheal intubation and discontinuation of anticoagulants,
making patients with a PFO a subgroup at high risk of ischemia
during the peri-operative period (9, 10).

Multiple conditions can lead to PFO reopening, most of
them involving modifications of the thoracic geometry, an
increase of the right pressure or modifications of the venous
return flow toward the inter-atrial septum (11), COPD (12),
obstructive sleep apnea (13), positive end-expiratory pressure
under mechanical ventilation (14), dilatation of the ascending
aortic root (15, 16), major thoracic surgery (17, 18), and
diaphragmatic paralysis (19).

Hence, patients undergoing cardiac surgery seem more
likely exposed to PFO reopening because of sternotomy,
pericardiotomy, possible ascendant aortic interventions,
frequent diaphragmatic paralysis, and orotracheal intubation
with mechanical ventilation and PEEP (14, 20).

We aimed to describe and identify risk factors of PFO
reopening and to study the relation between PFO reopening and

post-operative complications.

Methods

We conducted a single-center retrospective cohort study,
from a prospectively collected database. We included all patients
aged more than 18 years who underwent cardiac surgery
with cardiopulmonary bypass, from June 2007 to July 2019.
Patients who died during surgery were not included in the
analysis, considering that the main goal was to explore post-
operative outcomes. All data are part of the Registry for
the Improvement of Post-operative OutcomeS$ in Cardiac and
Thoracic Surgery (RIPOSTE) database (https://clinicaltrials.gov/
ct2/show/NCT03209674) (21-24).

Abbreviations: PASP, Pulmonary arterial systolic pressure; PFO, Patent

foramen ovale; ICU, Intensive care unit.
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This registry systematically collected pre-operative variables
of patients, allowing them to compute risk scores, and
also collected surgical procedure information (including
the type of procedure and circulatory bypass information)
and post-operative clinical outcomes with a follow-up
extended until discharge from the hospital. According to
the French law, consent to participate was waived but
patients’ opposition to the use of anonymized data was
systematically sought. Data were anonymized as per national
regulation and used with the approval of an institutional review
board committee.

Surgical and peri-operative management

Peri-operative management was standardized. All patients
had the right internal jugular central venous catheter. All
procedures involved a full- or mini-sternotomy approach.
Mammary arteries and saphenous veins were used as coronary
bypass grafts. Myocardial protection was provided using
a normothermic continuous blood cardioplegia solution.
A transthoracic  echocardiography = was  systematically
performed in all patients undergoing cardiac intervention
but without systematic research on PFO. A transesophageal
echocardiography was systematically performed in the operative
room for mitral and tricuspid surgery and if needed for
other procedures. During surgery (except for the cross-
clamping period), mechanical ventilation was set at a tidal
volume of 6 ml/kg predicted body weight and a positive
end-expiratory pressure level of 5cm H,O, the respiratory
rate was adjusted to maintain normocapnia, and the inspired
fraction of oxygen (FiO;) was set to keep PaO, below 100
mmHg. In the intensive care unit (ICU), standard ventilation
protocol included lung-protective with tidal volume of 6
mL/kg ideal body weight, PEEP of 5cm H;O, FiO; set to
obtain PaO; above 100 mmHg, and inspiration/expiration
time ratio = 1:2. However, the adaptation of respiratory
settings and the administration of other therapeutics were
left to the appreciation of the clinicians. After the surgery,
the patients were transferred to the ICU department, where
an assessment of the absence of bleeding, respiratory and
hemodynamic stability, and normothermia was performed
before discontinuing sedatives and performing a spontaneous
breathing trial.

In our center, standard medical treatment for post-operative
PFO reopening included lowering right cavity pressure by
minimizing fillings or even diuretics, as well as lowering end-
positive expiratory pressure during mechanical or non-invasive
ventilation, if necessary, due to the effects on intrathoracic
pressures. In cases of refractory hypoxemia that did not
improve spontaneously, the percutaneous closure procedure was
quickly considered.
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Outcome definitions

The main objective was to explore risk factors and outcomes
of patients who presented a finding of PFO during or after the
index surgery compared with those who did not. Outcomes were
assessed during the hospital stay.

Patent foramen ovale reopening was defined using
ultrasound  diagnostic  criterion in  transthoracic or
transesophageal echocardiography using contrast perfusion,
that is, early appearance of microbubbles between the right
and left atrium. We evaluated the presence of PFO by
transesophageal echocardiography with contrast injection in
immediate pre-operative settings in the operative room or by
transthoracic echocardiography with contrast +/- Valsalva
maneuver in post-operative non-intubated patients.

Stroke was defined by the appearance of a central
neurological deficit associated with cerebral imaging compatible
with an ischemic process, while the transient ischemic attack
was not associated with abnormalities in cerebral imaging. The
local practice was to perform an MRI as a first-line imaging
modality in acute ischemic stroke suspicion when available and
in the absence of contraindication; and failing that, a head
CT. Post-operative atrial fibrillation was defined as at least
one episode of atrial fibrillation after surgery, regardless of its
duration. Post-operative pneumonia was defined based on a new
lung infiltrate on daily chest X-ray associated with at least two
of the following finding: temperature >38.3 or <36°C, white
blood cell count > 12,000 cells/mm? or <5,000 cells/mm?3, and

purulent secretion.

Statistical analysis

Continuous variable distribution was assessed using the
Shapiro-Wilk test. They were expressed as mean =+ standard
deviation when satisfying normal distribution, and median
[interquartile range] otherwise. Categorical variables were
expressed as numbers (percentages). The Chi-2 or Fisher exact
tests were used to compare categorical variables. Comparisons
of continuous variables were performed by two-way ANOVA
for repeated measurements followed by paired Student t-
tests with Bonferroni correction if needed, or by Friedman
test followed by Wilcoxon tests if needed, according to
data distribution.

To assess the association between PFO reopening and
ischemic strokes, we used multivariable logistic regression
models constructed with a stepwise mixed method with a p-
value entry threshold of 0.15 and an exit threshold of 0.1.
All variables subsequently identified were considered clinically
relevant, and none was rejected. Linearity was checked. A two-
sided p-value of <0.05 was considered statistically significant.
Statistical analysis was performed with SPSS 25.0 (IBM,
Armonk, United States of America).
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Results

During the study period (from June 2007 to July 2019),
11,089 patients underwent cardiac surgery procedures with
cardiopulmonary bypass in our center. Among them, we
included 11,034 patients in the final analysis (55 patients were
excluded: 21 dying during surgery and 34 with missing pre-
or/and post-operative data which did not allow further analyses,
see Flow-Chart in Supplementary Figure 1). We have separated
the cohort into three distinct groups: a control group (no
PFO found), a group with intraoperative discovery, and a third
group with the post-operative finding of PFO. A total of 233
patients (2.1%) presented a finding of PFO in the peri-operative
setting. Among them, 138 were per-operative and 95 post-
operative finding.

The baseline and per-operative characteristics of the whole
cohort are shown in Table 1. Overall, the mean age was 68.4
£ 11.5 years including 73.9% of men. Compared with the
control and post-operative finding of the PFO group, patients
with per-operative finding of PFO were younger, with fewer
diabetic [2,777 (26.0%) vs. 19 (20%) vs. 14 (10.1%), respectively,
p < 0.0001], lower body mass index (26.6 £ 4.5 vs. 27.0 £+
4.7 vs. 24.7 £ 4.0, respectively; <0.0001), higher rate of pre-
operative atrial fibrillation [913 (8.5%%) vs. 12 (12.6%) vs. 35
(25.4%), respectively; p < 0.0001], and higher pre-operative
pulmonary artery systolic pressure above 35 mmHg [2,243
(29.5%) vs. 28 (29.5%) vs. 50 (36.2%), respectively; p < 0.0001].
The per-operative finding of PFO occurred more frequently after
mitral valve procedures as well as after tricuspid valve surgery.
Conversely, the post-operative finding of PFO occurred more
frequently after ascending aorta surgery.

Post-operative outcomes of the three groups are shown
in Table 2. Post-operative PFO finding was associated with
more ischemic strokes compared with per-operative finding
and control group [7 (7.4%) vs. 3 (2.2%) vs. 236 (2.2),
respectively; p = 0.003]. Moreover, patients with post-operative
finding PFO reopening experienced a higher rate of pneumonia,
reintubation, and longer length of stay in the ICU. Patients with
per-operative finding of PFO had a higher rate of post-operative
atrial fibrillation and vasopressor use. In-hospital mortality
was 4.2% in the whole cohort and did not differ between the
three groups.

Risk factors of PFO reopening

Variables associated with PFO reopening are shown
in Supplementary Table 1. After adjusting for confounding
variables by using multivariable logistic regression, variables
independently associated with PFO reopening were: pre-
operative atrial fibrillation [adjOR = 1.6, 95%CI (1.1-2.3), p =
0.01], CABG [adjOR = 0.32, 95%CI (0.21-0.50), p = 0.001],
aortic valve procedure [adjOR = 0.25, 95%CI (0.16-0.38), p
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TABLE 1 Baseline and pre-operative characteristics.

10.3389/fneur.2022.1057479

Baseline characteristics

Age, mean & SD 68.4 £11.5 65.6 £ 13.2 67.1 £10.8 0.02
Male sex, 1 (%) 7,993 (74) 91 (65.9) 75 (78.9) 0.053
Smoker status, 1 (%) 3,327 (31.1) 33(23.9) 37 (38.9) 0.049
Hypertension, n (%) 5,738 (53.7) 55 (39.9) 58 (61.1) 0.004
Diabetes, n (%) 2,777 (26.0) 14 (10.1) 19 (20) <0.0001
Body mass index (kg/m?) 26.6 + 4.5 247 +4.0 27.0+4.7 <0.0001
COPD, 1 (%) 692 (6.5) 10 (7.2) 6(6.3) 0.92
Left ventricular ejection function >50%, n (%) 8,958 (82.9) 124 (89.9) 79 (83.1) 0.10
Left ventricular ejection function 31-49%, n (%) 1,578 (14.6) 10(7.2) 13 (13.7) 0.049
Left ventricular ejection function < 30%, n (%) 265 (2.5) 4(2.9) 3(3.2) 0.83
Peripherical arterial disease, n (%) 1,212 (11.2) 8(5.8) 17 (17.9) 0.02
Pulmonary artery systolic pressure >35 mmHg, # (%) 2,243 (29.5) 50 (36.2) 28 (29.5) <0.0001
Pulmonary artery systolic pressure >55mmHg, 1 (%) 409 (3.8) 15 (15.9) 1(1.1) <0.0001
Previous atrial fibrillation, n (%) 913 (8.5) 35(25.4) 12 (12.6) <0.0001
Per-operative characteristics

Coronary bypass grafting, n (%) 6,617 (61.3) 16 (11.6) 64 (67.4) <0.0001
Mitral valve replacement, # (%) 731 (6.8) 48 (34.8) 3(3.2) <0.0001
Mitral valve repair, n (%) 814 (6.8) 45 (32.6) 3(3.2) <0.0001
Aortic valve surgery, 1 (%) 3,701 (34.3) 15 (10.9) 22(23.2) <0.0001
Ascending aorta surgery, 1 (%) 758 (7.0) 5(3.6) 18 (18.9) <0.0001
Tricuspid valve surgery n (%) 327 (3.0) 53(38.4) 1(1.1) <0.0001
Urgent surgery, 1 (%) 630 (5.8) 5(3.6) 7 (7.4) 0.43
Redux 654 (6.1) 15(10.9) 4(4.2) 0.047

= 0.0001], combined ascending aorta procedures [adjOR =
1.7 95%CI (1.01-2.80), p = 0.048], and tricuspid valve surgery
[adjOR = 3.7 95%CI (2.6-5.5), p = 0.0001] (see Figure 1).

Risk factors of post-operative ischemic
strokes

Variables associated with post-operative stroke are shown
in Supplementary Table 2. After adjusting for confounding
variables by using multivariable logistic regression, variables
independently associated with post-operative stroke were post-
operative PFO reopening [adjOR = 3.5 (1.6-7.8), p = 0.005],
age [per-1-year increase, adjOR = 1.02 (1.01-1.04), p = 0.0001],
mitral valve procedures [adjOR = 2.4 (1.8-3.3), p = 0.0001], and
combined ascending aorta procedures [adjOR = 3.1 (2.1-4.5),
p = 0.0001], whereas men [adjOR = 1.2 (0.9-1.5), p = 0.26],
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elevated systolic pulmonary artery pressure above 35 mmHg
[adjOR = 1.1 (0.9-1.5), p = 0.38], and new onset of post-
operative atrial fibrillation [adjOR = 0.8 (0.55-1.15), p = 0.23]
were not associated with (see Figure 2).

Effect of PFO closure procedure on
clinical outcomes

Among patients with PFO reopening, 151 underwent
closures, including all 138 per-operative discoveries who
underwent concomitant surgical corrections. Among 95 post-
operative diagnoses, 13 underwent percutaneous closure and 82
received non-interventional medical treatment only.

Per- or post-operative closure of PFO was associated with a
significantly lower rate of pneumonia [18 (11.9%) vs. 24 (29.3%);
p = 0.002], lower rate of reintubation [8 (5.2%) vs. 11 (13.4%);
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TABLE 2 Post-operative outcomes.

10.3389/fneur.2022.1057479

Pneumonia, 7 (%) 989 (9.2) 15 (10.9) 27 (28.4) <0.0001
Reintubation, n (%) 376 (3.5) 6(4.3) 13 (13.7) <0.0001
Duration of mechanical 6 [4-8] 6 [4-9] 5[4-148] 0.33
Ventilation(hours),median[IQR]

Cerebral ischemic event, n (%) 236 (2.2) 3(2.2) 7 (7.4) 0.003
Comitial event, n (%) 63 (0.6) 3(2.2) 2(2.1) 0.01
Diaphragmatic paralysis, n (%) 340 (3.1) 3(2.2) 12 (12.6) <0.0001
New onset of postoperative atrial fibrillation, n (%) 2,598 (24.0) 67 (48.6) 20(21.1) <0.0001
Vasopressors use, 1 (%) 1,435 (13.3) 40 (29.0) 15 (15.8) <0.0001
Mediastinitis, 1 (%) 229 (2.3) 0(0) 2(2.1) 0.22
Length of stay in ICU, days median [IQR] 4[3-5] 4 [3-5] 6 [4-8.5] <0.0001
Length of stay in hospital, days, median [IQR] 13 [11-16] 14 [12-17.8] 16 [13-23] <0.0001
In-hospital mortality, n (%) 446 (4.1) 4(2.9) 8(8.4) 0.09

Aortic valve surgery— —&— :
Tricuspid valve surgery-— : —o—
Mitral valve surgery- ——o—
Ascending aorta surgery- —e—
Coronary bypass grafting— —&— :
Previous atrial fibrillation —e
T T T L i T T T T L ]
0.1 1 10
Odds ratio
FIGURE 1
Predictors of PFO finding in multivariate analysis.

p = 0.03], and reduced length of stay in ICU 4 [3-5] days vs.
5.5 [4-8] days; p < 0.001) (see Supplementary Table 3). There
was a trend of a higher rate of cerebral ischemic events and in-
hospital mortality in patients without the closure of PFO without
significant difference [6 (7.3%) vs. 4 (2.6%); p = 0.17 and 7
(8.5%) vs. 5 (3.3%); p = 0.08, respectively].

Discussion
This study yielded three main finding: (1) PFO finding in

peri-operative cardiac surgery care was a rare event (~2%), (2)
post-operative PFO reopening was associated with a increased
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risk of ischemic strokes, worsened respiratory outcomes, and
prolonged hospitalization, and (3) PFO closure was associated
with reduced adverse respiratory outcomes and a trend toward a
lower cerebral ischemic event.

We reported a large cohort study describing the
consequences of PFO finding in the peri-operative period
of patients undergoing cardiac surgery. There is no consensus
about pre-operative screening and closing of PFO. Some teams
have proposed to close PFO during cardiac surgery because of
the ease and the rapidity of the surgical procedure. However,
this procedure remains uncommon. A 2005 national survey
in the United States estimated that 27% of cardiac surgeons
routinely closed an intraoperatively diagnosed PFO (25). In
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New onset of postoperative AF - I—Q—|
Ascending aorta surgery—| —e—
Mitral valve surgery— —o—i
Post operative disclosure of PFO— D e
PASP>35mmHg e
Male gender— |—.-|
Age— HOH
T T i mmama |
0.1 1 10
Odds ratio
FIGURE 2
Variables associated with ischemic strokes in multivariable logistic regression analysis.

clinical practice, PFO closure is performed when it does not
significantly extend the operative time or when the procedure
does not entail additional morbidity (i.e., procedures involving
an atriotomy such as mitral or tricuspid valve surgery) (26, 27).
A large retrospective study reported that incidental PFO is
common in patients undergoing cardiac surgery (17%) but
was not associated with increased peri-operative morbidity or
mortality. However, surgical closure of PFO appears unrelated
to long-term survival and may increase post-operative stroke
risk (28).

We found that patients with post-operative PFO finding
experienced significantly more cerebral ischemic events after
cardiac surgery compared with per-operative PFO finding and
control group [7 (7.4%) vs. 3 (2.2%) vs. 236 (2.2), respectively; p
= 0.003]. Previously, Krasuki et al. described in a large cohort
study of 13,092 patients that 2,277 patients (17%) presented
with intraoperative PFO. In this study, there was no difference
in mortality, post-operative stroke, or length of hospital stay
between patients with and without PFO. However, in the
subgroup of patients who underwent surgical PFO closure
[639/2,277 (28%)], there was a increased risk of developing
post-operative stroke (2.8 vs. 1.2%, P = 0.04; OR = 247,
95% CI [1.02-6.00]) (28). Our results are conflicting, as we
reported that only a post-operative reopening of PFO, rather
than a per-operative finding, was independently associated with
stroke. Other risk factors of stroke included the previously
mentioned variables: age, male gender, mitral valve surgery,
ascending aorta surgery, and pre-operative PASP >35 mmHg.
Yet, Krasuki et al. reported data from a large database with
systematic research of PFO and with a high rate of per-
operative closure (28%). Our study design differs because we
reported here only the outcomes of patients with the decision
of per-operative closure or with the post-operative finding of
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PFO but not the incidence and outcomes of pre-operative
PFO disclosure.

Patent foramen ovale has already been described as an
important risk factor for stroke (7, 8); with a correlation among
the size of the PFO, the number of microbubbles during
the bubble test (and therefore the importance of the shunt),
and the risk of embolism (29). Stroke is a frequent event
after cardiac surgery affecting ~1-5% of patients, leading to
disability and higher post-operative mortality (30-32). In our
study, the post-operative stroke rate was 2.2%, consistent with
a recent observational study (2.16% on 10,250 patients) (32),
and somewhat higher than the ~1% rate yielded in a meta-
analysis based on 174,969 patients (33). Remarkably, other
factors associated with stroke after cardiac surgery included age,
hypertension, diabetes, duration of cardiopulmonary bypass,
type of intervention, and aorta atherosclerosis (30, 31).

Furthermore, PFO is associated with an increased risk
of stroke in the peri-operative setting even after non-
cardiac surgery (10). In the cardiac surgery setting, post-
operative prothrombotic status, central venous catheter, or
other intravascular dispositive could potentialize the risk of
stroke in case of post-operative PFO reopening. We also
reported the same association between PFO and post-operative
atrial fibrillation described by Djaiani et al. (34), which could
contribute to post-operative risk of stroke in this population,
although it does not emerge as an independent factor in
our analyses.

We found that tricuspid valve, ascending aorta surgery,
and previous atrial fibrillation were independent variables
associated with an increased risk for PFO finding. Tricuspid
valve surgery and previous atrial fibrillation could be associated
with higher pre-operative PASP and right atrium dysfunction
due to dilatation, explaining a increased risk of high right
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atrial pressure and PFO reopening. In addition, we confirm
that ascending aorta surgery is associated with post-operative
PFO finding as previously described (15, 16, 35). Indeed,
dilatation of ascending aorta, which constitutes its main surgical
indication, was found to lead to counterclockwise rotation
of the heart, horizontalization, and a “loose” appearance
of the inter-atrial septum favoring PFO reopening (15).
Conversely, valve aortic surgery and coronary bypass grafting
were independently associated with a risk decrease in PFO
finding. We could hypothesize that the absence of per-operative
atriotomy reduced the risk of the PFO finding, and that patients
with aortic valve and coronary disease had less previous atrial
fibrillation and higher right atrium pressure than patients with
tricuspid disease.

Among patients with PFO finding, 95 had post-operative
PFO finding revealed by marked hypoxemia. Thirteen (14%)
required percutaneous closure because of the persistence of
significant hypoxemia despite first-line medical treatment.
This
cardiologists, with few side effects for patients. The most

procedure is easily performed by interventional
frequent complications identified in randomized studies of
percutaneous closure devices were atrial fibrillation (0.6-4.6%),
ischemic strokes (0.4%) due to failure to purge, and pericardial
effusions (0.6%), which were sometimes life-threatening and
may require drainage (5-8, 36).

We acknowledge that our study has several limitations.
First, it was a single-center observational study; these results
correspond to a specific experience. Second, the retrospective
character of this study leads to inherent biases in this type of
study. We could not exclude that some events were misreported
during the data collection. We did not report data on the size of
the shunt in transthoracic or transesophageal echocardiography,
which is important data to interpret the risk of occurrence of
ischemic events. In addition, we did not have the details on
what type of imaging was performed (MRI or CT) and the
ischemic strokes pattern in imaging, which does not allow us to
conclude on the size and the severity of these ischemic events.
Moreover, despite systematic pre-operative echocardiography,
there was no standardized pre- and post-operative screening
protocol for PFO, and the presence of pre-operative PFO was
not reported in the database, so the incidence of PFO was
probably underestimated. Therefore, we only reported PFO
found and closed during surgery, as well as PFO revealed in
the post-operative setting. Moreover, the screening of PFO
mainly in patients with hypoxemic post-operative may have
overestimated the association with other causes of hypoxemia
(pneumonia and reintubation). Third, another major issue is
that we are unaware of what medications our patients were
taking before or after surgery. We did not report the use and
the effects of stopping or starting treatment as anticoagulation
and anti-platelet therapy on the risk of stroke. In patients with
cryptogenic stroke, there was no clear-cut difference in efficacy
found in trials between anti-platelet and oral anticoagulation
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therapy with warfarin or novel oral anticoagulants, in the
absence of atrial fibrillation (37). Usually, in our center,
patients undergoing coronary bypass grafting surgery and
aortic valve replacement had at least one anti-platelet agent
and prophylactic anticoagulation, while patients undergoing
mitral and tricuspid surgery were treated immediately with
therapeutic anticoagulation post-operatively. All patients with
atrial fibrillation received therapeutic anticoagulation.

Fourth, association in multivariate analysis is not causation,
and we cannot fully conclude about the effect of PFO reopening
on ischemic stroke risk.

Finally, because all patients diagnosed with PFO reopening
during surgery were surgically corrected, we did not have
a control group to assess the consequences of per-operative
surgical closure of PFO.

Conclusion

In this large single-center observational study, we found that
PFO finding incidence in peri-operative cardiac surgery care
was ~2%. The post-operative finding of PFO was associated
with a increased risk of ischemic stroke, worsened respiratory
outcomes, and prolonged hospitalization. Furthermore, post-
operative reopening of PFO was an independent risk factor of
stroke with more than a three-fold increase.
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