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Abstract

Patients with patent foramen ovale can manifest in a variety of ways. These presentations and their
resolution are discussed in this article.
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C ommon presentations (Figure 1)
and problems in patients with a pat-
ent foramen ovale (PFO) are pre-

sented in a case management format. The
management decisions are those solely of the
authors. References are provided when avail-
able, and knowledge gaps are identified.

CASE 1
An asymptomatic 27-year-oldmale patient un-
dergoes transthoracic echocardiography
because of a history of hypertrophic cardiomy-
opathy in a first-degree relative. The echocar-
diogram shows no evidence of hypertrophic
cardiomyopathy, but there is a PFO with bidi-
rectional shunt noted by color imaging. Pe-
ripheral vein agitated saline injection (bubble
study; Figure 2) shows right-to-left shunt.
Should anything further be done regarding
these findings?

Longitudinal population-based studies
have shown no evidence of an increased
risk of stroke or embolism in asymptomatic
patients found to have a PFO as an inci-
dental finding. Accordingly, there is no
recommendation for treatment with antico-
agulant or antiplatelet agents, or consider-
ation of device closure.1,2 The patient could
be counseled about venous thrombosis pre-
vention by staying well hydrated and avoid-
ing prolonged periods of immobilization.

CASE 2
A 37-year-old healthy woman developed sud-
den onset of aphasia and right hemiparesis af-
ter prolonged air travel. Brain imaging showed
defects consistent with an embolic process.
Mayo Clin Proc. n May 2021;
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Her symptoms resolved after intravenous tis-
sue plasminogen activator (tPA). Lower-
extremity duplex examination demonstrated
evidence of a subclinical deep vein thrombosis.
Extensive neurologic workup including mag-
netic resonance angiography of the extracra-
nial circulation, venous thrombophilia
testing, and 30-day ambulatory cardiac moni-
toring all demonstrated no abnormalities.
The patient was taking estrogen-containing
oral contraceptive. Transesophageal echocar-
diography (TEE) demonstrated a PFO with
atrial septal aneurysm and a small right-to-
left shunt at rest on bubble study, which
became large during a Valsalva maneuver.
The study results were otherwise normal.
How should this patient be managed?

This patient with unexplained ischemic
stroke most likely had paradoxical emboliza-
tion of a thrombus through the PFO. This
presumptive diagnosis is supported by the
presence of deep vein thrombosis on duplex
scanning, the “high-risk” finding of atrial
septal aneurysm, and the lack of demonstra-
tion of other potential causes of stroke in an
otherwise healthy young patient.3 Suggested
testing for PFO device closure is shown in
Table 1.

Recent randomized trials of PFO device
closure versus antiplatelet therapy have
demonstrated the superiority of device closure
for prevention of recurrent stroke after a first
event in patients under the age of 60 who
had undergone a comprehensive assessment
for more common causes of stroke, such as
atherosclerotic disease involving the cervical
vessels, spontaneous arterial dissection, and
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FIGURE 1.While the majority of individuals with PFO have no symptoms, a
variety of complications related to PFO may occur. PFO, patent foramen
ovale.

FIGURE 2. Bubble study demonstrating right-
to-left shunt on an transesophageal echocar-
diogram. Microbubbles have crossed from RA
to LA, indicating right-to-left shunt across a
PFO. AS, atrial septum; LA, left atrium; PFO,
patent foramen ovale; RA, right atrium.

COMMON PRESENTATIONS AND PROBLEMS WITH PFO
overt or subclinical atrial fibrillation as
detected on cardiac monitoring.4-7 In a recent
meta-analysis comparing device closure of
PFO versus antiplatelet therapy, the absolute
reduction in the incidence of recurrent stroke
was 8.7% over 5 years of follow-up (10% vs
1.3%).8

The US Food and Drug Administration
has approved 2 devices for closure of PFO:
the Amplatzer PFO occluder and the Gore
Cardioform septal occluder (Figure 3A-C).
Risks of device closure are low, with less
than a 1% chance of serious procedural
complication in experienced centers, such
as stroke, myocardial infarction, or cardiac
tamponade, and less than a 2% long-term
risk of persistent atrial fibrillation.8

Guideline recommendations published
in 2020 by the American Academy of
Neurology recommend device closure of
PFO over antiplatelet therapy for secondary
prevention of recurrent stroke, in carefully
evaluated patients without another demon-
strated stroke etiology.9 This recommenda-
tion has been endorsed by the Society for
Cardiac Angiography and Intervention,
American Heart Association, and American
Stroke Association.

This patient underwent device closure as an
outpatient procedure and returned to work 3
days later. She has had no complications and
no recurrence of neurologic symptoms.

CASE 3
A 26-year-old man with transient left-sided
weakness had a transthoracic echocardio-
gram as part of an evaluation for possible
source of embolism. This demonstrated a
right-to-left shunt by bubble study, but the
exact location of the shunt could not be
determined. Subsequently, TEE showed no
evidence of intracardiac or intrapulmonary
shunting (Figure 4). What is the explanation
for this discrepancy?

The patient required heavy intravenous
sedation for TEE because of a prominent
gag reflex. He was unable to perform a satis-
factory Valsalva maneuver during the TEE,
and his PFO and related atrial level shunt
went undetected. Later the same day, he un-
derwent a repeated transthoracic bubble
Mayo Clin Proc. n May 2021;96(5):1356-1362 n https://doi.org/10.1
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study that showed a large right-to-left atrial
shunt after Valsalva release (Figure 5). Intra-
cardiac echocardiography performed at the
time of PFO device closure, confirmed the
presence of a large PFO.

Intravenous sedation interferes with
adequate performance of the Valsalva ma-
neuver in some patients,10 and it can cause
a false-negative TEE examination result for
right-to-left shunting. For patients referred
to our echocardiographic laboratory, we
perform transthoracic bubble study before
sedation for a TEE examination, to improve
the sensitivity of detecting a PFO with
shunting. In all patients undergoing TEE
bubble study for possible right-to-left shunt-
ing, it is important to localize the exact
016/j.mayocp.2020.12.018 1357
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TABLE 1. Patent Foramen Ovale Closure for Unexplained Stroke

The following are required:
Ischemic (embolic) stroke etiology confirmed by neurology consultation/imaging
PFO with right-to-left shunting documented by echocardiography bubble study
Absence of other cardiac embolic sources (eg, PFE, LAA thrombus)
Negative venous thrombophilia screen including lupus anticoagulant and anticardiolipin antibodies
MRA or CT angiogram of the extracranial arterial circulation negative for embolic source including dissection
Cardiac rhythm monitoring (30-120 days) negative for atrial fibrillation

CT, computed tomography; LAA, left atrial appendage; MRA, magnetic resonance angiography; PFE, papillary fibroelastoma; PFO, patent
foramen ovale.
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location of the shunt. If microbubbles appear
in the left atrium but cannot be seen crossing
the atrial septum (through a PFO or atrial
septal defect), then careful examination of
pulmonary veins must be performed to
detect an intrapulmonary shuntdfor
example, owing to pulmonary arteriovenous
malformation.
CASE 4
A 57-year-old man presented to the General
Cardiology Clinic with a complaint of inter-
mittent dyspnea. There was no history of
cardiac disease. He had a history of farmer’s
lung, but no recent pulmonary symptoms.
His physical examination was unrevealing.
When asked more specifically to describe
his symptoms, he noted that they could
occur at any time, and that he had learned
that by walking around or otherwise exer-
cising for a few minutes, his dyspnea would
often improve. His symptoms had been
attributed to farmer’s lung.

Evaluation in the pulmonary function
laboratory demonstrated resting hypoxemia
with an O2 saturation of 97% in supine
FIGURE 3. (A) Amplatzer PFO occluder. (B) Gore c
cardiogram showing Gore cardioform septal occlud
occluder device. Ao, aortic; AS, atrial septum; LA, left a

Mayo Clin Proc. n May 2021;
position and as low as 84% in the sitting
and standing positions. There was no correc-
tion with nasal cannula oxygen at 2, 4, and 6
L/min. However, after the patient had
walked on a treadmill for a few minutes
while breathing room air, his oxygen satura-
tion increased to 96% (Table 2). What is the
explanation for these findings?

Echocardiography demonstrated a PFO
with intermittent right-to-left shunting that
increased in the upright position, as demon-
strated by bubble study injections. Pulse ox-
imetry confirmed normal supine arterial O2

saturation with a fall in saturation in the up-
right position. Grade 1 left ventricular dia-
stolic dysfunction was also noted. A
diagnosis of platypnea-orthodeoxia was
made, and he subsequently underwent un-
complicated device closure of a large PFO.
His symptoms and the associated intermit-
tent arterial desaturation resolved.

The finding of resting arterial desatura-
tion that improves with exercise is unusual.
We hypothesized that at rest in the upright
position, right atrial pressure was higher
than the left atrial pressure for some portion
ardioform septal occluder. (C) Intracardiac echo-
er after deployment. Arrows indicate the septal
trium; PFO, patent foramen ovale; RA, right atrium.
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FIGURE 4. Transesophageal echocardiogram,
bubble study case 3. No microbubbles seen in
LA, indicating no right-to-left shunting present.
LA, left atrium; RA, right atrium.

COMMON PRESENTATIONS AND PROBLEMS WITH PFO
of the cardiac cycle, perhaps related to
abnormal pulmonary resistance from the pa-
tient’s pre-existing lung disease. Right-to-left
shunting would occur at this time. With ex-
ercise, the left atrial pressure increased
because of left ventricular diastolic dysfunc-
tion, thus reducing or eliminating the
right-to-left shunting by increasing the left-
to-right atrial pressure gradient. As a result,
symptoms and desaturation would diminish
with exercise. PFO device closure is an effec-
tive treatment for patients with platypnea-
orthodeoxia, and most will have prompt
FIGURE 5. Transthoracic echocardiogram,
bubble study case 3. Large number of micro-
bubbles in LV, indicate large right-to-left shunt is
present. LV, left ventricle; RV, right ventricle.
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resolution of symptoms after device place-
ment.11 Arterial blood gases and shunt
studies in different body positions are key
to diagnosing this treatable condition.

CASE 5
A 63-year-old woman was referred for
consideration of PFO device closure because
of progressive exertional dyspnea and an
abnormal echocardiogram. The echocardio-
gram demonstrated a PFO with no shunting
at rest, but a large right-to-left shunt induced
with Valsalva release. Grade 1 diastolic
filling abnormality was also present. An ex-
ercise test showed limiting dyspnea at about
6 METs of activity, and this was accompa-
nied by arterial desaturation as measured
by fingertip pulse oximetry. There was no
evidence of ischemia on imaging. It was
believed that the PFO could be contributing
to the patient’s exertional dyspnea, and the
patient was referred for consideration of de-
vice closure. How should this patient be
managed?

A second upright exercise test was per-
formed using a forehead pulse oximeter.
This test did not show any arterial desatura-
tion despite reproduction of the patient’s
symptoms of breathlessness. Again, there
was no indication of myocardial ischemia.
Subsequently, right heart catheterization
with supine bicycle exercise was performed;
it reproduced the patient’s symptoms of dys-
pnea and was characteristic of heart failure
with preserved ejection fraction. The resting
pulmonary capillary wedge pressure of 14
mm Hg increased to 28 mm Hg at peak exer-
cise, with reproduction of severe dyspnea. At
this time, arterial O2 saturation measured by
oximetry and blood gas analysis was 96%.
This patient’s symptoms were due to heart
failure with preserved ejection fraction. The
Valsalva-induced right-to-left shunt
appeared to be an incidental finding, and
PFO device closure was not recommended.
The arterial desaturation during initial exer-
cise testing was not duplicated with forehead
oximetry and was attributed to poor contact
of the fingertip probe. This has also been
noted in patients with Raynaud disease.
The significance of inducible right-to-left
016/j.mayocp.2020.12.018 1359
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TABLE 2. Oxygen Titration Study From Case 4 Demonstrating Arterial Desaturation Unresponsive to Oxygen,
Self-Correcting With Exercise

Inspired gas Activity Time (min) SpO2 (%) Heart rate (beats/min)

Room air Rest 7.0 87 58

4 L/min Rest 2.0 86 91

6 L/min oxymizer Rest 3.0 87 85

8 L/min oxymizer Rest 2.0 84 92

Room air 2.5 mph, 4.5% grade 3.0 97 109

Room air 2.5 mph, 6% grade 2.0 96 114

Room air 2.5 mph, 7.5% grade 3.0 96 116

Total exercise time 16
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shunting in patients with dyspnea and arte-
rial desaturation has been evaluated in small
numbers of patients.12,13 PFO closure may
be appropriate if other causes of arterial
desaturation are carefully excluded. In pa-
tients with dyspnea, PFO and inducible
right-to-left shunt, but without arterial desa-
turation at rest or with exercise, PFO closure
is not of proven benefit. However, this subset
of patients has not been systematically stud-
ied. Many of these patients might have an
alternative explanation for dyspnea, as did
the patient in this case.
CASE 6
A 70-year-old man is scheduled to undergo
dual-chamber pacemaker implantation for
symptomatic bradycardia. He has a known
asymptomatic PFO previously documented
by echocardiography. His referring physician
questions whether the PFO should be closed
to prevent the possibility of right-to-left
embolization of potential pacemaker
thrombus in the future. What should you
tell her?

The data here are discordant. In one
study of patients with intracardiac device
leads, those who had a documented PFO
showed a higher incidence of stroke
compared with those who did not have a
PFO documented.14 In a separate case con-
trol series of patients, all of whom had
PFO, the presence of intracardiac device
leads did not confer an additional risk of
stroke. In fact, most strokes could be related
to the occurrence of atrial fibrillation in this
latter population.15
Mayo Clin Proc. n May 2021;
PFO closurewas not recommended in this
patient. On the other hand, for patients with
obvious device lead thrombus or vegetations,
and large right-to-left shunt through a PFO,
device closure of PFOor anticoagulation ther-
apy should be considered. PFO closure can be
especially important in those undergoing de-
vice lead extraction, to prevent paradoxical
embolization. In younger patients with genet-
ically mediated malignant arrhythmias and
PFO requiring lifelong implantable cardi-
overter defibrillator for sudden death preven-
tion, shared decision making would be
recommended to address the concerns raised
regarding the potential for paradoxical embo-
lism over ensuing decades.
CASE 7
A 24-year-old medical student plans to take
sport scuba diving lessons. She has just
finished the cardiovascular physiology sec-
tion and questions whether she should
have an echocardiogram to rule out a PFO
as a risk for decompression illness during
her dives. What is the appropriate response?

Screening for PFO is not currently rec-
ommended to reduce the chance of decom-
pression illness for sport scuba divers.16

Decompression illness is extremely uncom-
mon, under 0.1% in the overall population
of sport divers, and it is unlikely to be
reduced further by routine PFO closure. In
all patients, safe scuba diving behavior is rec-
ommended to prevent decompression
illness. On the other hand, in commercial
divers, or those with prior episodes of
decompression illness, examination for and
96(5):1356-1362 n https://doi.org/10.1016/j.mayocp.2020.12.018
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COMMON PRESENTATIONS AND PROBLEMS WITH PFO
closure of PFO may be indicated. In a regis-
try of divers with a history of decompression
illness and documented PFO, closure of PFO
eliminated recurrent episodes of decompres-
sion illness, whereas those not closed had a
continuing risk of future events.17

CASE 8
A 36-year-old woman with frequent mi-
graines has been found to have PFO on an
echocardiogram. Should PFO closure be
considered to reduce the occurrence of her
migraines?

The prevalence of PFO is 20%-25% in
the general population; the prevalence of
migraine is approximately 12%. Thus, a large
number of individuals will have both condi-
tions by chance alone. The transatrial pas-
sage of vasoactive substances, such as
serotonin or microemboli that are normally
filtered by the lungs, into the brain circula-
tion has been proposed as a cause of
migraine attack, and observational studies
have suggested a benefit of PFO closure
among migraineurs. Three prospective ran-
domized trials have examined this ques-
tion.18-20 None met their primary endpoints
for efficacy. The most recent of these, the
Premium trial,20 was double blinded and
sham controlled. The primary endpoint was
defined as a 50% reduction in migraine at-
tacks. This endpoint was not met. However,
individuals randomized to the treatment arm
did experience a reduction in headache days
per month (about 1.4 fewer) and were more
likely to have complete remission of
migraine (8.5% vs. 1%). In a non-
prespecified subgroup analysis of patients
having predominantly migraine with aura,
there was a statistically significant reduction
in headache frequency. Of note, the placebo
response rate was 31% in the sham treatment
group, indicating a strong placebo effect of
the procedure. PFO closure was not recom-
mended for this individual. Further investi-
gations into the potential relationship of
migraine and PFO are underway.

CONCLUSION
PFO is common, with a prevalence in the gen-
eral population of approximately 20%-25%.
Mayo Clin Proc. n May 2021;96(5):1356-1362 n https://doi.org/10.1
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PFO closure is indicated in carefully selected
patients with otherwise unexplained stroke af-
ter a comprehensive evaluation performed by a
dedicated team of cerebrovascular and cardio-
vascular specialists or well documented
platypnea-orthodeoxia. Though closure is
most commonly performed through a percuta-
neous approach, there may be a role for surgi-
cal closure, often semi-robotic, in select
patients with other coexisting cardiac defects
or anatomy unsuitable for device placement.

In the absence of arterial desaturation,
otherwise unexplained dyspnea is unlikely
to be improved by PFO device closure, but
this question needs more study. For most
patients undergoing pacemaker implanta-
tion, sport divers, or those with migraine,
there are currently no guideline indications
for routine PFO closure. An individualized
approach incorporating expert advice and
shared decision making will be needed in
some patients.
Abbreviations and Acronyms: PFO = patent foramen
ovale; TEE = transesophageal echocardiogram; tPA = tissue
plasminogen activator
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