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INTRODUCTION

Patent foramen ovale (PFO) is one of the common causes of paradox-
ical embolism.1-4 Low-angle PFO, defined as an angle of #10� be-
tween the inferior vena cava (IVC) and PFO flap, has been reported
as a high-risk morphological feature that is associated with stroke.5

A low angle between the IVC and PFO flap allows venous blood to
flow directly from the IVC to the left atrium (LA) through the PFO.
Therefore, thrombus in veins of the lower extremities is more likely
to be carried to the left heart, causing an embolic stroke. However,
there have been no reports showing a right-to-left shunt flowing
directly from the IVC to the LA owing to low-angle PFO. Here we
report a case of low-angle PFO in which IVC venous blood flowed
directly into the LA in a patient with recurrent stroke.
CASE PRESENTATION

An 86-year-old womanwith recurrent stroke and atrial fibrillation was
referred to our hospital. The stroke was diagnosed as cardiogenic ce-
rebral embolism by neurologists. Therefore, atrial fibrillation was
initially considered to be the cause of the strokes.
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Transesophageal echocardiography was performed to examine the
source of embolization. Thrombi were not identified in the left atrial
appendage. The Doppler flow velocity was not decreased.
Spontaneous echo contrast was not observed. There was no shaggy
aorta syndrome. However, PFOwith a right-to-left shunt was detected
by a saline contrast injection with the Valsalva maneuver (Video 1).
The height of the PFO was 5 mm, and the length of the PFO tunnel
was 3 mm (Figure 1). An atrial septum aneurysm with a total excur-
sion distance of 20 mm between the right atrium and LA was
observed (Video 2). The angle between the IVC and PFO flap, which
was measured on an imaging plane that displayed the IVC and intera-
trial septum, was low (Figure 2). The structural position of the PFO
flap was located on a straight line from the IVC (Figure 3).
Transesophageal echocardiography with color Doppler showed a
right-to-left shunt that flowed directly into the LA through the PFO,
especially during inspiration (Video 3). Pulmonary arterial hyperten-
sion was not observed.

On the basis of the finding of direct blood flow from the IVC to the
LA through the low-angle PFO, we concluded that the recurrent
strokes were caused by the high-risk PFO. Transcatheter PFO closure
was considered to be an effective treatment for preventing a recurrent
as 5 mm. (B) The length of the PFO tunnel was 3 mm. Ao, Aorta.
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Figure 2 (A) The angle between the IVC and PFO flap was measu
septum. In this patient, the angle between the IVC and PFO flap wa
was high in this other patient.

Figure 3 Low-angle PFO. The structural position of PFO flap
was almost on a straight line from the IVC. Ao, Aorta.

VIDEO HIGHLIGHTS

Video 1: A right-to-left shunt was demonstrated by a saline

injection test with the Valsalva maneuver.

Video 2: Atrial septum aneurysm with a total excursion dis-

tance of 20 mm between the right atrium and LA was shown.

Video 3: Direct blood flow through the low-angle PFO. A

right-to-left shunt flowing directly from the IVC to the LA

through the low-angle PFO was observed.

Viewthevideocontentonlineatwww.cvcasejournal.com.
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paradoxical embolism in this patient. However, because the patient
was older, anticoagulation therapy was performed.
DISCUSSION

The present report shows that low-angle PFO is related to direct blood
flow from the IVC to the LA. Our findings indicate the importance of
the structural position between the IVC and PFO flap as a cause of
paradoxical embolism.

The prevalence of PFO is approximately 25% in the general pop-
ulation.6 However, few patients with PFO have a paradoxical embo-
lism. Recent randomized trials have shown the benefits of
transcatheter closure for reducing stroke compared with medical ther-
red on an imaging plane that displayed the IVC and interatrial
s low. (B) In contrast, the angle between the IVC and PFO flap
apy, and patients with PFO at risk of stroke were selected as candi-
dates.7-9 Therefore, identification of high-risk PFO, which is more
likely to be associated with a paradoxical embolism, is important for
therapeutic management.

A large-sized PFO with a height of $2 mm, a large right-to-left
shunt, and the presence of trial septum aneurysm have been recog-
nized as morphological features indicating high-risk PFO.4,10-12

Patent foramen ovale with a long tunnel $10 mm and the presence
of a prominent Eustachian valve or Chiari’s network have been re-
ported to be more common in patients with stroke.11,13,14 In addition
to these factors, we proposed that an angle of#10� between the IVC
and PFO flap, which was defined as low-angle PFO, was associated
with stroke.5 As a possible mechanism, we consider the possibility
that low-angle PFO, which aligns the PFO flap with the IVC, facilitates
the passage of thrombus into the LA. We showed direct blood flow
from the IVC to the LA through a low-angle PFO on transesophageal
echocardiography with color Doppler. Direct blood flow frequently
occurred during inspiration, owing to an increase in right atrial
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pressure. This report is valuable in that it supports low-angle PFO as
one of the high-risk morphologies of PFO. For these types of patients,
transcatheter closure of PFO can be effective for preventing paradox-
ical embolization.

In this patient, transcatheter PFO closurewas not performed, owing
to advanced age. This patient had other potential causes of stroke.
Thus, the relationship between stroke and low-angle PFO with direct
blood flow from the IVC to the LA is speculative. However, the risk of
forming a left atrial appendage thrombus was low. Shaggy aorta was
not observed. Therefore, we considered that this PFO was strongly
associated with the cause of stroke.

The angle between the IVC and PFO flap may change with age. In
this patient, the angle might have become low with increasing age,
which allowed venous blood to flow directly from the IVC to the
LA, leading to the occurrence of stroke. Further studies are needed
to confirm the findings.

CONCLUSION

We showed direct blood flow from the IVC to the LA through PFO
with a low angle between the IVC and PFO flap. Low-angle PFO
should be recognized as a high-risk morphology of PFO associated
with paradoxical embolism when assessing PFO.
SUPPLEMENTARY DATA

Supplementary data related to this article can be found at https://doi.
org/10.1016/j.case.2021.02.008.
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