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CT Diagnosis of Paradoxical
Embolism via a Patent
Foramen Ovale in

a Patient with a Pulmonary
Embolism and Prominent
Eustachian Valve
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While there is a high prevalence of patent foramen ovale in adults, paradoxical embolism via a
patent foramen ovale is rare. Previous echocardiographic studies indicated that paradoxical
embolism might only occur in patients with high-risk features of patent foramen ovale (i.e.,
large defect size, presence of a Eustachian valve, and high right atrial pressure). Here, we pres-
ent a case of patent foramen ovale with high-risk CT features for paradoxical embolism.

Index terms Paradoxical Embolism; Patent Foramen Ovale; Computed Tomography, X-Ray

INTRODUCTION

Prevalence of patent foramen ovale (PFO) is about 20-30% in the general population
(1). Although most of PFOs are innocent bystander without clinical consequence, rare
paradoxical embolism via PFO is associated with serious clinical conditions such as
cryptogenic brain embolism, embolic myocardial or renal infarction, and even mi-
graine (1, 2). According to the echocardiographic study (2), this discrepancy of the prev-
alence between silent PFO and paradoxical embolism may be caused by presence or
absence of high risk features of PFO. However, high risk CT findings of PFO regarding
paradoxical embolism is scarce in the literatures. The authors report a case of PFO dem-
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onstrating the high risk CT features for paradoxical embolism with accompanying clinical
findings.

CASE REPORT

A 70 year-old-male presented with acute chest pain and dyspnea to the emergency depart-
ment. His blood pressure was low (systolic and diastolic pressure, 90 and 50 mm Hg, respec-
tively), indicating hypotension. Serum level of D-dimer (10000 ng/mL, normal range = 0-500
ng/ml,) and pro-brain natriuretic peptide (9140 pg/mL, normal range = 0-263 pg/ml) was in-
creased suggesting presence of pulmonary embolism. Pulmonary CT angiography (CTA) was
performed by using 64-slice multidetector-row CT (MDCT) (Light-speed VCT, GE Healthcare,
Waukesha, WI, USA). CT scanning parameters were as follows: 120 KV and 650 mA, 0.625 mm
collimation. Sixty mL of intravenous Ioversol (Optiray 320 mg/mL, Tyco Healthcare, Montre-
al, Canada) injected at a flow rate of 5 mL/s. CT scanning was initiated for CT attenuation
valve of the main pulmonary artery > 100 Household units (HU) after contrast administra-
tion. On pulmonary CTA, multiple pulmonary emboli, embolus captured within the PFO,
and multiple renal infarcts in the both kidneys (Fig. 1A-D) are demonstrated. Subsequent
transthoracic echocardiography confirmed MDCT findings (i.e., mobile echogenic mass
within the inter-atrial septum, marked dilation of right ventricle and atrium, and elevated
right ventricular pressure (77 mm Hg) with tricuspid regurgitation). Electrocardiogram (ECG)-
gated cardiac CTA (Light-speed VCT, GE Healthcare) was performed on 7 days later. CT scan-
ning parameters were as follows: 120 kV and 750 mA, 0.625 mm collimation. Eighty mL of in-
travenous Ioversol (Optiray 320 mg/mL, Tyco Healthcare, Montreal, Canada) injected at a flow
rate of 5 mL/s. CT scanning was initiated for CT attenuation valve of the ascending aorta >
100 HU after contrast administration. On ECG-gated cardiac CTA (Fig. 1E, F), PFO with a
wide gap at the bottom and prominent Eustachian valve of inferior vena cava (IVC) are dem-
onstrated.

Tissue plasmigen activator [Actilyse (Alteplase 60 mg, Boehringer Ingelheim Korea, Seoul,
Korea)] was intravenously administered for 2 hours, and conservative treatment including
oxygen supply were performed. And then, after loading dose (3600 IU) of intravenous hepa-
rin (Heparin sodium, Greencross, Yongin, Korea), 25000 IU of heparin per day was infused
for 7 days while monitoring the level of serum aPTT. After discontinuation of intravenous
heparin, 15 mg Xarelto (Rivaroxaban, Bayer Korea, Seoul, Korea) was administered for anti-
coagulation twice per day.

Decrease in the extent of pulmonary embolism was noted on follow-up pulmonary CTA
performed on 13 days later. After 2 weeks later, the patient denied residual dyspnea, and has

been discharged without any consequence.

DISCUSSION

This case report represented a patient who has PFO with typical high risk CT features for
paradoxical embolism.

Although contrast transthoracic and/or trans-esophageal echocardiography is primary tool
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Fig. 1. A70 year-old-male with paradoxical embolism via the PFO with a large Eustachian valve in the IVC.

A. On pulmonary CT angiography, multiple pulmonary emboli (white arrows) are demonstrated in both
lungs on an axial image at the level of the left atrium. A low attenuation filling defect near the septum of the
left atrium can be seen (black arrow).

B, C. Thefilling defect seen in (A) passes into the PFO (arrowheads on B) and continues into the right atrium
(arrow, C), indicating that the embolus is captured within the PFO.

D. Multiple renal infarcts in both kidneys are seen (arrowheads).

E. On follow-up cardiac CT angiography performed 7 days later, a PFO, with a wide gap at the bottom, is ob-
served (between the arrows).

F. A prominent Eustachian valve of the IVC (arrowheads) can be seen on the two-chamber view of the cardi-
ac CT angiography.

IVC = inferior vena cava, PFO = patent foramen ovale
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to diagnose PFO, Kim et al. (3) reported that cardiac CTA can identify the presence of PFO (i.e.,
channel-like appearance of the interatrial septum accompanied by left-to-right contrast agent
jet) with moderate sensitivity (73.1%) and high specificity (98.4%) (2, 3). The chance of para-
doxical embolism via PFO may increase at a situation with simultaneous presence of 1) marked
increase of the right atrial pressure (e.g., massive pulmonary embolism); 2) large PFO;
3) prominent Eustachian valve (2, 4). Thus, variable combinations, and presence or absence
of the high risk features may determine probability complicated by paradoxical embolism.

In the present case, presence of massive pulmonary embolism may further increase the
size of PFO. In this case, there was marked dilatation of the right atrium and ventricle with
tricuspid regurgitation (i.e., severe pulmonary hypertension) secondary to massive pulmo-
nary embolism. Increase in the right atrial pressure compared to the contralateral side may
displace septum primum into the left atrium leading to increase in size of PFO. This situation
is similar to increase in the right atrial pressure during Valsalva maneuver. Thus, severity of
the right-to-left shunt via PFO is determined just after the release of the Valsalva maneuver,
not resting state (2). Eustachian valve of IVC has an important role in fetal circulation. That
is, blood flow from the IVC preferentially directs PFO rather than tricuspid valve at the pres-
ence of prominent Eustachian valve (2). In a similar way, embolus originated from deep vein
thrombosis in the lower extremity may preferentially direct PFO in the presence of large Eu-
stachian valve, not right ventricle (2). All of these combinations may increase the chance of
paradoxical embolism via PFO in the present case.

In conclusion, simultaneous presence of marked increase of the right atrial pressure, large
PFO, prominent Eustachian valve of IVC may increase the chance of paradoxical embolism
via PFO.
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