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ABSTRACT
Patent foramen ovale with right to left shunt as a 
cause of hypoxia without Eisenmengers physiology 
or with only moderately pulmonary artery pressures 
is an uncommon presentation. Initial diagnosis via 
transesophageal echocardiography requires detection 
of a shunt with either color Doppler or agitated saline 
contrast with or without Valsalva maneuver. This rare 
but diagnosable case presented was simply corrected 
with placement of a CardioSEAL device. Causes of 
right to left shunt without elevated pulmonary artery 
pressures are discussed.

INTRODUCTION
Patent foramen ovale (PFO) is an anatomical variant 
occurring in the septum separating the atrial cham-
bers. PFO provides communication between the atrial 
chambers of the heart through the ostium secundum 
with the septum primum acting as a 1-way valve that 
allows flow from the right to left atria, bypassing the 
lungs.1 This septum normally remains patent before 
birth and closes with the first breath of air a baby takes 
because of increased left-sided pressures. Anatomical 
closure usually occurs by 2 years of age. However, it 
remains patent in a subset of the population. Autopsy 
studies have shown an overall prevalence of approxi-
mately 27% in the general population, decreasing with 
increasing age (35% and 20% in age groups <30 years 
and >80 years, respectively).2 The average size is esti-
mated at 4.9 mm with a majority being <10 mm in size.2 
The agitated saline contrast study with transesophageal 
echocardiography (TEE) and the Valsalva maneuver 
is the gold standard test for detection of PFOs. The 

authors present a case report of a 58-year-old woman 
with an uncommon presentation of hypoxia secondary 
to right to left shunt (without Eisenmengers physiology 
and with only moderately elevated pulmonary artery 
pressures). A 23 mm CardioSEAL device was placed in 
the PFO with significant improvement in the patient’s 
functional status at 1 month and continued stability at 
6-month follow-up.

Case Report
A 58-year-old woman presented with a 9-month his-
tory of shortness of breath and a 1-month history of 
bilateral lower extremity pedal edema with baseline 
oxygen saturation in the 60s to 70s. She denied ortho-
pnea or platypnea. Pulmonary history was significant 
for 41 pack years of smoking and prior diagnosis of 
chronic obstructive pulmonary disease. Past medical 
history was also significant for hypertension, cervi-
cal carcinoma (28 years ago), cecal adenocarcinoma (1 
year ago) stage I, earliest stage (Tis), no lymph node 
involvement (N0), no distant spread (M0), status post-
right hemicolectomy, anal cell carcinoma (1 year ago), 
status post-surgical resection, and chemotherapy. The 
patient had an unremarkable surgical course during her 
hemicolectomy 1 year ago. She did not have excessive 
bleeding and had a hemoglobin of 12.6 g/dL. She had 
no problems with hypoxia. Her medications included 
carvedilol, furosemide, aspirin, acetaminophen with 
codeine, and vitamin B12.

Physical examination showed the patient was afe-
brile with a blood pressure of 133/76 mm Hg, regu-
lar pulse of 75 beats/min and respirations at 17 beats/
min. She exhibited central cyanosis and elevated jugu-
lar vein distension. Her lungs were clear to ausculta-
tion and heart sounds were regular with non-displaced 
apical impulse. Clinically hepatomegaly was not noted. 
Bilateral lower extremity pedal edema of 2-3+ was 
present. The remainder of the physical examination was 
within normal limits. The patient’s oxygen (O2) satura-
tion measured 66% on 2 liters of O2 and increased to 
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(ECHO) showed evidence of a severely enlarged right 
atrium and right ventricle, depressed right ventricu-
lar systolic function, normal left ventricular systolic 
function, and continuous flow to left atrium from an 
unknown source. A systolic pulmonary artery pressure 
was estimated to be at 40-45 mm Hg from a tricuspid 
regurgitation jet. A pulmonary regurgitation jet was not 
identified. TEE showed marked right heart enlargement 
and presence of a defect in atrial septum with the pres-
ence of a flap valve formed due to overlapping layers of 
foramen ovale with the blood flowing from the right 
atrium to the left atrium under this flap, consistent with 
a PFO.

Catheterization confirmed presence of low femoral 
artery saturation (82%) with normal saturation in the 
left upper pulmonary vein (100%). There was a 9 mm 
Hg pressure gradient across the interatrial septum with 
mean pressure in the right atrial of 20 mm Hg and mean 
pressure in the left atrial of 11 mm Hg. Pulmonary artery 
trunk pressure was moderately elevated at 40/20/28 mm 
Hg with normal capillary wedge pressure at 8 mm Hg. 
To evaluate for tolerance of right heart after closure, 
temporary occlusion of the PFO with the sizing bal-
loon was attempted (Figure 1), and the femoral artery 
O2 saturation increased from a value of 75% O2 satura-
tion to a value of 94% O2 saturation at 10 minutes, and 
to a value of 95% O2 saturation at 30 minutes. The size 
of the PFO was measured at 10 mm. Pulmonary artery 
trunk pressures (baseline 48/27/34 mm Hg, 37 minutes 
after occlusion 52/25/37 mm Hg) and aortic pressures 
(baseline 145/90 mm Hg, 37 minutes after occlusion 
157/94 mm Hg) remained stable after temporary occlu-
sion of PFO. A 23 mm CardioSEAL device (Figure 2) 
was subsequently placed in the PFO without compli-
cations. An ECHO obtained the next day documented 
successful PFO closure with minimal residual shunting. 
The patient’s O2 saturation ranged between 85%-93% 
on 5-6 liters of oxygen in the first 24 hours. At 1 month 
follow-up, the patient showed significant improvement 
in functional status with O2 saturations of 82% on 
room air. She continued to be stable at 6 months post-
procedure.

DISCUSSION
Clinical manifestations of PFO include stroke, platyp-
noea-orthodeoxia, decompression sickness, right to left 
shunt, and migraine headaches. Hypoxia secondary to 
right to left shunt (without Eisenmengers physiology 
or significantly elevated pulmonary artery pressures) is 
an uncommon presentation. Initial diagnosis via TEE 
requires detection of a shunt with either color Doppler 

73% on 5 liters of O2. Laboratory studies showed an 
elevated red blood cell count (5.83 x 106/µl), an elevated 
hematocrit (47.8%), an elevated D-Dimer (3.94 µg/ml), 
an elevated B-type natriuretic peptide (1180 pg/ml), and 
arterial blood gases demonstrating respiratory alkalo-
sis (pH 7.46, pCO2 29 mm Hg, pO2 42 mm Hg, FiO2 
10 liters). A computed tomography (CT) angiogram 
did not show any evidence of pulmonary embolus, 
and pulmonary function tests showed mild to moder-
ate obstructive ventilatory defect. CT of the abdomen 
showed hepatomegaly at 17 cm.

Electrocardiogram showed sinus rhythm with T-wave 
abnormality in antero-inferior leads, long QT interval, 
and left posterior hemi-fascicular block. Echocardiogram 

Figure 1.  Sizing balloon showing the diameter of the PFO.

Figure 2.  CardioSEAL device.
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the ante-cubital vein approach.13-14 Common respira-
tory conditions and thromboembolic events as a cause 
of hypoxia should be ruled out initially. Correction of 
hypoxia with temporary occlusion of the PFO during 
catheterization will provide clear evidence of PFO with 
right to left shunt as the etiology of hypoxia, as demon-
strated in this patient.

Mechanical closure is clearly indicated in signifi-
cantly hypoxic patients. In recent years, with advance-
ment of percutaneous techniques, transcatheter clo-
sure of the PFO has yielded positive results without 
accompanying surgical morbidity and mortality.15 Most 
studies regarding the effectiveness of closure devices in 
patients with PFOs were performed in patients with 
cryptogenic strokes.16-17 Complications arising from 
percutaneous closure include thrombus formation on 
the closure device, pericardial effusion, or fracture of 
the device. One case series reported thrombus forma-
tion on the closure device in only 20 of 1000 patients 
who had device placement.18

In summary, this case illustrates the pathophysiolog-
ical mechanisms underlying a left to right shunt across 
PFO with only moderately elevation of the pulmonary 
artery trunk pressures. This is a rare but identifiable 
cause of hypoxia, which can be simply corrected.
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or agitated saline contrast with or without Valsalva 
maneuver. The agitated saline contrast study with TEE 
and the Valsalva maneuver is the gold standard test for 
detection of PFOs.

Pathophysiology
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tumors, tricuspid atresia, tricuspid stenosis, ventricular 
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initial screening is performed with TTE with agitated 
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