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CASE REPORT

Transcatheter Closure of Patent
Foramen Ovale for Hypoxemia
During Left Ventricular Assist
Device Support
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ABSTRACT The diagnosis of a patent foramen ovale

(PFO) is a dynamic process and it is based on

the detection of blood shunting at the atrial level.

Only under abnormal physiologic conditions, such

as with a left ventricular assist device (LVAD),

when right atrial pressure (RAP) exceeds left atrial

pressure (LAP) the PFO may cause hypoxemia

due to a right-to-left shunt. We report the clo-

sure of a PFO using a transcatheter approach in

a patient on LVAD support. doi: 10.1111/j.1540-
8191.2012.01476.x (J Card Surg 2012;27:528-
529)

The overall incidence of patent foramen ovale (PFO)
in the general population is about 27%.1,2 In the vast
majority of cases, the PFO remains clinically benign.1,2

Under abnormal physiological conditions where
right-to-left shunting occurs, the PFO may cause hy-
poxemia or may exacerbate a preexisting hypoxemic
state. Left ventricular assist devices (LVADs) unload
the left ventricle and decrease left atrial pressure (LAP).
This hemodynamic change may result in a right-to-left
atrial shunt if a PFO exists after LVAD implantation.3-5

This report describes successful closure of a PFO
using the Amplatzer Septal Occluder (AGA-Medical,
Golden Valley, MN, USA) in a patient who was being
supported on an LVAD.

CASE REPORT

A 59-year-old male patient received a HeartMate II
(Thoratec Inc., Pleasanton, CA, USA) LVAD support for
treatment of refractory end-stage heart failure due to
an idiopathic dilative cardiomyopathy.
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Figure 1. Echocardiographic diagnosis of the patent foramen
ovale (PFO). An arrow points to the atrial shunt. LA = left
atrium; LV = left ventricle; RA = right atrium.

Preoperatively, Interagency Registry for Mechani-
cally Assisted Circulatory Support (INTERMACS) level
was 3, mean pulmonary arterial pressure was 36,
transpulmonary gradient was 12, and right ventricle
function was judged good according to the Berlin al-
gorithm.6

The LVAD was conventionally implanted6 on car-
diopulmonary bypass with the inflow cannula in the
left ventricle and the outflow cannula in the ascend-
ing aorta. Transesophageal echocardiography (TEE)
was obtained before cardiopulmonary bypass and af-
ter LVAD activation. A bubble contrast study was per-
formed by injecting 10 mL of agitated Dextrose50 solu-
tion (Abbott Lab, Chicago, IL, USA) into the right atrium.
Only a few microbubbles were seen passing from the
right atrium to the left atrium during each cardiac cycle.

It was thought that this small PFO would not result in
hypoxemia since the patient’s oxygenation was stable
(right radial artery PO2 of 120 mmHg on an FIO2 of 50%).
However, 8 hours after arrival in the intensive care unit
(ICU) the patient’s oxygenation status worsened. He
developed recurrent episodes of hypoxemia (PO2 of
50 to 60 mmHg) despite being on an FIO2 of 100%
and a positive end-expiratory pressure (PEEP) of 10 cm
H2O.

TEE now revealed a severe atrial shunt (Fig. 1). Dur-
ing cardiac catheterization, blood samples drawn from
the left atrium, pulmonary vein, and right radial artery
revealed PO2 values of 210, 230, and 85 mmHg, re-
spectively (on an FIO2 of 100%). The right radial artery
PO2 improved to 115 mmHg when the PFO was tem-
porarily occluded with a balloon. A 25-mm Amplatzer
Septal Occluder (AGA-Medical) was used to close the
PFO (Fig. 2). Fifteen minutes after closure the right ra-
dial artery PO2 improved dramatically to 140 mmHg on
an FIO2 of 40%.

The patient was extubated 24 hours after
transcatheter PFO closure and the patient’s
hemodynamics rapidly stabilized. He is discharged
home awaiting heart transplantation.
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Figure 2. Transcatheter closure of the patent foramen ovale
(PFO) by an Amplatzer Septal Occluder (AGA-Medical) during
a HeartMate II (Thoratec Inc.) left ventricular assist device
(LVAD) support. A1 = occluder device delivery (white arrow);
A2 = occluder device deployment.

COMMENT

The diagnosis of a PFO is a dynamic process. Under
abnormal physiologic conditions when right atrial pres-
sure (RAP) exceeds LAP, as during LVAD installation,
the PFO may cause hypoxemia due to a right-to-left
shunt at the atrial level.3-5

In congestive heart failure the patient’s LAP is usu-
ally much higher than the RAP and the PFO remains
closed. After LVAD implantation, LAP is decreased sig-
nificantly. RAP may drop secondary to decreased pul-
monary vascular resistance and right ventricular after-
load, but it still remains much higher than LAP. Based
on the literature3-5 and our experience, the diagnosis of
PFO in congestive heart failure patients can be made
reliably by TEE only after LVAD implantation when the
atrial pressure gradient allows blood to shunt from right

to left atrium. The diagnosis cannot be made by preby-
pass TEE.

In patients with an LVAD, the atrial pressure gradi-
ent may vary because of different preload conditions
(volume status), and the direction of shunt flow may
change because of the different gravity effects of the
device when the body is at different positions. This
may explain the characteristics of intermittent hypox-
emia caused by a PFO in LVAD patients.3-5

It is difficult to estimate the extent of the shunt by
TEE. The amount of contrast microbubbles crossing
the atrial septum does not necessarily correlate with
the size of defect or the magnitude of the shunt.1-5

Once the PFO is detected as in the reported case,
it should be immediately treated during initial LVAD
implantation. Thus the heart should be placed on to-
tal cardiopulmonary bypass and the PFO should be
closed in either a fibrillating or cardioplegic arrested
heart.3-5

This would avoid a delayed atrial defect closure re-
sulting in hemodynamic instability, even if easily per-
formed by a transcatheter procedure.3-5
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