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Background A patent foramen ovale (PFO) is a persistent embryonic defect in the interatrial septum. Platypnoea-orthodeoxia syndrome is
characterized by positional hypoxaemia that is most commonly due to right-to-left shunting through a PFO. Dynamic right-to-
left shunting through a PFO can also exacerbate positional hypoxaemia without platypnea-orthodeoxia syndrome.

Case summary A 78-year-old woman with hyperthyroidism and paroxysmal atrial fibrillation (AF) presented with positional hypoxaemia ex-
acerbated by supine positioning. Diagnostic testing revealed intermittent right-to-left shunting through a PFO triggered by wor-
sening atrial functional tricuspid regurgitation and elevated right atrial pressures. Diuresis, rate control, and thyroidectomy
initially led to resolution of positional hypoxaemia, but recurrent AF episodes triggered right-to-left shunting with recurrent
desaturation. Left atrial and cavo-tricuspid isthmus ablation led to restoration of normal sinus rhythm and resolution of pos-
itional hypoxaemia without PFO closure.

Discussion The clinical presentation of intermittent intracardiac right-to-left shunting can mimic decompensated heart failure with pulmon-
ary oedema. Persistent hypoxaemia out of proportion to the degree of pulmonary oedema and minimally responsive to sup-
plemental O2 should raise suspicion for right-to-left shunt aetiology. Positional arterial blood gases can facilitate the diagnostic
evaluation of refractory hypoxaemia in cases of suspected shunting. Diagnostic imaging for PFO detection includes both trans-
thoracic and transesophageal echocardiography with Valsalva manoeuver and agitated saline injection. Closure of a PFO for
management of arterial deoxygenation syndromes should not be performed before treating other causes of arterial deoxygen-
ation and optimizing factors that may exacerbate shunting across the PFO.
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Learning points
• Persistent and profound hypoxaemia out of proportion to pulmonary oedema with little improvement in O2 saturation with O2 sup-

plementation should raise suspicion for right-to-left shunt.

• The first-line imaging modality for patent foramen ovale detection is saline-contrast transthoracic echocardiogram. If undetected but still
suspected, second-line imaging is with saline-contrast transesophageal echocardiogram.

• Patent foramen ovale closure for arterial deoxygenation syndromes should not be routinely performed before evaluation and treatment
for other aetiologies exacerbating hypoxaemia.

Introduction
A patent foramen ovale (PFO) is a persistent embryonic defect in the
interatrial septum present in�25% of the adult population; most are
clinically silent. A PFO is associated with paradoxical embolism in
cryptogenic stroke, migraines, and arterial deoxygenation syn-
dromes.1,2 We present a case of paroxysmal and positional hypox-
aemia due to intermittent right-to-left shunting through a
previously undetected PFO mimicking acute decompensated heart
failure with pulmonary oedema.

Timeline

Case presentation
A 78-year-old woman with hypertension, paroxysmal atrial fibrilla-
tion (AF) on apixaban (CHA2DS2-VASc= 4), and Graves’ disease
presented with progressive dyspnoea over 4 days. Heart rate (HR)
was 110 beats/min, blood pressure (BP) was 155/122 mmHg, re-
spiratory rate was 23 breaths/min, and oxygen saturation (SpO2)
was 85% on room air while supine. Physical examination revealed
no gallops, rubs, or murmurs, scattered rales in the left posterior

lung, and trace presacral and pitting oedema. Electrocardiogram
showed AF with rapid ventricular response (RVR). Thyroid-
stimulating hormone (TSH) was undetectable (normal 0.3–4.2),
free thyroxine was 1.9 (normal 0.9–1.7), NT-proB-type natriuretic
peptide was 6920 (normal≤239). Chest X-ray showedmild pulmon-
ary oedema. Despite adequate rate control to HR 85 beats/minute
with metoprolol and diltiazem, 1 L diuresis with furosemide, BP con-
trolled to 139/78 mmHg, and supplemental O2 at 4 L/min, she satu-
rated in the high 70%’s while both supine and ambulating. Chest
computed tomography angiography (CTA) showed no pulmonary
embolism or pulmonary arteriovenous malformations.
The following day she developed sudden-onset dyspnoea, saturat-

ing in the mid-70%’s while supine that persisted despite 15 L/min
supplemental O2. She received bilateral positive airway pressure
and additional diuresis. SpO2 improved into the high-80%’s but desa-
turations into the low-80%’s continued while supine. Transthoracic
echocardiogram (TTE) showed moderately enlarged right ventricle
(RV) with normal systolic function, severe tricuspid regurgitation
(TR), biatrial enlargement, elevated central venous pressure, left ven-
tricular ejection fraction of 60–65% with no regional wall motion ab-
normalities, and atrial-level right-to-left shunting (Figure 1A–D). After
further diuresis, the patient underwent right-heart catheterization
(Figure 2A–C). Pulmonary capillary wedge (PCW) pressure was
16 mmHg, mean pulmonary artery pressure was 21 mmHg and car-
diac index was 2.1 L/min/m2. SpO2 was obtained at the following lo-
cations: superior vena cava 55%, right atrium (RA) 54%, pulmonary
artery 54%, aorta 92%, PCW 99%, and inferior vena cava (IVC) to
be 46%. Pulmonary/systemic flow ratio was 0.9. Despite evidence
of atrial-level right-to-left shunt on TTE, transesophageal echocar-
diogram (TEE) was not pursued because her hypoxaemia, which re-
solved with diuresis, was attributed to her mild pulmonary oedema.
She discharged from the hospital.
The patient underwent thyroidectomy 1 week later due to signifi-

cant goitre mass effect and continued thyrotoxicosis despite medical
therapy. Intraoperatively, SpO2 declined into the high-70%’s despite
escalating O2 supplementation. Positional arterial blood gases
(ABGs) suggested dynamic right-to-left shunting (Table 1) contribut-
ing to the hypoxaemia. Transesophageal echocardiogram confirmed
a bidirectional shunt at rest through a PFO (Figure 3A-B) and severe
functional TR. She was diuresed to euvolemia, rate controlled with
full resolution of her O2 requirement, and discharged on metoprolol
for rate control without supplemental O2.
The patient returned 4 months later in normal sinus rhythm

(NSR). Thyroid-stimulating hormone was 4.6 and free thyroxine
was 1.4 on levothyroxine. Transthoracic echocardiogram demon-
strated decreased RV size, decreased TR, and absence of right-to-left
shunting across the PFO, suggesting resolution of her volume

February 12,

2020

Initial diagnosis of atrial fibrillation.

May 19, 2020 Initial diagnosis of hyperthyroidism.

June 11, 2020 Patient presented to the emergency room.

June 12, 2020 Transthoracic echocardiogram performed.

June 15, 2020 Right-heart catheterization performed. Patient was

discharged from the hospital.

June 23, 2020 Total thyroidectomy performed.

June 25, 2020 Transesophageal echocardiogram performed.

June 26, 2020 Patient discharged from hospital.

October 22,

2020

Patient presented for four-month

post-hospitalization outpatient cardiology

evaluation.

April 14, 2021 Patient presented for ten-month post-hospitalization

outpatient cardiology evaluation. Transthoracic

echocardiogram performed.

June 18, 2021 Patient presented for outpatient pulmonary vein

isolation and cavo-tricuspid isthmus ablation.
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overload. However, 10 months post-thyroidectomy, she developed
recurrent AF with RVR, dyspnoea, and pitting oedema.
Thyroid-stimulating hormeleven

one was 12.3 and free thyroxine was 1.5 on levothyroxine.
Transthoracic echocardiogram showed moderate right-to-left shunt
through her PFO at rest, torrential TR, and severe IVC dilation with
no inspiratory collapse. Because right-to-left shunting, RA
enlargement-mediated severe TR and right-heart failure symptoms
were triggered during AF, she underwent pulmonary vein isolation
and cavo-tricuspid isthmus ablation with restoration of NSR. She
had no recurrent AF or hypoxemic episodes and did not require
PFO closure. She remained on apixaban with no complications.

Discussion
We present a case of positional hypoxaemia exacerbated by inter-
mittent, intracardiac right-to-left shunting mimicking a common clin-
ical presentation of decompensated heart failure with pulmonary
oedema. Aetiologies for hypoxaemia are hypoventilation, reduced
O2 tension, ventilation-perfusion mismatch, diffusion impairment,
and right-to-left shunt (Table 2). Right-to-left shunt is the only aeti-
ology demonstrating minimal SpO2 improvement with supplemental
O2. Platypnea-orthodeoxia syndrome (POS) is a clinical syndrome

characterized by dyspnoea and hypoxaemia when moving from su-
pine to upright; the most common aetiology is right-to-left shunting
across a PFO.3 Our patient did not present with classic positional
hypoxaemia associated with POS. Her hypoxaemia worsened while
supine. However, her persistent hypoxaemia while upright was out
of proportion to the degree of pulmonary oedema and minimally re-
sponsive to supplemental O2, as the positional ABGs illustrate
(Table 1), making ventilation-perfusion mismatch from pulmonary
oedema a less likely aetiology. Despite its utility in directly measuring
pulmonary and systemic flow, right-heart catheterization after diur-
esis failed to detect significant right-to-left shunting in the absence of
volume overload with dynamic increases in atrial functional TR and
RA pressure that worsened right-to-left shunting across the PFO.
Increased preload in the supine position further increased TR and
RA pressure, resulting in greater right-to-left shunting.
Hyperthyroidism is a well-known cause of AF. This patient had a

compressive, toxic goitre that required semi-urgent removal.
Restoration of NSR occurs in 47% of hyperthyroid patients with AF
undergoing thyroidectomy.4 Despite achieving restoration of NSR
the patient reverted to AF with RVR 11 months after thyroidectomy.
With her history of severe functional TR and positional right-to-left
shunting, definitive treatment necessitated either catheter ablation
for AF control or PFO closure for shunt source resolution.

Figure 1 Transthoracic echocardiogram performed during first hospitalization, showing apical window four-chamber view (A) with colour-flow
imaging (B), inferior vena cava view (C), and saline-contrast study (D).
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The European Association of Cardiovascular Imaging recom-
mends saline-contrast TTE with Valsalva manoeuver as the first-line
imaging modality for PFO detection.5 In the event of a negative saline-

contrast TTE, patients can undergo saline-contrast TEE. However,
saline-contrast TEE sensitivity for detecting PFO with right-to-left
shunting can be reduced if patient sedation prohibits appropriate
Valsalva manoeuver. Therefore, the best approach to PFO detection
is likely a combination of saline-contrast TTE with Valsalva manoeu-
ver without sedation and saline-contrast TEE with Valsalva manoeu-
ver under sedation.5 Patent foramen ovale closure should not be
routinely performed in arterial deoxygenation syndromes but could
be considered based on symptom severity and the pathogenic role of
PFO in desaturation.6 Atrial fibrillation is the most common post-
procedural complication occurring in 4.6% of patients.7 These data
supported our decision to pursue AF ablation rather than PFO clos-
ure in this patient.
In this case, diagnostic testing for intracardiac right-to-left shunt

source was pursued after evaluating for a pulmonary shunt with

Figure 2 Right heart catheterization performed during first hospitalization, showing RA= up arrow and PA= down arrow pressures (A), RA=
up arrow and RV = down arrow pressures (B), RA = up arrow and PCW = down arrow pressures (C).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Post-thyroidectomy ABGs obtained in
supine, sitting, sitting with 100% O2, and standing
positions.

Supine Sitting Sitting with
100% O2

Standing

pH 7.42 7.40 7.42 7.41

pCO2 (mmHg) 30 31 22 30

pO2 (mmHg) 73 75 92 239

FiO2 0.65 0.65 1.00 0.65

4 L.Y. Liu et al.



chest CTA. Visualization of right-to-left interatrial shunting was
achieved with contrast TTE and further clarified by TEE. Arterial
blood gases obtained in different positions and levels of supplemental
oxygen established the dynamic nature of hypoxaemia and identified

right-to-left shunting as a contributor to the hypoxaemia. Definitive
treatment of hypoxaemia was achieved through AF ablation and dur-
able restoration of NSR, which improved functional TR, lowered RA
pressure, and decreased right-to-left shunting. Therefore, PFO

Figure 3 Transthoracic echocardiogram obtained during second hospitalization showing right-to-left shunt with bidirectional flow from left at-
rium to right atrium (A) and right atrium to left atrium (B) at rest through a PFO.
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Table 2 Clinical presentation of different aetiologies of hypoxaemia

Aetiologies of
hypoxaemia

Clinical examples Alveolar–arterial
gradient

Response to
supplementary oxygen

Hypoventilation • Opioid overdose• Pickwickian syndrome Normal Dramatic improvement

Reduced oxygen tension (low

FiO2)

• High altitude Normal Dramatic improvement

Ventilation-perfusion

mismatch

• Pulmonary embolism• Pulmonary oedema• Pneumonia Elevated Mild-to-moderate improvement

Diffusion impairment • Interstitial lung disease Elevated Mild-to-moderate improvement

Right-to-left shunt • Intracardiac (PFO, atrial septal defect)• Extracardiac

(pulmonary arteriovenous malformation)

Elevated Minimal to no improvement

Paroxysmal supine hypoxemia 5



closure was not necessary. Our case illustrates the importance of
comprehensive evaluation of shunt-associated arterial deoxygen-
ation syndromes and careful patient selection for PFO closure.
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