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Background: Platypnea-orthodeoxia syndrome (POS) is a rare clinical phenomenon, associating normal oxygen
saturation in a supine position and arterial hypoxemia in an upright position. This pathology can be secondary
to an intracardiac shunt, a pulmonary vascular shunt or a ventilation-perfusion mismatch. Cardiac POS occurs
in the presence of a right-to-left cardiac shunt, most commonly through a patent foramen ovale (PFO).
Methods and results: From our single-center prospective database of percutaneous PFO closure we identified five
patients (4 females, mean age: 77 4 11 years) out of 224 (2.2%) patients with a PFO who presented with a POS of
cardiac origin. Transthoracic and transoesophageal echocardiographic examinations revealed the underlying
mechanisms of POS and the diagnosis was confirmed by right-and-left cardiac catheterization (RLC) and by mea-
suring serial blood oxygen saturation in the pulmonary veins and left atrium in supine and upright positions. PFO
was associated with atrial septal aneurysm and a persistent prominent Eustachian valve in 3 patients.

All patients underwent a successful percutaneous PFO closure without any immediate or subsequent complica-
tions (mean follow-up of 24 4+ 18 months). Immediately after the procedure, mean arterial oxygen saturation
improved from 83% + 3 to 93% + 2 in an upright position and symptoms disappeared.

Conclusion: POS is a rare and under-diagnosed pathology that must be actively investigated in the presence of
position-dependent hypoxemia. The diagnostic work-up must exclude other causes of hypoxemia and confirm
the intracardiac shunt using either contrast echocardiography or RLC. For cardiac POS, percutaneous PFO closure
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Percutaneous closure

is a safe and effective technique that immediately relieves orthodeoxia and patient symptoms.
© 2013 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.

1. Introduction

Platypnea-orthodeoxia syndrome (POS) is a rare clinical phe-
nomenon, associating normal oxygen saturation in the supine position
(=platypnea) and arterial oxygen desaturation in an upright position
(=orthodeoxia) [1]. The exact underlying mechanisms leading to this
unusual condition are not fully understood, but most probably derive
from one of the following three categories: intracardiac shunting, pul-
monary vascular shunting, ventilation-perfusion mismatch or a combi-
nation of these mechanisms [2].

One of the typical issues associated with cardiac POS is the presence
of an intracardiac right-to-left shunt through a patent foramen ovale
(PFO) [3]. The PFO may remain clinically silent for decades, but when
the right-left pressure equilibrium is challenged (e.g. after acute
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pulmonary injury) or when the heart-lung anatomy is distorted and re-
directs venous blood toward the PFO (e.g., after pulmonary surgery)
[4-6] it may abruptly manifest itself by the development of POS.

Another known but atypical clinical scenario for cardiac POS is an in-
crease in pulmonary vascular resistances and right ventricular and atrial
pressures following pulmonary embolism (PE) which has subsequently
opened the PFO and favored the right to left shunt. Since there is a
physiological orthostatic increase in intrathoracic pressures [7], this
phenomenon is accentuated in an upright position.

To correctly establish the diagnosis of POS, an arterial oxygen
desaturation (i.e. <95% while breathing ambient air) in an upright posi-
tion needs to be observed, while measuring normal saturations in the
supine position. Usually these positional arterial oxygen evaluations
are performed using a standard pulse oximeter, which in stable patients
correlates well with invasive blood-gas analysis [8-10].

Additionally, contrast echocardiography, invasive heart catheteriza-
tion and thoracic computer tomography (CT)-scan are all used to identify
the mechanisms leading to POS, to exclude other causes of hypoxemia as
well as to locate and quantify the right-to-left shunt.

Presently, the only treatment to reduce the amount of de-
oxygenated blood to the left heart chambers is to eliminate the
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shunt by surgical or percutaneous procedures, since neither pharma-
cological approaches nor changes in lifestyle have proved effective
[11].

The following report describes five patients presenting with cardiac
POS, the challenges of the diagnostic evaluation, as well as the positive
outcomes obtained after percutaneous PFO closure and in addition it
reviews current literature on the subject.

2. Materials and methods

From a prospectively maintained PFO database of 224 patients in
whom PFO was percutaneously closed at our tertiary university hospi-
tal, we identified five patients between December 2002 and December
2012 with symptomatic cardiac POS (2.2%). Before considering these
patients for PFO closure, they were evaluated by trained cardiologists
and pneumologists who excluded other possible etiologies of dyspnea
and hypoxemia, notably PE and other lung or cardiac diseases. All pa-
tients were investigated with transthoracic (TTE) and transesophageal
echocardiograph (TEE) with injected contrast/air bubbles to detect a
shunt as well as with a pulmonary CT-angiography. In one patient, car-
diac catheterization was performed before PFO closure to confirm the
diagnosis of a right-to-left shunt. PFO closure was performed according
to standard practice [12,13]. Residual shunt and device position were
assessed by TTE at day 1 and 6 months. For all patients, complete
positional oxygen saturation measurements were obtained at day one
after the procedure and in the event of any recurring symptoms.

3. Clinical cases (Table 1)
3.1. Patient no. 1

Following knee surgery, an 83 year-old woman was referred for
recurrent episodes of severe hypoxemia when in an upright position.
The pulmonary work-up excluded PE and other parenchymal diseases.
Standard TTE was normal, notably without any signs of pulmonary hy-
pertension (PH), but contrast TEE revealed a large PFO associated with
an atrial septal aneurysm (ASA) and a significant right-to-left shunt at
rest, increasing during Valsalva. Cardiac catheterization confirmed nor-
mal pulmonary pressures (mean right atrial pressure 1 mmHg and
mean pulmonary pressure 9 mmHg) and showed no shunt in a supine

Table 1
Baseline and procedural characteristics.

position, but a right-to-left shunt when the patient was upright with a
Qp/Qs = 0.87, confirming the diagnosis of cardiac POS. The patient
underwent percutaneous PFO closure using an 18-mm AMPLATZER®
PFO Occluder (St. Jude Medical, USA). Arterial oxygen saturation
(Sa02) immediately increased after PFO closure from 77% to 93%
when sitting despite the presence of a mild residual right-to-left
shunt. The cause for the development of this significant shunt was at-
tributed to dilatation and elongation of the ascending aorta and multiple
vertebral osteoporotic fractures leading to kyphoscoliosis. Five years
later, the patient was readmitted for orthopedic reasons and Sa02 in
both supine and upright positions remained normal (95%) with a mild
residual right-to-left shunt on the contrast TTE.

3.2. Patient no. 2

A 75-year-old obese woman was admitted complaining of dyspnea
on exertion for 3 months and severe hypoxemia (Sa02 85%) requiring
oxygen-therapy. Complete lung function tests showed a severe restric-
tive syndrome and carbon monoxide diffusion problems, and chest
CT-scan revealed bilateral segmental PE. One month later the evolution
was not satisfactory despite anticoagulation, with persistent dyspnea
and episodes of desaturation in an upright position. The hypoxemia
could not be explained by the PE alone; therefore, it was decided to
perform contrast TTE and TEE. These exams showed a large PFO with
possible position-dependent right-to-left shunt. Cardiac POS was
confirmed as the main cause of hypoxemia by serial arterial blood gas
tests in different positions (Sa02 of 94% when supine vs. Sa02 of 85%
when sitting). The main cause of the shunt was the presence of right
diaphragmatic paralysis leading to compression of the right cardiac
chambers, as noted on the TTE, redirecting the inferior vena cava flow
directly through the PFO.

No significant shunt in a supine position was detected during cardiac
catheterization (Qp/Qs = 1), and the right chamber pressure measure-
ments showed no PH (mean right atrial pressure 6 mmHg and mean
pulmonary pressure 20 mmHg). The patient underwent PFO closure
using a 35-mm AMPLATZER® PFO Occluder. The episodes of hypoxemia
ceased immediately. Sa02 in a sitting position increased from 85% to
94% without any residual shunt on the TTE. The patient was discharged
from hospital under oral anticoagulation for the PE and at 12 months
follow up was free of symptoms.

Pts Sex Age (77 £ 11) Co-morbidities Symptoms Conditions Hemodynamic Upright Sa02 Size of the PFO
favoring POS characteristics before — after  occluder device
1 F 83 Dyslipidemia Dyspnea at rest K, AoD, ASA No PH, Qp/Qs = 0.87 77% — 93% 18 mm
2 F 75 Systemic hypertension Dyspnea on exertion DP, EV No PH 85% — 94% 35 mm
Qp/Qs =1
3 F 80 Microscopic PN, PE Dyspnea and cough RS, ASA, EV No PH 82% — 90% 35 mm
Qp/Qs = 0.7
4 M 60 Lymphoma, CKD, stroke Dyspnea at rest DP, ASA No PH 85% — 96% 25 mm
Supine: LA 93%
PV 97%
Upright: LA 89%
PV 97%
5 F 89 Systemic hypertension, heart failure, Dyspnea at rest EV, AoD No PH 85% — 91% 35 mm
pacemaker for third AV block Supine: LA 93%
PV 97%
Upright: LA 83%
PV 97%
Pts = patients M = male F = female

CKD = chronic kidney disease

POS = platypnea-orthodeoxia syndrome
EV = prominent Eustachian valve

PV = pulmonary vein

DP = diaphragmatic paralysis

PE = pulmonary embolism
ASA = atrial septal aneurysm
PH = pulmonary hypertension
AV = atrio-ventricular block
ResS = restrictive syndrome

PN = polyarteritis nodosa
AoD = aortic root dilatation
LA = left atrium

K = kyphoscoliosis
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3.3. Patient no. 3

An 80-year-old woman with a history of microscopic polyarteritis
nodosa with renal and pulmonary involvement and a C-protein defi-
ciency with recurrent PE was referred to our hospital for progressive
dyspnea associated with fever and a cough. The lung CT-scan showed
a worsening of her pulmonary fibrosis as well as a lung infection. Treat-
ment with antibiotics and corticosteroids was initiated and clinical
evolution was slowly favorable despite persistent episodes of severe
hypoxemia (up to 82%) when sitting upright. Contrast TTE and TEE re-
vealed an important right-to-left shunt related to a large PFO, associated
with ASA and a prominent Eustachian valve. These findings added to the
progression of pulmonary fibrosis and restrictive syndrome (total pul-
monary capacity: 59% of predicted value) explained the development
of the syndrome. Indeed, the change of pulmonary volumes led to
right atrial deformation and vena cava flow redirection through the
PFO. PH was excluded by cardiac catheterization (mean right atrial
pressure 8 mmHg and mean pulmonary pressure 13 mmHg) and a
Qp/Qs of 0.7 confirmed the presence of a significant shunt. Therefore
PFO closure using a 35-mm AMPLTZER® PFO Occluder was concomi-
tantly performed. An immediate clinical improvement was observed
with Sa02 increasing from 82% to 90% when sitting. The outcome at
6 months was favorable despite a small residual shunt on the contrast
TTE.

3.4. Patient no. 4

The fourth patient, a 60-year-old obese man, was hospitalized fol-
lowing an ischemic stroke attributed to a paradoxical embolism. The pa-
tient was discharged under oral anticoagulation, but was readmitted a
few months later for unexplained episodes of hypoxemia when sitting
upright. TTE and TEE showed a PFO with ASA, as well as compression
of the right cardiac chambers due to right diaphragmatic paralysis and
ascension. There were no indirect signs of elevated right ventricular
pressure and tricuspid flow velocities were normal. Contrast adminis-
tration showed a significant and position-dependent right-to-left
shunt, so it was decided to attempt PFO closure both for the POS and
history of embolic stroke. The PFO was successfully closed with the im-
plantation of a 25-mm Cribriform AMPLATZER® PFO Occluder. At the
end of the procedure, the patient reported a significant improvement
of his dyspnea and Sa02 had increased from 85% to 96% when sitting
upright.

3.5. Patient no. 5

An 89-year-old woman with a history of heart failure, with low left
ejection fraction and an aneurismal ascending aorta, was initially admit-
ted for septic shock secondary to ischemic colitis. She underwent
abdominal surgery with a favorable outcome initially, but developed re-
current episodes of severe hypoxemia (Sa02 ~85%), which in the first
instance were attributed to acute pulmonary edema due to uncon-
trolled hypertension. It was then noted that these hypoxemic episodes
only occurred when the patient was sitting upright, suggesting POS.
Acute PE was excluded by thoracic CT-scan which confirmed the
aneurismal dilatation of the ascending aorta as the main cause for the
development of POS. TEE showed a prominent Eustachian valve, moder-
ate interatrial right-to-left shunt detected by color Doppler and bubble
tests, and a large PFO. Systolic pulmonary pressure as assessed through
tricuspid regurgitation flow analysis was 20 mmHg, with no other indi-
rect signs of PH. The shunt significantly increased when the patient was
in an upright position, suggesting the presence of cardiac POS. Cardiac
catheterization confirmed the diagnosis with a “step-down” of oxygen
saturation between the pulmonary veins (PVs) and left atrium (LA) in
an upright position. The PFO was successfully closed with a 35-mm
AMPLATZER® PFO Occluder with an immediate improvement of the

Sa02 from 85% to 91% when sitting. At 6-month follow up, the patient
remained asymptomatic.

4. Discussion

POS is rarely diagnosed and its prevalence in the general population
remains unknown [14]. Accordingly, only isolated case-reports and a
few case-series have been reported so far, suggesting that POS may be
largely under-diagnosed and/or under-reported [15]. The diagnosis of
POS is difficult and our case-series confirms that in patients presenting
with respiratory symptoms, POS is usually a “rule-out diagnosis”
suspected only at the end of an extensive and non-standardized medical
work-up. Once the existence of POS is established, the underlying
mechanism has to be determined to guide treatment strategy, especial-
ly if one considers that there are three main physiopathological mecha-
nisms leading to this syndrome: 1) intra-cardiac shunt (or cardiac POS),
2) intrapulmonary shunt (pulmonary arterio-venous malformation,
hepato-pulmonary syndrome) and 3) ventilation-perfusion mismatch.

All our patients had cardiac POS caused by a right-to-left intracardiac
shunt, without any sign of PH at echocardiography or cardiac catheter-
ization. In typical cardiac POS, the net right-to-left driving forces are sel-
dom secondary to PH, but rather depend on congenital or acquired
favorable atrial anatomy which redirects vena cava blood flow preferen-
tially through the PFO, without the need for a significant pressure gradi-
ent. Indeed, despite its presence since birth in about 25% of the general
population, a PFO most often does not give rise to POS. Even if an
interatrial communication (PFO or ASD) is necessary for cardiac POS de-
velopment, and ASA or prominent Eustachian valve act as contributing
factors, the main cause for right-to-left shunt development is right
chamber anatomy modification in later life [16]. Several mechanical
conditions - mainly right diaphragmatic paralysis and ascension
[17,18], kyphoscoliosis [19], restrictive lung disease, previous pneumo-
nectomy [4,5,20], pleural effusion, and ectatic/aneurysmal ascending
aorta [21,22] - may lead to atrial chamber or septum deformity, thus
changing the anatomic relationship between the atrial septum and the
inferior vena cava and therefore facilitating desaturated blood flow redi-
rection through the PFO. In our case series, the septum anatomical mod-
ifications were due to aortic dilatation, right diaphragmatic paralysis
and ascension, restrictive lung disease and kyphoscoliosis.

4.1. Diagnostic evaluation of POS

Contrast TTE is the most valuable tool to confirm the presence of
right-to-left shunt, while TEE is better for assessing the atrial and
interatrial anatomy (e.g., large PFO 4+ ASA 4 Eustachian valve)
[23-25]. The magnitude of right-to-left shunt and especially its
position-dependency (e.g., supine, sitting, standing) should be con-
firmed with serial oxygen saturation measurements obtained through
standard pulse oximetry or, if possible, through blood gas analysis.

Despite the fact that these non-invasive oxygen saturation mea-
surements are generally used in the early stages of POS diagnosis,
the gold standard diagnostic test remains cardiac catheterization
with oxygen saturation measurements directly in the LA and in the
PVs. A “step-down” of the oxygen saturation between the PVs and LA
definitively confirms the presence of an interatrial right-to-left shunt,
necessary to diagnose POS of cardiac origin. The sensitivity of this meth-
od may be increased by performing several provocative tests, such as
the Valsalva maneuver, which can increase the degree of shunt in an up-
right position. In everyday practice however, these serial measurements
are not routinely performed as the non-invasive workup is usually suf-
ficient to establish the diagnosis (echocardiography, peripheral oxygen
saturation measurements) and also because patient disability rather
than shunt magnitude dictates the decision for PFO closure. However,
right heart catheterization has a crucial role in establishing pulmonary
pressure, as severe PH might worsen after PFO closure and might lead
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to clinical deterioration of the patient's condition despite correction of
the right-to-left shunt.

4.2. POS treatment modalities

The treatment of choice for cardiac POS is the percutaneous closure
of the communication between the right and left atria. Before the proce-
dure, it is essential to confirm the cardiac origin of POS as well as the
clinical relevance of the cardiac shunt in the mixed form of POS.

Due to the relative rarity of this syndrome, PFO closure in this clinical
setting has been described by only a few retrospective series and several
case reports [11,14,26,27].In 2000 Godart et al. [11] reported 11 consec-
utive patients with severe cardiac POS secondary to a PFO, for whom
successful PFO closure led to a significant increase in blood oxygen sat-
uration immediately after the procedure with no recurrence of hypox-
emia during 30 months of follow-up. Delgado et al. [28] obtained
similar results in a population of 18 patients: all had a confirmed diag-
nosis of cardiac POS secondary to a PFO or atrial septal defect and
underwent percutaneous closure of the defect with significant clinical
improvement. More recently, Guerin et al. [ 14] reported a retrospective
multicenter study of 78 patients (mean age 67 4 11 years), presenting
with POS of all types, who underwent percutaneous PFO closure. In this
series, the largest published so far, the most frequently observed medi-
cal conditions leading to the development of POS were previous pneu-
monectomy and an ascending aortic aneurysm. The procedure was
successful in 76 patients with immediate improvement of oxygen
saturation and dyspnea. During a mean follow-up of 15 4+ 12 months,
a small residual shunt was observed in six asymptomatic patients,
while five other patients still reported dyspnea without evidence of a re-
sidual shunt. Similar results were reported in the study by Landzberg
et al. [27], where 3 patients out of 8 already had severe hypoxemia
when supine and remained oxygen-dependant after successful PFO clo-
sure. In these studies, the three different types of POS were probably in-
cluded, explaining the lack of improvement in some patients after PFO
closure. This non-response to PFO-closure emphasizes the importance
of excluding other causes of hypoxemia and other forms of POS before
attempting PFO closure. Finally, residual shunt after PFO closure should
also be considered as a possible cause for persistence of hypoxemia. Op-
erators should be aware of specific technical difficulties associated with
PFO closure in the setting of POS. These difficulties are essentially due to
the different anatomic variations and deformities of the septum respon-
sible for POS, and which can lead to suboptimal device placement and
deployment, with consecutive persistence of a residual shunt [29].

Interestingly, in our series, the patients had different baseline
characteristics compared to Guerin's study [14], but had similar im-
provement following PFO closure. Indeed, they were older (mean age
77 £ 11 years), and presented different co-morbidities. The percutane-
ous PFO closure was performed successfully in all five cases with a mean
upright oxygen saturation increasing from 83% + 3 before to 93% + 2
after closure (Fig. 1).

4.3. Study limitations and strengths

Our study has some limitations that have to be acknowledged; they
are mainly related to the small sample size. However, most of the stud-
ies in the literature dealing with POS are case-reports that have the
same limitations, finely underlining the rarity of this pathology and
the difficulty in its diagnosis. Furthermore, many of the remaining
reported studies included mixed types of POS, possibly decreasing the
efficacy of PFO closure.

The strength of our small study was to exclusively include patients
with cardiac type POS confirmed at cardiac catheterization, offering an
accurate assessment of the efficacy of the percutaneous treatment
once the right-to-left shunt had been reduced by the closure procedure.
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Fig. 1. shows the arterial oxygen saturation in the upright position immediately before and
after the closure procedure.

5. Conclusions

Platypnea-orthodeoxia syndrome is a rare and complex clinical
phenomenon that must be actively screened in the presence of
unexplained positional hypoxemia. POS can be divided into three
categories according to the underlying pathophysiological mecha-
nism (i.e., intracardiac shunting, pulmonary vascular shunting or
ventilation-perfusion mismatch). To confirm the diagnosis of cardiac
POS, contrast TTE 4+ TEE must show the presence of a right-to-left
shunt and orthodeoxia must be demonstrated with pulse oximetry or
blood gas analysis. Before considering percutaneous closure of the
interatrial shunt, cardiac catheterization with complete step-by-step
oxygen saturation - including PVs and LA - may be required to confirm
the clinical relevance of the PFO. This is of paramount importance in
patients suffering from mixed type POS.

Finally, percutaneous PFO closure should be considered the treat-
ment of choice for cardiac POS since this approach has proved to be
safe, reliable and effective while immediately leading to a significant
improvement of hypoxemia and patient symptoms.
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Learning points

Platypnea-orthodeoxia syndrome is a rare, complex and under-
diagnosed clinical phenomenon.

POS must be actively screened in the presence of unexplained posi-
tional hypoxemia.

Percutaneous PFO closure should be considered the treatment of
choice for cardiac POS.

PFO closure immediately leads to significant improvement of hypox-
emia and patient symptoms.
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