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Abstract
Platypnea orthodeoxia syndrome (POS) is a rare syndrome traditionally defined as dyspnea or hypoxemia observed when changing from a recumbent to an upright 
or seated position. A patent foramen ovale (PFO) is oft part of the underlying pathophysiology. Here, a 70-year-old woman with known PFO presents with new 
symptoms of a platypnea orthodeoxia syndrome. A pulmonary arterial hypertension (PAH), treated with Ambrisentan for years, was also known. In order to clarify 
the etiology of the new hemodynamic state we performed a transesophageal echocardiography (TEE) in an upright position, which excluded a PFO related cause of 
symptoms. A further investigation shown a COPD (Chronic Obstructive Pulmonary Disease), the treatment of which relieved of symptoms. This is the first described 
case of Platypnea orthodeoxia syndrome in patient with PAH. Although PFO is a common cause of POS and a PFO closure is often advised, careful differential 
diagnosis should be kept in mind.
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Introduction
Dyspnea is a frequently encountered symptom in medicine. It is 

one of the main reasons of presentation in the emergency department 
and one of the most common causes of hospitalization [1]. Dyspnea 
is also a complaint of nearly 4% of patients seeking treatment in the 
ambulatory care setting, and population samples have determined 
the prevalence of dyspnea to be between 17% and 38% [2]. Platypnea 
orthodeoxia syndrome (POS) is traditionally defined as dyspnea or 
hypoxemia observed when changing from a recumbent to an upright or 
seated position [3]. Although there are several potential causes for this 
phenomenon, POS is classically described as resulting from right-to-
left shunting through a patent foramen ovale (PFO) [4,5]. The precise 
mechanism of shunting through a PFO despite normal intracardiac 
pressures, however, remains obscure [6]. 

Case report     
A 70-year old woman was referred to our hospital for further 

investigation of deteriorating shortness of breath. Her symptoms were 
present for the last 3 months and were felt to have slowly worsened 
over time. 

The patient had been diagnosed with pulmonary arterial 
hypertension (PAH) in 2010. Right heart catheterization at that time 
revealed an elevated mean pulmonary artery pressure of 47 mm Hg 
and a normal wedge pressure (PAWP or PC) of 12 mm Hg. Cardiac 
index was reduced (1.77 L/min/m²) and pulmonary vascular resistance 
was significantly elevated (12 Wood units). A rheumatic arthritis with 
symmetric involvement of multiple joints and positive CCP-antibodies 
was also known since 2009. For treatment of her arthritis the patient 
received methotrexat once a week. As no other etiology for PAH was 
found, the patient´s disease was classified as Dana Point group 1. She 
was referred to our PAH clinic for specific therapy. Sildenafil was not 
tolerated and bosentan lead to a drastic elevation of GOT and GPT. 
Ambrisentan, on the other hand, was well tolerated, improved 6 
minute walking distance by 35 meters (from 180 meters to 215 meters) 
and decreased NT-proBNP plasma levels. Ambrisentan monotherapy 

was continued through the years 2010 to 2013 as the patient´s general 
condition stabilized and dyspnea was reduced. 

As a result of the PAH, the right ventricle dilated and the right 
ventricular systolic function declined. With 17 mm, TAPSE was within 
the normal range. Regarding echocardiographic parameters, left 
ventricular systolic and diastolic function showed no abnormalities. 

At presentation, the patient revealed no alarming clinical signs: 
RR was 100/60 mm Hg, temperature 36.8° C, blood glucose 106 mg/dl. 
On blood gas analysis pO2 was found to be 59 mm Hg, pCO2 43 mm 
Hg, BE +6 mmol/l, pH 7,45, and sO2 90%. Blood chemistry provided 
the following parameters: troponin 15,6 pg/ml, NT-proBNP 126 pg/
ml, hemoglobin 11,3 g/dl, creatinine 0,5 mg/dl, potassium 3,5 mmol/l, 
sodium 140 mmol/l, CRP < 0,5 mg/dl. The electrocardiogram showed a 
sinus rhythm (95 beats pro minute) with a known right axis and peaked 
P waves as a result of the pulmonary hypertension (Figure 1A). The 
chest X-ray had no signs of pulmoary congestion, pleural effusion or 
pneumonia (Figure 1B). 

The patient described increasing shortness of breath while standing 
with an improvement when changing to a recumbent position. To 
substantiate this perception, continuous measurements of heart rate 
and oxygen saturation in lying, sitting and standing positions were 
obtained. Results are summarized in Table 1. 

For further investigation, transesophageal echocardiography 
(TEE) was performed, combined with continuous registration of heart 
rate and oxygen saturation. Agitated saline contrast was used to search 
for intracardiac shunts (Figure 2). As a significant right-to-left shunt 
would increase left atrial pressure and reduce pulmonary venous flow, 
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the latter was also evaluated by Doppler echocardiography. The goal 
was to elucidate the potential role of the previously diagnosed persistent 
foramen ovale (PFO) in the pathophysiology of the clinical symptoms. 

In lying position, there was no relevant transition of NaCL 
bubbles from the right to the left atrium. Accordingly, the flow in 
the pulmonary veins was not compromised. This was in line with the 
fact that oxygen saturation reached 89% in lying position, compatible 
with the patient´s pulmonary hypertension and not suspicious of any 
right-to-left shunt. When moving the patient to an upright position 
with the TEE probe in place, the oxygen saturation dropped to 81%. 
Agitated saline contrast was applied once again, but failed to provide 
any evidence of intracardiac shunting. Furthermore, pulmonary 
venous flow was unchanged under these conditions as well. Contrary 
to our expectations, the PFO did not seem to account for the platypnoe 
orthodeoxia syndrome. Thus, the diagnostic work-up was extended. 
Pulmonary function testing revealed chronic obstructive pulmonary 
disease. Subsequently, inhalative antiinflammatoric/antiobstructive 
treatment and non-invasive ventilation (NIV) therapy was initiated. 
Within 2 weeks, the patient´s symptoms resolved. 

Discussion
Platypnea-orthodeoxia syndrome (POS) is an uncommon 

condition characterized by dyspnea and arterial desaturation upon 
assuming an upright position [7,8]. The syndrome was originally 
described in patients with pulmonary disease without intracardiac 
shunts [8]. 

Current knowledge relates POS to intracardiac shunting, 
intrapulmonary shunting, ventilation-perfusion mismatch, or a 
combination of these [9,10]. 

In the case of anatomical interatrial discontinuities (e.g., patent 
foramen ovale, atrial septal defects), a functional component modified 
by positional changes is required as well. Functional components 
include conditions that increase right atrial pressure, stretch the 
interatrial septum and/or redirect blood flow through the interatrial 
communication.

Anatomical as well as functional conditions may lead to 
intrapulmonary shunting. Arteriovenous anastomoses, pulmonary 
arteriovenous malformations and grossly distended pulmonary 
capillaries are potential causes of anatomical shunts. Functional shunts 
are due to ventilation-perfusion mismatch, that is, hypoventilation of 
normally perfused segments or hyperperfusion of normally ventilated 
segments. In either case, insufficiently oxygenated blood mixes with 
oxygenated blood, thereby resulting in overall desaturation. The 
mechanisms affecting the degree of intrapulmonary shunting and 
their relation to positional changes are not fully understood. Clearly, 
in the upright position, pulmonary perfusion shifts from the apical to 
the basal parts of the lungs. Right ventricular preload is reduced, and 

minutes lying sitting standing
SO2 (%) HF (bpm) SO2 (%) HF (bpm) SO2 (%) HF (bpm)

0 89 110 89 126 85 132
1' 89 110 87 120 83 133
3' 89 110 86 123 82 135
5' 89 110 85 123 82 134
10' 89 110 84 121 81 137

Table 1. Changes in oxygen saturation (SO2) and in heart rate (HF) in relation to the 
position of the patient. bpm = beats per minute. 

A B
Figure 1. 12 lead electrocardiogram (A) and chest X-ray (B) of the patient 

Figure 2. Presentation of the PFO without evidence of obstruction to the flow in the pulmonary veins. 
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pulmonary artery pressure drops. The effect on pulmonary venous 
pressure is less predictable, considering the plethora of modifying 
factors, such as left ventricular function and compliance, left ventricular 
pre- and afterload, heart rate valvular function. Irrespective of other 
potential mechanisms, the apico-basal shift of pulmonary perfusion 
upon standing aggravates the functional significance of any basally 
located pathology [11]. More pronounced anatomical or functional 
intrapulmonary shunting in the lower parts combined with a reduced 
potential for compensation in the upper parts of the lungs will then 
result in significant deoxygenation. In line with these considerations, 
our patient also revealed a basal predominance with respect to his 
COPD (Chronic Obstructive Pulmonary Disease). 

The diagnosis of POS is based on the following criteria: 1) 
platypnea, 2) orthodeoxia (SpO2 <90%), 3) existence of an interatrial 
or intrapulmonal communication, and 4) right-to-left shunt. Our 
patient presented with typical symptoms, and the previously diagnosed 
PFO seemed to provide the pathophysiologic basis. However, contrary 
to expectations, we were unable to demonstrate a right-to-left shunt 
across this interatrial discontinuity. As described by Desouza [12], 
tilt TEE with agitated saline contrast solution is the most effective 
diagnostic tool for this purpose. In rare cases, a shunt is only seen with 
Valsalva maneuver, which could not performed in our patient because 
of his apparent shortness of breath. However, if this shortness of breath 
would have been related to an interatrial right-to-left shunt, it would 
have had to be present under just these conditions. In the absence of 
an intracardiac shunt, contrast-enhanced echocardiography, perfusion 
scan (scintigraphy) with macroaggregated albumin or pulmonary 
arteriography might be used to detect intrapulmonary shunting [13]. 
Based on the favourable clinical course, we refrained from respective 
diagnostic procedures in our patient.

If POS is definitely related to intracardiac shunting, closure of 
the interatrial communication represents definitive treatment. In 
2001, Rao et al. [14] reported on percutaneous closure of atrial septal 
defects and PFOs in platypnea-orthodeoxia patients via femoral 
approach. A jugular approach is feasible as well [15]. Transcatheter 
closure immediately improves oxygen saturation in upright position. 
Platypnea resolves completely [16-18]. Symptomatic improvement is 
seen in >95% of patients. In light of this effective treatment option, it 
is tempting to proceed with respective interventions once an interatrial 
communication has been detected. However, this case clearly 
demonstrates that a PFO might be an “innocent bystander”, where 
closure would not affect the underlying pathophysiology. Instead, 
particularly in patients with pulmonary hypertension and right heart 
failure, an intervention could even be detrimental by preventing 
preload reduction through right-to-left shunting.

In patients with intrapulmonary shunting, the underlying 
pulmonary disease must be treated to reduce ventilation-perfusion 
mismatch. Closure of small airways or microatelectasis have been 
suggested as potential causes of ventilation-perfusion mismatch 
in platypnoea-orthodeoxia [19], possibly reversible with CPAP 
ventilation. Both, mechanical ventilation and application of end-
expiratory positive airway pressure (PEEP) tend to increase right-to-
left shunting with worsening of hypoxaemia. Our patient experienced a 
gradual improvement in oxygenation while on mechanical ventilation 
with PEEP application and also during non-invasive bi-level ventilation.

Conclusion 
Awareness and careful clinical evaluation are clues to the diagnosis 

of POS. Although an interatrial communication is frequently involved 

in the underlying pathophysiology, it might also coexist without 
any causal relationship. Thus, a functional analysis of all potential 
components is required before deciding on a specific therapy. 
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