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Summary
this is a case of an 86-year-old woman with gradually 
progressive dyspnoea and hypoxaemia that occurred 
after a cardiac surgery. It was underdiagnosed for 
several years, but diagnosis was triggered by the finding 
of hypoxaemia even during supplemental oxygen 
administration when in the upright position, such as 
when taking a shower, that rapidly improved when the 
patient returned to the supine position. a thorough 
workup disclosed platypnoea–orthodeoxia syndrome 
(pos) associated with right-to-left shunting through a 
patent foramen ovale (pFo). percutaneous closure of 
the pFo was performed. after treatment, the patient’s 
arterial oxygen saturation gradually recovered to 
98% on room air while she was in the sitting position 
and her symptoms disappeared. reviewing this case 
retrospectively, we determined that the deviation of 
the spine with kyphosis progression had apparently 
proceeded as pos worsened over time. We therefore 
hypothesised that kyphosis progression had played a 
major role in the pos progression.

BaCkground
Platypnoea–orthodeoxia syndrome (POS) is an 
uncommon clinical condition first described by 
Burchell in 19491 that is characterised by dyspnoea 
and hypoxaemia occurring during a change from 
a supine to an upright position. POS is caused by 
an overlap of anatomical features of left and right 
atrium shunt and functional components, causing 
the shunt direction to change, thereby increasing the 

amount of right-to-left shunt due to a deformation 
of the atrial septum while in the upright position. 
Here, we present a case of gradually progressing 
POS in an elderly woman after aortic valve replace-
ment surgery. Kyphosis progression was largely 
involved in the onset of POS in this case.

CaSe preSenTaTion
An 86-year-old woman had undergone aortic 
valve replacement surgery (AVR) and ascending 
aortic replacement surgery for an aortic valve 
obstruction deficiency and ascending aortic aneu-
rysm 11 years ago. No remarkable events were 
observed after the surgery, but she began to expe-
rience palpitations and dyspnoea 5 years after the 
surgery. She had hypoxaemia, with oxygen satu-
ration of 80%–90% on room air. Her physicians 
sought to determine the cause of the hypoxia, but 
was underdiagnosed, and home oxygen therapy 
was started. Her hypoxaemia gradually worsened, 
and the oxygen dose increased to 3 L at rest and 
5 L on exertion. When she was in an upright posi-
tion, such as when taking a shower, her oxygen 
saturation decreased to lower than 70%, even with 
administration of 5 L of oxygen. However, her 
oxygen saturation typically improved promptly 
when she returned to rest in the supine position. 
She was admitted to the hospital for reinspec-
tion of the causes of the hypoxaemia. She had a 
medical history of AVR, ascending aortic replace-
ment surgery and lumbar compression fracture 
before the surgery.

inveSTigaTionS
On physical examination, the patient’s blood pres-
sure was 154/87 mm Hg, and her pulse rate was 
80 beats per minute. While her oxygen saturation 
was 95% on room air in the supine position, but 
75% with administration of 5 L of oxygen in the 
sitting position, no apparent cyanosis, periph-
eral oedema or clubbing of the extremities was 
observed. The patient was 143 cm tall, and she 
weighed 33.7 kg. A chest X-ray showed no visible 
lung congestion, despite the presence of cardio-
megaly with a cardiothoracic ratio of 63.7% 
(figure 1). On electrocardiography, left axis devi-
ation and complete right bundle branch block 
were detected (figure 2). Transthoracic echocar-
diography (TTE) revealed that both atria were 
enlarged; however, no interatrial shunt flow was 
observed. Laboratory data revealed no remarkable 
abnormalities. CT revealed a deformity of the right 

Figure 1 Cardiothoracic ratio was 63.7%. There was no 
visible lung congestion.
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atrium caused by an elongated ascending aorta and kyphosis; 
however, there were no findings in the lung field to explain 
the hypoxaemia. Detailed history taking disclosed that the 
patient’s symptoms worsened on sitting or being in an upright 
position and that they improved when the patient returned to 
the supine position. Additionally, oxygen saturation improved 
from 70% on standing to 98% in the supine position. This 
finding was also recognised on an arterial blood gas analysis, 
in which PaO2 was 53 mm Hg while the patient was standing 
and 61 mm Hg while she was in the supine position (table 1). 
According to the patient’s history and her physical and labora-
tory examination findings, a diagnosis of POS was suspected. 
Transoesophageal echocardiography with the administration 
of intravenous agitated saline contrast solution was therefore 
performed, and a right-to-left shunt flow through the patent 
foramen ovale (PFO) was observed (figure 3). TTE with intra-
venous agitated saline contrast solution was performed again 
while the patient was in both the supine and upright positions; 
it revealed bubbles in the left atrium and ventricle within eight 
cardiac cycles in both positions. However, the shunt flow 
and the amount of bubbles appearing in the left atrium and 
ventricle were remarkably increased in the upright position 
compared with those in the supine position (figure 4). Her 
right ventricular outflow tract velocity time integral increased 
from 7.57 while standing to 10.59 while in the supine position. 
Cardiac catheterisation revealed normal haemodynamics, but 
her oxygen saturation measurements supported a right-to-left 

shunt, with SaO2 of 98.8% in the right pulmonary artery and 
of 88.2% in the aorta, although these should be nearly the 
same value; additionally, the shunt rate was 23%. Pulmonary 
angiography showed no evidence of pulmonary artery venous 
fistula or hepatic lung syndrome. Based on these findings, the 
patient was diagnosed with POS.

TreaTmenT
In this case, percutaneous closure of the PFO using a 25 mm 
Amplatzer Cribriform Occluder was performed instead of 
surgical closure (figure 5), which we felt would be too risky 
because of her age and history of cardiac surgery.

ouTCome and Follow-up
After treatment, the patient’s arterial oxygen saturation gradu-
ally recovered to 98% on room air while she was in the sitting 
position and her symptoms disappeared. When we retrospec-
tively reviewed this case, we determined that the deviation of 
the spine with kyphosis progression had apparently proceeded as 
POS worsened over time (figure 6). We therefore hypothesised 
that kyphosis progression had played a major role in the POS 
progression.

diSCuSSion
We described a case of progressive POS that occurred in an 
elderly patient after cardiac surgery. The diagnosis was trig-
gered by the finding of hypoxaemia (ie, SpO2 around 70%) 
even during supplemental oxygen administration when in the 

Figure 2 Left axis deviation and complete right bundle branch block. 

Table 1 Comparison of arterial blood gas analysis in supine and 
upright positions

arterial blood gas 
analysis Supine position upright position

Arterial oxygen tension 61 mm Hg 53.9 mm Hg

Arterial carbon dioxide 
tension 29.5 mm Hg 32.6 mm Hg

Figure 3 Right-to-left shunt flow through the patent foramen ovale 
(white arrow).

Figure 4 The amount of bubbles appearing in the left atrium and 
ventricle was remarkably higher in the upright position than in the 
supine position.
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upright position, such as when taking a shower, that rapidly 
improved when the patient returned to the supine position. 
Cardiac surgery was performed approximately 5 years before 
the onset of POS. The existence of a PFO was not recognised 
before the surgery. The chronic hypoxaemia was considered 
to be caused by age-related changes, such as decreased chest 
cavity compliance after open chest surgery, respiratory muscle 
weakness and respiratory function decline, which increased 
the amount of time needed to make a final diagnosis.

Burchell1 first described POS more than half a century ago. 
POS is an uncommon but serious clinical syndrome character-
ised by dyspnoea and hypoxaemia that occur during changes 
from a supine position to a sitting or upright position. Some 
anatomical features and functional components must coexist 
as causes of POS. Anatomical features include PFO, an atrial 
septal defect and an atrial septal aneurysm. Functional factors, 
which cause changes in the direction of right-to-left shunt 
flow by excavation of the heart or deformation of the atrial 
septum in the upright position, include pulmonary emphy-
sema, pulmonary arteriovenous malformation, pulmonary 
embolism, pulmonary resection, contractile pericarditis, 

scoliosis, cirrhosis of the liver and elongation of the ascending 
aorta.2 Rodrigues et al stated that physicians should define this 
syndrome with the cardiac anatomic feature of right-to-left 
shunt as platypnoea–orthodeoxia disease, with was defined 
by the existence of interatrial communication, a right-to-left 
shunt, normal pressure in the right atrium and, of course, 
platypnoea and orthodeoxia.2 Many POS cases involve elderly 
people over the age of 70 years. There is a possibility that it 
becomes easier for venous blood from the inferior vena cava to 
flow toward the fossa ovale as a patient ages due to a deviation 
of the mediastinum, a decrease in the compliance of the heart 
or a counter-clockwise rotation or twist of the heart.3 4 PFO 
accounts for a majority of POS anatomical elements. When 
pulmonary hypertension occurs in the presence of PFO, it 
causes a right-to-left shunt; however, in the case of POS, it 
produces a right-to-left shunt despite the absence of pulmo-
nary hypertension. Treatment of POS requires closure of the 
atrial shunt. Recently, more reports have been made of atrial 
septal defects and closure of the PFO by percutaneous closure 
methods. Effects of PFO and atrial septal defect closure in 
cases of severe chronic obstructive pulmonary disease exhib-
iting marked pulmonary hypertension or other comorbid 
conditions that can cause POS, such as hepatic lung syndrome, 
may be limited, so it is important to determine the main cause 
of right-to-left shunt by contrast echography or right heart 
catheterisation examination.5

In this case, the breathing difficulty gradually progressed, 
making a definite diagnosis difficult. It seems that the POS 
onset in this case was affected by an atrial septum deformity, 
elongation of the ascending aorta, the influence of cardiac 
surgery and kyphosis progression. A case of POS onset due to a 
thoracic fracture after a traffic accident has been reported.6 As 
shown in figure 6, the deviation ofthe spine due to the progres-
sion of kyphosis apparently proceeded over time. We consid-
ered the progression of the kyphosis to be a major contributor 
to the breathing difficulty and onset of POS, hypothesising 
that it became easier for the blood flow originating from the 
inferior vena cava to enter directly into the atrial septum due 
to a change in the heart position.

PFO has also been reported to be present in 25%–30% of 
otherwise healthy people.7 8 In the current ageing society, when 
dealing with hypoxaemia of unknown causes, physicians should 
be aware of the possibility of POS and examine the patient for 
unexpected changes in SpO2 while they are in the supine and 
upright positions.

Figure 5 Percutaneous closure of the patent foramen ovale using 
a 25 mm Amplatzer Cribriform.

Figure 6 Deviation of the spine with kyphosis progression apparently proceeding over time and changing the positional relationship of the 
left  atrium (LA), right  atrium (RA), atrial septum and inferior  vena  cava (IVC).
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learning points

 ► Platypnoea–orthodeoxia syndrome (POS) is an uncommon 
clinical condition that is characterised by dyspnoea and 
hypoxaemia occurring during a change from a supine to an 
upright position.

 ► We should be aware of the possibility of POS when dealing 
with hypoxaemia of unknown causes.

 ► Kyphosis can be major contributor to the breathing difficulty 
and onset of POS.
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