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Abstract. Platypnea-orthodeoxia syndrome (POS) is a clinical entity characterized by positional dyspnoea
(platypnea) and arterial desaturation (orthodeoxia) that occurs when sitting or standing up and usually re-
solves by lying down. POS may result from some cardiopulmonary disorders or from other miscellaneous ae-
tiologies. We report a case of POS in a patient after fibrotic evolution of SARS-CoV-2 interstitial pneumonia
associated with pulmonary embolism. The patient did not have any evidence of an intracardiac/intrapulmo-

nary shunt.
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Introduction

Platypnea-orthodeoxia syndrome (POS) is a
clinical entity characterized by positional dyspnoea
(platypnea) and arterial desaturation (orthodeoxia)
that occurs when sitting or standing up and usually re-
solves by lying down. The drop in oxygen saturation is
considered as significant, when PaO2 falls greater than
4 mmHg or SaO2 than 5 % from supine to an upright
position (1). POS is a very rare finding; its real preva-
lence is not known (1).

Although it is not well understood, the cause
of arterial blood desaturation and hypoxaemia is the
blend of deoxygenated venous blood into the oxygen-
ated arterial blood via a pathologic shunt. A certain
percentage of shunting (up to 5%) can be found even
in healthy individuals due to the presence of the small-

est cardiac veins (Thebesian veins) and due to the

particular anatomy of the bronchial arteries (2). Con-
cerning POS, the shunt is to be referred to intracardiac
or extracardiac abnormalities and to miscellaneous ae-
tiologies (1,3-4).

In the context of the intracardiac aetiologies, POS
typically occurs in the presence of right heart failure
or elevated right-sided filling pressures (1). The most
common underlying anatomical condition is the pat-
ent foramen ovale (PFO). In addition to PFO, intra-
cardiac shunt leading to POS has been reported from
either an atrial septal defect (ASD) or an atrial septal
aneurysm (ASA) (1, 3-4).

The mostcommon causes of orthodeoxia-platypnea
in the extracardiac aetiologies are intra-pulmonary ar-
teriovenous malformations, lung parenchymal disease
and cirrhosis leading to hepatopulmonary syndrome
(1, 3-5). The aetiology was not found in a significant
percentage of cases (1, 3-4).
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In the context of the miscellaneous causes, POS
can be due to Amiodarone lung toxicity, Parkinson’s
disease, diabetic neuropathy, organophosphorous poi-
soning, radiation-induced bronchial stenosis and trau-
matic bronchial rupture (1, 3-5).

We report a case of POS in a patient after fibrotic
evolution of SARS-CoV-2 interstitial pneumonia as-
sociated with pulmonary embolism (PE). The patient
did not have any evidence of an intracardiac/intrapul-
monary shunt.

Case Presentation

A 76-year-old woman presented to our hospital’s
emergency room with fever, cough and dyspnoea. Her
medical history was notable for non-smoking habit,
mild aortic and tricuspid insufficiency and hiatal her-
nia. Her arterial blood gas (ABG) analysis showed
PaO2 59 mmHg, PaCO2 32 mmHg and pH 7.49.
ECG showed nonspecific repolarization abnormali-

ties. The patient had a positive swab for SARS-CoV-2,

then performed a chest CT scan, which showed an in-
terstitial pneumonia with 35% score (Fig. 1).

She was hospitalized in the Emergency Unit and
was treated with Hydroxychloroquine, Darunavir/co-
bicistat and oxygen therapy. After a week because of
the worsening of respiratory failure, she performed a
second chest CT which showed a bilateral segmen-
tal PE and a worsening of the interstitial pneumonia
with 60% score (Fig. 2). Therapy with Fondaparinux,
empirical antibiotic (Piperacillin/tazobactam), ster-
oids and helmet non-invasive mechanical ventilation
(CPAP) was hence undertaken, Tocilizumab was also
administered.

After two weeks, she performed a control chest
CT scan, which showed a quite complete resolution of
the PE with focal segmental thrombosis in the left up-
per lobe and the resolution of the ground glass with the
peribronchial consolidating areas of organized appear-
ance with contextual traction bronchiectasis (Fig. 3).
Because of the persistence of the respiratory failure
requiring oxygen therapy and in order to undertake

a rehabilitation program, she was transferred to our

Unit.

Figure 1. Bilateral ground glass opacities with patchy distribution. Visual score of 35% (CT on March 28, 2020).
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Figure 2. Bilateral segmental pulmonary embolism involving the branch for the posterior segment of the right upper lobe, anterior
segmental branch of the left upper lobe and the branch for the dorsal segment of the left lower lobe. Worsening of ground glass opaci-
ties (visual score of 60%) (CT on April 5, 2020)

Figure 3. Fibrotic evolution of interstitial pneumonia. Decrease of the ground glass opacities with peribronchial consolidating areas
of organized appearance with contextual traction bronchiectasis. Visual score of 60%. (CT on April 20, 2020)
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Upon admission to our ward, the patient was no
longer feverish and was being treated with low-dose
oral steroids as well as with anticoagulant treatment
(Fondaparinux). Next, she progressively complained of
breathlessness while sitting, standing or walking, even
with supplemental oxygen and showed orthodeoxia
(SpO2 99% on 4 I/min O2 by nasal cannula in the
supine position vs SpO2 84% on 4 I/min O2 by nasal
cannula while in the seated position); the fall in SpO2
was associated with simultaneous increase in respira-
tory rate. She also had basal inspiratory crackles on
chest auscultation. Bubble-contrast echocardiography
in recumbent, sitting and upright positions revealed
no intracardiac or intrapulmonary shunts. Signs of
mild pulmonary hypertension (PAPs 45 mmHg) were
found and a diuretic treatment with Torasemide was
initiated.

To further investigate the respiratory gas ex-
change, the patient wearing a reservoir mask on 15
L/min of O2 breathed for 20-min in a supine posi-
tion and then for further 20-min in a sitting position.
ABGs were performed at the end of the 20-min pe-
riod of supine position (PaO2 133 mmHg, PaCO2 51
mmHg and pH 7.430) and at the end of 20-min pe-
riod of sitting position (PaO2 46 mmHg, PaCO2 44
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mmHg and pH 7.470). The estimated rates of wasted
ventilation in relation to the cardiac output in supine
and in sitting positions were calculated as previously
described (6) and were 19 % and 23 %, respectively.

A ventilation/perfusion (V/Q) scan was per-
formed both in supine and sitting position using a
99mTc-labelled aerosol (Technegas®) to evaluate
ventilation and labelled macroaggregates of human al-
bumin (99mTc-MAA) for perfusion imaging. Planar
and SPECT/CT images were acquired (7). Analysis
of regional aerosol deposition was performed dividing
lung images into regions (ROIs). The recommended
method for dividing lung into an “outer” (O) and “in-
ner” (I) zone was previously described (8). The aero-
sol deposition pattern was obtained from the ratio of
outer lung deposition to inner lung deposition (O/I).

The V/Q scan in supine position showed a wide-
spread reduced deposition of the radioactive aerosol in
the left lung and a prevailing deposition of the radio-
active aerosol at the base of the right lung (Right Out-
er/Inner ratio: 2.59, Left Outer/Inner ratio: 2.87; Left
upper/lower lobe ratio: 1.88, Right upper/lower ratio:
0.49). In the planar images there was no evidence of
significant alterations in pulmonary perfusion bilater-

ally (Fig. 4).
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Figure 4. A ventilation/perfusion (V/Q) scan in supine and sitting position. For more details, see the text.



Platypnea-Orthodeoxia and pulmonary fibrosis

In sitting position, ventilation images were cap-
tured only as planar images in the anterio-posterior
view for a rapid oxygen desaturation of the patient and
showed a widespread reduced deposition of the radio-
active aerosol in the left lung and a heterogeneously
reduced deposition of the radioactive aerosol in the
right lung (Right Outer/Inner ratio: 1.71, Left Outer/
Inner ratio: 1.41; Left upper/lower lobe ratio: 2, Right
upper/lower ratio: 1). Perfusion was reduced in the up-
per third of the right lung and a widespread reduced
perfusion was revealed in the left lung (Fig. 4).

The quantitative analysis of the V/Q scans in
terms of kilocounts per second (kc/s) is shown in
table 1.

When the patient switched from supine to sitting
position, a reduction in kc/s both of the ventilation
scan and the perfusion scan was observed. The percent
change of the ventilation scan was greater than that of
perfusion.

The patient was then treated for 4 weeks with high
doses of steroids, which were then gradually reduced.
A control chest TC after 5 weeks showed a complete
resolution of the PE and fibrotic pattern with basal
subpleural predominance and traction bronchiectasis

(Fig. 5).

At discharge, the patient still complained of
platypnea and orthodeoxia (SpO2 97% on 2 I/min O2
by nasal cannula in the supine position vs SpO2 87%
on 2 I/min O2 by nasal cannula while in the seated
position). She was discharged with long term oxygen
therapy, anticoagulant treatment with warfarin, diu-
retic and low dose azithromycin every other day. She
was also referred to our interstitial lung disease (ILD)
outpatient clinic in order to follow up and to evaluate a
possible anti-fibrotic treatment.

Discussion

We report a case of a patient with POS second-
ary to fibrotic evolution of interstitial pneumonia by
SARS-CoV-2 and pulmonary embolism. Bubble-
contrast echocardiography excluded intracardiac or in-
trapulmonary shunts. On the other hand, V/Q scan and
ABG data suggest that POS was due to ventilation-
perfusion mismatching. Notably, both ventilation and
perfusion decreased when the patient switched from
lying to sitting, but the reduction in ventilation was
remarkably greater than the corresponding reduction
in perfusion, accordingly the wasted ventilation rate in

Table 1. Quantitative analysis of ventilation/perfusion scan in supine and in sitting position.

Supine Sitting Change

Right Left Right Left Right Left
Ventilation
Upper 20 ke/s 30 ke/s 3 ke/s 2 ke/s -85 % -93%
Middle 51 ke/s 36 ke/s 8 ke/s 3 ke/s -84 % -92%
Lower 62 kc/s 10 ke/s 3 ke/s 1 ke/s -95 % -90%
Total 133 ke/s 76 kc/s 14 ke/s 6 kc/s -89% -92%
Perfusion
Upper 36 ke/s 44 ke/s 20 ke/s 16 ke/s -44 % -64%
Middle 112 ke/s 71 ke/s 57 ke/s 25 ke/s -49 % -65%
Lower 91 ke/s 33 ke/s 26 kc/s 16 ke/s -71% -51%
Total 239 ke/s 148 ke/s 103 ke/s 57 ke/s -57% -61%




C. Longo, L. Ruffini, et al.

Figure 5. Complete resolution of the pulmonary embolism. Mild reduction of the ground glass opacities with patchy distribution,
persistence of the basal fibrotic pattern, with traction bronchiectasis. Presence of pneumomediastinum. Visual score of 50% (CT on

June 5, 2020).

relation to the cardiac output increased when patient
was in the upright position. Furthermore, the patient
exhibited a poor response to a high FIO2 when she
was in recumbent position and a still poorer when she
was upright.

Platypnea-orthodeoxia is a very rarely identified
clinical syndrome: its real prevalence is not known. It
was first identified in 1949 and was initially termed
“orthostatic cyanosis” (9). The terms “platypnea” and
“orthopnea” were coined in 1969 (10) and 1976 (11),
respectively, to describe breathlessness and arterial de-
saturation worsening in the upright position and im-
proving when supine.

The condition of POS and its pathophysiology
have remained somewhat mysterious. The condition is
probably under-recognized because upright and supine
vital signs are not routinely collected in most clinical
visits. A review of literature by Agrawal et al. (1) found

216 articles on PubMed with the keywords “Platypnea”
and/or “Orthodeoxia” from January 1949 to November
2016. A total of 261 relevant articles were screened.
111 articles not related to true platypnea or orthode-
oxia were excluded. Therefore, a total of 150 articles
with 239 patients were analysed. The causes of POS
in these patients were classified as intracardiac abnor-
malities, extracardiac abnormalities and miscellaneous
aetiologies. Intracardiac communication between the
two atria was the most common cause of POS in 208
of 239 (87%) patients (1). A PFO was the most com-
mon reported site of an intracardiac shunt. In addition
to PFO, intracardiac shunt leading to POS has been
reported from either ASD or an ASA. Extracardiac
causes of POS included lung parenchymal diseases
(4 %) and intra-pulmonary arterio-venous malforma-
tions (9 %). In hepatopulmonary syndrome, acquired
pulmonary arteriovenous fistulae, which stem from
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liver disease, allow the requisite right-to-left shunting
that is accentuated in the upright position (5).

To the best of our knowledge, the association
of POS with ILD has been rarely reported (12,13).
Parenchymal lung diseases with preferential involve-
ment of lung bases can present as POS through se-
vere V/Q mismatch. In upright position orthodeoxia
may, therefore, reflect obligate gravitational perfu-
sion to basal alveolar units with severe derangements
in ventilation and gas exchange. In our patient, basal
part of both lungs were predominantly affected by
the interstitial pneumonia’s fibrotic evolution. Ac-
cordingly, standing posture may flow the blood to
poorly ventilated lower parts, thereby inducing phys-
iological shunting since deoxygenated blood matches
fibrotic zones of the lung. Furthermore, in our pa-
tient the physiological shunt as well as the wasted
ventilation are amplified by the disproportionate
reduction of ventilation as related to the reduction
of perfusion, when position changes from supine to
seated occur. However, it remains unclear why these
blood gas derangements induced by the posture do
not occur in all other cases of ILD and pulmonary
fibrosis or in other causes of predominant basal lung
disease. In this context, we may speculate that in our
case fine and diffuse vascular changes following PE
occurred and deeply upset the vascular bed physiol-
ogy. Finally, an open question is whether or not anti-
fibrotic drugs, such as Pirfenidone or Nintedanib,
could resolve POS.

In conclusion, POS is a quite rare syndrome and
should be considered in the differential diagnosis of
dyspnoea and refractory hypoxaemia. It is crucial to
determine its aetiology in order to the adequate man-
agement.
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