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Infectious Diseases

Unusual clinical course

Platypnea orthodeoxia syndrome (POS) presents with positional dyspnea and hypoxemia defined as arterial
desaturation of at least 5% or a drop in Pa02 of at least 4 mmHg. Causes of POS include a variety of cardiopul-
monary etiologies and has been reported in patients recovering from severe COVID-19 pneumonia. However,
clinical presentation and outcomes in a patient with multiple interrelated mechanisms of shunting has not
been documented.

An 85-year-old man hospitalized for hypertensive emergency and severe COVID-19 pneumonia was diagnosed
with platypnea orthodeoxia on day 28 of illness. During his disease course, the patient required supplemental
oxygen by high-flow nasal cannula but never required invasive mechanical ventilation. Chest imaging revealed
evolving mixed consolidation and ground-glass opacities with a patchy and diffuse distribution, involving most
of the left lung. Echocardiography was ordered to evaluate for intracardiac shunt, which revealed a patent fo-
ramen ovale. Closure of the patent foramen ovale was not pursued. Management included graded progression
to standing and supplemental oxygen increases when upright. The patient was discharged to a skilled nursing
facility and his positional oxygen requirement resolved on approximately day 78.

The present case highlights the multiple interrelated mechanisms of shunting in patients with COVID-related
lung disease and a patent foramen ovale. Eight prior cases of POS after COVID-19 pneumonia have been re-
ported to date but none with a known patent foramen ovale. In patients with persistent positional oxygen re-
quirements at follow-up, quantifying shunt fraction over time through multiple modalities can guide treatment
decisions.

Case Reports ¢ COVID-19 ¢ Foramen Ovale, Patent
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Background

Platypnea orthodeoxia syndrome (POS) is the clinical phenom-
enon of acquired right-to-left shunt, resulting in dyspnea and
hypoxemia in the upright position [1,2]. Hypoxemia in this set-
ting is defined as a drop in partial pressure of oxygen (Pa0,) by
4 mmHg or oxygen saturation (5a0,) by 5%. In order to meet
diagnostic criteria, both symptoms must quickly improve once
the patient is returned to a recumbent position [1]. Causes
of POS include a variety of cardiopulmonary etiologies [1-6].

Recent reports have documented the development of POS in pa-
tients who are recovering from severe COVID-19 infection [7-9].
The underlying mechanism of lung damage in COVID-19 pa-
tients is complex. To date, there are no known pathognomonic
characteristics. Over the course of the pandemic, the prevail-
ing theory has evolved from a picture of “typical” acute re-
spiratory distress syndrome (ARDS) and fibrotic evolution to
more recent reviews describing a comparative prominence of
airway and pleural inflammation, small-to-medium-sized ar-
tery thrombosis, vasculitis, and endotheliitis [10-24]. Whether
diffuse alveolar damage in COVID-19 differs from other etiolo-
gies causing ARDS has not been determined [11].

The primary mechanism of COVID-19-associated POS is con-
sidered to be ventilation/perfusion (V/Q) mismatch. Patients
with lung damage in the bases are rendered more sensitive
to the physiologic increase in V/Q mismatch that occurs with
standing [1,7,25]. Microangiopathy and thromboembolism
may also contribute to V/Q mismatching [7]. Prior publications
have not reported on the role that intracardiac shunting may
play in the development of POS in COVID-19 patients [7,25].
However, Dessap et al described the clinical significance of
intracardiac shunts in ARDS [26]. Up to one-fifth of patients
with ARDS were deemed to have a portion of their recalci-
trant hypoxemia attributed to an intracardiac shunt. In this
report, we investigated the case of a patient who developed
POS while recovering from COVID-19 infection. In addition to
the extracardiac shunting from interstitial lung disease, the
patient was found to have intracardiac shunting related to a
patent foramen ovale (PFO) and an associated atrial septal an-
eurysm. The present case is the first reported case of intracar-
diac and extracardiac shunting causing platypnea orthodeox-
ia after COVID-19 pneumonia.

Case Report

An 85-year-old man (BMI 21.24 kg/m?) with a past medical
history of hypothyroidism, hyperlipidemia, and type 2 diabe-
tes mellitus presented to the Emergency Department after
a fall and was found to be in hypertensive emergency with
a left temporal lobe hemorrhage. The patient was febrile to
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38.4°C, slightly tachycardic at 101 beats per minute, and hy-
pertensive at 186/94 mmHg. At that time, the patient had no
subjective symptoms of respiratory distress but was found to
be hypoxic with an oxygen saturation of 91% on ambient air.
He received oxygen supplementation by nasal cannula (NC),
with improvement in his oxygen saturation. The initial physi-
cal exam was unrevealing. Laboratory analyses were notable
for elevations in CPK (359 U/L), troponin (34 ng/L), D-dimer
(2.70 mg/L), NT proBNP (649 pg/mL), procalcitonin (0.3 ng/mL),
LDH (482 U/L), ferritin (611 ng/ml,) fibrinogen (646 mg/dL),
and C-reactive protein (11.4 mg/dL). Sodium was low at (130
mmol/L). PT-INR was in normal range (0.98). The initial chest
X-ray (CXR) did not reveal any acute or chronic cardiopulmo-
nary abnormalities (Figure 1A). Due to the presence of fever,
elevated inflammatory markers, and hypoxia, infection with
COVID-19 was suspected and PCR testing was positive for the
same. At that time, the patient was started on subcutaneous
enoxaparin at therapeutic dose, due to a D-dimer value great-
er than 2.0, as per institutional protocol. On hospital day 3,
the patient began to experience dyspnea associated with de-
saturations on pulse oximeter as low as 70% on 6 LNC. At that
time, he was placed on high-flow nasal cannula (HFNC) at 75%
and 45 L, with saturation improvement to >88%. This event
prompted a repeat CXR, which revealed interval development
of multifocal airspace disease, most likely representing multi-
focal pneumonia (Figure 1B). At this time, treatment for severe
COVID-19 pneumonia commenced per institutional protocols
in place at the time and was as follows: Convalescent plasma
per institutional protocols, remdesivir 200 mg i.v. once and
100 mg i.v. daily for 4 more days and dexamethasone (6 mg
i.v. for 10 days). In the subsequent days, his oxygen require-
ment slowly decreased, and he was transitioned from HFNC to
5L by NC. He was discharged to a skilled nursing facility (SNF)
on 4 L by NC after 15 days of hospitalization, when his condi-
tion appeared to plateau in terms of his oxygen requirement
and management of his medical co-morbidities.

Two days after discharge to the SNF and approximately day 17
after diagnosis, he re-presented to the Emergency Department
after an oxygen desaturation to 77% on 6 L by NC. A physical
exam demonstrated bilateral wheezing and rhonchi. He required
high-flow oxygen at 60% and 25L to improve his O2 saturation
to 92%. Laboratory studies were notable for elevations in WBC
(17.4 K/ul), troponin (32 ng/L), NT proBNP (669 pg/ml), D-dimer
(14.40 mg/L), C-reactive protein (12.2 mg/dL), and ferritin (762
ng/ml). All values were elevated compared to the prior admis-
sion values. Blood cultures showed no growth. Urinalysis re-
vealed evidence of infection and, in fact, a urine culture showed
greater than 100 000 org/m| Morganella morganii. CXR dem-
onstrated improvement overall in previously noted multifocal
opacities with a similar distribution (Figure 1C). Computed to-
mography angiography (CTA) did not reveal a pulmonary em-
bolism but demonstrated extensive ground-glass opacities
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Figure 1. (A) Chest X-ray (CXR) on day 1 of first diagnosis showing no baseline cardiopulmonary abnormalities. (B) CXR on day 3
of illness demonstrating significant multifocal opacities. (C) CXR on day 1 of second hospital admission, day 16 of illness
demonstrating interval improvement in right multifocal opacities, evidence of scarring in right upper lobe. (D) CXR showing
continued improvement but persistent scarring in right upper lobe (black arrows). Figures created using eUnity v7.0.0.1.3.
Client Outlook, Inc. Ontario, Canada and macOs Big Sur operating system Version 11.4.

and consolidative processes consistent with COVID-19 pneu-
monia involving almost the entire left lung, right posterolat-
eral upper lobe, and posterior right lower lobe (Figure 2). A
transthoracic echocardiogram (TTE) showed an ejection frac-
tion (EF) of 59% without evidence of right heart strain. The pa-
tient was admitted and treated for acute hypoxic respiratory
failure due to presumed hospital-acquired pneumonia (HAP).
Dexamethasone at 6 mg i.v. daily was restarted.
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Over the next several days the patient’s leukocytosis resolved
and inflammatory markers trended down. The patient had a
decreasing oxygen requirement at rest. Multiple attempts at
the six-minute walk test were undertaken to determine oxy-
gen requirement, with repeated and consistent desaturation
to 70% on 5L by NC and orthostatic intolerance. The patient
did not experience subjective dyspnea nor did he develop in-
creased work of breathing. A repeat CXR revealed atelectasis,
prominent interstitial lung markings, and scarring (Figure 1D).

Indexed in: [PMC] [PubMed] [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]



Dodson BK. et al:
Platypnea orthodeoxia and COVID-19 pneumonia
© Am J Case Rep, 2021; 22: €933975

Figure 2. (A) Coronal and (B) axial CT views showing multifocal ground-glass opacities and consolidation involving the entire left lung,
right posterolateral upper lobe, and posterior right lower lobe (black arrows). Figures created using eUnity v7.0.0.1.3. Client
Outlook, inc, Ontario, Canada and macOs Big Sur operating sytem Version 11.4.

The patient was diagnosed with platypnea orthodeoxia on day
28 after first diagnosis.

The patient’s persistent platypnea orthodeoxia prompted repeat
TTE imaging with agitated saline to evaluate for intracardiac
shunt, which revealed a PFO and associated atrial septal aneu-
rysm (ASA) (Figure 3). TTE also demonstrated an EF of 75% with
near total left ventricular cavity obliteration and an elevated pul-
monary artery pressure at 65 mm Hg but normal right ventricular
size and function. Empiric closure of the PFO was not pursued
during the present admission, favoring a conservative strategy
of watchful waiting as the patient is monitored for further recov-
ery from lung changes related to severe COVID-19 infection. He
was discharged to a SNF on 4 L by nasal cannula with orders for
continued non-pharmacologic interventions such as graded pro-
gression to standing and increasing the amount of supplemental
oxygen while upright. At first follow-up, approximately 78 days
after the first diagnosis, the patient had been discharged home
after a short stay in a SNF. He no longer has positional desatu-
rations and no longer requires oxygen at rest. The patient con-
tinues to have exertional hypoxemia with desaturations to the
mid 80s while ambulating. A repeat TTE was performed, which
showed reduction in pulmonary hypertension from 65 mmHg
to 37 mmHg pulmonary arterial systolic pressure.

Discussion

Shunts causing POS are characterized as either intracardiac,
extracardiac, or miscellaneous (Figure 4) [1,27]. Intracardiac
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shunts resulting in POS require both a structural and a func-
tional anomaly. They are further divided into those with nor-
mal right atrial pressure (RAP) compared to those with in-
creased RAP (Figure 4) [1,27]. In either setting, blood is shunted
through a defect in the atrial septum. Examples of such de-
fects include: patent foramen ovale (PFO), atrial septal defect
(Figure 4) [1,27] (ASD), atrial septal aneurysm (ASA) with asso-
ciated septal defects, and unroofed coronary sinus. Shunts ac-
quired iatrogenically include the Fontan procedure and trans-
catheter mitral valve repair (Figure 4) [1,27].

Extracardiac shunts are pulmonary shunts and are stratified
into true shunts and ventilation and perfusion (V/Q) mismatch-
es (Figure 4) [1,27]. True shunts, also known as intrapulmo-
nary shunts, include pulmonary AVMs, hepatopulmonary syn-
drome, or large physiologic shunts (Figure 4) [1,27]. Acute
respiratory distress syndrome (ARDS) and pleural effusion are
examples of physiologic shunts. In contrast, V/Q mismatches
occur in lung parenchymal damage as can occur with intersti-
tial lung disease or preferential alveolar filling of the bases in
cases of bacterial pneumonia, acute interstitial pneumonia, or
organizing pneumonia (Figure 4) [1,27]. These processes oc-
curring in the lung bases result in platypnea orthodeoxia be-
cause these patients already have shunting in the bases and
upon standing have additional physiologic shunting due to
V/Q mismatching in the upper lobes (Figure 4) [1,27]. Patients
present with varying degrees of postural desaturation depend-
ing on the total shunt fraction (Qs/Qt, or the fraction of blood
flow that bypasses oxygenation). This point is made evident
by the fact that pulmonary vein arterial saturation (Ca02) is
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Figure 3. Transthoracic echocardiography, subcostal view, color Doppler showing flow through the atrial septal defect (white arrow).
Positive bubble study not shown. Figures created using eUnity v7.0.0.1.3. Client outlook Inc. Ontario, Canada and macOs Big

Sur operating system Version 11.4.

directly related to the shunt fraction multiplied by the pulmo-
nary artery venous saturation (CvO2) by the following equa-
tion (Figure 4) [1,27]:

Ca02=Qs/QtxCv02+(1-Qs/Qt)xCc02

Severe COVID-19 infections are marked by significant acute and
possibly chronic destruction of pulmonary parenchyma [13].
It stands to reason that the incidence of platypnea orthode-
oxia exacerbated by extracardiac shunts will parallel the inci-
dence of severe COVID-19 pneumonia. Patients with congen-
ital or acquired intracardiac shunts are at increased risk for
additional shunting due to the associated rise in pulmonary
artery pressure that accompanies parenchymal lung damage
(Figure 4) [1]. Micro- and macroangiopathy, which are becom-
ing notable and specific features of COVID-19 pneumonia,
may also contribute to V/Q differences. Consequently, these
patients may have a clinically relevant increase in the shunt
fraction compared to those who do not have an addition-
al pre-existing intracardiac shunt. Figure 4 summarizes the
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mechanisms of shunting and the arrows represent causes of
shunt in the present case.

Given these concerns, a diagnostic work-up for the presence
of an intracardiac shunt should be considered in post-COV-
ID-19 pneumonia patients experiencing positional desatura-
tions. The initial diagnostic test of choice is TTE with agitated
saline bubble study. Images of the right atrium and left atri-
um should be recorded prior to saline injection and continue
for at least 3 cardiac cycles in order to define a shunt as ear-
ly (intracardiac) or late (pulmonary) [1]. Subcostal views with
color Doppler should also be obtained. TTE can be performed
in the supine and upright position to estimate the degree of
change in shunt fraction [1]. A V/Q scan can estimate the frac-
tion of V/Q mismatching within the lung in the upright and su-
pine positions[1]. V/Q scans can also identify extrapulmonary
shunting (ie, the presence of an intracardiac shunt) [1,7,25].
Quantification of extracardiac shunting with V/Q imaging has
the potential to factor into which patients are considered for
antifibrotic therapy [1,16,25].
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Normal shunt is ~5% oa A-a
gradient of 10 mmHg due to
small cardiac veins and
bronchial veins

Platypnea Orthodeoxia
Syndrome
i.e. right-to-left shunt

Intracardiac shunt
e.g. congenital or
acquired interiatrial
communication*

N

Miscellaneous

— Amiodarone toxicity

— Parkinson’s disease

— Diabetic autonomic
neuropathy

— Organophosphorous
poisoning

— Radiation induced bronchia
stenosis

— Traumatic bronchial rupture

— Bronchogenic carcinoma of
left main stem

—lleus

— Fat embolism

Extracardiac shunt
i.e. pulmonary

Increased right Normal right
atrial pressure atrial pressure
i.e. change in
- (OPD / angle of the
— Pulmonary ineratrial septum
hypertension
— Pulmonary 1’4
embolism
— Constrictive
pericarditis
— Pericardial
effusion Intrinsic cardiac
— Pericardial abnormality
adipose tissue
deposition — Assending aortic
— Pneumonect aneurysm
— Cardiac mass/cyst
— Prominent
eustachian valve
— Lipomatous
hyperthophy of
interatrial septum

Extracardiac
abnormality

- Kyphosis

— Paraesophageal
hernia

— Hemidiapraghm
paralysis

— Large hepatic cyst

— Bunt chest trauma

— Pneumonectomy

Intrapulmonary shunt
i.e. true shunt

— Pulmonary AVM

— Hepato-pulmonary
syndrome

— ARDS 4

— Massive pleural effusion

— Massive alveolar €&—
filling (pneumonia, congesive
heart failure, organizing
pneumonia)

— Large airway obstruction <€

Ventilation/perfusion mismatch
i.e. zone 1 phenomenon

— Pneumonectomy

- (0PD

— Interestitial lung disease/

— Cryptogenic organizing fibrosis

— Bacterial and organizing
pneumonia

— Pulmonary embolism

— Congestive heart failure

Figure 4. Platypnea orthodeoxia syndrome etiology [1,27]. * Patent foramen ovale, atrial septal defect, atrial septal aneurysm with
associated septal defect, partial anomalous pulmonary venous return, unroofed coronary sinus, and other possible mechanisms
of shunting. Black arrows represent mechanisms of shunting in current case. Orange arrow represents other possible causes in
COVID patients. Created using Microsoft Word, Washington, USA and macOs Big Sur operating system Version 11.4.

Other diagnostic tests include cardiac magnetic resonance im-
aging to delineate intracardiac shunts and CTA of the chest to
evaluate for pulmonary AVM [1]. Closure of an atrial defect is
considered in settings of increased right atrial pressure, unless
the operative risk outweighs the benefit. In some instances,
closure is done prophylactically. Pre-pneumonectomy is one
such example [1]. Shunt fraction can be quantified over time
in patients with a continued oxygen requirement by evaluating
the intracardiac shunt directly with serial echocardiography,
transcranial Doppler, and right heart catheterization [28-31].

Conclusions

The clinical significance of pre-existing intracardiac shunts in
the presence of new parenchymal lung disease after severe
COVID-19 infections has not been described. Whether clinical
benefit would be obtained through closure of the intracardiac
shunt in this setting is not known. The present case highlights
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the multiple interrelated mechanisms of shunting in patients
with COVID-related lung disease and a PFO. Eight prior cases of
POS after COVID-19 pneumonia have been reported to date but
none with a known PFO [7-9]. Of these cases, only 3 patients
had echocardiography to rule out the presence of a PFO [7-9].
In patients with persistent positional oxygen requirements at
follow-up, quantifying shunt fraction over time through multi-
ple modalities can guide treatment decisions.
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