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INTRODUCTION

Platypnea-orthodeoxia syndrome (POS), first reported in 1949, is a
rare syndrome defined by hypoxemia that worsens in the upright po-
sition." Right-to-left shunting through an intracardiac communication
such as a patent foramen ovale (PFO) or atrial septal defect (ASD) is
the most common cause. Although previous reports have hypothe-
sized why the right-to-left shunting is exacerbated in the upright posi-
tion,” the underlying mechanisms are not completely understood.
We describe a man with POS due to an ASD. Transesophageal
echocardiography (TEE) clearly illustrated that shunting through the
ASD changed from left to right in the supine position to right to left
in the upright sitting position when focusing on the direction of blood
flow from the inferior vena cava (IVQ). In the supine position, left-to-
right shunting through a small ASD was visualized. In the upright
sitting position, right-to-left shunting was seen because of blood
flow from the IVC redirected toward and passing through the ASD.

CASE PRESENTATION

A 65-year-old deaf man with a history of interstitial pneumonia (IP)
presented with dyspnea. He had been effectively treated for [P-related
dyspnea on exertion. However, he was currently experiencing dys-
pnea at rest; the dyspnea on exertion was not exacerbated.
Laboratory testing showed slightly elevated concentrations of
Krebs von den Lungen-6 (727 U/mL) and B-type natriuretic peptide
(57.3 pg/mL). Electrocardiography showed first-degree atrioventric-
ular block. Transthoracic echocardiography (TTE) showed normal
left ventricular (LV) function, with an LV ejection fraction of 67%;
normal left atrial size, with a left atrial volume index of 26 mL/ m?;
and normal size and function of the right ventricle (RV), right atrium
(RA), and IVC, with an RV end-diastolic area of 18.9 cm?, an RV frac-
tional area change of 47%, an RV tricuspid annular plane systolic
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excursion of 21 mm, a right atrial volume index of 18.6 mL/m?,
and an IVC of 4 mm. Doppler evaluation showed mitral inflow
with an E wave of 49 cm/sec, an A wave of 58 cm/sec, and trivial
tricuspid regurgitation with a peak velocity of 2.1 m/sec. Pulmonary
function testing suggested restrictive lung disease: the forced vital ca-
pacity was 57.8% of the predicted value, the forced expiratory volume
in 1 second was 63% of the predicted value, and the forced expiratory
volume in 1 second/forced vital capacity ratio was 0.89. Chest radiog-
raphy and contrast-enhanced computed tomography showed diffuse
reticular shadows, moderate loss of volume in both lower lung lobes,
and elevation of the right diaphragm by lung volume loss, all of which
had been previously identified. There was no evidence of exacerba-
tion of IP, newly diagnosed pulmonary embolism, pneumonia, or up-
per airway stenosis. Computed tomography also showed an enlarged
and horizontally positioned aortic root compressing the RA (Figure 1).
In the supine position, the patient’s blood oxygen saturation was 95%
on room air and he had no dyspnea. In the upright position, however,
his blood oxygen saturation was 92% on 15 L/minute supplemental
oxygen and dyspnea appeared. Chest auscultation revealed fine
crackles in the base of both lungs, with otherwise unremarkable phys-
ical examination findings.

We suspected that the cause of the patient’s dyspnea was POS, and,
therefore, we performed TTE with intravenous injection of agitated
saline into his left arm. Transthoracic echocardiography with agitated
saline injection showed the appearance of bubbles in the left atrium
(LA) within the first three beats after right cavity opacification, indi-
cating an intracardiac right-to-left shunt (Video 1). Valsalva maneuvers
in the supine position resulted in more bubbles entering the LA than
without the Valsalva maneuver. Furthermore, more bubbles were
seen in the LA in the upright position than in the supine position
(Video 2). Transesophageal echocardiography showed a small ASD
(Figure 2A, Video 3). This report uses the term “small ASD” and
not “patent foramen ovale (PFO)” because the appearance and loca-
tion on TEE were more consistent with ASD than PFO.

We used a reclining bed to sit the patient nearly upright (85°) to
evaluate the change in intracardiac blood flow caused by postural
change. In the upright sitting position, the atrial septum bulged with
each beat into the LA (Figure 2B, Video 4). The TEE in the upright
sitting position took several minutes to complete, and the leftward
septal shift remained present while in this position. Color Doppler
TEE in the supine position demonstrated the presence of a left-to-right
shunt through the small ASD. Blood flowed from the [IVC toward the
posterior part of the interatrial septum (IAS) and not into the ASD
(Figure 3A, Video 5). In the upright sitting position, right-to-left shunt-
ing through the small ASD occurred: blood flowed from the [VC to-
ward and through the ASD (Figure 3B, Video 6). The TEE with
agitated saline bubble study showed many bubbles flowing from the
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VIDEO HIGHLIGHTS

Video 1: Transthoracic echocardiography apical four-chamber
view with agitated saline injection in the supine position sug-
gested the appearance of bubbles in the LA within the first three
beats after right cavity opacification, indicating an intracardiac
right-to-left shunt.

Video 2: Transthoracic echocardiography apical four-chamber
view with agitated saline injection in the upright position. More
bubbles were seen in the LA in the upright position than in the
supine position. The cause of the patient’s desaturation exacer-
bated in the upright position was strongly suspected to be POS.
Video 3: Transesophageal echocardiography midesophageal
short-axis view in the supine position showed a small ASD, and
the IAS did not significantly bulge into the LA. The size of the
ASD was 4.5 mm (Figure 2A).

Video 4: Transesophageal echocardiography midesophageal
short-axis view in the upright sitting position demonstrated that
the IAS bulged significantly into the LA. The size of the ASD was
4.6 mm and was not significantly larger than in the supine po-
sition; therefore stretch of the ASD was not obvious (Figure 2B).
Video 5: Color Doppler TEE midesophageal short-axis view in
the supine position showed red-colored blood flow from the
IVC directed toward part of the IAS and blue-colored blood flow
passing through the ASD from the LA to the RA, indicating a
left-to-right shunt (Figure 3A).

Video 6: Color Doppler TEE midesophageal short-axis view in
the upright sitting position showed the ASD and blood flow
from the [VC were aligned and the red-colored inflow from the
IVC was redirected and passed through the ASD from the RA to
the LA, indicating a right-to-left shunt (Figure 3B).

Video 7: Transesophageal echocardiography midesophageal
short-axis view with agitated saline injection in the upright sitting
position demonstrated many bubbles entering the LA via the
ASD. Platypnea-orthodeoxia syndrome due to the small ASD
was diagnosed (Figure 4).

Video 8: Intracardiac echocardiography septal short-axis view
before ASD closure in the supine position demonstrated red-
colored flow passing through the ASD from the LA to the RA,
indicating a left-to-right shunt (Figure 5B).

Video 9: Intracardiac echocardiography septal short-axis view
after ASD closure in the supine position showed the ASD was
successfully closed with a 25 mm Amplatzer Cribriform
Occluder. After ASD closure, a red-colored residual shunt
passed through the occluder device, but the blood flow was
considerably reduced (Figure 5D).

View the video content online at www.cvcasejournal.com.

RA into the LA through the ASD (Figure 4, Video 7). Therefore, POS
due to the small ASD was diagnosed.

We performed right heart catheterization in the supine position,
without supplemental oxygen. The results were as follows: RA pres-
sure was 2 mm Hg; RV end-diastolic pressure was 5 mm Hg; and
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Figure 1 Contrast-enhanced computed tomography imaging
shows a mildly enlarged and horizontally positioned aortic root
compressing the RA (black arrows) and counterclockwise rota-
tion of the heart. The diameter of ascending aorta, sinotubular
junction, sinus of Valsalva, and aortic valve annulus were 41.8,
33.9, 40.2, and 25.5 mm, respectively. Ao, Aortic root.

pulmonary capillary wedge pressure was 7 mm Hg. We did not obtain
catheterization data in the upright position.

The patient had been treated with steroids for IP, and his respiratory
function was poor; thus, he was considered high risk for general anes-
thesia and open-heart surgery. Therefore, we performed transcatheter
ASD closure with a 25-mm Amplatzer Cribriform Occluder (St. Jude
Medical, Saint Paul, MN) under local sedation using intracardiac echo-
cardiography (ICE; Figure 5SA-D, Videos 8 and 9).

After the procedure, his symptoms improved and his blood oxygen
saturation was 92% in the upright position without supplemental ox-
ygen. The patient experienced no exacerbations of dyspnea for | year,
but he eventually died of an acute exacerbation of [P 15 months after
ASD closure.

DISCUSSION

First reported in 1949, POS is a rare condition defined by dyspnea and
oxygen desaturation induced by the upright position and relieved in
the supine position.' Diagnosis of POS may be difficult in the presence
of respiratory disease; however, if the clinical course does not explain
hypoxemia or dyspnea, POS should be considered. The status of our
patient’s respiratory disease could not fully explain his symptoms, and
we therefore suspected POS as a possible cause of his hypoxemia.

The causes of POS are classified into three categories: intracardiac
shunts, pulmonary arteriovenous shunts,” and ventilation-perfusion
(V-Q) mismatch.” The most common cause is interatrial shunting
through an ASD or PFO.>® When the right atrial pressure is higher
than the left atrial pressure in conditions such as pericardial disease,
pulmonary embolism, or right heart infarction, right-to-left shunting
through the defect occurs. However, when there are anatomical
and functional components that direct venous blood flow toward
the ASD/PFO, as in patients with a prominent Fustachian valve” or
aortic elongation or dilatation,® right-to-left shunting can occur even
in the absence of elevated right atrial pressure.
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Figure 2 Transesophageal echocardiography midesophageal short-axis view. (A) In the supine position, TEE showed a small ASD
and the IAS did not bulge significantly into the LA (white arrowheads). The size of the ASD was 4.5 mm (Video 3). (B) In the upright
sitting position, TEE showed that the IAS bulged significantly into the LA (white arrowheads). The size of the ASD was 4.6 mm and
was not significantly larger than in the supine position; therefore stretch of the ASD was not obvious. In this case, there was no venous

valve remnant such as a Eustachian valve (Video 4).

Figure 3 Color Doppler TEE midesophageal short-axis view. (A) Color Doppler TEE in the supine position showed red-colored blood
flow from the IVC directed toward the IAS (white arrows) and blue-colored blood flow passing through the ASD from the LA to the RA,
indicating a left-to-right shunt (yellow arrowheads and Video 5). (B) Color Doppler TEE in the upright sitting position showed that the
IAS bulged significantly into the LA (white arrowheads) and the ASD and blood flow from the IVC (white arrows) were aligned, which
directed blood flow from the IVC toward and through the ASD (yellow arrowheads), indicating a right-to-left shunt (Video 6).

How the left-to-right shunt worsens in the upright position and im-
proves in the supine position is not always clear. It has been proposed
that in the supine position, inflow from the [VC goes toward part of
the IAS, whereas in the upright position, the ASD and the IVC align
and the inflow from the IVC is redirected to pass directly through
the ASD, resulting in a right-to-left shunt. It has also been proposed
that stretching of the interatrial communication increases the flow
directed toward the ASD.”

Few case reports have actually described how postural changes
alter intracardiac blood flow patterns because performing TEE in
the upright position is burdensome for patients. Our patient had a
physiologic mechanism of POS. His mildly enlarged and horizontally
positioned aortic root compressing the RA and the counterclockwise
rotation of his heart due to elevation of the diaphragm by lung volume

loss may have promoted venous blood from the IVC to flow more
easily through the ASD.” Moreover, TEE revealed left-to-right shunt-
ing via a small ASD and blood flow from the [VC directed superiorly
toward the posterior part of the IAS in the supine position. In the up-
right sitting position, stretching of the IAS was not clearly visible, but
the ASD and IVC were aligned and flow from the [VC was redirected
and passed through the ASD, confirming one of the above theories. In
addition, the IAS bulged with each beat into the LA, which also
seemed to facilitate passage of blood from the [VC through the ASD.

This report has two limitations. First, we were not able to perform
catheterization in the upright position and, therefore, cannot rule out
the possibility of increased RA pressure in the upright position.
Second, we did not perform lung scintigraphy and, therefore, did not
assess the possibility of V-Q mismatch due to loss of lung volume in
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Figure 4 Transesophageal echocardiography midesophageal
short-axis view with agitated saline injection in the upright sitting
position. Transesophageal echocardiography with agitated sa-
line injection demonstrated many bubbles (yellow arrowheads)
entering the LA via the ASD. Platypnea-orthodeoxia syndrome
due to the small ASD was diagnosed (Video 7). LA, Left atrium.
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the upright position. The V-Q mismatch may have contributed to the
patient’s hypoxia, but considering the LA bubbles and shunting visual-
ized on TEE and the improvement of desaturation after closure of the
ASD, we think V-Q mismatch was not the main factor of desaturation
in this patient.

CONCLUSION

Transesophageal echocardiography can clearly illustrate why right-to-
left shunting occurs in POS patients in the upright position but not in
the supine position. Such shunting is caused by posture-related
changes in blood flow from the [IVC and ASD. Transesophageal echo-
cardiography performed in the upright position requires patient coop-
eration but is very useful to understand and diagnose POS.
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Figure 5 Intracardiac echocardiography septal short-axis view during ASD closure. (A) Before ASD closure, ICE showed a small ASD.
(B) Before ASD closure, color Doppler ICE demonstrated red-colored flow (yellow arrowheads) passing through the ASD from the LA
to the RA, indicating a left-to-right shunt, in the supine position (Video 8). (C) Intracardiac echocardiography demonstrated the ASD
was closed with a 25 mm Amplatzer Cribriform Occluder. (D) After ASD closure, color Doppler ICE also demonstrated the ASD was
successfully closed with an occluder device. The red-colored flow (yellow arrowheads) passed through the occluder device in the
supine position, but the blood flow was considerably reduced (Video 9).
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SUPPLEMENTARY DATA

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.case.2022.03.007.
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