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Abstract

Background: Atrial septal defects can allow right to left shunting
of venous blood which presents clinically as platypnea-orthodeoxia
syndrome. It is believed that concomitant presence of aortic root pa-
thologies increases the likelihood of shunting.

Methods: The study included a review of 510 articles listed in Pub-
Med of patients with platypnea-orthodeoxia syndrome. Case reports
of patients with extra-cardiac etiologies of platypnea-orthodeoxia
were excluded.

Results: We reviewed 191 case reports, and 98 cases (51.3%) had
evidence of concomitant aortic root pathology. Furthermore, of the
remaining 93 case reports, 69 ones excluded any mention of the na-
ture of the aortic root altogether, further suggesting that this is an
underreported number.

Conclusions: There is a high prevalence of aortic root pathologies in
patients with platypnea-orthodeoxia syndrome secondary to intra-car-
diac shunts. In patients with unexplained hypoxemia and incidental
finding of aortic root pathology, it may be worthwhile to obtain pos-
tural oxygen saturation measurements to exclude intra-cardiac shunts
as the potential cause.
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Introduction

Platypnea-orthodeoxia syndrome (POS) is a phenomenon in
which patients develop dyspnea and hypoxemia in the upright
position; these symptoms resolve upon lying down [1, 2]. The
most common etiology is an atrial septal defect (ASD), partic-
ularly patent foramen ovale (PFO), which allows right to left
shunting of deoxygenated blood [3, 4]. The question arises: why
does shunting only occur in the upright position? The answer
to this may lie in spatial positioning of aortic root in relation
to the atrial septum. It is hypothesized that in the upright posi-
tion the aortic root sits on top of the atrial septum. This might
introduce redundancy into the septum, which could magnify the
opening of the ASD, thus allowing right to left shunting. In the
lying position the relief of excessive weight could cause the sep-
tum to become taut thus effectively closing the shunt [5, 6]. It
would then logically follow that in cases where the aortic root
is heavier, as in certain aortic root pathologies, the likelihood
of shunting should increase. Although some case reports have
previously hypothesized this particular association, there have
been no formal studies estimating the prevalence of aortic root
pathologies in this subset of patients [7]. The aim of our review
was to study this association in more depth.

Materials and Methods

Two investigators (O.F. and U.G.) independently performed a
systematic search of the PubMed database from inception to
2022, using a search strategy that involved use of medical sub-
ject heading (MeSH) and various combinations of terms, includ-

2 LR T3

ing but not limited to “platypnea”, “orthodeoxia”, “atrial septal
defect”, “patent foramen ovale”, “right to left cardiac shunt”,
combined with the use of appropriate Boolean operators.

The inclusion criteria for our study were as follows: 1)
Case reports with clinical evidence of POS; 2) Known ASD
as the underlying etiology; 3) Articles in English or with an
English translation.

A total of 510 studies were reviewed. After excluding de-
scriptive studies and case reports with extra-cardiac etiologies
of POS, a total of 164 studies (case reports and case series)
were obtained that met the inclusion criteria. These 164 studies
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yielded 191 case reports for full text review.

An Excel spreadsheet was created where findings of each
case report were stored, including nature of the ASD, age and
sex of patient, presence or absence of aortic root pathology
and, if present, nature of the aortic root pathology.

The Institutional Review Board (IRB) approval and ethi-
cal compliance are not applicable.

Results

Of the 191 case reports reviewed, 98 (51.3%) had concomitant
aortic root pathologies. The overwhelming majority of these
were aortic root aneurysms, noted in 82 (83.7%) patients. The
remaining pathologies included aortic root elongation in nine
(9.2%) patients and a tortuous aorta in seven (7.1%) patients.
Most of these aortic root pathologies were incidentally picked
up on computed tomography (CT) angiography performed as
workup of hypoxemia in these patients. The remaining few
aortic pathologies were observed on echocardiography.

The mean age of patients with concomitant aortic root
pathologies was 74 years. Fifty-two percent of these patients
were male. None of the patients had any significant additional
cardiac defects.

The literature review process and findings of our study are
illustrated in Figure 1.

It is important to note that in our review of the remaining
93 case reports without aortic root pathologies, 69 case reports
excluded any mention of the nature of the aortic root altogeth-
er. It is possible that some of these cases could have under-
reported aortic pathologies, thereby highlighting the need for
consistent reporting of aortic root sizes in future case reports.

Discussion

Platypnea-orthodeoxia is a syndrome characterized by dysp-
nea and hypoxemia in the upright position that resolves upon
recumbency, an inverse of the presentation seen with conges-
tive heart failure. The most common etiology is ASD, such as
PFO. Other less common causes can include intra-pulmonary
shunts and ventilation-perfusion (V/Q) mismatch [8-10].

In patients with ASD, pathophysiology most likely in-
volves spatial positioning of the aortic root relative to the atrial
septum [8]. In the upright position, the aortic root lies superior
to the septum, weighing down on it. The flaccidity introduced
into the septum from the additional weight magnifies the open-
ing of the underlying ASD. This increases the probability of
right to left shunting. Upon lying down, the excess weight is
relieved thus narrowing the opening. Excess weight from aor-
tic root pathologies, such as aortic root aneurysms, can there-
fore potentiate the probability of shunting. This pathomecha-
nism has been previously hypothesized and studied in small
scale retrospective studies [6].

From our review of case reports, it is evident that nearly
half of these patients have concomitant aortic root patholo-
gies. The most common aortic root pathology seen is an aneu-
rysm as previously mentioned. In addition, aortic root elonga-
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Review of 510 articles
in PubMed

]
| ]
164 studies (case 346 studies excluded
reports & case series) (descriptive studies
with POS secondary to and extracardiac
intracardiac shunts etiologies of POS)

191 case reports

| ]

93 cases (48.7%)
without aortic root
pathology (or with no
mention of aortic root)

98 cases (51.3%) with
aortic root pathology

82 (83.7%) with aortic
aneurysms

9 (9.2%) with aortic
elongation

7 (7.1%) with tortuous
aorta

Figure 1. lllustration of the literature review process. POS: platypnea-
orthodeoxia syndrome.

tion seen with increasing age can be another potential trigger
[11, 12]. Patients with ASDs may remain asymptomatic early
throughout life, with symptoms developing as the aortic root
elongates with age [13].

One notable aspect of this study is the aforementioned un-
derreporting of aortic root size in many of the studies reviewed.
The association between aortic root size and platypnea-ortho-
deoxia has not been widely studied, which leads many authors
to omit mention of aortic root size in their case reports. It is
highly likely that in many of the studies not reporting the aortic
root size, a considerable number had underlying aortic root pa-
thologies. The actual prevalence may therefore be even higher.
Our hope is that our study further highlights this association
thus enabling consistent reporting of aortic root sizes in these
patients, allowing future studies to explore this association in
more depth.

This association does carry significant diagnostic implica-
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tions. Most of these patients initially present with unexplained
hypoxemia, and nearly all of them undergo CT pulmonary
angiography to rule out pulmonary embolism. In such cases,
if CT angiography is negative for pulmonary embolus but in-
cidentally shows an aneurysmal aortic root, it should alert the
reader to the possibility of an occult intracardiac shunt as the
potential cause of hypoxemia. This can be followed up with
simple bedside testing of postural oxygen saturation measure-
ment. If postural oxygen discrepancy is observed, it can pre-
vent unnecessary further diagnostic imaging and workup of
hypoxemia [14, 15]. Diagnosis of the shunt can thereafter be
confirmed with tilt-table transthoracic echocardiography with
saline injection [11, 16-18].

The treatment for patients with platypnea-orthodeoxia due
to intracardiac shunts involves closing the shunt itself [19-25].
Many of the patients reviewed in our study underwent subse-
quent cardiac repair with shunt closure. Those who did under-
go shunt closure experienced complete resolution of POS. As
such, therapeutic implications of this association may therefore
appear limited on the surface, given that the treatment involves
closure of the shunt and is not directed at the aortic root pa-
thology itself. However, as we explore this association further,
it may allow further insights into the relationship, potentially
raising questions such as prophylactic closure of septal defects
in patients with aortic root pathologies or at a certain age when
the aortic root elongation may prove to be an inciting factor.

Conclusions

Aortic root pathologies are present in nearly half of the pa-
tients with POS secondary to intra-cardiac shunts, and possi-
bly potentiate shunting. When encountered with a patient with
unexplained hypoxemia where CT pulmonary angiography is
negative for pulmonary embolism but incidentally reveals aor-
tic root pathology, it may be worthwhile to obtain postural ox-
ygen saturation measurements to exclude intra-cardiac shunts
as the potential cause.
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