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ABSTRACT

Dyspnea is a common presenting symptom in clinical practice that has numerous causes. Beyond charac-
terizing the time course and associated symptoms, the exacerbating and relieving factors of dyspnea
including positional changes provide essential diagnostic clues. In this narrative review article, we
describe the various forms of positional dyspnea including orthopnea, platypnea, trepopnea, and bendop-
nea, and provide a practical clinical approach to evaluation and management.
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Introduction

Dyspnea, defined by the American Thoracic Society' as “a
subjective experience of breathing discomfort”, is a com-
monly encountered clinical symptom, seen in up to 25% of
patients in the ambulatory care setting,” 5% of emergency
department visits, 10% of general ward admissions, and
20% of intensive care unit admissions.” Dyspnea comprises
at least three distinct sensations—air hunger, work/effort,
and chest tightness, and at least two distinct physiological
dimensions—sensory and affective.”
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While the clinical approach to dyspnea is common
knowledge in both general and specialist practice,
“positional dyspnea” is an emerging clinical entity that
comprises four main symptom categories: orthopnea
(dyspnea on lying supine, relieved by sitting upright),
platypnea (dyspnea in the upright position, relieved by
lying flat; often associated with orthodeoxia), bendop-
nea (dyspnea on leaning forward or bending over), and
trepopnea (dyspnea on lying on one side). Understand-
ing these categories of positional dyspnea is important
to narrow down the differential causes of dyspnea
and guide disease prognostication and subsequent
management.

In this article, we review the four main types of posi-
tional dyspnea, by describing the associated underlying
conditions, pathophysiological basis, and provide a practi-
cal clinical approach to evaluation and management (Tables
1-2, Figs. 1-3).

Orthopnea

A 68-year-old man with a history of ischemic heart disease
presented with worsening breathlessness and decreasing
effort tolerance. He reported that his dyspnea was worse
when he lay supine and that he had resorted to sleeping
more upright on two pillows. His presentation was
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consistent with orthopnea, and he was referred to Cardiol-
ogy for further evaluation and management of heart failure.

Orthopnea, derived from its root words in Greek
(“ortho” meaning “upright” and “pnein” meaning
“breathe”), refers to dyspnea that is exacerbated in the
supine position, and relieved in the upright position. This is
the most established form of positional dyspnea, first
described as early as the 1500s.” It is conventionally under-
stood to be a classical symptom of congestive heart failure,
where patients are asked about the number of pillows they

major vessels in a supine position, resulting in orthop-
nea.'’”"” Intracardiac tumors such as leiomyosarcomas
have also been implicated.”’

A practical approach to orthopnea includes careful his-
tory-taking and physical examination to identify clinical
findings and risk factors that would narrow down the differ-
ential diagnoses (Fig. 2). For example, orthopnea in an
older adult with ischemic heart disease or multiple cardio-
vascular risk factors is more likely to suggest congestive
cardiac failure, while a patient with chronic smoking his-

require to sleep on at night to avoid tory and persistent respiratory
orthopnea.” CLINICAL SIGNIFICANCE symptoms may have undiagnosed

Orthopnea occurs in patients
with heart failure because the dys-
functional left ventricle is unable to
adequately relax and/or pump out
the increased venous return from
the limbs and splanchnic vascula-

ing to back pressure and pulmonary
venous congestion.” Orthopnea is
therefore closely associated with
paroxysmal nocturnal dyspnea
(PND) where patients are awaken
from their sleep gasping for air as
pulmonary edema worsens with

e In the evaluation of dyspnea, the
patient should be directly asked about
exacerbating positions, including lying
on either side and bending forward, as
this can support a diagnosis.

ture when in a supine position, lead- e Each form of positional dyspnea encom-
passes a heterogenous group of etiolo-
gies with different mechanisms leading
to the same presentation.

® Bendopnea is the most recently recog-
nized form of positional dyspnea, and
can aid in disease prognostication.

COPD, and a younger patient with
neuromuscular disease could have
underlying diaphragmatic dysfunc-
tion. Likewise, physical examina-
tion findings of bilateral lower
extremity pitting edema, raised
jugular venous pressure (JVP), S3
heart gallop, or bilateral basal crep-
itations point towards heart failure,
while an obviously distended abdo-
men with shifting dullness suggests
ascitic splinting. Individuals with
bilateral diaphragmatic palsy may
demonstrate paradoxical thoraco-

prolonged supine positioning and

resorption of lower limb edema into

the systemic circulation.® However, while orthopnea has a
moderate sensitivity (88%) for heart failure, it is not a spe-
cific symptom (43%),” as it can be associated with other
conditions (Table 1).

There are several non-cardiac causes of orthopnea. For
example, diaphragmatic paralysis’~'' may occur due to sur-
gery (iatrogenic), trauma, compression, inflammatory or
neuromuscular disorders, and lead to the cephalad displace-
ment of abdominal organs in a supine position with lung
compression, with reduced lung capacity and resultant
orthopnea.'” Diaphragmatic splinting in ascites can also
result in a similar effect.” In addition, chronic obstructive
pulmonary disease (COPD) can also cause orthopnea, as
hyperinflated lungs increase functional residual capacity
(FRCQ), thereby preventing a supine increase in inspiratory
capacity (IC) observed in healthy individuals, and keeps
tidal breathing close to total lung capacity (TLC) where the
lung is less compliant. Additionally, the diaphragms flat-
tened by hyperinflation are mechanically disadvantaged
and thus less able to accommodate an increased work of
breathing. Overall, these lead to supine position-induced
increases in central inspiratory neural drive (IND) and neu-
romuscular dissociation (NMD) that contribute to dys-
pnea.'* Lastly, although rare, intra-luminal and extra-
luminal airway compression due to tracheal tumors'” or
thyroid goiters'® can manifest as orthopnea due to
inability to keep the airway patent in a supine position.
Beyond the airway, space occupying lesions in the
mediastinum can also directly compress the heart or

abdominal breathing in the supine

position,” sometimes described as
a “see-saw” pattern. This occurs due to a decreased intra-
pleural pressure generated by muscles of respiration other
than the diaphragm, drawing up the weakened diaphragm
thereby allowing abdominal contents to distribute superi-
orly.”’ Importantly, patients who are noted to have stridor in
a supine position may have dynamic airway obstruction
which warrants closer respiratory monitoring and potentially
airway support (elective intubation) and urgent CT neck
evaluation.

In terms of investigations, N-terminal prohormone of
brain natriuretic peptide (NT-proBNP)** helps to assess the
likelihood of congestive heart failure. Low NT-proBNP lev-
els below 300 pg/mL and 125 pg/mL significantly reduce
the likelihood of acute and chronic heart failure respec-
tively. A chest radiograph is also a useful initial imaging
modality to look for features of pulmonary venous conges-
tion and other signs of pulmonary edema, as well as pulmo-
nary abnormalities such as hyperinflated lungs or elevated
hemidiaphragm in diaphragmatic weakness. Thereafter, fur-
ther targeted investigations such as transthoracic echocar-
diogram and spirometry may be performed to assess heart
function and airway obstruction respectively. Specialized
tests such as diaphragmatic ultrasound, fluoroscopic sniff
test, and a sitting and supine spirometry” are helpful to
interrogate neuromuscular causes of orthopnea.” Specifi-
cally, a diaphragmatic ultrasound can reveal reduced excur-
sion and thickening fraction, and has been demonstrated
to be equal if not superior to the traditional fluoroscopic
sniff test.”*
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Table 1 Evaluation of orthopnea, bendopnea, and trepopnea.

Suspected Pathology Clues on History and Physical Examination

Investigations and Expected Findings

Tier 1 Pathologies
To Be Considered in All Patients with Orthopnea, Bendopnea, or Trepopnea

Heart failure Previous heart disease, third heart sound,
displaced apex beat, bibasal pulmonary
crepitations of variable nature, raised
jugular venous pressure, bilateral lower

limb pitting edema

To Be Considered in All Patients with Orthopnea, or Bendopnea

COPD Prominent smoking history, tracheal tug,
loss of cardiac and hepatic dullness,
pursed-lip breathing

To Be Considered in All Patients with Trepopnea

Pleural effusion Stony dullness on percussion, reduced
breath sounds, zone of bronchial breath

sounds just above the level of effusion

Tier 2 Pathologies
To Be Considered in Certain Patients with Orthopnea or Trepopnea

Diaphragmatic paralysis (suspicion of neu-
romuscular disease)

Neuromuscular disease, quick onset after
lying supine, paradoxical thoracoabdo-
minal breathing, decreased chest expan-
sion unilaterally or bilaterally

To Be Considered in Certain Patients with Orthopnea

Chronic liver disease, distended abdomen,
shifting dullness, fluid thrill

Ascites (in known chronic liver disease)

Tier 3 Pathologies
To Keep in Mind for Patients with Orthopnea or Trepopnea

Space occupying lesion Cough, hemoptysis, loss of weight and/or
appetite, cachexia, supine stridor, neck

mass, goiter

NT-proBNP: <300 pg/mL suggests acute
heart failure unlikely, <125 pg/mL sug-
gests chronic heart failure unlikely??

Echocardiogram: decreased ejection frac-
tion in HFrEF, diastolic dysfunction in
HFpEF, chamber dilation, wall motion
abnormalities

Chest radiograph: alveolar edema, Kerley B
lines, cardiomegaly, upper lobe diver-
sion, pleural effusion

Chest radiograph: hyperinflation evidenced
by increased rib spaces, hypolucency of
lung fields, flattened hemidiaphragms

Spirometry: FEV1/FVC ratio < 0.7 post-
bronchodilator

Ultrasound thorax: pleural fluid, possible
diaphragmatic nodules, possible pleural
thickening

Chest radiograph: blunting of costophrenic
angles, meniscus sign, mediastinal shift
away from a large effusion

Chest radiograph: raised hemidiaphragm(s)

Diaphragmatic ultrasound: reduced excur-
sion and thinning

Fluoroscopic sniff test: paradoxical hemi-
diaphragm elevation

Sitting to supine spirometry: >15 %
decrease in FVC for unilateral palsy,
>30 % decrease for bilateral palsy*®

Abdominal ultrasound: free fluid in depen-
dent areas

Diagnostic paracentesis to evaluate for
etiology

Urgent monitoring and evaluation

CT neck or thorax: extraluminal lesions

Laryngoscopy, bronchoscopy: intraluminal
and mural lesions

Echocardiogram: intracardiac lesions

COPD = chronic obstructive pulmonary disease; CT = computed tomography; FEV1 = forced expiratory volume in one second; FVC = forced vital capacity;
HFrEF = heart failure with reduced ejection fraction; HFpEF = heart failure with preserved ejection fraction; NT-proBNP = N-terminal prohormone of brain

natriuretic peptide.
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Table 2 Evaluation of platypnea.

Suspected Pathology Clues on History and Physical Examination

Investigations and Expected Findings

Acutely Reversible Factor
Hypovolemia Reduced oral intake, increased losses,
decreased skin turgor, dry mucosa, oligu-

ria, tachycardia, hypotension

Tier 1 Pathologies to Be Considered in All Patients with Platypnea

Atrial septal defect Ejection systolic cardiac murmur with fixed

split-second heart sound

Patent foramen ovale Unremarkable physical examination

Evaluation for Precipitating Factor of Right-to-left Shunting

Anatomic distortion Thoracic kyphosis

Pulmonary hypertension Palpable and/or loud second heart sound,

parasternal heave

Pulmonary embolism Acute onset (can be chronic), pleuritic
chest pain, calf tenderness and swelling

(suggestive of deep vein thrombosis)
Tier 2 Pathologies to Be Considered in Certain Patients with Platypnea

Basal pneumonia (in acute febrile presen- Basal bronchial breath sounds on ausculta-

tations) tion, productive cough, fever
Basal atelectasis (in acutely immobile Basal decrease or absence of breath sounds
patients) on auscultation, most commonly in the

post-operative patient (especially in tho-
racic and abdominal surgeries)

History of connective tissue disease, expo-
sures, basal fine crepitations on ausculta-
tion, possible finger clubbing

Basal interstitial lung disease (in chronic
presentations)

Tier 3 Pathologies to Keep in Mind for Patients with Platypnea

Fenestrated atrial septal aneurysm Unremarkable physical examination

Basal pulmonary arteriovenous
malformations

Hemoptysis, features of hereditary hemor-
rhagic telangiectasia (mucocutaneous

Trial of fluid therapy with improvement of
volume status and oxygenation

Full blood count: hemoconcentration

Renal panel: increased serum osmolality,
urea

Urinalysis: increased osmolality, decreased
sodium

Echocardiogram and Doppler: septal dis-
continuity, continuous left to right shunt

Bubble study with Valsalva maneuver:
appearance within 3 cardiac cycles®®

Evaluate for precipitating factor of right-
to-left shunting (echocardiogram, CT
thorax)

Echocardiogram and Doppler: right to left
shunt on Valsalva, possible visible flap

Bubble study with Valsalva maneuver:
appearance within 3 cardiac cycles?®

Evaluate for precipitating factor of right-
to-left shunting (echocardiogram, CT
thorax)

Echocardiogram: persistent eustachian
valve

Thoracic spine radiograph: kyphosis

(T thorax: aortic abnormalities

Echocardiogram: tricuspid regurgitation
jet, increased estimated pulmonary artery
systolic pressure, pulmonary artery dila-
tion, right ventricle hypertrophy and
dilation

Right heart catheterization (for confirma-
tion): increased pulmonary artery
pressure

CT pulmonary angiogram: filling defects

Chest radiograph: basal consolidation, air
bronchogram

Chest radiograph: raised hemi-diaphragm,
mediastinal shift towards atelectatic seg-
ment, segmental opacity

High resolution CT thorax: ground glass
opacities, reticulations, and
honeycombing

Echocardiogram: septal bulging and
increased motility

Bubble study: appearance after 3-6 cardiac
cycles®®
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Table 2 (Continued)

Suspected Pathology

Clues on History and Physical Examination

Investigations and Expected Findings

Hepatopulmonary syndrome (basal intra-
pulmonary vascular dilatations)

arteriovenous malformations, recurrent
epistaxis, family history)

Stigmata of chronic liver disease including
jaundice, clubbing, axillary hair loss,
gynecomastia, caput medusae,

CT pulmonary angiogram: vascular mass
connected to enlarged artery and vein

Bubble study: appearance after 3-6 cardiac
cycles?®

Hepatic evaluation including liver

splenomegaly

enzymes, albumin, bilirubin, ultrasound,
elastography

CT = computed tomography.

Acutely, chest radiography can help narrow down the
likely cause to either cardiac or pulmonary, while awaiting
other investigation results. This can guide management of
the underlying pathology, such as diuretics for cardiogenic
pulmonary edema, on top of supportive measures such as
supplemental oxygen.

Platypnea

A 55-year-old woman with history of chronic liver disease
reported shortness of breath that worsened when she was
upright, significantly impairing her ability to carry out

daily tasks. This was characteristic of platypnea. She
was eventually assessed to have hepatopulmonary syn-
drome by her hepatologist, and plans were made for liver
transplantation.

Platypnea, with “plat” meaning “flat” in Greek, is the
exact opposite symptom to orthopnea, where the patient
experiences dyspnea that worsens when upright and
improves in the supine position. It was first described by
Burchell et al. in 1949 and later named as such in 1969.”
Platypnea is rare but clinically significant as it often signals
intracardiac or intrapulmonary shunting. It is often present
in association with orthodeoxia, which is commonly defined

patient presenting

with dyspnea

check airway and breathing stabilization:
resuscitation

stable dyspnea

worse when supine

worse when bending
A 4

worse on one side worse when upright
A 4

Figure 2, Table 1

[ orthopnea J bendopnea J [ trepopnea platypnea ]
Ve N N N N
histor heart / lung / neuromuscular disease, liver disease,
Y smoking, weight or appetite loss heart disease
N AN AN J
initial 4 N N N
initial
approach physical breathing pattern and stridor, JVP, crepitations, '”'.‘9 (e sounc{s,
i examination chest stony dullness, abdominal shifting dullness stigmata;ofchrogle
y . 9 liver disease
\ AN N\
rule out : ; ; : w :
. airway compromise, bilateral diaphragmatic failure pulmonary embolism
emergencies
K / A .3 J
/ A ) } ) .
bedside pulse oximetry (consider arterial blood gas), ECG
possible
initial [ bloods ] [ NTpro-BNP ] [ consider D-dimer ]
workup
L ) [ imaging ] [ chest radiograph ]

differentials, features,
and further investigations

] [ Figure 3, Table 2

Fig. 1 Overarching Approach to Positional Dyspnea. ECG = electrocardiogram; JVP = jugular venous pressure;
NT-proBNP = N-terminal prohormone of brain natriuretic peptide.
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[

trepopnea

bendopnea ]

orthopnea

history smoking

—
(N

[ heart disease

[ neuromuscular ]

[ weight/appetite loss nonspecific ]

expansion,

examination ]

hepatic dullness raised JVP

barrel-chested,
loss of cardiac /

asymmetric chest

paradoxical breathing

supine stridor,

stony dullness
cachexia

on percussion

cardiomegaly, elevated

flattened diaphragms effusion, B lines

unilateral blunting of
costophrenic angle,

lymphadenopathy meniscus sign

Y

Y

possible
diagnosis

lung crepitations,
pitting edema,

chest increased rib spaces,
radiograph

J {

COPD [ heart failure

paralysns

hemidiaphragm(s) }

[ dnaphragmatlc

umlateral

abdominal
distension,

shifting dullness

] pleural effusion

airway neoplasm [ ascitic splinting ] [

A 4
[ spirometry ] [ echocardiogram ]

spirometry

dlaphragmatlc us, ]

CT neck/thorax
airway endoscopy

abdomlnal us,

paracentesis thoracentesis

{ suspicious opacity,

thoramc us, ]

J { ) |

Fig. 2 Evaluation of Orthopnea, Bendopnea, and Trepopnea. COPD =

chronic obstructive pulmonary disease;

JVP = jugular venous pressure; CT = computed tomography; US = ultrasound.

as a decrease in arterial partial pressure of oxygen (PaO,) of
4 mmHg or a decrease in arterial oxygen saturation (Sa02)
of 5% in the upright position, and hence collectively termed
platypnea-orthodeoxia syndrome (POS).”® However, it is
important to note that the two entities may not always
co-exist, such as in cases of pulmonary arteriovenous

malformation, whereby orthodeoxia is present without
platypnea.”’ Platypnea-orthodeoxia syndrome is a rare
entity that can be induced by any of the following patho-
logic processes, as summarized in Table 2: intracardiac
shunting, intrapulmonary shunting, ventilation-perfusion
mismatch, or a combination of these.”®

platypnea ]
history nonspecific chronic liver disease ep.lsta).(ls,
L L family history
” o . nonspecific
examination ESM, fixed split S2 [ jaundice, clubblng ] [mucocutaneous AVM]
4 N [ ™ o
liver function tests unyleldlng*{ chest radiograph
initial ILTE ;
investigations [ : bubble study ]
& ) : ;
within 3-6 cycles | after 3-6 cycles
' .
— v |
dpossmle_a ASD ] [ PFO ] [ HPS ] [ PAVM ] reticulonodular,
iagnosis L chronic history
I I
( \ identify precipitant of if suspici
picious for
right-to-left shunting pulmonary embolism CT pulmonary | acute HRCT
further v angiogram
steps [ TTE right heart pressures, ] —
chest radiograph / CT volume loss consolidations
—
possible pulmonary anatomic basal basal ’ el LD
diagnosis hypertension distortion atelactasis pneumonia

Fig. 3 Evaluation of Platypnea. ASD = atrial septal defect; AVM = arteriovenous malformation; CT = computed
tomography; ESM = ejection systolic murmur; HPS = hepatopulmonary syndrome; HRCT = high resolution com-

puted tomography; ILD =

interstitial lung disease; PAVM =

pulmonary arteriovenous malformation;

PFO = patent foramen ovale; S2 = second heart sound; TTE = transthoracic echocardiogram.
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Cardiac causes of platypnea-orthodeoxia syndrome
require two components. First, an intracardiac shunt, most
commonly a patent foramen ovale, and less often an atrial
septal defect, or a fenestrated atrial septal aneurysm
(ASA).””" Since the left atrial pressure is physiologically
higher, right-to-left shunting and thus platypnea-ortho-
deoxia syndrome only occurs with a second, precipitating
factor. When upright, repositioning of the atrial septum that
encourages flow through the intracardiac shunt occurs in
aortic root dilation, aortic aneurysm, and thoracic kyphosis,
while persistent Eustachian valves direct blood flow
towards the septum.”’ Otherwise, increased right atrial pres-
sure without such anatomic distortion can also cause shunt-
ing, such as in pulmonary hypertension.”***** A related
cause includes pulmonary emboli, which acutely increases
pulmonary artery pressures and thus right atrial pressures to
favor right-to-left shunting.”**> A single report exists of
bilateral pulmonary emboli causing platypnea-orthodeoxia
syndrome without shunting,”® though the underlying mech-
anisms are not well understood.

Respiratory causes of platypnea-orthodeoxia syndrome
are localized to the lung base and can be further classified
into vascular and parenchymal diseases. Vascular diseases
include lung base arteriovenous malformations (AVM) and
hepatopulmonary syndrome (HPS) that cause predomi-
nantly basal intrapulmonary vascular dilatations. When
upright, gravity favors blood flow to the lung bases, shunt-
ing blood through these vascular malformations or dilated
vessels, worsening ventilation-perfusion mismatch and
resulting in platypnea-orthodeoxia syndrome. Parenchymal
diseases comprise basal interstitial lung diseases
(ILD)*****" and basal pneumonia (including that caused by
COVID-19"%* which preferentially involves the lower
lobes).* Atelectasis involving the lung base has also been
implicated.”'**> When upright, the dependent flow of blood
through poorly ventilated diseased or atelectatic regions
worsens ventilation-perfusion mismatch.

Besides cardiopulmonary disorders, hypovolemia may
also precipitate or exacerbate platypnea-orthodeoxia syn-
drome. For lung base pathologies, decreased preload from
hypovolemia reduces pulmonary arterial pressures (P,) rela-
tive to alveolar pressures (P,), worsening the Zone 1 phe-
nomenon such that non-dependent areas of the lung cannot
compensate for the poor lung base oxygenation when
upright.*’ For cardiac pathologies, a decreased preload
from hypovolemia reduces the right ventricular output,
increasing the relative contribution of the right-to-left atrial
shunt to the left heart.”*" It is important to exclude hypo-
volemia as it is a rapidly reversible cause of platypnea or
orthodeoxia, prior to further investigation.

Clinical clues to the underlying cause of platypnea may
be derived from history and physical examination (Table 2,
Fig. 3). For instance, the probability of an underlying patent
foramen ovale or atrial septal defect is higher in patients
with previous unexplained embolic events such as crypto-
genic stroke or transient ischemic attacks. Individuals
with atrial septal defects may also report an irregular or fast

heartbeat suggestive of atrial fibrillation, or possibly
symptoms of heart failure, though this is uncommon at a
younger age.”® It is important to note that patent foramen
ovale is fairly common, present in around 25% of the gen-
eral population,’’ and it may not necessarily be the cause of
platypnea. Thus, it would be reasonable to rule out other
concomitant pathologies before attributing platypnea to pat-
ent foramen ovale.

On the other hand, acute lung pathologies may be sus-
pected in a febrile patient (pneumonia) or if there is a pre-
ceding history of immobilization (atelectasis). Interstitial
lung disease may be more insidious but may be associated
with a history of occupational or recreational exposures, or
a diagnosis of connective tissue disease. In terms of vascu-
lar causes, hepatopulmonary syndrome ought to be sus-
pected if there is a known history of chronic liver disease.
Individuals with pulmonary arteriovenous malformations
may have a history of hemoptysis or even embolic events
such as stroke or brain abscesses. Given that these are
attributable to hereditary hemorrhagic telangiectasia (HHT)
in 80% of cases,”® there may be family history of unex-
plained bleeding in view of the autosomal dominant inheri-
tance, and previous bleeding from other sites most
commonly presenting as epistaxis.**

Physical examination findings such as crepitations, bron-
chial breath sounds, or dullness to percussion may respec-
tively point to pulmonary fibrosis, pneumonia, or
atelectasis. If the patient displays obvious stigmata of
chronic liver disease such as jaundice or hyper-estrogenic
changes like gynecomastia in males and telangiectasias,
suspicion for hepatopulmonary syndrome should increase.
In terms of cardiac pathologies, an ejection systolic murmur
with fixed split-second heart sound is suggestive of an atrial
septal defect, though physical examination is usually unre-
markable for patent foramen ovale. If an inter-atrial com-
munication is suspected, further examination may identify
a precipitant of right-to-left shunting, such as kyphosis on
inspection of the spine, a loud second heart sound sugges-
tive of pulmonary hypertension, and calf tenderness worri-
some for venous thromboembolism.

When diagnosing platypnea-orthodeoxia syndrome, pla-
typnea can be established clinically by breathlessness exac-
erbated in an upright position that is relieved with
recumbency, whereas orthodeoxia ideally requires an arte-
rial blood gas documenting a decrease in PaO2 or SaO2 as
previously described.” Bedside evidence of underlying
shunt physiology in platypnea-orthodeoxia syndrome could
be the inability to attain 100% oxygen saturation despite
oxygen supplementation.””

Investigations of platypnea depends on clinical suspicion
based on history and physical examination findings (Fig. 3).
For example, if there is an audible cardiac murmur, an
upfront echocardiogram is suggested to identify the atrial
septal defect. Otherwise, a chest radiograph can help to rule
in lung parenchymal causes such as basal interstitial lung
disease, pneumonia, or atelectasis. The former may be con-
firmed on high resolution CT, while the latter two may
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likely be treated without further investigation. If the chest
radiograph is unyielding, then suspicion for other cardiac
and vascular causes would increase. A transthoracic echo-
cardiogram can demonstrate features of pulmonary hyper-
tension as the precipitating cause of right to left shunting.
Transthoracic echocardiogram with agitated saline contrast
(bubble study) can identify patent foramen ovale and pul-
monary arteriovenous malformations or vascular dilations,
with left atrium bubbles appearing within and after 3-6 car-
diac cycles respectively.”® Transcranial doppler (TCD) dur-
ing a bubble study may also be considered for its high
sensitivity for patent foramen ovale, particularly in individ-
uals with higher body mass index (BMI) whose increased
chest wall thickness may impair TTE bubble visualiza-
tion.”” To directly and/or better visualize the intracardiac
shunt, transesophageal echocardiogram may be performed.
If the bubble study is suggestive of pulmonary vascular
abnormalities (appearing after 3-6 cardiac cycles), a patient
with a compatible history of chronic liver disease, if not
already on follow-up, should receive a liver function test
followed by referral to hepatology for further workup. As
for arteriovenous malformations, anatomical localization
can be attained with CT pulmonary angiography, especially
for the consideration of embolization, while confirmatory
genetic testing can be considered for hereditary hemor-
rhagic telangiectasia.

In terms of management, reversible causes such as hypo-
volemia or basal-predominant pneumonia and atelectasis
should first be addressed. If platypnea-orthodeoxia syn-
drome is due to an inter-atrial communication, percutane-
ous or surgical closure can be considered.”® Given that
patent foramen ovale is relatively common but often clini-
cally asymptomatic, other etiologies of platypnea-ortho-
deoxia syndrome must be excluded before offering
intervention. As for respiratory causes, arteriovenous mal-
formations can benefit from embolization, hepatopulmo-
nary syndrome can be definitively treated with liver
transplantation, while interstitial lung disease may warrant
the use of anti-fibrotics to slow down progression.

In brief, initial evaluation of platypnea can begin with a
chest radiograph, followed by CT if there are radiographic
anomalies suggestive of lung parenchymal pathologies.
Otherwise, transthoracic echocardiogram, ideally with agi-
tated saline contrast, can evaluate for shunts—both pulmo-
nary and intra-cardiac. Importantly, evaluation must be
thorough, as patent foramen ovale may not necessarily be
the causative or only pathology. Treating reversible causes
such as hypovolemia can quickly alleviate symptoms prior
to definitive management.

Bendopnea

During a routine follow up visit for COPD, a 60-year-old
man reported to his respiratory physician that he had
recently begun experiencing breathlessness when bending
forward to wear his shoes each morning. This was

recognized to be bendopnea, prompting an early re-evalua-
tion with spirometry and intensification of treatment.

Bendopnea, that is dyspnea occurring within 30 seconds
of bending forward while seated, is a relatively new term
that was first described in 2013 as flexo-dyspnea.” There is
no standardized position for bending forward, but the mini-
mum instruction given by authors is for patients to touch
their ankles.”' In daily life, the patient may report breath-
lessness while tying shoelaces or when picking items off
the ground.”® Although only recently described, bendopnea
is a useful marker of advanced disease, often seen in heart
failure or COPD. While bendopnea may be present in a
minority of the normal population, the onset of bendopnea
is much faster for individuals with heart failure (median of
8 seconds after bending)’” than for those without heart fail-
ure (mean of 21.2 seconds).”’

In heart failure, the bending position increases the
already high ventricular filling pressures by encouraging
venous return through raising intra-abdominal pressure, not
unlike the phenomenon of hepatojugular reflux.’” Its pres-
ence indicates a higher pulmonary capillary wedge pressure
(PCWP)™” alongside other signs like raised jugular venous
pressure (JVP).”* Similarly, the presence of bendopnea in
individuals with pulmonary arterial hypertension indicates
a raised right atrial pressure.”” In COPD, bendopnea may
occur due to diaphragmatic splinting, and its presence is
reported to be significantly associated with a decreased
forced expiratory volume in the first second (FEV,) and dif-
fusing capacity of the lungs for carbon monoxide
(DLCO).”° Thus it appears that bendopnea, in addition to
supporting a diagnosis, is also associated with advanced
symptoms and worse outcomes.””

Evaluation of bendopnea has significant overlap with
that for orthopnea (Fig. 2, Table 1), with most reported
cases related to heart failure and COPD. When oxygen satu-
rations are monitored before and after adopting a bending
posture, an SpO2 decrease of > 3% when bending forward,
but not bendopnea itself, was reported to be predictive of
increased risk of heart failure exacerbations.”’

Trepopnea

A 48-year-old man known to have lung cancer presented to
the emergency department with breathlessness that was
worse when lying on his left. He also reported right-sided
pleuritic chest pain. A chest radiograph demonstrated a
moderately-large right pleural effusion that presented as
trepopnea, and he underwent thoracentesis for diagnostic
confirmation and symptomatic relief.

Trepopnea, with “trepo” meaning “turn” in Greek, is
dyspnea that occurs in one lateral decubitus position but not
contralaterally. It was first described in 1937 in patients
with cardiac pathologies.”’ Trepopnea is less recognized
clinically but carries diagnostic importance as it either
reflects underlying heart failure, or asymmetric thoracic
pathologies such as unilateral pleural effusion and unilateral
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diaphragmatic dysfunction, with partial overlap with the
etiologies of orthopnea (Table 1).

In heart failure, most patients prefer to adopt the right
lateral decubitus (RLD) position when lying down, given
that trepopnea frequently occurs in left lateral decubitus
(LLD). Explanations for trepopnea in LLD include an aware-
ness of one’s heartbeat against the left chest wall particularly
with greater left ventricle dilation’ and increased cardiac
sympathetic activity.”” Such a preference for the RLD posi-
tion also accounts in part for the predominance of right-sided
pleural effusions in heart failure.’” Other reported cardiac
causes include cardiac tumors®' and interatrial shunt occur-
ring post-pneumonectomy.®” Interestingly, hepatic pathology
in the form of a giant liver cyst has been reported to cause
trepopnea, as it compresses on the right atrium only when in
the right lateral decubitus position, increasing the right atrial
pressure sufficiently to cause right-to-left shunting through a
pre-existing patent foramen ovale.®

In unilateral intra-thoracic pathologies, trepopnea can
occur either when the healthy lung is non-dependent (hereaf-
ter referred to as “upright” for clarity) or dependent in the lat-
eral decubitus position. When the healthy lung is upright,
gravity-mediated decrease in perfusion leads to decreased
oxygenation, such that there is inadequate compensation for
the dependent diseased lung. This causes trepopnea in mass
lesions invading the pulmonary artery of the dependent lung
such as lung cancer®" and mediastinal lymphoma.®” Trepop-
nea with the diseased lung dependent may also occur if there
is excessive dynamic airway collapse (EDAC) in the depen-
dent lung which impedes its ventilation.”®

On the contrary, when the healthy lung is dependent, tre-
popnea can also develop if the dependent lung is being com-
pressed by the mediastinum and ventilating suboptimally in
the presence of unilateral diaphragmatic palsy of the upright
lung.®”~®” Trepopnea may also occur in unilateral or asym-
metric pleural effusions when the healthy lung is depen-
dent.”” In this position, compression by the mediastinum,
restricted ipsilateral chest wall mobility, and splinting of the
hemidiaphragm by abdominal viscera likely contribute to an
increased work of breathing for the healthy lung.

Nonetheless, the preferred lateral position in patients
with unilateral pleural effusion can be difficult to predict. In
one study, oxygen saturation decreased when the affected
lung was dependent—while the healthy lung was kept
upright—which likely reflects greater shunting of blood
flow through tissue that is poorly ventilated due to compres-
sion from the pleural effusion.”' A separate dilemma arises
if hemorrhage of the diseased lung occurs,”” as the position
with the good lung dependent should avoid trepopnea, but
risks its compromise by the downward flow of blood. In
such a scenario, the physician has to balance dyspnea
against lung protective measures such as positioning the
healthy lung upright, and consider early unilateral intuba-
tion of the healthy lung.””

The likelihood of each cause depends on patient-specific
contexts, such as a history of ischemic heart disease sug-
gesting heart failure, lung cancer suggesting invasion or

effusion, and neuromuscular disease suggesting diaphrag-
matic palsy. An approach is summarized in Fig. 2, demon-
strating partial overlap with the evaluation of orthopnea.
Physical examination findings pointing towards heart fail-
ure include a displaced apex beat, raised jugular venous
pressure, and bilateral pedal edema. On the other hand,
asymmetric chest expansion and auscultatory findings
would increase the likelihood of unilateral pulmonary or
diaphragmatic pathology.

When evaluating trepopnea, a chest radiograph is war-
ranted to assess for respiratory abnormalities such as hemi-
diaphragm elevation, unilateral effusions, mass lesions, and
also signs suggestive of cardiac failure including cardiome-
galy and upper lobe diversion. Importantly, a unilateral
effusion does not necessarily imply a respiratory pathology,
as it can also occur in the context of heart failure®’. A trans-
thoracic echocardiogram can reveal masses in the cardiac
chambers and great vessels while assessing abnormal flow
and structural abnormalities that would point towards heart
failure’*. Suspicion of diaphragmatic paralysis may prompt
further evaluation with diaphragmatic ultrasound as previ-
ously discussed for orthopnea, while unilateral effusions
should be subject to ultrasound-guided thoracentesis for
characterization.

In summary, trepopnea occurs in both cardiac and tho-
racic pathologies, with the exacerbating position (with the
patient lying on their left or right) dependent on the under-
lying mechanism. Chest radiography can quickly identify
the side with the pathology, which may guide initial man-
agement such as protecting the healthy lung in unilateral
hemorrhage.

Overlapping presentations and causes of
positional dyspnea

In clinical practice, patients may present with more than
one type of positional dyspnea, particularly if they are spe-
cifically asked to actively attempt all positions. Overlapping
dyspnea types may then help narrow the differential diagno-
ses. Fig. 4 is a Venn diagram outlining the possible patholo-
gies at the intersection of multiple forms of positional
dyspnea. For example, the presence of orthopnea, trepop-
nea, and bendopnea together occurs in heart failure, while
the presence of orthopnea and trepopnea is reported in dia-
phragmatic dysfunction. The overlap between orthopnea,
bendopnea, and trepopnea is also reflected in Table 1 and
Fig. 2.

At the same time, the patient presenting with one form of
positional dyspnea may have multiple contributing patholo-
gies. For example, a patient presenting with platypnea can
simultaneously have chronic liver disease and interstitial
lung disease, while a patient with trepopnea may have both
unilateral diaphragmatic dysfunction and heart failure.

Positional dyspnea in obesity
Multiple presentations and multiple causes of positional dys-
pnea may occur in individuals with obesity. Obesity is highly
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orthopnea

bendopnea

platypnea

ASD/PFO
with abnormal
anatomy or

airway /
diaphragm
compromise

basal pneumonia /
atelactasis / ILD

vascular compromise,
unilateral effusion

trepopnea

Fig. 4 Overlapping Presentations of Positional Dys-
pnea. ASD = atrial septal defect; COPD = chronic
obstructive pulmonary disease; HF = heart failure;
ILD = interstitial lung disease; PFO = patent foramen
ovale; PH = pulmonary hypertension.

prevalent, affecting 40.3% of adults in the United States’
and almost one billion individuals globally,”® and may be
superimposed on another condition that also contributes to
positional dyspnea. Obesity itself is associated with increased
odds of dyspnea,”’ both positional and non-positional. Chest
wall adiposity restricts expansion, while visceral and abdom-
inal wall adiposity impedes diaphragmatic descent.”® These
are exacerbated in a supine position when gravitational
influence on abdominal contents is removed, thus contribut-
ing to orthopnea. For bendopnea, reports demonstrate associ-
ations with increased body mass index and waist/hip
circumference,””’” reflecting abdominal and visceral adipos-
ity compressing the chest in a flexed position.

Comorbid conditions associated with obesity, such as
diabetes, hypertension, and hyperlipidemia, contribute to
ischemic heart disease and left ventricular remodeling.
These eventually result in heart failure, at double the risk
compared to non-obese individuals,® exacerbating orthop-
nea and dyspnea. Therefore, dyspnea cannot be simply
attributed to obesity alone without an appropriate evalua-
tion to exclude other pathological causes. Evaluating for
heart failure may be challenging in obese individuals, as
altered anatomy and physiology impede auscultation of
lung crepitations, decrease NT-proBNP levels leading to
false negatives, and obscure cardiac views on transthoracic
echocardiogram.®!

These different scenarios highlight the need for a flexible
and patient-centric diagnostic approach rather than a rigid
algorithm. Clinicians should recognize that initial investiga-
tions and history taking may unmask the most dominant
cause but not fully explain the symptom burden. If dyspnea
is persistent and out of proportion to the identified cause,
one must search for coexisting conditions. More impor-
tantly, overlapping conditions will also influence manage-
ment priorities.

Conclusion

In summary, this review article describes the four different
forms of positional dyspnea, including associated causes,
pathophysiological mechanisms, and clinical approaches.
Actively asking the patient for orthopnea, platypnea, bend-
opnea, and trepopnea enriches the medical history and helps
harness the latter as a powerful diagnostic tool.
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