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A54-year-old white man with a BMI of 29 
presented with a 6-month history of supine posi-

tional snoring and progressive orthopnea without ante-
cedent illness, trauma, or venous thromboembolism. 
He required daytime oxygen therapy at 3 L/minute 
and was unable to tolerate laying supine due to severe 
orthopnea. He slept in a recliner. Epworth score was 
5. Chest examination demonstrated limited diaphrag-
matic excursions, bilaterally absent breath sounds, 
and dullness to percussion over the lower chest. Upon 
recumbency, he became tachypneic and had abdom-
inal paradox with accessory muscle activation.

Daytime arterial blood gases showed pH 7.33, 
PCO2 59, PO2 68, HCO3 30 on 2 L/min supplemental 
oxygen with A-a gradient of 58 mm Hg. Portable 
overnight oximetry done with supplemental oxygen 
of 2 L/min demonstrated sustained hypoxemia 
with minimal oscillatory desaturations. He had an 
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oxyhemoglobin desaturation index of 3/h over a 
valid recording time of 6 hours. A total of 20% of 
time (80 min) was spent below 88%. Pulmonary 
function tests in sitting position revealed a TLC of 
4.52 L (71% of predicted), VC of 2.03 L (46% of 
predicted), FEV1 of 1.47 L (42% of predicted), and a 
FEV1/FVC of 70%. DLCO was mildly reduced. He 
could not perform MIP and MEP part of the test.

QUESTION: 
Which of the following is the most likely cause of 
this patient’s orthopnea?

A. Congestive heart failure
B. Pulmonary fi brosis
C. Bilateral diaphragmatic weakness
D. Bulbar weakness
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CT scan (Figures 1, 2) and diaphragmatic fluoroscopy 
confirmed bilateral diaphragmatic dysfunction and elevation. 
CT scan of the lung showed normal parenchyma with bilateral 
basal atelectasis without evidence of fibrotic changes. There 
was no mediastinal lymphadenopathy. Partial improvement in 
response to supplemental oxygen was suggestive of hypoxia 
secondary to VQ mismatch compounded by possible shunting 
due to bibasilar atelectasis.

EMG showed absent bilateral phrenic nerve conductions 
and right hemidiaphragmatic fibrillation potentials, but normal 
conduction and needle examination in the right upper extremity. 
Brachial plexus MRI was negative. Diagnostic polysomnogram 
was not performed, as he qualified for a bilevel PAP device 
based on his neuromuscular disease. Polysomnographic titra-
tion of bilevel PAP in timed mode began with an IPAP of 8 cm 
water and an EPAP of 4 cm water. With an IPAP of 14 cm and 
an EPAP of 7 cm in timed mode set at 12 breaths per minute, 
the patient needed blended oxygen at 2.5 L/minute to normalize 
oxyhemoglobin saturation. He was unable to tolerate higher 
pressures. During titration, he had higher respiratory events 
during stage REM sleep and needed higher pressures than 
during NREM sleep. Thirty-one months later, given persistent 
orthopnea and bilevel PAP requirement for sleep, he is being 
considered for bilateral diaphragmatic plication. He continues 
to be dependent on supplemental oxygen.

DISCUSSION

The prominent orthopnea and abdominal paradoxical 
breathing were highly suggestive signs of bilateral diaphrag-
matic weakness.1,2 The differential diagnoses for this patient’s 
subacutely evolving bilateral diaphragmatic weakness included 
bilateral isolated phrenic neuropathy (BIPN),3-4 neuralgic amyot-
rophy ([NA] also known as Parsonage-Turner Syndrome),5-7 and 
amyotrophic lateral sclerosis. There was no evidence for other 

conditions which may rarely cause bilateral phrenic neuropathies, 
such as diabetes,8 multifocal motor neuropathy with conduction 
block,9 POEMS syndrome,10 sarcoidosis,11 arsenic poisoning,12 
prior irradiation,13 or acid maltase deficiency.14 BIPN presents 
as a painless paralysis of the diaphragm with relatively acute 
onset, and without antecedent factors such as infection or prior 
surgery.2-4 NA is a distinct and painful brachial plexus neurop-
athy causing patchy, multifocal paresis and sensory loss in one 
or both arms, with rare involvement of the phrenic nerves.5-7 A 
NA variant known as familial brachial plexus neuritis (hereditary 
neuralgic amyotrophy [HNA]) may lead to recurrent episodes of 
pain, numbness, and weakness in one or both upper extremities, 
with episodes triggered by extreme upper extremity movements 
or postures, infections, immunizations, or stress. HNA has been 
genetically linked to chromosome 17q25, where mutations may 
occur in the septin-9 (SEPT9) gene.15 Prognosis for recovery 
of normal function in affected limbs is generally favorable in 
NA, although in some cases persisting weakness may occur, and 
recurrent episodes may cause residual deficits.5-7,15-17

Our patient was diagnosed with BIPN due to painless onset, 
subacutely evolving symmetrical diaphragmatic weakness, and 
absence of other upper limb symptoms or electromyographic 
denervation to suggest the alternative diagnosis of NA. His symp-
toms did not improve over time, making the diagnosis of idio-
pathic bilateral phrenic nerve paralysis much more likely than 
neuralgic amyotrophy. Long-term persistent deficit is also more 
consistent with BIPN.2,3 Diaphragmatic weakness in BIPN is 
most often persistent, requiring lifelong noninvasive ventilatory 
support. However, successful relief of orthopnea and dyspnea 
symptoms in BIPN patients by surgical diaphragmatic plication 
has been reported.18 An association between upper airway collaps-
ibility and diaphragmatic strength has been reported,19 which may 
be a plausible reason for new-onset snoring in our patient.

SLEEP MEDICINE PEARLS

1.	 Bilateral isolated phrenic neuropathy (BIPN) should be 
considered in patients presenting with orthopnea and 
sleep-related hypoxia.

ANSWER: C. Bilateral diaphragmatic weakness.

Figure 1—Coronal CT scan images of the chest

(A) Initial scan shows left-sided unilateral hemidiaphragm elevation. (B) Scan of the chest 3 months later reveals elevation of right hemidiaphragm in addition to 
an already elevated left hemidiaphragm suggestive of progression of unilateral diaphragmatic paralysis to a bilateral paralysis. Also noted was bibasilar atelectasis.
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2. BIPN patients experiencing signifi cant orthopnea may be 
treated successfully with noninvasive positive pressure 
ventilatory therapy.

3. Unfortunately, diaphragmatic weakness may be 
permanent in patients with BIPN.

4. Orthopnea can be a symptom associated with 
diaphragmatic weakness, especially when associated 
with paradoxical abdominal movement.

ABBREVIATIONS

EMG, electromyograph
PAP, positive airway pressure
BIPN, bilateral isolated phrenic neuropathy
NA, neuralgic amyotrophy
POEMS, polyneuropathy, organomegaly, endocrinopathy, 

edema, M-protein, and skin abnormalities
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Figure 2—Cross-sectional views showing no evidence of parenchymal lung disease.
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