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1  |   INTRODUCTION

Extracorporeal membrane oxygenation (ECMO) is being 
used more frequently to provide acute respiratory and/or he-
modynamic support to patients with severe, refractory respi-
ratory or cardiac failure.1 A literature review of ECMO in 
pregnancy revealed that ECMO is safe and effective for both 
mother and fetus in cases of acute severe respiratory or car-
diopulmonary collapse.2 The most common indications for 
ECMO in pregnancy were ARDS secondary to viral infec-
tion, peripartum cardiomyopathy, cardiogenic shock, and/or 
cardiac arrest.2,3 The use of ECMO in pregnancy will likely 
rise in response to the increasing prevalence of cardiopulmo-
nary disease in the pregnant population.

Veno-venous ECMO (VV ECMO) provides respiratory 
support while a patient recovers from a reversible lung dis-
ease. Generally, a double lumen catheter is placed in the right 
internal jugular (IJ) vein. Blood is extracted from one lumen, 
circulated through a pump and an oxygenator, and returned to 
the body through the second lumen of the catheter.4

The sympathetic chain, brachial plexus, and phrenic 
nerve are all susceptible to injury during IJ and subclavian 
(SCV) catheterization. Nerve injury may result from either 

compression secondary to hematoma or direct trauma from 
the needle or catheter.5,6 Compression injuries usually im-
prove with resolution of the associated hematoma, while di-
rect injury may take much longer to resolve.7 Total incidence 
of nerve injury from central line placement is 1.6%, although 
the specific incidence of phrenic nerve paralysis from ECMO 
cannulation is not quoted in the current literature.5

The phrenic nerve arises from spinal nerve roots C3, C4, 
and C5 and innervates the diaphragm.8 Figure 1 demonstrates 
the close proximity of the phrenic nerve to the IJ and SCV 
veins. Phrenic nerve injury is clinically significant because 
it results in hemidiaphragm paralysis and subsequent respira-
tory distress and hypoxia. Patients with hemidiaphragm paral-
ysis typically report dyspnea on exertion and/or orthopnea.9

We describe the first reported case of a pregnant patient 
with right hemidiaphragm paralysis secondary to phrenic 
nerve injury likely occurring during ECMO cannulation.

2  |   CASE

The patient is a 29-year-old G6P3023 who presented to 
an outside hospital at 25  weeks gestation reporting chest 
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Abstract
Extracorporeal membrane oxygenation (ECMO) is used to provide acute respiratory 
and/or hemodynamic support to patients with severe, refractory respiratory failure. 
Phrenic nerve injury with subsequent hemidiaphragm paralysis should be included 
in the differential diagnosis of pregnant women with persistent hypoxia after ECMO 
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and back pain, as well as shortness of breath. She had a 
past medical history of asthma, opioid use disorder, bipo-
lar disorder, anxiety, seizures, anemia, hypothyroidism, 
herpes simplex virus, hepatitis C, rheumatoid arthritis, 
and fibromyalgia. Her past surgical history included three 
cesarean sections, two dilation and curettages, and an ad-
enoidectomy. Her medications included buprenorphine, 
gabapentin, quetiapine, alprazolam, levetiracetam, and al-
buterol. Her social history was significant for tobacco use 
(one pack per day) and a history of heroin use (last use was 
four years ago). Chest X-ray on initial presentation revealed 
bilateral infiltrates and no signs of hemidiaphragm paraly-
sis. Although she was initially hemodynamically stable, she 
quickly developed an increasing oxygen requirement and 
was diagnosed with ARDS. She required transfer to the in-
tensive care unit and intubation. Following intubation, the 
patient was tachycardic to the 130s, which was thought to 
be due to sepsis. She was started on vancomycin, pipera-
cillin-tazobactam, and stress-dose steroids empirically for 
suspected pneumonia. She required large doses of propo-
fol, fentanyl, and midazolam for sedation, and subsequently 
developed hypotension requiring norepinephrine and initia-
tion of ECMO. A repeat chest X-ray was notable for ex-
tensive multifocal airspace opacification. She was placed 
on single lumen VV ECMO and sedated due to persistent 
desaturation while awake. Bronchoscopy revealed purulent 
secretions and diffuse alveolar hemorrhage. Her respiratory 
viral panel was positive for rhinovirus, which is generally 
self-limited and treated conservatively for symptom relief. 
Her hospital course was also complicated by enterobacter 
pneumonia and MRSA pneumonia. Throughout her hos-
pitalization, she was treated with multiple broad-spectrum 

antibiotics including azithromycin, capsofungin, cefepime, 
ceftriaxone, meropenem, piperacillin-tazobactam, and van-
comycin. She received a total of thirty days of antibiotic 
therapy before her pneumonia resolved.

The patient was on ECMO for thirteen days prior to de-
cannulation. She had daily chest X-rays that demonstrated 
right hemidiaphragm elevation on hospital day 16, one day 
after ECMO decannulation (Figure 2). A tracheostomy was 
performed, and the patient was maintained on the trache-
ostomy collar until she was stable for tracheostomy decan-
nulation. She initially required 2L of oxygen therapy via 
nasal cannula; however, four days later she was able to 
maintain oxygen saturation on room air. CT chest showed 
resolving pneumonia, but persistent elevation of the right 
hemidiaphragm.

The patient experienced benzodiazepine and opiate with-
drawal, and was treated with a midazolam and hydromor-
phone drip, respectively. She continued to have symptoms 
of opiate withdrawal whenever attempts were made to taper 
the hydromorphone PCA. Therefore, she was transferred to 
our hospital for methadone stabilization in pregnancy. Her 
methadone dose was titrated per protocol until she no longer 
experienced withdrawal symptoms. She was able to main-
tain her oxygen saturation on room air for only a few days 
before requiring 2L nasal cannula to maintain saturations 
>95%. This was initially thought to be due to the sedative 
effects of her medications. She was started on a benzodiaz-
epine taper per psychiatry's recommendations, and attempts 
were made to wean her oxygen. On our hospital day 6, she 
had an episode of desaturation to 75% on room air. She re-
quired 3L nasal cannula to maintain saturations >95%. The 
patient reported increasing dyspnea on exertion and was 

F I G U R E  1   Proximity of the 
phrenic nerve to the internal jugular and 
subclavian veins. Netter illustration used 
with permission of Elsevier Inc. All rights 
reserved. www.nette​rimag​es.com

www.netterimages.com
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noted to have decreased breath sounds in the right lower lobe. 
Echocardiogram was within normal limits. Pulmonology di-
agnosed her with shunting past her post-pneumonia injury, 
central hypoventilation due to narcotics, and peripheral hy-
poventilation secondary to hemidiaphragm weakness. These 
diagnoses were supported by a chest X-ray demonstrating 
markedly elevated right hemidiaphragm with adjacent atel-
ectasis and mild left perihilar opacity. At 33 weeks gestation, 
the patient was discharged home on 2L oxygen via nasal can-
nula, after an 8-week admission.

The patient continued to have an increasing oxygen re-
quirement throughout the third trimester, requiring home 
oxygen therapy from 33 weeks gestation until her delivery 
at 37 weeks gestation. There was no evidence of persistent 
pneumonia. She was delivered via repeat cesarean section. 
Her postpartum course was significant for an oxygen re-
quirement of 3L nasal cannula in order to maintain oxygen 
saturation >95%. The patient was seen by pulmonology 
and had a CT that was negative for pulmonary embolism. 
She also had a fluoroscopic “sniff” test that diagnosed 
right-sided diaphragm paralysis. The fluoroscopic “sniff” 
test involves patients breathing in and out while diaphrag-
matic motion is observed under fluoroscopy. In patients 
with unilateral paralysis, the corresponding side of the di-
aphragm either moves paradoxically or does not move at 
all.9,10 Pulmonology recommended continued deep breath-
ing exercises and home oxygen therapy. Her postpartum 
course was otherwise uncomplicated. She was discharged 
home in stable condition and received a Nexplanon for 
contraception.

3  |   DISCUSSION

The differential diagnosis for dyspnea in pregnancy is broad. 
It is important to thoroughly evaluate any patient with short-
ness of breath, particularly those requiring oxygen therapy at 
home. The workup should start with a history and physical 
examination. Radiographic studies typically include a chest 
X-ray and/or CT. An elevated hemidiaphragm is sugges-
tive, although not diagnostic, of hemidiaphragm paralysis 
and should prompt further investigation with fluoroscopy.10 
Fluoroscopy is not recommended in pregnancy unless it will 
significantly change management and is expected to improve 
maternal and/or fetal outcomes. Causes of hemidiaphragm 
elevation include lung disease, trauma, and congenital causes 
including diaphragmatic hernia.

Management of hemidiaphragm paralysis from phrenic 
nerve injury is typically conservative. Patients typically 
compensate for the paralysis with a number of supportive 
mechanisms, and the phrenic nerve usually recovers in one 
to two years.10 Patients can do respiratory physical therapy 
in order to improve the strength in the affected portion of the 
diaphragm. If conservative measures fail, there are a number 
of surgical management options, including implantation of a 
diaphragmatic pacer, diaphragmatic plication with video-as-
sisted thoracoscopy, and nerve transplantation.10

In our case, the patient had a chest X-ray and CT shortly 
after her ECMO decannulation showing right hemidia-
phragm elevation. She quickly became dependent on oxygen; 
however, her increasing oxygen requirement was thought to 
be due to her growing gravid uterus and her multiple comor-
bidities. Her worsening dyspnea was far beyond what would 
be expected in a normal pregnant patient, and the fact that 
her symptoms and oxygen requirements did not resolve with 
delivery were suggestive of a cause other than pregnancy. 
She had a normal echocardiogram and CT that ruled out pul-
monary embolism. We believe that our patient sustained a 
phrenic nerve injury during VV ECMO cannulation as her 
initial CXR on admission did not show hemidiaphragm ele-
vation (elevation was first documented one day after ECMO 
decannulation).

An extensive search of the literature was performed via 
PubMed and Scopus through March 31, 2020. Relevant arti-
cles describing phrenic nerve injury in pregnancy were iden-
tified from the previously mentioned databases without any 
time, language, or study limitations. We used the following 
search terms: (hemidiaphragm or phrenic nerve or diaphragm 
or diaphragmatic or hemidiaphragmatic) and (paralysis or 
paralyzed or paresis or injury) and ((pregnant or pregnancy or 
maternal) or (antepartum or antenatal or prenatal or labor or 
delivery or peripartum or postpartum)). This search yielded 
776 articles on PubMed and 508 on Scopus when limited to 
studies in humans. Additionally, we searched PubMed and 
Scopus using the following parameters: (hemidiaphragm or 

F I G U R E  2   Chest X-ray demonstrating right hemidiaphragm 
elevation (identified by arrow) on hospital day 16, one day after 
extracorporeal membrane oxygenation decannulation
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phrenic nerve or diaphragm or  diaphragmatic or hemidia-
phragmatic) and (paralysis or paralyzed or paresis or injury) 
and (ECMO or extra-corporeal membrane oxygenation) and 
(respiratory failure or hypoxia or hypoxemic or hypoxemia 
or hypoxic). This search yielded 16 results on PubMed and 
27 results on Scopus. All titles were screened, and articles 
were reviewed when appropriate; no reports of phrenic nerve 
injury in pregnancy were identified.

4  |   CONCLUSION

Extracorporeal membrane oxygenation is used to provide 
acute respiratory and/or hemodynamic support to patients 
with severe, refractory respiratory or cardiac failure. The use 
of ECMO in pregnancy will likely rise in response to the in-
creasing prevalence of cardiopulmonary disease in the preg-
nant population. As ECMO use in pregnancy increases, it is 
important to become familiar with the diagnosis and treat-
ment of potential complications. This case demonstrates the 
importance of considering phrenic nerve injury and hemidi-
aphragm paralysis as a cause of hypoxia in pregnancy, es-
pecially after procedures such as ECMO. This is the first 
reported case of phrenic nerve injury in pregnancy, most 
likely due to ECMO.
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