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Abstract

Severe COVID-19 infection can lead to acute respiratory distress syndrome (ARDS) requiring intensive care admission. Mechanically
ventilated patients are commonly managed by being positioned in a prone ‘swimmer s position’. However, this position can lead to
a variety of potential complications not related to the illness, including stretching of the brachial plexus resulting in nerve damage.

Brachial plexopathy is an important consideration in all patients stepped down from prolonged prone ventilation. This is to prevent
possible long-term numbness and weakness in the affected arm which may require intensive physiotherapy. The role of magnetic
resonance imaging is particularly useful in visualizing the brachial plexus and providing an accurate diagnosis. Early recognition
and prompt imaging is recommended to reduce the incidence and severity of brachial plexopathy, particularly in the wake of a second

COVID-19 wave.

We report a case of brachial plexopathy in a 54-year-old male following intensive care admission and the relevant MRI protocol and

findings which highlight this pathology.
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Introduction

The coronavirus disease 2019 (COVID-19) is an unprecedented
global pandemic with over 60 million confirmed cases worldwide
[1]. Severe infection can lead to acute respiratory distress syndrome
(ARDS), which is the most critical complication of COVID-19
and a major cause of death [2-4]. Critically ill patients with ARDS
are managed with intubation and ventilation in the intensive care
unit (ICU).

The current practice of mechanical ventilation in ARDS is via the
prone position to improve oxygenation [4-7], with higher survival
rates if commenced early [4,7]. The current United Kingdom

(UK) guidance [8] recommends adopting a ‘swimmer’s position’
for prone positioning, as shown in Figure 1 below. This position
stretches the brachial plexus and leaves it vulnerable to injury due
to traction and compression forces [10]. Brachial plexopathy is
therefore a recognized but uncommon complication of prolonged
prone positioning10. Clinical evaluation of this condition with an
understanding of the relevant investigations is paramount for a
prompt diagnosis.

In this paper, we report a case of brachial plexopathy following
ICU admission for COVID-19 and the role of magnetic resonance
imaging (MRI) in diagnosis.
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Figure 1: Swimmer’s position for ventilation in the prone position [9]. The head is turned to one side, the arm on the side where the
head is facing is raised, and the other arm is placed down by the patient’s side. The shoulder of the raised arm should be abducted to
80° and the elbow flexed to 90°.
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Case report

A 54-year-old male patient with a background history of type 2
diabetes and hypertension presented to hospital with a four-day
history of progressively worsening shortness of breath, dry cough
and fever. On examination he was tachypnoeic, tachycardic and
febrile with pulse oximetry reading oxygen saturations of 70%
on room air. Chest auscultation revealed non-specific bi-basal
crackles. Given the history and current pandemic he was managed
as a severe COVID-19 infection. A chest radiograph on admission
(Figure 2) demonstrated patchy bilateral pulmonary infiltrates
suggestive of classic/probable COVID-19 infection according
to British Society of Thoracic Imaging (BSTI) criteria [11].
This was later confirmed with a positive RT-PCR result from a
nasopharyngeal swab. Shortly after admission he was reviewed by
the intensive care team due to worsening hypoxia and subsequently
intubated, ventilated and transferred to the ICU.

Due to his high ventilatory and oxygenation requirements, the
intensive care team started prone position ventilation from day two
of admission. He had a prolonged ICU admission requiring prone
position ventilation for 18 days. A tracheostomy was inserted
during this period and following a long respiratory wean, this was
decannulated on day 32. He was stepped down from ICU shortly
after.

Post-sedation, the patient reported weakness in the left arm and
shoulder with pain over the anterior glenohumeral joint and pain
on passive movements. Acute fracture and dislocation were ruled
out on X-ray and computed tomography (CT) scan of the shoulder.

Neurological examination showed globally reduced power and
reduced sensation in the left upper limb. Specifically, he was
noted to have reduced power in the left upper limb myotomes
which were graded as follows using the Medical Research Council
(MRC) muscle power scale [12]: C5-6 were 1/5, and C7-T1 were
5/5. Following a discussion with the neurology team, MRI of the
brachial plexus was performed. This confirmed left-sided brachial
plexopathy (Figure 3 and Figure 4) affecting the left C5-C7 nerves
which correlated with his symptoms. He was subsequently referred
for intensive physiotherapy and outpatient neurology follow-up
with neurophysiology assessment.

Discussion

The brachial plexus [13-16] is formed at the base of the neck by
C5 to T1 spinal nerves. This complex network of nerves innervates
the upper limb to supply its motor and sensory functions, along
with the diaphragm and pectoral muscles. Brachial plexopathy can
therefore result in altered sensation to the upper limb and weakness
(as in the case described); or more severely, paralysis of the limb
(Figure 5).

Given the potential outcome of significant functional disability,
protocols have been developed by specialist referral units to
aid clinicians in managing patients with suspected brachial
plexopathy10,17. There are recommendations that all patients
should be screened for signs and symptoms of brachial plexopathy
after regaining consciousness post-extubation using set criteria
that assess pain, active movement of the upper limb and sensation
(Figure 6) [10,17]. Due to the increased risk of long-term
complications, early referrals to specialist units with peripheral
nerve injury expertise are warranted for patients with neuropathic
pain, or neuropraxia that has not resolved in three weeks [10,17].
In the UK, the recommended protocol from the Royal National
Orthopaedic Hospital (RNOH) [10,17] is shown in Figure 7 below.

Figure2: AP chest radiograph demonstrating bilateral, mid and lower zone
predominant patchy parenchymal infiltrates in keeping with moderate/se-
vere COVID-19 pulmonary infection. (AP - anteroposterior).

Figure 3: MMRI axial STIR (A) and axial T1 (B) weighted images of the
brachial plexus at the level of C6/7 intervertebral disc showing diffuse
asymmetric high signal oedema involving the left brachial plexus with

ill-defined thickening of the nerves at this level (white arrow). The cervical

spinal canal is marked with the asterisk. (MRI - magnetic resonance imag-
ing; STIR - short tau inversion recovery).short tau inversion recovery).

Magnetic resonance imaging (MRI) is the preferred imaging
modality for the diagnosis of brachial plexopathy [18]. In
particular, magnetic resonance neurography (MRN) is increasingly
performed as it is a dedicated study which improves diagnostic
accuracy. The scan typically extends from the level of C3 to T3
[18]. Sagittal T1, T2 and short-tau inversion recovery (STIR)
images of the cervical spine are performed to exclude any spinal
canal or neural foramen pathology, specifically nerve root avulsion
injuries which typically manifest as pseudomeningoceles [19]. The
normal brachial plexus should appear smooth and well-defined,
with a similar size to the adjacent arteries [18]. On T1-weighted
sequences, the signal intensity of the nerves should be similar to
the surrounding musculature [15,18]. On T2-weighted images,
the normal plexus appears slightly hyperintense compared to the
muscles [15,18]. In a traction injury of the brachial plexus, the
affected nerves lose their well-delineated margins and become
disproportionately thickened [14,15]. There is also increased
signal intensity on STIR images and diffuse contrast enhancement
on the affected side [14,15]. In the case described, the STIR images
were sufficient to highlight an abnormality with the left brachial
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Figure 4: Coronal oblique STIR (A and C) and corresponding coronal
oblique T1 (B and D) weighted images from anterior to posterior confirm
the involvement of left C5-C7 nerves with diffuse oedema in the region of

the brachial plexus trunks (thin white arrow) and cords (thick white arrow).
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Figure 5: Anatomy of the brachial plexus [16]. The roots consist of C5 to T1
spinal nerves, which form the superior, middle and inferior trunks. These
are further split into six divisions, then three cords (lateral, posterior and
medial), and finally five terminal branches. The terminal branches consist

of the musculocutaneous, axillary, median, radial and ulnar nerves. Addi-
tionally, there are named nerves arising before the terminal branches..
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Figure 6: Suggested screening tool for brachial plexopathy from the RNOH
[10,17].
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Figure 7: The RNOHs suggested protocol for assessment and referral of
brachial plexopathy [10,17].

plexus and therefore intravenous gadolinium administration was
not necessary. The radiological findings can be subtle, particularly
in patients who are unable to tolerate MRI or if there is suboptimal
image quality. For this reason, the interpretation and reporting
of these scans should be reserved for experienced radiologists
specialising in musculoskeletal and spinal imaging.

The limitations of MRI assessment of the brachial plexus tend to
revolve around suboptimal image quality [20]. Patients recovering
from severe COVID-19 infections may continue have a degree of
residual respiratory symptoms increasing the chance of degraded
images from breathing motion artefacts. Neurophysiology can
be used to confirm the exact nerves affected once MRI suggests
a brachial plexopathy in such cases. However, this may be
used to assess symptom progression at a later stage following
physiotherapy.
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Measures to prevent brachial plexopathy in prone position
ventilation have long been implemented in the intensive care
setting. The Faculty of Intensive Care Medicine in the UK suggests
changing the position of the head and arm every 2-4 hours [8].
They also have recommendations for the height and positioning
of pillows. Pillows should be placed at a height where the neck
is not hyperextended [8]. The pillows should be positioned such
that the shoulders are slightly forward to the anterior capsule of
the glenohumeral joint8. The RNOH additionally recommends
reducing compression of the abdomen to prevent increased thoracic
outlet pressure and maintaining the patient’s shoulders in a slightly
shrugged position to avoid shoulder girdle depression [10,17].

Conclusion

Brachial plexopathy is an uncommon but important complication
of ventilation in the prone position, with the potential to cause a
significant impact on a patient’s functional ability and quality of
life. In the wake of the second COVID-19 wave in the UK with
hospitals seeing increased admissions again, it is all the more
important that preventative measures for brachial plexopathy
be emphasized in the intensive care setting. There needs to be a
streamlined process in hospitals to actively monitor high-risk
patients for brachial plexopathy with screening tools. All clinicians,
in particular step-down medical teams, should be made aware of
the value of early MRI and referral to local orthopaedic/neurology
teams, or more preferably a dedicated peripheral nerve injuries
unit if available. Even though there is no patient positioning that
comes without complications, with active monitoring and prompt
diagnosis, it is hoped that the incidence and severity of brachial
plexopathy can be kept to a minimum.
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