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ABSTRACT

Aim: To report a case of radiation-induced brachial plexopathy (RIBP) with significant radio-
graphic and clinical improvement after a course of hyperbaric oxygen (HBO).

Background: RIBP is a rare complication after radiotherapy to the neck and axilla. There are
no standard treatment options, with empirical use pharmacotherapy being predominately
used, which has had mixed results.

HBO is efficacious for the treatment of other severe radiation-induced side effects, how-

ever, its benefit in RIBP has conflicting reports.
Case Presentation: A 45-year-old male, with a 33 pack-year smoking history, presented with a
6-month history of a progressive left neck mass. The final diagnosis was unknown primary
squamous cell carcinoma of the head and neck. He received intensity-modulated radiation
therapy (IMRT) with 70 Gy prescribed to the gross tumor volume (PTV HR) and 56 Gy to the
oropharynx, nasopharynx, and bilateral lymphatics (PTV SR) in 35 daily fractions with three
cycles of concurrent cisplatin at 100 mg/m?.

Fifteen months following therapy completion, the patient began to endorse symptoms of
left brachial plexopathy. Decadron was prescribed for 2 weeks, trental and vitamin E for 6
months, and HBO. The patient returned for follow-up 2 months after completing 30 dives of
HBO at 2.4 atmospheres for 2 hours per session. He reported pain resolution and full range
of motion of his left arm.

Conclusions: The best management strategy of RIBP is prevention by reducing total RT doses
and close follow-up. However, when RIBP occurs, we recommend treatment with HBO ther-
apy, steroids, trental, and vitamin E as tolerable.
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1. Introduction

Radiation-induced brachial plexopathy (RIBP) is a potential
complication for patients receiving radiotherapy (>60-66 Gy)
for cancer in the neck or axilla. This irreversible complication
can result in complete limb paralysis in 0.2-5 years after the
first clinical signs.® RIBP typically takes 1-4 years after radio-
therapy to develop?; however, development has been reported
within 2-5 months.? Latency time can be affected by frac-
tion size, with smaller fractions demonstrating a longer period
before symptom development.*

RIBP is diagnosed based on clinical and radiographic evi-
dence and commonly presents with subjective paresthesia
or dysaesthesia which usually decreases with developing
hypoaesthesia then anaesthesia. If pain develops, it typically
evolves later.® When present, motor weakness is classically
progressive, presents later, and is associated with fascicula-
tions and amyotrophy. CT evidence of RIBP is characterized by
distortion of tissue planes and increased density of axillary
fat.” The typical findings on MRI is hyper-intense signal inten-
sity on T2-weighted images.®° The major electromyography
finding is reduced compound muscle action potential across
the brachial plexus, reflecting demyelination.”

Empirical therapy consists of steroids, gabapentin, opioids,
and other analgesics which focuses on improving symptoms
but not pathogenesis.’® Another therapeutic option may be
hyperbaric oxygen (HBO) therapy which has proven benefi-
cial when treating other radiation sequelae. HBO is thought to
result in a steeper oxygen gradient, stimulating angiogenesis,
fibroplasia, and other tissue restorative processes.!’

We report a case of RIBP occurring 15 months after exter-
nal beam radiation therapy for head and neck squamous cell
carcinoma of unknown primary arising in the left level II cer-
vical lymph nodes. The patient had a complete clinical and
radiographic response to HBO therapy.

2. Case background

A 45-year-old male, with a 33 pack-year smoking history,
presented with a 6-month history of a progressive left neck
mass associated with left-sided neck pain, otalgia, left-sided
odynophagia, and episodes of dysphagia. The patient denied
brachial plexopathy symptoms. Neck CT with contrast and
PET/CT showed a 3.2 x 2.8 cm complex cystic mass within the
cervical level Il region of the left neck with compression of the
jugular vein. There was no clear site of primary malignancy
on radiographic imaging or office nasopharyngolaryngoscopy.

Direct laryngoscopy, bronchoscopy, and tonsillectomy with
biopsies of the left base of tongue, glosso-tonsillar sulcus, and
left tonsil were negative for malignancy. Fine needle aspiration
showed squamous cell carcinoma, HPV, p16, and EBV testing
were not performed. The final diagnosis was unknown pri-
mary squamous cell carcinoma of the head and neck.

The patient received intensity-modulated radiation ther-
apy (IMRT) with 70 Gy prescribed to the gross tumor volume
(PTV HR) and 56 Gy to the oropharynx, nasopharynx, and bilat-
eral lymphatics (PTV SR) in 35 daily fractions (Fig. 1). The left
brachial plexus received a mean dose of 44 Gy, a max dose of 56

to 0.1 cc, and a max point dose of 57 Gy. He also received three
cycles of concurrent cisplatin at 100 mg/m?. Daily cone-beam
CT was used for radiotherapy image guidance. The patient
experienced expected acute/subacute treatment toxicities
including percutaneous endoscopic gastrostomy placement at
44 Gy, which was removed post-therapy.

Fifteen months following therapy completion, the patient
endorsed left neck pain that radiated to his anterior left shoul-
der, axilla, and arm limiting its use. He had 5/5 strength
and no paresthesias. MRI of the left brachial plexus was per-
formed revealing enhancement and inflammation (Fig. 2). The
case and imaging was discussed at this institution’s multi-
disciplinary head and neck tumor board with consensus that
symptoms were likely representative of RIBP. Dexamtheasone
was prescribed for 2 weeks, pentoxifylline and vitamin E for 6
months, and HBO.

The patient returned for follow-up 2 months later after
completing 30 dives of HBO at 2.4 atmospheres for 2 hours per
session. He developed an adverse reaction to the vitamin E and
trental and only completed 10 days of medication. He reported
pain resolution and full range of motion of his left arm.
Physical exam showed no signs of brachial plexopathy and
normal (pre-radiation treatment quality) sensation, strength,
and range of motion of his left arm. Follow-up brachial plexus
MRI, six months after the initial MRI, revealed significantly
decreased abnormal enhancement compared to prior (Fig. 2).
At 13 months out from HBO, he has had no reoccurrence of
RIBP symptoms.

3. Discussion

RIBP results from delayed damage to mature nerve tissue sec-
ondary to microvascular injury and radiation-induced fibrosis
and is most commonly seen in patients treated with radio-
therapy for breast and head and neck cancer.'” Chen et al.
published the largest study on RIBP in the setting of high-dose
radiation for head and neck cancer (n=330) and found a 22%
incidence of RIBP at 5 years post-treatment and Powell et al.
reported a 5% incidence at 5.5 years in the largest published
series on RIBP in the breast cancer population (n=449).>13 As
the total dose of radiation received in head and neck cancer
is typically higher than breast cancer, it is expected to see a
higher frequency of RIBP in this population.

The most important predictor of RIBP is biological effec-
tive dose, including total dose and fraction size. Currently,
the Radiation Therapy Oncology Group (RTOG) recommends
the dose to the brachial plexus be below 60-66 Gy. Chen et al.
reported on 40 patients with RIBP associated symptoms.'3'*
Patients who received >70 Gy to the brachial plexus developed
RIBP at a higher frequency than lower doses. However, the
development of RIBP in patients who received <60 Gy to the
brachial plexus was not zero, suggesting that RIBP is multifac-
torial and not solely based on dose.’®

Current RIBP treatment centers on symptom management.
Corticosteroids are used to combat symptoms. Non-opioid
analgesics, benzodiazepines, tricyclic antidepressants, and
anti-epileptics can treat associated pain.® Surgical methods
including neurolysis, omentoplasy, and pedicle graft of the
latissimus dorsi muscle have had variable efficacy.'> Another
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Fig. 1 - Radiation Treatment Plan (IMRT - 70 Gy in 35 fractions).
*Contoured location of brachial plexus depicted by arrow. Isodose Lines: 70 Gy in black, 60 Gy in gray, 50 Gy in white.

Fig. 2 - (A & B) Pre-HBO therapy axial and coronal MRI of the left brachial plexus. MRI reveals abnormal ill-defined
enhancement surrounding the left brachial plexus at the level of the proximal and mid-left clavicle. (C & D) Post-HBO
therapy axial and coronal MRI of the left brachial plexus revealing treatment response with significantly decreased
abnormal enhancement compared to prior pre-treatment MRI.
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possible option is HBO therapy. HBO causes oxygen tension
to rise to normal levels enabling fibroblast proliferation, col-
lagen formation, and angiogenesis thus improving vascular
density and oxygenation.'® Delayed radiation injury is one
of the Undersea and Hyperbaric Medical Society approved
indications for HBO therapy.!” Evidence supports HBO ther-
apy in various late term sequelae of radiotherapy including
mandibular osteoradionecrosis, refractory hemorrhagic cys-
titis, and vaginal vault and perineal necrosis.’®**?> However,
evidence in support of HBO therapy in RIBP is limited and
inconsistent. A double-blind, placebo-controlled, randomized
trial of 34 patients with RIBP showed no evidence that HBO
slowed or reversed RIBP.?® Eligible patients were those with
confirmed RIBP, freedom from cancer recurrence, and phys-
ical and psychological fitness for HBO. Patients had varying
severity, duration, and timing of RIBP (i.e. heterogenous cohort
of patients enrolled). Patients with complete arm paralysis
were ineligible. Due to the small number of patients, the
study may have been underpowered. Patients in this study
received a similar course of HBO as our patient (2.4atm for
30 total treatments), but received less treatment time per ses-
sion (100 minutes versus 120 minutes). There are other reports
that demonstrate improvement in sensory and motor function
with the use of HBO therapy.?*26

Despite meeting recommended dose constraints, our
patient developed symptoms within 15 months of radiother-
apy completion. He may have an inherent hypersensitivity
to radiotherapy which led to RIBP despite the low total
dose, low dose per fraction, and relatively short follow up
period. Another explanation could be the concurrent high
dose cisplatin. Chen et al. reported that patients who received
concurrent chemotherapy, typically cisplatin, had 2.43 times
greater odds of developing RIBP.'®> Our patient had a complete
clinical response after HBO therapy, which may be due to early
identification and treatment.

4, Conclusions

The best management strategy of RIBP is prevention by reduc-
ing total RT doses, limiting the amount of radiation per
fraction, and restricting the total point dose to the brachial
plexus to <66 Gy for head and neck patients and <60Gy for
breast patients. We also recommend close follow-up for at-risk
patients for early diagnosis and treatment with HBO therapy,
steroids, trental, and vitamin E as tolerable.
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