CASE IN POINT

Rhabdomyolysis Occurring After Use of
Cocaine Contaminated With Fentanyl
Causing Bilateral Brachial Plexopathy
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Background: Rhabdomyolysis is caused by muscle overuse,
trauma, prolonged immobilization, drugs, or toxins. As
rhabdomyolysis progresses, swelling and edema can compress
surrounding structures. Few cases of the phenomenon occurring
as a sequela of substance use have been described.

Case Presentation: We present a 68-year-old male patient with
rhabdomyolysis following use of crack cocaine contaminated
with fentanyl. The patient had 0/5 strength bilaterally and
bilateral absent reflexes in the upper extremities. Sensation was
markedly decreased, as he was unable to feel temperature,

pinprick sensation, or general touch. Creatine phosphokinase
level was elevated at 21,292 IU/L. On magnetic resonance
imaging, there was abnormal signal in the lower neck bilaterally.
It is presumed that muscular edema resulted in partial narrowing
of the thoracic outlet bilaterally with corresponding mass effect
on the traversing brachial plexus.

Conclusions: This is the seventh case of brachial plexopathy
secondary to rhabdomyolysis precipitated by opioid use that
has been reported in the literature. Prospective studies should
examine treatment for this condition.

he brachial plexus is a group of inter-

woven nerves arising from the cervi-

cal spinal cord and coursing through
the neck, shoulder, and axilla with termi-
nal branches extending to the distal arm.!
Disorders of the brachial plexus are more
rare than other isolated peripheral nerve
disorders, trauma being the most common
etiology.! Traction, neoplasms, radiation ex-
posure, external compression, and inflam-
matory processes, such as Parsonage-Turner
syndrome, have also been described as less
common etiologies.

Rhabdomyolysis, a condition in which
muscle breakdown occurs, is an uncommon
and perhaps underrecognized cause of bra-
chial plexopathy. Rhabdomyolysis is often
caused by muscle overuse, trauma, pro-
longed immobilization, drugs, or toxins.
Substances indicated as precipitating factors
include alcohol, opioids, cocaine, and am-
phetamines.>* As rhabdomyolysis progresses,
swelling and edema can compress surround-
ing structures. Therefore, in cases of rhabdo-
myolysis involving the muscles of the neck
and shoulder girdle, external compression of
the brachial plexus can potentially cause bra-
chial plexopathy. Rare cases of this phenom-
enon occurring as a sequela of substance use
have been described.!” Few cases have been
reported in the literature.

The following case report describes a pa-
tient who experienced rhabdomyolysis fol-
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lowing use of crack cocaine contaminated
with fentanyl, which subsequently caused
bilateral brachial plexopathy.

CASE PRESENTATION
A 68-year-old male patient with a history
of polysubstance use disorder presented
to the emergency department with com-
plete loss of sensory and motor function
of both arms. He had fallen asleep on his
couch the previous evening with his arms
crossed over his chest in the prone position.
He reported using crack cocaine earlier that
day that was later discovered to be contam-
inated with fentanyl. The patient reported
using no other substances, including alco-
hol. When he woke about 7 hours later, the
patient’s arms were completely paralyzed.
On admission, the patient presented
with an agitated mental status. The pa-
tient presented with 0/5 strength bilat-
erally in the upper extremities (UEs)
accompanied by numbness and tingling.
Radial pulses were palpable in both arms.
All UE reflexes were absent, but patel-
lar reflex was intact bilaterally. On hospi-
tal day 2, the patient was awake, alert, and
oriented to person, place, and time and
could provide a full history. The patient’s
cranial nerves were intact with shoulder
shrug testing mildly weak at 4/5 strength.
The patient had 0/5 strength bilaterally
and bilateral absent reflexes in the UEs.
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FIGURE Magnetic Resonance Images

Abbreviations: AS, anterior scalene; C, clavicle; CCS, costoclavicular space; FR, first rib; IS, interscalene space; LS, levator
scapulae; MRI, magnetic resonance image; MS, scalene muscles; Rh, rhomboid; SA, subclavian artery; Sa, serratus anterior.
A, Axial MRI wide field of view cervical/upper thoracic spine demonstrating abnormal increased signal in the shoulder
girdle musculature greater on the right; arrows indicate Sa, LS, and Rh muscles; B, Sagittal T2 MRI of the brachial
plexus demonstrating abnormal increased signal involving the right AS and MS; C, Sagittal T2 MRI brachial plexus
demonstrating abnormal increased signal involving the right Sa and AS.

Sensation was markedly decreased, as he
was unable to feel temperature, pinprick
sensation, or general touch in both UEs.
Coordination of the UEs could not be
tested due to weakness. No response could
be elicited from the median or ulnar nerve
bilaterally on somatosensory evoked poten-
tial study. The lower extremities were intact
to movement, sensation, coordination, and
reflexes.

Serum electrolytes and glucose levels
were normal. The creatine phosphokinase
(CPK) level was elevated at 21,292 TU/L. Cre-
atinine and blood urea nitrogen levels were
elevated at 1.7 mg/dL and 32 mg/dL, re-
spectively. Serum B12, thyroid-stimulating
hormone, and hemoglobin A, levels were
normal. Urine drug screen was positive for
cocaine metabolite and fentanyl but negative
for other substances, including alcohol. The
patient stated emphatically he had only used
crack cocaine, so it was presumed that the
crack cocaine had been contaminated with
fentanyl.

Computed tomography (CT) of the
head was normal and revealed no acute in-
tracranial process. Further imaging stud-
ies included magnetic resonance imaging
(MRI) of the brain and spinal cord and
subsequently of the brachial plexus. There
was no evidence of a spinal cord or in-
tracranial lesion. However, there was ab-
normal signal in the lower neck greater
on the right side suggesting an edema-
tous inflammatory process involving part
of the shoulder girdle musculature. This
included the trapezius, levator scapula,
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rhomboid, and serratus anterior muscles,
as well as prominent fluid signal in the
right supraclavicular fossa. The abnormal
signal was less prominent on the left and
involved the serratus anterior muscle. To
a lesser extent, there also was involvement
of the distal attachment site of the ante-
rior and middle scalene muscles on the
right greater than the left. It is presumed
that muscular edema resulted in partial
narrowing of the thoracic outlet bilater-
ally with corresponding mass effect on the
traversing brachial plexus, resulting in the
patient’s symptoms (Figure).

Due to the absence of evidence of spinal
cord injury, presence of normal motor and
sensory function of the lower extremities, an
elevated CPK level, signal hyperintensities of
the muscles of the shoulder girdle, and the
patient’s history, the leading diagnosis at this
time was brachial plexopathy secondary to
focal thabdomyolysis.

Over the next week, the patient re-
gained some motor function of the left
hand and some sensory function bilater-
ally. At 8 weeks postadmission, a nerve
conduction study showed prolonged la-
tencies in the median and ulnar nerves
bilaterally. The following week, the pa-
tient reported pain in both shoulders (left
greater than the right) as well as weakness
of shoulder movement on the left greater
than the right. There was pain in the right
arm throughout. On examination, there
was improved function of the arms distal
to the elbow, which was better on the right
side despite the associated pain (Table).
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TABLE Strength, Sensation, and Reflex Progression

Rhabdomyolysis

Reflex Tests At Admission 10 d Postadmission 9 wk Postadmission
Right Left Right Left Right Left
Shoulder abduction 0 0 1 1+ 4- 3
Elbow flexion 0 0 3 3+ 4- 3
Wrist extension 0 0 3 3+ 4 4
Elbow extension 0 0 3 3+ 4- 3+
Finger flexion 0 0 S 3+ 4 4-
Finger abduction 0 0 3 3+ 4 4-

Sensation, pinprick Absent in C5-T1

and light touch

Decreased (< 25%)

in C5-T1

Decreased (< 50% sensation) in
C6; hypersensitivity in C5 and T1
on right arm; decreased
sensation in C7 on left arm

Deep tendon Absent Not assessed 1+ in biceps;
reflexes all other reflexes absent
Tone Flaccid Reduced Reduced

There was atrophy of the left scapular
muscles, hypothenar eminence, and del-
toid muscle. There was weakness of the
left triceps, with slight fourth and fifth fin-
ger flexion. The patient was unable to ele-
vate or abduct the left shoulder but could
elevate the right shoulder up to 45°. Sen-
sation was decreased over the right outer
arm and left posterior upper arm, with hy-
persensitivity in the right medial upper
and lower arm. Deep tendon reflexes were
absent in the upper arm aside from the bi-
ceps reflex (1+). All reflexes of the lower
extremities were normal. It is interesting
to note the relative greater improvement
on the right despite the edema found on
initial imaging being more prominent on

the right.

DISCUSSION

Rhabdomyolysis is a condition defined by
myocyte necrosis that results in release of
cellular contents and local edema. Incit-
ing events may be traumatic, metabolic,
ischemic, or substance induced. Common
substances indicated include cocaine, am-
phetamines, acetaminophen, opioids, and
alcohol.’ It classically presents with muscle
pain and a marked elevation in serum CPK
level, but other metabolic disturbances,
acute kidney injury, or toxic hepatitis may
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also occur. A more uncommon sequela of
rhabdomyolysis is plexopathy caused by
edematous swelling and compression of the
surrounding structures.

Rare cases of brachial plexopathy caused
by rhabdomyolysis following substance
use have been described. In many of these
cases, rhabdomyolysis occurred after alco-
hol use with or without concurrent use of
prescription opioids or heroin.” One case
following use of 3,4-methylenedioxy-N-
methylamptamine (MDMA) and marijuana
use was reported.! Another case of con-
current brachial plexopathy and Horner
syndrome in a 29-year-old male patient fol-
lowing ingestion of alcohol and opioids has
also been described.” The rate of occurrence
of this phenomenon in the general popula-
tion is unknown.

In the case of our patient, cocaine me-
tabolite and fentanyl were the only sub-
stances found on urine drug screen. The
patient had used crack cocaine that had
presumably been contaminated with fen-
tanyl, a high potency synthetic opioid. The
rate of fentanyl contamination of street
drugs is variable. It is a subject of high con-
cern, considering the increasing rates of
synthetic opioid overdose-related deaths.
According to the US Centers for Disease
Control and Prevention, synthetic opioids
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have played a role in the increasing rates
of cocaine-related overdose deaths. Con-
versely, in more than half of all overdose
deaths involving fentanyl derivatives, pa-
tients also tested positive for cocaine, meth-
amphetamine, or heroin. In recent studies
conducted in various cities in the north-
eastern US, rates of fentanyl metabolite de-
tection were much higher than rates of
reported fentanyl use.!" Cases of crack co-
caine contamination with fentanyl deriv-
atives have been reported in Canada and
Washington.'

The pathophysiology of rhabdomyolysis
caused by substance use has not been de-
finitively identified, but it is hypothesized
that the cause is 2-fold. The first insult is
the direct toxicity of the substances to myo-
cytes.?? The second factor is prolonged im-
mobilization in a position that compresses
the affected musculature and blood supply,
causing both mechanical stress and isch-
emia to the muscles and brachial plexus.
This prolonged immobilization can fre-
quently follow use of substances, such as
alcohol or opioids.® Cases have been re-
ported wherein rthabdomyolysis causing
brachial plexopathy occurred despite rela-
tively normal positioning of the arms and
shoulders during sleep.’ In our case, the pa-
tient had fallen asleep with his arms crossed
over his chest in the prone position with
his head turned, though he could not re-
call to which side. Although he stated that
he had slept in this position regularly, the
effects of fentanyl may have prevented the
patient from waking to adjust his posture.
This position had potential to compress the
musculature of the neck and shoulders and
restrict blood flow, resulting in the focal
rhabdomyolysis seen in this patient. In the-
ory, the position could also cause a stretch
injury of the brachial plexus, although a
pure stretch injury would more likely pres-
ent unilaterally and without evidence of
rhabdomyolysis.

Chronic ethanol use may have been a
major contributor by both sensitizing the
muscles to toxicity of other substances and
induction of CYP450 enzymes that are nor-
mally responsible for metabolizing other
drugs.® Alcohol also inhibits gluconeogenesis
and leads to hyperpolarization of myocytes,
further contributing to their susceptibility to
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damage.® Our patient had a prior history of
alcohol use years before this event, but not at
the time of this event.

Our patient had other known risk factors
for rthabdomyolysis, including his long-term
statin therapy, but it is unclear whether these
were contributing factors in his case.!® Of the
medications that are known to cause rhabdo-
myolysis, statins are among the most com-
monly described, although the mechanism
through which this process occurs is not
clear. A case of thabdomyolysis following use
of cocaine and heroin in a patient on long-
standing statin therapy has been described.'?
Our review of the literature found no cases
of statin-induced rhabdomyolysis associ-
ated with brachial plexopathy. It is possible
that concurrent statin therapy has an addi-
tive effect to other substances in inducing
rhabdomyolysis.

Parsonage-Turner syndrome, also
known as neuralgic amyotrophy,
should also be included in the differ-
ential diagnosis. While there have been
multiple etiologies proposed for Parsonage-
Turner syndrome, it is generally thought to
begin as a primary inflammatory process
targeting the brachial plexus. One case re-
port describes Parsonage-Turner syndrome
progressing to secondary rhabdomyolysis.®
In this case, no primary etiology was iden-
tified, so the Parsonage-Turner syndrome
diagnosis was made with secondary rhab-
domyolysis.® We believe it is possible that
this case and others may have been mis-
diagnosed as Parsonage-Turner syndrome.

Aside from physical rehabilitation pro-
grams, cases of plexopathy secondary to
rhabdomyolysis similar to our patient
have largely been treated with supportive
therapy and symptom management. Pain
management was the primary goal in this
patient, which was achieved with moder-
ate success using a combination of muscle
relaxants, antiepileptics, tramadol, and se-
rotonin-norepinephrine reuptake inhibi-
tors. Some surgical approaches have been
reported in the literature. One case of rhab-
domyolysis of the shoulder girdle causing
a similar process benefitted from fasciot-
omy and surgical decompression.” This pa-
tient had a complete recovery of all motor
functions aside from shoulder abduction at
8 weeks postoperation, but neuropathic
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pain persisted in both arms. It is possible
our patient may have benefitted from a sim-
ilar treatment. Further research is necessary
to determine the utility of this type of pro-
cedure when treating such cases.

CONCLUSIONS

This case report adds to the literature de-
scribing focal rhabdomyolysis causing sec-
ondary bilateral brachial plexopathy after
substance use. Further research is needed
to establish a definitive pathophysiology
as well as treatment guidelines. Evidence-
based treatment could mean better out-
comes and quicker recoveries for future
patients with this condition.
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