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CASE SUMMARY
A 28-year-old female presented to the 

emergency department with left extrem-
ity pain and swelling after recently begin-
ning a workout regimen. She denied 
fever, chills, or other systemic symp-
toms. Her only past medical history was 
hypertension. Physical examination 
revealed swelling, warmth, and redness 
of the proximal left upper extremity, 
with no bruising or deformity. There was 
no loss of sensation or strength, and her 
pulses were palpable. Laboratory anal-
ysis revealed elevated creatine kinase 
of 33,912 IU/L (normal <140 IU/L) and 
elevated urine protein level of 100 mg/
dL. The serum creatinine was normal at 
0.86 mg/dL. Ultrasound of the left upper 
extremity veins was performed, which 
demonstrated no deep venous throm-
bosis. The patient was admitted to the 
hospital for intravenous hydration and 
observation, and MRI of the proximal left 
upper extremity was performed.

IMAGING FINDINGS
MRI of the left arm demonstrated sub-

stantial abnormal signal on STIR and PD 
sequences in several muscles of the left 
upper extremity, consistent with muscle 
edema. Edema was most pronounced in 
the teres major (Figures 1, 2), short head 
of the biceps brachii (Figures 1, 3) and 
brachialis muscles (Figure 3). The over-
all architecture and size of each of the 
muscles was preserved, and intact mus-
cle fibers could be seen on all images. 
There was no discrete muscle tear or area 
of confluent muscle necrosis. There was 

no muscle atrophy or fatty infiltration on 
T1-weighted images.

DIAGNOSIS
Exertional rhabdomyolysis, also 

known as exercise-induced rhabdomy-
olysis. Differential diagnosis includes 
infectious myositis, inflammatory myo-
sitis, muscle infarction, acute denerva-
tion, and rhabdomyolysis due to other 
causes (eg, drug-induced, crush injury).

DISCUSSION
Rhabdomyolysis is the rapid break-

down of injured or damaged skeletal 
muscle.1 This results in the release of 
muscle breakdown products into the 
extracellular space and bloodstream. 
These muscle breakdown products 
include electrolytes, creatine kinase and 
myoglobin. Rhabdomyolysis can lead to 
life-threatening electrolyte imbalances 
and acute kidney injury that can result in 
chronic renal failure.

Rhabdomyolysis presents classically 
as myalgia, weakness and myoglobin-
uria, although this triad is actually seen 
in less than 10% of patients.1 The most 
sensitive laboratory test for rhabdomy-
olysis is serum creatine kinase (CK). A 
serum CK level greater than 5 times the 
upper limit of normal is compatible with 
the diagnosis of rhabdomyolysis (>975 
IU/L).2 The treatment of rhabdomyolysis 
is largely supportive, including aggres-
sive intravenous hydration in order to 
preserve renal function. 

There are numerous potential causes 
of rhabdomyolysis, and identification of 

the cause is important to prevent ongoing 
muscle damage and disease recurrence. 
The most common causes of rhabdomy-
olysis are illicit drugs/alcohol, followed 
by medicinal drugs, muscle diseases, 
and trauma.2 Exertional rhabdomyoly-
sis induced by excessive vigorous exer-
cise is a relatively uncommon cause, 
and has been associated with football, 
swimming, running and military train-
ing.3 CrossFit is a branded physical fit-
ness regimen that includes high-intensity 
weightlifting, calisthenics and cardio-
vascular exercise, often with little inter-
val recovery time.4 This form of intense 
physical exercise has the capacity to 
result in rhabdomyolysis, as in this case.

Imaging of the affected muscles may 
be performed in the setting of exertional 
rhabdomyolysis to assess the extent of 
muscle involvement, and is best accom-
plished with MRI. The affected mus-
cles will demonstrate diffuse edema on 
T2-weighted images.5 The muscles may 
also be enlarged, with a mild decrease in 
signal intensity on T1 weighted images 
due to edema. The muscle architecture,e 
will be preserved, with identification 
of intact muscle fibers, and no conflu-
ent areas of muscle necrosis. If contrast 
is administered, there will be diffuse 
enhancement of the affected muscles. It 
is important to evaluate for associated 
muscle and tendon tears that may require 
orthopedic intervention.

The appearance of muscle edema on 
MRI is not specific for rhabdomyolysis. 
Muscle edema is also seen in the settings 
of inflammatory muscle disease, infec-
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tion, denervation, and diabetic myone-
crosis, all of which can be complicated 
by rhabdomyolysis.6 Inflammatory 
muscle disease (including polymyosi-
tis, dermatomyositis and inclusion body 
myositis) most commonly involves the 
proximal upper and lower extremity 
muscles in a bilateral symmetric fash-
ion. Pyomyositis will most commonly 
involve a single muscle or muscle group, 
and will demonstrate intense edema with 
an surrounding the muscle, often with 
abscess formation. Viral myositis may 
have a more widespread distribution 
of less intense muscle inflammation. 
Denervation edema will manifest in 
muscles corresponding to a particular 
nerve or nerve root distribution. Dia-
betic myonecrosis can occur in patients 
with poorly controlled diabetes, and will 

demonstrate macroscopic breakdown of 
the muscle architecture and areas of con-
fluent muscle necrosis.

Delayed onset muscle soreness 
(DOMS) refers to muscle aching and 
pain that presents around 24 hours after 
completion of intense exercise and peaks 
in 1 to 3 days. DOMS also presents as 
muscle edema and enlargement in the 
affected muscle on MRI.7 While the 
patient may have a mild increase in cre-
atine kinase level, the CK level will not 
approach that seen with rhabdomyolysis.

The diagnosis of exertional rhabdo-
myolysis can be made from the imaging 
findings in a patient with an appropriate 
clinical history and elevated creatine 
kinase. Other etiologies for muscle 
edema should be considered if there 
is no history of intense exercise or if 
the laboratory findings do not indicate 
rhabdomyolysis.

CONCLUSION
Exertional rhabdomyolysis can occur 

following intense physical exercise 
(CrossFit in this case). The laboratory 
gold standard for the diagnosis of rhab-
domyolysis is an elevated plasma creatine 
kinase (CK) level. The clinical history of 
vigorous activity and elevated plasma 
CK level are very helpful to the imaging 
diagnosis. MRI will demonstrate edema 
throughout the affected muscles. The 
most serious complication of rhabdo-

myolysis is acute kidney injury, which 
is managed by aggressive intravenous 
hydration. Prompt diagnosis and man-
agement of rhabdomyolysis is crucial to 
prevent severe kidney injury and chronic 
renal disease.
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FIGURE 2. Axial proton density image with 
fat suppression of the proximal arm demon-
strates edema within the teres major muscle.

FIGURE 1. Sagittal STIR image of the arm 
demonstrates edema within the teres major 
muscle and short head of the biceps brachii.

FIGURE 3. Axial PD image with fat suppres-
sion of the mid arm demonstrates edema in 
the brachialis muscle and short head of the 
biceps brachii, as well as in the surrounding 
soft tissues.
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