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cute exertional rhabdomyolysis
A(AER) is the breakdown/destruction

of muscle tissue from extreme physi-
cal exertion. Risks that lead to AER include
exercise in hot and humid conditions,
improper hydration, inadequate recovery
between bouts of exercise, intense physi-
cal training, and inadequate fitness levels.
Other risk factors include sickle cell trait,
ingestion of performance enhancing agents,
anabolic steroids, and previous history of
AER. This article, describes 3 cases of AER
after a vigorous, upper body, organized, and
supervised training session.

Rhabdomyolysis is not uncommon in
competitive athletics,'? military training,*®
and individual training.®!? It is more com-
mon in the lower extremities after intense
training or marathons. Creatine kinase (CK)
levels rise within 12 hours of muscle injury,
peak in 24 to 36 hours, and decrease at a
rate of 30% to 40% per day."> The serum half-
life of CK is about 36 hours. The CK levels
decline 3 to 5 days after resolution of muscle
injury.'* Failure of CK levels to decrease sug-
gests ongoing muscle injury or development
of a compartment syndrome. The peak CK
level, especially when it is > 15,000 U/L, may
be predictive of renal failure.'

Total CK elevation is a sensitive but non-
specific marker for rhabdomyolysis. A CK
level that is 1.5 x above the reference range
suggests thabdomyolysis, although CK lev-
els in rhabdomyolysis often are as high as
100 times the reference range or more.'?
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Health care providers (HCPs) should sus-
pect early rhabdomyolysis and initiate a full
laboratory workup for patients with serum
CK levels > 2 x the reference range and risk
factors for rhabdomyolysis. Because the
total CK may increase from the initial val-
ues, draw it is important to repeat total CK
levels every 6 to 12 hours until a peak level
is established.

CASE PRESENTATIONS

An upper body physical training session was
conducted with a group of trainees (men and
women, aged 24-35 years) 12 weeks into a
21-week program. The training session con-
sisted of 125 push-ups and 85 pull-ups (as-
sisted) performed within a 12-minute period
in an indoor, climate-controlled facility. Lib-
eral hydration with water or sports drinks was
not allowed. On day 3 following the training
session, 1 woman, and on day 4, 2 additional
women presented to the clinic with extreme
bilateral upper extremity muscle weakness,
pain, and marked swelling of their upper-
extremities from the shoulder to the forearm.
None had firm compartments of the arm or
forearm. Further, none had signs of compart-
ment syndrome. There were trace blood and
protein in their urine, and their serum CK
ranged from 10,000 to 78,000 U/L.

Case 1

The first case to present to the clinic was
a 26-year-old white female without any
underlying disease. She was taking oral
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contraceptive medication. She
usually exercised by running

TABLE 1 Case 1 Blood Laboratory Results

10 to 12 miles/week with upper Results Day 1 Day 2 Day8  Reference Range

body workouts as required by 5 o0 yinase, UL 73,044 55033 1,244 30-135

the training program and was

in excellent physical health at Aspartate aminotransferase, UL~ 770 534 76 17-59

the halfway point in the training

program. Alanine transaminase, U/L 189 139 114 21-72
Following the workout of .

125 push-ups and 85 pull-ups, the Creatinine, mg/dL 0.7 0.7 0.7 0.7-1.2

patient experienced muscle sore-  gjo0q urea nitrogen, mg/dL 14 10 5 7-22

ness and fatigue and took ibupro-

fen 800 mg that evening. Over the Potassium, mmol/L 3.9 4.1 3.8 3.6-4.8

next 2 days, she experienced con-

tinued muscle soreness/pain, in- Sodium, mmol/L 138 138 140 137-145

creasing weakness, and marked Chloride, mmol/L 99 108 104 98-107

swelling of her arms. On day

3 after the workout, she presented Total protein, g/dL 5.1 5.1 6.1 6.3-8.2

to the clinic in moderate distress,

unable to raise her arms above Albumin, g/dL 4.4 26 3.3 3.5-5.0

chest level. Her urine showed trace
blood and protein, and her serum
CK level was 73,044 U/L (Table 1).

The patient was diagnosed with rhabdo-
myolysis and admitted to the hospital. She
received IV therapy, improved, and was dis-
charged after 8 days, and had no sequelae.

Case 2

The second case involved a 27-year-old
white female without any underlying disease
who was not taking any medications and
was in excellent physical health. Following
the workout of 125 push-ups and 85 pull-
ups, she experienced muscle soreness and fa-
tigue. Over the next 3 days, she experienced
continued muscle soreness/pain, increas-
ing weakness, and marked swelling of her
arms. On day 4 postworkout, she presented
to the clinic in moderate distress. Her urine
showed trace blood and protein, and her
serum CK level was > 8,000 U/L (the hospi-
tal stopped dilutions when the CK level ex-
ceeded 8,000 U/L) (Table 2).

The patient was diagnosed with rhabdo-
myolysis and admitted to the hospital. She
received IV therapy, improved, and was dis-
charged after 7 days, and had no sequelae.

Case 3

The third case involved a 33-year-old white
female without any underlying disease who
was taking oral contraceptive medication
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and was in excellent physical health. Fol-
lowing the 125 push-ups and 85 pull-ups
workout, she experienced muscle soreness
and fatigue. Over the next 3 days, she expe-
rienced continued muscle soreness/pain, in-
creasing weakness, and marked swelling of
her arms. On day 4 postworkout, she pre-
sented to the clinic in moderate distress.
Her urine showed trace blood and protein,
and her serum CK level was 10,971 U/L
(Table 3).

The patient was diagnosed with rhabdo-
myolysis and admitted to the hospital. She
received IV therapy, improved, and was dis-
charged after 7 days, and had no sequelae.

CLINICAL OBSERVATION

The importance of brown urine is stressed
as a key factor in the diagnosis of AER in
much of the literature on the condition.!!°
It is suggested that brown urine is pathog-
nomonic for this condition. However, the
urine for the individuals presented here
with significant AER was not brown or
even tinged. In a field evaluation, an in-
experienced HCP might miss an AER di-
agnosis in the absence of urine findings.
In addition, given that AER can occur in
stages, it is essential that the HCP have a
situational awareness of this condition in
today’s culture of fitness and exercise.
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TABLE 2 Case 2 Blood Laboratory Results

Other bacteria linked to rhab-
domyolysis include group A

Laboratory Results Day 1 Day 2 Day 7 Reference Range B-hemolytic streptococci, Sal-

. monella species, Francisella tu-

Creatine kinase, U/L > 8,000 11,491 105 30-135 larensis and Escherichia coli.

Viruses, such as influenza

Aspartate aminotransferase, U/L 709 384 87 17-59 . ? .. ’

parainfluenza, coxsackievirus,

Alanine transaminase, U/L 271 206 106 21-72 Epstein-Barr virus, adenovi-

rus, HIV, and cytomegalovirus

Creatinine, mg/dL 0.7 0.6 0.6 0.7-1.2 also have been associated with
this condition.

Blood urea nitrogen, mg/dL 10 5 6 7-22 Rhabdomyolysis also can

be observed in septic pa-

Potassium, mmol/L 4.0 4.4 43 3.6-4.8 tients without direct muscle

infection when the damage is

Sodium, mmol/L 139 139 140 137-145 caused by a toxin, associated

fever, dehydration, and rigors.

Chloride, mmol/L 104 109 105 98-107 E]ec[ro]yte disorders, such as

hyponatremia or hypernatre-

Bilirubin, mg/dL 2.0 1.6 1.4 0.2-1.3 mia, hypokalemia, and hypo_

_ phosphatemia can result in

Total protein, g/dL 7.0 5.7 6.7 6.3-8.2 thabdomyolysis, distorting the

, permeability and the functions

Albumin, g/dL 3.7 2.8 3.4 3.5-5.0

Other Causes

Cocaine is a common cause of rhabdomyol-
ysis, namely, in urban patient populations.
Prolonged vasoconstriction of intramuscu-
lar arteries may result in muscle ischemia
and acute rhabdomyolysis, but there also is
a direct toxic effect that can produce acute
skeletal myofibrillar degeneration.

A number of prescription drugs have
been implicated in cases of rhabdomyolysis,
including colchicine, zidovudine, isoniazid,
benzodiazepines, opiates, corticosteroids,
statins, and fibric acid derivatives. One par-
ticular interaction that is clinically signifi-
cant is the interaction between statins and
fibrates.’®

The pathogenesis of rhabdomyolysis pre-
cipitated by infections (whether bacterial,
viral, or fungal) is thought to be the result
of direct cell invasion of striated muscle
and cellular degeneration by the pathogen.
Substantial morbidity (57% of cases with
acute renal failure) and mortality (death in
almost 40% of cases) are linked to bacterial
causes of thabdomyolysis.

In adult patients, Legionella species most
often are associated with rthabdomyolysis.
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of sarcolemma in the muscles.
Some endocrine disorders (ie,
pheochromocytoma and thy-
rotoxicosis) also are able to potentiate rhab-
domyolysis due to hypermetabolism.

Prevention

A workout program should progress grad-
ually according to the individual’s current
level of fitness, whether it’s cardiovascular,
circuit training, or weight training. Fluid in-
take should be monitored, particularly when
the workout is long, intense, or hot and es-
pecially when the workout meets all 3 con-
ditions. Fluid replacement is important,
and for strenuous and longer training evo-
lutions, electrolyte replacement should be
considered. Hard exercise while maintain-
ing a low-calorie diet or after long fasting pe-
riods should be avoided. Sufficient caloric
and fluid intake to allow muscles to work ef-
ficiently during strenuous workout period is
needed. Recreational drugs, including alco-
hol should be limited before exercise, and il-
licit recreational or performance-enhancing
drugs should be avoided.

CONCLUSION
Acute exertional rhabdomyolysis is more
common in the lower extremities and in
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males. Extremely rigorous upper-
extremity training can result in

Upper-Extremity Rhabdomyolysis

TABLE 3 Case 3 Blood Laboratory Results

AER. The pres entation usually is Results Day 1 Day 2 Day 7 Reference Range
clear with an inciting event and
.. & . Creatine kinase, U/L 10,971 5,443 1,126 30-135

muscle pain in the extremity. Be-
sides 1dent1fy1ng aSSQCIated risk Aspartate aminotransferase, U/L 414 174 65 17-59
factors and performing a thor-
ough examination, the patient  apanine transaminase, U/L 66 63 55 21-72
should be examined for compart-
ment syndrome. Early diagnosis Creatinine, mg/dL 0.8 1.0 0.9 0.7-1.2
and comprehensive management
are crucial to ensure full recovery Blood urea nitrogen, mg/dL 12 9 12 7-22
and avoidance of complications,
such as acute tubular necrosis, Potassium, mmol/| 4.2 4.4 4.0 3.6-4.8
renal failure, cardiac arrhythmias
from hy'perkalemia, and death_ As Sodium, mmol/L 143 141 142 137-145
in most cases with early diagno- _
sis and aggressive management, Chloride, mmol/L 108 105 108 98-107
these patients fully recovered .
and experienced no sequelae at Total protein, g/dL 71 5.2 5.7 6.3-8.2
8 weeks postevent.

p Albumin, g/dL 4.2 2.9 3.4 3.5-5.0
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