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Timely diagnosis and treatment of rhabdomyolysis can save lives and limbs, as
well as preserve renal function. This article delineates causes and features of the
syndrome and summarizes evaluation and management considerations.

habdomyolysis is a clinical syndrome caused by
insults to myocytes and muscle membranes that
ead to the destruction of skeletal muscle and
release of muscle fiber contents into the bloodstream."*
The insults that may lead to rhabdomyolysis range from
direct muscle trauma—which is the most common
cause—to genetic causes (enzyme deficiencies), toxins
(including illicit drugs), infections, and endocrinologic
etiologies (eg, diabetic ketoacidosis, hyperosmolar non-
ketotic states, and hypothyroidism).? The most sensitive
indicator of rhabdomyolysis is an elevated serum cre-
atine kinase (CK) level. In the absence of brain or car-
diac issues, a CK concentration of 5,000 U/L or greater
(with 50 to 250 U/L considered the normal range) is
indicative of significant muscle injury.*
The clinical spectrum of rhabdomyolysis ranges
from mild illness with minimal elevation of serum CK
measurements to substantially elevated levels of muscle
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breakdown products with electrolyte imbalances, sub-
sequent renal failure secondary to myoglobinuria, and
the potential for disseminated intravascular coagu-
lation (DIC). Approximately 10% to 50% of patients
with rhabdomyolysis develop acute renal failure,” and
some reports indicate that rhabdomyolysis causes 5%
to 25% of cases of acute renal failure.”” There is a high
prevalence of rhabdomyolysis in patients with acute
traumatic injuries, and mortality in those patients with
severe injury who develop renal failure is around 20%.?

ETIOLOGY AND PATHOPHYSIOLOGY

Rhabdomyolysis has many etiologies, which can be
loosely separated into physical and nonphysical causes.
Physical causes are acquired, while nonphysical causes
are typically inherited; however, nonphysical causes
also include toxins, drugs, infections, and electrolyte
imbalances.* Some physical etiologies of rhabdomyoly-
sis that are seen in the emergency department include
exercise, prolonged immobilization, and trauma and
compression. Use of recreational drugs (eg, cocaine,
amphetamines, opiates, and other stimulants) is a no-
table nonphysical cause.” Lipid-lowering agents, espe-
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cially statins, also can induce rhabdomyolysis.'

Cocaine use and abuse deserves special mention
because it is both a physical and nonphysical cause
of rhabdomyolysis. Acute rhabdomyolysis is seen in
almost one-fourth of patients presenting to the emer-
gency department with cocaine-associated disorders.*!!
A mechanism by which cocaine is thought to produce
the syndrome is muscle ischemia resulting from its pro-
longed vasoconstrictive effect. Cocaine is also thought
to have a direct toxic effect on myofibrils. The physical
effects of cocaine can be caused by generalized tonic-
clonic seizures and compression of muscle tissue sub-
sequent to a seizure.'?

There are several purported mechanisms of renal
failure in rhabdomyolysis. In addition to the direct
toxic effects of myoglobin on the renal tubules, vaso-

Acute rhabdomyolysis is seen
in almost one-fourth of patients
presenting to the emergency
department with cocaine-
associated disorders.
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constriction due to a low-flow state caused by volume
depletion produces tubular obstruction and further
damage. Volume depletion may be due to a myriad of
factors, depending upon the clinical scenario. A cas-
cade of events ensues, including the production of renal
vasoconstrictors. This, along with a relative reduction
of the renal vasodilator nitric oxide (due to volume de-
pletion), ultimately leads to renal ischemia, and kidney
damage is further compounded.>"?

Physical Causes

Hyperthermic Syndromes—The hyperthermic syn-
dromes include exertional heat stroke, malignant hy-
perthermia, neuroleptic malignant syndrome (NMS),
and serotonin syndrome. (See “Case Studies in Toxi-
cology: Toxicologic Hyperthermia” in the November
2011 issue of Emergency Medicine [pp 13-16].) Exer-
tional heat stroke presents with muscle weakness, fever,
delirium, seizures, and coma. Sweating may or may not

occur. This syndrome is caused by activities that in-
crease heat production. The late sequelae of heat stroke
include hypotension, hypoglycemia, lactic acidosis, and
DIC, which may ultimately be followed by multiorgan
failure." Management of heat stroke entails removal of
specific inciting events to initiate cooling and reverse
the process, along with supportive care, which at times
may be intensive. Hypokalemia worsens rhabdomyoly-
sis and increases the risk of developing heat stroke.'
Malignant hyperthermia occurs most often in the set-
ting of general anesthesia but can be seen with expo-
sure to other nonanesthetic agents, including gasoline
vapors and certain decongestants.!>!® This syndrome
consists of skeletal muscle rigidity, fever, hemodynamic
collapse, hyperventilation, tachycardia, and cyanosis,
with rising end-expiratory carbon dioxide concentra-
tion and lactic acidosis.">'* Rhabdomyolysis second-
ary to NMS is caused by the production of heat from
muscle rigidity and tremor, both of which occur due to
central dopaminergic blockade.”” A mimic of NMS is
the serotonin syndrome. This syndrome features an al-
tered mental status and neuromuscular irritability with
autonomic instability,”! and it can be associated with
myoglobinuric renal failure.”> These syndromes can be
differentiated based on the history and the context in
which the syndrome has occurred, along with the ab-
sence of muscular rigidity in exertional heat stroke.”

Exercise—It has long been known that elevations of
CK can result from moderate exercise, with associ-
ated myoglobinemia and myoglobinuria.* In extreme
circumstances, as in the case of tremendous physical
exertion, muscle necrosis can occur, resulting in severe
rhabdomyolysis. This effect may be potentiated by high
ambient temperatures.” The purported mechanism is a
combination of direct muscle injury and thermal dam-
age. Medical conditions that can cause muscle dam-
age by this mechanism include status epilepticus and
myoclonus.?®

Lightning and Electrical Injury—Rhabdomyolysis fol-
lowing lightning strikes and electrical injuries is seen
in approximately 10% of patients that survive the ini-
tial injury.”” In this context, rhabdomyolysis presents
with a natural history similar to that associated with
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untreated crush injuries (ie, hypotension and circula-
tory shock, muscle swelling, and acute myoglobinuric
renal failure?®), and its extent is not associated with the
size of the wounds or the site of entry.?**

Nonphysical Causes

Electrolyte Abnormalities—Electrolyte abnormalities
are also associated with rhabdomyolysis. Hypokalemia,
hyponatremia, and hypophosphatemia are well-known
examples.® Rhabdomyolysis can result from excessive
use of diuretics or cathartic drugs, as well as from any
malady that produces significant electrolyte losses (eg,
persistent vomiting, as in hyperemesis gravidarum)
leading to depletion of total body potassium.***

Infectious—Infectious etiologies, such as influenza A
and B, Legionella, Streptococcus, and Salmonella, have
been noted as a potential cause of rhabdomyolysis. The
exact mechanism is unknown, but putative mechanisms
include damage caused by fever, invasion of muscle by
the organism,*® and toxin generation,® as well as the
effects of the treatment given for the infection. Affected
patients can present with local signs of infection with
muscle tenderness, erythema, and edema.**

RHABDOMYOLYSIS

The classic triad should not

be relied upon to diagnose
rhabdomyolysis, as these features
are seen in only 10% of patients
presenting with the condition.

FAST TRACK

Genetic—Inherited defects of muscle metabolism can
cause recurrent episodes of myoglobinuria, and these
episodes can be precipitated by exercise, infection, or
malnutrition. Combined defects have also been de-
scribed. These syndromes include mitochondrial cy-
topathies, fatty acid oxidation disorders, and idiopathic

recurrent myoglobinuria.*>’

Alcoholism—Alcohol is a direct membrane toxin
that increases permeability into and out of the cell.
Muscle biopsy findings in patients with chronic al-
coholism demonstrate elevations of sodium, calcium,
chloride, and water content, along with concomitant
decreases in potassium, magnesium, and phosphorus
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levels.*® Rhabdomyolysis can occur after an alcohol
binge or other such prolonged periods of alcohol
intake.

CLINICAL FEATURES

The clinical syndrome of rhabdomyolysis classically
presents with a triad of features: muscle aches and
pains, weakness, and tea-colored urine.” The finding
of reddish-brown urine typically associated with rhab-
domyolysis does not occur until serum myoglobin lev-
els reach 100 mg/dL.*° In one pediatric study, dark (ie,
tea-colored) urine was reported in less than 4% of cases

Grossly visible myoglobinuria does
not manifest until at least 100 g of
muscle is destroyed; thus, early
measurement of serum and urine
myoglobin is essential.
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of documented rhabdomyolysis.*! The muscle symp-
toms may be generalized or localized to specific muscle
groups. The most commonly affected groups are those
in the calves and the lower back.** In fact, due to the
localizing nature of rhabdomyolysis, clinicians may
mistakenly begin investigations into other etiologies of
calf and back pain, such as deep venous thrombosis,
pyelonephritis, and renal colic, respectively. Further-
more, about half of patients do not report any muscle
pain or weakness.*’ In addition to muscle swelling and
tenderness, there may be physical changes seen in the
skin (ie, pressure necrosis). The classic triad should not
be relied upon to diagnose rhabdomyolysis, as these
features are seen in only 10% of patients presenting
with the condition.*** Systemic symptoms and signs
of rhabdomyolysis include fever, malaise, nausea, and
vomiting. Patients may have clinical signs of dehydra-
tion and may be tachycardic.

LABORATORY EVALUATION

Laboratory investigation is important in the diagnosis of
rhabdomyolysis. Leukocytosis and myoglobinuria may
be seen in affected patients. Destruction of myocytes

leads to leakage of intracellular contents, including CK
and potassium, into the circulatory system. The most
sensitive marker for significant muscle injury is a CK
level five times above normal in the absence of cardiac
or brain injury.*> However, the rise in serum myoglobin
precedes the rise in CK. Grossly visible myoglobinuria
does not manifest until approximately 100 g or more of
muscle is destroyed*s; therefore, measurement of serum
and urine myoglobin is essential for the early diagnosis
of rhabdomyolysis. Urinalysis results will be positive for
hemoglobin, and yet no red blood cells will be found on
microscopic examination. Additional laboratory find-
ings in rhabdomyolysis include elevated serum potas-
sium concentrations (potassium levels may rise with
progression of the process), either hypocalcemia or
hypercalcemia, hyperphosphatemia, and elevated liver
enzyme levels (which occur in 25% of patients with
rhabdomyolysis).** Typically, through the course of the
process, serum potassium and phosphate levels increase
as myocytes are destroyed, and later decrease due to
excretion by the kidneys. The mechanism of severe
hyperkalemia is twofold. Hyperkalemia may be caused
by leakage from damaged myocytes as well as the re-
duction in glomerular filtration rate secondary to acute
renal failure. The acute rise in serum potassium may
potentiate cardiac arrhythmias and subsequent cardiac
arrest.* Calcium levels may initially decrease due to
cell membrane destruction and calcium intrusion into
cells, and then gradually increase due to reequilibra-
tion.” Later findings (occurring 12 to 72 hours after
the initial process) may include thrombocytopenia, el-
evated creatinine concentrations, and evidence of DIC.!

MANAGEMENT

Foremost in the treatment of this condition is resuscita-
tion of the patient. Airway, breathing, and circulation
must be promptly evaluated and the patient stabilized.
In addition, consideration must be given to the preser-
vation of renal function.”® Aggressive fluid replacement
is key in preserving renal function, and the greater the
delay in rehydration, the greater the possibility of renal
failure.**° There are no specific data on how much fluid
should be used in volume loading, but an initial 10- to
20-mL/kg IV bolus should be considered. This should
be repeated as needed. In all patients, the initial bolus
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should be followed by maintenance fluids to maintain
a urine output of 1 to 2 mL/kg/h. Forced diuresis initi-
ated within 6 hours of admission may reduce the risk
of acute renal failure.*!?

Mannitol has also been used to prevent renal damage.
However, there is minimal evidence of the superiority of
this agent over aggressive fluid resuscitation. Some stud-
ies have indicated that saline alone prevents progression
to renal failure, with no benefit at all from mannitol
and sodium bicarbonate.**%>2 Furthermore, mannitol
infusion has been associated with complications due to
hypernatremia, hyperosmolarity, and extracelluar fluid
shifts, especially in the brain.>* At large doses (especially
in patients who have not had adequate fluid replace-
ment), mannitol may actually worsen renal failure.”

Urinary alkalinization (achieving a urinary pH >6.5 by
the infusion of sodium bicarbonate alone or with saline)
theoretically reduces urinary cast formation in animal
models and prevents oxidative injury to the kidneys.*>*
Unfortunately, many of the same studies refuting man-
nitol as a reasonable treatment option have also failed
to demonstrate any benefit from urinary alkalinization
in the prevention of acute renal failure.”® However, al-
kalinizing the urine has not been shown to cause harm.
Caution should be exercised if urinary pH is above 7.5
or the initial urinary sodium bicarbonate level is above
30 mEq/L. Furthermore, sodium bicarbonate should be
administered only after the patient has undergone appro-
priate volume loading and demonstrated adequate urine
output (1 to 2 mL/kg/h).

If renal failure has developed, especially with the on-
set of severe acidosis and hyperkalemia, hemodialysis
may be required. Initially, daily hemodialysis or contin-
uous hemofiltration® may be necessary to remove the
byproducts of myocyte necrosis, allowing for correction
of fluid overload and the removal of solutes. It is criti-
cal to normalize potassium levels due to the potential
of early hyperkalemia to promote cardiac arrhythmias
and possibly cardiac arrest.

Since hypercalcemia occurs during recovery in ap-
proximately 25% of patients with renal failure result-
ing from rhabdomyolysis, it is imperative to avoid
the administration of calcium during the renal failure
phase, except for symptomatic hypocalcemia or severe
4,56

hyperkalemia.

RHABDOMYOLYSIS

CONCLUSION

Rhabdomyolysis can be a limb- and potentially life-
threatening condition that must be evaluated in patients
with a history of muscle injury. This muscle injury can
arise from numerous causes. Common findings include
muscle pain, tenderness, and weakness, along with a
darkening of urine color. In addition, laboratory testing
often reveals elevated serum CK levels, and urinaly-
sis demonstrates hemoglobin without evidence of red
blood cells. Aggressive fluid resuscitation is the standard
of care, with initial boluses to maintain hemodynamic
status and a urine output of 1 to 2 mL/kg/h. Sodium
bicarbonate and mannitol, although used traditionally,
have been shown to offer limited benefit. Hemodialysis
is necessary if renal failure has occurred. EM

REFERENCES

1.  Warren JD, Blumbergs PC, Thompson PD. Rhabdomyolysis: a review.
Muscle Nerve. 2002;25(3):332-347.

2. Slater MS, Mullins R]. Rhabdomyolysis and myoglobinuric renal failure in
trauma and surgical patients: a review. J Am Coll Surg. 1998;186(6):693-716.

3. Tonin P, Lewis P, Servidei S, DiMauro S. Metabolic causes of
myoglobinuria. Ann Neurol. 1990;27(2):181-185.

4. Huerta-Alardin AL, Varon J, Marik PE. Bench-to-bedside review:
Rhabdomyolysis--an overview for clinicians. Crit Care. 2005;9(2):158-169.

5. Bosch X, Poch E, Grau JM. Rhabdomyolysis and acute kidney injury. N Engl
J Med. 2009;361(1):62-72.

6. Grossman RA, Hamilton RW, Morse BM, et al. Nontraumatic rhabdomyolysis
and acute renal failure. N Engl ] Med. 1974;291(16):807-811.

7. Fernandez WG, Hung O, Bruno GR, et al. Factors predictive of acute renal
failure and need for hemodialysis among ED patients with rhabdomyolysis.
Am ] Emerg Med. 2005;23(1):1-7.

8. Mohaupt MG. Rhabdomyolysis [in German]. Ther Umsch. 2003;60(7):391-397.

9. Deighan CJ, Wong KM, McLaughlin K], Harden P. Rhabdomyolysis
and acute renal failure resulting from alcohol and drug abuse. QJM.
2000;93(1):29-33.

10. Chang JT, Staffa JA, Parks M, Green L. Rhabdomyolysis with HMG-
CoA reductase inhibitors and gemfibrozil combination therapy.
Pharmacoepidemiol Drug Saf. 2004;13(7):417-426.

11. Welch RD, Todd K, Krause GS. Incidence of cocaine-associated
rhabdomyolysis. Ann Emerg Med. 1991;20(2):154-157.

12. Crowe AV, Howse M, Bell GM, Henry JA. Substance abuse and the kidney.
QJM. 2000;93(3):147-152.

13. Zager RA. Rhabdomyolysis and myohemoglobinuric acute renal failure.
Kidney Int. 1996;49(2):314-326.

14. Hubbard RW. Heatstroke pathophysiology: the energy depletion model.
Med Sci Sports Exerc. 1990;22(1):19-28.

15. Loke J, MacLennan DH. Malignant hyperthermia and central core disease:
disorders of Ca2+ release channels. Am | Med. 1998;104(5):470-486.

16. Kasamatsu Y, Osada M, Ashida K, et al. Rhabdomyolysis after infection
and taking a cold medicine in a patient who was susceptible to malignant
hyperthermia. Intern Med. 1998;37(2):169-173.

17. Anetseder M, Hartung E, Klepper S, Reichmann H. Gasoline vapors induce

www.emedmag.com

JANUARY 2012 | EMERGENCY MEDICINE 15



RHABDOMYOLYSIS

severe rhabdomyolysis. Neurology. 1994;44(12):2393-2395. 37. Ng YT, Johnston HM. Clinical rhabdomyolysis. / Paediatr Child Health.
18. Rosenberg H, Davis M, James D, Pollock N, Stowell K. Malignant 2000;36(4):397-400.
hyperthermia. Orphanet ] Rare Dis. 2007;2:21. 38. Richards JR. Rhabdomyolysis and drugs of abuse. ] Emerg Med.
19. Britt BA. Malignant hyperthermia. In: Lane RJM, ed. Handbook of Muscle 2000;19(1):51-56.
Diseases. New York, NY: Marcel Dekker; 1996:451-457. 39. Al-Ismaili Z, Piccioni M, Zappitelli M. Rhabdomyolysis: pathogenesis of
20. Kornhuber J, Weller M. Neuroleptic malignant syndrome. Curr Opin renal injury and management. Pediatr Nephrol. 2011;26(10):1781-1788.
Neurol. 1994;7(4):353-357. 40. Akmal M, Massry SG. Reversible hepatic dysfunction associated with
21. Sun-Edelstein C, Tepper SJ, Shapiro RE. Drug-induced serotonin- thabdomyolysis. A ] Nephrol. 1990;10(1):49-52.
syndrome: a review. Expert Opin Drug Saf. 2008;7(5):587-596. 41. Mannix R, Tan ML, Wright R, Baskin M. Acute pediatric rhabdomyolysis:
22. Miller E, Friedman R, Tanenbaum J, Griffin A. Disseminated intravascular causes and rates of renal failure. Pediatrics. 2006;118(5):2119-2125.
coagulation and acute myoglobinuric renal failure: a consequence of the 42. Mann SC, Caroff SN, Fricchione GE, Campbell EC. Central dopamine
serotonergic syndrome. J Clin Psychopharmacol. 1991;11(4):277-279. hypoactivity and the pathogenesis of the neuroleptic malignant syndrome.
23. Knochel JP. Catastrophic medical events with exhaustive exercise: “white Psychiatr Ann. 2000;30(5):363-374.
collar rhabdomyolysis” Kidney Int. 1990;38(4):709-719. 43. Gabow PA, Kaechny WD, Kelleher SP. The spectrum of rhabdomyolysis.
24. Schiff H, MacSearraigh E, Kallmeyer J. Myoglobinuria, rhabdomyolysis and Medicine (Baltimore). 1982;61(3):141-152.
marathon running. Q J Med. 1978;47(188):463-472. 44. Marik PE. Rhabdomyolysis. In: Handbook of Evidence-Based Critical Care.
25. Schwaber MJ, Liss HP, Steiner I, Brezis M. Hazard of sauna after strenuous New York, NY: Springer; 2010:469-478.
exercise. Ann Intern Med. 1994;120(5):441-442. 45. Visweswaran P, Guntupalli J. Rhabdomyolysis. Crit Care Clin. 1999;
26. Poels P, Gabreéls F Rhabdomyolysis: a review of the literature. Clin Neurol 15(2):415-428.
Neurosurg. 1995;95(3):175-192. 46. David WS. Myoglobinuria. Neurol Clin. 2000;18(1):215-243.
27. Rosen C, Adler J, Rabban J, et al. Early predictors of myoglobinuria and acute 47. Knochel JP. Hypophosphatemia and rhabdomyolysis. Am | Med. 1992;
renal failure following electrical injury. J Emerg Med. 1999;17(5):783-789. 92(5):455-457.
28. Smith J, Greaves I. Crush injury and crush syndrome: a review. J Trauma. 48. Varon J. Practical Guide to the Care of the Critically Ill Patient: Practical
2003;54(5 suppl):$226-S230. Guide Series. St Louis, MO: Mosby; 1994:317-319.
29. Cockburn M, Namias, N. Complications of electrical injury. In: 49. Odeh M. The role of reperfusion-induced injury in the pathogenesis of the
Complications in Surgery and Trauma. Cohn SM, ed. Philadelphia, PA: crush syndrome. N Engl ] Med. 1991;324(20):1417-1422.
Lippincott-Raven; 1997:535-536. . . .
50. Zager RA. Combined mannitol and deferoxamine therapy for
30. Brumback R, Feeback D, Leech R. Rhabdomyolysis following electrical myohemoglobinuric renal injury and oxidant tubular stress. Mechanistic
injury. Semin Neurol. 1995;15(4):329-334. and therapeutic implications. ] Clin Invest. 1992; 90(3):711-719.
31. Shintani S, Shiigai T, Tsukagoshi H. Marked hypokalemic rhabdomyolysis 51. Conger JD. Interventions in clinical acute renal failure: what are the data?
with myoglobinuria due to diuretic treatment. Eur Neurol. 1991;31(6):396-398. Am J Kidney Dis. 1995;26(4):565-576.
32. Fukada Y, Ohta S, Mizuno K, Hoshi K. Rhabdomyolysis secondary to 52. Homsi E, Barreiro MF, Orlando JM, Higa EM. Prophylaxis of acute renal
hyperemesis gravidarum. Acta Obstet Gynecol Scand. 1999;78(1):71. failure in patients with rhabdomyolysis. Ren Fail. 1997;19(2):283-288.
33. Singh U, Scheld WM. Infectiou§ etiologies of rhabdomyolysis: three case 53. Slater MS, Mullins RJ. Rhabdomyolysis and myoglobinuric renal failure in
reports and review. Clin Infect Dis. 1996;22(4):642-649. trauma and surgical patients: a review. ] Am Coll Surg. 1998;186(6):693-
34. Armstrong JH. Tropical pyomyositis and myoglobinuria. Arch Intern Med. 716.
1978;138(7):1145-1146. 54. Moore KP, Holt SG, Patel RP, et al. A causative role for redox cycling
35. Karadimas CL, Greenstein P, Sue CM, et al. Recurrent myoglobinuria due to of myoglobin and its inhibition .byl alkalinization in the pathogenesis
a nonsense mutation in the COX I gene of mitochondrial DNA. Neurology. and treatment of rhabdomyolysis-induced renal failure. J Biol Chem.
2000;55(5):644-649. 273(48):31731-31737.
36. Brumback RA, Feeback DL, Leech RW. Rhabdomyolysis in childhood. A 55. Ronco C. Ext'racorporeal therapies in acute rhabdomyolysis and myoglobin
primer on normal muscle function and selected metabolic myopathies clearance. Crit Care. 2005;9(2):141-142
characterized by disordered energy production. Pediatr Clin North Am. 56. Bourke E, Delaney V. Assessment of hypocalcemia and hypercalcemia. Clin
1992;39(4):821-858. Lab Med. 1993;13(1):157-181.
Find us on —
IMERGENCY
Facebook
www.facebook.com/EMJournal
16 EMERGENCY MEDICINE | JANUARY 2012 www.emedmag.com



