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Rhabdomyolysis
• Clinical syndrome of muscle cell breakdown with the release of
intracellular components into the extracellular compartment and
circulation

• Rhabdo – myo – lysis
• Striated – muscle - breakdown

Rhabdomyolysis
• Clinical Manifestations and Pathophysiology

• Etiology

• Management

• Other considerations
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Clinical Manifestations
• Symptoms
• Typically present with myalgia's, weakness, dark urine
• Nausea, vomiting, abdominal pain
• Confusion in severe cases

• Depending on cause other findings likely

Clinical Manifestations
• Physical Exam
• Fever, tachycardia, hypotension
• Muscle tenderness
• Swelling or discoloration of skin, signs of trauma
• Altered mental status if severe
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Clinical Manifestations
• Laboratory and diagnostic testing
• Creating kinase (CK)
• Generally 5x upper limited of normal (ULN)

• Can correlate with the degree of injury but no prognostic value (5)
• Generally MM isoform (skeletal muscle), though small portion may be MB due to small
presence in skeletal muscle
• CK starts to rise 2-12 hours after injury, peaks 24-72 hours depending on extent of injury
• CK serum half life 1.5 days (typically declines 50% of previous days value.) Helpful in evaluating
continued injury or compartment syndrome (2)

Clinical Manifestations
• Laboratory and diagnostic testing
• Acute Kidney Injury
• Degree of CK elevation does not directly predict AKI, though some weak association(3)
• Occurs in 33-50% of patients with rhabdomyolysis (7)
• Main pathophysiological mechanisms of renal injury:
• renal vasoconstriction secondary to free radical formation and muscular vasoconstrictors
• intraluminal obstruction by myoglobin and cast formation
• direct myoglobin toxicity(4)
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Clinical Manifestations
• Laboratory and diagnostic testing
• AST and ALT
• LDH
• Elevated in hemolysis as well, though AST and ALT are not

• Myglobinuria
• heme containing protein, not significantly protein bound, rapidly excreted in
the urine (dark colored urine)
• Dipstick positive for blood and/or protein, but on microscopic few/no RBCs
• Granular Casts in the urine

Clinical Manifestations
• Laboratory and diagnostic testing
• Hyperkalemia, hyperuricemia and hyperphosphatemia
• From release of intracellular contents

• Decreased excretion in AKI

• Hypocalcaemia
• Deposition into damaged muscle

• Metabolic Acidosis
• Disseminated intravascular coagulation (DIC)
• In severe disease due to release of coagulation factors from damaged muscle

5

8/13/2021

Diagnosis
• Clinical diagnosis can confidently be made with constellation of
symptoms and lab values as described
• CK typically greater than 5 times the ULN and often > 5,000 international units/L
though no hard cut-off exists (6)
• EMG, MRI and muscle biopsy not required for diagnosis but can assist in
evaluation of diagnosis and cause
• Ex. Inflammatory myopathy

Differential Diagnosis
• Myocardial infarction
• Can see small elevations in cardiac troponins and CK-MB in rhabdomyolysis though fairly
specific to cardiac muscle (8)
• Rhabdomyolysis patients do not typically have chest pain or EKG with ischemic changes

• Hematuria and hemolysis with hemoglobinuria
• Various causes, can be confused myoglobinuria
• RBC’s not typically seen on urine micro in rhabdomyolysis
• CK also not typically elevated in hematuria or hemolysis

• Renal Colic and nephrolithiasis
• Back pain and findings similar to above that can be confused with
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Differential Diagnosis
• Venous thrombotic event (VTE)/Deep vein thrombosis (DVT)
• Ex. swollen painful legs

• Inflammatory myopathy, ex. Dermatomyositis
• Similar with myalgias, elevated CK and can have myoglobinuria
• Different with chronicity, usually proximal weakness occurring over weeks to months in addition
to other systemic symptoms
• EMG and biopsy can demonstrate changes of myositis (9)

• Immune mediated necrotizing myopathy
• Statins
• Discontinuation of statin does not improve symptoms, persistently elevated CK and require
immunosuppressive therapy to treat (10)

Etiology
• Muscle cell death caused by various events and pathways
• Typically involves the depletion of adenosine triphosphate (ATP) which is the
cells source of energy
• Results in mitochondrial dysfunction, reactive oxygen species and then skeletal
cell death (1)
• Typically occurs via
• Interruption in pathway to form (metabolic defect)
• Direct injury and rupture of the skeletal cells plasma membrane
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Etiology
• Generally divided into three categories:
• Traumatic
• Nontraumatic exertional
• Nontraumatic nonexertional

Note: Reprinted from “Causes of rhabdomyolysis” Miller, M (2019) UpToDate. Retrieved August 11th 2021, from https://www.uptodate.com/contents/causes-of-rhabdomyolysis
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Note: Reprinted from “Causes of rhabdomyolysis” Miller, M (2019) UpToDate. Retrieved August 11th 2021, from https://www.uptodate.com/contents/causes-of-rhabdomyolysis

Note: Reprinted from “Causes of rhabdomyolysis” Miller, M (2019) UpToDate. Retrieved August 11th 2021, from https://www.uptodate.com/contents/causes-ofrhabdomyolysis
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Etiology
• Cause often apparent simply from hx
• Study of 2371 hospitalized patients (12)
•
•
•
•
•

Trauma 26%
Immobilization 18%
Sepsis 10%
Vascular surgery 8%
Cardiac surgery 6%

• Another study of 475 patients (13)
• Exogenous toxins 46%
• Alcohol and illicit drugs 34%
• Medical drugs 11%

• Up to 60% of patients in these studies had multiple causes contributing
• Less than 10% of cases due to metabolic myopathy

Management
• Primary goals of treatment
• Treat underlying cause of rhabdomyolysis
• Usually favorable prognosis if able to identify and reverse cause (14)

• Prevent and treat AKI
• Correct volume depletion
• Prevent intratubular cast formation
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Management
• Volume replacement
• Prevention of AKI requires early and aggressive fluid resuscitation
• Enhance renal perfusion
• Minimizes ischemic injury
• Increase urine flow rate
• Limit intratubular cast formation by diluting the concentration of pigment in the tubules
• Wash out any casts that have formed or are partially obstructing
• Lower potassium levels in hyperkalemia by increasing urinary excretion (15)

Note: Reprinted from “A scientific look at rhabdo and why its not exclusive to crossfit” Larsen, ARetrieved August 11th 2021, from
https://www.google.com/url?sa=i&url=https%3A%2F%2Fbreakingmuscle.com%2Ffitness%2Fa-scientific-look-at-rhabdo-and-why-its-not-exclusive-tocrossfit&psig=AOvVaw1vMUeNCbfLapzGYUBzgGww&ust=1628860899929000&source=images&cd=vfe&ved=0CAsQjRxqFwoTCKjFse7Jq_ICFQAAAAAdAAAAABAJ
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Management
• Volume replacement for all patients with CK>5000
• Grade 1B recommendation
• Isotonic saline is the recommend fluid for resuscitation
• Based off studies of crush victims
• Limited studies using other chloride restricted solutions (LR, etc.) to compare (17)

• The optimal fluid resuscitation rate remains controversial though generally recommend
starting around 1-2L/hr (15)
• Important to evaluate and tailor treatment to each patient individually
• Large crush injuries with extensive muscle damage resulting in severe third spacing may require more
• Preexisting renal failure or patients with congestive heart failure may need to be more conservative

Management
• Aggressive volume resuscitation should continue until blood pressure
stabilizes and able to titrate to goal urine output of 200-300ml/hr
(18)
• Or other contraindication to aggressive volume replacement (volume
overload/pulmonary edema)
• Grade 2C based recommendation

• Fluid resuscitation should be continued until CK is <5000 unit/L and
continues to trend down
• Multiple studies have shown low incidence of AKI once CK <5000 (19)
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Management
• Alkalization of urine with bicarbonate
• Theoretically acidic urine can increase precipitation of myoglobin and cast
formation contributing to tubule obstruction (21)
• Despite suspected benefits of urine alkalization no clear data to support(22)
• Uncontrolled case series
• In addition to lack of evidence there are risk to urine alkalization
• Can promote calcium phosphate deposition
• Worsen hypocalcemia (resulting in seizures and arrhythmia)
• Maintaining urine pH above 6.5 is difficult in the setting of AKI

Management
• Bicarbonate infusion
• If given should only be considered in patients not hypocalcemic, with arterial
pH <7.5 and serum bicarb <30 mEq/L

• Arterial pH and serum calcium should be monitored closely
• Goal urine pH>6.5
• If urine pH does not rise above 6.5 after 3-4 hrs, develops hypocalcemia,
arterial pH >7.5, or serum bicarbonate >30 mEq/L, bicarbonate should be
discontinued (15)
• Grade 2C recommendation
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Management
• Mannitol
• In theory mannitol may be protective by causing a diuresis minimizing myoglobin
deposition and cast formation in addition to protecting from free radicals (23)

• Studies examining benefit of Bicarbonate + Mannitol have had mixed
results
• Some trends toward improved outcomes vs no statistically significant difference
(24)
• Cautious use as certain risks associated with mannitol
•
•
•
•

Volume depletion (free water lost)
Hypernatremia
Hyperosmolality
Additional increased risks in setting of AKI
• Hyperosmolality, volume expansion and hyponatremia (23)

Management
• No strong data to support loop diuretics (ex. furosemide) (20)
• Used for complications of rhabdomyolysis
• ex. after aggressive fluid resuscitation with volume overload

• Electrolytes should be closely monitored and temporized/corrected
as needed
• Hyperkalemia
• Can be expected even in the absence of AKI

• Hypocalcemia
• Typically not treated unless symptomatic
• Over aggressive treatment can cause calcium phosphate precipitation as
hyperphosphatemia is also common
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Management
• AKI
• Other than fluids, no unique treatment recommended besides standard
practice

• Dialysis
• No data to support the role of hemodialysis in treating rhabdomyolysis
• Used as necessary to treat complications of renal failure
• Hyperkalemia
• Acidosis
• Oliguria/Anuria with volume overload/respiratory complications
• Uremic complications

Other Considerations
• Compartment Syndrome
• When increased pressure in a closed anatomic space threatens the viability of
muscles and nerves

• May develop after fluid resuscitation with influx of extracellular fluid
• Compartment syndrome can also be a cause of rhabdomyoloysis
• More often in lower extremities, ex. tibia fractures.

• MRI may be considered to evaluate extent of injury
• Urgent Orthopedic consultation with evaluation for fasciotomy
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In conclusion…
• Rhabdomyolysis should be differentiated from alternative diagnoses
early and the underlying cause identified to prevent further worsening
• Early recognition is important so treatment can begin which has been
shown to reduce the risk of complications
• Volume expansion with isotonic saline is imperative to reducing risk of
AKI
• No clear evidence that bicarbonate and mannitol treatment are more
effective than isotonic saline, require further study to determine benefit.
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