
The dissolution or disintegration of striated muscle causing a clinical/biochemical 
syndrome resulting from the release of intracellular contents into the extracellular fluid and 
circulation.

The diagnosis of rhabdomyolysis rests on measurement of these released substances in 
either plasma or urine. The classic presentation includes symptoms of myalgias, 
weakness, red to brown urine due to myoglobinuria, and elevated serum muscle enzymes, 
such as creatine kinase (CK). The spectrum of disease severity ranges from an 
asymptomatic elevation of muscle enzymes to life-threatening electrolyte imbalances, 
acute renal failure, multiorgan failure and death.

Acute renal failure (ARF) is one of the most serious complications of rhabdomyolysis & the 
presence of ARF is associated with multisystem organ failure and a higher mortality rate.

Principles of Disease.

Recall function & physiology of skeletal muscle (sarcolemma, sarcoplasmic reticulum, Na-
K ATPase, calcium fluxing [calcium-induced Ca2+ release] etc).

Myoglobin is the major heme protein supplying oxygen to skeletal and cardiac muscle.
• Under normal circumstances, plasma myoglobin is bound to haptoglobin and the 

concentration is low.
• When >100g of skeletal muscle is damaged, serum haptoglobin-binding capacity 

is exceeded, and “free” myoglobin is filtered by  the glomerulus, producing the 
classic  dark-colored urine of rhabdomyolysis.

• When myoglobin precipitates in the glomerular filtrate, it causes renal tubular 
obstruction and ARF.

Pathophysiology.

The final common pathway involves damage to the sarcolemma resulting in;
• A rise in the intracellular calcium
• Liberation of intracellular contents [myoglobin, AST, LDH, CK, potassium, uric 

acid, and phosphorus].

Direct cellular membrane damage (e.g., crush injury) or ATP depletion results in loss of the 
ionic gradients created by the sodium-potassium pumps and the sodium-calcium channels. 

• Membrane damage from direct trauma makes the sarcolemma more permeable to 
calcium, which follows the electrochemical gradient and travels into the cell. 

• This causes extracellular hypocalcemia and intracellular hypercalacemia.

In atraumatic rhabdomyolysis, lack of adequate ATP causes membrane ion pump 
dysfunction, which also results in excess intracellular calcium accumulation.

• ATP depletion may result from an imbalance in energy  (supply vs demand) [eg. 
prolonged or vigorous exercise]

• Defect in energy use [McArdle's Syndrome].

RHABDOMYOLYSIS



Once myocyte destruction begins, myoglobin is released and excess is filtered by the 
kidneys.

• Excess myoglobin, when coupled with hypovolemia and acidosis, can precipitate 
and block renal tubular flow.

• Tubular obstruction is part of the pathology;
• Myoglobin may be toxic to tubules
• There may be secondary  toxic injury from dissociative by-products of the 

myoglobin itself.

Acute intrinsic renal failure (AIRF) is defined as a decrease in the glomerular filtration rate 
caused by a toxic or ischemic event that is not reversed on discontinuation of the insult. 

Compartment syndrome may be a cause or a complication of rhabdomyolysis. Once 
established, compartment syndrome tends to be self-sustaining because; 

1. Capillaries become occluded as a result of the increased pressure
2. venous pressure increases, further decreasing perfusion pressure 
3. arteriolar vasospasm leads to tissue ischemia, swelling, and edema.

In 2-4 hours, ischemic skeletal muscle may develop functional deficits, which may become 
irreversible after 10 hours. Within 30 minutes of ischemia, nerve tissue exhibits reversible 
deficits that may become permanent after 12-24 hours of ischemia.

Aetiology.

In addition to trauma and compression, exercise, alcohol, drugs, infections, and seizures 
are the leading causes of rhabdomyolysis. Generally, the aetiology is multifactorial.
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may result from a mismatch between energy supply and 
demand (e.g., vigorous or prolonged exercise) or a defect in 
energy use (e.g., McArdle’s syndrome or absence of muscle 
phosphorylase).11

Once destruction of the myocyte begins, myoglobin is 
released. As the levels of free plasma myoglobin increase, 
excess myoglobin is filtered by the kidneys and enters the 
urine.18 Excess myoglobin, when coupled with hypovolemia 
and acidosis, can precipitate and block renal tubular flow.6,19,20 
Although universally present, tubular obstruction may not be 
the primary event in the development of acute intrinsic renal 
failure (AIRF) associated with rhabdomyolysis. Interestingly, 
myoglobin infusions in normovolemic rabbits with a urine pH 
above 6 have no deleterious effect on kidney function.20 Other 
studies have demonstrated that myoglobin dissociates into its 
two components—globin and ferrihemate—at pH values of 5.6 
or less.20 Since infusions of the globin component have no 
effect on renal function even in the presence of hypovolemia 
and acidic urine, ferrihemate may be the toxic subunit of 
myoglobin.21 Myoglobin may also be directly toxic to the renal 
tubular cells.9,20,22 The most common cause of rhabdomyolysis-
induced ARF is AIRF, which is defined as a decrease in the 
glomerular filtration rate caused by a toxic or ischemic event 
that is not reversed on discontinuation of the insult. AIRF  
is invariably associated with some degree of tubular injury  
and has a characteristic urine profile of low specific gravity  
(≈ 1.010), brown casts, and a fractional excretion of sodium 
greater than 1% (Box 125-1).

Compartment syndrome may be a cause or a complication 
of rhabdomyolysis. A compartment syndrome exists when the 
circulation to tissues within a closed space is compromised by 
increased pressure within that space.23,24 The excessive pres-
sure may occur as a result of a decrease in the size of the 
compartment, an increase in the size of the contents of  
the compartment, or a combination of both. Once established, 
compartment syndrome tends to be self-sustaining because (1) 
capillaries become occluded as a result of the increased pres-
sure; (2) venous pressure increases, further decreasing perfu-
sion pressure; and (3) arteriolar vasospasm leads to tissue 
ischemia, swelling, and edema. The swelling and edema cause 
an increase in the compartmental pressure and the cycle  
continues. In 2 to 4 hours, ischemic skeletal muscle may 
develop functional deficits, which may become irreversible 
after 10 hours.23 Within 30 minutes of ischemia, nerve tissue 
exhibits reversible deficits that may become permanent after 
12 to 24 hours of ischemia.24

Figure 125-1. Normal membrane ionic pump function of skeletal muscle 
cell. When this function is ineffective, calcium stores will increase in the 
cell, which may initiate a series of outputs leading to cellular injury.  
SR, sarcoplasmic reticulum. (Redrawn from Blaustein MP: Sodium ions, 
calcium ions, blood pressure regulation, and hypertension: A 
reassessment and a hypothesis. Am J Physiol 232:C165, 1977.)
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muscle. Myoglobin has a higher affinity than hemoglobin for 
oxygen and thus facilitates an influx of oxygen into muscle 
cells.11 Under normal circumstances, plasma myoglobin is 
bound to haptoglobin and the concentration is low. However, 
if greater than 100 g of skeletal muscle is damaged, serum 
haptoglobin-binding capacity is exceeded, and “free” myoglo-
bin is filtered by the glomerulus, producing the classic  
dark-colored urine of rhabdomyolysis.12 When myoglobin pre-
cipitates in the glomerular filtrate, it causes renal tubular 
obstruction and ARF.

Skeletal muscle cytoplasm contains proteases and other pro-
teolytic enzymes, which decompose myofibrillar proteins for 
recycling. The activity level of these enzymes depends on 
intracellular calcium levels. In the cell’s normal physiologic 
state, these enzymes have low activity; however, with signifi-
cant elevations of intracellular calcium, these proteolytic 
enzymes are maximally disinhibited and become destructive 
to the cell.13

Pathophysiology

Despite the large number of diverse diseases leading to rhab-
domyolysis, the final common pathway of injury involves 
damage to the sarcolemma, resulting in a rise in the intracel-
lular calcium and the liberation of intracellular contents, such 
as myoglobin, aldolase, aspartate transaminase, lactate dehy-
drogenase, CK, potassium, uric acid, and phosphorus.14 Excess 
intracellular calcium causes a pathologic interaction between 
myosin and actin, and activates intracellular proteases, phos-
pholipases, and other proteolytic enzymes, resulting in further 
cell damage and destruction11,15

Direct cellular membrane damage (e.g., crush injury) or 
ATP depletion results in loss of the ionic gradients created  
by the sodium-potassium pumps and the sodium-calcium 
channels. Membrane damage from direct trauma makes the 
sarcolemma more permeable to calcium, which follows the 
electrochemical gradient and travels into the cell.13,16 This 
causes extracellular hypocalcemia and intracellular hypercal-
cemia.17 In atraumatic rhabdomyolysis, lack of adequate ATP 
causes membrane ion pump dysfunction, which also results in 
excess intracellular calcium accumulation.11,13 ATP depletion 

Odorless urine
Specific gravity <1.015
Urine sediment: “dirty” brown, granular casts
Urine osmolarity <350 mOsm/L
U/P osmolarity ratio <1.1
Urine sodium >20–40 mEq/L
U/P urea <4
U/P creatinine <20
Renal failure index: UNa > 1–2
Fractional excretion of filtered sodium >1–20%
Free water clearance: rising to >15 mL/hr

BOX 125-1 DIAGNOSTIC PARAMETERS IN ACUTE RENAL FAILURE 
AND ACUTE INTRINSIC RENAL FAILURE

U/P, urinary to plasma.
Modified from McGoldrick MD: Diagnosis and management of acute renal 

failure: Part I. Cardiovasc Rev Rep 5:1031, 1984.
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Exertion

Rhabdomyolysis can result from prolonged or strenuous exer-
cise and is seen in both trained and untrained athletes.37-39 
Eccentric exercise (work done by a muscle during lengthen-
ing) is more damaging to muscle fibers, as evidenced by higher 
CK levels, than concentric exercise (work done by a muscle 
during shortening).14 Hot conditions contribute to the inci-
dence of exertional rhabdomyolysis because of increased 
dehydration and increased activity of heat-sensitive degrada-
tive enzymes.39,40 Hypokalemia increases the risk of exertional 
rhabdomyolysis, since hypokalemia limits vasodilation and 
perfusion of the muscle microvasculature.41 With prolonged 
exercise, the sarcolemmic ion pumps may also fail because of 
a depletion of cellular energy sources, specifically ATP.11 The 
failure of these pumps leads to elevated intracellular calcium 
and subsequently rhabdomyolysis, which, coupled with dehy-
dration and acidosis from lactic acid production, can cause 
ARF.13,39,42 Exertional rhabdomyolysis is not always the result 
of voluntary muscle exertion, since the same pathophysiology 
is seen in patients with status epilepticus, myoclonus, dysto-
nia, chorea, tetanus, psychotic agitation, and mania.11,43-45

Electrical Current

Rhabdomyolysis occurs in approximately 10% of patients who 
initially survive a high-voltage electrical injury or lightning 
strike.18 Note that the severity of rhabdomyolysis is not related 
to the size of the wound or the site of entry.18 Rhabdomyolysis 
from electrical current appears to be a result of both the heat 
generated by the electrical current and the direct effects of the 
current on the sarcolemma (electroporation).46

Heat and Cold Injury

Multiple disorders can raise the core body temperature and 
result in sarcolemma disruption. Neuroleptic malignant  
syndrome (fever in patients treated with phenothiazines  
or haloperidol), malignant hyperthermia (rapid rise in body 
temperature after anesthesia with halogenated hydrocarbons 
or succinylcholine), and both classic and exertional heatstroke47 
are some of the most common causes.19,48,49 In hyperpyrexic 
syndromes, cellular energy demands outstrip available energy 
supplies, causing membrane dysfunction and cellular 
injury.50

Hypothermia may also cause rhabdomyolysis, most likely 
through cold-induced ischemia and direct injury to compo-
nents of the sarcolemma, which cannot maintain structural 
integrity below certain temperature levels.51

Drugs and Toxins

Drugs in almost every class of medication have been impli-
cated as a cause of rhabdomyolysis.11 Common offenders 
include ethanol, cocaine and other licit and illicit drugs, lipid-
lowering agents, carbon monoxide, and biologic toxins.

Ethanol. Ethanol is directly toxic to the skeletal muscle cell 
membrane, and this toxicity appears to be potentiated by star-
vation.13 For this reason, ethanol-induced rhabdomyolysis is 
often seen in patients who are “binge drinkers.” Electrolyte 
abnormalities also play a role, since chronic alcohol abusers 
often have hypokalemia, hypophosphatemia, and hypomagne-
semia.19 These deficiencies, coupled with ethanol’s direct 
sarcolemmic toxic effects, make the ethanol abuser more sus-
ceptible to rhabdomyolysis.13

Ethanol is also a sedative-hypnotic, which can induce  
obtundation and lead to immobilization of a body part with 

Metabolic myopathies
Drugs and toxins
Trauma and compression
Infections
Exertion
Electrolyte abnormalities
Electrical current
Hypoxia
Hyperthermia
Idiopathic

BOX 125-2 GENERAL CAUSES OF RHABDOMYOLYSIS

Etiology

The relationship between traumatic muscle injury and kidney 
failure has been reviewed extensively over the past 60 years. 
In the mid-1970s the first references were made to nontrau-
matic rhabdomyolysis.25,26 Since then, the number of known 
causes for this syndrome has greatly increased. In addition to 
trauma and compression, exercise, alcohol, drugs, infections, 
and seizures are the leading causes of rhabdomyolysis.13 In 
many cases, the etiology is multifactorial (Box 125-2).

Metabolic Myopathies

Certain genetic defects do not allow appropriate use of  
carbohydrates or lipids as energy substrates, resulting in ATP 
depletion. These disorders include defects in glycolysis or 
glycogenolysis, defects of fatty acid oxidation, and dysfunction 
of cellular mitochondria. Each entity can cause recurrent 
attacks of reversible rhabdomyolysis or progressive weakness.11 
These enzyme defects are found in 23 to 47% of adult patients 
with rhabdomyolysis.27,28 A genetic defect should be consid-
ered, particularly in a child who has no other apparent risk 
factors but has recurrent episodes of rhabdomyolysis, exercise 
intolerance, and muscle cramps. A genetic myopathy may be 
confirmed by a muscle biopsy.

Trauma and Compression

Most information regarding rhabdomyolysis from trauma  
and compression has been obtained from mass-casualty inci-
dents,29-31 such as traffic accidents and building collapses fol-
lowing earthquakes. In fact, crush-induced rhabdomyolysis is 
the most frequent cause of death after earthquakes, apart from 
trauma.32 Thus, rhabdomyolysis should be expected in victims 
of crush injury. Direct mechanical injury to the sarcolemma 
disrupts its homeostatic functions.16 Sodium and calcium travel 
down their concentration gradients into the intracellular fluid, 
resulting in an abrupt rise in the intracellular calcium and an 
influx of water.11 The elevated calcium then activates enzymes 
destructive to the cell and sarcolemma, and the water influx 
contributes to intravascular volume depletion.13,16,33

In addition to overt trauma, immobilization in one position 
due to coma or altered mental status may lead to compression-
induced traumatic rhabdomyolysis. It can be seen in surgical 
patients due to improper operative positioning (e.g., lithot-
omy) during a long procedure, as well.11,34 Recently, there has 
been a rise in documented cases of rhabdomyolysis following 
bariatric surgery.35 Identified risk factors include prolonged 
surgery (>4 hours), presence of diabetes, and body mass index 
(BMI) greater than 40.36



Metabolic Myopathies.
• Specific genetic disorders do not allow for appropriate use of CHO & lipids as 

energy substrate, resulting in ATP depletion. 
• Can result in recurrent & reversible episodes of rhabdomyolysis or progressive 

weakness.
• Should be considered when no obvious precipitate can be found; or with 

significant muscle cramps or exercise intolerance.

Trauma & Compression.
• Most frequent cause of death following earthquakes (other than direct trauma 

itself).
• Direct mechanical trauma disrupts sarcolemma homeostasis.

• Abrupt rise in intracellular calcium activates enzymes that are destructive to 
the cell and sarcolemma.

• Water influx (following concentration gradient) contributes to intravascular 
volume depletion.

Exertion.
• Results from prolonged or strenuous exercise and is seen in both trained and 

untrained athletes.
• Hot conditions contribute to the incidence because of increased dehydration and 

increased activity of heat-sensitive degradative enzymes.
• Compounded by hypokalaemia. (limits vasodilatation)
• Associated with other conditions including status epilepticus, myoclonus, dystonia, 

chorea, tetanus, psychotic agitation, and mania. 

Electrical Current.
• Occurs in ~10% of patients who initially survive a high-voltage electrical injury or 

lightning strike.
• Severity of rhabdomyolysis is not related to the size of the wound or the site of 

entry.
• A result of both the heat & current.

Heat & Cold Injury.
• Sarcolemma disruption as a result of elevated core body temperature.
• Occurs with NMS, malignant hyperthermia & classic/exertional heatstroke. 
• Elevated cellular energy demands outstrip energy supply leading to membrane 

dysfunction and cellular injury.
• Hypothermia can cause rhabdomyolysis by cold-induced injury & direct trauma.

Drugs & Toxins.
• Almost any class of drug can result in rhabdomyolysis.
• Common offenders include ethanol, cocaine (& other illicit drugs), lipid-lowering 

agents, carbon monoxide and biologic toxins.
• Ethanol:

• Directly toxic to skeletal muscle tissue.
• Compounded by electrolyte disturbance & direct cell injury that occurs as a 

result of CNS depression/obtundation.
• Cocaine:

• Several proposed mechanism including cocaine-induced vasospasm, 
excessive energy demands & direct toxic effects.



• Generally, the severity of the rhabdomyolysis mirrors the severity of the 
intoxication.

• IV is worse than inhalational route.
• Other illicit drugs:

• Generally occurs due to agitation & delirium with associated excessive muscle 
contraction.

• Lipid-lowering Agents.
• HMG-CoA reductase inhibitors are the main culprit. (the Statins)
• Mechanism is unclear.
• Patients with preexisting renal dysfunction, hypothyroidism & inflammatory 

myopathies may be at greater risk.
• Again, compounded by dehydration and hypokalaemia.

• Carbon Monoxide.
• Pathophysiology is unknown, but hypoxia, muscle compression from coma, 

and direct myocyte toxic effects may play a role.
• Biological Toxins.

• Snake envenomation (myotoxins) cause rhabdomyolysis via direct myocyte 
injury (particularly the brown & tiger snakes of Australia)

• Mushroom poisoning can result in rhabdomyolysis also.

Infections.
• Bacterial, viral, and parasitic infections have been associated with 

rhabdomyolysis.
• Viruses associated include influenza, coxsackie, parainfluenza, adenovirus, 

HSV, EBV, CMV & HIV.
• Typically there is a viral illness 1-2 weeks prior to myalgias & 

myoglobinuria.
• Bacteria cause muscle damage via multiple mechanisms including direct 

muscle infection (pyomyositis), exotoxins and cytokines.
• Of parasitic infections, falciparum malaria is the most notorious cause.

Electrolyte Abnormalities.
• A variety of electrolyte abnormalities particularly hypophosphataemia & 

hypokalaemia have been linked with rhabdomyolysis.
• Low phos likely results in low ATP levels.
• Potassium is a vasodilator and low K likely reduces flow in microcirculation.

• Other associated electrolyte disturbances include hypocalcaemia as well as hyper 
& hyponatraemia.

Hypoxia & Ischaemia.
• Intravascular injury  or obstruction, hypotension & external compression of the 

blood supply to a muscle may all cause tissue hypoxia and subsequent 
rhabdomyolysis.

• When reperfusion occurs extruded intracellular contents are released into 
circulation (this includes myoglobin).

• Vascular thrombosis can also occur with sickle cell disease. 



Clinical Features.

Classic presentation involves muscles pain, weakness & tea-colored urine.
• Myalgias can be focal or generalized.

History.
• Can be incredibly unhelpful.
• Thorough exposure/environmental/toxicology and medication Hx are all required.

Physical Examination.
• Muscles weakness & tenderness on palpation.

• Sensory & motor deficits will not follow a peripheral nerve distribution.
• Respiratory failure can occur with diaphragmatic involvement.
• Assess for volume status & degree of dehydration
• Assess for possible compartment syndromes.

Diagnostic Strategies.
• Myoglobin;

• Serum myoglobin is an insensitive marker for rhabdomyolysis
• Can be completely cleared from plasma in 6 hours following injury.

• Urinary myoglobin is very similar and is also insensitive.
• Can be absent in late presentations.

• Urinalysis will demonstrate dark urine which is positive for blood.
• Few to no RBCs on microscopy however.

• Creatinine Kinase.
• Much more sensitive than myoglobin.

• Easily measured
• Levels climb quickly after muscle injury
• Half life of 1.5 days ensures few false negatives.

• Whilst no actual CK level is deemed diagnostic of rhabdomyolysis
• Levels 5x normal suggest the pathology
• > 16,000 are predictive of ARF.

• Patients can still have severe pathology with only modest CK levels.
• Other tests;

• Full electrolyte screen:
• Potassium, phosphate, calcium & uric acid.
• Most common electrolyte abnormality is hypocalcemia

• occurs early
• exacerbated by hyperphosphatemia. 

• Coagulation profile:
• DIC is common.
• Thrombocytopenia, prolonged PT, hypofibrinogenemia and elevated 

D-dimer.
• Elevated AST, ALT & LDH are also associated (from skeletal muscle & not 

liver injury)



Differential Diagnoses.

Complications.

Early (within 24 hours)
• Electrolyte disturbances
• Hepatic dysfunction (occurs in 25%)

Later (24-48 hours)
• DIC
• Renal failure

Compartment syndrome can occur early (usually  from traumatic injury itself) or late 
(example after copious IV fluids).

Management.

• Resuscitation and stabilization.
• Identify & treat underlying cause
• Avoidance and management of complications.

Saline infusion.
• The mainstay of therapy often requiring large volumes.

• Delays in fluid administration is associated with development of ARF and 
oliguria.

• Fluid is sequestered in necrotic muscle and contributes to intravascular 
hypovolemia and prerenal renal failure. 

• Target a urine output of 200-300mL/hour.

Mannitol.
• Though to have benefit as a volume expander and osmotic diuretic.
• Controversial with little supportive evidence.

Urine Alkalinisation.
• Myoglobin precipitation is enhanced in acidic conditions
• Urine alkalinization theoretically  facilitates renal myoglobin clearance by 

increasing its solubility
• Goal is to keep urine pH > 6.5

• Typically be adding bicarbonate to IV fluids
• Bicarbonate can result in hypernatraemia & can precipitate fluid overload.

• Evidence is not supportive of its use.
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and 1,25-dihydroxycholecalciferol levels are increased during 
the recovery period.13 The combination of elevated serum 
phosphate and calcium may result in precipitation of calcium 
phosphate in soft tissue, blood vessels, and eyes.11

Hyperuricemia results from the release of purines from 
damaged muscles. Hyperuricemia is more likely to occur in 
well-trained athletes with exertional rhabdomyolysis due to 
their increased muscle mass. Hypoalbuminemia may result  
from leakage of protein from injured vessels coupled with 
proteinuria.

Many patients with acute rhabdomyolysis demonstrate  
evidence of disseminated intravascular coagulopathy as a  
late complication. Thrombocytopenia, hypofibrinogenemia, 
and an elevated D-dimer with prolongation of prothrombin 
time may be seen. The coagulopathy is a result of muscle 
necrosis and liberation of activating substances (e.g., thrombo-
plastin) from injured cells.

Some patients may have elevated levels of aspartate trans-
aminase, alanine transaminase, and lactate dehydrogenase due 
primarily to muscle necrosis and less to hepatic injury from 
proteases released from injured muscle.101

! DIFFERENTIAL CONSIDERATIONS

Pigmenturia has a variety of causes (Box 125-3). Hematuria 
can be distinguished from myoglobinuria through microscopic 
identification of RBCs in the urine with hematuria. Note that 
hematuria can be present with rhabdomyolysis if there is con-
comitant renal trauma. Similar to myoglobinura, hemoglobin-
uria demonstrates a positive dipstick test for blood but no, or 
few, RBCs on microscopic analysis. With hemoglobinuria, 
however, the plasma appears discolored as brown or red.19 
Pigmenturia can be associated with acute intermittent por-
phyria, as well, although these patients generally have a very 
different clinical presentation, and their urine contains por-
phobilinogen.11 Bilirubin, a degradation product of heme, also 
causes pigmenturia when present in the urine. In this case, the 
urine tests positive for urobilinogen. Pigmenturia can also be 
a direct effect from certain drugs or foods, though the urine 
should test negative for blood, and the microscopic evaluation 
should demonstrate no RBCs.

In crush injury, the motor weakness and possible paralysis 
may mimic spinal injury.102 All trauma patients must be treated 
with spinal precautions, and laboratory-proven rhabdomyolysis 
does not rule out concurrent spinal injury. With rhabdomyoly-
sis, however, motor function often improves as the disease is 
treated.

Myocardial infarction must be considered in patients with 
an elevated CK level and pain, especially if the pain is local-
ized to the chest. Measuring serum troponin, obtaining an 
electrocardiogram, and eliciting a history of ischemic chest 
pain help discern a cardiac cause of the CK elevation.

! COMPLICATIONS

Complications of rhabdomyolysis may be categorized as  
early, if they occur within the first 24 hours after injury. Such 
early complications of rhabdomyolysis include electrolyte 
abnormalities, such as hyperkalemia, hypocalcemia or  
hypercalcemia, hyperphosphatemia, and hyperuricemia. The 
hyperkalemia may lead to cardiac arrhythmia and death. 
Hepatic dysfunction, another early complication, manifests as 
elevation in liver enzymes and occurs in 25% of patients. Pro-
teases released from injured muscle are implicated in the 
hepatic inflammation.101 Renal failure and disseminated intra-
vascular coagulopathy are later complications, more commonly 
developing after 24 to 48 hours. In contrast, compartment 
syndrome, usually developing in muscles whose expansion is 
restricted by tight fascia, such as the tibialis anterior, may be 
an early or late complication of fluid resuscitation with worsen-
ing edema.

! MANAGEMENT

After initial stabilization and resuscitation, the primary objec-
tive in managing rhabdomyolysis should be to identify and 
treat the underlying cause and to mitigate the associated  
complications: electrolyte derangements, renal failure, coagu-
lopathy, and compartment syndrome.

Saline Infusion

The mainstay of therapy for rhabdomyolysis is the administra-
tion of large volumes of saline very early in the course of the 
disease. Fluid is sequestered in necrotic muscle and contrib-
utes to intravascular hypovolemia and prerenal renal failure. 
In patients with trauma or compression, saline resuscitation 
should begin in the field.103 Delays in initiating rehydration 
increase the risk of oliguric and anuric renal failure.104 In 
one study, no patients who underwent aggressive saline  
rehydration within the first 6 hours of admission developed 
ARF.13,105

Initial resuscitation should be undertaken with normal 
saline. Potassium-containing fluids should be avoided due to 
the risk of rhabdomyolysis-associated hyperkalemia. High-
volume infusions should be started as soon as possible and 
infusion rates titrated for a urine output of 200 to 300 mL/hr.18 
Patients may require up to 20 L of fluid in the first 24 hours 
to achieve adequate urine flow rates. Ideally, the amount  
of fluid to be administered should be determined on the  
basis of the clinical course or central venous pressure 
measurements.106

Mannitol

Mannitol use is somewhat controversial in the treatment of 
rhabdomyolysis, since its use is mostly supported by animal 
studies and retrospective clinical studies.107,108 In one study, 
mannitol did not confer any benefit compared with normal 
saline alone.109 Mannitol is an osmotic diuretic, an intravascular 
volume expander, a renal vasodilator, and possibly a free 
radical scavenger. As a diuretic, mannitol increases urine flow, 
which may help prevent obstruction from myoglobin casts. 
Renal vasodilation increases renal blood flow and GFR, and 

Hemoglobinuria
Hemolysis
Hematuria
Renal causes
Trauma
Acute Intermittent Porphyria
Bilirubinuria
Food
Beets
Drugs
Vitamin B12

Rifampin
Phenytoin
Laxatives

BOX 125-3 DIFFERENTIAL DIAGNOSIS OF PIGMENTURIA



General Measures.

Hyperkalemia 
• potentially life-threatening complication of rhabdomyolysis and must be treated
• intravenous calcium may be ineffective as a treatment for hyperkalemia if given to 

the patient with hyperphosphataemia.
• Hyperkalaemia can be treated with alternate means; insulin/dex, resins, 

bicarbonate

Correction of the initial hypocalcaemia can exacerbate the delayed hypercalcaemic 
response.

• Better to withhold calcium in the asymptomatic hypocalcaemic patient

Symptomatic hypercalcaemia can be usually treated with volume expansion & diuresis.

DIC.
• Treat precipitant
• Targeted reversal of coagulopathy (platelets, FFP, fibrinogen)

Compartment Syndrome.
• Fasciotomy should be strongly considered if compartment pressure exceed 30-35 

mmHg.

Disposition.

There is no good data on standardizing the approach to rhabdomyolysis.
Most patients require admission to hospital and monitoring for complications.   


