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The first case of the crush syndrome, which consti-
tutes one of the main causes of rhabdomyolysis, was re-
ported in Sicily in 1908, after an earthquake1,2. In 1930, 
in the Baltic area, an epidemic of myoglobinuria was 
observed due to consumption of contaminated fish. In-
terest in rhabdomyolysis and crash syndrome was stimu-
lated during the World War II particularly after the 
bombing in London, where the victims  developed acute 
renal failure and myoglobinuria1.

Rhabdomyolysis is a rupture (lysis) of skeletal mus-
cles due to drugs, toxins, inherited disorders, infections, 
trauma and compression3. Lysis of muscle cells releases 
toxic intracellular components in the systemic circula-
tion which leads to electrolyte disturbances, hypovole-
mia, metabolic acidocis, coagulation defects and acute 
renal failure due to myoglobin4.

The skeletal muscle consists of cylindrical myofi-
brils, which contain variant structural and contraction 
proteins. Actin and myosin, arranged in thin and thick 
filaments respectively, form the repeated functional 
units of contraction, the sarcomeres5. The sarcoplasmic 
reticulum constitutes an important cellular calcium stor-
age. It is structurally connected to the t-tubules, that 
are formed by invaginations of the muscle cell plasma 
membrane, the sarcelemma, around every fibril (Figure 
1). After the sarcelemma depolarization, the stimulation 
arrives, through the t-tubules junctions, at the sarcoplas-
mic reticulum, inducing the calcium ions release and 
triggering muscle contraction6.

Causes of rhabdomyolysis and pathogenetic 
mechanisms

Rhabdomyolysis can be induced by many different 
causes, but it is usually the result of multiple contribut-
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ing factors (Table 1). Although it had been initially as-
sociated almost exclusively with traumatic conditions, 
now the non-traumatic causes appear to be at least 5 
times more frequent7. Alcohol and drug abuse, the crush 
syndrome, seizures and some metabolic derangements 
are considered to be the commonest factors that lead to 
rhabdomyolysis1.

Excessive physical exertion 
Excessive physical exertion of any kind provokes 

rhabdomyolysis, especially in previously untrained indi-

Figure 1. The skeletal muscle fibre (from ref. 3)
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viduals (“white-collars rhabdomyolysis”), while the high 
temperature, the humidity, the cocaine or alcohol use 
and the dehydration may act as additional risk factors8. 
There have been many reported cases of rhabdomyoly-
sis in marathon runners, weight lifters and also in condi-
tions of severe agitation, such as the protracted tonic-
clonic seizures in status epilepticus or due to the use of 
psychostimulant drugs or in psychiatric diseases, such as 
the delirium tremens. 

It seems that the intense physical exertion leads to 
the exhaustion of cellular ATP supplies and to pumb 
dysfunction in muscle cell membranes, which results in 
their disruption, producing rhabdomyolysis4.

Direct muscle injury
Another widely recognized mechanism that trig-

gers rhabdomyolysis is the direct muscle trauma, often 
as a result of natural or human-made disasters. This is 
described by the term “crush injury syndrome”, usually 
referring to people entrapped under collapsed buildings. 
There were more than 1000 cases of rhabdomyolysis re-
ported during the Armenian earthquake of 19884 , while 
after the more recent 1999 earthquake at Turkey 462 
people required dialysis, due to rhabdomyolysis-induced 
acute renal failure9. Furthermore, incidents of rhabdo-
myolysis have occurred in industrial and car accidents, in 
victims with deep burns, after beating and severe physi-

cal abuse as well as after lightning injuries4,10.
Pathophysiologically, it seems that the direct dis-

ruption of the muscle membrane leads to the influx of 
calcium into the cytoplasm, which eventually results in 
rhabdomyolysis4. 

Muscle ischemia 
Conditions of generalized ischemia and hypoxemia, 

such as shock, CO poisoning and status asthmaticus 
are considered as possible causes of rhabdomyolysis, 
as they are associated with insufficient ATP production 
and sarcelemma dysfunction4. Arterial thrombosis, pro-
longed vascular occlusion during surgical operations, 
air emboli and severe sickle cell crisis are also causes of 
muscle cell lysis1,4,9. 

The compartment syndrome can be considered as 
both a cause and a complication of rhabdomyolysis4. As 
the intracompartmental pressure rises, due to bleed-
ing or tissue-swelling, initially the venular and then the 
arterial blood flow are blocked, leading in muscle cell 
lysis11,12. The compartment syndrome can also be com-
plicated by irreversible peripheral nerves damage, due 
to compression13. 

Moreover, rhabdomyolysis can be the result of mus-
cle ischemia, due to tissue compression in cases of pro-
longed immobilization, such as comatose situations after 
illicit drug overtake4, elderly immobilization after a hip 
fracture14, immobilization during prolonged operations, 
especially at the lithotomy position15, physical restraint 
of psychiatric patients16 and certainly crush injury syn-
drome4. 

In conditions of ischemia and hypoxemia, the cellular 
energy supplies are gradually reduced and more than 4 
hours ischemia can provoke irreversible damage to skel-
etal muscle. However, rhabdomyolysis occurs mainly af-
ter muscle reperfusion and therefore the reperfusion in-
jury is considered to be more deleterious than extended 
ischemia. In the reperfused area, a reactive hyperemia 
occurs, trying to repay the oxygen demand of the previ-
ously ischemic muscles. The increased capillary perme-
ability results in fluid exit from the vasculature, which 
leads to intravascular hypovolemia and localized tissue 
edema subsequently. Polymorphonuclear neutrophils, 
leukotrienes and other inflammatory mediators accumu-
late in the postischemic tissues. After the onset of reper-
fusion, the oxygen availability and the large intracellular 
concentration of calcium ions induce the oxygen-derived 
free radical release from the neutrophils, leading to the 
peroxidation of the lipid membranes and consequently 
to impairment of their ion permeability. The later causes 
influx of fluid in the myocytes and finally their lysis17. 
Furthermore, the release of mitochondrial respiratory 
chain components triggers the myocyte apoptotic mech-
anisms, resulting in programmed cell death1. 

Temperature extremes 
The exposure to severely low temperature is known 

to cause vasoconstriction, which can lead to cell damage, 
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when it is prolonged. This mechanism explains the oc-
currence of rhabdomyolysis in cases of frostbite injuries 
and generalized hypothermia. 

On the other hand, hyperthermia is considered as a 
hypermetabolic condition that triggers rhabdomyolysis, 
when the energy supplies are not adequate for the cell 
needs. The pathophysiological mechanism is common in 
various clinical hyperthermic syndromes4. 

Heat stroke 
Τhe heat stroke is a serious and often life-threaten-

ing disorder, characterized by core body temperature > 
40o C. Multiple contributing factors, such as aging, de-
hydration, poor physical condition and certain genetic 
polymorphisms are associated with low cellular expres-
sion of heat shock proteins, contributing to inability of 
dissipating heat and eventually to heat stroke18. More-
over, the exertional heat stroke occurs at physically 
active individuals, after excessive physical exertion. Its 
clinical manifestations include high fever, muscle weak-
ness, neurological dysfunction that can potentially be 
complicated by electrolyte disturbances, acid-base dis-
orders, acute renal failure, rhabdomyolysis and dissemi-
nated intravascular coagulation19. 

Malignant hyperthermia 
As malignant hyperthermia is defined the hypermet-

abolic syndrome that occurs more frequently at geneti-
cally predisposed individuals bearing certain mutations 
at the ryanodine receptor of the sarcoplasmic reticulum 
gene. Clinically, is manifestated with fever, tachycardia, 
hyperventilation, generalized skeletal muscle contrac-
tion and rigidity, metabolic acidosis and rhabdomyolysis, 
due to massive calcium release from the sarcoplasmic re-
ticulum1, 20, 21. 

Malignant neuroleptic syndrome 
In patients with malignant neuroleptic syndrome the 

dopaminergic block in hypothalamus, the sudden inter-
ruption of dopaminergic drugs or the striatal dopamine 
block trigger the syndrome clinical manifestations that 
involve fever, generalized muscular contraction, rigid-
ity and potentially rhabdomyolysis. The central anti-
cholinergic syndrome represents a mild variant of this 
syndrome1. 

Serotonergic syndrome
This syndrome is caused by an excessive activation of 

5-HT1A and 5-HT2A serotonergic receptors, resulting in 
the cerebral neuronal dopaminergic block. It emerges with 
fever, altered mental state, autonomal dysfunction and 
neuromuscular excitability, leading to rhabdomyolysis1, 22. 

Drugs, toxins and venoms 
A variety of drugs, toxins and venoms play a role in 

approximately 80% of cases with rhabdomyolysis. Etha-
nol, abuse drugs and statins are the drugs mostly impli-
cated1. 

Ethanol
Acute or chronic alcohol abuse induces the hepatic 

cytocrome p450 incorporating toxic metabolites. Beside 
the direct toxic effects on myocytes, the alcohol intoxi-
cation can lead to electrolyte and acid-base disorders, 
like metabolic acidosis, hypokalemia, hypomagnesemia, 
hypocalcemia and hypophosphatemia, that distort the 
function of sarcelemma and contribute to cell death23. 
Furthermore, ethanol may lead to rhabdomyolysis, be-
cause of the initial agitation it provokes9. 

Finally, its central depressant effect after acute in-
ebriation may result in comatose situation, prolonged 
immobility, muscle compression and rhabdomyoly-
sis24,25. 

Abuse drugs
Ιt is widely recognized that cocaine, heroin, other 

opiates, amphetamines, other club drugs, like “ecstasy” 
and benzodiazepines cause rhabdomyolysis4. 

Cocaine blocks the presynaptic re-uptake of norepi-
nephrine and dopamine, inducing sympathetic stimula-
tion, which leads to increased muscular activity and can 
be complicated by seizures26. Moreover, the cocaine 
intoxication can be established through hyperthermia, 
as well as through direct myotoxicity. Besides the afore-
mentioned mechanisms, cocaine can cause rhabdomy-
olysis through vasoconstriction, which results in muscle 
ischemia27,28. 

Heroin is also considered to have possible direct 
myotoxicity29, while amphetamins are etiologically con-
nected to the serotonergic syndrome22. However, the 
most common mechanism through which all these drugs 
induce rhabdomyolysis is the muscle compression and 
ischemia, due to prolonged immobilization on a rigid 
ground, after an acute intoxication and subsequent un-
consciousness or coma4. 

Statins 
Rhabdomyolysis as a side effect of statins administra-

tion is an issue of intense interest. According to several 
studies, elevation of CPK occurs in the 3-5 % of statin 
administration, while significant rhabdomyolysis occurs 
only in 0.04-0.2% of them3. 

The precise mechanism has not yet been clarified, 
but several theories have been suggested. One of them 
suggests that the sarcelemma cholesterol decrease is in-
volved in membrane’s dysfunction and statins’ myotoxic-
ity30. 

According to another theory, this myotoxicity is at-
tributed to the depletion of mevalonic acid and ubiqui-
none, which results in reduced cellular ATP production 
and membrane’s distortion. Moreover, the blockade of 
chloride channels of sarcelemma is another possible 
pathogenetic mechanism, contributing to prolonged 
muscle contraction31. 

All statins can potentially lead to rhabdomyolysis, 
even as a monotherapy. Statins’ myotoxicity seems to be 
dose-dependent32. Furthermore, the additional adminis-
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tration of drugs, such as fibrates, cyclosporine, macrolide 
antibiotics, digoxine, coumarin anticoagulants that are 
metabolized by cytP-4503A4 or that inhibit this enzyme 
result in increase of serum statins concentration. Finally, 
the coadministration of myotoxic medications, as well as 
the coexistence of other risk factors may contribute to 
rhabdomyolysis31. 

Other drugs-toxins-venoms
Various drugs, such as corticosteroids, immuno-

suppressants, salicylates, fibrates, antibiotics, chemo-
therapeutic agents, antidepressants, antipsychotics and 
anesthetics have been associated with rhabdomyolysis, 
not only in toxic, but also in therapeutics doses. Rhab-
domyolysis occurs through multiple mechanisms, in-
cluding direct myotoxicity, metabolic and electrolyte 
derangements, muscle compression and ischemia due 
to prolonged immobility, agitation and physical exer-
tion. Moreover, the anesthetic halothane and some de-
polarizing muscle relaxants can potentiate malignant 
hyperthermia and rhabdomyolysis, while lithium, phe-
nothiazines, neuroleptics and antiparkinsonism agents 
abrupt withdrawal may lead to malignant neuroleptic 
syndrome. Furthermore, the administration of selective 
serotonin reuptake inhibitors, other antidepressants, 
pethidine and amphetamine-like substances may induce 
the serotonergic syndrome and trigger rhabdomyolysis . 

On the other hand, certain types of mushrooms and 
snake venoms are causes of rhabdomyolysis1,4. 

Metabolic – endocrine disorders
Εlectrolyte disorders, such as hypokalemia, hypo-

phosphatemia, hyponatremia, but also hypernatremia 
can result in rhabdomyolysis, distorting the functions 
and the permeability of sarcelemma4,9. 

Hypokalemia is the most common electrolytic cause 
of rhabdomyolysis. It depolarizes the muscle membrane 
and inhibits the production and storage of glycogen at 
myocytes1. Additionally, potassium depletion is associ-
ated with inadequate muscle blood flow during exercise, 
ischemia and rhabdomyolysis33. 

Hyponatremia potentiates rhabdomyolysis, probably 
through extracellular hypoosmolarity and subsequent 
cell swelling. This disorder often acts complementary to 
the coexisting hypokalemia34. 

Hypophosphatemia constitutes a notable cause of 
rhabdomyolysis, particularly in cases of weak, exhausted 
individuals, since phosphate is involved in biochemi-
cal pathways of ATP production and in the affinity of 
oxygen for haemoglobin in erythrocytes3,35. It is impres-
sive that in case of hypokalemic and hypophosphatemic 
rhabdomyolysis, potassium and phosphate serum levels 
may be maintained normal or even raised, not always re-
flecting their real deficiency, as these intracellular ions 
are released from the destroyed myocytes4. 

On the other hand, some endocrinologic disorders, 
such as pheochromocytoma and thyreotoxicosis, poten-
tiate rhabdomyolysis, due to hypermetabolism. Diabetic 

ketoacidosis and hyperaldosteronism cause rhabdomy-
olysis through hypokalemia, whereas Addison disease 
through hyponatremia4. 

Genetic disorders 
Metabolic myopathies

Metabolic myopathies are considered as an uncom-
mon cause of rhabdomyolysis. The cause is a genetically 
determined abnormality of an enzyme implicated in a 
biochemical pathway of ATP production which results 
in inadequate muscular energy supply. The disorder 
may concern glycolysis, glycogonolysis, as in McArdle 
disease, fatty acid oxidation, as in CPT1 and CPT2 de-
ficiencies, oxidative phosphorylation, lipolysis, purine 
metabolism, or the function of the mitochondrial respi-
ratory chain (mitochondrial cytopathies). A metabolic 
myopathy should be suspected, when the episodes of 
rhabdomyolysis start in childhood, are recurrent and oc-
cur after physical activity or in combination with fasting 
or infection and finally when there is a family history of 
exercise intolerance1,3. 

Muscular dystrophies 
Muscular dystrophies and particularly Duchenne 

and Becker dystrophies may be complicated by rhabdo-
myolysis3. 

Infections:
Some infections can lead to rhabdomyolysis through 

various pathophysiological mechanisms. Streptococcus, 
staphylococcus and salmonella infections can cause di-
rect myotoxicity. In other cases, toxins by clostridia may 
indirectly contribute to muscle damage. Moreover, fever 
and inflammatory mediators, as well as drugs, such as 
zidovudine which is used against HIV, induce the muscle 
cell lysis3. 

Autoimmune disorders:
Polymyositis and dermatomyositis are autoimmune 

myopathies that result in progressive muscle weakness 
and rarely in rhabdomyolysis1,36.   

Pathophysiology 
The cell membrane can be injured by mechanical 

pressure, burn, chemicals, toxins and poisons. The ly-
sis of cell membrane releases organic and inorganic in-
tracellular components, such as myoglobin, potassium, 
lactic acid, purines, and phosphate which entering the 
circulation, after the restoration of blood flow, can be 
toxic and life threatening. When reperfusion starts, leu-
kocytes migrate into the damaged area, cytokines and 
prostaglandins increase whereas free radicals are pro-
duced in the presence of oxygen2.

Myoglobin is a 17 kDa small chromoprotein like 
hemoglobin (Figure 2). They are both filtered through 
the glomeruli and reabsorbed in the proximal tubules by 
endocytosis. In acidic environment (pH<5.6) the globin 
chain dissociates from the iron-containing ferrihemate 
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portion of the molecule. This normally happens in lyso-
somes, where free iron is rapidly converted to ferritin. 
However, in rhabdomyolysis the amount of myoglobin 
delivered to the proximal tubule cells overwhelms their 
ability to convert iron to ferritin, resulting in intracel-
lular ferrihemate accumulation. Iron as a metal has the 
ability to donate and accept electron as well as the capa-
bility to generate oxygen free radicals. This leads to oxi-
dative stress and injury of the renal cell. The decreased 
acidic pH of the urine because of the metabolic acidosis 
(damaged muscle cells release acids) has an important 
role in iron release37.

Myoglobin can not be reabsorbed when in excessive 
amounts in the tubules. Systemic vasoconstriction and 
hypovolemia result in water reabsorbion in renal tubules 
which in turn increases further myoglobin concentra-
tion in urine38. The later causes formation of casts that 
obstruct renal tubules. Apoptosis of epithelial cells con-
tributes in casts formation. Besides iron toxic effect, the 
heme center of myoglobin initiates lipid peroxidation 
and renal injury39.

Therefore, the obstruction of renal tubules by the 
myoglobin casts, the formation of free radicals from 
iron, the vasoconstriction and hypoxia due to hypovole-
mia are the main causes of acute renal failure in rhabdo-
myolysis (Figure 3).

The integral myoglobin molecule is not toxic but be-
comes detrimental in acidic medium, as it has already 
been mentioned. Thus, if the amount of the urine is high 
and the pH alkaline, myoglobin is stabilized and its toxic 
effects are prevented4.

Lactic acid which is the main organic acid released 
which causes metabolic acidosis. Acidosis has an effect 
on numerous metabolic functions and enhances hyper-
kalemia. The low pH in urine facilitates intratubular 
precision of myoglobin and uric acid.

Released nucleotides are metabolized in the liver to 
purines such as xanthine and hypoxanthine resulting in 
uric acid overproduction, which contribute to casts for-
mation and to tubular obstruction.

Dehydration causes hyperalbuminemia at an early 
stage. At a later stage, inflammation, malnutrition, cap-
illary leak and fluid overload cause hypoalbuminemia. 

Under this condition, total calcium lev-
els must be counted according to the lev-
els of albumine.

Massive lysis of muscle cells substan-
tially increases potassium in circulation. 
Renal insufficiency and acidosis increase 
the potassium levels further on. Hyper-
kalemia is a life threatening condition 
because of potassium cardiotoxicity and 
it requires immediate treatment. In the 
presence of hyperkalemia, hypocalcae-
mia may lead to severe cardiac arrhyth-
mias. 

Phosphorus is released by damaged 
muscle resulting in hyperphosphatemia. Renal insuffi-
ciency is also a cause of hyperphosphatemia which causes 
deposition of calcium-phosphate complexes in tissues 
and suppresses 1a-hydroxylase, the enzyme responsible 
for the production of the active vitamin D, contributing 
further to hypocalcemia. 

Phosphocreatine is abundant in the muscle cells 
and it plays a role in energy delivery. When released it 
is transformed into creatinine and is removed through 
kidneys. Although, it raises in rhabdomyolysis, its levels 
are not as high as expected in proportion to muscle dam-
age and renal insufficiency. Released thromboplastine 
and tissue plasminogen could cause intravascular coagu-
lation. Creatine kinase (CK) extremely increases in the 
serum but it has no toxic effects2. 

Clinical Features 
The severity of metabolic disturbances due to rabdo-

myolysis depends on the mass of the muscle damaged. 

Figure 2. (A) the iron-containing porphyrin ring, (B) myoglobin, (C) hemoglobin 
(From ref. 17)

Figure 3. Pathophysiology of ARF in rhabdomyolysis (From 
ref. 2)
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Hypovolemia, hypotension, body temperature, sypsis, 
hypokalemia, intake of toxic drugs, physical status, hor-
mone environment and genetic susceptibility contribute 
in the severity of the clinical features (Table 2)1. 

Acute muscle necrosis causes tenderness and local 
oedema. The patients have fever, weakness, fatigue, 
cramps and pain. The majority of patients suffer from 
back pain and some from limb pain37. Hypotension and 
metabolic acidosis are common in these patients. Hyper-
kalemia can cause life threatening arrhythmias3.

Apart from myalgia, the initial clinical sigh of rab-
domyolysis is the appearance of discolored urine. The 
presence of myoglobin gives urine a brown-red color 
(Figure 4).

A good history, focusing on the patient’s activity, 
is essential for establishing the diagnosis. The physical 
examination and the laboratory findings confirm the di-
agnosis.

Laboratory findings 
CK levels are the most sensitive indicators of myo-

cyte injury. Under normal condition, CK levels are 45-
260 U/L. After rhabdomyolysis, the levels of CK can be 
raised to 10.000-200.000 U/L or even to 3.000.000.000 
U/L. No other condition except rabdomyolysis can cause 
such extreme CK elevation4, 37.

CK is consisted of three isoenzyme which are: CK-

MM mostly found in muscles, CK-MB mostly found in 
heart and CK-BB mostly found in the brain and kidneys. 
When a differential diagnostic problem occurs, all the 
three isoenzyme should be counted (Table 3).

Carbonic anydrase III elevation is the most specific 
marker for muscle injury but the method is expensive 
and difficult, and therefore is not measured. Aldolase, 
lactic dehydrogenase and transaminases are also fre-
quently found elevated. 

Plasma myoglobin is elevated early but this finding 
is not a reliable index because myoglobin is quickly re-
moved through kidneys.

The increase of creatinine is disproportional to the 
increase of urea, so the BUN:creatinine ratio, which 
under normal condition is 10:1, becomes 6:1. This is at-
tributed to the increased formation of creatinine from 
creatine and to acute renal failure. Later on, catabolism 
of muscle proteins leads to an increase in urea produc-
tion and the ratio rise to higher than normal levels37.

The levels of uric acid can be raised to 40 mg/dl. Hy-
poalbuminamia, anaemia, leukocytocis, thrombopenia 
and coagulation disturbances can be observed.

Phosphorus and potassium are elevated while calcium 
is reduced. The serum anion gap {Na – (Cl + HCO

2
)} is 

significantly higher than normal levels (12±2).
Hypoxia and metabolic acidosis can be detected in 

blood gas analysis41.
Albumin, uric acid crystals, brown casts and myoglo-

bin are found in urinalysis (Table 4). Myoglobin can be 
detected with the same urostick as hemoglobin. If myo-
globin is more than 25 μg/ml, urine gets a dark brown 
red color. Normally myoglobin is less than 5 ng/ml. Myo-
globin is more than 25 μg/ml when more than 100 gr of 
the muscle is damaged. In urine there are epithelial cells 
and erythrocytes42.

Urine electrolytes, especially Na, are very useful in-
dicators of the functional integrity of the renal tubules in 
patients with acute renal failure. The functional excre-
tion of sodium (FE

Na
) is calculated with the following 

formula:

FE
Na

 = (Urine [Na]/Plasma [Na]) X 
(Urine Creatinine/ Plasma Creatinine) Χ 100

EFSTRATIADIS G

Table 2. local and systemic clinical features of rhabdomyoly-
sis. (From ref. 40 modified)

Figure 4. Dark urine due to the presence of myoglobin (From 
ref. 17)

Table 3. Serum lab values in adults (M: male, F: female) in 
rhabdomyolysis. (From ref. 37)
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In patients with prerenal azothemia the FE
Na 

is <1% 
while in acute tubular necrosis is >1%. In rabdomyolysis 
is greater than 1%43.

In case of suspected intoxication the levels of toxic 
agents should be measured for diagnostic purposes and 
treatment.

 
Management 

Early diagnosis and intervention is the key for treat-
ing rhabdomyolysis. It is essential to recognize the possi-
ble cause and limit it, while coping with the pathophysi-
ological complications of rhabdomyolysis4. 

Preventing further muscle damage 
It is important to extricate immediately the en-

trapped patients, suffering from crush injuries and to 
interrupt the immobilization of any kind4. 

In case of compartment syndrome, it is widely ac-
cepted that a fasciotomy should be performed, when the 
intracompartmental pressure rises above 40 mmHg, as it 
is associated with clinically significant muscle ischemia 
(Figure 5)17,44. 

On the other hand, it is also important to rapidly ad-
ministrate antidotes or antibiotics, in cases of rhabdomy-
olysis due to venoms or infections respectively4. 

Prevention and treatment of acute renal failure
When rhadomyolysis occurs, the need of continuous 

monitoring of vital signs, diuresis (colour, pH, volume, 
specific gravity) arterial pH, electrolytes and CPK val-
ues, compartment pressures, cardiac status, as well as 
avoidance of nephrotoxic agents is necessary4. 

The most essential intervention for the prevention 
of acute renal failure must be the early and vigorous 
fluid administration, which at the crush injury syndrome 
should start before victims’ removement45. The fluid in-
fusion expands the intravascular volume, inducing diure-
sis and clearance of toxins, resulting in the reduction in 
cast formation and obstruction of proximal tubules. The 
volume of fluid administrated to adults should be 10 or 
more litres per day, so that they achieve a urine output 
of 150 - 300 ml per hour4. It is essential to carefully moni-
tor the urine output, as the massive fluid infusion can 
lead to congestive heart failure and pulmonary edema, 
particularly at the elderly and those with cardiologic his-
tory44. 

The ideal fluid regimen is quite controversial. Ac-
cording to some authors, the initial administration of 1L 
isotonic saline and 1L dextrose 5% to which 100 mmol 
sodium bicarbonate has been added is the ideal combi-
nation. As far as the patient maintains a urine output 
of 20 ml/hour, 10 ml/hour of mannitol 15% can be also 
added9,13. 

The administration of bicarbonate aims at the urine 
alkalinisation and appears to be very beneficial at the 
correction of metabolic acidosis, the enhancement of 
myoglobin washout and the reduction in cast formation, 
which is induced by acidic conditions. The alkalinisation 
of urine also prevents renal vasoconstriction and the 
lipid peroxidation, caused by myoglobin44. 

On the other hand, mannitol enhances the renal 
blood flow and the glomerular pressure. It is an osmotic 
diuretic that decompresses the interstitial and muscu-
lar compartments, while expanding the intravascular 
volume, promoting diuresis, inducing the clearance of 
toxins and preventing the cast formation at proximal tu-
bules. It is also believed to have some antioxidant prop-
erties9. However, the administration of mannitol should 
be done under close monitoring and must stop, if a pa-
tient develops oliguria or anuria13. 

If the administration of fluids and mannitol fails to 
preserve an adequate urine output, loop diuretics may 
be used, although they potentially acidify the urine4. 

Treating rhabdomyolysis also requires to cope with 
subsequent electrolyte disorders. Particularly, hyper-
kalemia is a really dangerous complication, which can 
lead to life-threatening arrhythmias. If the intravascular 
volume expansion, the bicarbonate and the insulin with 
glucose solution administration do not prove effective, 
dialysis is required44. On the contrary, hypocalcemia 

Table 4. Urinalysis findings in rhabdomyolysis. (From ref. 
37)

Figure 5. Fasciotomy procedure

Figure 5. Compartment syndrome and fasciotomy incisions. 
1. Normal anatomy of the right calf 2. Compartment syn-
drome 3.  Fasciotomy incisions
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does not need to be corrected, unless it causes clinical 
complications, as its correction results in intramuscular 
calcification9. 

In case of nonresponding to treatment oliguria and 
azotemia, severe metabolic acidosis or hyperkalemia 
and iatrogenic fluid overload, emergency dialysis is re-
quired. Conventional haemodialysis, continuous dialysis 
strategies or even peritoneal dialysis can be beneficial 
and have certain indications4,9. 

Furthermore, many agents may have a role in treat-
ment of rhabdomyolysis. Dandrolene and bromocriptine 
are considered to stabilize the membrane calcium chan-
nels of sarcoplasmic reticulum in myocytes and thus to 
be useful at malignant hyperthermia and malignant neu-
roleptic syndrome44. Dopamine is believed to increase 
renal blood flow and enhance natriuresis, whereas the 
21-aminosteroids are considered to inhibit the lipid per-
oxidation of membranes. Many other agents have an-
tioxidant properties and act as free radical scavengers. 
Iron chelation therapy diminishes the renal injury by 
preventing the hydroxyl radical connected iron toxicity. 
Pentoxifylline reduces the neutrophil accumulation and 
the cytokine release. Moreover, allopurinol, mannitol 
and vitamins E and C, as well as a few minerals and glu-
tathione appear to have some antioxidant activity9,17. 

Prognosis 
The prognosis depends on the extent and clinical 

severity of rhabdomyolysis, as well as on the early and 
prompt medical intervention. Some patients develop a 
mild renal impaiment and recover quickly, whereas oth-
ers require dialysis for more than 3 weeks. In most of 
the cases the renal function is totally restored and the 
general survival rate after a rhabdomyolysis-induced 
acute renal failure is 78,6 %37. The patients should be 
investigated after their recovery for predisposing factors, 
such as a metabolic myopathy, while individuals who use 
potentially myotoxic drugs, such as statins, must regu-
larly monitor their CK levels1,32.
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