Rhabdomyolysis Guideline

SUMMARY:

Rhabdomyolysis must be promptly recognized by the treating physician. Despite its many etiologies, the management and treatment principles remain the same, regardless of the cause. The most common presenting symptoms are myopathy, weakness, cramps, and golden brown or tea-colored urine. Elevated creatine kinase levels are a prominent feature and are associated with other metabolic abnormalities. The management of patients with rhabdomyolysis includes advanced life support (airway, breathing and circulation) followed by measures to preserve renal function – the latter includes vigorous hydration. The use of alkalizing agents and osmotic diuretics, while commonly used, remains of unproven benefit.
INTRODUCTION:

The name literally means striated (rhabdo) muscle (myo) disintegration (lysis). Rhabdomyolysis begins with muscle injury associated with a variety of causes. With localized necrosis of the muscle, extracellular calcium and sodium leak into the intracellular space. Finally, intracellular muscle components—potassium, phosphate, myoglobin, creatine kinase, and urate—are released into the circulation, resulting in further muscle destruction.
The systemic effects of rhabdomyolysis are the result of anaerobic metabolism and cell lysis.  Rhabdomyolysis ranges from an asymptomatic illness with elevation in the creatine kinase (CK) level to a life-threatening condition associated with extreme elevations in CK, electrolyte imbalances, acute renal failure (ARF) and disseminated intravascular coagulation. Lactic acid release can lead to systemic acidosis, especially if volume replacement is inadequate.  
Along with hypovolemia, the myoglobin released into circulation is thought to cause renal damage through a variety of mechanisms: direct renal cytotoxicity, renal vasoconstriction, and renal tubular obstruction.  High concentrations of myoglobin in the renal tubules cause precipitation with secretory proteins from the tubule cells leading to the formation of tubular casts and resultant tubular obstruction to urinary flow.  Acidic urine favors this process.  In addition, myoglobin has direct toxic effects as well as it contains iron and this moiety is released when metabolized in the tubule cell.  Normally the iron molecule is metabolized to its storage from of ferritin, however with an overwhelming load of myoglobin delivered to the kidney such capacity is overwhelmed.  This leads to increased levels of free iron which subsequently becomes an electron donor leading to the formation of free radicals. 

ETIOLOGY:

Although initially recognized solely as a posttraumatic sequela, nontraumatic causes of rhabdomyolysis are now estimated to be at least 5 times more frequent than traumatic causes.  Importantly, most patients who eventually experience rhabdomyolysis have several risk factors.  
	Category
	Condition

	Direct muscle injury
	Crush trauma

	
	Bite wounds

	
	Deep burns

	
	Necrotizing myopathy

	
	Fights/beatings

	Excessive physical exertion
	Intense physical exercise

	
	Seizures

	
	Severe agitation

	Muscle ischemia
	Generalized ischemia: shock, hypotension

	
	Localized compression: casts, splints, tourniquets

	
	Immobilization: especially seen in obesity

	
	Compartment syndrome

	
	Arterial/venous occlusion

	Temperature extremes
	Heat : malignant hyperthermia, neuroleptic malignant syndrome

	
	Cold 

	Drugs, toxins, venoms
	Ethanol

	
	Recreational drugs: heroin, cocaine, ecstasy, methamphetamines

	
	Toxic plants and animals: envenomation, toxic mushrooms

	
	Pharmaceutical agents: statins, corticosterioids, benzodiazepines, immunosuppressants, salicylates, paralytics, antibiotics, antipsychotics, chemotherapeutic agents, thrombolytics, antidepressants

	Metabolic causes
	Hypo or hypernatremia

	
	Hypokalemia

	
	Hypophosphatemia

	
	Hypo or hyperthyroidism

	
	Diabetic ketoacidosis or nonketotic hyperosmolar diabetic coma


DIAGNOSIS:
Prompt recognition of rhabdomyolysis is essential to prevent serious complications, but diagnosis is complicated by the variable and nonspecific nature of the clinical features. Rhabdomyolysis can present on a continuum ranging from asymptomatic myoglobinemia to life-threatening renal failure.  

· Signs and symptoms
The signs and symptoms can be divided into local and systemic features. Some patients present with localized muscle pain, tenderness, swelling, bruising, or weakness. Others present with nonspecific systemic signs, such as nausea, emesis, malaise, or fever. Patients may appear confused, agitated, or delirious, or be anuric.

The most common presentation of rhabdomyolysis is tea-colored urine, accompanied by muscle weakness, pain, cramps, and swelling. Pigmenturia may not be observed if the amount of filtered myoglobin is small or if the patient has delayed seeking medical attention.

· Laboratory findings
· CK and myoglobin
The hallmark of rhabdomyolysis is an elevation of serum muscle enzymes. Experts, however, debate which parameter would be best for diagnosis—creatine kinase or myoglobin.  Myoglobin levels increase first, within approximately 6 hours, and are cleared rapidly. CK rises in rhabdomyolysis within 12 hours of the onset of muscle injury, peaks in 1–3 days, and declines 3–5 days after the cessation of muscle injury.  The half-life of CK is 1.5 days and so it remains elevated longer than serum myoglobin levels.  
· Electrolytes
A classic pattern of changes in serum electrolytes occurs in rhabdomyolysis. Serum levels of potassium and phosphate increase as these components are released from the cells; levels then decrease as they are excreted in urine.  Serum concentrations of calcium are initially decreased as calcium moves into the cells and then gradually increase. Electrolyte levels in each patient depend on the severity of the rhabdomyolysis, the stage of the illness and the therapeutic interventions that have been initiated [Vanholder R, Sever M, Erek E, Lemeire N: Acute renal failure related to the crush syndrome: towards an era or seismonephrology?  Nephrol Dial Transplant 2000, 15:1517-1521. )
· Urinalysis

Urinalysis in patients with rhabdomyolysis will reveal the presence of protein, brown casts and uric acid crystals, and may reflect electrolyte wasting consistent with renal failure.  A urine dipstick is a quick way to screen for myoglobinuria, as the reagent on the dipstick that reacts with hemoglobin also reacts with myoglobin (Vanholder R, Sever M, Erek E, Lemeire N: Acute renal failure related to the crush syndrome: towards an era or seismonephrology?  Nephrol Dial Transplant 2000, 15:1517-1521).  It imparts a dark red–brown color to urine when the urine concentration exceeds 100 mg/dl. Myoglobin has a short half-life (2–3 hours) and is rapidly cleared by renal excretion and metabolism to bilirrubin.  Serum myoglobin levels may return to normal within 6–8 hours. (Gabow P, Kaehny W, Kelleher S: The spectrum of rhabdomyolysis. Medicine 1982, 62:141-152)
TREATMENT:

It cannot be overstated that rapid recognition and treatment are essential for a favorable outcome.  To prevent RF in patients with rhabdomyolysis, three treatment strategies are usually instituted: vigorous hydration to maintain renal perfusion and promote dilution of myoglobin; alkalinization of the urine with bicarbonate to prevent myoglobin precipitation in the renal tubules; and administration of mannitol for a variety of effects including osmotic diuresis, vasodilatation of renal vasculature and free-radical scavenging. 

· Volume infusion:

The quickest way to prevent the complications from rhabdomyolysis is to hydrate the patient early and generously. Volume depletion, hypotension and shock combined with afferent arteriolar vasoconstriction due to circulating catecholamines, vasopressin and thromboxane leads to decreased glomerular filteration rate (GFR) and deficient oxygen delivery to the renal parenchyma.  Volume administration can combat some of these disturbances and also dilutes the myoglobin load and reduces tubular cast formation. 

In fact, crush injury victims have the best outcome when intravenous fluids are started before the trapped limb is freed and decompressed. (Gunal AI, Celiker H, Dogukan A, et al. Early and vigorous fluid resuscitation prevents acute renal failure in the crush victims of catastrophic earthquakes. J Am Soc Nephrol. 2004;15:1862-1867) (Odeh M: The role of reperfusion-induced injury in the pathogenesis of the crush syndrome. N Engl J Med 1991, 324:1417-1422.)  In another retrospective study, saline infusion during the first 60 hours on the ICU at approximately 200 mL/h appeared to cease progression to established ARF in patients who did not present with elevated creatinine levels at onset. (Ren Fail. 1997 Mar;19(2):283-8.Prophylaxis of acute renal failure in patients with rhabdomyolysis.Homsi E, Barreiro MF, Orlando JM, Higa EM.)

Volume resuscitation with isotonic crystalloid is the primary therapy for preventing ARF.  Increasing intravascular volume increases GFR, dilutes myoglobin and other nephrotoxins extruded during muscle injury and improves overall oxygen delivery to ischemic tissue.  Infusions of 10-15 mL/kg/hr should be used initially (slater, J AmCollSurg 1998; 186:693-716.) and should continue until adequate resuscitation has occurred and clinical and chemical evidence of myoglobinuria has disappeared.  Fluids should be titrated to an ideal urinary output of 2mL/kg/hr (Curry, AnnEmergMed 1989;18:1068-84).  In patients with significant comorbidities such as congestive heart failure, central venous pressure monitoring may be required to optimally assess volume status. 
Recommendation:  

· Normal Saline infusion at 10-15 mL/kg/hr

· Titrate to UO >2 cc/kg/hr

· Place CVP or PA catheter if volume status is questionable or preexisting significant comorbidities

Mannitol and Bicarbonate:
The proposed theory behind the use of bicarbonate and mannitol is the need to increase the solubility of myoglobin in the alkalotic urine and ultimately enhance myoglobin excretion. In addition, mannitol has been found to be an oxygen free radical scavenger.  Free radicals can lead to damage of critical cellular ultrastructural elements, lipid membranes, hyaluronic acid and even DNA.  Free radicals lead to lipid peroxidation resulting in increased permeability, cellular edema, calcium influx, cell lysis and release of myoglobin further perpetuating the cascade.  However, the majority of evidence in support of using bicarbonate and mannitol for rhabdomyolysis therapy comes from animal studies, case reports, and retrospective clinical trials with small sample sizes and/or no control groups.

A recent study involving over 2000 trauma patients compared patients receiving just fluid to those receiving fluid plus a protocol involving a bolus of mannitol followed by a weight base infusion and a bolus of 100 meq of sodium bicarbonate followed by a weight base infusion and found no difference in ARF (defined as creatinine >2 mg/dL), dialysis needs or mortality when comparing groups of similar peak CK levels. There was a trend, however, to improved outcome for the bicarbonate/mannitol treatment group at CK peak levels greater than 30,000U/L in preventing ARF, dialysis, and mortality. This led the authors to recommend a reevaluation of the practice of administering bicarbonate and mannitol therapy to patients with posttraumatic rhabdomyolysis. (Brown, JTrauma, vol56(6)2004;1191-1196).
Recommendation: 

· Consider using mannitol and bicarbonate infusion if CK peak levels >30,000U/L

· Mannitol: 25 grams initially followed by 5 g/hour for total of 120 g/day

· Bicarbonate: 2 ampules sodium bicarbonate in 1 L 5% dextrose in water administered at a rate of 100 mL/ hour, monitor urinary pH to > 6.5

· Can cause hypocalcemia and hypokalemia: monitor electrolytes 

Other:
Recommendation:

· Avoidance of other iatrogenic renal insults: use of nephrotoxic antibiotics, intravenous contrast medium, ACE inhibitors, NSAIDS
MANAGEMENT OF COMPLICATIONS OF RHABDOMYOLSIS:
· Acute Renal Failure (RF)

About 10–50% of patients with rhabdomyolysis develop ARF, often with severe acidosis and hyperkalemia.  Predictors for the development of RF include preexisting renal disease, a peak CK level in excess of 6000U/L, dehydration (hematocrit > 50%, serum sodium level > 150 mEq/L, orthostasis, pulmonary wedge pressure < 5mm Hg, urinary fractional excretion of sodium < 1%), sepsis, hyperkalemia or hyperphosphatemia on admission, and the presence of hypoalbuminemia. (Ward.ArchIntMed 1988;148:1553-7).  In a more recent study involving 2083 trauma patients, a peak CK level >5000 was determined to be the critical value associated with an increased risk of RF.  In addition, variables found to be independently associated with RF though stepwise logistic regression includes: age>55 years, ISS > 16, male gender and BMI > 30 kg/m2.  The study also noted that the risk of RF increased with each incremental increase in CK by 5000 U/L. In addition, they reported a mortality of approximately 39% for patients that develop rhabdomyolysis-induced ARF (brown study). 

Daily hemodialysis or continuous hemofiltration may be required initially to remove urea and potassium that are released from damaged muscles (Forni L, Hilton P: Continuous hemofiltration in the treatment of acute renal failure. N Engl J Med 1997, 336:1303-1309).   This allows gradual removal of solutes and the slow correction of fluid overload. Normalization of potassium is the priority, because hyperkalemic cardiac arrest is a life-threatening early complication. Peritoneal dialysis is inadequate to remove the large solute loads in patients with rhabdomyolysis-induced ARF, but it can offer temporary help (Nolph K, Qhitcomb M, Schrier R: Mechanisms for inefficient peritoneal dialysis in acute renal failure associated with heat and exercise. Ann Intern Med 1969, 71:317-336).  Additionally, the removal of myoglobin by plasma exchange has not demonstrated any benefit (Vanholder R, Sever M, Erek E, Lameire N: Rhabdomyolysis. J Am Soc Nephrol 2000, 11:1553-1561). 

· Electrolyte abnormalities

Monitoring and treatment of electrolyte derangements in rhabdomyolysis is critical.  Early in the illness, hyperkalemia, hyperphosphatemia and hypocalcemia are seen frequently.  Assessment of serum potassium levels is essential for averting malignant cardiac dysrhythmias.  Later in the course, hypercalcemia and hypophosphatemia dominate.
The management of metabolic abnormalities is similar to that used in other settings, with one exception, hypocalcemia. The initial hypocalcemia seen during the oliguric phase is often followed by the development of hypercalcemia during the recovery phase in 20–30% of patients.  This is thought to be secondary to alterations in synthesis of calcitriol (1,25(OH)2D) that are initially decreased and then increase dramatically resulting from high parathyroid hormone levels and recovery of renal function.  To minimize this complication, the administration of calcium should be avoided during the renal failure phase, unless the patient has symptomatic hypocalcemia (tetany) or severe hyperkalemia. (Llach F, Felsenfeld A, Haussler M: The pathophysiology of altered calcium metabolism in rhabdomyolysis induced acute renal failure. Interactions of parathyroid hormone, 25-hydroxycholecalciferol, and 1,25-dihidroxycholecalciferol. N Engl J Med 1981, 305:117-123.  
For the same reason, hyperkalemia should be corrected by using other standard techniques, such as IV insulin and 50% dextrose, sodium bicarbonate, and sodium polystyrene sulfonate (Kayexalate), with calcium replacement reserved for hyperkalemia-induced dysrhythmias.  
