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ABSTRACT  
 

Rhabdomyolysis is a clinical syndrome caused by injury to skeletal 

muscle fibres with release of their breakdown products, especially 

myoglobin into the circulation. The condition is associated with traumatic 

injury, crush syndrome, extreme exercise, drugs, toxins and malignant 

hyperthermia, among others. The most severe complications are acute 

kidney injury (AKI), shock, disseminated intravascular coagulopathy and 

acute compartment syndrome. The three mechanisms of the renal toxicity 

due to myoglobin are: intratubular casts, renal vasoconstriction, and  
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direct toxicity to kidney tubule cells. A number of pathological pathways 

are involved in the toxicity, including release of reactive oxygen species 

and cytokines and, lipid peroxidation of mitochondrial and kidney tubule 

cell membranes. The diagnosis and treatment of acute kidney injury 

following rhabdomyolysis are a challenge for intensive care physicians. 

 

Keywords: acute kidney injury, rhabdomyolysis, renal replacement 

therapy 

 

 

INTRODUCTION 
 

Rhabdomyolysis (RM) is a condition caused by the disintegration of 

skeletal muscle with leakage of electrolytes, myoglobin, and other 

sarcolemmal proteins into the circulation. The syndrome is most often 

associated with traumatic injury, crush syndrome, extreme physical 

activity, drugs, toxins and malignant hyperthermia but autoimmune 

diseases, endocrine and metabolic disorders, infections including severe 

sepsis and adverse drug effects (e.g., statins, anesthetics, immuno-

supressives) are included. The most severe complications of RM are acute 

kidney injury (AKI) requiring renal replacement therapy, hypovolemic or 

traumatic shock, disseminated intravascular coagulopathy and acute 

compartment syndrome (ACS).  

 

 

EPIDEMIOLOGY AND ETIOLOGY OF  

ACUTE KIDNEY INJURY (AKI)  
 

The reported incidence of RM in patients with traumatic injury is 

31.1% [40], and RM induced AKI represents around 7 to 10% of all cases 

of AKI in the USA. However, the overall incidence of RM induced AKI is 

difficult to establish, but estimates range from 13 to 50% [7].  

Acute kidney injury is a common and serious medical issue especially 

in critically ill patients in hospital intensive care units (ICU). It can be  
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divided, according to pathophysiological pathway into: 1) pre-renal, 2) 

renal and 3) post-renal AKI. Epidemiologically, AKI may be 1) 

community acquired 2) hospital acquired or 3) occur in critically ill 

hospitalized patients. AKI in RM can be considered pre-renal, community 

acquired or in the critically ill, in specific situations (sepsis, metabolic 

disorders, drugs). Thus, AKI associated with critical illness may be caused 

by an underlying disease or induced by diagnostic and/or therapeutic 

interventions with nephrotoxic effects e.g., iodine contrast agent and some 

antibiotics. The etiology of community acquired AKI, varies according to 

country. Industrial and venom poisonings, infectious diseases and obstetric 

complications are the most serious factors for AKI in developing countries. 

Pneumonia, urosepsis as in infectious diseases and nephrotoxic therapeutic 

agents are the most frequent in developed countries [38]. However, crush 

syndrome due to earthquakes, avalanches, floods and wars, is common to 

both developed and developing countries.  

 

 

Clinical Presentation 
 

There are historical descriptions of the clinical picture of RM, 

especially those relating to wars and natural disasters. Injured persons 

suffer from myalgia, edema and/or swelling of damaged muscles, 

weakness, muscle stiffness and dark brown urine, the color of tea. Fever, 

nausea and vomiting are nonspecific and common to other clinical 

situations. Oliguria and anuria, due to secondary kidney failure, 

accompanying the most severe cases are one of the leading causes of the 

high mortality. Common complications of AKI and RM are dysrhythmia, 

tachycardia and cardiac arrest, due to hyperkalemia and other metabolic 

disorders such as severe metabolic acidosis with a pH  7.1. Potassium is 

an intracellular cation which is released into the circulation from injured 

muscle cells. The situation in RM is aggravated by anuria, decrease in 

potassium removal and by metabolic acidosis which enhances release of 

potassium from the intracellular space. 
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Table 1. AKI classification according to KDIGO 2012 [22] 

 

AKI stage Serum creatinine Urine output 

1. 1.5-1.9 times baseline 

or  

 0.3 mg/dL ( 26.5 mol/L) 

increase 

 0.5 mL/kg/hour for 6-12 hours 

2. 2.0-2.9 times baseline  0.5 mL/kg/hour  12 hours 

3. 3.0 times baseline 

To 4.0 mg/dL ( 353.6 mol/L) 

increase 

or initiation of RRT 

 0.3 mL/kg/hour  24 hours 

or  

Anuria for  12 hours 

AKI- Acute Kidney Injury RRT- Renal Replacement Therapy. 

 

 

Diagnosis and Classification of Acute Kidney Injury 
 

Diagnosis of acute kidney injury is based on two fundamental markers: 

1) increase in serum creatinine and/or 2) decreased urinary output which 

reflects reduced glomerular filtration. According to the KDIGO (Kidney 

Disease Improving Global Outcomes) in 2012, patients with AKI were 

divided into three groups (Table 1). 

According to the duration of the renal injury, with loss of function, 

three clinical syndromes can be recognized: 1) AKI, 2) acute kidney 

disease (AKD) and 3) chronic kidney disease (CKD) where AKI is defined 

as an abrupt reduction in kidney function occurring over 7 days or less. 

AKD describes acute or subacute damage and/or loss of kidney function 

for a duration of between 7 and 90 days following exposure to insult and 

CKD is defined as persistence of renal damage or kidney disease for a 

period of > 90 days [8]. The diagnosis of AKI due to RM is  

based on biochemical/laboratory findings, in combination with clinical 

presentation [32]: 

 

 Biochemical results: increase in serum creatinine, blood urea 

nitrogen, myoglobin, creatine phosphokinase, potassium, calcium, 

phosphorus, lactate dehydrogenase, transaminases, metabolic 
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acidosis, urine myoglobin or positive dipstick test for blood 

without any erythrocytes. 

 Clinical status and presentation: myalgia, muscular weakness, 

swelling of injured muscle groups, tenderness, stiffness, fever, 

nausea or vomiting, tachycardia, hypotension or shock, decreased 

urinary output or anuria. 

 

Urine Dipstick Test 

For early detection of patients at high risk for RM and AKI 

development, a convenient urine dipstick test (UDT) with orthotoluidine 

was developed. This turns blue in the presence of hemoglobin or 

myoglobin. Positive UDT for blood, with no red blood cells in freshly spun 

urine sediment, can be used as a surrogate marker for myoglobin [36]. In 

one Iranian study, on 1,821 rescued victims of the Bam earthquake in 

2003, the accuracy of the UDT to detect patients at risk of crush-induced 

RM and AKI was evaluated. The results showed that a urine red blood cell 

count of  5 in blood positive UDT, as a surrogate marker for 

myoglobinuria, had a sensitivity and a specificity of 83.3% and 56.6%, 

respectively, for identifying high risk patients. In addition, blood-positive 

UDTs, had a 92.5% sensitivity for creatine kinase, with a cut-off of 15, 000 

IU/L [1]. 

 

Creatine Kinase 

Creatine kinase (CK) is one of the key enzymes in cellular energy 

metabolism. It catalyzes the conversion of creatine (Ck) to creatine 

phosphate (CkP) with close connection to ATP production or consumption 

depending on Ck/CkP action. Cellular CkP serves as an energy source and 

is highly expressed in cells with high energy requirements e.g., skeletal 

muscle, myocardium, nervous tissue, smooth muscle tissue, retinal 

photoreceptor cells and spermatozoa. In cytoplasmatic CK, three isoforms 

can be distinguished in the combination of Muscle and Brain subunits (e.g., 

MM, MB and BB forms). This aside, mitochondrial CK may occur in 

ubiquitous or sarcommeric form. The physiological range of serum CK 
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concentration depends on gender (female 0.48 – 2.80 kat/L 28.24 – 

164.71 IU/L and male 0.50 – 3.33 kat/L 29.41 – 195.88 IU/L).  

In the case of rhabdomyolysis and myopathies, serum CK 

concentration reflects the severity of muscle membrane (sarcolemma) 

damage [42, 43]. Serum CK levels, especially the CK-MM fraction, 

increases in muscle damage between 2 to 12 hours after the insult, with a 

peak within 24 to 72 hours and a decline over 7 to 10 days. For a diagnosis 

of RM, a CK level higher than fivefold the physiological serum 

concentration, is documented as one of the diagnostic criteria [20]. The 

value of serum CK in predicting the risk of RM induced AKI has been 

investigated in traumatic and non-traumatic RM cases. A significant 

correlation was found between mean CK level and risk of crush-induced 

AKI development with the cut-off ranging from 1,000 to 15,000 IU/L. The 

correlation was higher in cases of traumatic injuries. However, an accurate 

cut point still needs further study [35]. According to a 10-year 

retrospective study, carried out in Norway, on patients treated for RM, a 

better predictor for AKI was myoglobin. The risk of developing AKI 

increased with a higher myoglobin/CK ratio ( 0.2) [41]. 

 

Myoglobin 

Myoglobin is a dark red, oxygen binding metalloprotein – monomeric 

cytoplasmic hemoprotein consists of 154 amino acids with a molecular 

weight of 17,800 Da stored in muscle. The biological half-life of 

myoglobin is short - 1- 6 hours in a healthy organism but elimination can 

be significantly prolonged in patients with acute renal failure. Myoglobin 

can be monitored by chemoimmunofluorescence immunoassay. If the 

plasma myoglobin concentration exceeds – 1.5 mg/dL, myoglobin appears 

in the urine [5]. Physiological blood serum concentrations of myoglobin 

depend on gender: the male range is from 19-92 g/L and the female 12-76 

g/L, with minor differences between different biochemical laboratories 

and techniques. The possibility of using the serum level of myoglobin, as a 

marker of myoglobinuric AKI was investigated in one study of 484 

patients with RM. The median peak of myoglobin was 7,163 g/L. 

Myoglobin levels above 15 mg/L, were most significantly related to the 
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development of AKI and the need for hemodialysis treatment. A 

significant percentage of patients (51%) experienced RM induced AKI, 

whose frequency increased in relation to serum myoglobin concentrations 

[34]. However, myoglobin blood concentration on hospital admission, did 

not predict AKI development. The peak level had greater predictive value 

but this must be reliably established with renal protective therapy in 

patients at high risk for renal failure [18]. 

  

Biomarkers 

The new generation of biomarkers which can be measured in serum or 

urine with high predictive value for AKI, are neutrophil gelatinase 

associated lipocalin (NGAL) and kidney injury molecule - 1 (KIM-1). 

These reflect renal tubular injury. A second type is the two cycle cell arrest 

biomarkers: tissue inhibitor of metalloproteinase 2 (TIMP-2) and insulin - 

like growth factor - binding protein 7 (IGFBP-7). Variation in serum and 

urinary NGAL in humans, after strenuous physical exercise has been 

described in one Italian study involving 16 trained male athletes after a 60 

km ultramarathon. 38% of the athletes met the criteria for AKI and serum 

and urinary creatinine as a marker of glomerular damage, had increased 

considerably. A significant correlation was found between pre- and post - 

exercise serum creatinine and serum NGAL but not with either urinary 

NGAL or the urinary NGAL/creatinine ratio. Urinary NGAL and serum 

creatinine probably reflect two different pathways of renal impairment - 

tubular and glomerular. The urinary NGAL appeared to be relatively 

independent of creatinine levels and extra-renal sources. Thus, it may be 

more reliable for monitoring renal impairment in this situation [27]. 

Urinary TIMP-2 and IGFBP-7 for risk stratification of AKI, were 

discovered and validated in more than 1,000 critically ill patients including 

those with traumatic injury. The markers of cell-cycle arrest in G1 phase 

mentioned, may signal that the renal epithelium has been stressed and 

functionally impaired but capable of recovery without permanent damage 

to the organ. Both biomarkers are sufficient for predicting moderate and 

severe AKI development in the 12 hours following injury or sample 

collection. The new biomarkers of cell cycle arrest are promising, 
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especially in patients with polytrauma and sepsis [19]. In relation to this 

frequent severe clinical situation, also investigated are altered expression 

of microRNAs (miRNAs). These are non-coding, single-stranded RNA, 

containing 18-24 nucleotides [2]. Mature miRNAs act as 

posttranscriptional regulators, by binding mRNAs, with the main function - 

the degradation of their target mRNAs [14]. Under stress conditions as in 

cellular injury and depending on nuclear signals, specific miRNAs are 

released. This enables their use as biomarkers for diagnosis, evaluation and 

monitoring of critically ill patients. The expression of miRNAs may be 

usable in the future as a non-invasive method for the evaluation and 

monitoring of AKI patients [16].  

 

 

Pathophysiology of Acute Kidney Injury Due to Rhabdomyolysis 
 

For better understanding of the pathophysiology of RM induced AKI, 

pivotal, are appropriate animal and/or cellular models. The animal model 

for myoglobinuric AKI is best achieved by a single i.m. injection of 50% 

glycerol (8 mL/kg, i.m) in rats. Intramuscular injection of glycerol (10 

mg/kg) in the rabbit, induces acute renal failure, resembling the AKI 

caused by massive release of myoglobin in rhabdomyolysis in humans. 

The pathophysiological basis of glycerol induced AKI, involves three 

pathological pathways: 1) ischemic injury due to vasoconstriction, 2) 

tubular toxicity caused by myoglobin and cast formation and 3) release of 

cytokines in RM with renal action – inflammation and lipid peroxidation 

[39]. However, the pathophysiology of RM induced AKI is complex. 

According to recent data, there are a number of molecular mechanisms 

involved. The potential of these discoveries is in the wider range of 

preventive and therapeutic measures that will be available. 

 

Renal Vasoconstriction 

Rhabdomyolysis, as a pathophysiological process, is associated with 

high volume depletion due to enhanced leakage of extracellular fluids into 

the damaged muscle cells with increased swelling of affected tissues and 
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muscles. In the blood circulation, decreased volume of extracellular fluids 

leads to hypotension and shock, with diminished renal blood flow and 

activation of the renin-angiotensin-aldosterone system (RAAS). The latter, 

causes the production of angiotensin 2 (ANG 2), a well-known renal 

vasoconstrictor. In an ischemic situation, ANG 2 can antagonize itself by 

release of nitric oxide (NO), a major vasodilator, in renal vessels. 

However, the second aspect of RM is release of myoglobin with its 

oxidation in the redox cycle to ferrylmyoglobin which interacts with NO. 

One animal study on RM induced AKI, found enhanced afferent arteriolar 

reactivity to ANG 2 due to myoglobin induced increase in superoxide and 

associated reduction in NO bioavailability [28]. However, myoglobin 

effects on the renal microcirculation may be more specific as reported by 

Heyman et al. in another animal study. Outer medullary blood flow and PO2 

in RM induced AKI are reduced, while renal blood flow and cortical PO2 

are unaffected [12]. Medullary vasoconstriction is an important factor in 

the global pathophysiology of RM induced AKI. The other contributing 

factor to vasoconstriction, is activation of endothelial inflammation with a 

number of vasoactive compounds, including the intercellular adhesion 

molecule-1 (ICAM-1) and vascular cell adhesion molecule (VCAM) with 

effect on local hemodynamics [6].    

 

Formation of Intratubular Casts 

Myoglobin in low pH urine is precipitated with Tamm-Horsfall 

proteins to form intratubular casts. Urine acidification due to metabolic 

acidosis together with volume depletion and renal vasoconstriction plays a 

significant role in myoglobin intratubular cast formation. Under light 

microscopy, the myoglobin casts appear translucent or refractile, with 

colors ranging from light pink to slightly brown to dark red by hematoxylin 

and eosin. 

Renal biopsies in RM induced AKI, display acute tubular injury 

associated with intratubular debris, thinning and vacuolization  

of the tubular epithelium. Approximately 10% of myoglobin positive 

biopsies were found to be associated with calcium oxalate or phosphate 

deposition [26]. 



Nadezda Petejova, Arnost Martinek and Josef Zadrazil 70 

Proximal Tubular Myoglobin Uptake via Endocytosis and Direct 

Cytotoxic Effects 

From animal studies, it has been established that the renal uptake of 

myoglobin is mediated by megalin and cubilin, the multiligand endocytic 

receptors found in the membrane of proximal tubular cells [11]. These 

membrane receptors are different in their basic structure and not specific 

for myoglobin uptake. Megalin is a large glycosylated receptor of 600 kDa 

molecular weight and a member of the low density lipoprotein receptor 

family. This receptor is expressed in the apical membranes of the proximal 

tubule, endocytic vesicles and to some degree, in lysosomes. Cubilin is a 

460 kDa glycosylated extracellular protein which interacts with other 

membrane proteins to enhance endocytosis. A number of substances can be 

reabsorbed by the proximal tubular cell membrane. These include: vitamin 

D binding protein, hemoglobin, apolipoproteins, albumin, lactoferin, drugs 

and toxins [30].  

The first step in myoglobin degradation after cellular uptake is 

proteolytic cleavage. Free heme released from myoglobin is then catalyzed 

by heme-oxygenase 1 (HO-1) to biliverdin, iron and carbon monoxide 

(CO). 

Heme-oxygenase, as an enzyme has a substantial cytoprotective effect 

especially in low amounts of filtered myoglobin. Overexpression, leads to 

heme degradation, iron efflux, antioxidant generation, ferritin upregulation 

and CO production [13].  

Another situation in RM, is when large amounts of myoglobin in high 

concentration are presented for proximal tubular cell metabolism. 

Oxidative stress is a key process in tubular cell injury by induction of 

membrane lipid peroxidation. The iron released from the heme, may 

convert from ferrous (Fe2+) to ferric (Fe3+) form and back, depending on 

the intracellular redox state, creating a redox cycle as a result of heme 

oxidation and reduction [47].  

In redox cycling, ferric myoglobin is then metabolized to ferryl Fe4+ 

form to maintain its stability. Hydrogen peroxide (H2O2) is critically 

involved in this process. It is generated in tubular cells, from direct 

stimulation by iron [45]. Membrane lipid peroxidation of tubular cells and 
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mitochondria can be induced as a result of the generation of hydroxyl 

radicals via the Fenton reaction (Figure 1). During rhabdomyolysis, 

oxidation of ferric myoglobin by endogenous lipid hydroperoxide (LOOH) 

or hydrogen peroxide, yields ferryl myoglobin and the alcoxyl radical 

(LO°). LOOH also reacts with ferryl myoglobin to form ferric myoglobin 

and the lipid peroxyl radical (LOO°) [29]. The consequence of membrane 

lipid peroxidation, mainly fatty acids, DNA and proteins, is production of 

F2 – isoprostanes and malondialdehyde. 

 

 
Abb: ICAM – 1 – intercellular adhesion molecule-1, VCAM-1 – vascular cell 

adhesion molecule-1, MCP-1 -monocyte chemoattractant protein - 1. 

Figure 1. Membrane lipid peroxidation and tubular cell injury by heme [29, 31, 47]. 

Mitochondrial Dysfunction 

The deleterious effects of myoglobin on mitochondrial metabolism 

result from lipid peroxidation of mitochondrial membranes, reactive 

oxygen species (ROS) production with oxidative stress due to damage of 

the inner mitochondrial membrane. Mitochondrial dysfunction itself 

involves excessive production of ROS (superoxide O2
–, peroxynitrite 

ONOO– and NO). Under pathological conditions, such as RM with 

myoglobin toxicity, the uncoupling of oxidative phosphorylation and loss 
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of mitochondrial membrane integrity, induce excessive ROS production 

from the respiratory chain [15].  

The suggestion that the failure of the permeability barrier by the inner 

mitochondrial membrane after myoglobin exposure in kidney 

mitochondria, is due to lipid peroxidation of mitochondrial membranes, 

and following reduction in respiratory control, uncoupling of oxidative 

phosphorylation and stimulated NO synthesis has been shown in one in 

vitro study. Lipid peroxide induced distortion of the ion permeability of the 

inner mitochondrial membrane can be explained by low respiratory control 

and the relative isolation of incubated mitochondria with myoglobin [33].  

 

Programmed Cell Death in AKI due to Rhabdomyolysis 

Besides apoptotic and necrotic cell death, new forms of programmed 

cell death in association with acute kidney injury have been discovered and 

are now accepted by pathologists – regulated necrosis, including 

ferroptosis, parthanatos, necroptosis, pyroptosis and mitochondrial 

permeability transition-mediated regulated necrosis. Some publications 

designate the type of cell death in RM induced AKI, as apoptosis due to 

release of pro-apoptotic cytokines from injured mitochondria after 

myoglobin incubation. However, a better description of the lethal process 

in tubule cells is ferroptosis - an iron and ROS – dependent form of 

regulated cell death with inclusion of all the mechanisms of heme 

oxidation, the membrane lipid peroxidation mentioned and the formation 

of extra mitochondrial ROS. Depletion of glutathione and glutathione-

dependent gluthatione peroxidase 4 (GPX-4) is the crucial factor in the 

antioxidant capacity of cells and development of ferroptosis [21]. 

 

Inflammation and Endoplasmatic Reticulum Stress 

Rhabdomyolysis is a complex clinical syndrome with activation of the 

inflammatory process and induction of AKI by release of proinflammatory 

cytokines from injured muscle cells: interleukin - 6 (IL-6), tumor necrosis 

factor  (TNF- ) and nuclear factor B (NF-B) as well as reactive 

oxygen species. Inflammatory mediators, recruit leukocytes and upregulate 

adhesion molecules e.g., ICAM-1, VCAM. Activated leukocytes produce 
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pro-inflammatory cytokines such as interleukin 1 (IL-1) and TNF-  which 

cause a number of injuries to the proximal tubule cells [6]. 

More recently added to whole inflammatory process in RM induced 

AKI, is endoplasmic reticulum (ER) stress. In this case, thioredoxin-

interacting protein (TXNIP) is rapidly induced by inositol-requiring protein 

1 (IRE1) activation. Increased TXNIP proteins trigger expression of the 

nucleotide-binding oligomerization domain (NOD)-like receptor 

containing the pyrin domain 3 (NLRP3) inflammasome. TXNIP then acts 

as the link between ER stress and NLRP3 inflammasome activation and is 

a critical node in a chain of destruction leading from the ER to 

programmed cell death – apoptosis - activation. In addition, the ER stress 

associated TXNIP/NLRP3 cooperation, has influence on procaspase-1 

cleavage and interleukin secretion (e.g., IL-1 and IL-18) [25, 44]. 

 

 

Treatment of Acute Kidney Injury Due to Rhabdomyolysis 
  

Therapeutic measures for AKI due to RM are preventive, conservative 

and invasive using renal replacement therapy (RRT). In general, the 

therapeutic approach depends on the patient’s clinical status especially 

hemodynamic stability. In hemodynamically stable patients, the preferred 

invasive methods are intermittent (IRRT) and in unstable patients, 

continuous (CRRT). The deterioration of renal function is important but 

not the only determining factor in the decision making cascade for 

initiation of RRT. Anuria or oliguria (urine output  0.5 mL/kg/hour) in a 

period of more than 12 hours is usually the criterion for RRT application.  

 

Preventive and Conservative Therapeutic Measures in  

Acute Kidney Injury 

Conservative therapeutic measures in critically ill patients with RM 

induced AKI are: 1) specific for patients with RM induced AKI and 2) 

general for all critically ill patients with AKI.  

Treatment of any underlying disease is, undoubtedly the first step in 

the therapeutic approach in patients with RM with the exception of primary 
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crush syndrome in cases of accidents and disasters. Excessive hydration or 

forced diuresis, hemodynamic stabilization, use of diuretic agents, urine 

alkalization and acid-base balance or ion correction are necessary in the 

treatment of RM. However, as indicated above, significant decrease in 

urine output or anuria as a marker of advanced renal injury are 

contraindications for these procedures [7, 32].  

 

 Fluid resuscitation with initial bolus of crystalloid (isotonic saline 

or glucose 5%), e.g., 10-20 mL/kg (or l 000 mL IV) with 100 

mmol/L (mEq/L) bicarbonate and maintaining fluids 3-6 L per day 

IV, need to be followed by forced diuresis 1-2 mL/kg/hour.  

 To force diuresis and reduce the edema of injured muscle, the 

diuretic agent 20% mannitol can be used intravenously in a bolus 

of 100 mL following by a dose of 10 mL per hour according to 

clinical need. Physicians must be careful on cessation of therapy, 

as, due to osmotic activity there may be decrease in urine output or 

deterioration in renal function. As the second diuretic agent can be 

used a loop diuretic – Furosemide (1 mg/kg IV, initially). 

 Proper use of bicarbonate (4,2% solution), (e.g., 30 to 40 mEq/L of 

isotonic saline at a run 100 mL/hour) for urine alkalization (pH  

6.5) is based on its preventive effects on myoglobin cast formation.  

 

General recommendation for conservative treatment and prevention of 

AKI development are based on [17, 22]:  

 

 Controlled fluid resuscitation in volume depletion with avoidance 

of fluid overload. 

 Correction of hypovolemia or dehydration using isotonic 

crystalloids. 

 Regular monitoring of the acid-base balance and chloride levels 

when chloride rich solutions are used. 

 Use of diuretics to control or avoid fluid overload in a patient with 

mild or moderately severe AKI. 
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 Use of a vasopressor – norepinephrine - to maintain mean arterial 

pressure 65-70 mmHg. 

 Correction of blood glucose levels using insulin at least below 10 

mmol/L to prevent hyperglycemia. 

 In situations where nephrotoxic antibiotics are needed (e.g., 

aminoglycosides, vancomycin), therapeutic drug monitoring is 

necessary. With aminoglycosides, a once daily dose (every 24 

hours) is recommended. 

 

However, conventional therapy has its limitation especially in patients 

with oliguria and hyperhydration where there is no hesitation in initiating 

RRT. Thus, regardless, RRT therapies have their indications [3, 22]: 

 

 Hyperhydration with no reaction to diuretics (Furosemide IV) with 

clinical presentation of fluid overload – pulmonary edema, 

encephalopathy, lethargy. 

 Anuria or urinary output  0.5 mL/kg/hod for more than 12 hours. 

 Uremic symptomathology – pericarditis, encephalopathy. 

 Severe hyperkalemia with serum potassium  6.5 mmol/L 

precluding continuation with the conservative approach, ECG 

changes  

(Peak T-waves, bradykardia, AV block). 

 Severe metabolic acidosis with pH  7.1, when conservative 

approaches are inapplicable.  

 Clinical and laboratory presentation of multiple organ dysfunction 

syndrome. 

 Increase in serum creatinine according to the KDIGO (see Table 1) 

or blood urea  28 mg/dL. 

 

Severe metabolic disorders and clinical criteria are the determining 

factors for RRT initiation, regardless of myoglobin or creatine kinase 

serum concentration. However, severe rhabdomyolysis with high 

myoglobin and CK serum concentration, is usually accompanied by some 

degree of renal injury. 
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Invasive Therapeutic Measures with Renal Replacement Therapy and 

Blood Purification Techniques 

Renal replacement therapy is the treatment of choice in cases of severe 

renal injury with metabolic disorders, hyperhydration/fluid overload with 

no response to diuretic administration, decreased urine output or anuria. 

There are two types of RRT based on duration: 1) intermittent RRT and 2) 

continuous RRT. When the procedures are performed for non-renal 

indications, they are called blood purification techniques, with wide-spread 

use. Special clinical indications for CRRT are sepsis, septic shock, 

hepatorenal syndrome, cardiorenal syndrome and intoxication with 

dialyzable toxin.  

 

Intermittent Hemodialysis and Hemodiafiltration 

In hemodynamically stable AKI patients, intermittent hemodialysis 

with high cut-off and high permeability membranes which allow 

elimination of myoglobin, can be considered. However, this therapeutic 

approach is mostly preferred and has been investigated in patients with 

chronic kidney disease. Two recent prospective randomized studies 

(ClinicalTrials.gov NCT02377570 and NCT02377622) were carried out to 

compare hemodialysis with novel medium cut-off (MCO) dialyzers (cut 

off >25 kDa) and conventional high-flux hemodialysis and hemo-

diafiltration in patients with chronic kidney disease. Medium cut-off 

membranes were developed to increase the removal of middle molecules 

during a hemodialysis session and, in contrast to more permeable high cut-

off membranes, are intended for routine use in chronic hemodialysis 

patients. The reported mean myoglobin clearance by MCO hemodialysers 

ranged from 52 mL/min to 68 mL/min. By high-flux hemodialyser, it was 

significantly lower 11-19 mL/min and in hemodiafitration with high-flux 

hemodialyser, 35 mL/min. There was significantly higher albumin removal 

with MCO (median 2.9 to 7.3 g) compared to high flux hemodialysis 

(median 0.2 g) and to hemodiafiltration (0.4 g), respectively [24]. 

However, excessive albumin loss especially in critically ill patients is 

undesirable. Another retrospective analysis of 10 chronic hemodialysis 

patients treated by on-line hemodiafiltration and converted to MCO 
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hemodialysis over a one year period, showed no difference in the removal 

of ß2-microglobulin and myoglobin. Moreover, there was no significant 

difference in median serum albumin and prealbumin levels for the 

therapeutic approaches used [4].  

 

CRRT Techniques 

Continuous renal replacement therapy techniques mainly in 

venovenous form, are often used in critically ill patients with 

hemodynamic instability and need for vasopressor treatment initiation, to 

improve blood pressure and circulation. According to basic physiological 

principles: diffusion or convection, these are continuous venovenous 

hemodialysis (CVVHD) based on diffusion, continuous venovenous 

hemofiltration (CVVH) based on convection or a combination of the two - 

hemodiafiltration (CVVHDF). The latter is the most effective in removing 

solutes, depending on type of membrane or hemofilter used, on filtration, 

dialysis and blood flow rate. Due to the common clinical presentation of 

RM as severe crush syndrome, CRRT is more often used in injured 

patients. Myoglobin can be removed from the circulation by convective 

hemofiltration or by the dialysis principle, when highly permeable 

membranes are used with a cut-off  50 kDa (high cut-off membranes). 

Myoglobin reduction by high cut-off CVVHD (dose and dialysate flow 

rate 35 mL/kg/hour) in patients with RM and increased risk for AKI in 

comparison with high flux hemofiltration CVVH (ultrafiltration rate 35 

mL/kg/hour) is the subject of an ongoing German study (ClinicalTrial. 

govNCT01467180) [10]. The meta-analysis of three studies on the efficacy 

of CRRT in removing myoglobin and the effect on mortality and renal 

function, was inconclusive. In all three studies, conventional therapy for 

RM was included as a control. In patients with rhabdomyolysis, no 

significant differences in mortality rate were found in comparison with 

conventional therapy. However, due to the major differences in techniques 

and results, the renal outcome was unclear [46]. The most undesirable 

albumin loss, in more effective CRRT therapy is a debated issue in 

intensive care. New high-permeability membranes and diffusive transport 

with a preference for removing middle molecules less than 67 kDa, which 
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is the molecular weight of albumin, may be a prospective measure for 

supplementary treatment of RM induced AKI. 

 

Plasmapheresis 

Therapeutic plasma exchange with human albumin or fresh frozen 

plasma substitution is a blood purification method which can be effective 

in myoglobin removal under specific conditions accompanying RM: 

sepsis, dermatomyositis or in hematological diseases such as sickle cell 

anemia. Plasmapheresis is not the primary therapeutic method for AKI but 

it can lead to successful treatment of the underlying disease leading to RM 

with myoglobin release. It can be considered in the clinical situations 

referred to. 

 

Hemoadsorption with Cytosorb 

An advanced type of extracorporeal treatment is hemoadsorption with 

CytoSorb, invented to decrease pro-inflammatory and anti-inflammatory 

cytokine overproduction in severe sepsis. CytoSorb (Cytosorbents corp., 

USA) is a hemoadsorption device containing hemocompatible, porous, 

polymeric beads efficient for removing cytokines and middle molecular 

substances from the circulation by surface adsorption and size exclusion 

[37]. Use of the CytoSorb device in a CVVH circle has been recently 

studied in one American prospective randomized study carried out on the 

feasibility of the CytoSorb as an adjunct to the standard care in patients 

with rhabdomyolysis requiring RRT. The efficacy of the device was 

measured by change in serum myoglobin (https://clinicaltrials.gov/ct2/ 

show/NCT02111018) [9]. However, the final results are not yet published.  

 

Other Experimental Therapeutic Options 

Knowledge of the basic pathophysiological processes leading to AKI 

in rhabdomyolysis with production of free radicals, reactive oxygen 

species, redox cycling of iron, membrane lipid peroxidation and DNA 

damage, has led to a wide range of medical approaches in recent years. To 

avoid the deleterious effects of the above substances, the human body has a 

system of endogenous antioxidant cell protectants: 1) superoxide 

https://clinicaltrials.gov/ct2/%20show/NCT02111018
https://clinicaltrials.gov/ct2/%20show/NCT02111018


Acute Kidney Injury due to Rhabdomyolysis 79 

dismutase, 2) catalase and 3) glutathione peroxidase. N-acetylcysteine is a 

source of glutathione and sulfhydryl groups and due to its interactions with 

ROS, is a scavenger of cellular free radicals. In one animal study with 

glycerol induced AKI and RM, renal protection in rats with N-

acetylcysteine pretreatment (150 mg/kg) was found, with a decrease in pro-

apoptotic pathway activation and increased expression of the anti-apoptotic 

proteins Bcl-2 and Bcl-xL. Bcl-2 proteins are known to regulate cellular 

apoptosis by controlling mitochondrial permeability [23].  

Ascorbic acid and vitamin E in the prevention of myoglobinuric AKI 

have produced conflicting results.  

 

 

CONCLUSION 
 

Acute kidney injury due to rhabdomyolysis is a common diagnostic 

and therapeutic issue in critically ill patients. Rhabdomyolysis is associated 

with a range of clinical conditions and acute kidney injury is a complicated 

and advanced situation. Better and deeper understanding of the 

pathophysiology and new approaches in diagnosis can substantially 

contribute to improving current and future therapeutic options for the 

preservation and recovery of renal function.  
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