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Abstract  Original Research Article 
 

Crush syndrome encompasses local and systemic manifestations secondary to prolonged ischemia of significant muscle 

masses, resulting from intense and sustained compression [1]. This massive rhabdomyolysis poses a life-threatening 

prognosis due to the onset of either hypovolemia with shock, sudden hyperkalemia, or acute renal failure. Following the 

earthquake that struck Al Haouz on September 8, 2023, in El Haouz, 71.8 km southwest of Marrakech, with a magnitude 

of 6.9, a prospective study was conducted on 100 patients admitted to the emergency department of the Avicenne 

Military Hospital in Marrakech. These patients presented various traumas and muscle compressions, with varying 

severity levels and locations. Upon admission, levels of myoglobinemia, creatine phosphokinase, creatinine, and 

kalemia were measured. Hyperkalemia was detected in 4 individuals with concentrations exceeding 5.5 mmol/L. 

Analysis of creatine phosphokinase (CPK) revealed that 27% of the patients suffered from rhabdomyolysis, with CPK 

levels exceeding 1000 IU/L. Among these patients, 5 had severe rhabdomyolysis with CPK levels surpassing 5000 IU/L. 

25% of the patients with rhabdomyolysis developed acute renal failure, a complication also present in all cases of severe 

rhabdomyolysis. In terms of myoglobinemia, 16% of the patients had levels exceeding 500 µg/L, and 11 patients had 

levels above 1000 µg/L. Notably, all patients with severe rhabdomyolysis exhibited myoglobinemia levels exceeding 

1000 µg/L, correlating with the development of acute renal failure. 
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INTRODUCTION 
The term rhabdomyolysis defines a clinical and 

biological syndrome caused by the lysis of skeletal 

striated muscle fibers, whose contents are released into 

the general circulation. Any situation causing an 

imbalance between metabolic supply and demand can 

lead to rhabdomyolysis. 

 

However, Crush syndrome encompasses the 

local and general manifestations secondary to prolonged 

ischemia of significant muscle masses, due to intense and 

sustained compression [1]. This syndrome was first 

described by Bywaters and Beall in 1941 after the Battle 

of London [2]. 

 

This massive rhabdomyolysis is life-

threatening due to the onset of hypovolemia with shock, 

sudden hyperkalemia, acute renal failure (caused by 

hypovolemia and the precipitation of myoglobin in the 

tubules), and most often a combination of these three 

consequences [3, 4]. 

 

The biological analysis of various parameters 

such as creatine phosphokinase, creatinine, 

myoglobinemia, and kalemia is of paramount importance 

in the diagnosis, monitoring, and prognosis of patients 

affected by Crush syndrome. 

 

MATERIALS AND METHODS 
Following the Al Haouz earthquake that 

occurred on September 8, 2023, in El Haouz, 71.8 km 

southwest of Marrakech, with a magnitude of 6.9, 

causing 2,960 deaths and 6,125 injuries, a prospective 

study was conducted on 100 patients admitted to the 

emergency department of the Avicenne Military Hospital 

in Marrakech. These patients presented with traumas and 

muscle compressions of varying severity and locations. 

The levels of myoglobinemia, creatine phosphokinase, 

and kalemia were measured upon their admission. 
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The measurements were performed using the 

Atellica® Solution analyzer by Siemens. The blood 

samples were collected without the use of a tourniquet. 

Patients with minor abrasions or minor injuries requiring 

only superficial care or simple sutures were excluded 

from the study. 

 

RESULTS 
In a sample of 100 patients admitted to the 

emergency department following the Al Haouz 

earthquake, presenting with various traumas, we 

observed the following results: The average age of the 

patients was 31 years, with a range from 5 to 74 years. 

There was a female predominance with a sex ratio of 1.3. 

 

Hyperkalemia was detected in 4 individuals 

with concentrations exceeding 5.5 mmol/L. Notably, one 

patient had moderate hyperkalemia at 6.7 mmol/L, while 

another had severe hyperkalemia at 7.18 mmol/L. 

 

The analysis of creatine phosphokinase (CPK) 

revealed that 27% of the patients suffered from 

rhabdomyolysis, with CPK levels exceeding 1000 IU/L. 

Among these patients, 5 had severe rhabdomyolysis with 

CPK levels surpassing 5000 IU/L. Notably, 25% of the 

patients with rhabdomyolysis developed acute renal 

failure, and all patients with severe rhabdomyolysis also 

presented this complication. 

 

Regarding myoglobinemia, 16% of the patients 

had levels exceeding 500 µg/L, and 11 patients had levels 

above 1000 µg/L. Among the patients with 

myoglobinemia above 500 µg/L, 68% developed acute 

renal failure. Furthermore, 81% of the patients with 

myoglobinemia over 1000 µg/L also presented acute 

renal failure. 

 

It is noteworthy that all patients with severe 

rhabdomyolysis had myoglobinemia levels exceeding 

1000 µg/L and all developed acute renal failure. These 

results highlight the correlation between elevated levels 

of CPK and myoglobin and the development of acute 

renal failure in patients affected by the Al Haouz 

earthquake. 

 

DISCUSSION 
Crush injuries to the extremities, even when 

they do not involve vital organs, can be life-threatening. 

Crush syndrome, a systemic manifestation of muscle cell 

breakdown with the release of their contents into the 

circulation, leads to metabolic imbalance and acute 

kidney injury [5]. 

 

The mechanism of cell injury and death in crush 

syndrome originates from the compression of muscle 

fibers. In addition to the direct trauma from compression, 

the tissue is deprived of blood flow and becomes 

ischemic, with both mechanisms causing muscle cell 

lysis, resulting in significant metabolic imbalance and 

ultimately organ failure [6]. 

 

The timing of the onset of cellular damage and 

death varies depending on the crushing force applied. 

Skeletal muscle can generally tolerate up to 2 hours of 

ischemia without permanent damage. However, after 4 

to 6 hours, tissue necrosis develops [6]. At the cellular 

level, crushing opens stretch-activated channels in the 

muscle cell membrane and disrupts the Na/K transporter, 

allowing calcium to freely enter the cell. The increase in 

intracellular calcium stimulates the activity of 

intracellular proteases, leading to cell degradation [7]. 

 

Once the external pressure is released, the cell 

contents, including potassium, phosphorus, and urate, are 

released into the circulation, accelerating metabolic 

imbalances. Conversely, the rupture of cell walls allows 

calcium and sodium to rush into the cell, leading to 

hypocalcemia and hyponatremia. For many patients, 

crush syndrome immediately results in hyperkalemia, 

leading to dysrhythmias, which often appear less than an 

hour after extrication [8]. 

 

Hyperkalemia is defined as a plasma potassium 

level > 5.5 mmol/L. It is considered moderate between 

6.1 and 6.9 mmol/L and severe if potassium levels are > 

7 mmol/L [9]. 

 

With the release, intravascular fluids flow into 

the intracellular compartments, and the injured area 

begins to sequester large volumes of fluids. The limbs 

can contain up to 12 L of fluid in their large 

compartments. Distributive shock can also develop as a 

result of the release of inflammatory mediators due to 

reperfusion injury [10]. 

 

Although dysrhythmias are the most immediate 

concern in crush syndrome, renal effects are the most 

serious complication. The initial kidney injury before 

extrication is largely due to decreased circulating blood 

volume, exacerbated by third spacing of fluids into the 

injured limb. Additionally, the release of myoglobin into 

the systemic circulation contributes to worsening renal 

injuries. The heme protein present in myoglobin has 

several nephrotoxic effects. Firstly, myoglobin's nitric 

oxide inhibitory effect causes vasoconstriction, 

exacerbating a pre-renal state. Heme also leads to direct 

cytotoxicity as myoglobin's iron likely catalyzes the 

formation of more free radicals, leading to intrarenal 

failure, especially in the proximal tubule [11]. Finally, 

the kidneys readily filter myoglobin, which then 

precipitates with Tamm-Horsfall proteins in the tubules 

[12]. These tubular casts lead to obstruction and are 

thought to increase intraluminal pressure, thereby 

decreasing glomerular filtration [13]. 

 

In rhabdomyolysis, the myoglobinemia level 

(myoglobin in the blood) exceeds 500 µg/L, which is 6 

times the upper limit of normal [14]. However, 
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determining myoglobin in serum and urine is only useful 

for early diagnosis of rhabdomyolysis, and the absence 

of elevated serum myoglobin levels does not rule out the 

diagnosis of rhabdomyolysis [15]. 

 

While myoglobin is responsible for nephron 

damage, CK levels are commonly monitored as a marker 

of crush syndrome. Normally, creatine phosphokinase is 

found in cardiac tissues, skeletal muscles, the brain, etc. 

However, in the case of muscle injury, there is a leakage 

of CK into the blood. Thus, CK is indicative of muscle 

damage. CK-MB is a more specific indicator of cardiac 

muscle damage, while CK-MM is more indicative of 

skeletal muscle damage [16]. A CK level exceeding 1000 

IU/L indicates rhabdomyolysis; values exceeding 5000 

IU/L indicate severe rhabdomyolysis [17]. The analysis 

of creatine phosphokinase (CK) revealed that 27% of the 

patients suffered from rhabdomyolysis, with CK levels 

exceeding 1000 IU/L, while only 16% of the patients had 

myoglobinemia levels exceeding 500 µg/L. This can be 

explained by the fact that the increase in serum 

myoglobin precedes the increase in CK; therefore, serum 

and urinary levels may have returned to normal by the 

time of hospitalization. Similarly, myoglobin elimination 

from plasma is rapid, so within 1 to 6 hours, both renal 

excretion and metabolism into bilirubin occur [18]. 

 

In our study, we observed that acute renal 

failure, the most severe complication of rhabdomyolysis, 

occurred in 25% of the patients, a figure consistent with 

previously reported data in the general medical literature 

(15% to 33%) [19, 20]. All patients with severe 

rhabdomyolysis (CK > 5000 IU/L) also presented this 

complication. This aligns with the study by Melli [21], 

the study by Ward [20], and the study by Eneas et al., 

[22], which found a highly significant association 

between serum creatinine values, as a marker of renal 

function, and CK values. All patients with severe 

rhabdomyolysis had myoglobinemia levels exceeding 

1000 µg/L. This has been demonstrated by Melli et al., 

showing that the amount of myoglobin released into the 

blood is correlated with the serum CK level [21]. 

 

CONCLUSION 
Crush injuries to the extremities, even if they do 

not involve vital organs, can be life-threatening. Crush 

syndrome, also known as traumatic rhabdomyolysis, is 

the systemic manifestation of muscle cell breakdown 

with the release of their contents into the circulation. 

Measurements of creatine phosphokinase and myoglobin 

are crucial tools for diagnosing and assessing the severity 

of rhabdomyolysis. There is a highly significant 

association between serum creatinine values, as a marker 

of renal function, and CK and myoglobin levels. 

However, acute renal failure is one of the serious 

complications that can be avoided through optimal 

management. 
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