
(Rhabdomyolysis)

(myoglobin)

(CK)

(Acute Kidney 

Injury, AKI) AKI 

(ferroptosis)

CK

>1,000 U/L CK

AKI

McMahon Score

200-300 

mL/hr

AKI

Cilastatin

(Rhabdomyolysis)

(Creatine Kinase, CK)

(myoglobin)
1-4

(Crush Injury)

5

(Acute Kidney Injury, AKI)

(Crush Syndrome)5,6

Bywaters
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Bywaters’ syndrome
5,7

5,8

statin
1,9

(AKI)

AKI 10% 60%

AKI 10% ²

40% 70%

5

1. 

ATP 1-4

Na+/

K+  Na+/Ca2+ ATP

ATP

(proteases) (phospholipases)

ATP

5,10

2. 

(AKI)

(multi-hit)

¹¹

AKI

Tamm-Horsfall

cast ¹
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(Reactive Oxygen Species, ROS)

11,12

• (Ferroptosis)

¹³

(apoptosis)

(glutathione)

¹³

AKI

• (Inflammation and Immune 

Response)

(Damage-

Associated Molecular Patterns, DAMPs)

(macrophages)

(neutrophils)

¹²

(Macrophage Extracellular Traps, 

METs) 14

AKI

• (Renal Vasoconstriction)

(third-spacing)

(hypovolemia)

- -

(RAAS)

¹²

• (Intratubular Obstruction)

 

Tamm-Horsfall 

¹²

• (Direct Cytotoxicity 

and Oxidative Stress)

megalin cubilin

¹² (heme)

(Fe2+)

(Fenton reaction) (H2O2)

(·OH)
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• (Traumatic/Physical 

Causes)
1-4

1-4

(Exertional Rhabdomyolysis)

(CrossFit)
1-4

( M a l i g n a n t 

Hype r the rmia )

(Neuroleptic Malignant Syndrome, 

NMS) 1-4

1-4

• (Non-Traumatic Causes)

10

 Statin

Fibrate

CYP3A4

azoles

statin

³

 

²

(cocaine) (amphetamines)

(heroin) ²

 

Daptomycin

Propofol Succinylcholine

²

HIV EB

²
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(DKA)

(HHS) ²

McArdle’s 

disease ³

²

(myalgia) (weakness)

(tea-colored urine)

10%³
1-3

1-3

AKI

  

(CrossFit)

(NMS)

Statin Fibrates Daptomycin
Propofol Succinylcholine

HIV

(DKA)

(McArdle’s disease)

1-4
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3.6%1-3

• (Creatine Kinase, CK) CK

¹ CK

24 72

30-50% 1-3

CK

CK

1,000 U/L 5 1-3

• CK AKI

CK AKI

CK

AKI (loose 

correlation)9 CK>5,000 

U/L AKI ²

CK > 16,000 U/L
9 CK

AKI

CK

CK

• (Myoglobin)

2 -4

CK9 9

(orthotolidine 

test)

³

• 

³

(Creatinine)

(BUN)

(creatine)

BUN/Creatinine

10:1³

(AST/

ALT) AST

³

McMahon Score

CK

McMahon Score
8

(Renal Replacement Therapy, RRT)
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CK

RRT

86%8

1. 

(Early and Aggressive 

Intravenous Fluid Therapy)

AKI
15-17

  McMahon Score 

 ( ) >50 1.5
>70 2.5
>80 3

1
statin 3

 (mg/dL) >1.4 1.5
>2.2 3

 (mg/dL) <7.5 2
 (mg/dL) 4.0 - 5.4 1.5

>5.4 3
 CK (U/L) >40,000 2

 (mEq/L) <19 2
< 5  2.3% (RRT)

  RRT  86%,  68%
> 10 61.2%  RRT 

McMahon GM, et al. JAMA Intern Med. 2013 9
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• (Timing)

AKI
15,18

6
15,18

17

• (Fluid Type)

(Normal Saline, NS)

NS
17 NS

(hyperchloremic 

metabolic acidosis)
17

(Lactated Ringer’s, LR) LR

lactate

bicarbonate

NS

LR pH
9

(AAST) NS LR
17

• (Rate and Goal)

400 mL/hr

¹

1-1.5 L/hr9,15

(Urine Output)

200-300mL/hr 1-3 mL/kg/hr16

EAST

CK

5,000-10,000 

U/L 16

• 

2022
6

>3 mL/kg/hr

AKI

(volume overload)

(renal venous congestion)
6
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2. 

(Mannitol)

(Sodium Bicarbonate)

(Mannitol)

• (Sodium Bicarbonate):

pH>6.5

Tamm-Horsfall
15

15-16

6

AKI

Brown

AKI 6,15,16,19

A A S T E A S T

(conditionally recommend 

against) AKI
9,15,16

AKI15

• (Mannitol):

15

15,16

(anuria)

(osmotic 

nephrosis)

AAST EAST
9,16
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<200-300 mL/hr

15

AKI

• (Hyperkalemia)

AKI

9

T

QRS

(Calcium gluconate) (Calcium 

chloride)

(Insulin/Glucose)

(Beta-2 agonist) Salbutamol

(loop 

diuretics) (sodium zirconium 

c y c l o s i l i c a t e )

Kayexalate

¹

• (Compartment Syndrome)

(fascial compartment)

9

>30mmHg  - 

<30mmHg

(fasciotomy)
5

• (Renal Replacement Therapy, 

RRT)

RRT

AKI AKI
9
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RRT
9 RRT

AKI

 

 

 

 

(Continuous 

Renal Replacement Therapy, CRRT)

(Intermittent Hemodialysis, 

IHD)

CRRT

IHD

• (Inhibition of Myoglobin 

Endocytosis)

imipenem

Cilastatin

megalin
12,20

cilastatin

AKI 20 cilastatin

• (Antioxidant and Anti-

inflammatory Therapies)

AKI

N-acetylcysteine(NAC) C

(curcumin) (selenium)

12,13

canakinumab (anakinra)

12,13

• 

(CO) (H2S)

13
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(rhEPO)

(pleiotropic)

M1 M2

¹³

cilastatin

1. 

AKI CK

2. CK

>1,000 U/L 5

AKI

McMahon Score

  

 2010 2010
/

6
2 0 0 - 3 0 0 m L /

hr NS LR  

 

 pH >6.5
AKI  AKI

  

 Scharman et al., Sawhney et al. (EAST), Kodadek et al. (AAST), Kim et al. , Brown et al.
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3. 

200-300 mL/hr

4. 

5. 

RRT

AKI
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