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SPECTRUM  of  AKI  after  DISASTERS

Crush injury-related
(crush syndrome)

Other etiologies

Prerenal
(Dehydration / shock)
- entrapped victims
- traumatic bleeding

Postrenal
(Supra/infra vesical obs.)
- pelvic trauma
- foreign bodies

Intrarenal
(Ischemic / nephrotoxic ATN)

- shock
- sepsis
- nephrotoxic agents 
- transfusion reactions   Sever and Vanholder. NDT 2012; 27 [Suppl 1]: i7–i16



Crush: injury due to pressure between opposing elements

• Hypovolemic shock 
• Hyperkalemia
• Infections
• AKI

• Local findings of trauma
• Compartment syndrome

Crush syndrome: systemic manifestations of
crush injury-induced rhabdomyolysis

MEDICALSURGICAL

THE CRUSH SYNDROME

UNDERLYING  PATHOLOGY  → RHABDOMYOLYSIS



• Incidence of crush syndrome:
 2 - 3% of all casualties

Sheng ZY. J Trauma 1987;27:1130;   Sever MS et al. Kidney Int 2001;60:1114-23

Crush syndrome is frequent !

• Haiti E. (2010)→ Deaths: 220.000; injured: 300.000
Vanholder et al. Nephron Clin Pract 2011;117: c184–197



Mortality in crush s.:

• Overall: 24.8% (50/202)

• Dialyzed: 41% (50/123)

Crush  syndrome  is  fatal !

Ukai R. Ren Fail 1997; 19: 633-45

Oda  J et al. J Trauma 1997; 42: 470-5
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PATHOGENESIS of CRUSH-RELATED AKI

I. Traumatic rhabdomyolysis
II. Rhabdomyolysis-induced AKI

Better and Stein. NEJM 1990;322:825–9 Zager. Kidney Int 1996;49:314-26 Vanholder et al. JASN 2000;11:1553–61

∼30 - 50% of rhabdomyolysis ⇒ AKI

Rhabdomyolysis ⇒ a frequent cause of AKI (5 - 20%)
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CLINICAL FINDINGS in CRUSH-RELATED AKI
Local findings in the traumatized muscles

Systemic manifestations of the crush injury

(6 “P”s)

Pain
Pressure
Paresthesia
Paresis or paralysis
Pallor
Pulselesness

• AKI
• Hypovolemic shock
• Hyperkalemia
• Infections
• .............. Sever et al. NDT 2002;17:1942-9;   Better et al. KI 2003; 63:1155-7

VERY RISKY



LABORATORY FINDINGS

• Myoglobinuria
• Other findings

•  muscle enzymes

•  urea, creatinine

• Acidosis

• Hyperphosphatemia

• Hypoalbuminemia

• Hyperkalemia
Sever et al. NDT 2002;17:1025-31;

Urinalysis Blood  chemistry

Vanholder et al. JASN 2000;11:1553–61
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Serum potassium:

Many patients died at the disaster field, during transportation or 
on admission to hospitals due to fatal hyperkalemia!
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Treatment of Disaster Crush Victims

Disaster field
• Rescue
• Triage
• Primary survey
• Stabilization
• Basic surgical int.  
• Fluids
• Other interventions

Transportation
• Triage
• Primary survey
• Stabilization
• Fluids
• Other interventions

Hospitals
• Triage
• Prim./ sec. surveys
• Surgical interv.  
• Medical interv.

• Fluids
• Blood / products trans.
• Dialysis
• Other interventions

Sever MS, Vanholder R, Lameire N. N Engl J Med 2006; 354: 1052–1063



Hypotonic saline + HCO3 Improves acidosis
Attenuates hyperkalemia

Complicated  prep. 
Symp. alkalosis

Good for small scale 
disasters

Isotonic saline Effective
Readily available

Hypervolemia, 
Hypertension Preferred solution

Mannitol-alkaline solution 
(Basal sol.: Hypotonic saline)

Plasma expander
Diuresis, plugs, antioxid. 
Compartment syndrome

Hypervolemia, CHF
Nephrotoxicity

Contraindicated in 
anuria

Albumin
Hydroxyethylstarch (HES)

Expansion of intravascular 
volume

Hard to find, side 
effects, expensive Not preferred

C
rystalloids

Colloids

TYPE OF FLUIDS in CRUSH-RELATED AKI
1. Volume resuscitation, 2. Alkalinization, 3. Other targets

MEDICAL: Bicarbonated hypotonic NaCl

LOGICTICS: Isotonic NaCl

Gunal AI... Sever MS. JASN 2004;15:1862-7;    Sever MS, Vanholder R. CJASN 2013;8:328-35



FLUIDS

FLUIDS

HCO3

HCO3

MANN. MANN.

MANN.

MANN.

Sever MS and Vanholder R. CJASN 2013; 8: 328–335



FLUID TREATMENT POLICY IN CRUSH VICTIMS -I

Sever MS, Vanholder R et al. “Crush Recommendations” NDT 2012; 27: Supplement 1, i1–i67



FLUID TREATMENT POLICY IN CRUSH VICTIMS -II

VARIABLES TO BE CONSIDERED
• Age
• Body weight 
• Trauma pattern 
• Duration of extrication 
• Urine production
• Amount of overall estimated fluid losses
• Ambient temperature
• Logistic circumstances (severity of the disaster,  

availability of medical items..)



ECG; iSTATR point-of-care device 

Vanholder et al. Lancet 2010

Other Measures at the Disaster Field 



Dialysis indications:
• Clinical symptoms

(hypertension, volume overload, nausea...)
• Biochemical abnormalities 

(severe uremia, hyperkalemia, acidemia..)

Prophylactic dialysis
- High risk for hyperkalemia

Sever et al. Kidney Int 2002; 62:2264-71

Renal Replacement Therapy in Crush-Related AKI -I



Medical Advantages Medical Drawbacks

IHD
- High clearance rate of low molecular 

weight solutes
- Dialyzing without anticoagulation

- Priming volume may induce 
hypotension

- Risk of disequilibrium syndrome

CRRT
- Better volume control
- Lower risk of disequilibrium syndrome
- Administering more calories

- Continuous heparinization 
- Low removal capacity for small 

solutes like potassium

PD
- No need for vascular access
- Less hemodynamic instability
- No need for water and electricity

- Low clearance rate 
- Difficulty in maintaining sterile 

technique
- Difficult application in some pts.

Renal Replacement Therapy in Crush-Related AKI -II

Sever MS, Vanholder R et al. “Crush Recommendations” NDT 2012; 27: Supplement 1, i1–i67



Logistic Advantages Logistic Drawbacks

IHD - Possibility to treat several patients per 
day at the same position.

- Need for experienced personnel
and technical assistance.

CRRT
- CAVH has the advantage of no need for 

pumps and electricity.
- Only minimal equipment is needed.

- Only one patient, per machine 
per day.

- Transportation of fluid bags to
the disaster area.

PD - No need for water and electricity. - Transportation of fluid bags to
the disaster area.

Renal Replacement Therapy in Crush-Related AKI -III

IHD is the most practical RRT modality 

in disaster crush victims. 

Sever MS, Vanholder R et al. “Crush Recommendations” NDT 2012; 27: Supplement 1, i1–i67



CONCLUSIONS

• Treatment strategies may differ considerably because of medical 
and logistic circumstances.

• Early, fluid  administration is the most pragmatic intervention
for prophylaxis of crush syndrome. 

• Crush syndrome is the most important cause of AKI after disasters. 
It was / is (will continue to be) a major cause of death after earthquakes. 

• Deaths due to crush-related AKI can be decreased by appropriate
medical and logistic management.



for further information:

https://academic.oup.com/ndt/article/27/Suppl_1/i1/1818526?login=false
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