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SPECTRUM of AKI after DISASTERS
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Crush injury-related Other etiologies
(crush syndrome)
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Prerenal Postrenal Intrarenal
(Dehydration / shock)  (Suprafinfra vesical obs.)  (Ischemic / nephrotoxic ATN)
- entrapped victims - pelvic trauma - shock
- traumatic bleeding - foreign bodies - Sepsis
- nephrotoxic agents

Sever and Vanholder. NDT 2012; 27 [Suppl 1]: i7-i16 - transfusion reactions



THE CRUSH SYNDROME

Crush: injury due to pressure between opposing elements

Crush syndrnme systemic manifestations of

SURGICAL MEDICAL

 Hypovolemic shock
e Hyperkalemia

e Infections

* AKI

UNDERLYING PATHOLOGY —» RHABDOMYOLYSIS

» Local findings of trauma
« Compartment syndrome




Crush syndrome is frequent !

e 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

* Haiti E. (2010)— Deaths: 220.000; injured: 300.000

Vanholder et al. Nephron Clin Pract 2011;117: c184-197



Crush syndrome is fatal !

Mortality rates in dialyzed crush victims:

~ Marmﬂra.’. 17!]/“ (Sever et al. Nephron 2002; 92: 64-71)
®* Taiwan: 17% (Hwang et al. NDT 2001; Suppl 5: 78-82)
* Pakistan: 19% (Vanholder et al. Kidney Int 2007: 71: 17-23)

0
® Iran: 13% (Hatamizadeh et al AJKD 2006; 47: 428-38)
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PATHOGENESIS of CRUSH-RELATED AKI

I. Traumatic rhabdomyolysis
II. Rhabdomyolysis-induced AKI

~30 - 50% of rhabdomyolysis = AKI

Rhabdomyolysis = a frequent cause of AKI (5 - 20%)

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



PATHOGENESIS of TRAUMATIC RHABDOMYOLYSIS

Myog|. skp-

|
PO, P
Creatin JI->

| Persistent contraction H* m—
\ Proteolytic enzymes |

RHABDOMYOLYSIS
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Better et al. Miner Electrolyte Metab 1990; Better and Stein. NEJM 1990; Abassi et al. AJKD 1998
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CLINICAL FINDINGS in CRUSH-RELATED AKI

Local findings in the traumatized muscles

Pain
Pressure

Paresthesia

Paresis or paralysis m
Pallor

Pulselesness

Systemic manifestations of the crush injury

e AKI
et o |—> VERY RISKY

‘

e Infections

ver et al. NDT 2002;17:1942-9; Better et al. KI 2003; 63:1155-7




LABORATORY FINDINGS

Urinalysis
* Myoglobinuria
® Other findings

Blood chemistry

® 72 muscle enzymes
® 7 urea, creatinine

*® Acidosis

® Hyperphosphatemia
® Hypoalbuminemia

® Hyperkalemia

Sever et al. NDT 2002;17:1025-31; Vanholder et al. JASN 2000;11:1553-61



Clinical Nephrology, Vol. 59 — No. 5/2003 (326-333)

Serum potassium in the crush syndrome
victims of the Marmara disaster

M.S. Sever’, E. Erek?, R. Vanholder®, G. Kantarci?, M. Yavuz®, A. Turkmen’,

Serum potassium: 5.3+1.3 (2.4 - 13.3) mmol/L

140-

120 Cum. No. | Potassium
4 100 of the pts. | (mmol/L)
2 80| |
5 el 176 >=6.0
< 401 116 >=6.5

201 70 >=7.0

0l

<356 3544 4554 5564 65-74 75-79 8,0-84 >=85 —
Serum Potassium (mmol/L) 6 >_8'5

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

Ve

Disaster field Transportation

® Rescue °® Triage

® Triage ® Primary survey

® Primary survey ® Stabilization

* Stabilization [* Fluids |

® Basic surgical int. ® Other interventions
[* Fluids |

® Other interventions

~

Hospitals

® Triage

® Prim./ sec. surveys
® Surgical interv.

®* Medical interv.

® Blood / products trans.
I' Dialysisi

® Other interventions

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



TYPE OF FLUIDS in CRUSH-RELATED AKI

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
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FLUID TREATMENT POLICY IN CRUSH VICTIMS -I

A victim is detected under the rubble

BEFORE EXTRICATION

(A vein is sought in one of the limbs)

A
v v

No vein can be found |—=| No fluid is given Initiate isotonic saline (1 L/h) |« | A vein is found

DURING EXTRICATION — (Continue isotonic saline 1 L/h)

Duration of extrication process >2h

|

Reduce isotonic saline (0.5 L/h or even less)

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
e Age

e Body weight

e Trauma pattern

e Duration of extrication

e Urine production

e Amount of overall estimated fluid losses

e Ambient temperature

e Logistic circumstances (severity of the disaster,
availability of medical items..)




Other Measures at the Disaster Field

Complication Treatment Comments
. - Jaw thrust, Mayo canulia providing fres ainsay, : . :
Airway aspiralion of secrelions, adminisiration of oxygen. -mmﬁﬁa.gslq;mdasaﬁmt-hmmeﬁm because of its
REHIHAEN tracheal intubation WE-RINY copmity.
- Morphine should be given IV since the response 1o IM
Fain - Marcotics, ketamine marphing (s unpredictable and may lead to respiratary depression

- N3AID= should not be used for analgesia

i : e y .| - Sade effects of Kayexalate nausea, vamiling, hypocalcemia,
- Podassium binding resins. L kKayexaiate Ma*or Car hypokalsmia and rarely intesfingl necross.

Hyperiaiemia | - Transfering the pabents a5 soon as passble for |\ oayaiale is preferred: Ca- kayexalate should be avoided

ECG; iSTATR point-of-care device
I e because of sequestialion in the tissues.
Hypetension | - Calcium antagonists and nitrates - Excessive fluids is to be avoided in oligoanuric viclims.

- Diuretics in vichims with urine production - Psychologs: support can be helpful in case of severe siress,

Myacardiail - Refied of pam_ treatment of hypertansion and
ischemia and anxiety, admmistrabon of short acting nitrates, - Transpori of the patents o a hospilal at the earlies! oocasion.
infarction oXygen inhalation

A . . ; - Patients should be placed in a siting position.
Cardiac failure | - Shart acting nitrates, diurebics, oxygen inhalakon - Applicaten of intermittent yenous tourniquets may be ussfid

Vanholder et al. Lancet 2010



Renal Replacement Therapy in Crush-Related AKI -

Dialysis indications:
e Clinical symptoms

(hypertension, volume overload, nausea...)

* Biochemical abnormalities
(severe uremia, hyperkalemia, acidemia..)

Prophylactic dialysis
- High risk for hyperkalemia

Consider the broader dinical context, the presence

of conditions that can be modihed with RRT. and

trends ot laboratory tests—rather than single BUN

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

and creatinine thresholds alone—when making the

decision to start RRT. ( Nor Graded)



Renal Replacement Therapy in Crush-Related AKI -l

Medical Advantages

Medical Drawbacks

- High clearance rate of low molecular

- Priming volume may induce

IHD weight solutes hypotension
- Dialyzing without anticoagulation - Risk of disequilibrium syndrome
- Better volume control - Continuous heparinization
CRRT | _ Lower risk of disequilibrium syndrome - Low removal capacity for small
- Administering more calories solutes like potassium
- No need for vascular access - Low clearance rate _
PD - Difficulty in maintaining sterile

- Less hemodynamic instability
- No need for water and electricity

technique
- Difficult application in some pts.

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




Renal Replacement Therapy in Crush-Related AKI -Il|

Logistic Advantages Logistic Drawbacks

IHD Is the most practical RRT modality

In disaster crush victims.

- Transportation of fluid bags to

PD - No need for water and electricity. _
the disaster area.

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



CONCLUSIONS

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.

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

Treatment strategies may differ considerably because of medical

and logistic circumstances.

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