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DEFINITIONS

* Crush injury

when a body part is subjected to a high degree of force or

pressure, usually after being squeezed between two heavy
or immobile objects.

« Crush injury that produces ongoing ischemia of @
fascial muscle compartment is termed Compartment
syndrome, defined as increased pressure within a
confined space that leads to microvascular
compromise and ultimately to cell death as a result of
oxygen starvation.

« Crush syndrome is the systemic manifestation of muscle
cell damage resulting from pressure or crushing with or
without subsequent compartment syndrome.



MASS CASUALTY WITH CS

 Building collapse
« Earthquakes

 Landslides

« Bombings

« Construction accidents
 Heavy snow on roof

* Mine or trench collapse
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Table 1. Statistics Related to Major Earthquakes in the Past 18 Years.™

Location and Year

Spitak Ammenia, 1388*%Y
Morthern lran, 1990

Kobe, Japan, 1995'%*
Marmara region, Turkey, 1999
Chi-Chi, Taiwan, 1999
Gujarat, India, 2001
Boumerdes, Algeria, 2003
Barn, Iran, 2003*F

Kashmir, Pakistan, 2005y

Total

Death

25,000

= 0000
5,000
=17 1000
2,405
20,023
2,266
26,000

= 80,000
=217 000

Crush Syndrome
overall number of crush Wctims

]
?
3r2
e
52
5

207
124
118
= 19080

Dialysis

225-385
156
123
477

32
13
152
96
b5
= 1200




PATHOPHYS & CLINICAL
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PATHOPHYS & CLINICAL

 The most serious complication is Renal Failure

« The pathogenesis of renal failure is multifactorial:
« Systemic hypoperfusion
« Renal vasoconstriction
« Nephrotoxicity from myoglobin

« Uric acid and phosphate precipitation in the distal
tubules

* Low urine pH and renal vasoconstriction promote
precipitation of nephrotoxins.



CLINICAL FEATURES

« Crush injury

« Compartment Syndrome
e Crush Syndrome

» Electrolytes disturbance:
« Hyperkalemia
* Hypocalcemia
« Metabolic Acidosis

« Renal Failure
 DIC
 Hypovolemia & Shock
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MANAGEMENT

« Extrication/Pre-hospital care:

Patients may be saved even after > 24hrs entrapment
Prevent hypovolemia and ARF

Massive fluid replacement may be needed

Start during/shortly after extrication

IV NS at rate high enough to maintain adequate UOP at
200-300 ml/hr initially



MANAGEMENT

« ED care:
Airway, Breathing, Circulation
Full monitoring
Continue IVF, ensure urinary cath (0.5 ml/kg/hr)
Prevent & treat Rhabdomyolysis
Check for compartment syndrome
Watch for and treat:

* Hyper-K

» Acidosis

 Hypo-Ca

« Hyperuricemia



DIAGNOSTICS

EKG

POC

CBC, platelets, type and screen, electrolyte panel,
BUN, creatinine, CPK, liver panel, urinalysis

ABG, myoglobin, PT, PTT
« Chest X-ray

« Other radiographs, computed tomography, efc. to
evaluate for other injuries



FLUIDS

« Avoid Ringer’s Lactate - Hyper-K

« Normal Saline
* |Initiate IV fluid rate at 1000 mL/h, and then reduce 1o 500
mL/h after 2 hours

» 20 cc per kg per hour for children
* 10 cc per kg per hour for elderly

« Goal:
» Urine output should be approximately 200 1o 300 mL/h (5
to 7 L every 24 hours) for an adult
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HYPER-K

Normal saline 1V fluid bolus

IV calcium
IV NaHCO3 50 to 100 meg
Aerosolized albuterol (2.5 mg in 3 cc)

IV dextrose (25 grams) & insulin (5 units 1V)
e222: PO or PR kayexalate
Emergent hemodialysis



ALKALIZATION OF URINE

15" Bicarbonate:
« Supplement the NS with 50 meq (1 amp) doses

« Add 3 amps (150 meq) to one liter DSW and infuse as first or
second IV bolus

« Up to 300 meqg per 24 hours may be needed
« 2nd: Acetazolamide (250 mg PO TID)

« GOAL:
« Urine pH b/w 6-7; (check with pH paper)
* Prevent myoglobin and uric acid deposition in kidneys



MANNITOL

Eliminate myoglobin from the kidney & prevent RF

UOP <2 cc per kg per hour, or if adequate UOP is still
not achieved 4 hours after treatment started

Maximum dose : 2 g/kg/d (or 200 g/d)
Watch for hypovolemia...
Cl in established anuria...



MANNITOL

« May scavenge free radicals in muscle thus limifing
Necrosis

» Positive inotropic effect on the heart

 May help decompress compartment syndrome by
mobilizing fluid from damaged muscle (thereby
preventing need for fasciotomy)



HYPERBARIC OXYGEN

« Supplements O, availability fo the hypoxic tissues

Therapy at 2 atm, blood O, content is increased 125%
Edema reduction secondary to O, -induced Vasocon.

Reduces blood flow by 10% to 20%, thereby reducing
tissue edema caused by blood flow

Long-term effects:
* improved wound repair after fasciotomy
« diminished infection rates
« improved outcome of skin grafts



T —

FASCIOTOMY

« Normal muscle compartment pressure is < 15 mm Hg

* Pressure > 30 mm Hg - muscle ischemia, so fasciotomy
indicated if pressure is persistent

* [rreversible muscle damage occurs after 6 hours, &
ireversible nerve damage may occur after 4 hours of
iIschemia

« Patients with higher DBP can tolerate higher tissue
pressure without ischemia, so fasciotomy
recommended when 20 mm Hg below DBP
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FASCIOTOMY

* In Most reports of mass casualties from earthquakes,
most of the fasciotomies were done more than 12 hours
after the time of tfrauma

« Reviews of these cases showed high infection rates with
increased mortality and amputations, and poor long
term function

« So fasciotomy would be indicated if the victim can be
extricated and receive definitive medical care within 6
hours of injury, but not later
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ADDITIONAL POINTS

Don't forget oxygen supplementation (even if the
patient is not hypoxemic, O2 may help ischemic
muscle)

Don't forget pain medications
Address tetanus immunization status

Furosemide may initiate diuresis but not favored since it
makes acid urine



MONITORING

 Urine output and urine pH (hourly)

 Serial electrolytes (particularly K) : every 6 hrs initially
« CK, BUN, creatinine : 8-12 hours

« ABG (if initially acidotic or on ventilator): every 4 hrs
« Compartment pressures : every 4 hrs inifially
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MASS CASUALTY

« Extrication may be delayed
« Medical treatment during extrication may be unavailable
* Initial management may occur in suboptimal condifions

« Medical personnel may have little experience working under
such conditions

« Transportation to definitive care may be prolonged

» Crifical equipment, such as dialysis machines, may be in short
supply

» Laboratory, monitoring, and intensive care facilities may be
insufficient for the volume demands



SUMMERY

Safety 1¢

IV before extrication
Aggaressive IVF (avoid LR)
UOP, Alkaline urine, Mannitol
Hyper-K - Kills

Fasciotomy only if viable
Hyperbaric O,

Monitor closely

Pain, tfetanus, other injuries
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