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Abstract

Combat related injuries bring untold misery to the victims and their loved ones. While injuries to vital organs cause immediate
death, delayed mortality after reaching a hospital may occur due to several reasons, rhabdomyolysis or the crush syndrome being
the most important. Crush syndrome predominantly affects the kidneys leading to renal failure, but the clinical picture may
include acute respiratory distress syndrome, dyselectrolytaemia, disseminated intravascular coagulation, hypovolemic shock,
arrhythmias and psychological trauma. Rescue, resuscitation and rehabilitation are onerous tasks and so a coordinated strategy
with well trained team of professionals through various chains of evacuation is advocated. This article addresses these issues
drawing upon the experience of the writer in combat casualty care in active operations.
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Introduction

Life in the modern world means existing with the
evolving face of modern warfare and global
terrorism besides disasters, both natural and man-
made alike. Man has devised weapons of mass
destruction, which in the hands of warring nations and
urban terrorists can cause blasts, building collapses etc.,
resulting in a unique pattern of damage to the human
body namely, crush injuries. They not only cause
immediate mortality, but also widespread complicated
haemodynamic and metabolic disturbances over a period
of time in those who survive, that requires active
management.

Historical perspective

World War II became a watershed in the study of
crush injuries with the path breaking paper in 1941,
wherein Bywaters and Beall described crush syndrome
as a phenomenon that occurs in some survivors of crush
injuries [1]. Mubarak et al identified a spectrum of
disorders from compartment syndrome to crush
syndrome [2]. Haemodialysis as a primary modality of
treatment took shape in the European Continent.
Hyperbaric oxygen therapy is firmly established in the
treatment armamentarium since three decades [3].
Present attempts are aimed at streamlining the early
detection of crush syndrome, standardising a fluid
regimen pattern and identifying casualties for renal
replacement therapy [4]. Over a period of five decades
various conflicts and natural disasters across the globe
have made the medical community wiser in the

management of crush injuries and crush syndrome.

Definition of terminologies
The spectrum includes

(a) Crush injury: Injury caused as a result of direct
physical crushing of the muscles due to something heavy.

(b) Crush syndrome: Also termed rhabdomyolysis,
involves a series of metabolic changes produced due to
an injury of the skeletal muscles of such a severity as to
cause a disruption of cellular integrity and release of its
contents into the circulation.

(c) Compression syndrome: An indirect muscle injury
due to a simple, slow compression of a group of muscles
leading to ischaemic damage and thus causing crush
substances to enter the blood.

(d) Compartment syndrome: A localized rapid rise
of tension within a muscle compartment, which inevitably
leads to metabolic disturbances akin to rhabdomyolysis.

Pathophysiology

It is recorded that upto 80% of crush injury patients
die due to severe head injuries or asphyxiation. Of the
20% that reach hospital, 10% make an uneventful
recovery. The other 10% go into crush syndrome [1].
Our whole focus has to be centered on tackling this
10%, which has severe and extensive metabolic
disturbances.

Crush and rupture of muscle cells releases myoglobin,
which gets converted to methmyoglobin and finally acid
haematin, which is released into the circulation. Muscles
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also contain potassium, magnesium, phosphate, acids,
enzymes like creatine phosphokinase (CKMM) and
lactate dehydrogenase (LDH). Though essential for cell
function, they are toxic when released into the circulation
in large amounts. Regional ischemia caused by occlusion
of micro and macrocirculation to muscles following
crush, releases sodium, calcium and fluids leading to
raised muscle volume and tension. CK and ATP are
exhausted. Nitric oxide system is activated and this
further contributes to muscle vasodilatation and
aggravation of hypotension [5].

Casualties deteriorate only after being rescued out
of the debris of collapse or entrapment, because once
the tissue tension is released, reperfusion to the ischaemic
damaged muscles disrupts sodium-potassium-ATPase
mechanism. In turn, this releases myoglobin degradation
products, lactic acid, uric acid and muscle enzymes like
creatinine phosphokinase and aldolase, besides ions like
calcium, potassium and phosphate into the circulation
[1]. Myoglobin is filtered out of the glomerulus, but once
the renal threshold is exceeded, it precipitates in the
distal convoluted tubules causing obstruction. It has also
been noticed that an element of vasoconstriction of the
afferent arterioles induced by myoglobin degradation
products adds to this setting of tubular destruction.

Elevated lactic acid levels are well coordinated with
muscle ischaemia time, but it is generally accepted that
serum creatinine phosphokinase is the most important
index of muscle damage [4]. The appearance, duration
and gravity of oliguria and kidney damage are not related
to the severity of muscle damage [6]. The muscles are
grossly swollen, hard, cold, insensitive and necrotic.
Kidneys also tend to be edematous and show an increase
in volume. The released potassium in the circulation
causes alteration in cardiac rhythm. Ultimately, patients
go into shock affecting respiratory gas exchange due to
lung edema. It is a ripe setting for ARDS.

Crush injuries are not common after head and chest
injuries because the prolonged pressure necessary to
cause this syndrome often results in death [7,8]. So most
of such patients are conscious at rescue and the chest
injuries are relatively trivial. However studies show that
upto 10% chest trauma is associated with crush injuries

[9].
Clinical features

Casualties normal at rescue, however, soon go into
shock. Petechiae, blisters, muscle bruising, and
superficial injuries are seen. Myalgia, muscle paralysis
and sensory deficit are common. Fever, cardiac
arrhythmia, pneumonia, ‘tea or cola’ coloured urine,
oliguria and renal failure are the sequence of events.
Nausea, vomiting, agitation and delirium are seen in the
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delayed rescue patients.

Investigations

Serum creatinine kinase (CKMM) levels greater than
1000 IU/1 with associated clinical features is generally
taken as an indicator of crush syndrome. Normal range
is 25-175 U/1, usually rises 2 to 12 hrs after a crush,
peaks in 1 to 3 days and declines after 3 to 5 days.

Among the other investigations, serum aldolase may
be of some help; serum myoglobin and myoglobin
degradation products are highly sensitive tests; serum
lactic acid, AST, ALT and LDH show a steady rise;
serum uric acid -moderate rise may be noticed; serum
urea and creatinine — steep rise is seen especially after
aprolonged crush; serum potassium levels show an early
rise and is a predictor for dialysis [11,12].

Hypocalcaemia and stress related hyperglycaemia
may be seen. Urine RE may show presence of
myoglobin products. Blood gas analysis, haemogram and
ECG are also helpful. Intracompartmental pressure
monitoring is useful as it is generally accepted that levels
greater than 30 mm Hg point towards the need for a
fasciotomy [13]. Doppler studies are done to look for
limb ischaemia, and the body weight is recorded.

Treatment

In scenario of crush injuries, we are dealing with
rescue, resuscitation, recognition of the syndrome,
treatment and rehabilitation.

Rescue should be a highly coordinated effort, and
patient be transported to a higher level of care with
dialysis facilities [14,15]. Apart from the usual modes
of combat care principles, some workers advocate use
of potassium binders like oral polystyrene sulfonate
before transportation to avoid renal damage [12]. Noriaki
et al have attempted a predictive model for estimating
risk of crush syndrome [16].

Resuscitation should ideally commence at the site of
injury. Casualties are often in shock, and may lose litres
of extracellular fluid into the injured extremity. Clear
history is not always available in combat, and the
syndrome may appear insidiously in patients who initially
appear well. Paramedical personnel should be taught to
suspect this condition and treat aggressively with fluid
therapy.

Recognition of crush syndrome and treatment involves
a close link amongst trauma surgeons, physicians,
biochemists and radiologists..

Rehabilitation should be not only physical but also
psychiatric and is a long term process [17].

Fluid replacement and monitoring

Though this is the mainstay of treatment [18], no
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clearly enunciated formula exists. Early fluid
resuscitation, within the first 6 hours, preferably before
the victim is extricated is essential [19].There is a wide
variation in the quantity of fluids infused. There are
reports of greater than 25 litres of saline being given in
one day. Of course, there is consensus on the fact that
saline is the fluid to be given. To counter the metabolic
acidosis, both bicarbonate and lactate or even oral citrate
is essential. Gunal et al advocate 50 mmol of bicarbonate
for every lit of isotonic saline [4]. Close check is kept
on the CVP, BP, pulmonary status and urinary output
[20, 21]. Insulin glucose drip to reduce large rise in serum
potassium concentration has been used. Patients with
crush syndrome need numerous blood product
transfusions and the inevitable logistic problem of
collection, storage and transportation should be correctly
addressed [12].

Diuresis

There is need to underscore the fact that maintaining
effective kidney function is the cornerstone in our
management of crush injuries. In established crush
syndrome, urinary output should be at least 300 ml / hr
— that means at least 12 lit of fluid/day as fluid
sequestration inside damaged muscles may be as high
as 4 lit [12]. Mannitol diuresis achieves this in a large
measure [4,12]. However, Holt et al suggest that
mannitol is not superior to IV fluids alone, though it is
indicated in a setting of compartment syndrome [22].
Brown showed that bicarbonate and mannitol do not
prevent renal failure in patients with CK >5000 U/1 [23].
Loop diuretics are avoided unless it is to ensure a short
burst of kidney activity. Dopamine has been tried as a
primary mode in one Japanese study with limited success
though this also has the added advantage of ensuring a
steady blood pressure [7].

Dialysis

It now has a firm place in the management of crush
syndrome. The Russians had a tremendous success in
the Armenian earthquake where 23% required dialysis
[24,25]. It is therefore essential to include a nephrologist
or at least a physician in the team. The important
predictive factors for dialysis include anuria, fluid
overload, serum creatinine levels, BUN and bicarbonate
levels [4]. Potassium levels above 7 meq/l is an
independent and important predictive factor of dialysis
[11]. At least twice or even thrice daily dialysis may be
needed for uptol5 days. Prophylactic dialysis may be
called for in patients at high risk for hyperkalaemia [26].

Hyperbaric oxygen

At high pressures, physically dissolved levels of
oxygen increases in the plasma, tissue viability is
enhanced, some vasoconstriction occurs and so fluid
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outflow from the vascular compartments decrease thus
reducing tissue edema. It directly assists wound healing
by fibroblast proliferation. Finally it can reduce anaerobic
bacterial growth in necrosed muscles [27]. The usual
dose is about 2.5 atmospheres for about one and half
hours twice a day for a week [3].

Antibiotics: Multiple broad spectrum non nephrotoxic
antibiotics may be needed.

Surgery: Laparotomy and thoracotomy may be called
for wide and ruthless debridement of all necrosed
muscles is indicated followed by delayed primary or
secondary suturing. Signs of a possible rise in
compartmental pressure call for a fasciotomy [13]. Early
fasciotomy is better, as fasciotomies after 8 -10 hours
of crush have necessitated amputations [28]. Kantarci
et al [29] feel that when a patient needs a fasciotomy, in
all probability he will need a renal replacement therapy.
Fractures need fixation and conservative amputations
may have to be performed either as emergencies or as
an elective measure. Immunisation against tetanus is
indicated. Late complications of muscle contracture
require good rehabilitation therapists [30].

Conclusion

The hospital management of crush injuries is
essentially that of rhabdomyolysis. Surgical management
is akin to that of any case of trauma. Very energetic
fluid replacement and diuresis with timely fasciotomies
and monitoring of enzymes and electrolytes will salvage
many limbs and lives.
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