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Abstract Amputation is a commonly performed procedure
during natural disasters and mass casualties related to in-
dustrial accidents and military conflicts where large civilian
populations are subjected to severe musculoskeletal trauma.
Crush injuries and crush syndrome, an often-overwhelming
number of casualties, delayed presentations, regional cultur-
al and other factors, all can mandate a surgical approach to
amputation that is different than that typically used under
non-disaster conditions. The following article will review
the subject of amputation during natural disasters and mass
casualties with emphasis on a staged approach to minimise
post-surgical complications, especially infection.

Introduction

Over the last few years, a growing incidence of extreme
natural disasters has demonstrated nature’s power to strike,
in often-unpredictable ways, in any place on earth. Coinci-
dent with this, human societies have caused a growing
number of preventable disasters from large-scale industrial
accidents, aggressive military actions, and terrorist acts tar-
geting civilians—demonstrating our perverse inability to
grow responsibly and resolve differences peacefully.

Regardless of the cause of these disasters, however, more
often than not the resulting casualties affect large popula-
tions; and the majority of injuries are orthopaedic.

The earthquake that hit Haiti on January 12, 2010, caused
between 217,000 and 300,000 deaths, nearly 300,000 inju-
ries, and left about one million homeless—revealing just
how unprepared some countries are to deal with mass casual-
ties and disaster-related injuries [1, 28]. It also demonstrated
the medical community’s inadequate disaster preparedness
and a surprising lack of knowledge about some of the most
common injuries and effective surgical procedures to deal
with them, e.g. crush injuries and crush syndrome, field am-
putation, and the delayed presentation of closed and open
fractures. Lack of knowledge in managing these injuries ap-
propriately can lead to complications even worse than the
original trauma: local and systemic infection, renal and cardi-
ac failure, even death [23].

Principles of disaster trauma management

Adhering to general principles of trauma care such as rapid
triage, transport, early stabilisation and definitive manage-
ment is critically important in disaster situations. Battlefield
extremity wounds are typically characterised by high-energy
injury, extensive soft-tissue damage (Fig. 1), and prolonged
injury-to-operation time. During earthquakes and other
mass-casualty events, the mechanism of injury is primarily
low-energy, prolonged, crushing trauma, with extensive soft
tissue damage and late presentation (Fig. 2). Both these
varieties of factors lead to an increased risk of infection
and higher levels of amputation [9–12].

Extremity injuries should be addressed after the patient’s
airway, breathing, and circulation are managed according to
the Advanced Trauma Life Support (ATLS) protocol. In the
event of exsanguinating haemorrhage from the extremities,
haemostasis with the use of tourniquets is the highest prior-
ity [2]. Prior to wound management, appropriate
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resuscitation must be completed and adequate antibiotics
and tetanus toxoid administered.

When possible, a multidisciplinary approach to treating
such injuries may ultimately improve outcomes and maxi-
mise functional rehabilitation. Unfortunately, this is not
often possible in a disaster zone.

Crush injuries, crush syndrome, compartment
syndrome

Crush injuries are common consequences of earthquakes and
are estimated to affect 3–20 % of victims [50]. Because of the
different treatment protocols required, it is of major impor-
tance that field physicians differentiate between crush injury,
crush syndrome, and compartment syndrome, and that the
actual injury be correctly identified and treated accordingly.

Crush injury to extremities is caused by direct pressure
that damages the soft tissues—skin, muscles, nerves, and
blood vessels. Compartment syndrome is caused by the
compression of tissues within a confined space (the com-
partment) and can result in tissue necrosis.

Crush injuries may lead to compartment syndrome with
or without any associated skeletal injury [13]. By definition,
compartment syndrome is produced when tissue pressure
within a limited space rises to the point where the circulation
and function of the tissues in that space are compromised
[14–16]. Treatment of acute compartment syndrome injuries
using fasciotomy, for up to six hours, can reverse ischaemic
changes and release compartment pressure, producing satis-
factory outcomes [16].

When an injured extremity is exposed to substantial crush-
ing force for a prolonged period of time—and the volume of
the compressed, crushed soft tissue is substantial—irrevers-
ible changes, including muscle cell death and systemic man-
ifestations, can take place. This condition, crush syndrome—
or mechanical muscle crush injury—was reported by British
physician Eric Bywaters during the London Blitz [17, 18].
Syndrome victims had massive muscle damage and subse-
quently died from renal failure. During natural disasters, crush
syndrome is a very common diagnosis [19, 21, 26–28].

Crush syndrome may develop after just one hour in a severe
crush situation, but usually requires four to six hours of com-
pression for the systemic manifestations to appear. Early stages
offer only very subtle local clues. Clinically detectable vascular
compromise may present as the injury advances, however, with
ischaemic changes in the affected muscles causing rhabdo-
myolysis and leading to muscle cell death [11]. Such symptoms
can include pronounced swelling, skin redness or pallor, pain
with passive movement, parasthesia, and motor deficit. If
and when circulation is restored to the affected limb, the
toxic byproducts of rhabdomyolysis can cause myoglo-
binuria with resultant renal failure, and hyperkalemia,
which can cause fatal dysrhythmias.

An extremity trapped under the rubble following a disas-
ter can suffer either crush or compartment syndrome with
blood outflow from the involved area impaired and the toxic
metabolic byproducts not a part of the victim’s systemic
circulation. But restoration of perfusion can lead to reperfu-
sion injuries—with associated cardiac, renal, circulatory,
and electrolytes abnormalities—up to and including death.

For this reason, treatment of crush syndrome is primarily
focused on the preservation of a patient’s cardiac, renal,
metabolic and circulatory fluid volumes. The priority is
saving life over limb.

Local treatment of crush syndrome is different from the
treatment of acute compartment syndrome. The role of
fasciotomy in treating crush syndrome is more controversial
than some realise. Some physicians believe there is a chance
to reverse tissue damage if fasciotomy is preformed at

Fig. 1 Extensive lower limb injuries as a result of land-mine explosion

Fig. 2 Late presentation of the lower extremity injuries due to crush-
ing trauma
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presentation after the crush [51]. And there are some good
results reported in cases of crush syndrome of a single
extremity with early presentation [52, 53]. In the presence
of fracture, however, stabilisation of the affected extremity—
either by use of a splint or spanning external fixation—is
indicated, and any open reduction and fixation methods that
convert closed fractures to open ones are associated with high
rates of infection [28].

Also, oft-reported field experience in different disaster
zones indicates high rates of infection and associated ampu-
tation no matter what the circumstances when fasciotomies
are performed in the presence of crush syndrome [9–11,
17–25]. In hypoxic tissues, infection control and healing
mechanisms are impaired, increasing the risk of infection,
and problems with wound healing are more common than
after other injuries. Although fasciotomy is a main treatment
for acute compartment syndrome, its use in crush syndrome
should be reserved for cases where peripheral circulation of
the involved limb is compromised and compartment decom-
pression must be done to re-establish peripheral blood flow.
Fasciotomy is also recommended when compartment syn-
drome is suspected in cases involving open fractures, or
when initial compartment pressure is normal and delayed
compartment syndrome develops [6, 9].

Indications for amputation

Amputation is performed in field hospitals or at the scenes
of disaster for the primary purpose of saving patients’ lives
when no delay or transfer is possible. Irreparable vascular
injury, completion of a partial amputation, and overwhelm-
ing sepsis are the main indications for such amputations.
However, since losing an extremity can make normal living
near to impossible in some countries and even shorten a
person’s life, physicians should also take cultural impera-
tives into consideration.

Amputation in a setting of crush injury should be consid-
ered in all cases of severe soft-tissue damage—with or without
fractures—deteriorating renal and cardio-respiratory function,
and sepsis. Limb salvage, however, has become a more real-
istic alternative in recent years with improvement in fracture
stabilisation methods [12] and advanced vascular techniques.
Attempts to codify the limb-salvage or amputation decision
process have produced a number of scoring systems over the
years [54, 55]. Not a single one has proven to be useful.

The decision for or against amputation is based on a
patient’s factors, including vascular, neurological, the affect-
ed limb’s soft tissue and bone condition, as well as the
patient’s general health and associated systemic involve-
ment. The facility, post-operative follow up, rehabilitation,
and prosthetic care should all be considered part of the
decision-making process.

Amputation: local aspects

Clinical factors like blood loss, category of crush injury, and
contamination of the wound should contribute to determi-
nation of the level of amputation. While maximal limb
length should be preserved if possible [31–33], adequate
debridement is of primary importance to minimise compli-
cations, especially wound infection and sepsis.

A careful examination of the neurovascular function and
bone and soft tissue condition of the injured extremity is
essential. If X-ray assessment is possible, it can help to
evaluate the integrity of the bone and the presence of foreign
bodies, especially in the case of blast injuries.

If the mechanism of injury is a blast or open crush injury,
the wound care strategy should focus on preservation of all
viable tissues—since the exact level of soft tissue damage is
impossible to assess in the immediate post-injury setting.
The “open length-preserving amputation” procedure, for-
merly “open circular amputation” or “Guillotine amputa-
tion” (Fig. 3) [5, 36, 37, 56], does not actually preserve
limb length [37, 39] and can introduce challenges to residual
limb healing and rehabilitation. It should be evaluated as a
solution in that light. Skin traction (Fig. 4), often advocated
to prevent soft tissue retraction and minimise local swelling
[2, 56], can be unnecessarily cumbersome in an emergency
setting [58]. It should be replaced by vacuum-assisted clo-
sure if available.

If there is significant bleeding, immediate direct pressure
at the site of the bleeding should be applied to control the
haemorrhage. This should be followed immediately by
placement of a tourniquet above the site of the bleeding.
The use of tourniquets is necessary to ensure that

Fig. 3 Open circular or Guillotine amputation
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amputations are not compromised in advance. The Combat
Application Tourniquet (CAT) used in combat settings by
the US Army has improved survival rates by 23 % relative
to later application in emergency departments [3, 29, 34–36,
57]. Double ligation of transacted arteries, however, is often
advocated as an early solution to secure bleeding from the
larger vessels. A sterile haemostatic dressing should then be
applied. Secondary examination should be performed to
exclude other possible injuries.

Early aggressive debridement of the skin—usually within
the first two hours—should be performed with a skin inci-
sion made as distal as possible through skin and fascia. All
viable tissue should be preserved for use during definitive
reconstruction if and when needed.

In an acute setting, skin vascularity can be assessed by a
trial skin incision [30, 38]. Skin incisions should be made
along the limb axis and should not be short [40]. When
crossing flexing creases, incisions should either be oblique
or transverse to avoid future flexion contractures. When
definitive amputation is performed, clinical assessment
guides the surgeon in establishing skin viability. Successful
use of other diagnostic modalities, such as ankle brachial
pressure index, transcutaneous PO2 measurements [30],
arterial Doppler studies, Xenon 133, laser Doppler, and
thermography have been reported but are not practical in a
disaster zone.

Subcutaneous fat should be excised within 2–3 cm of
the wound’s edges, being careful to avoid undermining
myocutaneous flaps. Fascia can be widely excised to pre-
vent muscle herniation. Muscle viability should be estab-
lished based on contractility more then the rate of bleeding
[4, 30].

After initial debridement, the wound should be left
open and covered with a sterile dressing or negative-
pressure dressing such as vacuum-assisted closure
(VAC) if available. Based on the level of available care,
fasciotomy and revascularisation—using shunts or

definitive vascular reconstruction—and skeletal stabilisa-
tion with internal or external fixation can be done if
needed.

Another debridement should be performed within 48–72
hours and repeated as needed. Definitive soft-tissue flaps
should be fashioned in later stages, since soft-tissue viability
is difficult to assess at the initial stage. Skin traction and
transportation casts [36, 37, 56] are rarely used today be-
cause of improvements in wound management and trans-
portation times. Various soft-tissue coverage techniques,
including local flaps [38–41], free tissue transfer [42–46],
and split-thickness skin grafts [47, 48] are often used suc-
cessfully. Multiple operative debridements should be per-
formed prior to definitive, delayed wound closure.

Comminuted and devascularised, and stripped of soft
tissue attachments, bone fragments should be removed to
avoid future local infection due to sequestrum formation.
Large bone fragments with soft tissue attachment and pre-
served blood supply should be stabilised using either exter-
nal or internal fixation, to allow preservation of the longest
optimal amputation stamp.

Bone cutting should be carried out with full consideration
of soft-tissue coverage, so that when the wound closure is
performed, the skin will not be under tension.

During initial wound care, both nerve and tendon length
should be preserved as much as possible to allow for future
reconstructions. Their ends should be tagged with non-
absorbable sutures.

Primary or premature wound closure is associated with
wound dehiscence and infection is not recommended in
natural disaster or mass casualty settings [28, 49, 50, 59].

Results of below-knee amputations performed in a Pesha-
war, Pakistan, hospital operated by the International Commit-
tee of the Red Cross (ICRC) were reported by Simper [58]. In
his retrospective study of 111 patients, most of whom had
explosion injuries and had undergone amputation, primary
closures were always delayed. The median delay time from
amputation to closure was 6.4 days. Ninety-six of the stumps
(87 %) healed without complications. If the closure was done
within one week, 94 % of the stumps healed without compli-
cations. But if closure was later than one week, the success
rate dropped to 72 % (p<0.05).

Delayed wound closure should be performed after five to
six days. After eight days, delayed primary closure is less
favourable and more challenging [58].

Hyperbaric oxygen (HO) therapy has been reported to
improve oxygen delivery to the local tissues, reduce oedema
and infection rates, improve both wound healing after fas-
ciotomy and skin grafting [7, 8]. Availability of the HO in
the disaster zone and its use during mass casualty situations
is not very likely.

Although specific upper and lower extremity amputation
techniques are beyond the scope of this review, in general

Fig. 4 Skin traction advocated to prevent soft tissue retraction and
swelling
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the weight-bearing areas of the residual limb should be
sensate and actively controlled and scars should not be
located in those weight-bearing areas [59].

Saving a life vs. saving a limb

Mass casualties from recent natural, military, and terrorist
disasters present a serious treatment challenge to civilian
medical communities all over the world. In the recent Hai-
tian earthquake, more than 50 % of the injuries were to
extremities and a high percentage of those were crush inju-
ries. Crush injuries, crush syndrome, delayed presentation of
the injured, amputations, and infections overwhelmed the
region’s medical community.

Amputation of extremities during natural disasters—and
specifically during earthquakes—is a common, complex
and controversial issue. When amputation must be per-
formed, especially if presentation is delayed, the most suc-
cessful surgical technique is often based on a staged
approach that includes repeated debridement and delayed
wound closure to minimise infection and sepsis.

There is increasing evidence from both natural disaster—
mainly earthquake-related—and war zone mass-casualty
sites, that treating crush syndrome by addressing renal and
cardiac systems with fasciotomy should be done sparingly
in the light of the high rate of infection in fasciotomised
limbs. A staged approach to amputation with wound closure
done in a delayed fashion after appropriate debridements—
preferably within a week of the initial insult—can achieve
optimal results with minimal risk of such complications.

To prevent this life-threatening complication and mini-
mise risk of infection, some physicians recommend early
amputation [51]. It is also recommended as a last resort
when necessary to facilitate extraction of victims with limbs
trapped under the rubble [28, 50].

Conclusion

The choice to perform an amputation is one of the most
challenging decisions orthopaedic surgeons face. Given the
current geopolitical situation, it is very likely that surgeons
will continue to be confronted with these complex decisions.
As a rule, the decision to amputate should be seen not as a
failure of treatment but as a life-saving, function-preserving
operation.

Technical, cultural, facility, and surgical skill factors
should all play significant roles in the decision-making
process when amputation is considered. Given what we
have learned to date, a staged approach to amputation
should be implemented whenever possible to minimise the
risk of local and systemic infection. Since field amputation

is an evolving medical skillset that will inevitably grow with
the increasing incidence of disaster, education in its purpo-
ses, techniques, planning, and approaches, it should be of
critical importance to all orthopaedic surgeons.
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