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ORIGINAL STUDY

The mangled extremity: assessment, decision making and outcomes

Martin SHARROCK

From the School of Surgery, North West Deanery, Manchester, UK

The management of the mangled extremity
continues to pose a significant challenge for ortho-
paedic trauma surgeons. This article provides a
comprehensive, up-to-date literature review on the
assessment of complex limb injuries, and the variables
that affect decision-making and outcomes in both limb
salvage and amputation. Initial assessment involves
using a systematic approach, saving life before
limb, with early involvement of the relevant surgical
specialities and multidisciplinary team. The decision
to attempt limb salvage or perform amputation can
be extremely difficult. Scoring systems can be used as
a guide but should not be wholly relied upon; instead
more emphasis should be placed on the surgeon’s
experience, extent of soft tissue damage, and patient
factors and wishes. Outcomes following amputation
versus limb salvage are comparable, with some
studies suggesting amputation may be favourable.
It is important to advise patients and families on
what treatment is in their best interest so they can
make an informed decision, and this must utilise a
multidisciplinary approach.
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INTRODUCTION

The management of complex limb injuries
continues to pose a significant challenge for ortho-
paedic trauma surgeons. A mangled extremity is a
limb with severe disruption to bone, nerve, muscle,
vasculature and/or soft tissues (7,2), and surgeons
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are often faced with the difficult decision whether
to amputate or attempt limb salvage.

Managing such complex cases requires a multi-
disciplinary approach. Advances in emergency
department resuscitation, vascular reconstruction,
plastic surgery soft tissue care and orthopaedic
skeletal fixation means that limb salvage is an option
for limbs that would historically have required
amputation. Despite this, debate still exists as to
which limbs benefit from limb salvage and which
require primary amputation.

This article reviews the assessment of complex
limb injuries, and the variables that affect decision-
making and outcomes in both limb salvage and
amputation.

ASSESSMENT OF COMPLEX LIMB
INJURIES

Complex limb injuries are often caused by a
significant mechanism of injury, such as road
traffic and industrial accidents, falls from height,
gun shots and explosions. Given the high energy
transfer involved patients may be multiply injured
and must be assessed by Advanced Trauma Life
Support (3) principles saving ‘life before limb’,
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utilising a primary and secondary survey. During
and following stabilisation, the British Orthopaedic
Association Standards for Trauma (BOAST) should
be adhered to; these include guidelines on managing
open fractures, arterial injuries and peripheral nerve
injuries (4-6).

A thorough examination of neurovascular status
should be performed, including motor and sensory
function of the major nerves of the injured limb.
Assessment of pulses and capillary refill time
is essential, and adjuncts such as the hand-held
Doppler and ankle-brachial pressure index can help
identify vascular injury (7-8). Serial examinations
and clear documentation are necessary.

Initial wound management involves removal of
gross contamination, medical photography, then
application of saline soaked gauze and an occlusive
film.* Intravenous antibiotics should be given ideally
within one hour and tetanus prophylaxis should be
administered (4). The limb should be realigned and
splinted if necessary. Only at the time of surgery can
the full extent of soft tissue damage be assessed, at
which point open fractures can be graded as per the
Gustilo-Anderson classification (9).

Realigning a deformed, pulseless limb often
restores circulation (5). Active haemorrhage should
be controlled with direct pressure and haemostatic
dressings (10). Tourniquet application has also
been shown to be beneficial, particularly when
applied in the prehospital setting (7/-72). If the
limb is devascularised this requires urgent surgical
intervention, which usually includes placement
of a temporary intravascular shunt and skeletal
stabilisation via external fixation (73). Following
restoration of blood flow, the associated soft tissue
injury can be addressed and definitive vascular
reconstruction can be performed, either immediately
or delayed depending on the clinical scenario (73).
On-table angiography is also a useful means of
assessing vascular injury (74).

The extent of peripheral nerve injuries must be
clearly documented. If a nerve is found divided
at surgery the ends should be opposed with fine,
coloured sutures and its location must be recorded
in the operation note (6). A surgeon experienced in
peripheral nerve injuries should be contacted for
advice as soon as possible.
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A useful tool in the initial assessment of trauma
patients is the computerised tomography (CT) scan.
If the patient is stable and if clinically indicated
a ‘trauma CT’ is often completed, which should
produce a head-to-toe scannogram and can also
include angiography to identify vascular injuries (4).
Appropriate radiographs should be taken of injured
extremities.

In patients with complex limb injuries clinicians
should have a high index of suspicion for com-
partment syndrome (75). Clinical signs include pain
out of proportion to the injury and pain on passive
stretch of the involved compartment(s) (76). Later
signs include paraesthesia, paralysis, pallor and
absent pulses. Compartment syndrome requires
emergent fasciotomy in line with BOAST guidance
(16). Limb reperfusion can also lead to compartment
syndrome and surgeons should consider prophylactic
fasciotomies following restoration of circulation
(17).

To aid with assessment and decision-making in
complex limb trauma, scoring systems have been
developed including the Mangled Extremity Severity
Score (MESS) (18), Nerve Injury, Ischaemia, Soft-
Tissue Injury, Skeletal Injury, Shock, and Age of
Patient Score (NISSSA) (79), Predictive Salvage
Index (PSI) (20), Limb Salvage Index (LSI) (27) and
the Hannover Fracture Scale-97 (HFS97) (22). The
utility of these systems is controversial and will be
discussed later.

An important consideration in limb trauma is
assessment of the patient as a whole. A detailed
history must be taken, including past medical history,
pre-injury functional status and social history. It is
important to respect the patient’s autonomy and also
consult with their family.

DECISION MAKING: LIMB SALVAGE VS
AMPUTATION

Decision making in complex limb injuries is
difficult and must involve the patient, the family
and the multidisciplinary team. One of the most
challenging decisions when faced with a mangled
limb is whether to attempt limb salvage or perform
primary amputation. To aid with this decision,
multiple scoring systems have been established.
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Perhaps the most widely known is the MESS
(18). The MESS looks at degree of ischaemia,
ischaemia time, age, shock and skeletal and soft
tissue injury. The original MESS study in 1990
analysed 25 patients and concluded that a MESS
greater that 7 predicted the need for amputation
with 100% accuracy. Over the past 30 years this
scoring system has been criticised. Loja et al. (23)
point out that advances in surgical technique have
lowered the accuracy of the MESS in predicting the
need for amputation. O’Sullivan et al. (24) conclude
that although it is a useful tool to predict outcome,
it isn’t accurate enough to be wholly relied upon.

The PSI was developed by Howe et al. (20) who
report a sensitivity of 78% in predicting limb
salvage, and a specificity of 100%. However, this
tool was analysed by Bosse et al. (25) using data
from the Lower Extremity Assessment Project
(LEAP) demonstrating a sensitivity of 40-56% and
specificity of 79%.

Bosseetal. (25) also analysed the MESS, NISSSA,
PSI, LSI and HFS97 in 556 patients concluding that
low scores may be used to predict limb salvage, but
high scores do not necessarily predict the need for
amputation. Schiro et al. (26) performed a systematic
review of scoring systems and surmise that they
are not useful in predicting functional outcome, or
determining which patients benefit from amputation
or limb salvage. Current National Institute for
Health and Clinical Excellence (NICE) guidelines
advise ‘Do not base the decision whether to perform
limb salvage or amputation on an injury severity
tool score’ (27).

To investigate factors involved in limb salvage
versus amputation Song et al. (28) analysed Gustilo-
Anderson grade 3C lower limb fractures, noting
a 12% secondary amputation rate. They state that
the commonest reason for secondary amputation
is extensive soft tissue defect with muscle necrosis
(28). Risk factors associated with this were complex
fracture patterns, warm ischaemia time over 6 hours,
development of compartment syndrome and MESS
greater than 7. A similar study was conducted by
Fochtmann et al. (29) with comparable findings in
that muscle necrosis, soft tissue defect, soft tissue
infection, associated vascular injury and fracture
severity all predicted the need for secondary amputa-

tion. Using data from the LEAP study, MacKenzie et
al. (30) also agree that severe muscle and soft tissue
injury predict the need for amputation. Additionally,
MacKenzie et al. (30) demonstrated that both lower
socioeconomic status and alcohol consumption are
linked with need for amputation; albeit with lower
odds ratios than extent of soft tissue injury. The data
from MacKenzie et al. (30) also suggested that absent
plantar sensation at the time of initial assessment is
a predictor for amputation, however further research
has disputed this, showing that nerve function often
returns following reconstruction and that functional
outcome is the same when compared to primary
amputation (37,32).

NICE guidelines advocate emergency amputa-
tion in life-saving circumstances, such as for un-
controllable life-threatening haemorrhage (27). In
non-life-threatening situations, current guidance
advises that a delayed primary amputation should
be performed within 72 hours (4. NICE and
BOAST guidelines highlight the importance of
a multidisciplinary assessment including ortho-
plastics, rehabilitation specialists and patient and
family involvement (4,27). In practice patients
often undergo immediate limb stabilisation with
restoration of blood flow, and are then monitored
closely and resuscitated on the intensive care
unit for a short period. This period allows for a
multidisciplinary assessment of limb viability, and
gives time to discuss the options with the patient
and family.

Advances in microsurgery techniques means
that soft tissue reconstruction is becoming more
attractive and widely available (33-35), however it is
important to remember than not all cases are clear cut.
Given the complexity of the decision to amputation
or attempt limb salvage, scoring systems should be
used only as a guide; instead more emphasis should
be placed on the experience of the multidisciplinary
team, and if possible, allowing the patient to make
an informed decision (36).

OUTCOMES: LIMB SALVAGE VS
AMPUTATION

Complex limb injuries represent significant
trauma and have both a physical and psychological
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impact on patients and families. Clearly there are
multiple variables that can affect outcome; including
patient factors, injury patterns and treatment moda-
lities.

As part of the LEAP study, Bosse et al. (37).
identified factors that predicted poor outcome,
measured by the Sickness Impact Profile (SIP), in
patients who underwent limb salvage or amputation
for high energy lower limb trauma. Poor outcome
was associated with need for rehospitalisation due to
complications, poor education, low socioeconomic
status, non-white ethnicity, no medical insurance,
poor social-support network, low self-efficacy,
smoking and being involved in a compensation
claim (37). These predictors of poor outcome were
similar in the limb salvage and amputation groups.
It must be noted that this was a US study and some
factors may not be transferrable to other nations.

With regards to amputation versus limb salvage,
there is conflicting literature surrounding which
treatment has the most favourable outcome. Bosse
et al. (37). demonstrated that at two years there is
no significant difference in SIP, functional outcome
or return to work. Nevertheless, both treatment
modalities had over 40% of patients who scored
greater than ten on the SIP, which represents severe
disability. The only outcomes that differed were
that patients who had amputations returned to
theatre on average less than those who had limb
salvage (5 vs 19.1 respectively), and also had less
rehospitalisations. Penn-Barwell et al. (38) failed to
find a difference at four years between limb salvage
patients and amputees with respect to pain and short-
from 36 scores (physical and mental components).
Similar short-form 36 scores were demonstrated
recently by Frisvoll et al., who also reported no
difference in patient satisfaction scores (39).

Akula et al. (40) performed a meta-analysis com-
paring amputation versus limb salvage concluding
that there was no significant difference in physical
morbidity, however they identified that patients who
underwent limb salvage had greater psychological
outcomes. Ladlow et al. (41) also assessed mental
health outcomes, in the form of depression and
anxiety questionnaires in military personnel,
this time identifying no difference between limb
salvage and amputation. Ladlow et al. (41) found
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that immediate amputation was more favourable
than limb salvage in terms of functional outcome,
as measured by ability to run independently and six-
minute walking distance. The benefits of amputation
were also noted by Fioravanti et al. (42) who report
reduced infections and revision procedures, shorter
length of stay, improved quality of life and return
to physical activity. Similar to Bosse et al. (37) they
found no difference in return to work.

The mangled extremity is often associated with
traumatic brain injury, which clearly impacts not
only outcome, but also patient involvement in the
decision-making process (43). This issue is perhaps
more common in lower limb injuries than upper limb
injuries, as the mangled upper extremity is more
frequently an isolated injury, such as in industrial
trauma for example.

Looking at upper limb injuries only, Mitchell
et al. (44) demonstrated no significant difference
in physical or psychological outcomes comparing
salvage to amputation. They conclude that emphasis
should be placed on treating post-traumatic stress
disorder, depression, chronic pain and health habits
to help reduce morbidity (44). Ellington et al. 435)
looked at the mangled foot and ankle, noting that
patients treated with amputation had greater two-
year outcomes compared to those treated with free
flaps and/or ankle arthrodesis. The OUTLET trial is
currently ongoing which aims to compare salvage
versus amputation in distal tibia, foot and/or ankle
trauma (46).

Given the variable outcomes and treatment
modalities in complex limb injuries it is important
that clinicians encourage patients and families
to be involved in the decision-making process as
much as possible. Chung et al. (47) performed a
decision analysis in physicians and patients looking
at estimated quality-adjusted life years following
amputation or salvage. This demonstrated that
patients clearly favour reconstruction, whereas
clinicians only slightly favoured reconstruction. As
there is little literature that supports reconstruction
as a superior treatment option, it is essential
when discussing treatment options that clinicians
acknowledge patients’ expectations and give them
the required information to make an informed
decision. It is important that patients understand that
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amputation isn’t necessarily a failure of treatment
(48).

CONCLUSION

Complex limb injuries are a significant challenge
both for patients and the treating clinician. Initial
assessment involves using a systematic approach,
saving life before limb, with early involvement of the
relevant surgical specialities and multidisciplinary
team. The decision to attempt limb salvage or
perform amputation can be extremely difficult.
Scoring systems can be used as a guide but should
not be wholly relied upon; instead more emphasis
should be placed on the surgeon’s experience,
extent of soft tissue damage, and patient factors
and wishes. Outcomes following amputation
versus limb salvage are comparable, with some
studies suggesting amputation may be favourable.
Ultimately a clinician’s role is to advise patients
and families on what treatment may be in their best
interest, and give as much information as possible
so they can make an informed decision on what is
undoubtably a life changing event.
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