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Abstract—Patients with major injuries to the upper limbs
sometimes fail to achieve successful limb salvage. During the
attempt to fashion a functional limb, multiple painful procedures
may be ventured. Despite the best efforts of surgeons and thera-
pists, a nonfunctioning or painful upper limb may remain in
place for many months or years before late delayed amputation
and progression to productive rehabilitation occur. We present
three patient cases that illustrate failed upper-limb salvage. In
each case, patients expressed a desire for amputation at 6 months
after their injury. To reduce the pain and suffering that patients
with failed limb salvage endure, we propose a paradigm shift in
the limb-salvage time line. We suggest that patients be evaluated
for early delayed amputation 6 months after their injury.

Key words: amputation, limb salvage, limb-salvage score,
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INTRODUCTION

“In each case the surgeon faces a vast number of
decisions and has considerable latitude to exer-
cise personal judgment.”

—Douglas Smith, MD [1].
Treating patients with major upper-limb injuries is com-

plex. The decision to reconstruct or amputate is difficult, and
our ability to predict which limbs should be salvaged is not

well informed [2]. We have identified a subset of patients
with major upper-limb injuries who choose amputation.
Typically, this choice occurs after exhaustive salvage efforts
have failed over the course of months to years.

We believe that the best way to improve treatment for
patients with major upper-limb injury is not to devise a bet-
ter limb-salvage scoring system but to reevaluate the tradi-
tional limb-salvage time line (Figure 1(a)) to include a new
entity: the early delayed amputation. Our proposed, revised
limb-salvage time line includes an analysis of rehabilitation
progress at 6 months (Figure 1(b)). Patients with nonfunc-
tioning, painful, or excessively stiff upper limbs should be
offered early delayed amputation. Early delayed amputa-
tion would occur about 6 months after injury. This time line
allows the patient to observe and accept the disability from
the injury but does not prevent initial reconstructive surgery
and therapy from attempting function salvage. We chose
6 months because our three patients remember this time as
when they knew amputation was inevitable. They each felt
that salvage attempts after 6 months were futile.

Abbreviation: MESS = Mangled Extremity Severity Score.
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Upper-limb amputation is different from lower-limb
amputation, and thus, measures for lower-limb amputation
should not be used for upper-limb amputation. For example,
surgeons widely agree that a useless, painful leg is an unac-
ceptable outcome of lower-limb-salvage surgery. However,
with upper-limb salvage, a useless, painful, or stiff limb may
remain in place for many months before late delayed ampu-
tation and progression to productive rehabilitation occurs.
The reasons for this delay are complex. “Absolute indica-
tions” exist for lower-limb amputation, as reported by Lange
et al.: warm ischemia time >6 hours, disruption of the tibial
nerve in an adult, and threat to life in the attempt [3]. Except
for the threat to life in the attempt, no “absolute indications”
exist for upper-limb amputation. Also, upper-limb prosthe-
ses do not restore function to the same extent that lower-
limb prostheses do, another factor contributing to late
delayed amputation of the upper limb. Therefore, limb sal-
vage at all costs has become the default treatment modality
for the upper limb (Figure 1(a)).

The concept that prolonged salvage efforts may
inhibit a patient’s recovery is gaining traction in the limb-
reconstruction community. Pinzur et al., in their article
“Controversies in lower-extremity amputation,” write
that “. . . amputation surgery is reconstructive surgery. It
is the first step in the rehabilitation process for patients
with an amputation and should be thought of in this way.
An amputation is often a more appropriate option than
limb salvage, irrespective of the underlying cause” [4].

We believe that the best way for patients to progress
to productive rehabilitation is to give limb salvage a judi-
cious trial (i.e., 6 months) but then offer early delayed
amputation if the patient believes that function, pain, or
stiffness are unacceptable.

METHODS: CASE SERIES

We did not obtain institutional review board approv-
als for this study because only patient case studies were

Figure 1.
(a) Default limb-salvage time line. (b) Proposed limb-salvage time line that includes analysis at 6 months, early delayed amputation.
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involved. However, we obtained informed consent from
all three patients and present each case illustrating failed
upper-limb salvage.

Case Report 1
A 44-year-old male truck driver and furniture delivery

worker sustained a significant crush injury to his dominant
right hand in a forklift accident. Reconstruction included
emergent fasciotomies, release of the carpal tunnel, and
microvascular repairs of the middle and ring fingers. Sig-
nificant bony injuries were stabilized with multiple pins
(Figure 2).

On the fifth postoperative day, the patient was dis-
charged with all fingers viable. His postoperative course
was complicated by osteomyelitis of the index metacarpal,
requiring placement of an antibiotic spacer (Figure 3)
and long-term intravenous antibiotic therapy. His infec-
tion was eventually controlled, but significant pain, stiff-
ness, and tendon adhesions in his right hand left him with

limited motion. Aggressive hand therapy had been initiated
early in his postoperative course with little improvement.

Six months after the injury, the patient was exhausted
with therapy and discouraged with lack of progress. His
right hand was painful and nonfunctional (Figure 4). He
asked for an amputation. Consultations with multiple hand
surgeons recommended waiting at least 1 year. Further
tendon release operations were offered and refused. The
patient continued with therapy but progressed little. Thir-
teen months postinjury, a transradial amputation was per-
formed (Figure 5). A second procedure 6 weeks later
consolidated the residual limb and he was fitted with a
myoelectric prosthesis.

Since that fitting, he is training with a therapist to
master the myoelectric prosthesis (Figure 6) and is using
it a few hours a day, mostly to grasp and stabilize objects.
He is not working, because his employer cannot find
appropriate modified tasks. He feels the residual limb
alone is more useful than the reconstructed hand because

Figure 2.
Case report 1 of male patient. Radiograph of initial postoperative
pinning of dominant right hand.

Figure 3.
Case report 1 of male patient. Radiograph of antibiotic spacer placed
in right hand because of osteomyelitis of index metacarpal.
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the stiff painful appendage is gone. He uses the residual
limb to carry grocery bags and stabilize containers, tasks
he could never do with his injured hand. His pain is much
reduced, and he wishes he had undergone the amputation
6 months after the injury when his therapy had reached a
plateau.

Case Report 2
A 32-year-old male involved in a motorcycle acci-

dent sustained a severe multisystem trauma, including a
closed-head injury and scapulothoracic dissociation of
his upper limb involving his brachial plexus. His neuro-
logical injury was severe, with no motor function except
in his trapezius and chronic neuropathic pain. Computed
tomography demonstrated a brachial plexus injury
involving nerve root avulsions from cervical level 5 to
thoracic level 1 (Figures 7–8).

Six months following his injury, he still had a “flail
arm” with no volitional motor activity except in the trape-
zius. He developed profound atrophy of his hand, forearm,
biceps, triceps, deltoid, and shoulder girdle musculature,
and his shoulder would spontaneously dislocate multiple
times a day. The weight of the injured arm constantly hin-
dered him. A brachial plexus reconstruction was attempted

Figure 4.
Case report 1 of male patient. (a) Volar surface and (b) dorsum of stiff
atrophic limb 6 months after initial injury. 

Figure 5.
Case report 1 of male patient. Residual limb 13 months postinjury
after a transradial amputation was performed before revisional surgery
to improve socket fit.

Figure 6.
Case report 1 of male patient. Prosthesis in place 18 months after initial
injury.
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at this time; however, no suitable nerve roots were identi-
fied. Retrospectively, he identifies this time as when he
decided to pursue amputation.

Thirteen months after the initial injury, with no clinical
or electromyographic evidence of recovery, the patient
underwent transhumeral amputation and shoulder arthrod-
esis (Figure 9). He recovered without any wound compli-
cations, and the shoulder fusion consolidated uneventfully.

Because of insurance coverage problems, his pros-
thetic fitting was delayed. He was fitted with a myoelectric
prosthesis 20 months after the initial injury. The prosthesis
provides elbow flexion and extension (controlled by con-
tralateral pectoralis major), pronation and supination (con-
trolled by contralateral latissimus), and pincer function
(controlled by ipsilateral trapezius) (Figure 10).

Twenty-six months after the injury and seven months
after his fitting, his chief complaint is persistent phantom
pain, which is exacerbated by attempts to control the pros-
thesis and is the reason he gives for limited use of the
prosthesis. He is, however, pleased with the cosmetic
appearance of the prosthesis. He is most satisfied with the
stable shoulder arthrodesis and amputation, because he no
longer dislocates his shoulder and the flail arm no longer

gets in his way. He is in vocational rehabilitation and
learning to use a computer through voice commands.

Case Report 3
A 61-year-old male emergency department physician

sustained a traumatic left distal radius amputation when a
jack failed while he was changing a car tire. Replantation
was performed 8 hours after the accident (Figures 11–14).
In this case, the limb underwent warm ischemia time until
the patient arrived at the first hospital, after which he was
transferred by air to a transplant center. Less than half of
the total time was warm ischemia time. The artery and the
vein were immediately shunted, as shown in Figure 12.

The initial postoperative course was encouraging, but
sensory and intrinsic motor reinnervation failed to occur.
The wrist was unstable, requiring constant bulky splin-
tage. Neuromas and wrist pain continued to plague him.
Significant stiffness, despite aggressive hand therapy,
prevented function of the extrinsic muscles.

Figure 7.
Case report 2 of male patient. Anteroposterior radiograph of left shoulder
demonstrates typical findings of scapulothoracic dissociation.
Scapula is lateralized significantly and acromioclavicular joint is
widened. Patient also has old healed clavicle fracture. Figure 8.

Case report 2 of male patient. Anteroposterior radiograph of left shoulder
taken 7 months after scapulothoracic dissociation demonstrates profound
deltoid wasting and instability of glenohumeral joint with widened joint
space and inferior subluxation at rest.
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At 6 months, he was investigating delayed amputation.
He spent the next 4 months in a complex decision-making
mode. His replantation team disagreed on the course of
action. The plastic surgeons were recommending tenolysis
and wrist arthrodesis, while the orthopedists were recom-
mending watchful waiting for return of sensation. He
chose the latter course. The replanted hand continued to
need constant protection and splinting, and he even had to
walk holding it with the “good” hand. This need to support
the injured hand effectively disabled both upper limbs. He

noticed the arm and shoulder muscles on the injured side
atrophying from disuse.

No return of sensation occurred, and 10 months after
his injury, a delayed transradial amputation was per-
formed. He immediately found that the residual limb
alone was better than his fragile, unstable, painful hand.
He initially had increased discomfort from phantom pain.
The phantom pain subsided, and 12 months after the
injury, he was fitted with a prosthesis (Figure 15).

He has not been able to return to work as an emergency
department physician, because he lacks the two-handed
dexterity required for emergent procedures, but is very
active with his small farm and hobbies. He currently uses a
body-powered hook for heavy work on his farm. He uses a

Figure 9.
Case report 2 of male patient. Postoperative anteroposterior radiograph
demonstrating left shoulder arthrodesis using contoured 4.5 mm low-
contact dynamic compression plate and 6.5 mm lag screws.

Figure 10.
Case report 2 of male patient. Customized myoelectric prosthesis with
pincer attachment 20 months postinjury.

Figure 11.
Case report 3 of male patient. Original injury.

Figure 12.
Case report 3 of male patient. Intro-operative image with shunt in
place.
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myoelectric pincer for fine work such as reconditioning
personal computers. He has a myoelectric hand that is cos-
metically superior for what he calls “dining and dancing.”

In a recent interview, he stated that ideally he would
have had the amputation at the 6-month point. He feels
this would have facilitated earlier prosthesis fitting.

RESULTS AND DISCUSSION

The first patient in our series requested amputation
6 months into his limb-salvage sequence. His rehabilitation
had reached a plateau, and he had lost hope for successful
salvage. He eventually underwent late delayed amputation

13 months after his injury. Our second patient also con-
cluded at 6 months that he needed an amputation, but did not
obtain it until 7 more months had passed. The third patient
was clear about his need for amputation at 6 months but
continued 4 months of consultation and therapy before he
eventually convinced his surgeons to amputate 10 months
after injury.

In our experience, patients who choose late delayed
amputation seem to share certain characteristics. Their
reconstructed limb is relatively nonfunctional, and they
are asking for amputation. Patients in our series began
asking for therapeutic amputation consistently 6 months
after injury.

The correct time to offer amputation to a patient with
major upper-limb injury is unknown. Conventional surgi-
cal wisdom has been to pursue limb salvage for 1 to
2 years before considering amputation. We speculate that
this decision is based on reports of functional nerve recov-
ery up to 2 years after injury in the lower limb or brachial
plexus [5–6]. Alternatively, secondary salvage operations,

Figure 13.
Case report 3 of male patient. Early postoperative radiograph.

Figure 14.
Case report 3 of male patient. Early postreplant result.

Figure 15.
Case report 3 of male patient. Residual limb and prostheses 12 months
postinjury (showing both body-powered and myoelectric prostheses).
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such as tendon transfers and nerve grafting, are often per-
formed in the first year after a major upper-limb injury,
prolonging the time line. Even limited residual upper-limb
function is widely held as better than that which a pros-
thetic can provide; so patients with major upper-limb
injury may pursue multiple procedures and rehabilitation
protocols to maximize limb functionality. The result is that
some patients with major upper-limb injuries are still pur-
suing salvage 1 to 2 years after injury, although they and
their care team may suspect it is futile [1].

We propose a new time line for limb salvage, as dia-
grammed in Figure 1(b). We propose that limb salvage
should be pursued vigorously in all patients except those
who require life-saving amputation or who have obvi-
ously unsalvageable limbs. Scoring systems to attempt to
predict which limbs should be amputated should be aban-
doned. Patients should be reevaluated at 6 months after
injury and offered amputation if they believe that useful
function is not achievable. Six months is the ideal time
(neither too early nor too late) for evaluating early
delayed amputation. Even in patients with atrophy from
disuse or denervation, clinical evidence for denervation
may take months to develop. Also revision surgeries and/
or hand therapy may be able to salvage useful function up
to 6 months after the operation. Those patients who
choose amputation at 6 months should be offered pros-
thesis fitting within 12 weeks of amputation for maximiz-
ing their chances of success. Those who choose further
salvage should be offered the reconstruction and rehabili-
tation best suited to their injury.

Through a review of the literature on limb-salvage
scores of the upper limb [2,7–9], we have concluded that
their use should be abandoned. Their scoring systems are
flawed and the stakes are too high. The finality of ampu-
tation should not be risked unless it is based on a statisti-
cally valid scoring system that currently does not exist. If
amputation is decided on the flawed systems described,
salvageable limbs might be amputated. No thoughtful
person should accept this outcome.

Lower-limb salvage scores, such as the Mangled
Extremity Severity Score (MESS) [10], have been modified
and applied to the upper limb [2]. However, when satisfac-
tory salvage was reported for limbs with scores above the
“cutoff” point, their utility was questioned [2]. The failure of
applying lower-limb salvage scores to the upper limb is due
the inherent differences in the limbs. The lower limb must
bear weight, whereas the upper limb may be quite useful
even if it is weak, as long as sensation and flexibility remain.

An insensate foot can be used to ambulate, but an anesthetic
hand is comparatively less functional. Additionally, func-
tional requirements can be replaced much more easily with a
prosthesis in a lower limb than an upper limb. This point is
illustrated by the recent banning of South African runner
and bilateral transtibial amputee Oscar Pistorius from
Olympic trials competition. Regulators cited the “clear
competitive advantage” that his prostheses provided [11].

Two recent studies conclude that limb-salvage sys-
tems should not be used to pursue limb-salvage surgery
[7,12]. Simmons et al., in a study of 41 patients, con-
cluded that predictors of amputation in brachial artery
injuries differ from those in lower-limb vascular injuries
[7]. Delayed presentation >6 hours, MESS, open fracture,
nerve deficits, and diminished capillary refill did not pre-
dict later amputation for patients with brachial artery
injuries. These data suggested that salvage should be
attempted for the vast majority of upper-limb injuries
regardless of the severity scoring systems [7]. Ly et al.
conducted a study to evaluate the clinical utility of the
five commonly used lower-limb injury severity scoring
systems as predictors of final functional outcome in
>400 patients with lower-limb salvage surgery and at
least 2-year follow-up. They concluded that currently
available injury severity scores do not predict the func-
tional recovery of patients who undergo successful limb
reconstruction [12].

Limb-salvage scoring systems also rely on clinical
assessments made at or near the time of injury to predict
which limbs will eventually require amputation. Some sur-
geons believe that early amputation will facilitate eventual
recovery. These systems must assess factors such as radio-
graphs, vascular injury, soft-tissue injury scales (e.g., the
Gustilo classification), and sensory nerve function. A
report from the Lower Extremity Assessment Project
group in 2005 described a cohort of 26 patients with severe
lower-limb trauma and absent tibial nerve sensation. Of
the 26 patients, 25 regained sensation and had similar
2-year outcomes compared with two equivalent groups:
those with intact sensation and those who had early ampu-
tation [6]. This distressing finding underscored the unreli-
ability of the sensory examination in the acute setting.

Brachial plexus injuries demonstrate the importance
of neural function for upper-limb rehabilitation. Manord
et al. reported results from a study of 43 patients with
delayed nerve repair after brachial plexus injuries [8].
One patient eventually underwent late delayed amputa-
tion for a painful, nonfunctional limb. The remaining
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42 patients’ disability scores improved after nerve repair.
At most, they obtained stabilizing functions so that the
other hand could perform fine motor tasks, but this find-
ing suggests that even disrupted nerves can be recon-
structed to provide functions equivalent to those that a
prosthesis can provide [8]. Vascular injuries also may not
reliably indicate eventual amputation. Clouse et al.
reported 43 major vascular injuries to upper limbs in the
military conflicts that began in 2003 [9]. Although this
was a short follow-up study, 9 percent of the limbs went
on to amputation, but the rest were salvaged.

The current wartime theaters in Iraq and Afghanistan
had produced 105 upper-limb amputations as of 2006. Of
these amputations, 95 percent were performed early in the
evacuation sequence, before the patients reached definitive
care. Neurovascular status was not the decisive factor in
these amputations [13]. Thus, limb-salvage scores, which
usually rely on extent of neurovascular injury, will not
likely improve our treatment of patients in these theaters.
We conclude that the decision to amputate cannot practi-
cally be made in the first several hours to weeks after the
injury. The stakes are too high and the scoring systems too
unreliable.

Timing, however, is paramount in amputation and
prosthesis fitting. Longer delays between amputation and
prosthesis fitting negatively affect prosthetic usage rates in
studies of both upper- and lower-limb amputees [14–17].
A study of 55 upper-limb amputees in England revealed
that those who were delayed more than 12 weeks between
amputation and prosthesis fitting never returned to gainful
employment [15]. Thus, if we can identify those patients
who will eventually choose late delayed amputation at
6 months and provide early delayed amputation to those
who desire it, along with prompt prosthesis fitting, we can
greatly relieve their suffering and move them more
quickly to productive rehabilitation and independence.

CONCLUSIONS

We believe that the best way to improve treatment for
patients with major upper-limb injury is not to devise a
better limb-salvage scoring system but to reevaluate the
limb-salvage time line to include a new entity: the early
delayed amputation. In our small series, the three patients
expressed a desire for amputation at 6 months postinjury.
They each prefer their residual limb to the salvaged limb,
and the two with transradial amputation find the residual

limb alone to be more useful than their salvaged limb.
Reevaluation for an early delayed amputation and shared
decision making at the 6-month period is a crucial step in
treating patients with severely injured, nonfunctional
upper limbs. This change in the time line will benefit a
small but significant number of patients who might other-
wise suffer for months with painful and/or useless limbs
when they could move on to productive rehabilitation
(Figure 1(b)). In the meantime, we expect and eagerly
await innovations in upper-limb reconstructive surgery
[18] and prosthesis technology that will require another
shift in the limb-salvage time line.
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