
Statement of Financial Disclosure
To reveal any potential bias in this publication, and in 
accordance with Accreditation Council for Continuing 
Medical Education guidelines, we disclose that Dr. 
Schneider (editor) serves on the editorial board for 
Logical Images. Dr. Farel (CME question reviewer) owns 
stock in Johnson & Johnson. Dr. Stapczynski (editor), 
Dr. Willis (author), Dr. Reynolds (author), Dr. Winograd 
(peer reviewer), Ms. Mark (executive editor), and Ms. 
Hamlin (managing editor) report no relationships with 
companies related to the field of study covered by this 
CME activity.

Traumatic Amputations

Author’s Note
When I was 6 years old, I had a bicycle accident that amputated the distal 

tip of my second, third, and fourth fingers on my left hand at the DIP joint. I 
remember that day like it was yesterday, even though it was more than 25 years 
ago, because it was such a tragic day in my life. One of the things that I remem-
ber the most is the conversation the ED physician had with my parents inform-
ing them that my fingers could not be reattached because my child-size fingers 
were too small. Now, after 25 years of coping with my “stubs,” as I researched 
and wrote about this topic, I jokingly realize that my professional basketball 
career was ruined by faulty medical knowledge.

The purpose of this article is to inform emergency providers of the proper 
care and management of traumatic amputations to avoid stories like my own. 
Care for a patient who undergoes an amputation is often complicated and is 
time-sensitive. A lot of thought goes into whether replantation is attempted or 
not, but those decisions are reserved for the replantation team. The role of the 
emergency provider is to expediently evaluate the patient and prepare him or 
her for care by the replantation team. By assuming that replantation will occur, 
especially in children, treatment will be expedient and efficient and lead to the 
best results for the patient, even if the replantation ultimately cannot be carried 
out. The majority of the time, the replantation is attempted and often leads to a 
functional outcome very pleasing to the patient. I only wish my parents had this 
information 25 years ago. 

Introduction
Traumatic amputations rarely occur in scenarios other than combat situations; 

however, when they do occur, they are emotionally and physically debilitating. 
Success in replantation depends on appropriate and time-sensitive care of the 
patient during the initial presentation to a health care facility, usually the emer-
gency department (ED). It is the responsibility of the emergency care provider 
to know how to manage amputations and initiate proper care that will lead to a 
satisfactory outcome. 

Pathophysiology
The majority of upper-extremity injuries are sustained in occupational set-

tings, such as those involving power tools or machinery. Among children, 
upper-extremity injuries are caused by power tools, but also by getting caught 
between opposing surfaces, such as doors and doorframes.1 Lower-extremity 
amputations are usually the result of high-energy motor vehicle collisions (often 
sustained by motorcyclists) or occupational incidents.2 Amputations affecting 
body parts other than the extremities are usually the result of animal attacks, 
self-infliction, or falls. 

Guillotine amputations often have better outcomes because of their straight 
edges, which are amenable to surgical repair. Avulsions and crush amputa-
tions are much more difficult to repair because of extensive tissue damage; 
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unfortunately, these are the most 
common types of amputations.3 
Avulsion amputations are severe 
injuries in that the structures are sep-
arated from portions of the amputa-
tion. Nerves usually tear from the 
proximal stump, whereas vessels tear 
from the distal amputated portion. 
Tendons separate from the distal 
portion, and bony structures either 
fracture or avulse from the joint, 
causing disarticulation.4

A partial amputation has some 
amount of tissue connecting the 
proximal and distal portions: vascu-
lature (arteries and veins), connec-
tive tissue (muscles and tendons), or 
nerves. Even if only a small bridge of 
skin exists as the lone connection, it 
is still considered a partial amputa-
tion. The majority of the connecting 
tissue will likely remain functional as 
long as it is intact. A complete ampu-
tation has no tissue connecting the 
amputated portion to the body. All 
of the connective tissue, nerves, and 
vasculature have been severed and 
rendered nonfunctional in the ampu-
tated portion. When the vasculature 
is transected, it has a propensity to 
retract into the stump and to vaso-
spasm, decreasing or ceasing blood 
flow through that vessel.5,6 On the 
other hand, partial amputations may 
contain vessels that have been only 
partially severed, which can result in 
continued hemorrhage as blood flow 
continues through the defect.

Prehospital 
Considerations

The adage “life over limb” accu-
rately describes the priorities in 
the prehospital care of traumatic 
amputations.7,8 The prehospital care 

provider is tasked with caring for 
not only the injured patient but also 
the amputated part. Stabilization of 
life-threatening injuries, control of 
hemorrhage, and appropriate storage 
of the amputation are paramount in 
the prehospital care of a patient with 
an amputation.

Hemorrhage is the primary imme-
diate complication of traumatic 
amputations. Direct pressure and ele-
vation are always the preferred meth-
ods of controlling hemorrhage in the 
prehospital setting. Blind clamping 
or tying of tissues is not recom-
mended to avoid damage to the tis-
sue that may be needed for surgical 
repair.9 The tourniquet has been a 
controversial adjunct in prehospital 
medicine. Traditional teaching holds 
that the tourniquet is to be used only 
as a last resort or life-saving measure. 
A shift away from this axiom to more 
liberal use has actually increased 
the survival of critically injured 
patients.5,10-12 Tourniquets rapidly 
correct compressible hemorrhage 
and can be used safely during patient 
transport.5,12 There are many differ-
ent models and versions, but each 
is designed to be applied easily and 
to multiply the force of application; 
many can be applied with one hand. 
A tourniquet may be left in place for 
up to 2 hours without causing sig-
nificant tissue damage to the affected 
limb. Prolonged use can cause tissue 
ischemia and necrosis and, ultimately, 
decrease the likelihood of replanta-
tion success.8

The prehospital care provider 
should record the exact time of 
amputation because “ischemia time” 
is the major determinant in candi-
dacy for replantation. If a patient is 

entrapped at the scene, the ampu-
tated part should be transported to 
the receiving facility ahead of the 
patient for appropriate storage. All 
amputated parts should be pack-
aged properly and transported, no 
matter how damaged they appear, 
because some skin and tissue may 
still be usable for grafting.13-15 Since 
ischemia time is so vital to replanta-
tion, both the patient and amputated 
part should be transported, by air if 
necessary, to the nearest microvascu-
lar replantation center unless other 
injuries dictate transport to a closer 
trauma center.

Tissue that suffers prolonged isch-
emia time is prone to contractures, 
muscle loss, and nerve injury, which 
adversely affect its functional recov-
ery. Because tissue can survive longer 
at cooler temperatures, there is a 
distinction between “warm ischemia 
time” and “cold ischemia time.” 
Decreasing the tissue temperature 
decreases the tissue metabolic and 
oxygen demand, prolonging the 
amount of ischemia the tissue can 
withstand. Digits have the longest 
ischemia times (12 hours warm; 24 
hours cold), whereas limbs have 
greater muscle mass and shorter 
ischemia times (6 hours warm; 
12 hours cold). Efforts to cool an 
amputated part must never result in 
the freezing of tissue. Tissue freez-
ing is more damaging at the cellular 
level than keeping an amputated part 
warm.9,16,17 Frostbite injuries will 
lessen the likelihood of replantation 
success.

The appropriate care and packing 
of an amputated part is very spe-
cific. Remove gross contaminants or 
foreign material and gently irrigate 

 z Preserve all amputated parts wrapped in saline-moist-
ened gauze, placed in a dry plastic bag, and immersed in 
an ice-water slurry. 

 z When possible, cover the remaining stump with saline-
moistened gauze held in place with compression dress-
ings and cool with plastic bags containing 50% water 
and 50% ice.

 z Update tetanus immunization and administer prophy-
lactic antibiotics. 

 z Contact the appropriate specialist early regarding the 
potential for replantation.

Executive Summary
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with saline solution. Do not use 
alcohol, iodine, formaldehyde, or 
other cleaning solutions. Wrap the 
part in saline-moistened gauze and 
place it in a sealed plastic bag or con-
tainer. Then store the container in 
a water/ice slurry. Do not place the 
amputated part directly in contact 
with ice or allow it to freeze.7,9,17-21 
Irrigate the stump with saline and 
cover it with saline-moistened gauze. 
Splint the stump and keep any partial 
amputations in anatomic position to 
avoid further injury.9,22

Emergency Department 
Management

The patient’s arrival at the ED is 
usually chaotic, as patients with an 
amputation can be distraught. They 
may be agitated and combative, flail-
ing a partial amputation around and, 
thus, making their injury worse. The 
emergency physician must maintain 
order because an efficient, timely, 
and thorough evaluation is necessary 
if any hopes of replantation are pos-
sible. Try to calm the patient with 
verbal de-escalation. If necessary, 
use chemical restraints with sedative 
agents. The use of physical restraints 
is not recommended unless all other 
means are unsuccessful, because it 
may worsen the injury.

Obtain a thorough history, giving 
special attention to the mechanism 
of the injury, other injuries sustained, 
timing of the injury, care of the 
stump and the amputated portion, 
method of transport of the ampu-
tated portion, the patient’s occupa-
tion, hand dominance, if pertinent, 
allergies to medications, and tetanus 
status. This information is impor-
tant for the surgical team to assess 
the feasibility of replantation. The 
patient may be too distracted emo-
tionally by the amputation to give an 
adequate history or cooperate with 
the physical exam. If the patient, 
especially a child, is unable to pro-
vide a history, use other sources of 
information, such as parents, emer-
gency medical services (EMS) pro-
viders, or witnesses.23

The initial assessment of the 
patient with a traumatic amputa-
tion is no different from that for 

any other trauma patient. Shock 
is associated with worse outcomes 
and must be addressed before any 
further interventions are performed. 
Unstable patients require resuscita-
tion prior to addressing the amputa-
tion. Place at least one large-bore IV 
catheter into the unaffected limb and 
infuse isotonic crystalloid to maintain 
a euvolemic state. Blood products 
may be necessary, depending on the 
severity of the injuries.

If excessive bleeding becomes a 
problem, establish hemorrhage con-
trol. In most cases, a complete ampu-
tation will not cause life-threatening 
hemorrhage because the transected 
arteries retract proximally and induce 
vasospasm, which clamps off the 
artery. In most cases, arteries that are 
partially transected in partial ampu-
tations tend to continue to bleed. 
Hemostasis can usually be achieved 
by elevating the stump above the level 
of the heart and applying direct pres-
sure to the source of bleeding. Never 
cauterize, tie off, suture, or clamp ves-
sels in an attempt to control bleeding 
because this can cause damage that 
may make replantation less success-
ful. If direct pressure is insufficient to 
control the bleeding, placing a blood 
pressure cuff proximal to the wound 
may be useful. Inflate the cuff until 
hemostasis is achieved, but avoid 
exceeding 30 to 40 mm Hg above the 
systolic blood pressure. This method 
can be a used as a temporizing mea-
sure to maintain hemostasis until the 
replantation team can evaluate the 
patient; however, do not use it for 
extended periods (i.e., for more than 
2 hours) because the stump tissue can 
become devitalized. Reserve the use 
of tourniquets as a last resort.

A complete head-to-toe examina-
tion to evaluate for other injuries is 
necessary to rule out life-threatening 
injuries. Prioritize and address life-
threatening injuries early before 
evaluating the amputation.3,23

Once life-threatening injuries 
have been identified and addressed, 
focus attention on the amputation. 
Evaluation of the wound should be 
exhaustive. With partial amputations, 
pay special attention to the viability of 
the tissues involved, cleanliness of the 

wound, excessive bleeding, and func-
tional ability of the affected portion. 
Complete amputations or avulsion 
injuries should have the proximal por-
tion, or stump, evaluated for viability, 
cleanliness of the wound, and exces-
sive bleeding. The amputated portion 
requires similar evaluation, especially 
if replantation is feasible. Irrigate both 
the amputated portion as well as the 
stump with saline rinse to wash away 
any debris and contaminants. Avoid 
scrubbing wounds and using cleans-
ing agents other than saline irriga-
tion, as undue damage may occur to 
the tissue, making replantation more 
difficult.

A functional assessment of the 
affected area should involve a neu-
rologic and vascular examination. 
Perform a sensory examination of 
the stump in a complete amputation 
or of the entire affected portion in a 
partial amputation. Intact sensation 
suggests minimal nerve damage and 
decreases the need for the replanta-
tion team to explore the tissue in 
the operating room to search for 
damaged nerve tissue.23 Motor func-
tion should be evaluated as much 
as possible. In avulsion injuries, 
tendons can be separated from their 
proximal attachments, so reattach-
ment during replantation is necessary 
to retain function. Evaluate vascular 
structures by gross inspection, but, 
again, do not tag or clamp any of the 
structures. Evaluate distal perfusion, 
especially in partial amputations, by 
assessing tissue pallor and capillary 
refill times. Sometimes, distal por-
tions of extremities retain their distal 
perfusion through collateral arte-
rial anastomoses, which provides a 
greater possibility of replantation.

Once the examination is complete, 
expedite transfer of the patient to 
the replantation team. Send pre-
operative laboratory studies, including 
a complete blood count, complete 
metabolic panel, coagulation panel, 
and a type and screen, so that the 
replantation team will not be delayed 
in getting the patient to the operating 
room. The patient will likely require 
pain control to remain comfort-
able. Opiates are often required and 
should be administered intravenously. 
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Administer tetanus immunization if 
warranted. Administer broad-spec-
trum antibiotics to cover skin flora 
such as staphylococcal and streptococ-
cal species; gram-negative organisms 
should also be covered, depending on 
the mechanism of injury. Obtain plain 
films of the amputated portion and 
the stump to evaluate the bony struc-
tures for damage.

Once the patient is more comfort-
able, assess the stump. The longer 
the stump remains warm, the less 
likely the replantation will be suc-
cessful. The goal of managing the 
stump is to lower its temperature 
to 4ºC; this maximizes the amount 
of time before irreparable ischemia 
sets in without damaging the tissue 
directly by frostbite damage. (See 
Figures 1 and 2 for details.) Place 
gauze moistened (not soaked) with 
saline over the wound and cover it 
with a compression dressing to mini-
mize oozing. Place cold compresses 
or bags of 50% ice and 50% water 
on the stump and elevate the stump 
above the level of the heart to further 
minimize oozing. Do not allow ice 
to directly contact the wound, even 
through the plastic bag. Splint the 
stump to prevent further damage and 
contamination of the wound. For par-
tial amputations, pack the moistened 
gauze inside the wound and then 

place more moistened gauze over 
the wound before placing the cold 
compresses over the gauze. Splint 
these amputations for comfort and 
to keep the amputation in anatomic 
position as much as possible. In both 
circumstances, the wound should be 
wrapped adequately with pressure 
dressings to prevent oozing.23 The 
temperature of blood from the body 
will raise the stump temperature if the 
bandages become soaked. This will 
make maintaining cold ischemia more 
difficult and compromise replantation 
attempts. If the injury is a complete 
amputation, the amputated portion 
should also be packaged appropriately. 
Once the amputated part has been 
cleansed, wrap it in saline-moistened 
gauze and place it in a bag. Place the 
bag in a container filled with an ice-
water slurry.

Early consultation with the replan-
tation team during the ED evalu-
ation will enable them to mobilize 
the operating room in anticipation 
of the patient’s arrival. Similar to the 
prehospital setting, if stabilization of 
the patient is delaying transport to 
the surgical team, it may be in the 
best interest of the patient to send 
the amputated portion ahead of the 
patient so that it can be prepared for 
replantation. Even if it appears that 
replantation would fail, parts such as 

nail bed or skin might be harvested 
from the amputated portion during 
reconstruction.

A multitude of complications 
can arise during the management 
of amputations. Acute hemorrhage 
and its physiologic consequences are 
a primary threat to the life of the 
patient, whereas ischemia is the pri-
mary threat to the amputated part.24 
As stated before, the physiologic 
response to amputation is intense 
vasospasm at the site of injury to 
reduce blood loss. 

One of the most feared complica-
tions is compartment syndrome, that 
is pathologically elevated interstitial 
pressure within confined fascia that 
envelopes a muscle group.6,9 It can 
be caused by intrinsic factors such 
as a vascular injury that bleeds into 
a confined fascial compartment, 
extrinsic factors such as external 
compression (e.g., dressings, splints, 
tourniquets), or prolonged pressure 
on an extremity. Compartment pres-
sure that increases above the intra-
vascular pressure causes physiologic 
devascularization of the distal tissue 
and subsequent ischemia. Skeletal 
muscle metabolic processes are dis-
rupted and cell membrane integrity 
is compromised. Cytolysis and the 

A. Wrap in saline-moistened gauze. 
B. Wrap it in a bag and place in a 
container with ice-water slurry.

Figure 2: Care of 
Amputated Portion

A. Wrap the stump in saline-moistened gauze. B. Wrap the rest of limb in saline-
moistened gauze. C. Place cool compress or bag with ice-water slurry over 
stump. D. Then splint the limb and wrap tightly to prevent oozing.

Figure 1: Care of Complete Amputation
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release of osmotic contents into the 
compartment draw additional plasma 
into the interstitial space and create 
a cycle of increasing compartment 
pressures that compromises distal 
circulation and nerve conduction.6,9 
Normal compartment pressure is 
below 10 to 12 mm Hg. Clinically 
significant impairment of circulation 
occurs at pressures above 20 mm Hg. 
The most precise way to determine 
abnormal compartment pressures is 
to measure the difference between 
the mean arterial blood pressure and 
the compartmental pressure, usu-
ally with a needle-tonometry device. 
The smallest difference compatible 
with normal metabolism is 30 mm 
Hg.9 Clinically, the first signs of com-
partment syndrome are pain out of 
proportion to the injury, pallor, or 
paresthesia. These findings develop 
within 30 minutes after the onset 
of ischemia. If left untreated, it can 
progress to paresis and pulselessness, 
which are usually late signs. (See Table 
1.) Irreversible nerve damage begins 
after 6 hours.6,9

Rhabdomyolysis is the destruc-
tion of skeletal muscle, with spilling 
of toxic cellular components into 
the systemic circulation.6,9 It can be 
caused by compartment syndrome 
from a crush or partial amputation. 
It causes plasma sequestration within 
myocytes, resulting in hypovolemia 
and myocyte edema, as well as sys-
temic release of intracellular potas-
sium, myoglobin, phosphate, and 
sulfate, resulting in hyperkalemia, 
acute renal failure, and acidosis.6,9 
Hyperkalemia, the most immediate 
threat to life, occurs in 10% to 40% 
of cases.6,9

Other less common complications 
of amputation injuries are microbial 
infection of either the part or the 
patient, and fractures in the ampu-
tated part that may cause or exacer-
bate compartment syndrome and/or 
neurovascular compromise.

Surgical Techniques
Depending on the type and loca-

tion of the amputation and the 
length of time since it occurred, 
the patient may be a candidate for 
replantation. The amputated part 

suffers similar physiologic derange-
ments as the patient in shock. 

Surgical replantation may be 
attempted; however, complete ampu-
tation may be necessary because of 
other life-threatening injuries, severe 
associated trauma with metabolic 
derangements, or lack of salvage-
ability of the distal tissue.5,16 The 
prognosis is largely dependent on the 
type and quantity of tissue connect-
ing the proximal and distal parts. 

The goal of replantation is to pro-
vide a functional part with reason-
able sensation and mobility. Thus, 
the decision to attempt surgical 
replantation is complex, with mul-
tiple factors to consider, including 
the severity and type of injury (e.g., 
crush, avulsion, transection) and 
patient factors (e.g., age, hand domi-
nance, medical history, social history, 
presence of other life-threatening 
injuries). Lengthy rehabilitation is 
often required. The average time 
until return to work is 7 months.9,16 
The decision of whether to proceed 
with replantation will depend upon 
several factors and will ultimately be 
decided by the replantation team. 
Contraindications to replantation are 
found in Table 2.

Ischemia time is the main determi-
nant of replantation success. Sharply 
transected amputations carry a better 

prognosis than avulsion or crush 
injuries. Repair of mangled parts 
with multiple vascular injuries may 
not be possible. The combination of 
vascular and nerve injuries compli-
cates replantation success. The extent 
of muscle loss predicts function 
of the replanted part. Massive loss 
across multiple compartments carries 
a poor prognosis.6,25,26

Finger Amputations
Fingers are some of the most com-

monly injured and, therefore, the 
most commonly amputated portions 
of the body. Humans use their hands 
for a multitude of activities, making 
them susceptible to both occupa-
tional and nonoccupational dangers. 
This also highlights the amount of 
functional deficit that is experienced 
when fingers are amputated, as pro-
longed rehabilitation has occupa-
tional implications. More than half 
of all upper-extremity amputations 
involve a finger and the majority of 
them involve just the distal tip.27-29

Most finger amputations occur in 
the workplace and are related to the 
use of heavy machinery.30 The popula-
tion most at risk for this type of injury 
is younger than 30 years old. Non-
work-related finger injuries occur 
primarily in children younger than 5 
years of age.27-29,31 In this population, 

Table 1: “Ps” of Compartment Syndrome

• Pain out of proportion
• Pallor
• Paresthesias
• Pulselessness (late finding)
• Paresis (late finding)

Table 2: Contraindications to Replantation

Relative
• Severe crush or avulsion amputation
• Injuries at multiple levels of the amputated part
• Pre-existing illness that affects wound healing or rehabilitation 

(e.g., diabetes mellitus, smoking)
• Gross contamination of the parts
• Prior surgery or trauma to the amputated limb

Absolute
• Concomitant life-threatening injuries that require stabilization
• Amputated portion in multiple pieces
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the most common mechanism of 
injury is trapping a finger between 
two opposable surfaces, usually in 
a doorway.1,31 School-age children 
most frequently injure fingers in 

bicycle-related incidents.1 As age 
increases, so does the incidence of 
injuries caused by power tools. Power 
tools, such as chainsaws and lawn-
mowers, cause the majority of finger 
amputations in the teenage and adult 
populations; adults older than the age 
of 55 are at the next greatest risk after 
children.28 The incidence of injury 
is highest in males, with a 5:1 pre-
dominance.27-31 The most commonly 
amputated fingers are the index and 
middle fingers, but the finger associ-
ated with the most functional loss is 
the thumb, which is associated with 
a 40% loss of function of the affected 
hand.30

Management of fingertip amputa-
tions varies depending on the level 
where the amputation occurs. Distal 
tip amputations have the most sig-
nificant implications because the 
majority of finger function, including 
grip and sensation, comes from the 
tip. Multiple classification systems 
have been designed for distal tip 
amputations. Their overlying themes 
are similar.

Most distal amputations that do 
not involve the bone or the nail 
bed can be managed conservatively. 
These injuries have a propensity to 
bleed extensively despite the applica-
tion of pressure. Therefore, a com-
pression bandage is often required 
to maintain hemostasis. Systemic 
antibiotics are not usually required; 
topical antibiotics such as bacitracin 
are often sufficient. Splint the finger 
for comfort and refer the patient to 

a hand surgeon. Sometimes, skin 
grafting is required to replace the 
skin defect, but the majority of these 
injuries heal and leave very little 
functional or cosmetic defect.

Distal tip amputations that involve 
the nail bed but not bone are slightly 
more complicated. The fingernail 
is important not only for cosmetic 
function but also as a point of 
counterpressure for the distal fin-
ger and an instrument of accurate 
pinch.32 Nail bed conservation is 
in the best interest of the patient. 
Consult a hand surgeon early in the 
management of this type of injury. 
The majority of them are man-
aged conservatively, but successful 
replantation procedures have been 
reported.33 For patients who are 
not referred for replantation, splint 
the injury for comfort and refer the 
patient for urgent outpatient hand 
surgeon evaluation. These patients 
will likely require an operative proce-
dure such as a nail bed graft to retain 
nail length.

All other finger amputations, 
including distal tip injuries that do 
involve bone, are managed surgically. 
Replantation is the best option. The 
only absolute contraindication for 
replantation is the presence of other 
life-threatening injuries. 

Treat all patients with fingertip 
amputations as if replantation is pos-
sible. Administer systemic antibiotics 
and tetanus booster if the immuniza-
tion is not up to date. The stump 
should be cooled, bandaged, and 

Figure 3: Radiograph of a 
Distal Finger Amputation

No fracture of the distal phalanx 
was identified.

Figure 4: Radiograph of a 
Distal Finger Amputation 
Through the Distal Phalanx

Figure 5: Radiograph of a Thumb Amputation Through 
the Distal Phalanx
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splinted. The amputated portion 
should be packed in an ice slurry and 
should travel with the patient to the 
care of the replantation team. 

Success rates between 40% and 
96% have been reported for digital 
replantation.34-37 This is true even 
with prolonged ischemia times, 
with one study claiming a successful 
replant after 33 hours of ischemia.35 
Alternative treatment methods such 
as skin flaps have a number of unap-
pealing results, such as cold intol-
erance, hyperesthesia, shortened 
length, inadequate nails, decreased 
sensation, and decreased motor func-
tion.33,37 Replantation, when success-
ful, results in length preservation, 
nail preservation, and good motor 
and sensory functional outcomes.37

Upper-extremity 
Amputations

After fingers, the upper extrem-
ity is the next most common site 
of amputation. Injuries to the 
upper extremity are devastating and 

debilitating. This type of injury has 
more implications than most other 
amputations, as the patient’s liveli-
hood will probably be affected, as 
will activities such as eating, bath-
ing, and brushing teeth. The per-
formance of mundane tasks, usually 
taken for granted, will become much 
more difficult.

Upper-extremity amputations usu-
ally involve the hand or the wrist. 
The incidence decreases while mov-
ing more proximally. Distal amputa-
tions are most commonly caused by 
power tools and are usually of the 
guillotine type. Proximal amputa-
tions are most commonly caused 
by clothing becoming entangled in 
high-energy machinery and are usu-
ally avulsions,4,38 which obviously 
are more devastating and difficult to 
repair.4 Avulsion injuries are more 

prone to complications such as 
rhabdomyolysis and compartment 
syndrome due to the involvement of 
larger muscle groups.

Management of these injuries 
involves time-efficient stabilization 
and transfer. Because of the larger 
amount of tissue in more proximal 
tissue, cold ischemia time is much 
less in comparison with the fingers. 
Place at least one intravenous line 
in the unaffected arm and maintain 
euvolemia with isotonic fluids. Use 
blood products liberally. If both arms 
are affected, establish central venous 
access. Initiate broad-spectrum anti-
microbial therapy and update tetanus 
status as needed. Rapid transport to 
a replantation operative suite results 
in better outcomes.

Success rates are relatively high for 
replantation of the upper extremity. 

Figure 6: Radiograph of a 
Hand Mangled by a Piece 
of Machinery

Multiple amputations and 
fractures are present.

Figure 7: Radiograph of a Partial Upper-extremity 
Amputation Through the Humerus

Figure 8: Radiograph of a Complete Upper-extremity 
Avulsion Amputation at the Level of the Humerus
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The goal of operative treatment is 
to re-establish a functional limb as 
closely as possible. The main options 
are to replant the limb or revise the 
stump to fit a prosthesis. Graham 
and associates found that replanted 
limbs were functionally superior to a 
prosthesis from a motor standpoint.39 
Prosthetic limbs can assist with a 
number of daily activities.3 However, 
a functional replanted upper extrem-
ity will perform similarly to the unin-
jured arm and is more aesthetically 
pleasing to the patient.40 Barring 
a life-threatening injury or severe 
mutilation of the amputated portion, 
replantation of an upper extremity 
should be attempted.

Lower-extremity 
Amputations

Lower-extremity amputations 
occur half as frequently as amputa-
tions of the upper extremity. These 
injuries are commonly caused by 
power tools as well, but the power 
tools are most likely pushed (e.g., 
lawnmowers and snow blowers). 
They are also caused by high-energy 

motor vehicle crashes, often involv-
ing motorcycles. Power tools are 
responsible for distal amputations 
(i.e., toes, midfoot), whereas motor 
vehicles are usually responsible for 
proximal amputations. These inju-
ries more commonly occur in males 
than females. Similar to the upper 
extremity, the highest incidence of 
amputation occurs at the most distal 
portion, the toes, and the incidence 
decreases moving proximally up the 
extremity.

Management of these injuries is 
not far removed from the manage-
ment of any amputation. Hemostasis 
is achieved with direct pressure and 
elevation. Ensure adequate volume 
resuscitation with isotonic fluids 
and use blood products liberally as 
needed to maintain euvolemia, espe-
cially if the long bones are involved. 
These injuries are also more prone to 
compartment syndrome and rhabdo-
myolysis due to the large amount of 
muscular tissue present in the lower 
extremity, especially in more proxi-
mal injuries.41

Because of the lack of functional 
complexity of the lower extremi-
ties, amputations usually were not 
salvaged in the past. Most people use 
their lower extremities for ambula-
tion and relatively little else, unless 
there are occupational implica-
tions, such as in professional sports. 
Therefore, amputations usually were 
reduced to a stump and the patient 
was fitted for a prosthesis. However, 
newer microsurgical techniques have 
evolved in the past several years, 
making the possibility of replantation 
a viable option for more patients. In 
many cases, prosthetic legs are more 
appealing and functional than their 
replanted counterparts. A number of 
other factors contribute to the deci-
sion to replant a lower extremity or 
to prepare the stump for a prosthetic 
device. The replantation operation is 
a longer procedure, the number of 
additional operations is higher, the 
hospital stay and subsequent reha-
bilitation are longer, and the cost is 
significantly higher.41,42 Furthermore, 
patients who undergo replantation 
are forced to deal with numerous 
postoperative complications, such as 

skeletal shortening, infections, and 
impaired nerve regeneration, which 
is debilitating. In addition, patient 
factors must be considered such as 
medical history (e.g., diabetes) and 
smoking history, which bode poorly 
for replanted lower extremities. 
Good sensation and adequate motor 
function have been achieved in 80% 
to 90% of patients who were carefully 
selected for replantation.41 In most 
cases, replantation attempts are lim-
ited to children and adults in optimal 
circumstances. Overall, the decision 
of whether to replant or to fit a pros-
thesis is a discussion between the 
replantation team and the patient. 

Penile Amputations
Penile amputations are rare inju-

ries that are difficult to manage. The 
highest risk in is the psychiatric pop-
ulation and the pediatric population. 
The most common cause of amputa-
tion in the psychiatric population is 
self-mutilation. People most likely to 
self-mutilate are those experiencing 
acute psychosis, whether psychiatric 
or organic in nature, and depressed 
patients who become violent while 
intoxicated.43 They usually perform 
this act because of a psychogenic 
delusion, command hallucinations, 
or religious or sexual conflicts. The 
mutilation is usually perceived as an 
act of purification.44-48 There are also 
reports of self-mutilation by nonpsy-
chotic patients attempting to expe-
dite gender reassignment.43,45

The acutely psychotic and/or 
intoxicated patient usually continues 
to be impaired upon presentation for 
care and may require de-escalation, 
and possibly sedation, to facilitate 
examination.43,44,46 Time is crucial 
with these patients because most 
have delayed seeking medical atten-
tion due to their altered state or lack 
of desire for medical care. However, 
most individuals who self-mutilate 
while in an altered state of conscious-
ness express remorse for their actions 
once their mental status is stabilized. 
Therefore, obtain psychiatric consul-
tation early for mental stabilization 
and, above all, assume that the penis 
will be replanted.47,49

Among children, the most 

Figure 9: Radiograph of 
a Great Toe Amputation 
Through the Distal Phalanx
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common causes of penile amputa-
tion are animal bites (including those 
inflicted by humans), iatrogenic acci-
dents during circumcision, and child 
abuse.50,51 Child abuse is typically 
committed by a mentally disturbed 
parent experiencing a psychotic epi-
sode. In most cases, the patient is 
very young and is subject to signifi-
cant ramifications that a shortened or 
absent penis will bring about later in 
life. Therefore, the replantation of a 
severed penis should be attempted if 
at all possible.

Penile amputations should be 
managed like any other amputation. 
These injuries have a high propen-
sity to bleed, and blood transfusions 
may be necessary.45,46 A compressive 
dressing of saline-moistened gauze 
should be placed over the stump. 
Wrap the amputated portion in 
saline-moistened gauze and place it 
in a sealed bag in a container with 
an ice slurry. Foley catheterization 
should not be attempted to avoid 
injuring tissue further. If possible, 
divert the urine with a suprapubic 
cystostomy.45 Although urine is usu-
ally sterile, the warmth of urine can 
warm the stump and decrease the 
ischemia time. Antimicrobials should 
be tailored to the mechanism of 
injury, especially in the case of mam-
mal attacks. Arrange rapid transport 
of the patient and the amputated 
part to a tertiary care center for 
attempted replantation.

Surgical repair has relatively high 
success rates. Even if the replantation 
fails, surgeons may be able to locate 
erectile tissue in the pubic tissue for 
use in penile restoration. If replan-
tation fails or if inadequate erectile 
tissue remains with which to con-
struct a functional penis, the use of 
a prosthesis or gender reassignment, 
especially in children, is usually the 
result.52

Facial Amputations
The face is not a common site for 

amputations. A few facial appendages 
are susceptible to trauma, namely 
the ears, nose, lips, and tongue. 
Amputation of these parts is debili-
tating to the patient because they 
constitute the most cosmetic portion 

of the body. Depending on which 
facial structure is affected, functional 
deficits can occur as well. The lips are 
important for phonation and expres-
sion and, in children, for eating (i.e., 
suckling) and early language devel-
opment.53 The tongue is responsible 
for taste, speech, oral hygiene, swal-
lowing, and airway protection.54 The 
ear is responsible for audition and 
the nose for olfaction.

Most facial amputations sustained 
on the anterior face (the lips, nose, 
and tongue) are the result of animal 
attacks or falls.53,55 Ear amputations 
are also caused by animal attacks, but 
they are most commonly sustained in 
motor vehicle collisions and interper-
sonal conflicts.56 The most common 
animal culprits in facial amputations 
are dogs, but humans are frequent 
perpetrators as well.55 Because of the 
proximity of these appendages to 
the face, the soft tissues of the face 
are often injured, including muscles 
of facial expression, neurovascular 
structures, and ducts (i.e., parotid), 
as well as underlying bone.

Facial amputations can have 
drastic implications regarding the 
airway. Tongue and lip amputation 
can occlude the airway, resulting in 
airway compromise that requires 
an emergent intervention such as 
endotracheal intubation or crico-
thyroidotomy. After the airway has 
been stabilized, establish hemorrhage 
control, keeping in mind that direct 
pressure is the preferred method 
of hemostasis. As in other amputa-
tions, life-threatening injuries should 
be stabilized before addressing the 
amputation. Vital structures in and 
around the face — the carotid arter-
ies, the cervical spine, the trachea, 
the brachial plexus, and the eye globe 
— should be evaluated with neuro-
vascular and ocular examinations. 
Check for facial fractures such as 
those involving the mandible or mid-
face. After these injuries have been 
excluded or stabilized, evaluation of 
the amputation can begin. Assess the 
amputation, including the neurovas-
cular status of the stump. Motor func-
tion should be tested thoroughly in 
the lips and tongue, looking for signs 
of muscular involvement.

Once the examination is complete, 
prepare the patient for transfer to 
an appropriate tertiary care center 
for operative intervention. Send 
preoperative blood work results 
to minimize delay at the receiving 
facility. Prepare the patient and the 
amputation for transport. Administer 
prophylactic antimicrobial therapy 
against skin and oral flora, especially 
in cases involving bites and those in 
which the oral mucosa has been dis-
rupted. Update the patient’s tetanus 
status, if indicated. Imaging is usually 
not necessary unless underlying facial 
fractures are suspected, since most 
of the appendages of the face do not 
contain bony structures. 

Early consultation with the surgi-
cal team is important. The surgical 
service that is consulted is hospital-
dependent and may be oral maxil-
lofacial surgery, otolaryngology, 
or plastic surgery. Depending on 
the extent of the injuries, consulta-
tion with two or three teams may 
be necessary. Contraindications to 
replantation are very few, with the 
most significant being the severity 
of injury sustained and associated 
injuries that need to be managed 
and, thus, delay the replantation 
attempt.57 Replantation success 
rates for nose and ear amputations 
vary, usually due to factors beyond 
the emergency care provider’s con-
trol.58 Microsurgical techniques are 
sometimes successful with good 
cosmetic outcomes and should be 
attempted, if possible.59,60 However, 
these techniques involve very small 
blood vessels, which are friable and 
easily injured, leading to necrosis 
and replantation failure. Fortunately, 
even if an initial repair “fails,” ade-
quate function and cosmetic results 
can be achieved through subsequent 
procedures with prosthetics and/or 
flap reconstruction.61 Oral injuries 
have a slightly higher replantation 
success rate with minimal loss of 
function.54

Conclusion
Traumatic amputations are dev-

astating and debilitating injuries. 
The results of replantation are rarely 
perfect, but with a time-efficient and 
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pragmatic approach to management, 
satisfactory cosmetic and functional 
outcomes can be achieved. 
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Physician CME Questions

1. Which of the following is the best method 
for controlling hemorrhage in a patient 
with a completely amputated hand?
A. blood pressure cuff
B. clamping the radial artery near the 

wound
C. direct pressure and elevation
D. electrocautery of the bleeding vessels

E. tourniquet placed 1 cm proximal to 
the wound

2. Which of the following methods is the 
best for cleaning debris or contaminants 
from a completely amputated finger and 
the stump?
A. hydrogen peroxide
B. saline irrigation
C. soap and water
D. isopropyl alcohol
E. surgical scrub

3. Which of the following is the most com-
monly amputated body part?
A. hand
B. toe
C. ear
D. finger
E. penis

4. A 38-year-old man presents to the emer-
gency department with blood-stained 
clothes, holding his amputated penis. 
Which of the following is the most likely 
cause of his amputation?
A. dog bite
B. self-mutilation
C. motor vehicle collision
D. assault by his partner
E. work-related accident with power 

tools

5. The most immediate threat to life for 
a patient who develops rhabdomyoly-
sis after an amputation is which of the 
following?
A. hypocalcemia
B. hyperkalemia
C. acute renal failure
D. metabolic acidosis
E. hypernatremia

6. A patient presents with a partial amputa-
tion of his hand sustained from a crush 
injury. His hand is swollen, and com-
partment syndrome is highly suspected. 
Which of the following is a late finding in 
compartment syndrome?
A. pain out of proportion to the injury
B. paresthesia
C. pulselessness
D. pallor
E. pain on passive stretch

7. Which of the following is an absolute 
contraindication to attempting replanta-
tion of an amputated body part?
A. an amputation in a child
B. nasal amputation
C. the presence of a life-threatening 

injury that requires stabilization
D. contamination of the amputated part 

with debris
E. a patient who is psychotic and does 

not want replantation

8. Which of these amputations is most likely 
to be associated with renal failure from 
rhabdomyolysis?
A. proximal finger amputation
B. nasal amputation
C. penile amputation
D. forearm amputation
E. traumatic above-the-knee amputation

9. School-age children most commonly sus-
tain finger amputations from which of the 
following mechanisms of injury?
A. bicycles
B. opposable objects (e.g., doors)
C. dog bites
D. power tools
E. parental abuse

10. A patient presents to the emergency 
department with a fingertip amputation 
that does not involve the bone or nail 
bed. The wound is bleeding but the flow 
is slowing. Which of the following is the 
next best step in management?
A. Call the replantation center for trans-

fer.
B. Consult hand surgery for immediate 

operative intervention.
C. Place suture to tie off bleeders and 

advise patient to see a hand surgeon.
D. Provide conservative management and 

outpatient referral.
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Exclusive to our subscribers Rapid Access Management Guidelines

Traumatic  
Amputations

“Ps” of Compartment Syndrome

Contraindications to Replantation

Radiograph of a Distal Finger 
Amputation

Care of Amputated Portion

• Pain out of proportion
• Pallor
• Paresthesias
• Pulselessness (late fi nding)
• Paresis (late fi nding)

Relative
• Severe crush or avulsion amputation
• Injuries at multiple levels of the amputated part
• Pre-existing illness that affects wound healing or rehabilitation 

(e.g., diabetes mellitus, smoking)
• Gross contamination of the parts
• Prior surgery or trauma to the amputated limb

Absolute
• Concomitant life-threatening injuries that require stabilization
• Amputated portion in multiple pieces

Care of Complete Amputation

A. Wrap the stump in saline-moistened gauze. B. Wrap the rest of limb in saline-
moistened gauze. C. Place cool compress or bag with ice-water slurry over 
stump. D. Then splint the limb and wrap tightly to prevent oozing.

A. Wrap in saline-moistened gauze. 
B. Wrap it in a bag and place in a 
container with ice-water slurry.

No fracture of the distal phalanx 
was identifi ed.

Radiograph of a Distal Finger 
Amputation Through the  
Distal Phalanx

Radiograph of a Hand  
Mangled by a Piece of  
Machinery

Multiple amputations and 
fractures are present.
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Radiograph of a Thumb Amputation 
Through the Distal Phalanx

Radiograph of a Partial Upper-extremity 
Amputation Through the Humerus

Radiograph of a Complete Upper- 
extremity Amputation at the Level  
of the Humerus

Radiograph of a Great Toe 
Amputation Through the  
Distal Phalanx


