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Major extremity hemorrhage is a surgical emergency, and the physical examination is essential to help dictate
appropriate clinical decision making. Hard signs that require immediate surgical intervention include ongoing
bleeding, expanding hematoma, ischemic limb, as well as partial/complete amputation. Packing, compression,
balloon tamponade, and tourniquets are very helpful to temporize major hemorrhage. Mangled extremities
are very challenging to manage and require a multidisciplinary approach. Temporary vascular shunts are excel-
lent tools for vascular/orthopedic damage control and for temporary stabilization prior to transport for definitive
care.

© 2021 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Although the incidence ofmajor vascular injury in trauma patients is
relatively low (0.2%–3.7%), the extremities are the most common site
for such injuries [1]. These vascular injuries are not surprisingly more
commonwith penetrating trauma extremity trauma and associated ve-
nous, nerve, and orthopedic injuries may occur in up to one third of all
extremity arterial injuries [1]. The femoral artery is themost commonly
injured artery followed by the brachial artery.
TRAUMA ALERT FOR PATIENT WITH MASSIVE BLEEDING FROM
LOWER EXTREMITY: WHAT NOW?

Initial assessment of extremity injuries should follow ATLS protocol
with identification of life-threatening injuries taking precedence over
limb-saving injuries; however, in the case of exsanguinating lower ex-
tremity injuries, they may be one of the same. As always, strong leader-
ship during resuscitation, aswell as in the operating room, is essential to
keep the team focused on resuscitation of the complex, potentiallymul-
tiple-injured trauma patient. It is often helpful to have two surgical
teams available: one for the exsanguinating extremity and the other
to deal with the other “life-threatening” injuries.

Major hemorrhage, or “circulation”, is the priority for major extrem-
ity injuries, and basic techniques, such as those taught in Stop the Bleed
(www.stopthebleed.org), are paramount [2]. Realignment of the ex-
tremity as well as proper exposure with packing and direct pressure
can control most bleeding. If bleeding persists, a proximal tourniquet
should be used (Fig 1). Balloon tamponade (most commonlywith either
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Fogarty or Foley catheter with 5–30 mL balloons) is also an excellent
modality to arrest hemorrhage for deeper wounds [3].
TOURNIQUETS ARE YOUR FRIEND—WHEN PROPERLY APPLIED

As with many advancements in trauma care, lessons learned from
the military environment have been translated to the civilian setting,
and the same can be said about tourniquet use. The windlass combat-
type application tourniquet is most commonly used, but it does require
formal training to be effective [4]. Tourniquets can be applied in the pre-
hospital setting, the emergency department, or the operating theater,
and time of application must be recorded.

Prehospital tourniquet application has increased significantly in the
last decade, as many emergency medical services (EMS) now routinely
carry commercial tourniquets. This has proven to be safe with low rate
of complications, and data also suggest that there are associated in-
creased survival benefit, decreased blood loss and decreased limb spe-
cific complications [5–9]. Although the use of tourniquets for pediatric
vascular extremity trauma is less well studied, the Pediatric Trauma So-
ciety does support its use in the prehospital setting and during the re-
suscitation of children with exsanguinating hemorrhage from severe
extremity trauma [10].

After extremity hemorrhage has been controlled, a rapid clinical ex-
amination to assess for associated injuries iswarranted. After examining
for distal pulses, a detailed physical examination of bony, nervous, and
soft tissue structures is essential. If the patient is awake and cooperative,
evaluation for compartment syndrome and a detailed neurologic exam-
ination of the injured limb are crucial. Liberal use of plain film radiogra-
phy is encouraged, and wound markers should be used to delineate
penetrating wounds. It should be noted that palpable pulses in the af-
fected extremity do not exclude a vascular injury [11,12].
-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig 1. Traumatic amputation of lower extremity with tourniquet.

Fig 2.Mangled upper extremity with tourniquet.
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ANGIOGRAPHY OR STRAIGHT TO THE OPERATING THEATER?

The ankle–brachial index (ABI), the brachial–brachial index (BBI),
and the arterial pressure index (API) are key tools to evaluate the vascu-
lar status of the injured limb. The ABI and BBI are calculated by using the
systolic blood pressure of the injured extremity below the injury over
the systolic pressure in the uninjured brachial artery. The API follows
the same principle but uses the systolic Doppler pressure. An ABI/BBI/
API of 0.9 or above is assumed to have a normal artery or at worst a
small nonocclusive lesion (intimal tear, intramural hematoma of false
aneurysm) that does not require emergent investigations [13]. An ABI/
BBI/API of less than 0.9 mandates angiography with distal runoff
(Table 1) [14].

Indications for immediate surgical intervention include the tradi-
tional “hard signs” of ongoing hemorrhage/expanding hematoma,
pulseless/cool limb, as well as partial/complete amputation, and indica-
tions for immediate investigation include palpable thrill, audible bruit,
or potentialmultisegment injury (eg, shotgun injuries) [15,16]. CT angi-
ographywithdistal runoff has become the imagingmodality of choice at
most modern trauma centers [17]. It has largely supplanted emergent
conventional digital subtraction angiography, and bedside surgeon-
Table 1
Indication for angiogram with injured extremity

Yes Maybe No

ABI < 0.90 Pulseless Ongoing hemorrhage
Bruit Multilevel injuries Partial or complete amputation
Thrill Proximity wounds
Shotgun wounds
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performed angiograms for proximity wounds are now rarely per-
formed. It should be remembered that for complex, life-threatening in-
juries, it may be more expedient to perform the angiogram in the
operating theater.

If there is history of major bleeding at the scene (“soft sign”) and ar-
terial and orthopedic injuries have been excluded, one must rule out a
major venous injury. It is imperative to ambulate these patients in the
emergency department/trauma bay to increase their venous return. If
this does not induce significant hemorrhage, the patient may be safely
discharged. There is no role for urgent venography, but these patients
should be followed to rule out an arteriovenous fistula.
THE LIMB THAT IS BARELY HANGING ON

A mangled extremity is defined as having significant injuries to 3 of
the 4 functional components (vessels, soft tissue, bones, and nerves)
that result in questionable limb viability. Although these injuries may
not be initially life threatening, they generally pose very difficult, com-
plex management challenges (Fig 2). There are several scoring indices
available to help predict limb salvage and adverse outcomes, but they
have been met with lack of external validity and poor prediction of
long-term function (Table 2) [18–23]. Themanagement of such injuries
requires a multidisciplinary approach that must weigh the complex
physiologic interactions between systemic effects of the injured ex-
tremity and limb specific factors to decide whether one should proceed
with limb salvage or amputation. Limb salvage is multifaceted, is re-
source intensive, and requires ongoing specialized care. Should the de-
cision be made to proceed with amputation, every attempt should be
made to have at least 2 surgical opinions especially for upper extremi-
ties. The Western Trauma Association has a comprehensive, practical,
well laid out algorithm for management of a mangled extremity [18].
Table 2
Mangled extremity predictive scoring systems

MESS (Mangled Extremity Severity Score)
PSI (Predictive Salvage Index)
NISSA (Nerve injury, Ischemia, Soft tissue, Skeletal injury, Shock, Age)
LSI (Limb Salvage Index)
HFS (Hanover Fracture Scale)
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However, traumatic amputation is an entirely different situation, as
the “major” decision has already been made. Although intuitive, the
level of debridement and subsequent amputation should occur in the
most distal area with adequate perfusion. Guillotine amputation should
be avoided because it sacrifices viable tissue that will certainly compro-
mise proper closure. The focus at the initial operation is suture ligation
of transected vessels for hemorrhage control, irrigation (not high pres-
sure), and judicious debridement of devitalized tissue leaving as much
healthy tissue and bone behind as possible. In the acute setting, it is
best to pack thewound open and bring the patient back to the operating
theater once physiology has been restored and the wound can be more
adequately assessed.
TIME IS NOT ALWAYS ON YOUR SIDE

Time is of the essence with arterial injuries. The quicker one can re-
store reperfusion to the injured limb is paramount to improving long-
term function, and anything beyond 6 hours of ischemia is unlikely
going to be successful [24]. Although the specific surgical management
for extremity vascular injuries is beyond the scope of this paper, it is im-
portant to highlight a few points and discuss several damage control
techniques.
FINALLY IN THE OPERATING THEATER

Prepwidely. This should include the chest to the contralateral nipple
to the ipsilateral fingertips for the upper extremity and up to umbilicus
down to toes for the lower extremity. Be sure to always prep the unin-
jured lower extremity. If manual pressure is required to control major
hemorrhage, the assistant can place sterile gloves and apply direct pres-
sure to the wound as the team preps the patient. After prepping, proxi-
mal control of the vessel can be obtained through a separate incision
before the assistant removes his/her hand. With small wounds, balloon
tamponade (5–30 mL balloon) works very well to control hemorrhage
while prepping and even during the operation. It is entirely reasonable
to perform separate small incisions to obtain proximal and/or distal
control rather than making one large incision that includes the wound
or pulsatile hematoma [12].
Table 3
Indications for temporary intravascular shunts

Vascular damage control
Gustillo IIIC fractures
Temporize during complex vascular repairs
Perfusion of near amputated extremity prior to re-implantation
Temporary stabilization prior to transfer to definitive care
CAN I LIGATE THAT?

Ligation of named major arteries proximal to the knee or elbow,
with plans for delayed reconstruction and or/anatomic bypass, should
only be considered if the patient is in extremis because it carries a signif-
icantly increased risk of amputation and mortality. In this situation, a
temporary intravascular shunt (TIVS) is a much better option (see
below). However, the brachial artery can be ligated distal to the
profunda brachii artery. Smaller distal vessels such as the ulnar, radial,
or tibial arteries can be ligated as long as one in that limb remains pat-
ent.

Although almost any major peripheral vein can be ligated without
fear of limb loss, it is not without potential complications. Immediate ef-
fects of ligation may result in increased venous hemorrhage from prox-
imal wounds; decreased arterial patency with a concomitant, ipsilateral
arterial repair; and increased need for fasciotomies. The latter two are
particularly concerning with popliteal vein ligation, and as such, it is
more the exception to the venous ligation rule and a reasonable attempt
should bemade to repair it. In the stable patient, primary venous repair
is a reasonable choice. Although complex repairs are generally per-
formed with a contralateral saphenous vein graft, externally supported
PTFE in larger veins has been shown to have acceptable patency rates
[25]. Long-term effects of venous ligation may include sequelae of ve-
nous hypertension.
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TO SHUNT OR NOT TO SHUNT

Temporary intravascular shunts are most commonly indicated for
damage control in the patient with near exsanguination. They are also
indicated for repair of open fractures with associated soft tissue loss
and arterial injury (Gustillo IIIC), distal perfusion during complex revas-
cularization procedures, perfusion of a near-amputated part of the
upper extremity prior to reimplantation, and temporary stabilization
before transfer to definitive care (Table 3) [12,26–29]. Although many
options exist for TIVS (chest tubes, Pruitt-Inahara, Javid), Argyle shunts
are the most commonly used with average dwell times up to 48 hours
[26].

There are several important technical points to consider when
inserting a TIVS [12,28,30]. The largest possible shunt that the vessel
can accommodate should be used. It should be cut at least 4 cm longer
than the gap between the 2 vessels so that 1.5–2.0 cm can be inserted
into each lumen of the transected artery. Any kink in the TIVS or native
vessel should be avoided, and the TIVS should be placed and kept in line
with the native vessel. A 2-0 tie is placed in the midpoint of the shunt,
and an occluding hemostat should be closed on the same spot as the
tie. Fogarty catheter (balloon) thrombectomy should be performed
proximally and distally before inserting the shunt. The proximal end is
inserted first and secured down to the native vessel approximately
0.5–1.0 cm from the transected endwith a free tie. The occlusive hemo-
stat is then temporarily released to evaluate pulsatile flow. The distal
end of the TIVS is inserted and tied down in similar fashion. The hemo-
stat is released, and pulsatile flow can be confirmed by palpation and/or
Doppler signal. The ties on the vessels can be left long so that they may
be tied together to further stabilize the TIVS and prevent dislodgement
or migration. Local heparinization prior to securing the TIVS is impor-
tant, but systemic heparinization is not necessary intraoperatively or
postoperatively. Associated major venous injuries should be shunted
or repaired to decrease the risk of arterial thrombosis (Fig 3).

THAT LIMB LOOKS TIGHT

These types of patients are at high risk of developing extremity com-
partment syndrome especially if they have been hypotensive with pro-
longed ischemic time, have combined arterial and venous injuries, have
the need for ligation of a named vessel (venous or especially arterial),
and/or have combined orthopedic injuries. Preoperative assessment
for the 6 “P's” (pulselessness, pain, pallor poikilothermia, paresthesia,
and paralysis) is important, but most are very late signs. With an
awake cooperative patient, excessive pain particularly with passive
stretch at the ankle or wrist is often the earliest sign and must prompt
investigation or intervention. Compartment pressures can be easily
measured with a commercial handheld device or with a long needle at-
tached to bedside pressure transducer (as typically used for arterial
lines). Any pressure over 30mmHg and a risk factor listed above should
be considered for extremity fasciotomy. Surgical techniques to describe
fasciotomies have been well described [30]. Briefly, a 2-incision ap-
proach can be used to open all four compartments of the lower extrem-
ity (below knee), and a single volar incision can be used to decompress
the 3 main compartments of the upper extremity (below elbow).

Thankfully, massive extremity hemorrhage can generally be tempo-
rarily controlled with direct pressure, balloon tamponade, or a properly
applied tourniquet which can allow for safe transport to definitive care.
With the multiple-injured patient, it is often very helpful to have 2
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Fig 3. Temporary intravascular shunts in the superficial femoral artery (SFA) and superficial femoral vein (SFV).
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surgical teams available when evaluating/treating massive extremity
hemorrhage. Management of the mangled extremity continues to be
very challenging and is best accomplished with a multidisciplinary ap-
proach. TIVSs have been shown to be very effective and safe. Knowing
when and how to use them is critical in the management of massive
traumatic lower extremity hemorrhage.
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