
Diagnosis and 
management of
peripheral 
vascular injuries



Introduction • Patients of all ages and sexes are at risk for VT

• less common among the elderly, children, and women

• Blunt trauma is the most common cause of VT among 
children and in most civilian trauma series

• Arterial injuries (AIs) are diagnosed more often than venous 
injuries

• lower extremities are injured more often than upper 
extremities in adults
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However, combined arteriovenous injuries

can occur and are three times more frequent in military (55%)

than civilian practice (18%).2,13 Among Ais, complete or partial

transections account for half of the cases, while complete occlu-

sion, pseudoaneurysm (PSA), and other types of injuries occur

less frequently.12 When they do occur, arteriovenous combined

injures are associated with higher morbidity, particularly com-

partment syndrome and mortality.20–



• Two thirds of upper extremity arterial injuries (UEAIs) are distal (radial and ulnar arteries), and 
one third are proximal (primarily brachial artery)

• the most common lower extremity arterial injury (LEAI) to be the popliteal  and superficial 
femoral arteries (SFAs) 

• The femoral artery is also the most frequently injured vessel in combat

• The extent of blood loss and rates of hemodynamic instability upon admission are higher in 
more proximal Ais, which also have a larger proportion of severe associated injuries



Incidence 

• Vascular injuries are unevenly distributed between body regions

• many patients have injured more than one vessel.

• in the thorax (25%) 

• abdomen/pelvis (25%),

• upper (25%) and lower extremities (20%)

• in the neck (10%)

• Among military casualties, extremity injuries account for 70% or more of VTs with the lower 
extremity



Mechanism of injury

• Among adult penetrating injuries, gunshot wound (GSW) and stab wound account for the 
majority of VT cases in civilian practice

• In children younger than 6 years, falls and road traffic accidents are the most common causes 
of blunt trauma, while glass cuts are the most common cause of penetrating injuries
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Mechanism of injury varies by country or region. In many

countries, especially in Europe and Asia, blunt mechanisms pre-

dominate in both adults and children





PVI

•  can be occlusive or nonocclusive depending on vascular patency. 

• Nonocclusive injuries are presented as :

•  intimal irregularity/tear (Grade I, <25% narrowing), dissection/intramural

• hematoma (Grade II, ≥25% narrowing)

•  partial transection with PSA formation (Grade III).

•  Occlusive injuries include:

•  thrombotic occlusion (Grade IV, vessel wall is preserved) 

• complete transection (Grade V).



Clinical Presentation and Diagnosis of PVI



Clinical Presentation and Diagnosis of PVI

• A structured physical examination is mandatory in the diagnostic work-up of an injured 
extremity. Patients with “hard” and “soft” signs of PVI should be evaluated without delay. (GoR 
1B)

• Patients with hard signs of PVI should be transported directly to the operating room for 
surgical exploration. Where available, patients with multilevel penetrating injuries and those 
with blunt PVI may benefit from use of a hybrid operating room with the ability to perform on 
table angiography for both diagnostic and therapeutic purposes. When not available, C-arm 
can be used for on-table angiography to augment surgical exploration and repair. (GoR 1B)



• Hemodynamically unstable patients with soft signs of PVI should be transported to the 
operating room, with or without endovascular capability, for resuscitation and appropriate 
evaluation/intervention. (GoR 2B)

• Presence of peripheral pulses alone cannot reliably exclude AI. For hemodynamically stable 
patients with concerning mechanism, proximity injury, or soft signs of PVI, additional 
evaluation with ankle brachial index (ABI) or arterial pressure index (API) measurements is 
required. (GoR 1B)



• Ankle brachial index and API are effective screening methods for detecting major AI; an 
ABI/API of >0.9 generally excludes the need for additional imaging. (GoR 1B)

• Patients with knee dislocations are at higher risk of occult popliteal artery injury. Normal distal 
pulse upon PEX does not exclude popliteal artery injury. Additional imaging including formal 
or computed tomography angiography (CTA) may be beneficial. (GoR 2B)



• Computed tomography angiography is recommended as the first-line modality for 
investigating blunt and penetrating PVIs in adults and children who are hemodynamically 
stable without active bleeding. (GoR 1B)

• Invasive catheter angiography should be reserved for patients in need of interventional 
procedures, if vasospasm is clinically suspected or when CTA is unavailable, equivocal, or 
nondiagnostic due to artifact from retained metallic objects.(GoR 1B)
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The patient’s hemodynamic status on arrival is important

not only for complex assessment of limb salvageability but also

for defining treatment strategy and predicting outcomes. Hemo-

dynamically unstable patients (pediatric systolic blood pressure

[BP], < [70 + 2  age] mm Hg; adults’ systolic BP, <90 mm

Hg; geriatric patients’ systolic BP, <100 mm Hg) suspected of

PVI should be taken immediately to the operating room for

emergency exploration.61–63 In stable patients, structured PEX

is critical for the primary evaluation of extremity trauma in civil-

ian and military practice. Although important, pulse evaluation

is physician dependent and cannot be the only investigation to

diagnose PVI. Assessment of limb perfusion is more important

than pulse examination for outcome prediction. Limb perfusion

is evaluated by assessment of such markers of ischemia as pain,

skin temperature and color, sensory and motor dysfunction, and

capillary refill evaluation in comparison with an uninjured limb.

Abnormalities of these markers, typically diagnosed as “six P’s”:

pain, pallor, poikilothermia, pulselessness, paresthesia, and paral-

ysis, indicate a certain degree of ischemia. Physical examination

findings can be classified into no signs, “soft” signs, or “hard”

signs. Although slight variations exist among guidelines and pub-

lications, there is a certain agreement on definitions of the hard

and soft signs, which are summarized in Table 3.32,34,64 Hard,

soft, and no signs of PVI were encountered in 5.5%, 11.5%,

and 83% of 635 patients with extremity injury respectively.65



• Patients with penetrating extremity trauma (having no other injuries) who present with normal 
PEX and normal ABI/API may be safely discharged (GoR 1B). These patients, however, should 
be followed up in an outpatient setting because of the risk of delayed PSA
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Peripheral vascular injuries represent two main threats: ex-

sanguination and limb ischemia. Early recognition followed by

adequate and prompt treatment are critical for good outcomes.

According to the Prehospital Trauma Life Support/Committee

on Tactical Combat Casualty Care/ATLS protocols, hemorrhage

should be temporarily addressed by direct pressure followed by

dressing, elastic bandage, local hemostatic agent, or tournique

Application. In-hospital initial evaluation begins with primary

survey using ATLS protocol followed by secondary survey

and necessary radiographic evaluation of the injured limb, if in-

dicated. On admission, trauma patients may present with either

spontaneously or medically controlled hemorrhage. In such a

scenario, history of prehospital blood loss or hypotension and

the presence of a tourniquet are especially important for further

diagnosis and treatment strategy.



• Hard signs of PVI are overt and reliably define major AI, while soft signs merely raise the 
index of suspicion for possible PVI. Loss of pulses and active bleeding are the most frequent 
hard signs of AI found during PEX followed by expanding hematoma
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Nearly 100% of patients (with rare exceptions),

who present with hard signs on admission, have a confirmed ma-

jor PVI.5
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Some studies confirm that PEX alone is reliable enough

for exclusion of VT with overall sensitivity and specificity for

surgically significant injury of 92% and 95%, respectively.66–69

A systematic review and meta-analysis evaluating the accuracy

of PEX in the diagnosis of penetrating AI found that, when used

in combination with normal ABI, a normal PEX (no hard or soft

signs) resulted in zero probability of AI.69 This was confirmed

by another large retrospective cohort study of penetrating PVIs

showing that PEX and ABI reliably excluded Ais and no angiog-

raphy was required.70 Thus, patients with completely normal

PEX without any signs of VT and normal ABI, particularly after

penetrating injuries, can safely be discharged in the absence of

associated injuries. Unfortunately, sensitivity and specificity of

PEX are lower in blunt compared with penetrating PVI.68,7
6 Patients who present with hard signs on ini-

tial examination should immediately undergo surgical exploration

without being submitted to radiological investigation; an excep-

tion to this rule is when the patient presents with multilevel trauma

to an extremity (e.g., a shotgun injury or an extremity with multi-

ple fractures, or multiple GSWs or stab wounds). In those cases,

the level of AI may be uncertain, and contrast imaging may be

needed to define surgical planning. These cases may particularly

benefit from the utilization of a hybrid operating room with an-

giographic capabilities where both diagnostic angiography and

open and endovascular intervention can be performed.



• Nonexpanding and nonpulsatile hematoma is the most often encountered soft sign )35(%,

• Diminished pulse and external bleeding (20% each)



Diagnosis

• Conventional angiography

• Doppler ultrasonography

• CTA

• Magnetic resonance imaging (MRI)/magnetic resonance (MR) angiography



Doppler ultrasound

• Doppler ultrasound continues to have a role in screening for occult vascular injuries

• sensitivity and specificity of 95% and 98% in evaluating vascular penetrating extremity

• the experience and time needed to assess for PVI can be a limitation in the acute trauma setting.

• For extremity trauma, the FAST Doppler protocol (focused goal-directed Doppler procedure) has 
been proposed as a triage tool for both prehospital and in-hospital settings.

•  this protocol cannot differentiate whether the pathologic flow is caused by an acute or a chronic 
lesion. 

• Thus, in positive cases (presenting absent, monophasic, or biphasic waveforms at dorsalis 
pedis/fibular arteries), further immediate imaging evaluation is required
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Duplex US

• Reliable for

• – Injury to arteries and veins

• – A-V fistulas

• – Pseudoaneurysms

• – Thrombosis

• poorly accessible vessels :

• subclavian, profunda femoris, and profunda brachii arteries



Computed tomography angiography

• Sensitivity and specificity in identifying PVI exceed 90%

• Primary imaging tool for the assessment of PVI in the daily trauma center

• display of vascular injuries in the context of the surrounding tissues, especially the 
relationship to bones

• provide overviews of the vasculature that are partially comparable to angiography

• For upper extremity CTA, a venous access should preferably be placed in the noninjured 
arm, and ideally, the injured extremity should be raised above the head, decreasing beam-
hardening artifact from the torso



• *Limitations: 

• difficulty differentiating spasm from occlusion 

• artifact from high attenuation structures like bullet 

• fragments or other foreign matter

• signs of injury can be classified into direct or indirect.



Direct signs

• Relate to the vessel wall and often indicate significant VT that may require either surgical or 
endovascular repair

• include occlusion, thrombosis, intimal dissection, spasm, external compression, active arterial 
hemorrhage, and AVF .



Indirect signs

• Represent findings within the perivascular soft tissues such as

• perivascular hematoma

• a projectile tract near a neurovascular bundle

• shrapnel in a distance of <5 mm from a vessel .

• presence of indirect signs secondary to VT should raise suspicion for an occult injury











MRI and MR angiography 

• The role of MRI and MR angiography in the setting of acute trauma is limited because of the 
practicalities of trauma patients in a MR scanner. 

• In addition, a patient suffering from penetrating trauma may have retained metal fragments, 
which are noncompatible with MRI and may result in artifacts



Treatment of PVI

• Nonoperative management (NOM) can be considered in selected stable patients with AAST 
Grades I and II injuries without active hemorrhage or signs of distal ischemia. (GoR 2C)

 •NOM can also be considered for isolated AAST Grade III tibial and peroneal injuries where 
either the anterior or posterior tibial artery remains intact and there is no active hemorrhage or 
distal ischemia. (GoR 2C)



• Nonocclusive injuries may be definitively managed nonoperatively based on four criteria:

• >5 mm intimal disruption

• adherent intimal flap

• intact distal circulation

• active hemorrhage



• These patients should be monitored closely, and any change in clinical examination should 
be followed by immediate repeat imaging, endovascular, or operative intervention
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The decision to group both open and endovascular therapies into

“operative” management was made for several reasons. First,

many trauma and vascular surgeons perform diagnostic and

therapeutic angiography in interventional suites, in hybrid

Operating rooms, and in traditional operating rooms with the use

of portable C-arms. Second, even when performed by interven-

tional radiologists, endovascular intervention should be guided

by the surgeon primarily responsible for the trauma patient.

Lastly, many sequelae and complications of endovascular ther-

apy as well as the failure of endovascular management of ische-

mic or bleeding injuries must be treated with surgical repair and

are best identified and addressed by surgeons.



Operative Management of PVI

• In the presence of external hemorrhage, the use of direct pressure and tourniquets is 
recommended in the prehospital setting. (GoR 1C)

• Isolated radial or ulnar AIs without evidence of distal ischemia can be managed with simple 
ligation. (GoR 2C)

• Isolated infrageniculate AI where either the anterior or posterior tibial artery is intact and 
there is no distal ischemia can be managed with simple ligation, unless there is extensive soft 
tissue injury. (GoR 2C)



Operative Management of PVI

• Proximal and distal thrombectomy should be done with a Fogarty catheter for major AIs, and 
the proximal and distal segments should be flushed with heparinized saline. (GoR 1B)

• For AAST Grades IV and V injuries, tension-free end-to-end primary repair is the procedure of 
choice. (GoR 1C)

•  Where primary repair is not technically possible, resection and interposition graft should be 
performed. When performing arterial reconstruction, autologous saphenous vein is the 
conduit of choice. (GoR 1C)



Operative Management of PVI

• For complex injuries and injuries with significant ischemic time, and in damage-control 
situations, intravascular shunts should be used to rapidly restore perfusion and bridge to 
definitive repair. (GoR 2C)

•  Peripheral venous injuries should be repaired, if possible, to reduce the risk of amputation 
and venous insufficiency. (GoR 2C)

•  In unstable patients and in those with destructive venous injuries not amenable to repair, 
ligation of peripheral veins is acceptable, but prophylactic fasciotomy or serial monitoring of 
compartment pressures should be considered particularly in combined arteriovenous 
injuries because of the high risk for compartment syndrome. (GoR 2C)



Operative Management of PVI

• Primary amputation may be considered in the unstable patient with a mangled extremity 
(Mangled Extremity Severity Score [MESS], >7) if presentation is significantly delayed (i.e., 
prolonged ischemic time with no sensation or motor activity) and in injuries with irreparable 
soft tissue damage leading to a functionally nonviable extremity. Optimally, this decision 
should be made by a multidisciplinary team. (GoR 2C)

•  Endovascular repair may be considered in the management of peripheral PSAs, AVF, and 
other small vessel injuries diagnosed on CTAwithout hard signs of vascular injury. (GoR 2C)

• There is no evidence to support the use of systemic intraoperative heparinization or 
postoperative antiplatelet agents or anticoagulation after most vascular repairs. The 
exception is prolonged ischemic time with small vessel occlusions. (GoR 2C)



Prehospital Treatment of PVI

• The management of PVI begins before arrival to the trauma center

• tourniquets are a rapid, safe, effective, and lifesaving method for hemorrhage control

• waiting until trauma center arrival to apply a tourniquet is associated with:

• lower BP

•  increased need for plasma transfusions

• a higher rate of transfusion within the first hour

• greater than 4.5-fold increase in mortality.



• Physicians now recommend that tourniquets be used when extremity hemorrhage presents a 
threat to life.

• tourniquets should be applied as soon as significant bleeding is noted or suspected, and 
application should not be delayed waiting for shock or arrival at a medical center
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Particularly challenging are cases of junctional extremity

bleeding in the groin or axilla, which are not amenable to tourni-

quet placement. Multiple devices have been developed to deal

with these challenging injuries including wound clamps, junc-

tional tourniquets, pelvic stabilizers, and self-expanding inject-

able hemostatic agents. Unfortunately, the evidence to support

their use remains low in volume and poor in quality.113 Simple

direct pressure applied to the site of injury with or with addition

of hemostatic agents remains the best and easiest way to reduce

bleeding from junctional injuries in the prehospital setting.

While multiple retrospective studies have shown efficacy of he-

mostatic agents over simple gauze in both military and civilian

settings, no hemostatic agent has emerged as superior.114–116

In addition, a recent analysis using swine models by Littlejohn

et al.117 demonstrated that standard gauze dressing was just as

efficacious as Celox-A, Chitoflex, and combat gauze in treating

uncontrolled hemorrhage from small penetrating wounds not

amenable to tourniquet placement.



Operative Management of PVI
Lower Extremity

• Simple nondestructive injuries are repaired, and complex injuries are either ligated or 
shunted.

• The contralateral extremity should be prepped and draped to facilitate saphenous vein 
harvest should more complex reconstruction of the injured extremity be required.

• Primary repair is the procedure of choice for isolated AIs with low-velocity penetrating 
wounds as long as a tension-free repair can be performed.

• If a damage-control approach is necessary, temporary intravascular shunt (TIVS) can be used 
to achieve temporary limb perfusion and allow delayed reconstruction.
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. In the case of

a high common femoral artery injury, the inguinal ligament

may require division, and consideration to obtaining proximal

control through a hockey stick incision with retroperitoneal dis-

section and isolation of the external iliac artery should be

given.35 In a more distal injury, exposure of the proximal SFA

is again obtained through a longitudinal incision on the medial

thigh, as the midportion of the vessel is located posterior to the

Sartorius muscle, which can be retracted posteriorly to improve

exposure. When approaching the popliteal vessels, the preferred

approach is external rotation of the injured leg with elevation

and flexing of the knee. The artery is in a fixed position at the

Adductor tendon proximally and the gastrocnemius distally. The

incision is made medially using the posterior edge of the femur

as an anatomical landmark. It is important to avoid injury to the

greater saphenous vein. Division of the medial head of the gas-

trocnemius muscle and the semimembranosus and semitendinous

tendons is often required to provide a complete view of the artery

and vein. To expose the below knee popliteal artery, the incision

is extended below the knee along the posterior margin of the

tibia. Division of the soleus may be required to isolate the

tibioperoneal trunk.118
Multiple studies have shown that initial surgery with TIVS does

not worsen outcomes compared with definitive repair at the initial

operation and is associated with similar rates of amputation-free

survival.



• (PTFE) graft maintained structural integrity even in the face of staphylococcal infection with a 
low incidence of anastomotic disruption

• resist infection more than other prosthetic conduits such as Dacron

• PTFE and autologous vein had statistically equal graft complication rates



• There is much debate in the literature as to whether ligation or reconstruction should be the 
method of choice for complex lower extremity venous injuries.

• routine ligation claim that venous stasis is mitigated by collaterals, and multiple studies have 
demonstrated no permanent sequelae of venous ligation including no difference in 
amputation rates

• repair report acceptable patency rates and theoretical reduction in venous hypertension after 
repair

• ligation was significantly associated with increased rates of fasciotomy and secondary 
amputation
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On a review of the literature, there appears to be a 30% to

71% fasciotomy rate in the case of combined arterial and venous

popliteal injuries.133 Compartment syndrome frequently compli-

cates severe lower extremity injury and is associated with pro-

longed ischemia time (>4–6 hours) in patients with AI.

Multiple reports have suggested the importance of prophylactic

fasciotomy as opposed to waiting for symptoms to perform ther-

apeutic fasciotomy.35,44,134,135 In a recent review of the NTDB,

early fasciotomy was associated with shorter length of stay,

lower rates of infectious complication, and lower amputation

rates.136 This result was replicated in the combat setting with

soldiers undergoing early fasciotomy having a 50% decrease in

amputation rate.13



• In major popliteal injuries, primary amputation should be considered when there is :

• more than 6 hours of ischemic time

•  disruption of the posterior tibial nerve

• Severe lower leg and foot wounds

• open comminuted fractures with segmental bone loss, multiple injuries in an unstable 
patient

• injuries requiring overwhelming extensive soft tissue coverage



Upper Extremity

• Rapid access can be gained to the brachial vessels by making an incision along the medial groove 
of the biceps and triceps muscle.

• Techniques include:

•  lateral suture

• patch angioplasty

• tension-free end-to-end anastomosis

• interposition graft. 

• The majority of UEAIs can be repaired primarily with lateral arteriorrhaphy or resection with end-
to-end anastomosis





• Ischemic time is of critical importance for outcomes, and thus, it is generally recommended 
that vascular repair precedes orthopedic intervention

• Venous injuries in the upper extremity can generally be ligated because of the extensive 
collateral venous system
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Although the need for fasciotomy is

markedly reduced in the upper extremity compared with the lower

extremity PVI, if ischemic time is long (>6 hours), forearm

fasciotomy should be performed.2



Perioperative Anticoagulation

• Multiple studies have shown that anticoagulation given to patients with traumatic AI without 
absolute contraindication has not been reported to increase the rate of bleeding 
complications

• failed to demonstrate any improvement in rates of thrombosis or amputation

• systemic anticoagulation given during an operation was not associated with improved graft 
patency or limb salvage but was associated with prolonged hospital stay and increased 
blood product use.



Endovascular Management

• Reviews of case reports and small case series have demonstrated the safety of endovascular 
repairs and generally favorable outcomes.

•  However, early and late stent thrombosis has been reported, and long-term surveillance 
studies are lacking
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Associated complications

of the endovascular approach include stent occlusion, deforma-

tion and kinking, loss of vessel branches after stent placement,

and intimal hyperplasia



Outcomes and Complication of PVI

• Patency rates of upper extremity PVI repairs are generally good, ranging from 93% to 97%

• While ischemic time does impact functional outcome, deficits appear to be more strongly 
associated with concomitant bony and nerve injury, and need for fasciotomy rather than type 
and timing of arterial repair



Outcomes and Complication of PVI

• Acceptable duration of total (tourniquet) and warm (no flow in a major artery) ischemia is 
considered to be limited by 2 and 6 hours, respectively

• negative association between duration of ischemia and rate of complications and/or limb 
salvage

• tourniquet dwell time of 60 minutes or longer was associated with more rhabdomyolysis, 
wound infection, and neurologic compromise.



Outcomes and Complication of PVI

• A greater than 6-hour interval between injury and revascularization has often been quoted as 
increasing risk for amputation

• Amputation for upper extremity PVI is much less common compared with lower extremity 
injuries and is associated with severity and location of PVI and associated injuries

• Brachial , popliteal and femoral artery artery carries the highest risk for amputation



Outcomes and Complication of PVI

• Compartment syndrome frequently complicates severe lower extremity injury and is 
associated with prolonged ischemia time (>4–6 hours) in patients with AI.

• Multiple reports have suggested the importance of prophylactic fasciotomy as opposed to 
waiting for symptoms to perform therapeutic fasciotomy
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