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Incidence of major extremity artery injury
19 studies     6808 injuries     80% penetrating

• Subclavian 5.5%

• Axillary 9%

• Brachial 31%

• Femoral 35%

• Popliteal 19.5%



Clinical pathology of arterial injuries
8 studies   1829 injuries

• Transections 42.5%

• Lacerations 43.5%

• Contusions 7%

• False aneurysms 3%

• AV fistulas 3%

• Spasm 1%



History of evaluating penetrating injuries to the 
extremities

• Modern management began in the 1950s
→ Surgical exploration of all wounds

Both military and civilian theaters

• Further modified with the widespread availability and use 
of arteriography in 1970s
→ Surgical exploration and repair of patients with hard signs of 

vascular injury

→ Arteriography for all patients with soft signs or  proximity injuries 
to major arteries

(Invasive, contrast complications, local complications, time-
consuming, labor intensive, expensive)



History continued
Eric R. Frykberg, MD FACS

• In early 1990s, he looked at over 300 penetrating proximity 
injuries to the extremities with no hard signs

• Looked at:
• yield of getting routine AGs
• natural history of clinically occult injuries

• Demonstrated AGs were normal in 90% of patients (10% 
abnormal)

• 90% of those abnormalities would resolve, improve, remain 
unchanged

• Rate of missed injuries by PE similar to that of routine AG 
(1-2%)

• Over the next decade, management of penetrating 
proximity injuries to the extremities with no hard signs 
based on physical examination (PE) alone gained 
widespread acceptance



Clinically occult arterial injuries

• Must have no 
hard signs

• Antegrade
flow through 
injury

• No 
extravasation



History continued - 21st century

• Arteriograms in trauma used for therapeutic measures only (embolization)

• CT scanners:
• Are ubiquitous, most major hospitals have several
• Usually located near emergency departments
• Rapid, available 24/7
• Highly accurate and detailed

• CT scanners are used in some means in nearly 100% of patients with major trauma 
(getting it anyway)

→  CT arteriograms routinely obtained in patients with penetrating extremity trauma 
despite no hard signs of vascular injury

“Those who cannot remember the past are condemned to repeat it”
George Santayana, philosopher
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Methods

• All medical records of trauma patients with a 
diagnosis of a penetrating injury to an extremity with 
a knife or a firearm were retrospectively reviewed for 
a two year period (2013-2014) at a Level 1 trauma 
center

• IRB approved protocol

• Physical findings observed in the trauma center and 
the results of a CT arteriogram (if ordered) were 
reviewed

• Patients with lacerations and hard signs of vascular 
injury were excluded



Results

• Approximately 8400 patients seen in our trauma center during this 
time period

• A total of 88 patients were identified as having a penetrating injury to 
their extremity and a CTA ordered in the trauma center

• An additional 61 patients had a penetrating extremity injury but did 
not undergo a CTA at the discretion of the trauma surgeon on call



Results

• Of the 88 patients with penetrating injuries and a CTA, 
71 (80.1%) had no hard signs of vascular injury and 
only proximity to major arteries as an indication for 
the study (all normal CTAs)

• 16 patients had documented diminished, yet palpable 
pulses or soft signs of vascular injury on initial 
presentation and PE (5 narrowings seen)

• One patient noted to have a distal pulse was found to 
have a short segment occlusion on CTA which required 
open surgical repair 

• 98.8% accuracy of PE alone in this group



Results - Costs
• The avoidance of CTA in the 77 patients with no significant 

vascular injury requiring surgical repair would have resulted in 
cost saving of:

• $4625 per study facility fee (one leg)

X 65 patients $300,625

• $8030 per study facility fee (aortogram/runoff)
X 23 Patients $184,690

TOTAL $485,315

• $1100 per study MD professional fee

X 88 patients $96,800



Results
• One patient had a documented moderate allergic 

reaction to the contrast

• Mean contrast load was 155ml

• Twelve patients had their baseline creatinine increase 
to over 2.0 mg/dL within 48 hours  after admission

• Due to the extensive nature of the injuries in multi-
trauma patients (shock), the incidence of AKI caused 
by contrast could not be determined accurately 



Summary

• CT arteriograms are being performed in the majority 
(59%) of patients with penetrating extremity trauma 
and no hard signs

• This study adds little accuracy (1-2%) in predicting the 
need for open surgical intervention

• Significant cost savings ($500k,$100k) could be realized 
if PE alone was utilized 

• Risk of allergic reactions and possible AKI could be 
avoided in some patients



Conclusions

• Despite ease and rapidity of obtaining CT arteriograms 
in patients with penetrating extremity trauma, they are 
not necessary for significant improvement in patient 
care

• More attention should be given to the initial physical 
examination in deciding which patients need imaging

• Some things never change!



Contemporary outcomes of LE arterial injuries
Civilian population     JVS 2016

• 149 patients

• 46% blunt trauma

• CFA 13%, SFA 17%, POP 33%, TIBIAL 36%

• Seven  underwent primary amputation

• 59% had revascularization (80% bypass, 20% primary)

• 15% ligation

• Delayed amputations (irreversible ischemia or extensive tissue loss)

10% OVERALL, 26% POP, 20% TIBIAL, 4% for CFA/SFA



Current management



Combined skeletal and arterial injuries

• Always address the arterial 
injury first

• Vast majority of time the 
definitive repair may be done 
initially

• Rarely does the orthopedic 
procedure disrupt the arterial 
repair



Temporary in-dwelling shunts
8% military, 2-3% civilian



Combined skeletal and arterial injuries



Calf fasciotomies

• Two open arrows = two 
incisions

• Solid arrow = one 
incision



Fasciotomy wound management



Venous injuries

• Many not clinically identified and most found when doing arterial 
repair

• In most cases, attempt repair if able to do lateral venorrhaphy or end-
to-end anastomosis

• Ligation if patient hemodynamically unstable, ongoing hemorrhage or 
other life-threatening injuries

• Debate over which to do first, vein if easy

• Always attempt if popliteal vein, bilateral internal jugular veins, 
massive soft tissue destruction and no collaterals

• High rate of thrombosis post-op but most not clinically severe



What’s new in lower extremity arterial trauma?
Areas where endovascular techniques have proven benefit

• Embolization of solid organ and pelvic injuries

• Traumatic aortic disruptions

• Subclavian and axillary arteries

• Iliac arteries with no other abdominal injuries

→ Rarely indicated in lower extremity proper injuries



What’s new in lower extremity arterial trauma?
Scenario where endovascular techniques might be indicated

• Elderly patient with blunt trauma
• Doing splenic embolization 
• Diminished pulse in one leg
• Following embolization, LE AG shows SFA injury 
• Able to cross lesion with a wire
• Placement of stent graft

Not indicated
• 20yo patient with isolated penetrating injury to LE
• Primary repair or vein graft proven long term success



What’s else is new in lower extremity arterial trauma?
Vascular complications from Resuscitative Endovascular Balloon Occlusion of Aorta     

Houston    J Trauma  2017

• REBOA now commonly used in 
severely injured trauma patients

• Involves placement of an occlusive 
balloon in descending aorta via groin

• 48 patients over five year period

• Two systems, one with 14F sheath, 
other with 7F sheath

• 24 survived (50%)

• Those 38 with 14F sheath, all had 
vascular repair, 5 with additional 
procedures, no limb loss

• No complications from 7F system in 10 
patients



What else is new in lower extremity arterial trauma?
Meta-analysis (45 studies, 3187 pts) of prognostic factors for amputation     JVS 2015

• Major soft tissue injury

• Compartment syndrome ↓ significance

• Multiple arterial injuries

• Duration of ischemia > 6 hours

• Associated fracture

• Mechanism of injury (blast > blunt > penetrating)

• Anatomic location (iliac, popliteal)

• Age over 55



What else is new in lower extremity arterial trauma?
The Mangled Extremity Score and Amputation : Time for a Revision   

AAST Study Group   J Trauma 2017

• MESS developed 25 years ago

• Includes extent of soft tissue and skeletal injury, limb ischemia, shock,  and 
age as an attempt to more accurately predict need of an amputation

• Hypothesized it was no longer accurate

• 233 patients ; used MESS >8 as cutoff

• 81.3% of limbs salvaged

• Salvaged limbs did have lower MESS score (6 vs 8), but not statistically 
different when all variables were controlled

• MESS of 8 predicted an amputation rate of only 43.2%

• A new MESS scoring system needs to be revised with additional variables 
included



What else is new in lower extremity arterial trauma?
Changing Presentation of Knee Dislocation     JVS 2012

• Reviewed an 18 year experience in knee dislocations and vascular injury 
(53) at Henry Ford Hospital in Detroit

• Trend away from high energy multi-system trauma patient (28)

• Marked increase in low-energy (25) of which (18) were in obese/ 
morbidly obese patients – now over half

• Rates of both arterial and nerve injury highest in pts with BMI > 40kg/m2

• Despite having a localized injury, hospital LOS equal to multi-system 
trauma patient

• Offer unique challenges to the management of knee dislocations



What’s else is new in lower extremity arterial trauma?
Management and Outcome of Pediatric Vascular Injuries    

Sweden     J Trauma 2015

• Reviewed 222 children 2/3 boys, 66% from blunt trauma

• 60% upper extremity (age 0-10)

• Lower extremity most common in 11-15yo group n=65

• Repair consisted of:
• Interposition graft 24%
• Patch 19%
• Primary repair 12%
• Bypass 9%
• Ligation or no treatment 35%

• Vein used in all but 2 cases, no endovascular techniques on legs

• Thrombosis seen in 6 (30 days)

• One above knee and two below knee amputations, one death

• Minimal morbidity and mortality



What’s else is new in lower extremity arterial trauma?
Contemporary Outcomes of Lower Extremity Vascular Repairs Extending Below the Knee 

Six Level 1 Trauma Centers     J Trauma  2016

• Reviewed an 194 vascular injuries requiring BK intervention

• 66% by vascular surgeons, 24% by trauma surgeons

• Median time from injury 8 hours

• Interventions included:
• Interposition graft 57.7%  (all saph vein but one)
• Primary repair 14.9%
• Patch angioplasty 2.1%
• Endovascular stent graft 1.5%

• Fasciotomies performed in 48% of cases initially, 2% late

• Re-intervention in 20 (6.7%) for bleeding -7 or thrombosis – 13

• Amputation rates
• To popliteal 6.7%
• Distal to popliteal 30.6%

• Concluded these injuries still remain a challenge, especially if below the popliteal



Thank you for your time and attention


