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Educational objectives

• Describe the mechanisms and management of traumatic 

vascular injury.

• Apply clinical reasoning to modify testing procedures and 

support diagnostic accuracy.

• Explain the role of the sonographer and Doppler ultrasound in 

diagnosing and managing traumatic vascular injuries.

Disclosure: I have no actual or potential conflict of interest in relation to this presentation
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• Trauma overview

• Toe-to-head body parts

• Case-based ultrasound 

Presentation overview

Trauma Epidemiology

• Young males at highest risk

• Most patients between 25 – 44yrs avg age of 34

• 20% between 15 and 24yrs

• 80% of all injuries sustained by people younger than 45yrs

• Penetrating mechanisms dominate

• Leading causes of injury are MVA, firearms, knives, falls
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Vascular Trauma 
Epidemiology

• Studied in 3 settings

• Military conflicts, large urban locations and rural

• Young males

• Peripheral vascular accounts for 80% of all 

vascular trauma

• Most surviving transport have extremity trauma

• Many head, neck and torso injuries are 

immediately fatal 

Liverpool Trauma 
Registry

Vascular Injuries 
2014-24
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• 1.6% of all injuries 

• 352 vascular injuries in 326 patients

• 76% Male,  24% Female

• Median age – 36yrs

• 60% blunt trauma vs. 40% penetrating

• 90% survival

• 10% fatal
• 35% - ED/OT 55% - ICU within 1/52 

Liverpool Trauma 
Registry

Vascular Injuries 
2014-24

American Civil War
1861-65 

75% of all surgical procedures 
were amputations

WWI
1914-18

First conflict where 
mortality from 
battle injuries  

exceeds deaths 
from disease

WWII
1939-45 

Advent of Mobile 
Medical Units
Reduction in 

fatalities compared 
to previous wars
50% of vascular 

injuries resulted in 
amputation

Korean War
1950-53

Arterial repair 
introduced
Helicopters

CASEVAC & MASH, 
Amputation rate 

13%

Vietnam War
1959-75

CASEVAC advances reduced 
ischaemic time
Vascular focus

Vietnam Vascular Registry
2-3% of battle related injuries

Post Vietnam 
Development of 
civilian trauma 

systems

GWOT
2001 -

Joint Theatre Trauma System
Battlefield tourniquets

Forward deployment of surgical 
capabilities

GWOT Vascular Initiative
12% of battle related injuries 

vascular
68% of injuries - penetrating

Trauma - Military
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ECHELONS of CAREECHELONS of CARE

Adapted from: Meghoo et al J Vasc Surg;2012:55:1329-37 

Definitive vascular care
Level 1 Trauma Centre

Australian 
Tertiary Civilian 

Hospital Facilities

Australian 
Tertiary Civilian 

Hospital Facilities

Field Hospital

AUSTRALIA

https://commons.wikimedia.org/wiki/File:Medevac_mission,_Balad_Air_Base,_Iraq.jpg

https://cdn.ems-ambulance.com/media/_1131xAUTO_crop_center-
center_80_none/292340/Bombardier-Challenger-604-Interior_2025-08-
19-135734_momb.webp
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Trauma – Golden Hour

N Engl J Med 2019; 380:763-770  DOI: 10.1056/NEJMra1609326

Blank-Reid, Nursing2004;34:36-41

Mechanisms of Injury

Blunt trauma

• No open wound

• Local compression or rapid deceleration

• Compression / shearing injuries

• MVAs major cause

• Fractures near joints 

• Dislocations
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Mechanisms of Injury

Blank-Reid, Nursing2004;34:36-41

Penetrating trauma

• Open wound

• Laceration

• Gunshot wounds

• Stabbing

• Iatrogenic injury
• Majority of penetrating vascular trauma

Mechanisms of Injury

https://www.hmpgloballearningnetwork.com/site/cathlab/articles/
back-basics-femoral-artery-access-hemostasis

Penetrating trauma
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• Handguns, rifles and shotguns

• Degree of damage depends on number of factors, including;

• Weapon and projectile type

• Distance between weapon and victim

• Tissue type and local anatomy

Gunshot injuries

Mechanisms of Injury

• Handguns, rifles - single projectile

Wilson A. Radiographics 1999; 1358-68 

Mechanisms of Injury

Gunshot injuries

https://www.reddit.com/r/politics/comments/y6owvm/oregon_gu
n_control_measure_114_attracts_national/ (accessed 17/08/2025)

Biagioni RB, Miranda GC, Mota de Moraes 
L, Nasser F, Burihan MC, Ingrund JC. 
Femoral vessel injury by a nonlethal 
weapon projectile. J Vasc Surg Cases Innov
Tech. 2018;4(2):175-177. Published 2018 
Apr 30. doi:10.1016/j.jvscit.2018.03.005
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• Shotgun - multiple metal pellets

• Range

• Embolization

Mechanisms of Injury

Gunshot injuries

• Laceration

• Simple laceration

• Partial or complete transection

• Stretch injury

• Disruption of one or more vessel layers

• Flap / dissection

Types of Vascular of Injury

https://doi.org/10.1016/j.mpsur.2007.06.006
Tai N,Raj JP, Walsh M. Vascular Trauma. Surgery 2004;2(11):288-293
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• Arteriovenous fistula

• Dissection, intimal flap

• Embolization

• Hematoma

• Hemorrhage

• Pseudoaneurysm

• Thrombosis / Occlusion

• Vasospasm

Types of Vascular of Injury - Sequelae

https://doi.org/10.1016/j.mpsur.2007.06.006
Tai N,Raj JP, Walsh M. Vascular Trauma. Surgery 2004;2(11):288-293

Arterial Dissection – Vessel Wall Integrity 

Adapted from: Chengazi HU, Bhatt AA. Pathology of the carotid space. Insights 
Imaging. 2019;10(1):21. Published 2019 Feb 15. doi:10.1186/s13244-019-0704-z

Sub-Intimal
Lumen compromise

Emboli

Sub-Adventitial
Aneurysmal outpouching, 

Compressive symptoms
Emboli
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Rich’s  Vascular Trauma, Fourth Edition 2022

Indicates presence of a major vascular injury

Physical findings that heighten 

suspicion of significant vascular injury

Diagnosis of Vascular Injury

Rich’s  Vascular Trauma, Fourth Edition 2022

Imaging in 
Vascular Injury
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Rich’s  Vascular Trauma, Fourth Edition 2022

Imaging in 
Vascular Injury

Post-Trauma Complications

• Thromboembolic 

• Stroke

• Myocardial infarction / cardiac arrest

• Infection incl. pneumonia

• Organ failure
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Compartment Syndrome: swelling out of control

Complications

https://www.sparc.com.au/specialty-services/compartment-pressure-testing - accessed 20/09/2023

Complications

Compartment Syndrome
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Complications
Compartment Syndrome - Fasciotomy

• Fat globules from bone enter the bloodstream

• Long and/or pelvic bone fractures

• Usually asymptomatic

• FES - Organ dysfunction - lungs, brain

• Pathogenesis is unknown

Fort CW. Nursing2003;33:58-63

Complications

Fat Embolism / Fat Embolism Syndrome (FES)
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Complications

Naddaf, Abdallah, et al. "Duplex ultrasound evidence of fat 
embolism syndrome." Journal of Vascular Surgery Cases, 
Innovations and Techniques 2.4 (2016): 155-157.

Sonographic findings

• Discrete hyperechoic masses

• Echogenicity resembling adjacent fat

• Micro – large

• Mobile, intraluminal

• Spherical - ovoid in shape

Fat Embolism / Fat Embolism Syndrome (FES)

Complications

Fat Embolism Syndrome (FES)

• Embolization 

• heart 

• lungs 

• brain

Pell, A. C., et al. "The detection of fat embolism by transoesophageal echocardiography 
during reamed intramedullary nailing. A study of 24 patients with femoral and tibial 
fractures." The Journal of Bone & Joint Surgery British Volume 75.6 (1993): 921-925.

31

32



2025 SDMS Annual Conference

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.

Complications

Fat Embolism Syndrome (FES)

21-yr-old male - MVA

• Front passenger in high speed MVA

• Multiple injuries incl. pelvic, left femur, tib & fib 

fractures

• External fixation to pelvis and leg

Left CFV

Complications

Fat Embolism Syndrome (FES)
Left CFV

• AM - Re-imaged prior to OT 

Left CFV - EIV

Left CFV 
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Complications

Fat Embolism Syndrome (FES)

https://newsnetwork.mayoclinic.org/discussion/mayo-clinic-q-and-a-
treatment-for-patent-foramen-ovale/ accessed 03/09/2025
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Extremity Vascular Injuries

• Arteriovenous fistula

• Dissection

• Embolization

• Foreign bodies

• Hematoma

• Hemorrhage

Majority are penetrating and iatrogenic

• Intimal flap

• Occlusion

• Pseudoaneurysm

• Thrombosis

• Vasospasm

Extremity Vascular Injuries 

Rich’s  Vascular Trauma, 3rd Edition 2022
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Extremity Vascular Injuries 

https://medcoe.army.mil/borden-3-textbooks-of-military-medicine\vasculartrauma

CTA / DSA

imaging

• Distal to injury

• Comparable sites for both limbs

• Index from lowest ankle pressure

• Uninvolved limb acts as normal control

• Not proof of arterial injury

• Heightens suspicion
ABI = 0.83

Extremity Vascular Injuries 

Ankle / Brachial Index (ABI)

115

12096

116
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ABI = 0.8

115

12096

116Uninvolved limb acts as normal control

Extremity Vascular Injuries 

Ankle Pressure Index (API)

Doppler systolic pressure – injured limb
Doppler systolic pressure – uninvolved limb API = 

Lynch K, Johansen K. Can Doppler pressure measurement replace "exclusion" arteriography in the diagnosis of 
occult extremity arterial trauma?. Ann Surg. 1991;214(6):737-741. doi:10.1097/00000658-199112000-00016

Extremity Vascular Injuries 

• Gunshot injury to right thigh

• Femoral bruit  

35-yr-old male 
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Extremity Vascular Injuries 

• Shotgun injury proximal thigh, hip, 

chest and shoulder

• Asymptomatic

• Injury in proximity to major vessel

• ABI normal

• No evidence of DVT or AVF

32-yr-old male 

Extremity Vascular Injuries 
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• Left calf stab

• Swollen, v-painful 

• ABI 

• RT: 1.1

• LT:  0.87

• Duplex

• Hematoma

• AVF - PTA -> V

Extremity Vascular Injuries 
17-yr-old male 

Extremity Vascular Injuries 
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Closure Devices

• Faster hemostasis

• Earlier ambulation

• Multiple devices available

• Complications 
• Failure / dislodgement
• Hematoma / Bleeding
• Pseudoaneurysm
• Dissection
• Acute arterial occlusion
• Infection

Cl
os

ur
e

Cl
os

ur
e

External CompressionExternal Compression

Manual CompressionManual Compression

Compression device e.g. 
FemoStop

Compression device e.g. 
FemoStop

Active approximators
(replicate surgical closure)

Active approximators
(replicate surgical closure)

Suture based e.g. PercloseSuture based e.g. Perclose

Clip based e.g.  StarCloseClip based e.g.  StarClose

Passive approximators
(deploy a plug or sealant)

Passive approximators
(deploy a plug or sealant)

Collagen plug e.g.  Angio-
Seal

Collagen plug e.g.  Angio-
Seal

Sealant or gel based e.g. 
Mynx

Sealant or gel based e.g. 
Mynx

Closure Device  - AngioSeal

• Components:

• Bio-absorbable collagen plug

• Bio-absorbable polymer anchor

• Suture

• Creates a "sandwich" closure   

https://www.terumois.com/products/closure/angio-seal-vascular-closure-devices/angio-seal.html
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Extremity Vascular Injuries 

Pseudoaneurysm

Kurzawski, J., Sadowski, M., & Janion-Sadowska, A. (2016). Complications of percutaneous thrombin 
injection in patients with postcatheterization femoral pseudoaneurysm. JCU, 44(3), 188–195.

Pseudoaneurysm

Conservative/Observe 
Ultrasound-guided 

compression
Ultrasound-guided thrombin 

injection Surgical/interventional

Pseudoaneurysm Management
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• 28-yr-old male 

• 3/12 post cerebral angio - AngioSeal

• ED with collapse: Complex – multiple co-

morbidities incl anti-coag

• Right groin pseudoaneurysm

• Long irregular neck & large arterial defect

Extremity Vascular Injury - Pseudoaneurysm 

Extremity Vascular Injury - Pseudoaneurysm 
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Balloon protected thrombin injection 

Extremity Vascular Injury - Pseudoaneurysm 

3/7 Post thrombin injection 
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Thrombin, heparin and the coagulation cascade 

Heparin

Antithrombin 
III

X
X

X

https://old-ib.bioninja.com.au/standard-level/topic-6-human-physiology/63-defence-against-infectio/clotting.html

Head

Feet

CFA 

SFA
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Extremity Vascular Injuries – Foreign Bodies  

Extremity Vascular Injuries  

Robertson R, Broers B, Harris M. Injecting drug use, the skin and vasculature. Addiction. 2021;116(7):1914-1924. 
doi:10.1111/add.15283

Intravenous drug use

• Infection at injection site

• Skin and soft tissue damage

• Sinus tracts

• Vascular

• Venous: DVT/VTE  -> chronic disease sequelae

• Arterial:  pseudoaneurysm, embolism
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Abdominal Vascular Injuries

Rutherford's Vascular and Endovascular Therapy 10h Edition, 2022 

Abdomen & Pelvis 

• Most common cause of death after 

penetrating abdominal trauma

• Hemorrhage control - rapid transportation 

to a trauma center 

• “Scoop and run” 

• Focused Abdominal Sonography in Trauma 

(FAST)
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Abdomen & Pelvis 

Rutherford's Vascular and Endovascular Therapy 10h Edition, 2022 

• Arterial Shunting

• Vascular injury with massive 

bleeding in the presence of other 

associated injuries

• Damage control measures with 

definitive procedures later
• Temporary arterial shunting
• Haemodynamically unstable patient with gunshot wound and 

complete transection of the iliac artery 

Abdomen & Pelvis 

Rich's Vascular Trauma 4th Edition, 2021 
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Blunt Abdominal Vascular Injury 

18-yr-old male

• MVA 

• Multiple abdominal injuries

• Celiac trunk and hepatic artery 

dissection

Blunt Abdominal Vascular Injury 

Netter, F. H. (2019).Netter's atlas of human anatomy (8th ed.) [App].
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Inferior Vena Cava Filters 

https://www.mriquestions.com/ivc-filters.html (accessed 15/08/2025)

https://www.mriquestions.com/ivc-filters.html (accessed 15/08/2025)

Inferior Vena Cava Filters 
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Thoracic Vascular Injuries

Thorax 

• Great vessels – aorta and brachiocephalic branches
• Pulmonary vessels
• Vena cava
• Heart

Penetrating and blunt trauma

Imaging
• Ultrasound – POC (FAST, subxiphoid pericardial)
• CXR
• “CT Trauma run”  head, chest, abdo, pelvis
• CT Angiography
• TOE
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Blunt aortic injury (BAI)
• High energy MVA 

• Exact incidence not known

• Second most common cause of death 

in blunt trauma after brain injury

• “Classic” site in desc. aorta at isthmus

• Deceleration injury

Thorax 

Neschis, D. G., Scalea, T. M., Flinn, W. R., & Griffith, B. P. (2008). Blunt aortic injury. New 
England Journal of Medicine, 359(16), 1708-1716.

• Grade I - IV

• Unstable versus stable

• Unstable - all cause mortality >90%

• Stable - time for work-up and staging of Tx

• Mortality in stable group - lower

Thorax 

Adams, J. D., & Kern, J. A. (2014). Blunt thoracic aortic injury: current 
issues and endovascular treatment paradigms. Endovasc Today, 13, 38-42.

Blunt aortic injury outcomes
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Aortic transection with TEVAR

BAI – Endovascular Repair 

Rutherford's Vascular and Endovascular Therapy 10h Edition, 2022 

Rich's Vascular Trauma 4th Edition, 2021 & 

Thorax – Innominate Artery Pseudoaneurysm
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Upper Extremity & Neck 
Vascular Injuries

Upper Extremity Injury
22-yr-old male

• Multiple #

• Comminuted displaced humeral #

• Vertebral – thoracic and lumbar 

• Ribs

• Inferior scapula

• Transection of right subclavian artery & brachial plexus 

• Hepatic laceration

• Cerebellar multifocal infarcts
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Supraclavicular approach

Upper Extremity Injury

Upper Extremity Injury
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Upper Extremity Injury

Upper Extremity Injury

77

78



2025 SDMS Annual Conference

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.

Neck Injury 

Zone 3 
• Angle of the mandible to the mastoid
Zone 3 
• Angle of the mandible to the mastoid

Zone 2 (~50%)
• Cricoid cartilage to angle of mandible
• CCA’s, carotid bifurcation, vertebral arteries and jugular veins
• Usually clinically apparent

Zone 2 (~50%)
• Cricoid cartilage to angle of mandible
• CCA’s, carotid bifurcation, vertebral arteries and jugular veins
• Usually clinically apparent

Zone 1 
• Clavicles to cricoid cartilage
• Subclavian and innominate vessels, CCA’s, prox vertebral arteries 

and jugular veins 
• Highest mortality

Zone 1 
• Clavicles to cricoid cartilage
• Subclavian and innominate vessels, CCA’s, prox vertebral arteries 

and jugular veins 
• Highest mortality

https://rightdecisions.scot.nhs.uk/north-of-scotland-major-trauma-
guidelines/generalvascularurology/penetrating-neck-injury/

Tintinalli’s Emergency Medicine: A Comprehensive Study Guide 7th Edition

Neck Injury 
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Indications for duplex ultrasound in neck injury

• Carotid bruits

• Blunt and/or penetrating trauma 

• Seat-belt sign

• Cervical hyperextension-rotation 

• Attempted hanging / strangulation

Arterial and venous systems – in ROI

Neck Injury 

Visible Body Human Anatomy Atlas [Mobile app]. Version 2025. Newton 
Upper Falls, MA: Argosy Publishing; 2025.

Neck – Carotid Arteries

ICA/CCA ratio = 0.86

CCA PSV 236cms/sec

ICA PSV 203cms/sec
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• Mechanical
• Neck hyperextension
• Lateral rotation
• Abnormal lateral displacement

Trauma

(7)

Carotid Artery Dissection

Arterial Dissection – Vessel Wall Integrity 

Adapted from: Chengazi HU, Bhatt AA. Pathology of the carotid space. Insights 
Imaging. 2019;10(1):21. Published 2019 Feb 15. doi:10.1186/s13244-019-0704-z

Sub-Intimal
Lumen compromise

Emboli

Sub-Adventitial
Aneurysmal Outpouching, Compressive symptoms

Emboli
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• Intimal separation
• Double lumen
• Hypoechoic wall thickening
• Mural hematoma
• Long, tapered, eccentric stenosis

• Aneurysm/Pseudoaneurysm
• Intimal flap

Arning, C. (2023). Ultrasound Criteria for Diagnosing 
Spontaneous Cervical Artery Dissections. Ultraschall in der 
Medizin-European Journal of Ultrasound, 126-150.

Carotid Artery Dissection

Trauma

Carotid Artery Dissection
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Trauma

Carotid Artery Dissection

Seatbelt sign
Trauma  
• Seatbelt sign

Carotid Artery Dissection
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Trauma  
• Seatbelt sign

Carotid Artery Dissection

Neck – Vertebral Arteries

Case courtesy of Jeremy Jones, Radiopaedia.org, rID: 32907

Origin to C6

C6 to C2

Arning, C. (2023). Ultrasound Criteria for Diagnosing 
Spontaneous Cervical Artery Dissections. Ultraschall in der 
Medizin-European Journal of Ultrasound, 126-150.
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Trauma  
• C6 fracture

Vertebral Artery Dissection

Neck Injury - Penetrating 
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• CCA puncture during CVC insertion

• Neck thrill 

• Complex patient – 44yr old female
• Cardiac (multiple)
• 8cm Ao root aneurysm and dissection
• Respiratory failure
• Renal failure

• MDT discussion - surgical repair 

• Anesthetic risk - severe

Arteriovenous fistula  

CCA dist
Diam: 7.7mm
Vol Flow: 
530ml/min

CCA prox
Diam: 8.8mm
Vol Flow: 
760ml/min

AVF PSVs: up to 430cms/sec

CCA-IJV AVF  
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Carotid Artery Injury

62-yr-old male

• Dizziness and lower limb weakness

• Von Hippel Landau Disease

• PH of tumor resection

• Neuro / Neurovascular imaging

• No cerebral infarct

• Large post-contrast enhancing mass

• Recurrent right cerebellar hemangioblastoma

Two-stage procedure

• Coil embolization 

• Right radial artery access

• Right CCA, ECA and occipital arteries

• Right posterior fossa craniectomy and tumor 

resection 

• Good post-op recovery

https://link.springer.com/referenceworkentry/10.1007/978-3-540-69960-
6_44

Carotid Artery Injury
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• Right hemispheric symptoms

• Right middle cerebral artery  embolic 

stroke

• CTA – intraluminal thrombus, coiled 

catheter in CCA extending into ICA

Carotid Artery Injury

Post-op day 5

Sonographic Assessment

• Hemodynamics

• Position of foreign body

• Thrombus burden
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Sonographic Assessment

Sonographic Assessment

Visible Body Human Anatomy Atlas [Mobile app]. Version 2025. Newton 
Upper Falls, MA: Argosy Publishing; 2025.
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• Discussion

• Anticoagulation

• Close observation

• Surgical removal 

Management

Surgical Removal of Retained Micro-Catheter
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Surgical Removal of Retained Micro-Catheter

• Complicated patient 

• Role of  serial sonographic 

assessments

• Patency, thrombus, hemodynamics

• Non-invasive

• Monitoring during decision-making

• Reduced radiation and contrast doses

Surgical Removal of Retained Micro-Catheter
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• Communication

• Key findings

• Limitations

• Adaptable 

• Have a go

Finally !! 

Thank You
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