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DISCLAIMER

The content and views presented are made available for educational purposes only. The
information presented are the opinions of the presenter and do not necessarily represent
the views of the Society of Diagnostic Medical Sonography (SDMS) or its affiliated
organizations, officers, Boards of Directors, or staff members.

The presenter is responsible for ensuring balance, independence, objectivity, scientific
rigor, and to avoid commercial bias in their presentation. Before making the presentation,
the presenter is required to disclose to the audience any relevant financial interests or
relationships with manufacturers or providers of medical products, services, technologies,
and programs.

The SDMS and its affiliated organizations, officers, Board of Directors, and staff members
disclaim any and all liability for all claims that may arise out of the use of this educational
activity.
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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: | have no actual or potential conflict of interest in relation to this presentation
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Presentation overview

« Trauma overview
- Toe-to-head body parts

« Case-based ultrasound

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

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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e Studied in 3 settings

* Military conflicts, large urban locations and rural

* Young males

Vascular Trauma ° Peripheral vascular accounts for 80% of all

Epldemlology vascular trauma

* Most surviving transport have extremity trauma

* Many head, neck and torso injuries are

immediately fatal

Vascular Injuries

Liverpool Trauma
Registry

Vascular Injuries
2014-24

Face, head & Thorax ~ Abdomen and Lower limb  Upper limb
neck pelvis
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1.6% of all injuries
352 vascular injuries in 326 patients
76% Male, 24% Female

Liverpool Trauma Median age — 36yrs
Registry

Vascular Injuries o) o) i
501424 60% blunt trauma vs. 40% penetrating

90% survival

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

Trauma - Military

GwoT
wwil 2001 -
1939-45 Joint Theatre Trauma System

Advent of Mobile Vietnam War Battlefield tourniquets

Medical Units -
1959-75 Forward deployment of surgical

Reductionin CASEVAC advances reduced capabilities

. - fatalities compared ischaemic time itiati
American Civil War to previous wars GWOT Vascular Initiative
1861-65 50% of vascular

75% of all surgical procedures injuries resulted in
were amputations amputation 2-3% of battle related injuries 68% of injuries - penetrating

Laciiagicchs 12% of battle related injuries
Vietnam Vascular Registry vascular

wwi Korean War Post Vietnam

1914-18 1950-53 Development of
civilian trauma

First conflict where Arterial repair
systems

mortality from introduced
battle injuries "
Helicopters
exceeds deaths >
from disease CASEVAC & MASH,
Amputation rate
13%
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Field Hospital

Levell: Soldier and combat medic
Scene security
Airway
Hemeorrhage control
Fizld dressing
Intravenous/osseus

I
I casevac
1 tc1hown

\_ '

Levelll: Battal® - o
ATLS-guided avaluation
Resuscitation
If surgical copabiiities present
Damage control surgery

TACTICAL "
AEROVAC/
MEDEVAC e

(8-24 hours) -

Levellll: Combat hospital
ATLS-guided svalustion
CT/CTA imaging
Damage control and definitive surgery
Endovascular capabilities

Definitive vascular care
Level 1 Trauma Centre

COMBAT ZONE

< Level IV: Strategic evacuation medical center
STRATEGIC Tertiary trauma survay P
AEROVAC CT/CTA imaging L
L(3-2days) Damage control and definitive surgery ,—"STRA'IEGI(
& Endovascular capabilities AEROVAC

{3-5 daoys)

LevelV: Definitive care medical center
Tertiary trauma survey
CT/CTA imaging
Definitive /re constructive surgery

Endovascular capsbilitias Australian
Rehabilitation Tertiary Civilian
Conwaiascence Hospital Facilities
AUSTRALIA

UNITED STATES

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

11

https://commons.wikimedia.org/wiki/File:|
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Trauma — Golden Hour

Prehospital Damage Control In-Hospital Damage Control and Definitive Care

Junctional Damage-
tourniquet  gypended Antifibrinolytic Extended control Definitive

by 4 gh-ratio 2
application FAST administration ettt hypotension FAST SUBETY  |ntraperitoneal ECONStrUction
examination transfusion examination dialysate

| | |
Extremity Rapid evacuation REBOA
hemorrhage

’ Neuromuscular
blockade

with open

abdomen

anc trarport Whole blood, Active
to hospital low-titer hypothermia
group O blood, prevention
pnd high-ratio
transfusion

] i
c;mrr:l :2:1 decompres- hypothermia
umiq sion prevention

Figure 1. Possible Interventions during the Golden Hour.

REBOA resuscitative endovascular balloon occlusion of the aorta.

The primary purpose of the golden hour concept is to achieve early hemorrhage control. Prehospital and in-hospital maneuvers toward
this goal include initial care, triage, rapid evacuation, and resuscitation. FAST denotes focused abdominal sonography for trauma, and

Mechanisms of Injury

Blunt trauma

* No open wound
Local compression or rapid deceleration
Compression / shearing injuries
MVAs major cause
Fractures near joints

Dislocations

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

Forces behind abdominal injury
Blunt trauma, a force to the abdomen that doesn't leave an open wound, commonly
occurs with motor vehicle crashes or falls. Compression and shearing are examples.

Compression is the result of a direct blow, such as being thrust against a steering wheel or
seat, or with pressure from a seat belt.

Shearing is common during
rapid deceleration in a motor
vehicle crash as a portion of
tissue continues to move for-
ward while another portion
remains stationary. Here, the
liver has torn away from the
portal vein.

Blank-Reid, Nursing2004;34:36-41
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Penetrating trauma causes an open wound, such as from a gunshot or stabbing. The solid
M e C h a n i S m S Of I n g u r organs—diaphragm, spleen, liver, pancreas, and kEdneys—car} bIee-d profusel)t wh(::n injured.
J y The hollow organs—stomach, gallbladder, duodenum, large intestine, small intestine, and blad-
der—generally don't bleed significantly but are more likely to cause peritonitis if damaged.

I ﬂ
Penetrating trauma . - ,.fQ (

* Open wound
e Laceration

* Gunshot wounds

* Stabbing

A gunshot can damage multiple organs A stab wound is typically more localized
because of high bullet velocity or fragment-  and may be less damaging.

ing. The patient needs surgery to repair the

injured tissues and remove bullet fragments.

Blank-Reid, Nursing2004;34:36-41

Mechanisms of Injury

Penetrating trauma

* latrogenic injury

* Majority of penetrating vascular trauma

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

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Mechanisms of Injury
Gunshot injuries

* Handguns, rifles and shotguns

* Degree of damage depends on number of factors, including;
* Weapon and projectile type
* Distance between weapon and victim

e Tissue type and local anatomy

Mechanisms of Injury

Gunshot injuries

* Handguns, rifles - single projectile

018
Apr 30. doi:10.1016/j.jvscit.2018.03.005

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

Gunshot injuries

* Shotgun - multiple metal pellets
* Range

* Embolization

Classification of vascular injuries and their sequelae

Incomplete transection

Types of Vascular of Injury
Pulsatile haematoma
Rupture
/ Eirlsﬁzdlgaemmrhak
° La cerat | on Fesaisac oy O

Complete transection

* Simple laceration TR —
of the vessel
> Distal ischaemia
Pulse deficit

* Partial or complete transection

Closed injuries

* Stretch injury

Compression between

Bone bone fragments

* Disruption of one or more vessel layers

OR

* Flap / dissection

Thrombosis
Intimal tear and flap
—_— causing dissection, or
Stretch occlusion
Subintimal haematoma
causing occlusion
Tai N,Raj JP, Walsh M. Vascular Trauma. Surgery 2004,2(11):288-293

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Classification of vascular injuries and their sequelae

Incomplete transection

Types of Vascular of Injury - Sequelae
Arteriovenous fistula / E:?br?m’j“wm

Arteriovenous fistula

Dissection, intimal flap Complete transection
Emb0|lzatlon eralrgze:éisosr;‘nﬁm spasm
— Distal iscfhaemia
Pulse deficit
Hematoma
Hemorrhage Closed injuries
Pseudoaneurysm
Bone/ Enmp;'ession between
. . one fragments

Thrombosis / Occlusion
Vasospasm or

-, Thrombosis

Intimal tear and flap

—_— causing dissection, or
\ Stretch occlusion

Subintimal haematoma
causing occlusion

Tai N,Raj JP, Walsh M. Vascular Trauma. Surgery 2004;2(11):288-293

Arterial Dissection — Vessel Wall Integrity

Sub-Intimal Sub-Adventitial
Lumen compromise Aneurysmal outpouching,
Emboli Compressive symptoms
Emboli

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
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Diagnosis of Vascular Injury

Box 7.2 Hard and Soft Signs of Vascular Injury

Hard Signs

= Pulsatile hemorrhage

m Expanding hematoma

m Bruit of thrill over area of injury
m Absent extremity pulses

® Injured extremity index <0.9

Indicates presence of a major vascular injury

Soft Signs

m History of hemorrhage hat heighten

= Wounds of neck or extremities and unexplained hemorrhagic
shock

= Neurologic deficit in peripheral nerve in proximity to vessels

m High-risk fracture, dislocation, or penetrating proximity wound

t vascular injury

Rich’s Vascular Trauma, Fourth Edition 2022

Active arterial, major
venous hemorrhage
from wound

Take directly to the

| Hard slgl]s‘ul Isli:hemla. obvious —1 operal:ng rigom

vascular injury site of occlusi

Unstable patient
w
r CT angiography and Take to the operating

positive for major injury room ASAP.

Perform orthopedic

. .
I l I I I I l I I l Multilevel extremity X repairs as needed.
ing CT angiography and
injury, unclear vascular positive for minimal injury Follow closely for

status (i.e., soft signs) compartment syndrome

and late thrombosis.

V lar Inj
a SC u a r nJ u ry CT angiography 7
nondiagnostic Formal catheter angiography
w
- Perform single-injection
Unclear vascular status Pressure index <0.9 local angiography and

and there is a need for operative repair, if indicated.
immediate operation

for other injuries I Pressure index 20.9 { { Serial exami

Fig.7.5 Algorithm of the indications forimmediate operation and the role of imaging modalities.

Rich’s Vascular Trauma, Fourth Edition 2022

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Table8.1 Comparisons of Diagnostic Tests for Vascular Injuries

Diagnostic Modality Advantages Disadvantages
POINT-
Doppler * Limb * Indirect, provides rough
effectively screen for extremity  of injuries
arterial injury
* Real-time assessment of vascu-
lar patency or shunt function

Ultrasound (POCUS) * Rapid * User dependent results * Available through all phases of care
* Safe * Applicable to prehospital use

* May add vascular assessment
lﬁu —
R —————

Vascular laboratory * Follow-up after screening tests  * Most centers lack 24/7 availability * Follow-up after screening tests
ultrasound * May be used for serial * Notfor pai * Intraoperative assessment of grafts

. . y :
I l I I gl n g I n oy of ok i e - Follow-up after vascular repairs
ARTERIOGRAPHY
- " g |
. = Mey be pesformed with por ey ‘procedures
table C-arm or static images
a S C u a r nJ u ry Digital subtraction * Diagnostic * Risk of vessel injury fr orcath-  * May b with portable

angiography < Gokdes berventional eter manipulation system. imaging suite, or hybrid OR
therapies * Contrast risk

ey tolin | * C isk, especially with multiple = 24/7 availability in most trauma care

trauma studies settings

* Provides anatomicinformation * May be overused

sboutvascular and nenvascu-  + Appropriate protocol and timing needed

larinjuries for optimal vascular imaging
Magnetic resonance * Speci 2 * Lang ition times * Rarely used for trauma assessment
imaging —Secondan cols fo ima * Many contraindications.

* Magnetic field limits support equipm
that can be used during imaging

FAST, Facused assessment with sanography for trauma; OR, operating roorm; POCLS, point-of-care ultrasound

Rich’s Vascular Trauma, Fourth Edition 2022

Post-Trauma Complications

Thromboembolic

Stroke

Myocardial infarction / cardiac arrest
Infection incl. pneumonia

Organ failure

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

Compartment Syndrome: swelling out of control

TIBIAL BONE

ANTERIOR
COMPARTMENT

LATERAL
COMPARTMENT
DEEP POSTERIOR
COMPARTMENT

NERVES AND
BLOOD VESSELS

SUPERFICIAL
POSTERIOR
COMPARTMENT

FIBULAR BONE -

COMPARTMENT SYNDROME: SWELLING OF
CROSS-SECTION THROUGH NORMAL CALF MUSCLES CAUSING COMPRESSION OF

| SHOWING MUSCLE COMPARTMENTS NERVES AND BLOOD VESSELS

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

Complications

Compartment Syndrome

LEFT RADIAL TRANS DIST

LEFT DIST RADIAL

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

Compartment Syndrome - Fasciotomy

Complications -y )

J—————

=y
(% L:." *
\' Fat froem bo

Fluld i thie ahvoal|
ne
M

Fat Embolism / Fat Embolism Syndrome (FES)

Fat globules from bone enter the bloodstream
Long and/or pelvic bone fractures N (o \ i

Usually asymptomatic

FES - Organ dysfunction - lungs, brain How fat embolism
syndrome threatens

A Fat glehiles from tha bone enser the crmulation i
Pathogenesis is unknown dmonati-caprRAriss anvlissiolee THE By nispons B proica [ Becsi
beeak down the fatty globides, but the chemical reaction and the resultant fatey
acids iritate the capilary and abeolar walls. A5 result of e iritation, fid
taaks intn the alveali; surfactant and functional mesidual capacity decrease
trgargement of the pulmonary vessets and increased weorkload of the right
sida of the haart deease lung complance and the ventilation/pedision ratin,
Al these events reduce coygenation and trigges bypoxemia

Fort CW. Nursing2003;33:58-63

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

Fat Embolism / Fat Embolism Syndrome (FES)

Sonographic findings

Fig 1. Grayscale ultrasound image shows several fat

D|Screte hype rech0|c masses emboli (arrowheads) in the common femoral vein.

Echogenicity resembling adjacent fat
Micro — large
Mobile, intraluminal

Spherical - ovoid in shape

Fig 2. Grayscale ultrasound image shows a sizeable fat
embolus in the left common femoral vein

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

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.

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

3 Left CFV
0 3/C2
Fat Embolism Syndrome (FES) 4 Off
y:FSCT
te:Targ

21-yr-old male - MVA s

* Front passenger in high speed MVA
* Multiple injuries incl. pelvic, left femur, tib & fib
fractures

* External fixation to pelvis and leg

1 1 B';é’rfg 55dB
Complications Pree

2D Opt:Gen

Left CFV - EIV

Fat Embolism Syndrome (FES)

AM - Re-imaged prior to OT

Col65% Map5
WF Low

PRF 1500 Hz
Flow Opt:Med V

CFV

! YT R T b b W VR ll\
VVHYT Y VY-

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

Fat Embolism Syndrome (FES) | al{:ialf}m

Right
atrium

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

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Extremity Vascular Injuries

Extremity Vascular Injuries

Majority are penetrating and iatrogenic

CCCCCCCC
xxxxxxxxxx

* Arteriovenous fistula < Intimal flap

e Dissection * QOcclusion

* Embolization * Pseudoaneurysm
Foreign bodies * Thrombosis

Hematoma Vasospasm

Hemorrhage

Rich’s Vascular Trauma, 3 Edition 2022

38

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Extremity Vascular Injuries

Penetrating or Blunt Extremity Trauma

Active hemorrhage, expanding
hematoma, severe ischemia

A v
Yes No

v
Intraoperative arteriogram
Vascular repair

¥
Risk classification

HIGH LOW

ABI < 1.00 ABI = 1.00
Pulse deficit No pulse deficit
Al Y
CTA / DSA Observation
Normal Minimal arterial Major arterial
injury injury
T T T
Observation Observation Operation
+ serial or
imaging embolization

Extremity Vascular Injuries

Ankle / Brachial Index (ABI)

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

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Extremity Vascular Injuries

Ankle Pressure Index (API)

Uninvolved limb acts as normal control

Doppler systolic pressure — injured limb
Doppler systolic pressure — uninvolved limb

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 ., o

Persist Med

2D Opt:Gen

Col 69% Map 1

WF Low

PRF 2500 Hz AVF 28~-29CNCBELOW GC
“LON 3

35_yr_o|d male Flow Opt: Med V

* Gunshot injury to right thigh
* Femoral bruit

o
... Col63% MapIRIGHI LEG .
40 WF Low /
PRF 2500 Hz /
Flow Opt: Med v
BWO Pgo
7
/

SFA PROX TO GSW

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Extremity Vascular Injuries

32-yr-old male

Shotgun injury proximal thigh, hip,

chest and shoulder

Asymptomatic
Injury in proximity to major vessel
ABI normal

No evidence of DVT or AVF

Extremity Vascular Injuries

Point-of-care ultrasound and Doppler ®-

NN
\ \ L E \ A \ ultrasound evaluation of vascular injuries
& k' " A in penetrating and blunt trauma

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Extremity Vascular Injuries

17-yr-old male
* Left calf stab
* Swollen, v-painful
* ABI

* RT: 1.1
e LT: 0.87

* Duplex
* Hematoma

* AVF-PTA->V

Extremity Vascular Injuries

e -

RIGHT GROIN AVF

RIGHT CFA & CFV AVF SAG

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

Manual Compression

Faster hemostasis External Compression
Compression device e.g.
FemoStop

Earlier ambulation

Multiple devices available Suture based e.g. Perclose

Active approximators
(replicate surgical closure)

Complications

Failure / dislodgement
Hematoma / Bleeding Collagen plug e.g. Angio-

Pseudoaneurysm - : Seal
Passive approximators

Dissection (deploy a plug or sealant)
Acute arterial occlusion

Infection

Clip based e.g. StarClose

Sealant or gel based e.g.
Mynx

Closure Device - AngioSeal

* Components: Angio-Seal VIP

* Bio-absorbable collagen plug
* Bio-absorbable polymer anchor
* Suture

e Creates a "sandwich" closure

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

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Extremity Vascular Injuries

Pseudoaneurysm

https://link. Springer.com/cha
Dter/lﬂ.1007/97873'03079721575 15

Pseudoaneurysm Management

Pseudoaneurysm

X Ultrasound-guided Ultrasound-guided thrombin
Conservative/Observe compression injection Surgical/interventional

Kurzawski, J., Sadowski, M., & Jani A. (2016). Complications of thrombin
injection in patients with femoral | ysm. JCU, 44(3), 188-195.

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Extremity Vascular Injury - Pseudoaneurysm

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

RIGHT FEM A BIF LONG

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Extremity Vascular Injury - Pseudoaneurysm

RIGHT FEM A BIF LONG Balloon protected thrombin injection

3/7 Post thrombin injection

RIGHT GROIN LONG - PSEUDOANEURYSM

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Thrombin, heparin and the coagulation cascade

g~ Clotting Factors ’
—1. mxun ‘_’*

(ins, )
Broken Activated Fibrin Blood
vessel platelet strands clot

Damaged Blood Vessel Formation of Platelet Plug Development of Clot
Injury to vessel lining triggers Vasoconstriction limits blood flow Fibrin strands adhere to the
the release of clotting factors and platelets form a sticky plug plug to form an insoluble clot

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

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Extremity Vascular Injuries — Foreign Bodies

-2

LEFT

Extremity Vascular Injuries

Intravenous drug use
* Infection at injection site
 Skin and soft tissue damage

* Sinus tracts

® Vascular - " A58 Femoral

* Venous: DVT/VTE -> chronic disease sequelae

saphenous

Femoral

* Arterial: pseudoaneurysm, embolism sheath

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

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Abdominal Vascular Injuries

ZONE 1

T Celiac artery
Abdomen & Pelvis e vl
/ | \'\ —— ZONE 2
/ Left
ZONE 2 — _,'. ___7|— renal vein

Most common cause of death after \ ____,_J,:'E Tesar

I. il__,.--' ‘_-’I ovanan) vein
penetrating abdominal trauma \j :\;’t/ll

Testicular (ovarian) artery

(ovarian) vein

Hemorrhage control - rapid transportation

to a trauma center

“Scoop and run”

Focused Abdominal Sonography in Trauma

(FAST)

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

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Abdomen & Pelvis

Clinical exam
« Unstable
« Unexaminable
« Peritonitis
« Evisceration

Abdominal

trauma

®

Clinical exam
« Unstable

®

Figure 182.5 Algorithm for the Evaluation of Abdominal Trauma.

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

Abdomen & Pelvis

* Arterial Shunting

e 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

Rich's Vascular Trauma 4th Edition, 2021

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

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Inferior Vena Cava Filters

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Thoracic Vascular Injuries

Thorax

Penetrating and blunt trauma

* Great vessels — aorta and brachiocephalic branches
* Pulmonary vessels

* Vena cava

* Heart

Imaging

* Ultrasound — POC (FAST, subxiphoid pericardial)
* CXR

e “CT Trauma run” head, chest, abdo, pelvis

* CT Angiography

* TOE

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

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

Figure 1. Theories of Blunt Aortic Injury.

Dece | e ratl O n I n u r- Many blunt sortic injuries probably involve a combination of forces, including stretching, shearing, torsion, a “water-
J y hammer" effect (which involves simultaneous occlusion of the aorta and a sudden elevation in blood pressure), and

the “osseous pinch™ effect from entrapment of the aorta between the anterior chest wall and the vertebral column,

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.

Thorax

Blunt aortic injury outcomes

e Gradel -1V

* Unstable versus stable
* Unstable - all cause mortality >90%

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

* Mortality in stable group - lower

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

Aortic transection with TEVAR

1Y

Rich's Vascular Trauma 4th Edition, 2021 &
Rutherford's Vascular and Endovascular Therapy 10" Edition, 2022

Thorax — Innominate Artery Pseudoaneurysm
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Upper Extremity & Neck
Vascular Injuries

Upper Extremity Injury
R T 22-yr-old male
. Multiple #

* Comminuted displaced humeral #
* Vertebral —thoracic and lumbar
* Ribs
* Inferior scapula
* Transection of right subclavian artery & brachial plexus

* Hepatic laceration

e Cerebellar multifocal infarcts

© Copyright. Society of Diagnostic Medical Sonography. All Rights Reserved.
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Upper Extremity Injury

N o
NRARANRANNS !

' Ve 3

Supraclavicular upp vuc.
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Upper Extremity Injury

Upper Extremity Injury

WV VRV
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Neck Injury

Zone 3
Zone |l * Angle of the mandible to the mastoid

Zone 2 (~50%)

Zone |l * Cricoid cartilage to angle of mandible
e CCA's, carotid bifurcation, vertebral arteries and jugular veins
e Usually clinically apparent

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/

N EC k I nj u ry - Hemodynamically unstable

- Pulsatile bleeding
- Air or bubbling in wound

|
| |
Yes No

|

Operation ‘ Helical CT angiography
|

| l

Missile trajectory visualized and - Inconclusive study

= - Trajectory proximal to vital structures
W T - Patient has unexplained symptoms

Observation

Zone llI

Catheter angiography
Esophagram/endoscopy OR g‘;‘(ar;gr‘:lﬂnf;ﬁ anc‘?éh‘?:erh
+ Laryngoscopy/bronchoscopy p giograpny

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

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 — Carotid Arteries

PRF 3500 Hz
Flow Opt:Med V

RT CCA MID-DIST

|
M

ICA/CCA ratio = 0.86

LLLLLLLEL L

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

oW Dop 78% Map 3
3000 Hz PRF 11805Hz
Opt:Med V

RT ICA PROX

u'
=203.9cmis
-64.5cmis

PN G N e P
i/ WA Hm ‘y‘l'k; )ik ‘h:‘.| A T

ICA PSV 203cms/sec
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Carotid Artery Dissection

Trauma

* Mechanical
* Neck hyperextension
* Lateral rotation
* Abnormal lateral displacement

Arterial Dissection — Vessel Wall Integrity

Sub-Intimal Sub-Adventitial
Lumen compromise Aneurysmal Outpouching, Compressive symptoms
Emboli Emboli

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
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Carotid Artery Dissection

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

* Aneurysm/Pseudoaneurysm LEFT A PROX TRANS
* Intimal flap

Arning, C. (2023). L Criteria for Di
Spontaneous Cervical Artery Dissections. Ultraschall in der
izil Tl Journal of L 126-150.

Carotid Artery Dissection

Trauma

?5 ;,__ = . - g — s e -

LEFT ICA PROX TRANS
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Carotid Artery Dissection

Trauma

RIGHT DIST ICA RIGHT DIST ICA

Carotid Artery Dissection

Trauma
* Seatbelt sign

Clinical image showing neck seat belt sign - diagonal abrasions are present along the course of the
shoulder strap

https://www.grepmed.com/images/1489/seatbeltsign-seatbelt-clinical-trauma-em

88
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Carotid Artery Dissection

Trauma
e Seatbelt sign

.

L

Posterior cerebral arteries

Basilar artery

V4 (intradural)

V3 (C2 to dura)

V2 (foraminal)
C6 to C2

V1 (pre-foraminal)
Origin to C6

rning, C. (2023). Ultrasound Criteria for Diagnosing

Case courtesy of Jeremy Jones, Radiopaedia.org, riD: 32907 ont i Ultraschall in der
Medizit J 126-150.
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Vertebral Artery Dissection

Trauma
e (C6 fracture

Neck Injury - Penetrating

RIGHT WV
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Arteriovenous fistula

* CCA puncture during CVC insertion
* Neck thrill

* Complex patient — 44yr old female

* Cardiac (multiple)
* 8cm Ao root aneurysm and dissection
* Respiratory failure

* Renal failure -
. . . . - - 3 - ‘{'
* MDT discussion - surgical repair 5 = =
.
* Anesthetic risk - severe o LR

CCA-JV AVF

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

RIGHT CcA

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

RIGHT CCA
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Carotid Artery Injury

62-yr-old male

* Dizziness and lower limb weakness 1 ' ’ %
! i
L

* Von Hippel Landau Disease ! P

* PH of tumor resection :

* Neuro / Neurovascular imaging
* No cerebral infarct
* Large post-contrast enhancing mass

* Recurrent right cerebellar hemangioblastoma

Carotid Artery Injury

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
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Carotid Artery Injury

Post-op day 5

Right hemispheric symptoms
Right middle cerebral artery emb
stroke

CTA — intraluminal thrombus, coiled

catheter in CCA extending into ICA

Sonographic Assessment

* Hemodynamics
* Position of foreign body

* Thrombus burden

RIGHT DIST CCA -ICA PROX

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




2025 SDMS Annual Conference

Sonographic Assessment

e i
S >
S e

—

>

RIGHT ICA

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

100
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Management

e Discussion
* Anticoagulation
* Close observation

* Surgical removal

101

Surgical Removal of Retained Micro-Catheter

102
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Surgical Removal of Retained Micro-Catheter

103

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

104
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Finally !!

* Key findin
imitations
* Adaptable

* Have a go

hank You
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