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Learning Objectives

@® Reviewrecentevidence and guidelines/position updatesfor
iliofemoral DVT treatment

® Summarize new endovascular devices and techniques (lytic
sparing approaches)

@® Reviewclinicalevidence andwhattowatchoutfor

@® Translate evidenceinto practical patient selectionand post
procedure care

@® Clinical case

@ Virginia Mason
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Why lliofemoral DVT is Different?

Proximalthrombosis of iliac - femoral veins
Risk factors:

Bedrest /inactivity

Surgery

Trauma

Pregnancy

Hypercoagulability (genetic, cancer)
liac vein compression (aka May-Thurner
syndrome)

Phlegmasia cerulea dolens

Pulmonary embolism

Post thrombosis syndrome (PTS)

Virginia Mason
Franciscan Health
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May-Thurner syndrome

Narrowed left iliac vein
(oy pressure from right iliac artery)
ivC

I

vena cava \ aorta

common common
iliac vein iliac artery



Post Thrombotic Syndrome (PTS)

® PTS lliofemoral DVT -> PTS:

® Venous outflow obstruction

@ Residual thrombus

® Chronic valvulardamage

® Venous claudication:
O Legpain, fatigue, swelling, skin changes, ulcers

® 20-50%,>10% severe, lifelong condition, affects
QOL, no effective treatment

® Lack of endoluminalrecanalization ~ 6 monthsis a
predictor of PTS

Virginia Mason
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Current Clinical Guidelines
CHEST (2021):

® 3monthsof DOAC over VKA therapy
@® Discouragesroutine IVCfilteruse
@® Anticoagulation preferred overintervention

Society for Vascular Surgery (SVS):

® CDTorMTmayreduce PTSrisk(LevelA, classlla)
@® Aimstorestorevenouspatency, preserve endothelial function,andimprove
long-term outcomes

Society of Interventional Radiology (SIR):

@® Endovascularthrombusremovalacceptable forselected patients with severe

symptoms, extensive thrombus, low bleedingrisk, and early presentation
@ Virginia Mason
Franciscan Health
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lliofemoral DVT Treatment Options

DOAC!

Prevent thrombin from
acting on fibrinogen to

Warfarin? Heparin3

produce fibrin Prevents creation of Prevents thrombin

thrombin by inhibiting from producing fibrin
vitamin K-dependent by activating anti-

D. H . .
|rect. Factor Xa clotting factors Il, VII, thrombin lll, which
Thrombin Inhibitors IX. and X inactivates th bi
Inhibitors ,an Inactivates thrombin
and Factor Xa
Ex:
Pradaxa Ex: Xarelto

1. Kustos, S et al. Direct-Acting Oral Anticoagulants and Their Reversal Agents—an Update. Medicines (Basel). 2019 Dec; 6(4): 103.
2. Hirsh, J et al. Mechanism of Action and Pharmacology of Unfractionated Heparin. Arteriosclorosis, Thrombosis, and Vascular Biology. Vol. 21, No. 7. July 2001.
ncaHﬂO’EEéf‘Hl{IfM{dEﬂl?ﬁnn treatmenton thrombin activatable fibrinolysis inhibitor (TAFI) activation and TAFI-mediated inhibition of fibrinolysis. ) Thromb Haemost. 2013 Feb;11(2):315-24.

COHGFJMEEE:IﬁIﬂ%ﬁWbOM'C Therapy for Acute Myocardial Infarction. Circulation. Vol. 93, No. 5. March 1996.
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The majority of venous clot is lytic-resistant by the
time of treatment

>70(y of clot removed at time of treatment
O s resistant to lytics (non-fibrin).1

Clot

formation Fibrin-Rich
Matrix? Collagen? Collagen? Collagen?

Virginia Mason
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1. Silver, etal. Histo pathologic analysis of extracted thrombi from deep venous thrombosis and pulmonary embolism: Mechanisms and timing. Catheter Cardiovasc Interv. 2021 Jun 1;97(7):1422-1429.
2. Czaplicki, etal. Can thrombus age guide thrombolytic therapy? Cardiovasc Diagn Ther. 2017 Dec;7(Supp|3):5S186-5S196.



Most venous clot does notrespondto
thrombolytics'-2

Acute Chronic

»
»

Lower extremity thrombus
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Lysis fails a significant proportion of time, especially

in older, more chronic DVT

Arnoldussen, et al. 2022*: Sub-analysis of the CAVA trial (n=56). Clinical impact of assessing thrombus age using
magnetic resonance venography prior to catheter-directed thrombolysis.

Successful Thrombolysis* by Clot Age
DVTthrombusis

commonly olderthan
suggested by symptom
duration.

CDTwasless successful
incases with old
thrombus.

Oold

Acute Subacute

e -

A member of CommonSpirit
*Defined as regained venous patency of > 90% on control angiography, performed every 24h.
1. Arnouldussen, et al. European Radiology 2022 Jul; 32(7):4555-4564

10



N

Residual thrombus is common after conservative
treatment

Study Year Patients (N) Treatment % with RVO WG Threshold
Assessment
Up to Young? 2006 316 AC 55% 60 mo. n/s
50% Yoo? 2018 156 AC 61% 8 mo. > 40%
of DVT patients have Aziz3 2012 75 CDT 11% 36 mo. >50%
residual vascular .
. Prandoni4 2002 313 AC 13% 72 mo. n/s
obstruction (RVO) after
1-6
ACor tPA Dronkerss 2018 2,684 AC 36% 6—72mo. n/s
CDT, PMT
. 6 ’ 0, 0,
Avgerinos 2019 142 + Stenting 67% Index >50%
1. Young et al., Post-treatment residual thrombus increases theriskof rgcurrent d}-:t@p Yeijthromi.oosis an.d mortality.JThromb Haemost 2006; 4: 1919—24. . o ) . )
Y tcity fmmﬁ e;\\l/)snEolses\/ioebrsTr:tcj.ct\on on serial duplex imaging is associated with increased risk of recurrence and progression of infrainguinal lower extremity deep venousthrombosis. Copyright 2018 by

oA~ W

., anﬂlgmnhHeglathSuccessfu\ Catheter-directed Thrombolysis for Iliofemoral Deep Venous Thrombosis Correlates with Recurrence. 2012 European Society for Vascular Surgery. Published by Elsevier Ltd.

. Prandoni et al., Residual Venous Thrombosis as a Predictive Factor of Recurrent Venous Thromboembolism. Ann Intern Med. 2002;137:955-960.
. Dronkers e“P‘a‘" Wb’aﬁ'fmg F&@‘FWF'&':%S‘B’F& Syndrome with Ultrasonographic Follow-Up after Deep Vein Thrombosis: A Systematic Review and Meta-Analysis. Thromb Haemost 2018;118:1428-1438. 1
. Averginos et al., Outcomesand predictors of failure of iliac vein stenting after catheter-directed thrombolysis for acute iliofemoral thrombosis. Copyright 2018 by the Society for Vascular Surgery. Published by Elsevier Inc.



Treatment of DVT evolved to definitive
mechanical catheterintervention

Anti-Coagulation AC + Thrombolytics AC + Definitive Catheter
(AC) Only (Lytics) Intervention

AC + AC +

Myocardial AC alone Thrombolysis POBA & DES
Infarction
AC+
AC + Stentrievers &
StrOke ACalone Systemic Lyt|cs ASpiration

Thrombectomy

AC+
Systemic &
ACalone Catheter-directed
Lytics

AC+
Pharmacomechanic
al thrombectomy

Expected Path for
VTE (DVT & PE)




New Devices and Techniques

=

Angiofet system - Zelante catheter

Indigo system - CAT 12 catheter

Pharmacomechanicalthrombectomy and venous stenting




Evolving Clinical Evidence

@® ATTRACT trial (2017): Anticoagulationvs. pharmacomechanical
catheter-directed thrombolysis (PCDT) in 692 acute DVT patients;
Slliliofemoral DVT patients showed lower PTS and improved QOL
with PMT

® ZelanteDVT Single-Session Study (2024): High technical success,
symptomresolution, and ~21% primary patency at1year

@® Multipleregistries andinstitutional studies on mechanical
thrombectomy device safety and effectiveness, butlack long-
term data

@® DEFIANCE randomizedindustry sponsored trial: Inari ClotTriever
vs anticoagulation alone, results will clarify the role of mechanical
thrombectomy in PTS outcomes

@ Virginia Mason
Franciscan Health
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Patient Selection

@® Thrombus acuity <21days, recent symptoms

@® Type of patient - young, active, generally healthy

@® Severityof symptoms - proximal DVT, severe edema, venous
claudication, phlegmasia

Temporal evolution of symptoms

Underflying ethology - iliac vein compression

® Avoid:

O Active bleeding, recent major surgery/stroke, high bleeding
risk, limited life expectancy and functional capacity

@® Multidisciplinary decision makingis recommended

@ Virginia Mason
Franciscan Health



Post Procedure Care

DOAC s the preferred treatment unless contraindicated

Treatment typically lasts 3-12 months, with longer durations for
unprovoked, recurrent, or stented cases

Antiplatelet therapy maybe included, especially if avenous stent is
placed

This area of practiceis stillevolving, leading to variations in treatment
20-30 mmHg compressionisrecommendedtoreduce swelling
Follow-upincludes duplexultrasound at 1, 6, and 12 months, then
annually

Cross-sectional imaging for complexiliocaval reconstructions

@ Virginia Mason
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DVT Triage

Clinical assessment, imaging/tests

Imaging Confirms
Any of the Following:
Distal femoral, lliac and/or . Severe symptoms, 1. lliac and/or Common Femoral Clot
, , Upper extremity
popliteal, calf vein common femoral DVT regardlgss of 2. Upper Extremity DVT
DAVAR location 2 S i Vs Commonta
Start anticoagulatic
Medical : : : : can: _Vascular Surgery
Y T ——— Consider for intervention, refer for evaluation iy el




Clinical Case

54yo F with RLE pain and swelling

R common -externaliliac- common
femoral vein thrombuson US and CT
venogram

® /PasseswithlnariClotTriever Boldto
remove acute and chronic thrombus,
90% clearance

Nolytics, 25cc EBL

16X120 & 14X60 Venovo stents
relieve compression seenon |VUS
from the external to the common lliac
Vein

@ U5 yeanpatency and symptom relief
#9 Franciscan Health

A member of CommonSpirit 18




Key Takeaways

® Treatmentofiliofemoral DVT evolved towards endovascular
optionsin selected patients

® Lytic sparingdevicesreduce complications, hospital stayand
mightimprove long term outcomes

@® Randomized evidenceis pending (DEFIANCE) and will help guide
future standard of care

® Unanswered questions: timing, durability, optimal anticoagulation
after stenting

@ Virginia Mason
Franciscan Health
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Updates in the Treatment of Lower
Extremity Wounds: Is it Arterial or
Venous? A Stepwise Approach

Kira N. Long, MD - vascular
surgeon
St. Michael Medical Center

@ Virginia Mason
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Wounds That Won't Heal:
A Vascular Surgeon’s Perspective

@ Virginia Mason
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What is a wound?

Noun: “an injury to the body (as from violence, accident or surgery) that
typically involves laceration or breaking of a membrane (such as the skin)

and usually damage to the underlying tissues”

Virginia Mason
Franciscan Health 4
Merriam-Webster English Dictionary



Normal wound healing phases

e Hemostasis
e Inflammation
e Proliferation

e Epithelialization/Remodeling

e Typically heals in 4 weeks or less

Virginia Mason
Franciscan Health



Chronic wounds

e Lack of healing after 4 weeks —3 months

Virginia Mason
Franciscan Health



Why do chronic wounds matter?

e Since 2014, chronic wound treatment costs Medicare upwards of $20

billion annually

o Shift from hospital-based to office-based care (and therefore
COsts)
e 10.5 million people in the United States affected by chronic wounds
e Up to 85% of amputations are preceded by chronic wounds
e Venous ulcers affect 1-3% of the U.S. population

e Chronic wounds significantly affect on quality of life

Virginia Mason
Franciscan Health 7
Sen, C. K. (2025). Human Wound and its Burden: Updated 2025 Compendium of Estimates. PubMed. https:/doi.org/10.1177/21621918251359554
Millan, S.B., Gan, R, & Townsend, P. E. (2019). Venous ulcers: Diagnosis and treatment. PubMed, 100(5), 298—-305. https://pubmed.ncbi.nimnih.gov/31478635
Bowers, S., & Franco, E. (2020). Chronic Wounds: evaluation and management. PubMed, 101(3), 159-166. https://pubmed.ncbi.nim.nih.gov/32003952


https://pubmed.ncbi.nlm.nih.gov/31478635

Etiology m 1st Diagnostic Investigation

Infectious

Malignant

Arterial insufficiency — macro

Arterial insufficiency - micro

Venous insufficiency — deep &
superficial

Lymphatic obstruction

Hematologic abnormality

Collagen vascular disorder

Excessive pressure

Fungal, mycobacterial, bacterial

Basal cell CA, squamous cell CA

Atherosclerosis (PAD),
thromboembolic dz

DM, Raynaud’s, Buerger’s,

DVT, extrinsic compression,
valvular reflux

ymphatic insutficiency,
malignancy, secondary to an
“overload state”

PCV, Sickle cell

Scleroderma, lupus, Wegener

Neuropathy (diabetic, alcoholic),
paraplegia, bone spurs

Wound bx & cx, CBC, CSR, X-ray

Wound Bx

Duplex & physiologic arterial
studies (ABI)

TcPO,, toe pressure/TBI

Duplex venous studies

H&P

CBC, iron studies

Rheumatologic work-up

Neuro exam (monofilament &
vibratory), x-ray

Sidawy, A.N., & Perer, B. A. (2018). Rutherford’s vascular surgery and endovascular therapy. In Elsevier eBooks. https://ci.nii.ac.jp/ncid/BB26259348
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Lower Extremity Peripheral Arterial
Disease (PAD)

e 8-12 million Americans affected
o 3-10% of the American population

e Increasing prevalence with increasing age
o Affects 15-20% of patients older than 70

e Fewer than 40% will report symptoms

Virginia Mason
Franciscan Health 10

Conte, Michael S., et al. “Society for Vascular Surgery Practice Guidelines for Atherosclerotic Occlusive Disease of the Lower Extremities: Management of Asymptomatic Disease and Claudication.” Journal of Vascular Surgery, vol. 61, no. 3, 2015.
Hirsch AT, etal. JAMA 2001;286:1317-24



PAD - Natural History
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PAD - Natural History
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PAD - Natural History
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What is Critical Limb Ischemia (CLI)?

Ischemic rest pain

Tissue loss/non-healing ulcer

Virginia Mason
Franciscan Health
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Venous Insufficiency

e Canoccurinanyone
o Major genetic component
o More common in women

e Varicose veins are present in up to 35% of people in the U.S.

Virginia Mason
Franciscan Health 16

https://vascular.org/patient-resources/vascular-conditions/varicose-veins



Venous Insufficiency - symptoms

e Legswelling/edema

e Pain, itching, burning

e Leg heaviness/tiredness
e Skin discoloration

e Ulcerations

Virginia Mason
Franciscan Health 17

https://vascular.org/patient-resources/vascularcondtions/varicose-veins



What differentiates
Ulcers of arterial vs.
venous etiologies?



History

Arterial

History suggestive of PAD, claudication,
rest pain

Venous

History of varicosities, DVT, known
venous insufficiency

Classic site

Toes, foot, ankle, pressure points

“gaiter” distribution

Edges

“punched out” appearance

Sloped, shallow

Wound bed appearance

Varying degrees of slough & necrotic
tissue

Often covered with slough

Exudate level

Low

High

Pain

Painful, even without infection (variable
with associated neuropathy)

Pain associated with infection & edema

Edema

Not common

Common

Associated features

@ Virginia Mason
8@ Franciscan Health'

Shiny, thin skin, hairlessness

Lipodermatosclerosis, hemosiderosis



https://doi.org/10.1136/bmj.332.7537.347

Arterial

Venous

@ Virginia Mason
@& @ Franciscan Health
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Vascular Evaluation
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Evaluation

e Exam:
o Description of limb
o Pulse exam - palpation & doppler
«  Groinsto feet
e Studies:
o ABIs/TBIs/TcPO,
o +/- Arterial duplex

o +/-Venous insufficiency duplex

@ Virginia Mason
&8 Franciscan Health 22






Non-healing lower
extremity ulcer

ABI/TBI

Recommendations for Resting AB| and Additional Physiological
Testing (Continued)

- e y

10. In patients with CLTI with nonhealing wounds or
gangrene, it can be useful to use toe pressure/
TBI with waveforms, TcPO,, SPP, and/or other
local perfusion measures to determine the
likelihood of wound healing without or after
revascularization,'3'42833-3638

& Virginia Mason
.‘ Franciscon HeméhikH. L., Aonow, H. D., Goodney, P. P., Arya, S., Brewster, L. P., Byrd, L., Chandra, V., Drachman, D. E., Eaves, J. M., Ehman, J. K., Evans, J. N., Getchius, T.S., Gutiérrez, J. A., Hawkins, B. M., Hess, 2 . Ho,
K. J., Jones, W. S,, Kim, E. S, Kinlay, S., ... Wilkins, L. R. (2024). 2024 ACC/AHA/AACVPR/APMA/AB C/SCAI/SVM/SVN/SVS/SIR/V ESS Guideline for the Management of Lower Extremity Peripheral Artery Disease: A
report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation, 149(24). https://doi.org/10.1161/cir.0000000000001251
Hedayati N, Carson JG, Chi Y-W, Link D. Management of mixed arterial venous lower extremity ulceration: A review. Vascular Medicine. 2015;20(5).479-486. doi;:10.1177/1358863X15594683


https://doi.org/10.1177/1358863X15594683

Non-healing lower
extremity ulcer

ABI/TBI

Evidence of venous insuff/edema & ABI>0.5

(>40mmHg) — start compression therapy ABI<0.5 (<40mmHg) -
more urgent

revascularization

ABI >0.7 ABI <0.7

Treat underlying Additional imaging — arterial

conditions duplex, CTA, angiogram Revascularization

& Virginia Mason
B % Franciscan Health 25

Hedayati N, Carson JG, Chi Y-W, Link D. Management of mixed arterial venous lower extremity ulceration: A review. Vascular Medicine. 2015;20(5).479-486. doi;:10.1177/1358863X15594683


https://doi.org/10.1177/1358863X15594683

Circutation

CLNICAL PRACTICE GUIDELMNES

2024 ACC/AHA/AACVPR/APMA/ABC/SCAI/
SVM/SVN/SVS/SIR/VESS Guideline for the
Management of Lower Extremity Peripheral

Artery Disease: A Report of the American College
of Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines

B Pr Avwrat Acrxchtion o Cuaoascln i Py

Severo clinical subset of PAD,
Among patents with known PAD, incidence of CLTI estimated 1o be between 11% and 209%,'*'*
Maniests as schomic rest pain, nonhealing wounds/ulcers, or gangrene with symptoms present for >2 wic'*
Responsible for most major and minor imb amputations related to PAD.'* "
Historically estimated 1-y moctalty rate of 25%-35% and 1-y rate of amputation up 10 30% among pabents presenting with CLTL™
Lower rates of mortality and amputation reported i a recent RCT of pationts with CLTI undergong revascularization. ™
chemic rest pain often affects the forefoot and is worsenad with kmb elevabon and rebeved by dependency.

Among vascular specialists, the Fontaine™ and Rutherford™ classification systems are most commonly used to categorize seventy of
CLIL

The Wl classification estimates nisk of lower extremity amputation according to wound extent, seventy of ischeenia, and presence of

oot infection and has boen shown 1o correlate with clnical outcomes. '* -

Lower rates of mortality & amputation reported in a
recent RCT of patients with CLTI undergoing

revascularization

@ Virginia Mason
# @ Franciscan Health
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Circutation s clinical subset of PAD.,
Among patents with known PAD, incidence of CLTI estimated 1o be between 11% and 20%.'*'*
Mandosts as schomic rest pain, nonhealing wounds/ulcers, or gangrene with symptoms present for >2 wic'*
2024 ACC/AHA/AACVPR/APMA/ABC/SCAI/ Rosponsible for most major and minor limb amputations related to PAD.'"
SVM/SVN/SVS/SIR/VESS GP'“"”? for the Hastorically estimated 1-y mortakty rate of 253%-35% and 1-y rate of amputation up 10 30% among pabents presenting with CLTL™
xr?g?ygBrgggggfkgé;:)rEtx(t)rfetrfT]]étyAzﬁEr;pChae!:a(I:OI Iege Lower rates of mortality and amputation reported i a recent RCT of patients with CLT1 undergong revascularization ™
| > I
of Cardiology/American Heart Association Joint N s
Among vascular specialists, the Fontaine™ and Ruthedord™ classificaton systems are most commonly used 1o categorize seventy of

Committee on Clinical Practice Guidelines an

st By P Arwrearts Acratiatin of Csoasclir it P irety Mnediikn, Averiw

o B Cacinnts, Soxcoy b Carchonmsinr Apgraghy w) Jwmardion Scvy The WHI classification estimates nek of lower extremity amputation according to wound extent, seventy of schemia, and presence of
ool infection and has been shown 10 correlate with clnical outcomes. -

Ny Socmty bw Ve Sumgy, Socwty of Feevarstond Rndcegy. wdd Vimow A

1. In patients with CLTI, surgical, endovascular, or hybrid
revascularization techniques are recommended, when . In patients with CLTI for whom a surgical approach
feasible, to minimize tissue loss, heal wounds, refieve is selected and a suitable autogenous vein is

pain, and preserve a functional limb."™!¢ unavailable, alternative conduits such as prosthetic

. In patients with CLTI, an evaluation for revascutariza- or cadaveric grafts can be effective for bypass to the
tion options by a multispecialty care team is recom- popliteal and tibial arteries.”' -

. mended before amputation (Table 15). . In patients with CLTI and nonhealing wounds o

Revascularization Strategy for CLTI gangrene, revascularization in a manner that achieves
in-line blood flow or maximizes perfusion to the
3. In patients undergoing surgical revascularization for wound bed can be beneficial 7-3

CLTI, bypass to the popliteal or infrapopliteal arteries
(ie, tibial, pedal) should be constructed with autog-
enous vein if available,'**°

@ Virginia Mason
88 Franciscan Health- 97



Circutation

CLNICAL PRACTICE GUIDELMNES

2024 ACC/AHA/AACVPR/APMA/ABC/SCAI/
SVM/SVN/SVS/SIR/VESS Guideline for the
Management of Lower Extremity Peripheral

Artery Disease: A Report of the American College
of Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines

B Pr Avwrat Acrxchtion o Cuaoascln i Py

Severo clinical subset of PAD,

Among patents with known PAD, incidence of CLTI estimated 1o be between 11% and 209%,'*'*

Maniests as schomic rest pain, nonhealing wounds/ulcers, or gangrene with symptoms present for >2 wic'*

Responsible for most major and minor imb amputations related to PAD.'* "

Historically estimated 1-y moctalty rate of 25%-35% and 1-y rate of amputation up 10 30% among pabents presenting with CLTL™
Lower rates of mortality and amputation reported i a recent RCT of pationts with CLTI undergong revascularzation ™

Ischemic rest pain often affects the forefoot and is worsenad with kmb elevabon and rebeved by dependency.

Among vascular specialists, the Fontaine™ and Rutherford™ classification systems are most commonly used to categorize seventy of
CLIL

The Wil classification estimates nisk of lower extremity amputation according to wound extent, seventy of ischemia, and presence of
ool infection and has boen shown 1o correlate with clnical outcomes. '* -

The WIfl classification estimates risk of lower extremity
amputation ...and has been shown to correlate with
clinical outcomes

@ Virginia Mason
# @ Franciscan Health
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SOCIETY FOR VASCULAR SURGERY" DOCUMENT

@, Estimate risk of amputation at | year for each combination
The Society for Vascular Surgery Lower Extremity
Threatened Limb Classification System: Risk
stratification based on Wound, Ischemia, and foot
Infection (WIfT)

Jomep L. Silly, S¢, MD," Michaet S Craste, SED. Duvkd G, Armstrong, DEM, MD, IAD,
Framk K. Possposdi, MDD, Andres Schancer, MD,” Aston N Sklawy, MO, MPH, ot

Govege Ancdron, MUY, om behall of the Sodery for Vasadir Serpory Lower Extramity Guiddise
Commitior, Twown, Arse Saw Frawinr ond Vaw Noow, Calit Bragborn and Worvewer, Mon ond
Wadwaars, 114

b, Estimate likelihood of benefit offrequirement for revasculanzation (assuming
infection can be controlled first)

Wi Wound/Chaical Catepoey

SVS grades foe et pan and woosdh /tissee kns (ukens and gangrene )

0 (iBomms res pain, ischomia grade 3; oo wloer) 1 (milt) 2 (modorate) 3 (sovere)

Grade Uleer Gangrene

0 No ukeer No gangrene
Clinkal description: schemic rest pain (requires sypical symptons + ischemia grade 3); no wound,

1 Small, shalkow vicer(s) on distal keg No gangrene
o foot; no exposed booe, unless limired
to dintal phalang

1 - o ]
Clinxal descoption: nanor tisue loss. Salvageable with ssmple digital amputation (1 or 2 digats) or skin coverage. 11, foot Infection: 1. Ischemia; W, Wound.

2 Deper ulier wath exposed bone, joint or Gangrenoans changes hinated 1o digas
tendon; generally not involving the beel;
shaliow hed uker, without calcancal imolvensent

Clinxal descrgptson: nujor tissue oo sahvageale with muobiple (23) digaal ampatations or standard TMA = sken coverage

Premises:

1. Increase in wound class increases risk of amputation (based on PEDIS, UT, and
other wound classification systems)
PAD and infection are synergistic (Eurediale); infected wound + PAD increases
likelihood revascularization will be needed to heal wound
. Infection 3 category (systemic/metabolic instability): moderate to high-risk of
amputation regardless of other factors (validated IDSA guidelines)

3 Extensive, decp ucer mvohing foecloot and /oe Extensive gangrene imulving foeefoot
midioot; deep, Ml thackses heel uleer = and Jor endioot; fall thicksess
calancal imvolvement heel necross = cakancal imvohemens

Clinkcal description: extensive tisue ks salvageable only with a complex foot reconstriction o nomtraditional TMA (Chopart or Lisfranc );

thap cowverage or complex wound management needed for Linge soft tisoe defect

Four classes: for each box, group combination into one of these four classes
Low = L = clinical

Clinical stage 5 would signify an unsalvag
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SOCIETY FOR VASCULAR SURGERY" DOCUMENT

@, Estimate risk of amputation at | year for each combination
The Society for Vascular Surgery Lower Extremity
Threatened Limb Classification System: Risk
stratification based on Wound, Ischemia, and foot
Infection (WIfT)

Jomepis L. Mally, Se, MDD, Michadd S Comrg, SED" Duvid G, Armstrong, DEM, MD, 8D,
Tramk B. Possposdil, MDD, Ancres Schancer, MD,” Aston N, Shlawy, MO, MPH, st

Geooege Andron, M, on behall of the Sodery for Vasoudlsr Serpory Lower Extromity Gubdclise
Commmittce, Tuown, Arks. Saw Frawoiwr and Vaw Non, Calil Brinboen and Wornrter, Mow and
Wadiaunn, 10

b, Estimate likelihood of benefit offrequirement for revasculanzation (assuming
infection can be controlled first)

mipecaabde | =135

f1, foot Infection: 1. Ischemia: W, Wound.

I3

Fib-100 mm Hyg Premises:

1. Increase in wound class increases risk of amputation (based on PEDIS, UT, and
other wound classification systems)
. PAD and infection are synergistic (Eurodiale): infected wound + PAD increases
likelihood revascularization will be needed to heal wound
. Infection 3 category (systemic/metabolic instability): moderate to high-risk of
amputation regardless of other factors (validated IDSA guidelines)

Four classes: for each box, group combination into one of these four classes

Low = L = clinical

Clinical stage 5 would signify
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SOCIETY FOR VASCULAR SURGERY" DOCUMENT

@, Estimate risk of amputation at | year for each combination
The Society for Vascular Surgery Lower Extremity
Threatened Limb Classification System: Risk
stratification based on Wound, Ischemia, and foot
Infection (WIfT)
Jomepis L. Mally, Se, MDD, Michadd S Comrg, SED" Duvid G, Armstrong, DEM, MD, 8D,

Framk K. Possposdi, MDD, Andres Schancer, MD,” Aston N Sklawy, MO, MPH, ot
Genege Andron, MU, 0o hehall of the Sockry for Vasodar Serpory Lower Extromity Guidclises

Committor, T, Arse Sow Frawinr ond Viw Noon, Callit Brygbon and Worveter, Mon ond
Wadiaas, 0
b, Estimate likelihood of benefit offrequirement for revasculanzation (assuming

infection can be controlled first)
SAS grades O (nonwc ), | mikdj, B masderanc b, aned § (sovere; lmb and for Bl - dwaioni

IS slapiatin of Infoctinn Dscncs Socicty of Amonica | 1084 and Irtersutsnal Wisking Ciroups on the Tishetic Fost {IWCGIEF) porfssson, eniest ‘e,

epth s ks, wfctmon, soenation | FEPS Lsifatiom. of Balciic e infgion s i 2 3

TDSA/PEINS
Climarad manifesaiton of iwfrorio L imfrctien sPCTTEY

Ko sympioms or signs of infeccon Unimfecred
Infection present, @ dohined by b preserse of 3t ket I oof the Blkeang

o

# Lowal wwolleng o inadisranon

® Enahema =005 o =5F am around the uloer
wcal tenderness or pain W in- W
# Lical wisrsith 11, foot Infection: 1, Ischemia; W, Wound.
& Purulent ddichange {thick, opaguss o nlste, of sangmncons seorctsm |
Premises:

Lioscal infection involving ooly the skin and the subcurtameoas tssue
(withamt Emohomeont of dorper tissses anad withsut sstomic sgns o . % 2 5
T — L 1. Increase in wound class increases risk of amputation (based on PEDIS, UT, and
Exchide caber causes o am inflammatony response o 1l skin (<g, traina, other wound classification \ysl!.‘lh.\)
BANIL, “":“_" harcot neuro-ostevanhropathy, fracnare, thrombenis, . PAD and infection are synergistic (Eurodiale): infected wound + PAD increases
ks LoF L] - - - - o
o likelihood revascularization will be needed to heal wound
Lawcal ifectbon {as describeead absove | with emvibema =2 cmy, or imoodving Mosderane . Infection 34.‘:!!1:[:0()’ (’yglcmic/ bolic instabili v): mod w0 lugh.risk of
siructurcs dooper shan skin and siboutancous tissues (og, bsoos, amputation regardless of other factors (validated IDSA guidelines)
ewipopmcliis, sepisg arthrgis, Gscuting, and
Mo wvsteenic anflamnaanom respoere sigen (18 descbed below) . o )
Ll efevtion (3 descibed dbame ] with the sk of S1RS, b sansfered Four classes: for each box, group combination into one of these four classes
b v o maore ol thee flbowing:
# Temporaisre = 38" or < 30"
@ Heart rige =W beste v
# Hespirstoey rate >3 bresha fonin or PaCiody <32 mm Hg
# White Mocsd oell comna 1 200NN o < HNED oumeen o D% ienimanane
(bhansd) forma
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Venous Insufficiency - Evaluation

co MNo visible or palpable signs of venous
disease

c2 Varicose veins
C3 Edema
Cha Pigmentation or eczema

Chc Corona phlebectatica

Active venous ulcer

& Virginia Mason
8 Franciscan Health
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Venous Insufficiency - Management

e Retrograde flow in superficial vein (GSV or SSV) >500ms

e Compressive therapy

e “Early” ablative therapy

Virginia Mason
Franciscan Health 33

https://vascular.org/patient-resources/vascularcondtions/varicose-veins



ORIGINAL ARTICLI

A Randomized Trial of Early Endovenous
Ablation in Venous Ulceration

e Intervention within 2wks of randomization vs emo or after ulcer healing
e Early intervention group

e More healed ulcers

e Faster healing

e Higher rate of healing at 24wks post-randomization

e More ulcer-free days in year after intervention

@ Virginia Mason
@8 Franciscan Health 34

Gohel, M. S,, Heatley, F., Liu, X., Bradbury, A., Bulbulia, R., Cullum, N., Epstein, D. M., Nyamekye, |., Poskitt, K. R., Renton, S., Warwick, J., & Davies, A. H. (2018). A randomized trial of early endovenous
ablation in venous ulceration. New England Journal of Medicine, 378(22), 2105-2114. https://doi.org/10.1056/nejmoa 1801214



Venous Insufficiency - Management

e Retrograde flow in superficial vein (GSV or SSV) >500ms

e Compressive therapy
e “Early” ablative therapy

e Wound care - including skin substitute grafting

Virginia Mason
Franciscan Health 35
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Management

Etiology
Infectious

Malignant
Arterial insufficiency — macro

Arterial insufficiency - micro

Venous insufficiency — deep &
superficial

Lymphatic obstruction

Hematologic abnormality

Collagen vascular disorder

Excessive pressure

Fungal, mycobacterial, bacterial

Basal cell CA, squamous cell CA

Atherosclerosis (PAD),
thromboembolic dz

DM, Raynaud's, Buerger's,

DVT, extrinsic compression,
valvular reflux

Lymphatic insufficiency,
malignancy, secondary to an
“overload state”

PCV, Sickle cell

Scleroderma, lupus, Wegener

Neuropathy (diabetic, alcoholic),
paraplegia, bone spurs

Sdawy A N_APerer Il A (2018 Rulefood's vasoular sagery 20d endovalouer Saragy i Fsever sflocks Mpe

Wound bx & cx, CBC, CSR, X-ray

Wound Bx

Duplex & physiologic arterial
studies (ABI)

TcPO,, toe pressure/TBI

Duplex venous studies

H&P

CBC, iron studies

Rheumatologic work-up

Neuro exam (monofilament &
vibratory), x-ray

0 1 e SO BTG YAN
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Management

Circulation

Recommendation for Team-Based Care for CLTI

Referenced studies that support the recommendation are summarized

2024 ACC/AHA/AACVPR/APMA/ABC/SCAI/ b
SVM/SVN/SVS/SIR/VESS Guideline for the
Management of Lower Extremity Peripheral
Artery Disease: A Report of the American College
of Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines

1. In patients with CLTI, a multispecialty care team should
evaluate and provide comprehensive care with goals
of complete wound healing, minimizing tissue loss, and
preservation of ambulatory status.'?

Deiarme 1t Soinaton W ars Ladorsed By B Amerians Auication of Casousod w Faminay inanTiekon, Arwiw
Paktn, Mty fonsabon Mt if lak Zodayas Sael U Cotair Apayefy od lwrware Sowy
Sy P Madcre Soomy A Vanate Nesey, Soceh b View sy Srgeey Socwdy of ieenetorsd Kadwgs, e Ve 4
B Scrgy Sty

Multispecialty care team

o

AA

Revascularization .
(endovascular, surgical, hybrid)

Wound care and Pressure
management offloading
of infection

Selective amputation Antiplatelet and
(most distal level antithrombotic

possible) therapy and
J cardiovascular risk g
4 reduction =9

Gomik, H. L., Aronow, H. D., Goodney, P. P., Arya, S, Brewster, L. P.,Byrd, L., Chandra, V., Drachman, D. E., Eaves, J. M., Ehman, J. K,, Evans, J. N., Getchius, T. S., Gutiérrez, J. A., Hawkins, B. aZHess,
C.N,, Ho, K.J., Jones, W. S.,Kim, E. S., Kinlay, S., ... Wilkins, L. R. (2024). 2024 ACC/AHA/AACVPR/APMA/ABC/SCAI/SVM/SW/SVS/SIR/NVESS Guideline for the Management of Lower Extremity Peripheral
Artery Disease: A report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation, 149(24). https://doi.org/10.1161/cir.0000000000001251
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Management

Non-hoaling lower
oxtromity ulcer
- -

INnflow Before Outflow

ﬂ Wi Marioe
Teoreiheom Foofth

ABL>07

Revascularization Strategy for CLTI

3. In patients undergoing surgical revascularization for
CLTI, bypass to the popliteal or infrapopliteal arteries
(ie, tibial, pedal) should be constructed with autog-
enous vein if available.'%°

& Virginia Mason
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Artery Disease: A report of the American College of Cardiology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation, 149(24). https://doi.org/10.1161/cir.0000000000001251



Diabetic Foot Ulcers

Enbcdogy Example 19 Dagnostc Invessgation
Infoctious Fungel, mycotectensl. bactered  Wound bix & ex, CBC, CSR. Xuny
s SDRETY O RN S DA A | P ® Medial plantar artery
Arwcd oy - macto s Anterior tibial artery
Ateriw raSceccy - mors DM, Saynaud's, Busrger's TePO,, ko prensure/TBI ®
Venowus nsficency - deep & mw Ouotex venous whudies
Lymplafic cbatnction Lmymum "ar

e e @ Lateral plantar artery
Colagen vasculer Gaceter Scleroderma, Lpus, Wegener heurratcloge work <
Exconse sresare v Posterior tibial artery @ D reccncaiartey
® Multidisciplinary care

@ Anterior tibial artery
® ?Hyperbaric oxygen therapy
Posterior tibial artery @

® Skin-substitute grafts @ Peroneal artery
® Negative pressure wound therapy © Dorsalis pedis artery

@ Virginia Mason
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Fitridge, R., Chuter, V., Mills, J., Hinchliffe, R., Azuma, N., Behrendt, C., Boyko, E. J., Conte, M. S., Humphries, M., Kirkey, L., McGinigle, K. C., Nikol, S., Nordanstig, J., Rowe, V., Russell, D., Van Den'Berg, J.
C.,Venermo, M., & Schaper, N. (2023). The intersocietal IWGDF, ESVS, SVS guidelines on peripheral artery disease in people vith diabetes mellitus and a foot ulcer. Journal of Vascular Surgery, 78(5), 1101—
1131. https://doi.org/10.1016/j.jvs.2023.07.020



Key Takeaways

« Chronic wounds impose a significant cost on individuals
and society

- Often multifactorial etiologies - require multidisciplinary
approach for best outcomes

« Screening studies have value - don’t take short-cuts

@ Virginia Mason
# @ Franciscan Health "
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Virginia Mason-Franciscan Health
Vascular Surgery Providers

St. Michael Medical Center
Silverdale, WA
564-240-4200
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Thank you.
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Thoracic Outlet Syndrome (TOS): A Current
Review in the Diagnosis and Treatment

Matthew Bennett, MD, RPVI

Virginia Mason
Franciscan Health

Center for Cardiovascular Health
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Background

K/

% Thoracic outlet syndrome refers to the collection of diseases involving
the arterial, venous, or nervous structures as they traverse the thoracic

outlet

% Classified as neurogenic (nTOS), arterial (aTOS), or venous (vVTOS)

K/

% Can cause significant upper extremity pain and dysfunction, typically in

younger patients, and can cause lifelong disability

. Virginia Mason
s Franciscan Health

- Center for Cardiovascular Hedalth
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DiLosa KL, Humphries MD. Epidemiology of thoracic outlet syndrome. Semin Vasc Surg. 2021 Mar;34(1):65-70.



Scalene
triangle

Costoclavicular
space

Pectoralis
minor
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Epidemiology

Incidence by Type

.. Lol i =vTOS =nTOS =aTOS

Center for Cardicwazcular Health
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DiLosa KL, Humphries MD. Epidemiology of thoracic outlet syndrome. Semin Vasc Surg. 2021 Mar;34(1):65-70.



Epidemiology: nTOS

% Typically ages 30-40

% Predominately women

% Frequent history of neck trauma: auto accident with hyperextension or
whiplash, repetitive stress injuries

% Community prevalence anywhere from 1 — 80,000 per 1,000,000

. Virginia Mason
s Franciscan Health

- Center for Cardiovascular Hedalth
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DiLosa KL, Humphries MD. Epidemiology of thoracic outlet syndrome. Semin Vasc Surg. 2021 Mar;34(1):65-70.



Epidemiology: vTOS

% Most common ages 20-30, historically 2:1 male prevalence, though now
closer to 1:1

% Also known as effort-induced thrombosis or Paget-Schroetter syndrome

% Associated with repetitive overhead shoulder movements (e.g. manual
labor or certain athletes)

% Typically unilateral involving dominant arm

. Virginia Mason
s Franciscan Health 7

- Center for Cardiovascular Hedalth

DiLosa KL, Humphries MD. Epidemiology of thoracic outlet syndrome. Semin Vasc Surg. 2021 Mar;34(1):65-70.



Epidemiology: aTOS

% Almost always associated with cervical ribs,
w
anomalous first ribs, or congenital muscular A ‘
bands -
= | gt
< More common in women (higher prevalence Ancmalons N e

first rib
of cervical ribs)

K/
L X4

Most common cause of acute upper
extremity arterial thrombosis for those under

40

. Virginia Mason
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Illig KA, Donahue D, Duncan A, Freischlag J, Gelabert H, Johansen K, Jordan S, Sanders R, Thompson R. Reporting
standards of the Society for Vascular Surgery for thoracic outlet syndrome. J Vasc Surg. 2016 Sep;64(3):e23-35.



Diagnosis: nTOS

Table 3 - Society for Vascular Surgery guidelines for diagnosing neurogenic thoracic outlet syndrome.

Findings History Examination
Local Irritation or inflammation in the scalene Pain on palpation to previously stated
triangle or pectoralis insertion site areas

Referred pain in areas near the thoracic
outlet, chest wall, axilla, upper back,
shoulder, trapezius, neck, or head

Peripheral Arm or hand numbness, pain, Palpation of the affected area reproduces
paresthesia, vasomotor changes, and peripheral symptoms
weakness Provocative maneuvers including
Symptoms exacerbated by movements elevated arm stress test and upper limb
that narrow the thoracic outlet or stretch tension test reproduce symptoms
the plexus

Absence of other reasonably likely — —
diagnoses that might explain most of the

symptoms

Response to a properly performed test — —
injection is positive

Virginia Mason
Franciscan Health 9
SRS S AR CRCLSO ] Betancourt A, Benrashid E, Gupta PC, McGinigle KL. Current concepts in clinical features and diagnosis of
thoracic outlet syndrome. Semin Vasc Surg. 2024 Mar;37(1):3-11.



NTOS: Upper Limb Tension Test (ULTT)

. Virginia Mason
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Carvtat for Condiovascuior Heatth Betancourt A, Benrashid E, Gupta PC, McGinigle KL. Current concepts in clinical features and diagnosis of

thoracic outlet syndrome. Semin Vasc Surg. 2024 Mar;37(1):3-11.



NTOS: Elevated Arm Stress Test (EAST)

Position |

Position 2

Position 3
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Diagnosis: nTOS

—» History
I + Block Referral to
L surgeon for further

Diagnostic management
Imaging: CXR,
Concern for +- gltragsound. Staged Scalene and
NTOS —< CT, MRI, Nerve —P Pectog;\cl::kaor —<
conduction _
testing Careful counseling
that surgical

;b . :
I -Block intervention may
not be beneficial
—»| Physical Exam

. Virginia Mason
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Diagnosis: vTOS

% Acute: DVT symptoms: pain, swelling, discoloration; in severe cases,
phlegmasia with cyanosis or pallor

% Chronic: swelling and pain with use of the extremity. Chest wall
collaterals may be present.

% Duplex ultrasound for first line imaging. CT venogram or MR

angiography may help delineate anatomy for surgical planning

% Venography can be diagnostic and potentially therapeutic

. Virginia Mason
s Franciscan Health

- Center for Cardiovascular Hedalth
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Betancourt A, Benrashid E, Gupta PC, McGinigle KL. Current concepts in clinical features and diagnosis of
thoracic outlet syndrome. Semin Vasc Surg. 2024 Mar;37(1):3-11.



Diagnosis: aTOS

% Requires documented injury to the subclavian artery, either
stenosis/occlusion or post-stenotic dilatation/aneurysm, or evidence of
ischemia with arterial compression

% Arm claudication or rest pain, coolness, paresthesia, digital ulceration or
gangrene

% Exam may reveal diminished pulses, particularly with provocative
maneuvers, pulsatile mass in supraclavicular fossa, bruit

% Ultrasound for initial imaging, CT angiogram may assist with surgical
planning

. Virginia Mason

s Franciscan Health

- Center for Cardiovascular Hedalth
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thoracic outlet syndrome. Semin Vasc Surg. 2024 Mar;37(1):3-11.



Intervention: nTOS

% Initial treatment of nTOS is conservative with physical therapy (generally
4-6 months)
% Goal of improving posture to decompress the scalene triangle and
costoclavicular space
% Anti-infammatory medication and muscle relaxants useful adjunct
% Anterior scalene Botox injections can provide temporary relief (~3
months)
% Scalene or pectoralis minor muscle blocks can provide relief, and also
positively predict response to surgery
@ Virginia Mason

s Franciscan Health
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Surgical Decompression: nTOS

% Will optimally involve anterior scalenectomy, mobilization and resection
of the middle scalene, and extensive resection of the first rib
% Brachial plexus neurolysis
% Supraclavicular, transaxillary, or infraclavicular approaches, depending
on needs for resection and reconstruction
% Robotic first rib resection also seems to offer similar outcomes
% Most trials seem to support better improvements in upper extremity
symptoms with surgery as opposed to ongoing physical therapy
% Recurrence rates may be from 5 - 30%
@ Virginia Mason

s Franciscan Health
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Surgery vs Physical Therapy

Miscellaneous Eur J Vasc Endovasc Surg (2022) 64, 119-127

RANDOMISED CLINICAL TRIAL

Surgery Versus Continued Conservative Treatment for Neurogenic Thoracic
Outlet Syndrome: the First Randomised Clinical Trial (STOPNTOS Trial)”*

Jens Goeteyn °, Niels Pesser °, Saskia Houterman °, Marc R.H.M. van Sambeek *°, Bart F.L. van Nuenen °, Joep A.W. Teijink %"

* Department of Vascular Surgery, Catharina Hospital, Eindhoven, The Netherlands

b Department of Education and Research, Catharina Hospital, The MNetherlands

“ Department of Biomedical Technology, University of Technology Eindhoven, Eindhoven, The Netherlands

4 Department of Neurclogy, Catharina Hospital, Eindhoven, The Netherlands

“ CAPHRI School for Public Health and Primary Care, Faculty of Health, Medidne and Life Sciences, Maastricht University, The Netherlands
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Surgery vs Physical Therapy

% 24 patients randomized to surgery,
22 to conservative management

% Significant improvement in disability A 80 -

scores in surgical group compared g 60 -
=]
o
' = 40 -
to physical therapy alone 5
. . A .
< Overall failure rate still 19.56% at 20
0 I I I I
one year Baseline 3 6 12

Time after study allocation — months

Virginia Mason
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Surgical Treatment: aTOS

Table 2 - Scher classification for management of arterial thoracic outlet syndrome.

Stage Description Recommended management

0 Asymptomatic compression Observation with noninvasive surveillance

I Artery stenosis with minor dilation Thoracic outlet decompression

II Artery with intimal damage and/or aneurysmal disease Thoracic outlet decompression with arterial reconstruction

and/or mural thrombus

III Distal embolization Thoracic outlet decompression with arterial reconstruction
and combination of embolectomy, lytic catheter and/or
anticoagulation

r
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Potluri VK, Li RD, Crisostomo P, Bechara CF. Areview of arterial thoracic outlet syndrome. Semin Vasc Surg. 2024 Mar;37(1):12-19.



Surgical Treatment: aTOS

% Similar decompression including resection of cervical rib or other bony
abnormality if present

% Initial thrombolysis or thrombectomy particularly if patient presents with
ischemia

% Will frequently require arterial reconstruction or bypass graft

% PTFE generally preferred for reconstruction, though no studies directly
comparing to autologous graft

% Patency rates for reconstruction generally very high — 90 to 100% at
several years from surgery

@ Virginia Mason
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Surgical Treatment: vTOS

% Anticoagulation alone will have higher failure rate than thrombectomy/thrombolysis
% Initial removal of acute thrombus (thrombolysis most widely reported, though there
are newer endovascular therapies which likely provide similar results)

% Followed by decompression of thoracic outlet with venoplasty or angioplasty of

residual stenosis within the subclavian vein

. Virginia Mason
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Surgical Treatment: vTOS

A systematic review and meta-analysis for the management of
Paget-Schroetter syndrome

Georgios Karaolanis, MD,” Constantine N. Antonopoulos, MD,” Stylianos G. Koutsias, MD,”
Alexandros Giosdekos, MD,” Efstathios K. Metaxas, MD,” Petros Tzimas, MD," Gert J. de Borst, MD," and
George Geroulakos, MD," loannina. Athens, and Piraeus, Creece: and Utretch, The Netherlands

% 25 studies, 1511 patients
% With first rib resection, 97.89% vein patency and 98.02% symptom relief rate at

final follow-up, compared to 64.6% patency and 70.65% symptom relief rate for
thrombolysis alone
. Virginia Mason

o Franciscan Health
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I What is Thoracic Branch
Endoprosthesis (TBE)?

I Amit S. Kainth, MD, FACS, RPVI
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Disclosures

% NO RELEVANT DISCLOSURES
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Thoracic Aorta

“* The aorta originates immediately beyond the Right common carotid artery —
Right subdlavian artery —— ——— Left common carotid artery.

. q Left subclavian artery
Brachiocephalic trunk

aortic valve and ascends initially, then curves,
forming the aortic arch, and descends caudally
adjacent to the spine.

%* The ascending thoracic aorta gives off the
coronary arteries

%* The aortic arch branches are typically the
brachiocephalic trunk (branches to the right
common carotid and right subclavian arteries),

left common carotid, and left subclavian arteries

. Virginia Mason
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Aortic Pathologies

% Aortic pathologies requiring repair include aortic aneurysms, blunt aortic

injury, aortic dissection, and penetrating aortic ulcer, among others

False bmen
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Open Thoracic Aortic Repair

% Open thoracic aneurysm
repair remains the gold
standard for thoracic
aneurysm treatment but is
associated with significant
morbidity and mortality
resulting in relatively poor
long-term survival and

prolonged hospitalization

. Virginia Mason
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TEVAR

+» Thoracic endovascular aortic Thoracic endovascular aortic repair (TEVAR)
repair (TEVAR), refers to a
minimally invasive approach that
involves placing a stent-graft in
the thoracic or thoracoabdominal
aorta.

Aorta

Aneurysm

“» TEVAR was initially used to

provide treatment to patients e
who were not considered to be
surgical candidates, but it is now  Catheter
the preferred technique for
treatment due to improved
outcomes compared with open
thoracic aortic surgery.
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Complex Pathology

% Traditionally, when the
pathology extends to the
aortic arch vessels,
additional procedures need
to be done in order to

perform a thoracic stent

graft

. Virginia Mason
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Carotid Subclavian Bypass/ Transposition
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Complex Arch Debranching
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Thoracic Branch Endoprosthesis

% Thoracic Branch
Endoprosthesis provides
endovascular repair of
lesions of the aortic arch
and descending thoracic
aorta, while maintaining
flow into a single aortic

arch branch vessel

. Virginia Mason
. . Franciscan Health-

Center for Cardiowascular Health
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TBE + Extra Anatomic

Zone 2 Zone 1 Zone 0

. Virginia Mason

Fm nclscan Henlth

enter for Cardiowazcular Health

11



Case Presentation

% 65-year-old male with a history of a chronic type B thoracoabdominal
aortic dissection likely secondary to cocaine use. Initially found in

February 2024 and was medically managed at an outside hospital.

% Surveillance imaging revealed revealed rapid aneurysmal degeneration
likely due to medical non compliance and continued hypertension. Aorta

measuring 49mm which was previously 42mm four months prior.

. Virginia Mason

, Franciscan Health-

- Center for Cardiowascular Health
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Procedure

Patient underwent:

-_—

Ultrasound guided access of the left common femoral artery and left radial artery

2. Intravascular ultrasound

3. Thoracic endovascular aortic dissection repair with thoracic branch endoprosthesis
(TEVAR-TBE)

4. Left subclavian artery stenting

5. Percutaneous closure of the left common femoral artery

Case time: 99 minutes

Fluoroscopy: 20.4 minutes, 379 mGy
Estimated blood loss: 100ml
Contrast: 55ml

. Virginia Mason
s Franciscan Health

- Center for Cardiovascular Hedalth
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_____________

120 mm




Post Operative Course

% Patient admitted overnight
% Discharged postoperative day 1

+ Follow up most recently 3 months postoperatively and doing well

. Virginia Mason
FY Franciscan Health-
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Conclusions

+ Although open thoracic aortic repair remains the gold standard repair, endovascular
aortic repair has far supplanted open repair due to significantly improved outcomes.
« We are continuing to push boundaries with regards to zone 0, 1 and 2 repairs in

conjunction with extra-anatomic bypass.

% New generation devices are on the horizon to help cardiac and vascular surgeons

treat complex aortic arch pathology.
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