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IVUS = intravascular ultrasound.

Learning Objectives

• Understand the applications for intravascular imaging in both arteries and veins
• Apply intravascular ultrasound (IVUS) imaging techniques to practice
• Comprehend and apply global guidelines for venous and arterial diseases



Erin H. Murphy, MD, FACS
Director, Venous and Lymphatic Institute
Sanger, Atrium Health
Charlotte, NC

Where We Are:
Venous IVUS Updates
and NIVL Guidelines



Venous Stent Placement

• Access and Crossing

• Imaging: Venography, IVUS, and Decision Making

• Vessel Prep: Pre-Dilation

• Stent Placement

• Post-Imaging: Venogram / IVUS



Procedure:
• Access and Recanalization

• Imaging: Venography and IVUS

• Vessel Prep: Pre-dilation

• Proper Stenting Technique

• Post-imaging: Venogram / IVUS

Procedural Steps

• Confirm Wire Crossing

Procedural Steps
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Procedure:
• Access and Recanalization

• Imaging: Venography and IVUS

• Vessel Prep: Pre-dilation

• Proper Stenting Technique

• Post-imaging: Venogram / IVUS

Procedural Steps

• Confirm Wire Crossing

• Assess Disease Severity, Extent

• Define Anatomical Landmarks

• Determine Landing Zones

• Stent Sizing
• Confirm Stent Apposition/

Lesion Coverage

Procedural Steps



What Does This Look Like …



Confirm Wire Path

YES!
YES!



What you do not want

b ca

NO! YES!

Confirm Wire Path



CIV: 30mm2, 88% stenosed

EIV: 68mm2, 55% stenosed

CFV: 58mm2, 54% stenosed

Determine Degree of Stenosis



** MUST LAND HEALTHY TO HEALTHY **
Preserving the Iliac Confluence and Femoral/Profunda Confluence

• Move IVUS UP& DOWN to see contralateral iliac leave and join
• Mark location of confluence on the fluoro screen for reference

Venogram can 
differ from IVUS
by a full vertebral 
body.

Determine Anatomic Landmarks: Iliac Confluence



:

Contralateral DVT
If stent is placed too high into IVC, it can jail 
contralateral iliac flow as the stent develops 
a neointimal lining.

Stent Erosion
If stent is placed too high into IVC and 
against the contralateral IVC wall, it has the 
potential to cause erosion through the 
vessel. 

Missed Lesion “Watermelon Seed”
If stent is placed too low, it has the potential to 
caudally displace, in this instance it eroded 
through the vessel after displacement because 
of the poor stent positioning.

LowHigh: 2%-4%

Cranial Landing Zone Challenges



:

• Generally at the top of the lesser Trochanter
• Use IVUS to identify and mark on flouro

Tip: Do not confuse with bifid femoral

Stents across profunda

Determine Anatomic Landmarks: Profunda



** MUST LAND HEALTHY TO HEALTHY **
Preserving the Iliac Confluence and Femoral/Profunda Confluence

1
8 Stent Occlusion Post: PMT / Lysis

Tip: Required in almost all PTS patients

Tip: Do not leave disease between stent edge and profunda

Determine Stent Landing Zone



Occluded Day 113

Below Stent

Errors in Landing Zones



LIGAMEN
T

STENT 1 = 120

STENT 2 = 
100cm

OVERLAP

Determine Stent Lengths
and Diameters
• INFLOW to OUTFLOW

• Keep overlap in straight portion
of the EIV

• Avoid overlap under ligament

• 2mm OVERLAP

• NO ISOLATED SHORT STENTS!
No stents <100

• IVUS for Reference Vessel Size:
2 mm oversize



Completion Imaging



• Temporal trends in Medicare beneficiaries undergoing 
IVUS guided venous stent placement

J Vasc Interv Radiol. 2022;33(12):1476-1484.e2.

Cumulative Incidence
of primary composite outcome 

Usage Data



Experts Agree…



Consensus; NOT GUIDELINES

Secemsky E, et al, J Am Coll Cardiol Intv. 2022;5(15):1558-1568.



SCAI



Consensus reached on IVUS for: 
• Degree of stenosis: Area measurements for intervention threshold determination
• Residual thrombus burden
• IVUS is needed for accurate determination of lesion length and stent landing zones
• Luminal gain
• Lesion coverage
• Stent expansion / apposition

Black S, et al, Eur J Vasc Endovasc Surg. 2024;67(2):341-350.



• Recommends use of IVUS as an adjunct to catheter venography to increase 
accuracy of identifying and characterizing iliac vein lesions compared to 
venography alone

• Caution: Advised when using to diagnose NT lesions as technical and patient 
factors can influence venous caliber lumen estimation

Vedantham S, et al, J Vasc Interv Radiol. 2023;34(10):1643-1657.e6.



2024 Circulation: Cardiovascular Interventions







Summary

• IVUS is an essential tool for deep venous stenting and is associated with 
improved outcomes

• There is consensus on the importance of IVUS at all steps of the procedure

• Guidelines are a bit behind consensus but support the use of IVUS

• More progress to make: Technology, Reimbursement, Guidelines



Thank You!

Erin H. Murphy, MD FACS
Director, Venous and Lymphatic Program

Sanger Heart and Vascular, Atrium Health, Charlotte, NC
erinmurphy79@gmail.com 

214-384-4087 (cell)
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IVC Filter Retrieval with Laser



FDA Safety Communication 2014

Implanting physicians and clinicians responsible for the ongoing 
care of patients with retrievable IVC filters consider removing the 
filter as soon as protection from PE is no longer needed.



Advanced Techniques

• Advanced techniques have had a significant impact on retrieval success

• Techniques include loop wire snare, rigid endobronchial forceps, and excimer laser 
sheath-assisted ablation



• IVC filter struts incorporated into caval 
wall from extended implantation

• Would require large forces to detach 
with standard sheath/snare technique



Excimer Laser Technology 
• Ultraviolet cool laser

• Laser technology uses photothermal issue 
ablation 

• Laser mechanism of action does not damage 
the IVC filter

• Laser has penetration depth of 50 microns 
(less than the width of a human hair)

• Most effective when equal traction / counter 
traction is applied 

• Application of laser allows reduction of forces 
needed to retrieve the foreign body



• Note fibrin at filter implantation 
site; laser used to ablate this 
tissue and permit release of
the filter



















1. Kuo WT, et al. J Am Heart Assoc. 2020;9(24). 2. Desai KR, et al. J Am Heart Assoc. 2020;9(17).  

Single-Center Studies Demonstrate Safety and Efficacy 
IVC Filter Removal with Excimer Laser Sheath 

A 500-patient single-center study showed 
laser-assisted retrievals have low major 
complication rate (2.0%) and high success 
rate (98.7%) 1

441-patient single-center study2 showed 
low major adverse event rate (0.6%) and 
high technical success (96%) 2

No multi-center studies to date have evaluated the broader 
safety and success, limiting the generalizability of the 
technique



Purpose and Design

Objective

Study Design

• To evaluate the safety and performance utilizing excimer laser sheath assisted retrieval of 
embedded IVC filters

• To understand operator experience and learning curve when using laser sheath for IVC filter retrieval

• Multi-center, real-world, observational retrospective data collection; October 2012 – February 2021 
from 7 clinical sites

• Sub-stratification between high-volume single-center (N=139) and the multi-center dataset with 
variable case volume and experience (N=126)

• A blinded physician committee was utilized to adjudicate all reported major and minor complications



Endpoints

• Primary safety endpoint: Device-related major complication rate based on Society 
of Interventional Radiology (SIR) classification criteria C-E

– Safety endpoint of ≤10% (Upper confidence limit of device-related major complication 
rate) 

• Primary efficacy endpoint: Technical success of IVC filter retrieval defined as 
retrieval of filter body and any fragments deemed retrievable of the lumen based 
on the clinical judgement of the interventionalist 

– Efficacy endpoint of ≥ 89.4% (Lower confidence limit of technical success rate)

• Target performance goals were based on a weighted average rate of safety and 
technical success among 8 studies



Results: Demographics, Medical History, Filter Characteristics
Single-Center 

N=139
Multi-Center

N=126
Mean Age (yrs) 52±16 52±16
Female 56.1% 59.5%
Deep Vein Thrombosis 85.2% 89.7%
Pulmonary Embolism 62.6% 62.1%
Prophylactic filter 
placement

26.6% 57.1%

Filter model Single-Center Multi-Center 
Retrievable 89.2% 83.3%
Gunther Tulip (Cook Medical) 65 56
OptEase (Cordis) 32 35
Option (Rex Medical) 15 9
Celect (Cook Medical) 11 2
ALN (ALN) 1 1
Meridian (Bard) None 1
Recovery (Bard) None 1

Permanent 10.8% 16.7%
Simon Nitinol (Bard) 6 3
TrapEase (Cordis) 7 15
Greenfield 
(Steel/Titanium, BSC) 2 3

Single-Center Multi-Center

Mean Filter Dwell Time 
(months)

57.1±51.8 69.7±62.0

Median Filter Dwell Time (min, 
max)

40 (1.0, 186.0) 64 (1.0, 261.0)

Prior Failed Retrieval Attempts 100.0% 42.1%
Pre-procedural imaging 
evaluation of filter 84.1% 88.9%

Filter Malfunction 8.8% 40.5%
Filter Tilt >15 degrees 31.4% 39.7%
Penetration of the IVC 14.0% 54.8%
Whole device 
Embolization/Migration

3.7% 1.6%

IVC Occlusion 0.7% 13.6%



Results: Primary Endpoints

Primary Efficacy Endpoints
Single-Center 

N=139
Multi-Center

N=126

Technical success rate 95.7% 95.2%

Reasons for procedural failure

Failure to capture filter apex None 1
Failure to ablate tissue/free filter
from caval wall

None 4

Other 6 1
p-value is 1-sided for comparison against the efficacy performance goal of 89.4%

Efficacy target performance: ≥89.4%

Safety Endpoints
Single-Center 

N=139
Multi-Center

N=126
Device Related Major Complication 2.9% (4/139) 4.0% (5/126)
One subject reported multiple complications/SIR grades – Multi-Center
p-value is 1-sided for comparison against the safety performance goal of 10%.
Major Complications include C. Require therapy, minor hospitalization (<48 hrs);
D. Require major therapy, unplanned increase in level of care, prolonged hospitalization (>48 hrs); E. Permanent adverse sequelae; F. Death.

Safety target performance: ≤10% 

p=0.007 p=0.016

p=0.001 p=0.011



Safety
Endpoints

Safety Endpoints
Single-Center 

N=139
Multi-Center

N=126

Device-Related Major Complication 2.9% (4/139)
p=0.001

4.0% (5/126)
p=0.011

Procedure-Related Major Complication 3.6% 4.0%

Filter fracture with embolization 2 0
Filter penetration 1 0
IVC perforation 1 0
Access site hematoma 1 0
IVC injury with extravasation 0 2
Hematoma, major 0 2
Hemorrhage 0 1

Device related Minor Complication 15.8% (22/139) 11.1% (14/126)

Procedure related Minor Complication 26.6% 15.1%
One subject reported multiple complications/SIR grades – Multi-Center
p-value is 1-sided for comparison against the safety performance goal of 10%.
Major Complications include C. Require therapy, minor hospitalization (<48 hrs); D. Require major therapy, unplanned increase in level of care, 
prolonged hospitalization (>48 hrs); E. Permanent adverse sequelae; F. Death.
Minor Complications include A. No therapy, no consequence; B. Nominal therapy, no consequence; 
includes overnight admission for observation only.



JAMA Network Open 2022

• First multicenter “real-world” of safety and effectiveness of excimer laser sheath 
for IVC filter retrieval

• The technical success rate for laser sheath assisted IVC filter retrieval was >95% 
for both cohorts in the setting of prolonged dwell times (average of >4.5 yrs)

JAMA Network Open 2022



• Major complication rates were low for both single and multi-center data at 2.9% and 
4.0%, respectively à no major complications scored as “definitely related” to the 
use of the laser
• Broader generalizability of laser sheath assisted retrieval with appropriate training in 

centers with variable case volume and experience 

JAMA Network Open 2022



Discussion: Venous Disease,
IVUS Applications in the Veins



Kumar Madassery, MD
Associate Professor of Vascular and Interventional Radiology
Director, Advanced Vascular & Interventional Radiology Fellowship
Director of Peripheral Vascular Interventions, CLTI & Limb Preservation 
Program and the IVC Filter Clinic 
Rush University Medical Center, Rush Oak Park Hospital
Chicago, IL

Global Update on Arterial IVUS



Outline

• Discuss global IVUS findings and thoughts 
• Australian data
• Korean data



Australian Data



The impact of IVUS on femoropopliteal 
artery endovascular interventions:

Dr. Phil Puckridge
Department of Vascular and Endovascular Surgery

Southern Adelaide Local Health Network,
Flinders Medical Centre, Adelaide, Australia

Flinders University, Adelaide, Australia

A randomised controlled trial; 36 months follow up



Published 12-month Outcomes in 2022

JACC: Cardiovascular Interventions. 2022;15(5):536-546



Study Design

Detailed description of design previously reported

150 patients

Undergoing femoropopliteal interventions

Parallel-group design with balanced 
randomization 

Control group (angiography information only 
available)



Outcome Measures at 36 Months

•Binary restenosis within 36 months of index procedure
‒ >50% stenosis on duplex ultrasound
‒ PSV ≥2.4

Primary Outcome 

•Clinically driven target lesion revascularization (TLR)
•Major adverse events (MAE) 

Secondary Outcomes



Primary Outcome 36 Months

• Significant benefit at 
12 months

• Persistent reduction 
in binary re-stenosis 
at 36 months

• Freedom from binary 
restenosis 48.8% 
with IVUS vs 34.7% 
using angiography 
alone (P=0.011)



Secondary Outcomes 36 Months

• No difference in 
cdTLR rates at
12 or 36 months



Use of IVUS Was Safe

Control group
(angiography)

(n=74)

Treatment Group
(IVUS and angiography) 

(n=76) p value

Death 18 (24.3%) 10 (13.2%) 0.077*

Myocardial infarction 21 (28.4%) 17 (22.4%) 0.405†

Stroke/TIA 4 (5.4%) 1 (1.3%) 0.206†

Major amputation 2 (2.7%) 3 (5.3%) 1.000†

Acute kidney failure 0 (0.0%) 1 (3.9%) 1.000†

Thrombolysis 0 (0.0%) 1 (1.3%) 1.000†

Re-admission 2 (2.7%) 1 (1.3%) 0.617†

Individuals with at least 1 MAE 30 (40.5%) 25 (32.9%) 0.397†

• No significant 
difference in MAE within 
36 months between 
treatment and control 
groups
§ 32.9% vs 40.5%, 
p=0.397



DCB = drug-coated balloon; POBA = plain old balloon angioplasty; cdTLR = clinically directed target lesion revascularization 

• Original publication IVUS availability significantly increased mean DCB 
size chosen
• At 36 months, higher freedom from binary restenosis in treatment 

group vs control group
– Treated with DCB

– 68.2% in IVUS treatment vs 31.8% without IVUS

– P=0.005

• No differences seen in patients with POBA or stents
• No difference observed in cdTLR between different treatment types

Subgroup Analysis Benefit in DCB Use



Conclusions

Published first prospective RCT evidence demonstrating benefit from IVUS in 
femoropopliteal interventions at 12 months

IVUS changes treatment 

Improves outcomes by reducing binary restenosis

IVUS guided accurate vessel sizing in DCB use



Conclusions: 36 Month Outcomes

Primary benefit seen with use of DCB technology 

IVUS provides greater understanding of the target vessel
in femoropopliteal segment 

Combined IVUS and angiography results in significant benefit
in freedom from binary restenosis 



Korean Data



Ko YG, et al. Eur Heart J. 2024;45(31):2839-2847.



Ko YG, et al. Eur Heart J. 2024;45(31):2839-2847.



Does IVUS Improve PP and Clinical 
Outcomes for Femoropopliteal Interventions 

with DCB
Compared to Angio Alone?



Design
• Multicenter
• Randomized SINGLE-blinded 

superiority trial
• Independent Clinical Event 

Adjudication Committee (CEAC)
– Masked to the assignments

• Funded by Medtronic and Korea 
United Pharm

– No involvement in design, data 
collection, analysis, etc.

• Rutherford 2-5
• Lesion length <150mm
• POBA 1mm less than planned 

DCB size
• Atherectomy for calcium was 

allowed





Summary

• IVUS has demonstrated consistent benefit for optimal interventions 
and outcomes in consensus and randomized control studies in both 
the U.S. and globally



Mary Costantino, MD, FSIR
Medical Director
Advanced Vascular Centers 
Portland, OR
Eugene, OR

Arterial Case Examples



Arterial: Why IVUS?

1. Reduce contrast, increase efficiency

2. Confirm intraluminal location

3. Stent landing/vessel sizing (veins>arteries)

4. Learn more about atherosclerosis



Case 1: Reduce Contrast, Increase Efficiency

• Negative ultrasound/CT ― the most important place to use IVUS?
• If you exclude disease, you never need to look at that leg again (or likely the other one…)

– CASE 1: 43y PPD (now ½ PPD)
– Admitted 12/10/24 with infected wound;

left AMA
– Right ABI: 0.6
– CT: Single vessel AT, inflow normal
– Presents 1/3/25 with gangrene, right

great toe
– Approach: Efficient     US:

§ 5Fr access
§ 0.014 to distal pop, IVUS, 0.035 cath to pop
§ Shoot tibials, intervene



Normal Inflow:
IVUS to confirm, efficient, contrast reduction

Step 1 – IVUS the inflow



Step 3 Step 4Step 2 Anterior tibial



IVUS with Predicted Normal Flow

• By going right to IVUS, disease to popliteal is excluded

• Quick; more diagnostic than angio

• Allows for evaluation of “character” of artery

• Already know what the contralateral leg will look like

• Utility debatable?



Case 2: Confirm Intraluminal Location

• 76y Female; no wounds, reports 
bilateral foot pain at night

• Told pain is due to bunion
• Patient is referred for

“pre-op” LEFT bunion surgery
• No palpable pulses
• No vascular surgical history





Pedal Acceleration Time (PAT)



RIGHT

Tricky origin



Crossing the CTO

• Bern + Benson/Glide
• Then Trailblazer, Navicross,

any x-cath
• 0.035>0.014

• Elevated disease
• Asahi CTO wire
• Maybe a 0.014 system
• Tibial access
• Chiba needle
• BeBack





• This means the wire was 
subintimal at one point; even 
more reason to use IVUS  
• I’ve never intervened without 

IVUS confirmation in a case 
like this
• If sub-I

– Short-segment, soft wall: Stent
– Long-segment, ca wall: Pull 

back and re-attempt





On Table Class 1 PAT



Bunion scar

Post-op bunionectomy; pain resolved



Case 3: IVUS Is Awesome
Contrast, confirmation, time on table, efficiency
– 90y, severe rest pain, wounds, gangrene
– Options: Palliative vs endo
– GFR >50, mild/moderate

dementia



Considerations
• Wire selection
• Tibial
• How can I make

her worse?

• Back-end glide
with straight
crossing pushed 
against nubbin

• Didn’t change to 
Bentson = 
subintimal



‒ Hubbed TrailBlazerTM, back end of glide
‒ Is the track subintimal already? If long segment, 

that’s hard to recover from in heavily ca arteries



‒ IVUS is key, in this 
case, to allow me to 
be sure I’m luminal as 
I balloon down

‒ Balloon can center 
wire

‒ Mark true lumen with 
screenshot, save on 
adjacent screen



IVUS Marks the Subintimal Location

Subintimal

True lumen



• Fun benefit: IVUS moves 
with the patient



IVUS after Crossing





Information from IVUS
• True lumen
• Calcified thrombus
• Soft vs hard atherosclerosis
• Beating thrombus at tail end – 

“emboli ready”
• Vessel size
• Assumption that calcium is “stronger” 

than non-calcified plaque, but we 
don’t know that



Summary

• IVUS for
– Contrast reduction
– Speed

§ Important with older patients
• Confirmation of intraluminal position
• Location of flap
• After confirmed CTO crossing, the work is basically done

• Need IVUS to be
– Fast
– Cost-effective
– Easy to turn on and manipulate
– Reliable



Thank You



Discussion: Arterial Disease,
IVUS Applications in the Arteries



Panel Discussion

Audience Q&A



THANK YOU
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