
Understanding 
Endovascular 
Intervention to 
Enhance Lower 
Extremity 
Preservation



Desmond Bell, DPM, CWS
First Coast Cardiovascular Institute

Jacksonville, Florida

Faculty



Faculty Disclosures

Dr. Bell has disclosed no relevant financial relationships with 
any commercial interests.

3



Learning Objectives

1) Comprehend the differences between traditional 
vascular surgery and endovascular procedures to 
enhance lower extremity perfusion 

2) Examine various devices and techniques utilized in 
endovascular procedures

3) Integrate knowledge base to enhance communication 
between specialties (Podiatry and vascular 
specialists) that will facilitate care of patients with 
lower extremity wounds that may be exacerbated by 
significant peripheral arterial disease or critical limb 
ischemia.



Subtitle

Disclaimer

• Brand names are included in this presentation for participant 
clarification/informational purposes only. No product promotion 
should be inferred.



--Yazan Khatib, MD



Epidemiology of Chronic Leg 
Wounds

• CLU affects 0.6%–3% of people age 60 years and over, 
increasing to more than 5% of people age 80 years and over

• CLU is a common cause of morbidity, and its prevalence in 
the community ranges from 1.9% to 13.1% 

• It is thought that the incidence of ulceration is rising as a result 
of an aging population and increased risk factors for 
atherosclerotic occlusion, such as smoking, obesity, and 
diabetes

• In the course of a lifetime, almost 10% of the population will 
develop a chronic wound, with a wound-related mortality rate 
of 2.5%

CLU = chronic leg ulcer
Agale SV. Ulcers. 2013;(Volume 2013):Article ID 413604, 9 pages. Rayner R, et al. Wound Practice & 
Research. 2009;17(4):168-185. Chatterjee SS. Indian J Plast Surg. 2012;45(2):266-274.



• Approximately 65000-75000 
major amputations (including 
above the knee and below the 
knee) are performed annually 
for CLI

• Within 5 years, approximately 
70% of CLI patients die  

• These procedures cost $11 
billion annually, with 
Medicare and Medicaid 
paying nearly 80% of the bill

Economic Burden of Chronic Leg 
Wounds
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CLI = critical limb ischemia
THE SAGE GROUP [website]. http://thesagegroup.us/pages/news/amp-2014.php. Accessed 
July 6, 2017.



• Patients with severe lower 
extremity complications who 
only saw a podiatrist 
experienced a lower risk of 
amputation compared with 
patients who did not see a 
podiatrist

• A multidisciplinary team 
approach that includes 
podiatrists most effectively 
prevents complications from 
diabetes and reduces risk 
of amputation

Duke University Study

Sloan FA, et al. Health Serv Res. 2010;45(6 pt 1):1740-1762. 9



The Amputation Lottery

• Allie and others have determined that at least 50% of 
lower extremity amputations are performed in the US 
as a first-line intervention and without prior vascular 
testing

• The SAGE GROUP further validated the adverse 
economic impact that amputation has on the US 
healthcare system

• The SAGE GROUP also found that minor amputees 
experience adverse events at the same rate as major 
amputees (re-amputation and cardiovascular death)

Allie DE. Presented at: New Cardiovascular Horizons CLI Summit; 2006; Miami, Florida. Allie DE. Podiatry Today. 
2007;20(7):44-54. Allie DE, et al. EuroIntervention. 2005;1(1):75-84. 
Goodney PP, et al. Circ Cardiovasc Qual Outcomes. 2012;5(1):94-102. THE SAGE GROUP {website]. 
http://thesagegroup.us/pages/news/amp-2014.php. Accessed July 6, 2017.



• Decision to amputate is 
often based on subjective 
opinion rather than on 
objective findings

• Third World medicine is 
practiced here in the US 
where amputation is 
concerned!

The Amputation Lottery
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Anatomy Review

Human-Anatomy101 [website]. http://human-anatomy101.com/leg-anatomy-arteries/leg-anatomy-
arteries-arteries-of-the-leg-diagram-human-anatomy-diagram-2. Accessed July 19, 2017. 



Anatomy Review



In the High-Risk Population, This Is No 
Longer Adequate!

Reminder: 
Absent pulses can be an indicator of 
no flow… 
but palpable pulses are never an 
indicator of sufficient flow

Rogers L. Podiatry Management. 2013;8:123-126.



Wound Healing Society Guidelines 
for Vascular Assessment

• Guideline #1.1: Clinically 
significant arterial disease 
should be ruled out (Level I)

• Guideline #4.1: Examination of 
the patient as a whole is 
important to evaluate and 
correct causes of tissue 
damage. This includes factors 
such as: (A) systemic diseases 
& medications, (B) nutrition, 
and (C) tissue perfusion & 
oxygenation (Level I) 

Risk Status: Age, sex, ethnicity, 
tobacco use, diabetes, BMI, HTN, 
and previous coronary, stroke, or 
leg event

Clinical Foot Exam: Condition of 
distal hair growth, skin texture and 
color as well as changes in skin 
color with elevation and 
dependence,  temperature of skin, 
femoral/popliteal/pedal pulses

NIVT Exams: ABI, PVR, SPP, 
TcPO2

BMI = body mass index; HTN = hypertension; NIVT = non-invasive vascular testing; ABI = ankle brachial index; PVR = pulse 
volume recording; SPP = skin perfusion pressure; TcPO2 = transcutaneous oximetry test.
Wound Healing Society. http://woundheal.org/Documents/final_pocket_guide_treatment.aspx. Accessed July 6, 2017.



Pedal Artery Calcification Is Common in 
Long-Term Diabetes and Dialysis Patients

Angioplasty, Various Techniques and Challenges in Treatment of Congenital 
and Acquired Vascular Stenoses. InTech; 2012.



• Taylor and Palmer introduced 
the concept of angiosomes

• Conceptually analogous to 
neurological dermatomes, 
angiosomes provide a vascular 
mapping of the body, showing 
anatomical regions between the 
skin and bones that are 
supplied by specific arteries and 
veins

• Angiosome-based 
revascularization is the concept 
in which the target artery for 
reperfusion is the one 
associated with the ischemic 
angiosome

• This direct revascularization 
approach is associated with 
higher limb salvage rates than 
indirect revascularization, in 
which a nonangiosome vessel 
is the target

Angiosome Concept

Bell D. Podiatry Today. 2012;25(3). Taylor GI, et al. Br J Plast Surg.
1987;40(2):113-141. Singh K. Podiatry Today. 2012;25(suppl 2):S4-S7.



Angiosome Concept 

ATA = anterior tibial artery; PTA = posterior tibial artery; PA = peroneal artery.



Angiosome Concept

• In independent retrospective analyses, Neville, Iida, 
and other researchers found that utilizing targeted, 
direct angiosome revascularization resulted in 
significantly fewer amputations

• These authors noted this also led to a higher 
amputation-free survival rate in comparison to non-
angiosome-guided indirect revascularization

Bell D. Podiatry Today. 2012;25(3). Singh K. Podiatry Today. 2012;25(suppl 2):S4-S7. Neville RF, et al. Ann 
Vasc Surg. 2009;23(3):367-373. Iida O, et al. J Vasc Surg. 2012;55(2):363-370.



Angiosome Concept



Appearance of Wounds Should Take a 
Back Seat to Protocol-Driven Patient Exam

Typical Case
• Elderly patient referred to practice 

with diagnosed “pressure” ulcer
• Diminished but palpable pulses

• ABI = 1.1
• SPP <30 mm Hg
• Proceed to debridement? 

NO! 
Classic case of medial 

calcification



Adhere to Evidence-Based Guidelines

• Use evidence-based guidelines 
to document risks

- Diabetes

- Kidney disease; focus on 
hypertension

- Tobacco use

• Think vascular first!

- “Is this occlusion of the 
peroneal artery?” vs “Is this a 
pressure ulcer?”

- Use angiosome guidance to 
focus on tissue perfusion



Vascular Testing



• Compares pressures in the
brachial arteries to lower extremity 
pressures in the posterior tibial and 
dorsalis pedis arteries as 
measured with Doppler ultrasound

• The ratio between these pressures 
is the ABI

• Non-compressible vessels give 
false readings

• Variation between those 
administering test

Ankle Brachial Index

National Heart, Lung, and Blood Institute [website]. 
https://commons.wikimedia.org/wiki/File:Pad_abi.jpg. Accessed July 19, 2017.



Pulse Volume Recording

• Test at specific levels (toe, foot, ankle, and calf) using 
pressure cuffs

• Measures blood volume changes in the limb, which are 
converted to a “waveform”

• Auto-calibration feature improves repeatability and 
reliability



Pulse Volume Recording

How it Works

• Utilizes air volume 
plethysmography to evaluate 
changes in arterial blood volume 
during each cardiac cycle (pulse)

• Highest quality PVR results use 
“calibrated cuff” method

• Indicator of level and severity of 
disease

• Qualitative assessment 

• Can be performed at multiple levels 
(toe, transmetatarsal, calf, and 
thigh)

• Provides additional information to 
findings from other NIVT exams

04-00207-46-09 Rev. 01
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Interpreting the PVR Waveform

Contour of the waveform is 
indicative of disease 
absence, presence, and 
severity

PVR is performed bilaterally 
in order to determine the 
severity of disease, and for 
future comparison

04-00207-46-09 Rev. 01

Normal

Mild PAD

Severe PAD

PAD = peripheral artery disease



Skin Perfusion Pressure (SPP)

How it Works
• Laser Doppler light penetrates

skin to the capillary level 
and hits moving blood cells

• Laser light is returned, collected, 
and transmitted to the instrument

• Automated cuffs occlude blood flow to 
measurement site for a pre-determined 
time before permitting a controlled 
release

• SPP is calculated by capturing onset 
of capillary flow return and 
determining the cuff pressure at which 
that occurred (reactive hyperemia)

Light from the 
laser interacting 
with moving 
blood cells is 
referred to as 
“Doppler shifted”

Photo and illustration courtesy 
SensiLase PAD-IQ Väsamed Inc 04-
00207-46-09 Rev. 01



Interpreting Skin Perfusion Pressure

Ino K, et al. Ann Vasc Dis. 2013;6(1):39-45. Hatakeyama S, et al. Int J Neph. 2012; doi:10.1155/2012/385274.

SPP > 50 mm Hg    
Adequate Perfusion

SPP 30 to 50 mm Hg  
Vascular Referral 

for PAD

SPP < 30 mm Hg         
Immediate Vascular              

Referral for CLI



• Non-invasive
• Visualization of lesion

• Quantify lesion
• Calcified vessels may limit 

quality of image
• User dependent

Duplex Arterial Ultrasound



• Angiogram (digital 
subtraction) has long been 
considered the gold 
standard when evaluating 
PAD and CLI

Angiography, CTA, and MRA

CTA = computed tomography angiography; MRA = magnetic resonance angiography.



Angiography, CTA, and MRA

Magnetic Resonance Angiography

X-ray House [website]. www.xrayhouseanand.com/ctscan.php. Accessed September 22, 2017.



Angiography, CTA, and MRA



Angiography, CTA, and MRA

Characteristic

Advantages

Disadvantages

Duplex 
Ultrasound

Noninvasive, can be 
used to visualize 
and quantitate 
severity of lesion

Operator-dependent, 
imaging limited by 
dense calcification

Digital-Subtraction 
Angiography

Gold standard, high 
resolution, can be 
used to guide 
intervention

Invasive, ionizing 
radiation and 
iodinated contrast 
material used, two-
dimensional

Magnetic Resonance 
Angiography

Noninvasive, no 
radiation or iodinated 
contrast material used, 
three dimensional

Lower spatial 
resolution than with 
computed tomographic 
angiography, 
contraindicated if 
patient has 
claustrophobia, image 
artifact if stent present

Computed 
Tomographic 
Angiography

Noninvasive, higher 
spatial resolution than 
with magnetic 
resonance angiography, 
three-dimensional

Ionizing radiation (25% 
of dose with digital-
subtraction 
angiography) and 
iodinated contrast 
material used, imaging 
limited by dense 
calcification



• PAD
• CLI

• CTO (chronic total 
occlusion)

• Inflow disease
• Outflow disease
• PTA (percutaneous 

transluminal angioplasty
• Atherectomy

• MAC (medial arterial 
calcification)

• EVAR (endovascular 
revascularization)

• Antegrade approach
• Retrograde approach
• Stent

• DES (drug-eluting stent)
• Rutherford-Becker 

Classification

Common Acronyms and Terminology



0. Asymptomatic
1. Mild claudication

2. Moderate claudication
3. Severe claudication

4. Ischemic rest pain
5. Minor tissue loss (eg, 
nonhealing ulcer, focal 
gangrene)
6. Major tissue loss (eg, above 
transmetatarsal level)

Rutherford-Becker Categorization of PAD

Dormandy JA, et al. J Vasc Surg. 2000;31(1 pt 2):S1-S296.



Capital Equipment Required for 
Operation

Orbital 
Atherectomy

Excimer
Laser

Directional 
Atherectomy

Rotational
Aspirational
Atherectomy

Yes

No

Phoenix
Atherectomy



Orbital 
Atherectomy

Excimer
Laser

Directional 
Atherectomy

Rotational 
Aspirational 
Atherectomy

Soft Plaque

+++ ++ ++

+++ +++ +++

++++++

++++++

+++ +++ +++ ++---

ISR Mild Ca Moderate Ca Severe Ca

+++

+++ +++ +++ +++ +++ ++

--- ++ +/- +++ +++ +++

++

NA--- +++ +++ ++ ++

+++

+++ most effective--- least effective or contraindicatedCa = calcification
Thrombus

ISR = in-stent 
restinosis

Effectiveness of Atherectomy Devices on Different 
Plaque Compositions and Thrombus



Endovascular Bypass Is on the Horizon

GW = guide wire
LimFlow. www.limflow.com/technology/procedure-overview. Accessed July 6, 2017.



LimFlow. www.limflow.com/technology/procedure-overview. Accessed July 6, 2017. 



Initial Encounter

March 16, 2015



Initial Encounter





3 out of 4 Recommended 
Lower Extremity Amputation



Two Days Post 
Successful Endovascular Intervention



Transmetatarsal Amputation Performed



Demarcation of Ischemic Tissue 



Eschar Demarcating



Post Debridement of Eschar in Clinic



Diligent Wound Care Including
Five Applications of Skin Substitute



Patient without Pain, Ambulating

February 18, 2016



Two Years Later



Teamwork

The Drywall Guy and the Plumber



Thank You


