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Talk Outline

• Virtual CLI Centers

• Center Requirements

• Quality Metrics

• Case Selection
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Virtual CLI Centers

• CLI expertise require particular set of 

skills

• CLI centers have to be proficient in 

evaluating CLI patients
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Virtual CLI Centers

• Access to evaluation: 24-72 hours policy

• Assessment to revascularization: 24 -48 

hours
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Virtual CLI Centers

• Non invasive testing:  ABI’s are not useful 

in evaluation of CLI patients



acvcenters.com

PERIPHERAL VASCULAR DISEASE

VOL. 29, NO. 5, MAY 2017 175

S
ymptomatic peripheral artery disease affects 15%-20% 

of older adults and is associated with a 4-fold increase 

in all-cause mortality risk and an 8-fold increase in car-

diovascular mortality risk.1 Peripheral artery disease may in-

sidiously progress to critical limb ischemia (CLI), defined as 

the presence of rest pain requiring analgesia and/or ischemic 

tissue loss.2 Prognosis following CLI diagnosis is grave, with 

1-year mortality and major amputation rates ranging from 

20%-50%.3-5 These statistics underscore the importance of 

early diagnosis and intervention to improve tissue perfusion, 

relieve pain, and promote wound healing.6-10 

The diagnosis of CLI is routinely based on clinical symp-

toms and confirmed by measurements of non-invasive limb 

hemodynamics such as ankle-brachial index (ABI), toe-bra-

chial index (TBI), and/or toe pressure (TP).11 Limb hemo-

dynamic measures are often used to confirm eligibility in 

CLI clinical trials where ABI £0.5, TBI £0.5, and/or TP <50 

mm Hg are required for enrollment.6,11-16 These measures are 

also used to quantify response to therapy in CLI clinical tri-

als where ABI or TBI increases >0.15 are taken as evidence 

of hemodynamic success.17,18 However, recent studies have 

shown that many CLI patients do not meet these diagnostic 

hemodynamic criteria.6,11,19 Furthermore, the association be-

tween changes in these hemodynamic parameters and clini-

cal outcomes following endovascular therapy is unclear. The 

purpose of this study was to assess the relationship of limb 

hemodynamics with response to infrapopliteal endovascular 

revascularization in patients with CLI. 

Methods

Patients. This is a prospective, single-center study of con-

secutive CLI patients who underwent infrapopliteal endovascu-

lar revascularization in the Peripheral RegIstry of Endovascu-

lar Clinical OutcoMEs (PRIME) registry. Institutional review 

board approval and patient consent were obtained prior to any 

procedures or data collection. Eligible patients were adults ³18 

years with symptomatic CLI (Rutherford class 4-6) and an-

giographically confirmed infrapopliteal disease that required 

endovascular revascularization. Patients underwent clinical ex-

amination and noninvasive limb hemodynamic measurements, 

including ABI, TBI, and TP prior to revascularization and with-

in 3 months post intervention on the affected limb. 
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Procedures. Hemodynamic measures were obtained af-

ter subjects rested supine for 5 minutes. Systolic pressures 

were measured in both arms (brachial artery) and at the 

dorsalis pedis and posterior tibial arteries using a MultiLab 

Series 2-CP (Unetixs Vascular) or Dopplex D900 Doppler 

waveform analyzer (Huntleigh). ABI was calculated as the 

ratio between the higher of the ankle pressures and the high-

er brachial pressure. Systolic TP was evaluated at the hallux 

using a MultiLab Series 2-CP (Unetixs Vascular) or Vista 

Doppler waveform analyzer (Wallach Surgical Devices) by 

photoplethysmography. TBI was calculated as the ratio be-

tween toe pressure and the higher brachial pr essure. 

Endovascular revascularization was attempted on all study 

subjects. Intervention included angiographic evaluation of ar-

terial stenosis of the infrainguinal and infrapopliteal arteries by 

physician estimate, prior to infrapopliteal intervention of the 

target lesions. Revascularization method was determined by 

the treating physician and included one or a combination of 

the following: atherectomy, percutaneous transluminal angio-

plasty, drug-coated balloon angioplasty, and/or bare-metal or 

drug-eluting stent placement.  Angiography was performed to 

assess procedure success post revascularization. 

Outcomes and definitions. Procedure success following 

revascularization was defined as stenosis £30% determined 

by physician visual estimate. Hemodynamic success was defined 

as an increase >0.15 in ABI or TBI relative to baseline fol-

lowing endovascular therapy. Freedom from amputation was 

defined as no major (above the ankle) or minor (below the 

ankle) amputation during follow-up. Clinical success was de-

fined as a decrease of at least one Rutherford class during 

follow-up. Treatment success was a composite endpoint that 

comprised procedure success, freedom from amputation, and 

clinical improvement. 

Data analysis. Continuous data were reported as mean 

and standard deviation or median and interquartile range, 

Table 1. Baseline pa t ient  characterist ics.

Variable n = 100

Demographics

   Age (years) 75 ± 10

   Male sex 67 (67%)

   Body mass index (kg/ m2) 29 ± 5

Medical history

   Dyslipidemia 92 (92%)

   Hypertension 89 (89%)

   Diabetes 68 (68%)

   Smoking history 61 (61%)

   Coronary artery disease 46 (46%)

   Coronary artery bypass graf 23 (23%)

   Congest ive heart  failure 21 (21%)

   Myocardial infarct ion 15 (15%)

   Cerebrovascular disease 12 (12%)

   Dialysis 3 (3%)

Chronic kidney disease stage

   1 7 (7%)

   2 40 (40%)

   3 44 (44%)

   4 7 (7%)

   5 2 (2%)

Rutherford class

   4 42 (42%)

   5 53 (53%)

   6 5 (5%)

Blood chemist ry

   Creat inine (mg/ dL) 1.1 (0.9-1.5)

   GFR (mL/ min/ 1.73 m 2) 59 (44-76)

   Hemoglobin (g/ dL) 12.4 ± 1.9

Diameter stenosis

   100% 28 (28%)

   70%-99% 23 (23%)

   <70% 49 (49%)

Limb hemodynamics

   Ankle-brachial index 0.90 (0.73-1.16)

   Toe-brachial index 0.39 (0.24-0.57)

   Toe pressure (mm Hg) 54 (32-85)

Data provided as mean ±  standard deviat ion, number (%), or median 

(interquartile range). 

GFR = glomerular filtration rate.

FIGURE 1. Relat ionship of ankle-brachial index (ABI) and toe-bra-

chial index (TBI) prior to endovascular therapy in pat ients with 

crit ical limb ischemia. 
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- ABI’s remain a poor tool to evaluate 
CLI Patients
- Depending on ABI’s may delay care 
For patients who require immediate 
attention
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HyperView™ – Visible Light Hyperspectral Imaging 

(VL-HSI) 
• Visible light hyperspectral imaging (VL-

HSI)

• Quantifies approximate levels of OxyHb, 

DeoxyHb and O2Sat in superficial tissue 

• No patient contact, no contrast, no 

ionizing radiation

• Point and shoot convenience

• Outputs DICOM files and PDF reports

• Image capture < 0.6 seconds

• Correlates to TCPO2 in published 

literature

https://www.sciencedirect.com/science/article/pii/S089050961200057X  
http://www.jvascsurg.org/article/S0741-5214(17)30930-8/abstract 
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• Hemoglobin imaged with visible light

• OxyHb and DeoxyHb absorb light 

differently

• Visible light (versus near infrared) limits 

depth of penetration to capillary bed

• No veins or arteries shown in image

• Avoids signal from arteries and veins in 

deeper tissue where O2 Sat is different

Visible Light Hyperspectral Imaging (VL-HSI) Overview

Visible Light HSI
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Clinical Relevance of VL-HSI

• Image contains OxyHb, DeoxyHb and O2Sat data at each pixel

• Areas of ischemia can be identified leading to understanding of tissue 

viability

• Areas of tissue re-generation show elevated Oxy and Deoxy levels vs. 

adjacent normal tissue. while O2Sat remains similar in new and old tissue

• Note pre-debridement area shows little to no Oxy and Deoxy values

Oxy Deoxy O2Sat Visible

Note Line of 

Demarcation 

Between New and 

Old Tissue

Note Pre-

Debridement 

Callus Area

1

Images shown from HyperView Clinical Testing1
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• Features

– O2Sat values

– No OxyHb or DeoxyHb measurement

– Contact probe heats skin

– Oximetry at 1 point per contact probe

– Slow, i.e. 45 minutes

– Not easily used for screening due to 

complexity and time requirements

VL-HSI Correlates to TcPO2

Transcutaneous Oximetry (TcPO2)

1. https://www.sciencedirect.com/science/article/pii/S08905096120005
7X

2. http://www.jvascsurg.org/article/S0741-5214(17)30930-8/abstract

https://www.sciencedirect.com/science/article/pii/S089050961200057X
http://www.jvascsurg.org/article/S0741-5214(17)30930-8/abstract
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Oxy

Visualize Arterial Delivery

Deoxy

Visualize Venous Return

O2Sat

Visualize Vascular Exchange

Visual

Photographic Reconstruction

Filter Placement

Foot/Metatarsal/Right/Plantar

DISCUSSION

PRE IMAGE
• Aortogram with bilateral runoff with 

catheter place in suprarenal and infrarenal 
position. 

• Selective angiography of the right lower ext 
with the catheter placed in the right SFA. 

• Successful deployment of embolic 
protection device spider filter at the 
trifurcation of the tibial vessels.

• Self expanding stent placement at the 
popliteal artery.

• Aspiration artherectomy with Jetstream 
device of the right SFA and popliteal 
arteries followed by balloon angioplasty. 

OxyHb:                     78

DeoxyHb: 42

O2Sat: 65%

Analysis Area: 78 

mm²

Second Area:

User:            admin

Date:            11/14/2018

Time:           06:49:05 AM

Temp:          22.8°C / 73.0°F Saab et al
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Oxy

Visualize Arterial Delivery

Deoxy

Visualize Venous Return

O2Sat

Visualize Vascular Exchange

Visual

Photographic Reconstruction

DISCUSSION

POST IMAGE #1

OxyHb:                     19

DeoxyHb: 64

O2Sat: 23%

Analysis Area: 71 

mm²

Second Area:

User:            admin

Date:            11/14/2018

Time:           09:59:17 AM

Temp:          22.2°C / 72.1°F Saab et al
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Oxy

Visualize Arterial Delivery

Deoxy

Visualize Venous Return

O2Sat

Visualize Vascular Exchange

Visual

Photographic Reconstruction

DISCUSSION

FOLLOW UP IMAGE/ 2 weeks

Patient has undergone RLE 
endovascular interventions with 
excellent flow to the right foot. 
However, the ischemic right great toe 
has now progressed to gangrene.
TMA was preformed.

OxyHb:                     98

DeoxyHb: 69

O2Sat: 59%

Analysis Area: 78 

mm²

Second Area:

User:            admin

Date:            11/19/2018

Time:           09:48:10 AM

Temp:          31.2°C / 88.1°F Saab et al
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Virtual CLI Centers

• Patients Follow up and assessment

• Two way communication

• Identify team members that understand 

and compliment what you do
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Clinical Presentation

• 75 year old presented 

with RF class VI and 

rest pain of the left 

lower extremity



acvcenters.com

AV Reversal
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Complex Wound Care

7 days 30 days 2 years
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Center Requirements

• Staff Requirements

• Equipment Requirements

• Revascularization Modalities
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1. Scrub Tech

2. Interventional 

US Tech

3.   Physician

4. Sedation RN

5. Circulator

6. Fellow

7. Documentation 

1
6 24

7

5
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Interventional US Tech

Extra Vascular Ultrasound (EVUS) 

1. Arterial Access

2. CTO Crossing

3. Complication Evaluation

4. Closure Management
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Antegrade 

Access
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CTO 

Crossing
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Assisted TAMI
• 69 Year old male with Aortic-Bifem Bypass

• Rest pain bilaterally, RF class IV

• Diastolic heart failure with EF 60%

• DM, CKD and HTN

• ABI 0.3 R, 0.5 on the L

• Radial approach is limited secondary to device length
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- Low profile Antegrade Sheath (3 

French)

- Type II CTO that would require 

antegrade and retrograde access

- Need to cross the antegrade CTO 

cap
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Acute 

Occlusion of 

the PT
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Aspire Retrograde 

Thrombectomy
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Quality Metrics

• Track patient presentation

• Intra Procedural Outcomes

• Post Procedural Outcomes

• Wound Management and Amputation Free 
Survival
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Patient Demographics
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Intra Procedural
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Complications
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Case Selection

• 69 year old male that presented with RF 

class 5 and rest pain

• Risk factors: HTN, DM, CKD stage III
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Primary Endpoints

SAFETY
Freedom from Major Adverse Limb Events 

(MALE) & All-Cause Perioperative Death (POD) 

at 30 Days

★ Amputation (above ankle) 

★ Major re-intervention

• New bypass graft

• Jump/Interposition graft revision

• Thrombectomy/Thrombolysis

EFFICACY
Composite of Limb Salvage and Primary 
Patency at 6 Months

★ Defined as freedom from the composite of 
above ankle amputation, target vessel 
occlusion, and clinically-driven target 
lesion re-intervention.
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Primary Endpoints (30-Day Safety*)

DCB
N=287
% (n/N) 

PTA
N=155
% (n/N)

Difference in 
Response
% (95% CI)

P-Value

Free from Primary Safety Event at 30 Days
99.3%

(283/285)

99.4%

(154/155)

-0.1%

(-3.9%, 3.8%)

<.0001

*Freedom at 30 days from TVR, major index limb amputation, and device and all cause death.
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Primary Endpoints (6 Month Efficacy*)

DCB
N=287

PTA
N=155

Difference in 
Response

(95% CI)

P-Value

Free from Primary Efficacy Failure at 6 Months
73.7% 

(196/266)

63.5%

(87/137)

10.2%

(-0.2%, 18.7%)

0.0273

*Freedom at 6 months from major index limb amputation, target lesion occlusion and TLR.
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Count Information at Visit Day
Survival Difference

Group

Time 

Point Survival %1

Cumulative

Subjects

with Events

Cumulative

Subjects

Censored

Subjects 

Left2

Difference

(95% CI)3 P-value3

DCB Day 1

Day 30

Day 180

100.0% 

97.7% 

85.3% 

0

7

41

24

24

51

299

292

231

2.0% (-1.4, 5.8%)           

14.6% (5.6, 23.9%)

0.137    

<.0014

PTA Day 1

Day 30

Day 180

100.0% 

95.6% 

70.7% 

0

7

42

21

24

45

163

153

97

1 Kaplan-Meier estimate of proportion of subjects without a composite failure event at the visit day
2 Subjects ongoing without an event at the visit day
3 95% CI for difference and p-value for one-sided test that DCB response is less than or equal to Standard 

PTA response obtained from Kaplan-Meier estimates and standard error estimates from Greenwood's method
4 Statistically significant

Primary 
Endpoints
(KM 6 Month Efficacy)

∆ 14.6%
p = <0.001
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Oxy

Visualize Arterial Delivery

Deoxy

Visualize Venous Return

O2Sat

Visualize Vascular Exchange

Visual

Photographic Reconstruction

DISCUSSION
PRE IMAGE

OxyHb:                     47

DeoxyHb: 48

O2Sat: 49%

Analysis Area: 78 

mm²

Second Area:

User:            admin

Date:            02/12/2019

Time:           10:36:09 AM

Temp:          23.8°C / 74.9°F
CONFIDENTIAL
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Oxy

Visualize Arterial Delivery

Deoxy

Visualize Venous Return

O2Sat

Visualize Vascular Exchange

Visual

Photographic Reconstruction

DISCUSSION
POST IMAGE #1

OxyHb:                     44

DeoxyHb: 54

O2Sat: 45%

Analysis Area: 78 

mm²

Second Area:

User:            admin

Date:            02/12/2019

Time:           02:04:18 PM

Temp:          27.2°C / 81.0°F
CONFIDENTIAL
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Oxy

Visualize Arterial Delivery

Deoxy

Visualize Venous Return

O2Sat

Visualize Vascular Exchange

Visual

Photographic Reconstruction

DISCUSSION
FOLLOW UP IMAGE 33 DAYS POST OP- LEFT

OxyHb:                     35

DeoxyHb: 74

O2Sat: 32%

Analysis Area: 78 

mm²

Second Area:

User:            admin

Date:            03/15/2019

Time:           10:09:36 AM

Temp:          26.0°C / 78.7°F
CONFIDENTIAL
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Conclusion

• Building a CLI center requires incorporating 
multiple departments beyond 
revascularization

• We believe that building an out patient CLI 
Centers affords the health care system the 
ability to focus on what matters
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