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Comparing among Japanese CLTI studies

OLIVE SPINACH J-BEAT

EVT BSX EVT EVT

Age, year 73.1±9.8 72±9 74±10 71 ± 10

Albumin, g/dL 3.7±0.5 3.5±0.6

DM 71% 73% 74% 71%

Dialysis 52% 51% 55% 64%

Heart failure 26% 15% 21%

CAD 46% 43% 40%

Tissue loss 88% 85% 88% 74%

Wound infection 15% 53% 36%

Isolated BTK lesions 42% 77% 75% 100%

1-year AFS 74±3% 52%@3-year 71±2%

CLI with isolated BTK is a surrogate marker for poor comorbidities.

Systemic Anatomical

Age + DM + ESRD

Circ Cardiovasc Interv. 2013;6:68-76. Circ Cardiovasc Interv. 2017;10. J Vasc Surg. 2013;57:974-981.
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How does frequency of isolated BTK disease
combine with significant BTA disease?

Baseline characteristics

Age: 71±10

BMI: 22±3

Nonambulatory: 38%

DM: 71%

Hemodialysis: 64%

Tissue loss: 74%

TASC D lesions: 90%

Lesion calcification: 65%

Below-the-ankle disease: 59%

Iida O, et al. J Vasc Surg. 2013;57:974-981.
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Quality of intervention impacts wound healing

Angiosome
Pedal Arch 

Angioplasty
Wound brush

Indigo carmine 
angiography

Vascular Flow 
Reserve (VFR)

Iida O. Kawarada O. Nakama T. Utsunomiya M. Higashimori A. Fukunaga M.

Direct flow by 
revascularization to 
angiosome-related 
artery is important.

Indirect flow by 
revascularization is 
good enough.

Adjunctive pedal arch 
angioplasty improved 
the 1-year rate of 
wound healing.

Wound blush is the most 
important endpoint to 
predict ulcer healing.

Indigo carmine angiography 
can be considered an 
important predictor for 
wound healing by EVT in 
patients with CLI.

VFR is useful in clinical risk 
stratification for patients 
with CLI after EVT.

J Vasc Surg. 2012
Circ. Cardiovasc Interv. 

2014
JACC: Cardiovasc Interv. 

2017
JACC: Cardiovasc Interv. 

2017
Catheter Cardiovasc Interv. 2018 Circ Cardiovasc Interv. 2015

Angiosome theory, pedal arch angioplasty, wound brush and indigo carmine angioplasty are reported as 
positive predictor for wound healing for the endovascular treatment of CLTI patients with tissue loss. 



Wound-directed Angiosome RevasculaRIzation apprOach to patients with cRitical limb iSchemia
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Prospective multicenter core laboratory adjudicated study



Objective

ÅThe WARRIORS study investigated whether classical angiosome-guided 

revascularization improve clinical outcomes in patients with chronic limb-

threatening ischemia (CLTI) presenting tissue loss.



Methods

Study design A prospective, multicenter (IC: 16 centers, VS: 14 centers), and corelabo-
adjudicated study (from October 2017 June  to June 2020)

Study subjects 440 CLTI patients with tissue loss undergoing revascularization (BSX [bypass 
surgery] using SVG: 139 patients, EVT [endovascular therapy]: 301 patients)

Evaluation of ischemic wound 
and infrapopliteal lesions 

Independent and blinded wound Core Lab and Angiographic Core Lab 
(ENDOCORE, Fukuoka, Japan)

Outcomes Primary endpoint: complete wound healing

-Inclusion criteria-
V Age≥ 20 years old written informed consent
V Rutherford 5 or 6 (ulcer or gangrene)
V Skin perfusion pressure <40mmHg
V Planned revascularization for infrapopliteal

lesions (BSX using SVG or EVT)

-Exclusion criteria-
V Rutherford 4 (rest pain)
V Inflammatory nonatherosclerotic etiologies
V Acute limb ischemia
V Unsalvageable limb
V Planned major amputation (above ankle)



Angiographic laboratory determined the successful 
revascuralized artery based on completion angiogram.
( A T A ) , ( P T A ) , ( P A )

Wound core laboratory determined the territory 
of ischemic wound based on angiosome concept.
( A T A ) , ( P T A ) , ( P A )

Methods

Classical angiosome-guided revascularization (+)

Core laboratory confirmed concordance of wound and IP vessel findings



Results

Primary endpoint: wound healing with or without original angiosome revascularization 



Clinical question based on result from primary outcome



An angiographically direct perfusion to the wound evaluated by completion angiogram was defined as 
“Personalized angiosome-directed revascularization”.

Personalized angiosome-guided revascularization



Original versus personalized angiosome (in-line flow to the wound) 
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personalized angiosome-guided revascularization yes or no HR of direct revascularization for wound healing

Results

Impact of personalized angiosome-guided revascularization on wound healing



Personalized angiosome-guided 
revascularization (novel)

No Yes

Angiosome-guided
revascularization

(classical)

No 46 (13%) 79 (23%)

Yes 63 (18%) 156 (45%)

Results

Concordance rate of angiosome-oriented revascularization and personalized angiosome-directed revascularization

In the Personalized angiosome-directed revascularization group, the incidence of wound healing 
was not significantly different between patients with and without “direct” revascularization; the 
incidence risk ratio was 1.19 (95% CI, 0.52 to 2.76; P = 0.68).



How to optimally treat below-the-ankle (BTA)? 

Specific wires for BTA recanalization

(A)

(C)

(B)

(C)

Major / Minor Axis:
1.95/1.77mm

EEM Area:
2.72

Major / Minor Axis
2.45/2.26mm

EEM Area
4.36

Major / Minor Axis
2.12/1.99mm

EEM Area
3.31

(A) (B)

BTA vessel diameter is always larger than we expect

Regalia XS (Asahi) (SUOH 03 Asahi)

1) Specific wires for crossing the below-the-ankle (BTA) lesion, 2) IVUS tells us an accurate vessel diameter

-Key tip and tricks for achieving technical and clinical success-



Wire crossing and angioplasty for BTA artery

Tip injection from
microcatheter

Wire crossing 
for pedal arch

Wire crossing for
lateral plantar artery

Angioplasty using
long balloon

Completion
angiogram

Approach: ipsilateral antegrade, Microcatheter: Corsair (Asahi), Wire: 1st step Regalia, 2nd step SUOH 03



The lateral plantar artery was dilated by 2.0mm semi-complaiant balloon catheter.

Courtesy of Dr. Masahiko Fujihara



The lateral plantar artery was dilated by 2.5mm semi-complaiant balloon catheter.

Courtesy of Dr. Masahiko Fujihara



Comparison of completion angiogram
after 2.0 vs. 2.5mm plain angioplasty for the lateral plantar artery

Post 2.0mm angioplasty angiogram Post 2.5mm angioplasty angiogram
Courtesy of Dr. Masahiko Fujihara



Global Vascular Guideline 2019
-Statement of Inframalleolar (IM) and  pedal artery disease-

P0 P1 P2

Limitations and future direction. 
The authors acknowledge the limitations of the available data in developing 
this initial version of GLASS. Severe calcification, particularly in the tibial 
arteries, is a negative predictor of technical success for intervention and 
signifies a higher risk for amputation. However, a simplified and validated 
scoring system for calcification that is associated with procedural outcomes 
is still lacking. At the same time, 
pedal artery disease appears to be increasing in both prevalence 
and importance, particularly in CLTI patients experiencing major 
tissue loss or infection (WIfI stage 4). Pedal interventions remain 
relatively uncommon, and data on outcomes are extremely 
limited. Patients with no IM revascularization target are placed 
in a high-risk subgroup, although they are assigned a simplified 
modifier (P2) in the current version of GLASS. In the future, it is 
anticipated that better data will allow a more sophisticated 
incorporation of calcification and pedal disease.
Other important issues, including the benefits of revascularizing multiple IP 
arteries, the relative quality of runoff distal to the revascularization and 
extending to the wound-related artery or angiosome, and the complex 
relationship between hemodynamic and clinical success, also require 
further study.

Infra-malleolar/Pedal descriptor

P0 Target artery crosses ankle into foot, with intact pedal arch

P1 Target artery crosses ankle into foot; absent or severely diseased pedal arch

P2 No target artery crossing ankle into foot

GVG  mentioned the lack of sufficient evidence for IM and pedal artery reconstruction in CLTI treatment. 

Conte MS, et al. J Vasc Surg 2019;69(Suppl):3S-125S.



Infra-malleolar (IM) grade 2 was an independent risk factor
for wound healing and MALE-free survival

GLASSS IM grade 2 would be a surrogate marker for wound, limb, and patient-oriented outcomes.

Study design: retrospective single center study
Subjects: 509 limbs with tissue loss in 357 patients due to isolated IP lesions who underwent angioplasty
Outcomes: wound healing, MALE-free survival

Toyoshima T, Iida O, et al Angiology. 2023;74:79-87.



Controversy of additional BTA angioplasty in CLTI patients

Adjunctive pedal artery angioplasty (PAA) significantly 
improved the 1-year rate of wound healing.

Patients with disease requiring intervention to BTA lesions 
have a potential increased amputation rate in the short term.

Design: retrospective multicenter trial from 
Japan (RENDEZVOUS registry )

Design: prospective multicenter trial from US 
(sub-analysis for the LIBERTY trial)

Metser G, et al.J Endovasc Ther. 2023;30:711-720.

Worsened patent  run-off vessels: 
12.8% in BTA group vs. 2.3% in BTK 
only (p=0.005)

Nakama T, et al. JACC Cardiovasc Interv. 2017;10:79-90.



A systematic review and meta-analysis of BTA angioplasty

-Limb salvage rate of additional BTA angioplasty compared to BTK angioplasty-

No statistically significant difference was found in limb salvage when additional BTA angioplasty was 
compared to BTK angioplasty only.

Huizing E, et al. J Vasc Interv Radiol. 2019;30:1361-1368.



Infection

General time course of occurrence, healing, recurrence, worsening, 
and amputation in the CLTI treatment

Minor tissue loss Wound healing Recurrence Worsening



Occasionally, aggressive BTA angioplasty can lead to re-occlusion (worsening compared to the initial state) 
during recurrence. In CLTI with minor ulcers, the benefit of aggressive intervention for the BTK and BTA lesions 
would be controversial.

AngioplastyInitial angiogram RecurrenceCompletion angiogram

Clinical question: factor associated with BTA worsening compared    
to initial statue during reintevention



Clinical outcomes of CLTI recurring BTA angioplasty

n=365

Age 72±10

Male, n (%) 244 (67)

Body mass index, kg/m2 21.6±3.6

Non-ambulatory, n (%) 157 (43)

DM, n (%) 244 (67)

Dialysis, n (%) 236 (65)

Coronary artery disease, n (%) 174 (48)

LV ejection fraction, % 60.2±13.1

Albumin level, g/dL 3.2±0.7

Ankle-brachial index 0.69±0.20

SPP, mmHg 27±17

Rutherford (5/6), % 74/26

WIfI stage (3/4), % 29/50

GLASS stage (1/2/3), % 12/24/64

GLASS IM (P0/P1/P2), % 26/46/28

Isolated BTK, n (%) 203 (56)

Study design: Retrospective single center study
Subjects: 365 CLTI with tissue loss recurring BTA angioplasty

modified from Ferraresi R, et al. J Cardiovasc Surg (Torino). 2018;59:655-664.



Baseline distribution of SAD score before revascularization

Score Angiography Definition

0
(none)

No or mild disease with a well-
represented network of forefoot and 
calcaneal arteries 23.0% (84/365)

1
(moderate)

Diffuse disease/stenosis with narrow 
but patent arch, metatarsal, digital, 
and calcaneal arteries 39.7% (145/365)

2
(severe)

Occlusion or extreme poverty of the 
arch, metatarsal, digital, and 
calcaneal arteries 37.3% (136/365)

modified from Ferraresi R, et al. J Endovasc Ther. 2021;28:194-207.



Comparison of BAD (tibial, peroneal) 
between initial and repeat intervention



Comparison of SAD score between initial and repeat intervention

p < 0.001 

1,18 1,44
0

1

2

Initial procedure Reintervention

Cases with
reintervention

(n = 171)



Unadjusted model Adjusted model

HR [95%CI] p value HR [95%CI] p value

Female 1.39 [0.76-2.53] 0.29

Age > 75 years 1.46 [0.79-2.69] 0.23

Body mass index < 18.5 kg/m² 2.11 [1.06-4.20] 0.033 1.45 [0.78-2.68] 0.23

Non-ambulatory status 2.08 [1.14-3.81] 0.018 1.53 [0.76-3.06] 0.24

Hemodialysis 0.97 [0.52-1.82] 0.92

WIfI clinical stage 4 1.35 [0.72-2.52] 0.35

Left ventricular ejection fraction < 50% 0.74 [0.31-1.76] 0.49

Serum alubimin < 3.0 g/dL 0.64 [0.27-1.53] 0.32

Bilateral calcification in BTA 1.23 [0.68-2.23] 0.50

"Treatment of the distal vessels in the foot 
region with a diameter ≤ 1.0 mm

3.14 [1.65-5.96] <0.001 2.80 [1.01-7.73] 0.047

(Balloon) - (vessel) diameter ≥ 1.0 mm 2.83 [1.52-5.26] 0.001 1.79 [0.67-4.75] 0.24

Hazard ratios (HR) are presented together with the 95% confidence intervals (CI). 

Predictors of SAD progression



Representative case

AngioplastyInitial RecurrenceCompletion



Angiographic worsening was occurred in CLTI patients 
undergoing inframalleolar angioplasty and reintervention
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Log rank test p = 0.035 

Amputation-free survival

6

Angiographic worsening (-)

Angiographic worsening (+)

A
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C

Initial angiogram Plain Angioplasty
Completion
angiogram

Follow-up angiogram 
at reintervention

Hata Y, Iida O, et al. work in progress.

month 0 6 12

Angiographic worsening (-)
at risk 87 78 68
%±SE 100 91.7±3.0 85.5±3.9

Angiographic worsening (+)
at risk 79 68 55
%±SE 100 87.1±3.8 77.3±4.9



Conclusions

ÅThe WARRIORS study revealed personalized angiosome-directed revascularization 

may improve wound healing rate.

ÅSpecialized devices and knowledge are mandatory for the EVT of below-the-ankle 

(BTA) lesions. 

ÅAdditional BTA angioplasty is still controversial because there are opposite study 

results. 

ÅIn some cases with the small BTA diameter, the BTA condition may worsen during 

recurrence after balloon angioplasty compared to the initial state.
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