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Femoro-Popliteal Artery Biomechanics
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Lansky A. Angiographic Analysis of Strut Fracture in the SIROCCO Trial. TCT2004



Blood Vessel Anatomy: Coronary vs. Peripheral Artery

Coronary artery Peripheral artery
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Gender-specific age-related changes of the degree
of atherosclerosis in various vascular beds
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Atherosclerosis in the large arteries was semi-quantitatively scored on a scale of 0-8 according to the ratio of the
atheroma-occupied area to the entire surface area: negligible (0 point, ratio = 0-1/20), minimal (2 points, 1/20-1/6),

mild (4 points, 1/6—1/3), moderate (6 points, 1/3—2/3), and severe (8 points, 2/3—1) where as for coronary arteries it
was based on stenosis.

Sawabe M, et al. Atherosclerosis 2006:186:374-379



Atherosclerotic Lesions from Human Femoral Arterles
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Atherosclerotic Lesions from Human Femoral Arteries
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Atherosclerotic Lesions from Human Peripheral Arteries

(Below the knee: Posterior tibial artery)
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Features of Femoropopliteal and Tibial Plaques from Patients with
Claudication Retrieved by SilverHawk
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(%)

60
55%

Ca Adv Thr

NC=necrotic core ; Ca=calcification;
Adv=adventitia; Thr=thrombus

LT 9
> N B
“‘t" T . 7 R
= -, \. o A e e o'. " .
o At Pt .
¢ . - o - Ly -M“‘&: N &
- ¢ A ",):" N '\-?‘.’f‘-‘ v """-*é;
- \ : Ny e AW :
= ) I = e AP e’ WL 2 = . - o E
n = 2t - ‘ o o s b :'- eg R §. . e .' e é v -, ,\:
b 0 N\ LAl £ i .<.-‘,6ﬁ,, Gt o - L AN ;A%
S . et ™ ) 0 |
% KL S04 N W %-_}1?' . k e R S
J [ = tly - : - . R Sy 2
e S‘ . > “‘,')_» -&s “.‘ A ™
S IR ; A enTind 0 v A s
- A 200 pr TR RS e L0 Y ey - )
. e et . Rt~ il Gt = iy
2 .K_' P> . A
% ;
41 0 . g < o | iy g 5L
N Coré:: amv: v
o ecrotic Core“. _}- amy: M
- U Y AN 6. H
37% § S RO A ¥
! SRS RO ". » - '~.f N RRY . wa LSRR
R A AR RS 8 S i SR, TP
2 (1) N | ’~\_'\ '1 ", A . e ! 1 - .-",l. o
o - \ § F g " RV < g " Q' " N SN
5 . /) B ‘f\_ ) s ~ AN g
< = 1\ - 4 VS DL . i A >y
5. % L 2 , N Wy TOF CH Y :
g 4 N/ - \ : b B S O e g
p y J ‘N R\ ‘.‘ “‘z <
P 4 2L377 | ‘ Y - . ) - ¢ A
o . _}.‘ ‘:-\ -... [ 3 3 ] A ...~. | ., =
N 1AW 1} - o F200 m S avo =
-7 INAE \R \ 7 A- ._ S 100 :
= } ' ' 5 3 - s i > :’_ 7 " ,:_-'k_('"lvr /.." -"W::"
i AdA ~ TN B
- | € ) I ALY S . K ' !,# / - e .\?’r,“. \,’j
2y A " .'.._ >t o e " -
< % S { Sl - .
. Y 'y < 3 - ‘)
- » L4 - ol o 0 . U - ~ . - 2
.."- - ; \ SRy P A vl J . : ¥ o 743 - :‘-. e =
. A ’ ¥ i~2F i . & - & g -.,_-:
" ..‘ J s X AL A Sbe S L e e . e
J b s 2 W) > 2R oM ’ LA B Lo 2
T g 2 MY N y oz =Y - 77 28 g
. ' i e . ; b of e
> - ot ™ Y
. » A
.




Differences Between Carotid and Femoral plaques

AHA Classification
] V (fibroatheroma [FA])

¥

=1 V (FA with fibrosis)

B Vi (Fibrocalcific)

- VIl (Fibrocalcific
w/o lipid core)

¥

2

.+

AHA type distribution (%)

carotid plaques femoral plaques

Calcium (mg/g plaque)

carotid plaques femoral plaques
(n=27) (n=23)

A = micronodular diffuse calcification; B = numerous stratified sheets of calcification with multinodular edges; C = clear
center calcification consisting of calcici rim sorrounding some clear content; D = osteoid metaplasia.
Herisson F et al. Atherosclerosis 2011,;216:348-54




Peripheral vascular disease: who gets it and why?

58 patients (33 men [57%] and 25 females [43%]), age 43 to 95 years (mean
68.7+12.5 years), who underwent a lower extremity amputation (33 [57%] below
knee and the rest 25 [43%] above knee) over a 2 year period (Jan 2002 to Dec
2003). 50% had extensive non-healing ulcers and 71% had gangrene, which was
more frequent in diabetics (n=34) versus non-diabetics (n=8, p=0.0032).

Luminal Narrowing Medial Calcification

294 ¥ 1-25% ¥ 1-25%

B, 1 26-50% 379% % 1 26-50%
48% ¥ 51-75% ¥ 51-75%
1 76-100% 199 1 76-100%

The presence of medial calcification and concomitant atherosclerosis was observed
in 168 (77%) of the 218 arterial segments with atherosclerotic plaqgues. However, the
extent of atherosclerosis did not correlate with the extent of medial calcification.

Soor GS, et al. Pathology 2008,40:385-391



Extent of Atherosclerosis and Medial Calcification in Critical
Limb Ischemia patients undergoing amputation
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Ossification was found in
19% of the arteries.
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Soor GS, et al. Pathology 2008;40:385-391



Stent fracture and Restenosis

in SFA and popliteal arteries

g

Scheinert, D et al, JACC 2005

Primary Patency

Fracture (+)
N=22

Fracture (-) N=71

Patency at 12 months
41.1 % vs. 84.3%

Fracture rate (%)

100

80

60

40

91% nitinol stent
Mean;13.6 months

10/11)

Exercise habit (+
(walk >5000 steps / day)

Exercise habit (=)

lida, O et al, AJC 2006
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RESILIENT Randomized Trial: Freedom from TLR
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0% | P P < 0.0001 P < 0.0001 P < 0.0001 P < 0.0001
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Barry T. Katzen, MD. TCT 2012

Total lesion length 60.7£37.6 mm,
4.1% reference diameter 4.8£0.9 mm,

Stent Fracture Rate

3.1%

0.3% Nitinol stent (Medtronic)
LLimplanted in SFA and Popliteal

John R. Laird J End ther 2012; 19:1-9
6 months 12 months 18 months ohn R. Laird J Endovasc ther



Freedom from loss of patency in
Supera Stent (SAKE Study)

N O Ste nt fra Ct u re Month 0-3 months 3-6 months 6-9 months 9-12 months 12-months
N at Risk 98 98 95 86 71
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Options for Improving Outcomes for
Patients with Peripheral Artery Disease

* Drug coated Stents (Zilver PTX)

* Drug Coated Balloons
* Bioabsorable Scaffold ??



4-Year Freedom from TLR
Zilver PTX vs. Standard Care — Drug Effect

Zilver PTX
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45% reduction in reintervention rate due to the drug

Michael D. Dake, MD. TCT 2013



Drug Eluting Balloon Technologies

Name of
company

Aachen Resonance
GmbH

Abbott Vascular
B Braun

Bayer

Cook Group, Inc.
Spectronectics
DSM Biomedical

EuroCor

Invatec Roncadelle

Invatec Roncadelle

Lutonix,
Kaneka Corp

Medrad/Possis
Medical

Name of device

Elutax

Undisclosed
SeQuent Please
Paccocath

Advance® 18PTX®
Stellarex
undisclosed
DIOR®

IN.PACT™
Amphirion/Admiral/Pacific

IN.PACT™ Falcon

Lutonix 035™
Undisclosed

Cotavance™

Status

Available in Europe

In development
Available in Europe
Available in Europe

Trials — for peripheral use
Available in Europe

In development

Available in Europe

Available in Europe and U.S.A -

peripheral use

Available in Europe—- coronary
use only

Available in Europe and U.S.A
In development

In development for peripheral
use

In.Pact Amphirion

ELUTAX

.

Sequent Please




Drug deliver of DEB

~ PTXonly PTX + lopromide (SeQuent) Gaas®
Tissue Concentration Blood Concentration
(ng/mg (ng/mL)
3000 - 4000 -
5min 30min 1 hr 3hrs 24 hrs
3000 - 33467 110 62 24 04
2000 -
7128 7.6 5.1 34 1.8
} 2000 -
1000 - [
ﬁ J J R "R R A
O | | | 0 . | | | | |
1 hr 24 hrs 72 hrs 5min 30min 1hr 3hrs 24hrs

Non-atherosclerotic Rabbit Iliac Model — 28 days
POBA PTX only PTX+lopromide




Vascular Response to DEB

At 28-days following treatment in Rabbit lliac model

. POBA - PTX only -PTX + lopromide (SeQuent)

(%) %Stenosis (mm) Neoint THK Media SMC Loss
P=0.037 P=0.055 . P=0.044

35 ~ 0.1 -

30 -

i 0.075 -
20 -
0.05 -
15 -

&Y 0.025 -

5 4

0 -

Fibrin/Platelets Intima-Media Inf Endothelial Loss
1.6 P=039 1.6 - P=052 1.6 - P=OO3O

1.2 4 1.2 - 1.2 -

0.8 - 0.8 - 0.8 -

0.4 - 0.4 - 0.4 -




Dose-dependent Changes in lliofemoral Arteries
Following SeQuent DEB treatment at 14 days

Controls 1X Inflation 4X Inflations 6X Inflations

-




IN.PACT™ Pharmacokinetics
Porcine llio-Femoral DEB PK: Arterial Tissue
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Late lumen loss at 6 months

DCB in SFA — Clinical trials

DEB in SFA Evidence: Proof-of-Concept
7 Trials / 6 DEB Technologies; 6-month LLL (Primary Endpoint)

PACCOCATH ADVANCE PTX
PTX 3pgr/mm? + Ultravist PTX 3ugr/mm?
PASSEO 18 LUX NO Excipient
5<0.001 LUTONIX PTX 3ugr/mm?
<
I—]' PTX 2pgr/mm? + BTHC
170 + Polysorbate
' & Sorbitol IN.PACT p=0.12 cvi
-0016 PTX 3pgr/mm? o PTX/ 1
|p—[ + Urea p=0.033 i Excipient (?)

1,09 0=0.001

lesion length (cm)

-0,01
THUNDER [1] FEMPAC [2] LEVANT I [3] PACIFIER[4] BIOLUXP-1[5] ADVANCE PTX [6] CVI [7]

mDEB 1 Control @% Occlusions —Lesion Length

[1] G.Tepe et al. - NEJM 2008; [2] M.Werk et al. - Circulation 2008; [3] D.Scheinert - TCT 2012 oral presentation; [4] M.Werk et al. - Circulation CI
2012; [5] D.Scheinert — EuroPCR 2012 oral presentation; [6] D.Scheinert — LINC 2013 oral presentation; [7] S.Duda — EuroPCR 2013 oral
presentation

Thomas Zeller MD. TCT 2014
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Bioresorbable Scaffold Status Update

Bioresorbable scaffold,
Manufacture

Target Vessel

Strut Material

Drug Coating
Material

Drug

Radiopacity

Strut
Thickness

(rm)

Duration of
radial
support

Time to
Resorption

Current status

Igaki-Tamai
(Kyoto Medical)

SFA/Coronary

PLLA

None

None

Gold
markers

170

6 mo

2-3 yrs

CE approved (PAD)

STANZA v1.0
(480 Biomedical)

SFA

PLGA

None

None

Platinum
markers

150

3 mo

12-15 mo

FIM Initiated
(STANCE)

STANZA v1.1
(480 Biomedical)

SFA

PLGA

None

None

Platinum
markers

175

6 mo

12- 15 mo

FIM Initiated
(STANCE)

STANZA DRS
(480 Biomedical)

SFA

PLGA

PCL

Paclitaxel

Platinum
markers

175

6 mo

12-15 mo

FIM Initiated (SPRINT)

Esprit
(Abbott Vascular)

SFA

PLLA

PDLLA

Everolimus

Platinum
markers

157°?

6 mo?

2-3 yrs

FIM Initiated

BVS 1.0
(Abbott Vascular)

Coronary

PLLA

PDLLA

Everolimus

Platinum
markers

157

Weeks

2-3 yrs

FIM completed

Absorb BVS 1.1
(Abbott Vascular)

Coronary/SFA

PLLA

PDLLA

Everolimus

Platinum
markers

157

6 mos

2-3 yrs

CE approved

AMS-1.0
(Biotronik)

Coronary

Mg

None

None

None

165

Days or
weeks

<4 mo

FIM completed

AMS-3.0
(Biotronik)

Coronary

Mg

None

Paclitaxel

None

125

Weeks

>4 mo

FIM (BIOSOLVE-1
completed)

AMS-4.0
(Biotronik)

Coronary

Mg

PLLA

Sirolimus

Metalic
markers

N/A

N/A

N/A

Used in BIOSOLVE-1

REVA
(Reva Medical)

Coronary

Poly-tyrosine-
polycarbonate
polymer

None

None

Scaffold
itself

200

3-6 mo

>4 yrs

FIM completed

ReZolve
(Reva Medical)

Coronary

Poly-tyrosine-
polycarbonate
polymer

None

Sirolimus

Scaffold
itself

114-228

>4 yrs

FIM planned in 2013

DESolve
(Elixir Medical)

Coronary

PLLA

PLLA

Mvolimus

Metalic
markers

150

<2 yrs

FIM completed

Ideal BioStent
(Xenongenics)

Coronary

Polymer
salicylate+linker

Salicylate

Sirolimus

None

175

>12 mo

FIM completed

ART 18Z (Arterial Remodeling

Technologies

Coronary

PDLLA

None

None

None

170

18 mo

FIM Initiated

Xinsorb
(Huaan Biotechnology)

Coronary

PLLA+PCL+PLGA

None

Sirolimus

Metalic
markers

160

N/A

Preclinical underway




Suffolk Cross-bred sheep




Advantages of Biodegradable Scaffold

It should be possible to restore natural vessel
structure and function after the scaffold
breaks down and resorbs?

What late events might be avoided?
— Neoatherosclerosis?

— Late catch up in DES?

— Late strut malapposition?

— Chronic inflammatory reaction?

— Fractures?



TLR and Restenosis in Igaki-Tamai Stent
(The GAIA Study)

TLR :57.1%
O Rate of TLR (%) Restenosis: 67.9%
at 1 year

@ Binary restenosis (%)
46.4% 60.7%

25.0% 39.3%

6.9% 6.9%

Il B
1

|
|
|
|

Figure 3. Graphic Display of the Binary Restenosis Rate and the
Rate of TLR

Shown are the rates at 1, 6, 9, and 12 months. TLR = target lesion
revascularization.

Werner M, et al. JACC:Cardiovascular interventions, Vol.7, No.3, 2014



Unique Demands of the Femoral Artery

will require Unique Interventions!

Conclusions:

Because of unique demands of the femoral
/popliteal artery i.e., must have the ability to
withstand flexion, extension, compression and torsion,
long lesion stenting of arteries is an unlikely solution.

Thus far DES have only shown only partial success

May be the future is likely more bright with DCB, but
prolapse and dissections is a problem (spot stenting).

Bioresorbable technology although attractive may
not be feasible for the femoral/popliteal disease
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