WO 2024/036071 PCT/US2023/071546

vessal

treatment

15

catheter sheath

20

controlier /&

10
ablation system

FIG. 1

1/73



WO 2024/036071

PCT/US2023/071546
freatment site
50
\V treatment
e segment
miia 55 wire media
i A 30
\ { N
P -\J k-"' < C;_I k-"' o :;J k-“' o ::.I .C:S' o C:;J k--“' < :-—':J .\_ < :;J 4 CS' o
,00 Q,oom . OQ C s R . O . . Q,.o
- % = —adventitia = " o - ? S
X s o SR

[

<2
<

[ o]
QO. sonnnid

ms o " o - - o ~ Ny
0o N0, 0’ 0 Dol 0o " 8o 04
o 0(::;3 o2 @ 0%0 (\(20 I N -
=2 o 0 X o = 2 To - fadventitia® To e~ T T
— DB~ QD o~ 7 D o~ T D~ T D oAy Y D R B .
= - o jl s » [l - @ fw] - @ [ s 8 > > < 2
(o . PO S PSR PSP S . % ey O
F2 a7 072707007 07 %% 0% 0T e T LT AT
media iy

FIG. 2

2/73



WO 2024/036071

PCT/US2023/071546

e "

O g <«
ntitia - - *
) ots °

O“O

3/73



WO 2024/036071 PCT/US2023/071546

ablation system
10

syringe

catheter
15

N J

sheath

controller

o

30
wire

FIG. 4A

4/73



PCT/US2023/071546

WO 2024/036071

ablation system

S\

See FIGS. BA-5C
& 7-8C

controlier

PR

FIG. 4B

5/73



WO 2024/036071 PCT/US2023/071546

distal
controiler end
controller 504
20 actuator
\ 508b
proximal e
controller end P S .3,5;;«»:.:,; o)

actuator

FIG. 5A

6/73



WO 2024/036071

proximal controlier
controller end 20
502

PCT/US2023/071546
tuator distal

aClUa0r  ~antrolier end
5086b

506a

508
aciuator display
FIG. 58
proximal
controller end controlier
502 20

N

504

distal

controller end

actuator
5060

N
'

)\\, /

5083
actuator

FIG. 5C

7/73

504

/
=



WO 2024/036071 PCT/US2023/071546

ablation system

10
power
supply actuator
606 6808 motor  wire

L 610 30

<<<<<<< N

804 40

\ 602 inflation sheath
tuchy
20 slot
controller
FIG. BA
power
supply actuator abﬂaiao?ﬁsystem
606 808 maotor

610 \ wire

\ a
[—\;————_E 30
\mg A

N

40
804
\ inflation sheath
20 fuohy
controlier

FIG. 6B

8/73



WO 2024/036071 PCT/US2023/071546

controller

proximal
body end
708

syringe ‘
60~

tfitting |

ANS—— S\,
710 first direction
distal body end

FIG. 7

9/73



WO 2024/036071

PCT/US2023/071546
controller
20
proximal
body end
806
| tfitting body
804 802
A\
| \\Q‘:\{:\\_
\Q:\\:-E_::‘:\ 7/
S ~w;§=-w--,--i
\\\
S N
*\\7\\\\\\}“_‘ S
810 \
first direction “ 808
distal body
end

FIG. 8

10/73



WO 2024/036071 PCT/US2023/071546

light
emitting
diode (LED) SIS
912 1 1 syringe
actuator :!3,:}/" 60
914 i

L body
7 wﬂi t-fitting 802

’/} 910 \

206 =
proximal pull tab T u
body end RS S =

916 908
first direction distal body
end

FIG. 9A

11/73



WO 2024/036071 PCT/US2023/071546
i syringe body
proximal e 60 902
body end A / distal body
906 i“i - end
HT i-fitting 908
204 V/'
i E
A
916
first direction
FIG. 9B
proximal distal
body end light emitting pull tap  tfitting bady end
808

906 diode (LED) gy 904

{"’ | : B
914 4

actuator 910
pull tab
918
first direction
FiG. 8C

12/73

body



WO 2024/036071 PCT/US2023/071546

catheter X

Ly controlier

1002
sterile pack

FIG. 10

13/73



WO 2024/036071 PCT/US2023/071546

catheter
15

expandable
foot
1102

controller

/»«2@

1104
torque knob

FIG. 11

14/73



WO 2024/036071

proximal
wire end
1202

PCT/US2023/071546
wire
30
distal
aperture \ wire end

FIGS. 13A, 13B, & 13C
— aperiure
1206

— ceniral
12068 FIGS. 13A, 13B, & 13C axis
aperiure

FIG. 12A

15/73



WO 2024/036071 PCT/US2023/071546

wire distal
proximal 30 aperture wire end
wire end \ 1206 504
1202

FIGS. 13A, 13B & 13C
—

weighted tip

1206 s central axis
aperture FIGS. 13A, 13B & 13C

FIG. 128

16/73



WO 2024/036071 PCT/US2023/071546

distal
proximal wire wire end
wire end 30 1204
1202 \\ FIGS. 13A, 138 & 13C
\\«
weighted tip
1208
central axis

sheath >
FIGS. 13A, 13B & 13C

FIG. 12C

17/73



WO 2024/036071 PCT/US2023/071546

wire
30
circular cross-
\ sectional profile

1302

FIG. 13A

“"gg‘a flat bar cross-
sectional profile

\ ;@4

FIG. 13B

wire
30

triangular cross-
sectional profile

1306

FIG. 13C

18/73



WO 2024/036071 PCT/US2023/071546

proximal wire
wire end 30 distal
1202 wire end

\\ 1204

- 1208

1210 central

weighted axis
tip

FIG. 14

19/73



WO 2024/036071 PCT/US2023/071546

wire
30
proximal \ _
wire end giistaﬂ
1202 wire end

1204

O N

1210 1208
o 1504 weighted central
thick ( ] o
thin tip
diameter

diameter

FIG. 15

20/73



WO 2024/036071 PCT/US2023/071546

wire
30 .
triangular
\ sinusoidal
proximal profile distal
wire end 1602 triangular wire end
1202 \\ peak 1204

1604 /

4 1208
1_21 0 central
weighted axis

tip

FIG. 16

21/73



WO 2024/036071 PCT/US2023/071546

proximal distal
wire end wire end
1202 1904

stranded 1_21 0
tip

FIG. 17

22/73



WO 2024/036071 PCT/US2023/071546

proximal wire

helical hollow
strand

distal
wire end

helical hollow
strand

1210

FIG. 18 e

23/73



WO 2024/036071

PCT/US2023/071546
proximal wire
end
1202
. &
Wi - W,
g i @ Q distal
E % 2 wire end
2. 8 E 1204
- 2
)
1902 W
spring-like vﬁ@f{w{
construction
121C
weighted
tip
FIG. 19

24/73



WO 2024/036071 PCT/US2023/071546

proximal wire
end
1202

2002 1210

cage-like weighted
construction tip

FIG. 20

25/73



WO 2024/036071 PCT/US2023/071546

proximal wire
end

1202 distal wire end

7

~ 1208
1210 central axis
weighted
tip

FIG. 21

26/73



WO 2024/036071 PCT/US2023/071546

proximal wire

end distal wire end
1202 1204

N “

1210

weighted
fip
FIG. 22A
proximal wire
fzﬁgdz distal wire end

1204

1210

FEG 228 weighted
tip
proximal wire
end , ‘
1202 distal wire end

1204

A

1210
weighted
tip

FiG. 22C

27/73



WO 2024/036071 PCT/US2023/071546

proximal
wire end
1202 distal wire end

1204
\\ e ‘/ FIG. 238 €

e 1210 FIG. 238 <«—

weighted
tip
FIG. 23A
sinusoidal
C) crossing profile
/ 2302
()
oo’}

FIG. 238

28/73



PCT/US2023/071546

WO 2024/036071
proximal
wire end
1202
\ distal wire end
1204 FiG. 248 =

1210 FIG. 24B <
weighted

tip

FIG. 24A

spring-like
crossing profile

~ 2402

FIG. 24B

29/73



WO 2024/036071 PCT/US2023/071546

proximai
wire end
1202

FIG. 25B

1204
distal wire /

end

1210

weighted
FIG. 25A gp FIG. 258\

e \ 2502
E ( ) ] three-dimensional

N A crossing profile

Nnmnnnnsd’

FIG. 25B

30/73



WO 2024/036071 PCT/US2023/071546

proximal

feature proximal wire
2602 end distal wire end

\ 1202 1204
\ wire \\

1210
weighted
tip

40
sheath

FIG. 26A

31/73



WO 2024/036071 PCT/US2023/071546

proximal
feature proximal wire u ‘
2602 end distal wire end

\\ 1202 1204
I —— k§ wire K\\y

\\ 2606

40
sheath offset weighted
balloon tip

1210

FIG. 268

32/73



WO 2024/036071 PCT/US2023/071546

proximal  proximal distal wire
feature  wire end end
2802 1202 1204

NN XY

1210

208 weighted
cage tip

FIG. 26C

33/73



WO 2024/036071 PCT/US2023/071546

. distal wire
i?é?r?:i proximal end
56 32 wire end 1204

1202 wire
\ / 30

1210

2610 Weigi;ted
grooved
solid

FIG. 26D

34/73



WO 2024/036071 PCT/US2023/071546

proximal proximail ;diSiaE )
i feature wire en
wire end oy

2802
1202 wire
\ / 30

1210
2619 weighted tip
impelier

FIG. 26E

35/73



WO 2024/036071

PCT/US2023/071546
proximal proximail ;diSiaE
wire end feature wire end
1202 2802 1204

NI

1210

2614 weighted tip
sponge-like
solid

FIG. 26F

36/73



WO 2024/036071

proximal
feature

2602

40
sheath

PCT/US2023/071546

proximal gggtag
wire end wire end
1204

1202 wire
\ 30

1210

2614 weighted tip
sponge-like
solid

FIG. 26G

37/73



WO 2024/036071 PCT/US2023/071546

_‘ proximal distal wire
proximal wire end end
feature 1202 1204

2802
sheath \ /
40 \, wire

2616 1210

sinusoidal weighted
urge tip

FIG. 26H

38/73



WO 2024/036071 PCT/US2023/071546

distal
wire end
proximal 1204
wire end _ single blade
1202 Wire impelier

30 2704

g

2702 \
distal fesiure 121 0
weighted tip

FIG. 27A

39/73



WO 2024/036071

PCT/US2023/071546

proximal

wire end distal

distal ;
; wire end
1202 wire feature 1204

\\ 30 2702 /

N

1210
weighted tip

FIG. 278

40/73



WO 2024/036071 PCT/US2023/071546

proximal ' distal wire
wire end distal end
1202 feature 1204

wire 2702
\ 30 \

1210
weighted

2708 tip

grooved solid

FIG. 27C

41/73



WO 2024/036071 PCT/US2023/071546

proximal distal
wire end feature g
istal
1202 wire 2702 wire end

\\ 30 \\ 1204

1210
weighted tip

2710
impeller

FIG. 27D

42/73



WO 2024/036071 PCT/US2023/071546

i distal
roximal ‘
Ezfire end feature fiisﬁai
1202 2702 wire end
wire 1204
N N\ /
/7 1210
2719 weighted tip
sponge-like
solid

FIG. 27E

43/73



WO 2024/036071

proximal
wire end
1202

\

FIG. 28A

44/73

PCT/US2023/071546

distal
wire end

1204
7\

2802

hemispherical
tip



WO 2024/036071 PCT/US2023/071546

proximal

wire end §53t23 .
1202 wire en

1204

2804
offset
weighted tip

FIG. 28B

45/73



WO 2024/036071 PCT/US2023/071546

proximal it
vt wire end
1202 e

o

2806
batloon tip

FIG. 28C

46/73



WO 2024/036071 PCT/US2023/071546

proximal distal
wire end wire end
1202 supplementary 1904

wire wire
\ 2902 30 /

1210
weighted tip

FIG. 29A

47/73



WO 2024/036071 PCT/US2023/071546

proximal distal
wire end wire end
1202 1204

heated wire wire
\ 2904 30 /

1210
weighied
tip

FIG. 29B

48/73



WO 2024/036071

PCT/US2023/071546

proximal distal wire
wire end end
1202 porous surface 1904
geometry /

1210
weighted
tip

FIG. 29C

49/73



WO 2024/036071 PCT/US2023/071546

distal
proximal additional wire end
wire end geometry 1204
1202 30022 wire /
{
1210
weighted

tip

FIG. 30A

50/73



WO 2024/036071 PCT/US2023/071546

. additional distal
roximal Ista
\i’ire end gi%igéegy wire end
1502 | wie 1204

/

1210
weighted

tip

FIG. 30B

51/73



WO 2024/036071

proximal additional
i geometry
szé? ‘ 3002¢

FIG. 30C

52/73

PCT/US2023/071546

distal
wire end

1204
{Q
1210

weighted
tip



WO 2024/036071 PCT/US2023/071546

additional
proximal g%%%?;;ry distal wire
wire end and
1202 1204
{
1210
weighted
fip

FIG. 30D

53/73



WO 2024/036071 PCT/US2023/071546

jusr hub
3102

/

luer

FIG. 31

54/73



WO 2024/036071 PCT/US2023/071546

donut (L0 |-
3202 " ¥ wire
N\ 30
L
-~ warning
= track
e -~ 3206
Rl
distance -
marking =
3204 =
\40
sheath
3204“‘/ »

distance
marking

FIG. 32

55/73



WO 2024/036071

PCT/US2023/071546

3302

power
supply

actuator

light
emitling
dicde (LED)

3310
f

resistor

fimit switch

N

3304

3308

mator

N

3308

FIG. 33

56/73



WO 2024/036071 PCT/US2023/071546

3400
Provide a sclerotherapy device /

Determine a treatment site in the vasculature of the /3402
patient

Treat the treatment site by extending the wire into /34G4
the blood vessel and allowing i fo expand

/34(}6
Reposition the sheath {0 a new treatment site
3408
Treat at least one other treatment site /
3410
Image the treatment site with ultrasound f

Provide sclerosant {0 the freatment site through the f3412
sheath

FIG. 34

57/73



WO 2024/036071

PCT/US2023/071546

Use a controlier

3500
/

insert a syringe into a T-fitting along a
second direction perpendicular o a first
diraction

3502
/

Direct the catheterto atreatment arsa of a
patient

3504
/.f

FIG. 35

58/73



WO 2024/036071

PCT/US2023/071546

Slide a T-fitting from a distal body end
toward g proximal body end

Retract a sheath about the wire

Expose a distal wire end

FIG. 36

59/73



WO 2024/036071 PCT/US2023/071546

Slide a T-fitting from a proximal body end fﬁmﬁ
1o a distal body end

37062
Extend a sheath about the wire f

3704
Capture a distal wire end //

FIG. 37

60/73



WO 2024/036071

PCT/US2023/071546

Rotate a syringe and a luer

3800
/

Provide torque

to the catheter

3802
f

Control a direction of travel of the distal

catheter end

| ~3804

FIG. 38

61/73



WO 2024/036071

PCT/US2023/071546

Press a button

3800
/

Power on

the motor

3902
f

Press th

& button

3804
/

Power off

the motor

3806
_//“

FIG. 39

62/73



WO 2024/036071

PCT/US2023/071546

Depress a plunger of a syringe

4000
//‘"

Release a fluid through the catheter

4002
/

FIG. 40

63/73



WO 2024/036071

PCT/US2023/071546

Insert a catheter info a vascular system
of a patient

4100
/

Move the catheter {0 a first freatment
segment

4102
ve

Actuate a motor and rotate at least a
portion of the catheter

4104
/

Abrade the first treatment segment for
a predetermined amount of time

Move the catheter {0 & second
treatment segment

4108
v

Abrade the second treatment segment
for the predetermined amount of time

4110
/"

FIG. 41

64/73



WO 2024/036071

PCT/US2023/071546

indicate that the predetermined
amount of time has passed

Retract at least a portion of the sheath
from the wire

Expose the d

istal wire end

Extend the shesth about the wire

At least partially enciose the
distal wire end

FIG

.42

65/73



WO 2024/036071

PCT/US2023/071546

Allow electricity to flow from a power
supply to a motor

Rotate the wire

Prevent electricity to flow from the
power supply 1o the motor

Terminate a rotation of the wire

FIG. 43

66/73



WO 2024/036071 PCT/US2023/071546

Maintain a longitudinal position of the 4400
catheter with respect to the first /
freatment segment

Move the catheter out of the patient a

distance approximately equal to a J/’MO?

length from the first distance marking to
the second distance marking

indicate that an end of a workable 4404
treatment length of the catheter has f
been reached

FIG. 44

67/73



WO 2024/036071

PCT/US2023/071546

Inject a drug at the first treatment
segment

Terminate an injection of the drug prior
to moving the cathster to the second
treatment segment

Inject the drug at the second treatment
segment

Remove the catheter from the vascular
system of the patient

Terminate the injection of the drug prior
to removing the catheter from the
vascular system of the patient

FIG. 45

68/73



WO 2024/036071

PCT/US2023/071546

Removably couple a sheath to a body
of a controfler

4600
f

Remove the sheath from the body

4602
/

Direct the sheath to a treatment area of
a patient

FIG. 46

69/73



WO 2024/036071

PCT/US2023/071546

Retract a sheath about a wire

Expose a distal wire end

Allow a molor to rotate

Extend the sheath about the wire

At least partially enclose the disial wire
end

4708
e

Prevent the motor from rotating

4710
f

FIG. 47

70/73



WO 2024/036071

PCT/US2023/071546

Change a ratio of rotation between a
motor and a catheter

Expand an expandabie foot

Stabilize a body of a controller

FIG. 48

71/73



WO 2024/036071

PCT/US2023/071546

Remove a catheter from a sterile pack

Direct the catheter to a treatment site
of a patient

Operate a controller from within the
sterile pack

Place the catheter through a slit in the
sterile pack

FIG. 49

72/73



WO 2024/036071

PCT/US2023/071546

Detachably couple a catheterto a
controlier

Detach a sheath from the controller

Sterilize the sheath separately from the
controlier

5008

Dispose of the sheath

N

5008

Deatach g wire from the controller

N

Sterilize the wire separately from the
controlier

5010
/f

Dispose of the wire

5012
v

FIG. 50

73/73



