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slantable medical device

Technical field

The present inventicn generally concerns implantable
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intended for stimulation of excitabile tissuse
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Neurostinulation elsctrodes rvely on anchoring
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in ciosse proximity of the excitable fisgue of interest
Th siinical ffect relies on a coastant distance

&
2twesn the elecutrade and the tissue Lo bhe stimulated

Trends in the neurcostimulation market polnt towards

miniaturization of implantable neurostimulation devices

L

using minimally invasive surgleal procedures. Ideally,

implantation should be done in the doctor's office
without the use of general anesthetics and x-ray
guidance. The aurgieal procedure should be optimized to
reduge tissug trauma, infection risk, and cost. Correct
placement of the electrode is typically confirmed using

arget excitable tissus

correct placew

o
the patient’s perception of the stimuli.

Normally, permanant neurcestimulation electrodes  are

mechanically anchored in  tissue  using

alectrode elenents such as tines, bristles, bharbs, or

threads, USBL3673¢ from Medbironic shows an ewample of

)}

~
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h tissue anchoring means. However,
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& an implantaticn tract that is large enough to

comprise the protruding elaments leading to increased
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A e oy i feny L. 5 -
Summary. of the invention

Tt is an ghidect of exbodiments of the present inventicon

SNty N Ay A ooy 3 Fatra /e vin A i B e Y A -~ YAy vy
5 o provide an implantable device which in a bether way

5
disadvantagss.

he invention to provide a

t
10 systen for electrical stimulation of nerves featuring

antable parts which in & better way adapts to the

human or animal body for the reasons menticoned abova.

rave  shown that providing implantable
15 devices that in & better way adapts o the human or

animal body c<can be achieved 1if the ingrowth of the

implantabls device can e ascelsrat
fixation of the implanted electrode in the animal or
human tissue. DHiferent phyvsical surface topographiss

N

2 can  accelerate the nucleation and growth and theveby

o
—

he number of adherent c¢ells and can

s
cherafors ffect adhesion of both neural and none-

thersfors a
neuranal LYas

5 The bilological response o an implant cag Lo some
extent be controlled through protein ceating of the
material uging, e.g9. fibronectin or collagen. Howeve
the effect may onily be tenmporary angd 3mla:01v
regulrementg for combination products {device and drug)

3 are higher doe te the increased risk for local ox

gsystemic adverse reacitiong. Thig intrcduces increased

costs for the manufacturey.

The pregent invention is based on topographical surface

traatmant of  the surface of the eglectrode using

microghructures that  promots cell adhasion. The

-
=3

phvsical micro patterning of involved implant parts
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iz used Lo provide t@pographia astimuli

obtaining good cell adhesion., This can be

mathods o lmprove surface wettability by e.g. plasma

treatment . In an amnbodiment, indentations in ¢

5 body can furtheyr improve tissue anchoring.

The technology is based on
mieropatiern from the mould no t
alternatively by hot swbossing the microgatibern ingo

s <

the part. The nmicrostructures can be applied toe the
e

j ]

foet

surface of injection noulding  tools

of polymer surfaces during mass

permanent strugty
. . . . s
..... woductlon. The 2asy-raelease DTORerTies ot tha

micrgrt. orurad mould can be further improved by using
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devic g runreangad for CRYonIT

should accordingly be produced of

hiocompatible materials. Praferved naterials ATE

20 ceramics, metals or polymers depending on the spec

i
lationy
ok

implantable device. For neursstinu

uga O
devioes, it owill

hiomaterials sgunh

Tm, < eney
i

)\r‘
KAl L,

low surface ensrgy and hydrophobic nature of the

a7l Py S Y . TN . o, . - LN
scommonly usad biocomgatible polyners for madical
N T o~ v % o ¥ - L O P -
IWMPLants, such 28 POME, inhioat adhasion.

34 Topographical patterning of the polymer with or without

. 2 g N T - P ey N e v N
alcal surface modifications such as reactive ion

e - -, - - [ ) 3= - T o LG
atching {e.g. plasma oxidation) changes the biecloglcoal

aspoense and permits coeil adhesion due to  improved

wettability.

(8]
83

The implantable device is adagted for implantation in

human or animal body and can be adagpted egpscially
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and rands

less

H>ody 1

less than 2% mm. To reduce the risk of rotation, the
electrode body can have an arbitrary roundsd polygon

16 with plan which alsc facilitatss the
spplication of microstrmactures. The diameter of the
2laectrode body is larger than the lead wire. When the

lated in

noehoring

It ig appreciated that implantable device can be
part of a system for ical stimuiation of nerves.
could be the c¢ags the implantable device ig a

pulsge gen|vaLoy, a or an electrode. Furthey
20 inplantable devices like tines, winge, bristies, barbs
or threads {tissue anchors) if needed for mechanically
securing the device in tissue, can be equipged with the
advantagenus feature for sscuring & fast ingrowth in
riggue.
25
The stimulation electrode comprisss at  laagi  one
alectrode contact comprising at  least one  of  the
feilowing metalg: Pr, Ix, Ta, Ti or alloyvs hereof. The
alectrode cont 1 further be ggoatsed Lo

~ N

S increasa the surtace area

R

IxQ,, Pu, Zr¥. A coabing comprising
ef  the folliowing doped or non-doped
natarials: naneeryatalline diamond,

35 carbon, or glassy carborn will improve
chemical perfermance and bilogcompatibiliby.
laver comgrising carbon-baged materials
can ke applied directly to the nmetalill

ayear cne Lol < S

adding &
TiN_,
x

alectro

fo xR A O T
Lng coating

- "
menibionad

el

%48

Lo e

Nus O

trode
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K

20

\
y
N

substrate or as a laver on top of ancother thin film

coating layer,

Corvect placement of the stimulation electroeds is vital

for obtaining the dagivred clinical outooma.
Commearcially  avallable medical leads are Lypically
implanted uging seldinger techrniogue gimilar o that of

u}_ Lante W LI ST LA I ¥ ww«g.\AAl.L.LILl o AL L Lol LAAR . WL
installing & central vencous line. It 1is a mulbistep
procedure with several components sucdh as oncentyric

guide wires, dilators and introducers. The

P

=~
g
5
¢
¥
bt
o
0
©Q

-
o~
Yoie
m

nerve to be stimulate lecated using the concentrd
neaedle and & guide wire is put in plag e gulde an

.

introeducer that will dilate the

madlica lead Can then fal) and rast

stimuliation can be uged to coniirm correct placemer

Tha

2 presaent invention facilitates a simgle implantation
procadure of the electrode because of the unigus non-
protruding tissue anchoring means where the permanent
alectrods  Can be usex o stimulats Lissue during
insertion., It is advantageous to stinmulate with the
parmanent electrode contact during ilnseritlon because it

liminates  several steps © the normal procedurs.

o~

Fancs, digslocation of neadless and gulde wirves iy of o

Espacially appreciated s a tool adapted for recelving
the electrode device where the implantation btool is
comprising an introaducer sheath in the form of a tube, the
gube having a longitudinal slit for receiving the lsad wire

clding the slectrode body in such a
way that the elecurode tip is exposad to serve as a blunt
element fovy plercing through tissue and congurvently allow

electrical stimulation during insertion. The implanitstion

alectrode when in plage and

the implantation tool.
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not  rely

the

diametar of

tool can be very smail and hence wilil
inplantation and exgplantation procedurs

on
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protruding

s - <
STy oAy o e 4
neiantati

G

"
lack ¢f ygrotruding tissus anchors ig  also
advantagaous in fage it is desired to explant the
glactvrode dus to e.g. infection, pain or lack of

10 clindical efficacy

poiated is

for removing the elactrods

Toald

"X‘”siafliiiit Lan

15 biaded cannula adsprted for ambracing the

advancing brough tissus by cubtiy

o

formed by tha electrode body. The

further comprisges a sacond

for embracing the first cannula and

until

further

tool

3. \JC{ 2

reaching a

axplantation

tubular cannula adapted

advancing

the
29 o cut free the electrode body until & second stop is
reached, the distance between the first and the second
stop being defined by the length of the elsctrode body.
Thus it ig assured that the second cannuia is not

advanced longey than Lo cub free

This that the

The

E}'\}V’A‘.‘-\ Q‘Ge nerve

tub

e

M
AL

DO

probected against damage, saecond

further being adapted the eale

Lo zuppori

during rebracil and thus the electyo

YT
(SR

MANLME L Anvasive oparation be

ambodimant, b

&

s

rainforced  using

protru@iﬁg elements vhalt is

2lectrods implantation Lo

W
in

dus bto  le pulling. The short-term i

only intended for tenporary reinforcemsunt

bicabgorbable., The fizatio device

vy

the olecurode

P SR .
LOHG the
alactrods

ZEUS

is beli

of interest isg
ular cannula is

device
in

DEZ 0

axplantad.

avichord n 13
[SRA10S STERAR NS A

anchor  with

lead aft

ma

il ...:5__ At lk)ii

’
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and could bhe

aved to e
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1 i

particulariy well anchored because it is  implanted
through & tract with smaller diameter than the fixation

means, The fixation means are proftruding elements such

Ny g o N o~ P A,
g8, bristles, or barbs.

5
Tt will be agpreciated that the implantabl devices
desoribad in the applicaetion and optionally the tools
for inserting and removing the =2lectroede device can be
considered as a kit for an ioplantable systen for

10 glectrical nearve stimulaticon,

In an application o©f the system for the hreatment of

noontinens it is at isast one

e at a left and/or vight genital

via the pelvic floor.

Brief summary

In general the invention concerns a surface treatment

20 of  an  implantable mnmedical device that facilitates

tissue ancheoring in the human or animal body.

inventlion comprises a lead with abt lsast one digtal

slectroede contact and a non-provruding fiwxation elemant
25 at the distal end close o the electrode contactis).

The proxwimal end of the lead ocar 2 onnected o a

R e g e . e e

tulge genavaltoy, Furthermors, o COMPrises
o~ -, N 3 e oy #3e o o
an implantation and explantation 18 adapted

for electrode placement in sofn

~

Cne of the main conecerns is that the electrode will
migrate away from the nerve oveaer time causing lack of
climical efficacy. In  the preséent inpvention, the

electrode iz constructed in such & way

1

of the body will adhere to the surface of

(v
.
L

and held it in place ubtilizing the normal

TR&CLIon. Wis can be conaiderad &
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where the microsivucitured inplant
surface provides topographical stimuii te oells. The
o the electrode body by
microgtructuring the injecticon  mould  or by 1

EE

onoemicall atiractive way

o mass produce the micron-scale features.

Descripption of the drawing

Pig. 1 dilustrates the distal part of the =2igcurode
T

I o~ e S L& [P B
irad  system congists «f an  electyoede  oor a

3 o A vt oY o -t s B I N e
micgrogstrudtured electrads bhody with indeantations, and &

Pig. 2 illustrates an &axonomeiric projection

impiantabkle electrode consisting  of an

¥ig., 3 1llustrates a non-oviindrical electrods body

implantation tocel. The electrede dg held in place in
the introducer sghsath by a tube with a longitudinal

., The introducer and immer tube has handles no

introducer sheath when the

i
allow retracting

ig Iin place,
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Fig. 5 illustrates the principle

Cilssue anchoring by slidiﬁg & mechanical tissuse anchor

Fe T -3y ot d K . aea I RN T . e Y - s g ey
believed o e particularly well anchorad

» L (TR S T ~ev1a oy 3 e vy N
Lt is dnplanted through & tract with smallien

diameter than the fixation means. The fixation means
ars protruding lements such as tines, wings, bristlss,

or barbs,

Fig. & an  axeonometric proisctiosn of a
surface consisting of migron sizad
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Microgtructure
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ancapsulation around the lead wive while it iz advanced
. 3% 1 . R - o < by ) U ’ oo ca ey v enay eEs e

along the lead wire. When the outting tool has reached

+- Y en \“} "‘i 33 I r avvren T s e oy ey an s e

LIS @leQurad OO, A SXVLAITATION  sngs

adgaes  oan advanced through the

reaches the electrode tip.

removed by pulling

g designed in such a that it

WaY
Lo out further than the elegtrod
Scanning  Rlectron

Film surface goating
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to improve el chemical surt

Jescrintion

TR o0 30 3 ke i
LO1,201, 301, an electzode LDody
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403, 303, The geonetrical surface
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contact is between Z and 20 omi a has
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impedance of the
proximal lead 103 can be
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lectrode in 1-3 has a monopolar configuration bhub
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additional contacts can bhe added on demand. The

ziectrode contact is supposed o be in close proximity

~
H

of the target nerve to obtain  low stinmulation

- '3

esholds., Ideally., the electrode contacti{s) should

va good chemical stability, high chargs indjection

W@
o2

capacity, low electrical impedance, and should bhe fully

&

i
intagrated in  the tissue as & compliant material

causing low degree of inflammation. Reductior

physical sglze of the electrode contact will reducse

tissus trauww and scarrving from ingsertion and diminish

the infls

TALOrY  Yesponss., owevar, minlaturization of

K
alectrodas is limited by the charge storage capacity

T R .
rLad matarial LY
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Clinical BSUCCRSS of elactrical stimalation-baged
yvatems depends among other things on the ability of

the electrode contagt o ohronically provide safe

levels of therapeubtio atimuiation Lo a targst componeant

of the nervous gvstem., Exceeding the limit for
charge injection may cause electrode degradation and/ox
irreversihle tissue damage resuyl

nical efficacy. To
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Ti and allovs
herecf. The electyode oontact surface 101 can be coated
Lo dncreasze the electrochemical surfacs area by e.qg.
thin  fiim  deposinion of TiN, IrG, Pt, ZrN on a
subsgtyvate {(2.g.: Po/ly,T1 or stainlesg steel allioy
types) . A Scanning Rleguyon Microscope {(8EM) image of
such a porous ceating is shown in figure 10. Ancther

alternative 18 carbon-based

. 5 s a2 o . o
NARCCTYySsLaliing diamomd GLamens
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carbon., These may be doped to further increase theix

electrochamical and mechanical gperifcrmance. Sputter

deposition is a ggeod method to apply the thin

coating  that allows tuning the orystal strusture,
5 morpholingy and chemical composition of the coating by
varying several paraneters durving depogsition. To
Ineresaga electrochemical surface area, 1t oan be
advantagenus o use an
porous  titanium Created by
8 moulding, foaming, or =tching.
nged  for ortheogpadic implants
material. Chemical  vapor
particulariy ugsa2ful when poroeu
gince sputter degosition is a
S An exanmgles of a suitable oeating for a porous substrate
could e heavily boron doped nanccrystalline diamond
screated by microwave assisted VD which causes reduced
inflammation because of the excellent biocompatibility.
Blectrada implantation results in a foreign body

=

che 2lectrode

-

0 reaction causing fibrous encapsulaticon ©
£

that increages glectrical impedance. This response alsgo

increases  with micromotions of the electrode with

rageact o the surrounding tissus which is olearly

unwanted. Ancther optlon ig to combine highly porous
v et -

25 coatlings such as N-riech TiN with a carbon bagsed layver

Lo improve bhiocompatibllity.

ATk oy v e emt ot KN e ~ R Y C R T ey - AN
when used for tunneling, the electreode contact 401,
405, 410 1z preferably bullet shaped with 1o sharyp

dggs  that can oul Ligsug Or  résuit o oin local high

current density during stimulation. The bulliet shaps of

fig., 1-% was found especially sultable
into adipose tissue. During insartlon, it
to stimulate and use a reflex or motor respon

35 guidance. This reveals when the electrodse

optimal pogition with the loweat gpossgible

threshold.
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Por explanation of the invention a gystem for treatment
of urinary incontinence is used. Thus in the specific

sodimeant the

i8]

8!
mplantation in clese proeximity of the genital nerves

;..(.

T
e

s treat pelvic disorders. The human studies performed

F 3 : Ty S | . B -
317 have shown that the elocitirode can e piaced in 3

3]
O

:‘:.}
Q

tter of minutes using palpaticn of the anatomical

structures in ths region during local anassthesia. It

- - . : b
has proven advantagsous to guide the inserti

- B S I o RO S e |
acoerding TG the patient’s of the

lation together with eveocation of the genito-anald

raflax Lo angurs corract

In the preferred smbodiment, the vhyvsical size of the

alectrods is adapted  for implantation in cloge

treatment of pelvie disorders. anatomical studies in
human  cadavers and pabilents have suggested that an
2lectrode body 102 length of lesgs than 2% mm and a

diameter of leas than 1.2 m arvre eapecial

Implantation of a nedical device into the body evokes

the foreign body  response. Although s device is

o gr . SR BT by PR . ) . -

considered biocompatible, the body will try to isolate
Fhe Gonvrd e £ i PR s e ~F eTa Femeive War 9 e
oL dt‘ Lo IO Leaat ‘te\.(t L [ R ve .}U‘,a_y Y LA UAD

involvead in

surrounding  an in soft tigssue. Normally, it

will not adhere to the surface and ag a conseguence, a
space, called dead space, will be present betwesen the
capsule and the implant. In thig capsule ths device
will be able to move and cause nechanical irritation,

e
I e el MRy Load o ﬂ}'\-‘rryr T 3 0 \v—“: AT
WL OO0 mx-/._{ L3230 TG CQQYoNLT liIigmmaTion,

implant may promote accumuliaticn of serous

rigssue-impliant interface leading o

fD

scounulated £l
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&, suggaested that micrositruciu
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ce o Laxiurse ave 1mport to achiave

any

ionality  and manufacturability of the
laeghtrode  bhody comprises in tha

a CLYiq polymer
such 33 PEEY, PIME A parmanent

topographical

he

T 0 T S Y Y o e wiad T
structu ody will

appliad to increasze c¢ell adhesion and to affect

immoncelogical resgponse to the implant, It may be an
advantage 1f the electroede body is radiopague due to
matarial seolection or an additive, The electrode rcan

then be

Micro irage

teaxiur

maga production
cost. The miord me

uging elther

machines, o1
man
use  a  doging
amount
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)
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manufacturing
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28, The process offers capability
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EXper
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aood

he surface to make

these features were found to causs = tisgue
adhesion that gliminate movement of the implant.

Additional

10 surfages

the

i vitryo  testing G RniCcro structured
b el e b A S Taasend e A oy CIE PN
revealad that fibroblastsg adhers divectliyv on

The electrode bhody 102 may further comprise a nunmber of
indentations 184, 70Z in the gsuriace of the electrode
15 body to further improve tissue anchoring. Rdgaes 70% ara
roundead hte] reduse the rigk of tigsue Crauma.
uoture are present in  boeth
> and in the TeCass T43,
ntation of the devigce, ils 701
20 and help prevent dislicdgement.
Fforelgn body reaction will cause fibrous sancapsulation
04 and cell adhesion in the recess 742, further
improviang riggsue integration and anchoring.
Longiltudinalily or axially arranged ation 1484 in
25 the implant surface weare Iound to be very effective fov
tissue anchoring in adipeose tissus with a depth 706 of
50 to 300 micrometers. The preferred recess width with

axially arranged indentations 707 is frowm 100 to 124040

3‘1*\.‘»« O t 2YS .,

L
o

To reduoes

have an

1

3

ode body can

oy e - - JEOE oy o < B g 3
rary  rounded polygon shape asg shown in

om a production of is sasier

~ e PR - - N TESD
turesg to the planar surfaces 302
CRMEs {asiar.
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Tha aelectrode lead 203 must offer high elegtrical
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conduetivity and e rasigstant o metal fatigue  and
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1t ghould be nechanically
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gt
7
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7%
WL
Fald
~
[
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e
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s
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,

flexible vyet have sgufficient break load to

5 axplantation where pulling on the lead can be expected.

ooated with a dielectric layver of

ymeay, paryiens or PDMS. In case of

conbtacts, a multistranded coil is

lead 1is mechanically attached to the
¥

mping or alternatively by

diameter of the electrode body 102 is

1% caulaved in fibrous tissus this will
anchoring of the devige
Since the electrode hag ne protruding  fixation
alements, a simple implantation  and  explantation
20 procadure can be dpplied. The electrode 408 can be
caded inte an implantation tool where the electrode is
held in place in the introducer sheath 408 by a tube
407 with a longitudinal sglit. The intrvoducer and inney
tube has handles 403 to allow retrasting the introdurcer
Z8 sheath when the electyvode is in plags 414, 416, Ths
iongitudinal siit or ~away design 412 of  the
introducer will make sure that ths lead wire
cut ¢f the tool after implantaticen. In certain «
nay be advantageous that the introducer caunula
3¢ a sharg edge Lo gage advancement through e.g.
connective tissus as shown in figure 8. The Rlecutrods
contact 301 is expoged to allow stimunlation durin
ingartion,

3s An explantation tocel based on a bladed cannulas %44 can
he used to cout open the fibrous encapsulation around

TS v ey oS SO T e mAcray P P S e
the lead wire 90% while 1t ig advanced along it. When



WO 2013/156038 PCT/DK2013/050116

o

Py

[

%)
fam]

[y
[55]

W ¥ [ ST S oo e o Oy - P R < Yy s R s o 3a
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an” . e T SR Wy S TR 3 DVL e el ~ Yy anp e < ey an e T,
882, an explantation sheatlh 808 with shary edges can be
PR T | Se ey g o o g s e vt e b £ : NS S, Py

agvancai Chyough one tassu WLt L Ei reqaglies one

alactyode tip. The electrode can then movad Dy

pulling on the lead wirve. The explanta

&
h s 3 SORRN. E . =B oy - M M 0 e e e 2 B
degionad in such a way that 1t is nob out

further than the slectrode tip.

-term btissue anchoring of

In one embodiment, the
the electrode 502 ig reinforced using a mechanical

tissuge anchor %04 with protruding elemeants that

laead 503 after slectrods

L0 preavernt alan

..... RoeAIRIL DR o)

The short-taerm  hiss

temporary reinforcement and could be bicabsorbable. The

xation device is beslieved to be particularly well
anchored becaunse it is implanted through a tract with

s

amaller diameater than the fization means. The fixation

means are protruding elements such as ines, wings,

bristles, or barbs.

Bven though the invention is explainsd using a
grbodiment that targets a system for the treatment of
urinary incontinencs, it will be appreciated that the

cation is not limited by this ambodiment but

i
COVRrs al. inplantakle davicss, being active or

P

ntended for neurostimulation, prostheticos or

3
£33
6]
e8]
fotn

4
3}
foie

-3 I - I Ty . 3 ams 5 .
for glastic surgery whers the invention solves the

technical problem of providing a device with technical
features that farcilitate fast ingrowth <f the ipplant

in biclegical tissue.
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1. An & device adapted for implar
the haman o andwal body, the devias
& means  for fixation
SENChoring meansg are
rraphical patterning on atn laagh an
area of a surface of the device
Whersain
10 & s is further eguipped with indenmtations.

2. Toplantable device ascecording to claim 1, whereln
the dimengions of the indentationsg Ls having a
width in the range from 100~5000 um» and a depth in

i5 the range betwsen 30-500 um.

3. Implantable device according to ¢laim 1, wherein
the indentations are formed in the longitudinsl
dirvection andfor in i direction or formed

26 as a worn that travels aveound the shape of the
davice in a helical fashion.

4. Implantable device acoprding to claim 1, wherein
the device is at least ong of the following: an

25 glectrods, a pulse generator, a lead, a vissue
anchor.

5., Implantable devics according ho
A oyoss section of the slectrods

30 2 mm oand the total length of th
leazs than 25 wwm,

. Implantable device sccording Lo ols
the electrode body has an  arbit

35 polygon  shape with planar gurfaces faoxlitating
the application of miorostruchtures.
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