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(57) ABSTRACT 

A tool for biomedical surgery comprises an elongate tube 
like structure Which is insertable into a body lumen, a 
surgical tool, arranged on the elongate tube-like structure, 
and a layered polymer microactuator, arranged in or on the 
elongate tube-like structure, for inducing geometrical 
changes or movements to the surgical tool Via an electro 
chemically induced change of Volume of the layered poly 
mer microactuator. The layered polymer microactuator is 
arranged for external electrical actuation. 
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TOOLS AND METHODS FOR BIOMEDICAL 
SURGERY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation-in-part of 
US. application Ser. No. 10/018,985, ?led Dec. 19, 2001. 

TECHNICAL FIELD 

[0002] This invention concerns micro-surgical tools that 
can be delivered by or on an elongated medical device, such 
as a catheter or needle. These tools or microstructures can be 

used to adapt, assemble, separate, fortify, dilate, close and 
hold biological or non-biological structures inside the body 
during and after surgery. The tools may be stents, valves, 
clips, nets, knives, scissors, dilators, clamps, tWeeZers etc. 

BACKGROUND 

[0003] The use of microstructures to assemble, fortify or 
dilate biological structures inside the body during and after 
surgery can help the surgeon in a number of Ways. The 
operation of electrically actuated tools can help the surgeon 
to simultaneously position, operate manually, and observe. 
By positioning the tool by hand and separately operating the 
tool through external control (i.e. footsWitch, voice control, 
other softWare-control) a much higher degree of precision is 
achieved. In microsurgery, this is especially desired. 

[0004] The development of microactuators has been 
spurred by the desire to be able to use tools before or during 
invasive surgical procedures. Because tools may be used for 
cutting, drilling, holding, dilating, suturing, adapting or 
supporting, the tools must have speci?c siZe and shape. For 
example, a certain tool might be needed during a surgery and 
may be introduced through, placed inside, on, or located at 
the end of a catheter or needle. Thus, the tool must be 
designed Within the speci?c dimension of the catheter or 
needle. 

[0005] The application of structures in/on or introduced 
through a catheter or needle is of particular interest in 
connection With the application of tools, Which are to be left 
at the site after insertion, and Which have to execute their 
function for some limited time duration after, and Which may 
thereafter be extracted. 

[0006] The combination of microactuators and catheters is 
not Well documented in the literature. No patents describe 
the use of microactuators as tools housed inside or on a 

catheter. HoWever, some examples of microactuators used to 
position a catheter have been found. 

[0007] US. Pat. No. 5,771,902 and US. Pat. No. 5,819, 
749 disclose micromachined actuators and sensors for 
intratubular positioning and steering of for instance catheters 
in blood ?oWs. The microcantilever actuators, that may 
comprise conducting polymers, are used as rudders or valves 
in order to provide navigation means for catheters and the 
like that utiliZe the blood ?oW direction for positioning or 
steering. 
[0008] WO9837816A1 discloses microfabricated thera 
peutic actuators that are fabricated using shape memory 
polymers. The actuators are used as a microtubing release 
mechanism to set free an object. 
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[0009] WO9739688A2 describes a method and apparatus 
for delivery of a clip appliance in a vessel. The clip is 
con?gured from a Wire like bendable material, preferably 
#420 stainless steel, having a W-like sinusoidal shape. Upon 
delivery the clip is bent so as to be secured to tissue by an 
external biasing apparatus, such as an actuator arm and 
balloon. 

[0010] The publication WO9739674A1 discloses a spring 
based multi-purpose medical instrument. Spring jaWs at the 
distal end are operated through a remote actuator. The 
preferred embodiment of this jaW actuator is a very thin 
(pull) Wire. 

[0011] US. Pat. No. 5,855,565 describes a cardiovascular 
mechanically expanding catheter apparatus as an alternative 
to conventional balloon angioplasty devices. The catheter 
comprises a dilation means that includes a mechanical 
expander Which provides means for casing radial expansion 
of the dilation means against the vessel Walls upon longi 
tudinal contraction of the mechanical expander. The longi 
tudinal contraction of the mechanical expander may prefer 
ably be achieved by a cable mechanism, hoWever the use of 
an “arti?cial muscle” as the contraction means is also 
claimed. 

[0012] There is a need for improved or alternative tools 
that may be introduced through or on a catheter or needle 
and used before, during or after surgical procedures. 

SUMMARY OF THE INVENTION 

[0013] It is an object of the present disclosure to provide 
tools that overcome or alleviate disadvantages of prior art 
tools. 

[0014] According to a ?rst aspect, there is provided a 
device for biomedical surgery, comprising an elongate tube 
like structure Which is insertable into a body lumen, a 
surgical tool, arranged on the elongate tube-like structure, 
and a layered polymer microactuator, arranged in or on the 
elongate tube-like structure, for inducing geometrical 
changes or movements to the surgical tool via an electro 
chemically induced change of volume of the polymer micro 
actuator, the layered polymer microactuator being arranged 
for external electrical actuation. 

[0015] In an embodiment, a guide-Wire may be insertable 
into the elongate tube-like structure. 

[0016] In an embodiment, the layered polymer microac 
tuator may comprise a bi-layered polymer. 

[0017] In an embodiment, the layered polymer microac 
tuator may comprise at least one non-polymer layer. 

[0018] In an embodiment, the layered polymer microac 
tuator may comprise a conjugated polymer layer. 

[0019] In an embodiment, the conjugated polymer layer 
may comprise a polymer selected from the group consisting 
of pyrrole, aniline, thiophene, para-phenylene, vinylene, and 
phenylene polymers and copolymers, including substituted 
forms of the different monomers. 

[0020] In an embodiment, the layered polymer microac 
tuator may comprise at least tWo layers, Where an electri 
cally activated volume change of said at least one conju 
gated polymer layer is arranged to cause a bending of said 
layered polymer actuator. 
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[0021] In an embodiment, the surgical tool may be 
selected from a group consisting of a knife, a needle, a 
dilator, a forceps, a scissors, a tWeeZers, a clamp, a clip, a 
stent, a connector, a graft, a nerve connector, and an inser 
tion device. 

[0022] In an embodiment, the surgical tool may be an 
insertion device for making a temporary permanent hole 
through a membrane, the insertion device comprising a 
central member and a number of anchoring members, Which 
are bendable betWeen an insertion position, Wherein the 
insertion device is insertable through a hole in the mem 
brane, and an anchoring position, Wherein the anchoring 
members are in ?xating engagement With the membrane. 

[0023] In an embodiment, the surgical tool may be releas 
able from the tube-like structure. 

[0024] According to a second aspect, there is provided a 
tool array comprising a device according to the ?rst aspect, 
Wherein a number of identical surgical tools are arranged as 
an array extending on the carrier or tube-like structure, and 
Wherein the actuation of a surgical tool closest to the exit of 
the tube-like structure is arranged to release the surgical tool 
from the array and to leave it at the point of exit of the 
tube-like structure in order to mount the surgical tool at or 
in a biological structure. 

[0025] In an embodiment, a number of identical tools may 
be located on the array extending along the tube-like struc 
ture, and Where each tool is individually actuatable. 

[0026] In an embodiment, a number of identical tools may 
be located on the array extending along the tube-like struc 
ture, and said tools are simultaneously actuatable. 

[0027] According to a third aspect, there is provided a tool 
array comprising a tool according to the ?rst aspect, Wherein 
a number of non-identical surgical tools are arranged as an 
array extending along a length of the carrier or tube-like 
structure, and Wherein said tools are individually actuatable, 
and Wherein the actuation of a surgical tool closest to the exit 
of the tube-like structure is arranged to release the surgical 
tool from the array and to leave it at the point of exit of the 
tube-like structure in order to mount the surgical tool at or 
in a biological structure. 

[0028] According to a fourth aspect, there is provided a 
device for biomedical surgery, comprising an elongate tube 
like structure, Which is insertable into a body lumen, a 
carrier Which is insertable into the elongate tube-like struc 
ture, a surgical tool, arranged on the carrier, and a polymer 
microactuator, arranged in or on the carrier, for inducing 
geometrical changes or movements to the surgical tool via 
an electrochemically induced change of volume of the 
polymer microactuator, the polymer microactuator being 
arranged for external electrical actuation. 

[0029] In an embodiment, the polymer microactuator may 
comprise a conjugated polymer. 

[0030] In an embodiment, the conjugated polymer may 
comprise a polymer selected from the group consisting of 
pyrrole, aniline, thiophene, para-phenylene, vinylene, and 
phenylene polymers and copolymers, including substituted 
forms of the different monomers. 

[0031] In an embodiment, the polymer microactuator may 
be a layered polymer microactuator. 
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[0032] In an embodiment, the polymer microactuator may 
comprise at least tWo layers, Where an electrically activated 
volume change of said at least one conjugated polymer layer 
is arranged to cause a bending of said layered polymer 
actuator. 

[0033] In an embodiment, the surgical tool may be 
selected from a group consisting of a knife, a needle, a 
dilator, a forceps, a scissors, a tWeeZers, a clamp, a clip, a 
stent, a connector, a graft, a nerve connector, and an inser 
tion device. 

[0034] In an embodiment, the surgical tool may be an 
insertion device for making a temporary permanent hole 
through a membrane, the insertion device comprising a 
central member and a number of anchoring members, Which 
are bendable betWeen an insertion position, Wherein the 
insertion device is insertable through a hole in the mem 
brane, and an anchoring position, Wherein the anchoring 
members are in ?xating engagement With the membrane. 

[0035] In an embodiment, the surgical tool may be releas 
able from the tube-like structure. 

[0036] According to a ?fth aspect, there is provided a tool 
array comprising a device according to the fourth aspect, 
Wherein a number of identical surgical tools are arranged as 
an array extending on the carrier or tube-like structure, and 
Wherein the actuation of a surgical tool closest to the exit of 
the tube-like structure is arranged to release the surgical tool 
from the array and is to leave it at the point of exit of the 
tube-like structure in order to mount the surgical tool at or 
in a biological structure. 

[0037] In an embodiment, a number of identical tools may 
be located on the array extending along the tube-like struc 
ture, and Where said tools are individually actuatable. 

[0038] In an embodiment, a number of identical tools may 
be located on the array extending along the tube-like struc 
ture, and Where said tools are simultaneously actuatable. 

[0039] According to a sixth aspect, there is provided a tool 
array comprising a tool according to the fourth aspect, 
Wherein a number of non-identical surgical tools are 
arranged as an array extending along a length of the carrier 
or tube-like structure, and Wherein said tools are individu 
ally actuatable, and Wherein the actuation of a surgical tool 
closest to the exit of the tube-like structure is arranged to 
release the surgical tool from the array and to leave it at the 
point of exit of the tube-like structure in order to mount the 
surgical tool at or in a biological structure. 

[0040] According to a seventh aspect, there is provided a 
method of biomedical surgery, comprising steps of: 

[0041] inserting an elongate tube-like structure compris 
ing a surgical tool arranged thereon, into a body lumen; 

[0042] the elongate tube-like structure having a layered 
polymer microactuator, arranged in or on the elongate 
tube-like structure, for inducing geometrical changes or 
movements to the surgical tool via an electrochemically 
induced change of volume of the polymer microactuator; 

[0043] and supplying an electrical charge for electrical 
actuation of the polymer microactuator, 

[0044] Whereby said geometrical changes or movements 
cause the tool to act upon a biological structure in said body 
lumen. 
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[0045] In the above method, said geometrical changes or 
movements may cause the surgical tool to perform an 
activity selected from a group consisting of positioning a 
stucture, holding a structure, cutting a structure, dilating a 
structure, fortifying a structure and implanting a structure. 

[0046] According to an eighth aspect, there is provided a 
method of biomedical surgery, comprising steps of: 

[0047] inserting an elongate tube-like structure into a body 
lumen; 

[0048] inserting a carrier With a surgical tool arranged 
thereon, into said tube-like structure, 

[0049] the carrier having a polymer microactuator, 
arranged in or on the carrier, for inducing geometrical 
changes or movements to the surgical tool via an electro 
chemically induced change of volume of the polymer micro 
actuator; and 

[0050] supplying an electrical charge for electrical actua 
tion of the polymer microactuator, 

Whereby said geometrical changes or movements cause the 
tool to act upon a biological structure in said body lumen. 

[0051] In the above method, said geometrical changes or 
movements may cause the surgical tool to perform an 
activity selected from a group consisting of positioning a 
stucture, holding a structure, cutting a structure, dilating a 
structure, fortifying a structure and implanting a structure. 

[0052] The necessary elements to accomplish these func 
tions may be the electrochemically activated microactuators, 
built by micromachining thin metal and polymer layers 
(Elisabeth Smela, Olle Inganas and Ingemar Lundstrom: 
“Controlled Folding of Micron-siZe Structures”, Science 
268 (1995) pp. 1735-1738), non-metal and polymer layers, 
or only polymer layers. These actuators can be produced in 
siZes fom micrometers to centimeters, and operate Well in 
biological ?uids such as blood plasma, blood, buffer and 
urine. They are therefore suitable tools for micro invasive 
surgery inside the body. 

[0053] The versatility of construction and the speed of 
response, as Well as the force of these actuators render them 
as one of the best types of microactuators inside the body. 
WO96/28841 discloses one route of fabrication of such 
devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0054] The different aspects of the invention can be better 
understood With reference to the folloWing draWings. The 
components in the draWings are not necessarily to scale, 
emphasis instead being placed upon clearly illustrating the 
principles of the present disclosure. Moreover, in the draW 
ings, like reference numerals designate corresponding parts 
throughout the several vieWs. 

[0055] FIGS. la-lc are a perspective vieW of a ?rst 
embodiment. 

[0056] FIGS. 2a-2g are a perspective vieW of other tools 
in Which microactuators are used. 

[0057] FIGS. 3a-3b are a perspective vieW of another 
embodiment. 
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[0058] FIGS. 4a-4b are perspective vieWs of yet another 
embodiment. 

[0059] FIGS. 5a-5b are perspective vieWs of a further 
embodiment. 

[0060] FIGS. 6a-c are perspective vieWs of other tools in 
Which microactuators are used 

DESCRIPTION OF EMBODIMENTS 

[0061] Our novelty and innovation resides in the use of 
microactuators based on conjugated polymers being electri 
cally operated and mounted in or on an elongated medical 
device for insertion into the body, such as a catheter or 
needle. These microactuators are positioned With the help of 
the catheter, and then these microactuator structures that are 
carried by, in, or on the catheter or needle are activated. The 
microfabrication of such microactuators renders possible a 
number of geometries and a siZe as small as 10 um, Which 
is dif?cult to produce by mechanical production techniques. 
They may be produced by use of the method presented in 
patent WO96/28841 and then mounted in or on the needle or 
catheter, or they might be produced by novel manufacturing 
methods. With the invention described herein completely 
novel microsurgery tools are noW available. 

[0062] The production of individually actuated tool arrays 
render little dif?culty beyond producing the individual tool. 
Electrical contacts may be supplied to actuate each micro 
actuator separately. This can be done by Wiring the single 
microactuator, to be used as the Working electrode; the 
catheter may then be used as the counter-electrode, and Will 
be able to supply all the charge that is needed to actuate all 
those microactuators. As Wires may easily be produced in 
Width doWn to 10 pm with photolithography or With soft 
lithography, thus by providing parallel conducting Wires, at 
least 50 microactuators may be placed along the tool array 
located in/on a needle of 1 mm Width. Should more Wires be 
necessary, more elaborate addressing schemes might be 
used. 

[0063] If a three electrode system is necessary in any 
application, microfabricated reference electrodes or macro 
siZe reference electrodes carried on the catheter housing can 
be used as a third electrode. 

[0064] A ?rst embodiment of the present invention is clips 
and clip arrays, Where the clips are mounted in sequence, 
used for surgery. These clips are sub-millimetre to millime 
tre structures, used tWo hold tWo separated biological or 
non-biological structures joined, for example during a heal 
ing period. Also a biological and a non-biological structure 
may be held together. 

[0065] FIGS. la-lc shoW an example of a clip tool in 
Which microactuators may be used. Clips may be used in 
surgery to hold together tWo separated biological structures, 
such as tissue, skin, membranes, vessel Walls etc; or to ?xate 
a biological structure to a non-biological structure. 

[0066] FIG. 1a shoWs a clip 1 that is individually acti 
vated by a microactuator in its opened stated and a structure 
2, Which is interconnected as shoWn in FIGS. 111-119 or 
having to separated parts. In FIG. 1b, the clip 1 is in its 
closed state and is used to join the structure 2 to hold it 
closed. 
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[0067] As shown in FIG. 10 the clips may be assembled 
into clip arrays, Where the clips 1, 4 are mounted in sequence 
5, and are con?ned by a cylindrical housing 3. The clip 1 is 
attached to a second clip 4, Which in its turn is attached to 
a third clip 6, etc thus building a chain of clips 5 that are 
con?ned by the cylindrical housing 3. The cylindrical hous 
ing 3 may be a catheter or a holloW needle. Activation of the 
outermost clip 1 opens up the clip 1 to join the open structure 
2, and then being set free by the simultaneous or sequential 
operation of the second clip 4. The clip 1 is left at the 
structure 2, holding the structures together as illustrated in 
FIGS. 111-119. 

[0068] Another embodiment is a structure for controlling 
the How through blood vessels. The simplest example is that 
of a clip used to prevent or regulate the amount of blood How 
to a biological structure doWnstream in the blood vessel. 
Such a clip, or series of clips, Would be mounted and left to 
hold a ?rm grip on the blood vessel and thus to prevent or 
regulate the How of blood. 

[0069] An array of tools may be collectively addressed, 
and the tool array may be designed to set free the outermost 
clip 1 on actuation of all the clips 5, a mechanism of 
con?ning the movements of all but the outermost clip 1 is 
needed. This is done by assembling the clip array 5 into a 
cylindrical housing 3, preferably a catheter, prior to insertion 
in the body. The cylindrical housing 3 con?nes the motion 
of microactuators, Which search in vain to expand the strong 
metal casing on operation. When the outermost clip 1 is 
actuated, the clip is opened; likeWise is the next-to-the 
outermost clip 4 partially free to move as it is protruding 
outside the cylindrical housing 3. Therefore the partial 
opening of the next-to-the outermost clip 4 sets the outer 
most clip 1 free, as Well as opens it up for subsequent 
spontaneous closing on the site to be clipped. 

[0070] The array of clips 5 may be pushed forWard, out of 
the cyclindrical housing 3 by a Wire, rod, or plunger (as 
illustrated by part 370 in FIGS. 4a-4b) thus releasing one 
clip at the time. 

[0071] FIGS. 2a-2g shoWs tubular tWeeZers 100, tWeeZers 
110 knifes 120, scissors 122, needles 124, dilators 126, and 
clamps 128 based on microactuators. The indicated move 
ment is driven by microactuators properly mounted and 
designed. The tools are housed in a cyclindrical housing 140, 
Which for example may be a needle or a catheter. These tools 
or micro-structures can be used to adapt, assemble, separate, 
fortify, dilate, close and hold biological structures inside the 
body during and after surgery. 
[0072] FIGS. 3a-3b shoW a another embodiment 230 of 
the present invention. Arrays of ?ngers could be used to hold 
cylindrical objects, such as nerves and nerve ?bers, or blood 
vessels. With the help of microactuators holding the struc 
tures (FIGS. 3a-3b), adjacent microstructures may operate, 
such as neural sensing or activating electrodes, may enable 
recording signals from or activating nerves. Furthermore, 
they could be used as a synthetic neural connectors, bridging 
a severed nerve or nerve ?ber. A neural connector 230, With 
a number of small ?ngers 220 coil around tWo cylindrical 
nerves 200, 210 to tightly hold the nerve 240 together. TWo 
separate nerves 200, 210 are here joined With the help of a 
common neural connector 230. This procedure is used to 
regroW the nerves. In addition, small electrodes (not shoWn) 
can be fashioned along With the micro?ngers 220, and be 
used to sense or excite nerve signals. 
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[0073] Tools With some temporary mechanical function 
could also be inserted in membranes (FIGS. 411-419) or 
inserted or anchored into any type of tissue. Insertion 
devices With temporary mechanical functions could be used 
for mounting a hole through a membrane, such as commonly 
used in ear surgery for pressure equilibration. Making these 
as microdevices Will much decrease the effort to place and 
remove the inserted devices and to keep them in place during 
the desired time period. FIGS. 4a-4b shoW a further 
embodiment 300 of the present invention. An insertion 
device 330, for making a temporally hole in a membrane 330 
is housed in a catheter/cannula/needle 310 and is inserted 
through the membrane 320 so as to make the device 330 
form a hole 350 through the membrane. The device 330 may 
be pushed forWard, out of the catheter/cannula/needle 310 
by a Wire, rod or plunger 370, thus releasing it into the 
membrane 320. Simultanously or sequentially on insertion 
into the membran 320 ?aps or petals 360 may fold out in 
order to anchor the device 330 into the membrane. 

[0074] FIGS. 511-511 shoW a stent device 400. This 
embodiment is someWhat more complex With structures 
built With a geometry Where they could be used inside or 
outside tube-like structures 410, as so called stents 420 to 
dilate a stenotic area 430 or to internally or externally fortify 
or join the structure(s) (FIGS. 5a and 5b). Stents 420 are of 
particular interest since they are to be inserted inside the tube 
410, then to be left there to expand a stenotic (examples: 
blood vessel, biliary duct) or to fortify a Weak (examples: 
blood vessel With aneurysm, divided biliary duct) part of a 
tubular structure 410. In the latter case the structures 420 are 
preferably addressed as microanastomosis devices of grafts. 

[0075] LikeWise the clip arrays (FIG. 10) the stent device 
400 (FIGS. Sa-Sb) may be formed/designed as a tool array 
comprising several stents, microanastomis devices, or grafts, 
that can be set free one at a time. Also, similar to the medical 
device of FIGS. 411-419, the stent 420 or array of stents may 
be pushed forWard, out of the cyclindrical housing 440 by a 
Wire, rod, or plunger (as illustrated by part 370 in FIGS. 
4a-4b), thus releasing one stent at the time. 

[0076] FIGS. 6a-6c illustrate tools or tool arrays that are 
mounted on an elongated medical device 540 such as a 
catheter. The elongated medical devices comprising the tool 
or tool arrays are introduced into the body by sliding it over 
a guideWire 510 as is knoWn to those skilled in the art. 
Examples of such tools or tool arrays are tubular tWeeZers 
500 (FIG. 6a), knives 520 (FIG. 6b), or stents 550 (FIG. 
60). FIG. 6c shows only one stent 550 on the device 540, 
hoWever, as mentioned above and illustrated in FIG. 10, the 
device may comprise several such tools (stents, clips, grafts, 
coils) forming a tool array. 

[0077] The application of structures in/on or introduced 
through a catheter or needle is of particular interest at the 
application of tools, Which are to be left at the site after 
insertion, and Which have to execute their function for some 
limited time duration after. Such structures may optionally 
be removed or replaced after such limited time. 

[0078] Clips, stents, ?nger arrays and insertion devices, 
once applied, could thus be resorbable or permanent. They 
could express various degrees of stimulation or repression of 
cell groWth on its surfaces, various degrees of anti-throm 
botic activity as Well as different antibiotic activities. They 
can also be carriers of various biochemical or biological 
components. 
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[0079] It should be emphasized that the above-described 
embomdiments of the present invention are merely possible 
examples of implementations, merely set forth for clear 
understanding fo the priniciples of the invention. Many 
variations and modi?cations may be made to the above 
described embodiment(s) of the invention Without departing 
substantially from the spirit and principles of the invention. 
All such modi?cations and variantions are intended to be 
included herein Within the scope of this disclosure and the 
present invention and protected by the following claims. 

[0080] In summary, according to a ?rst variant, there is 
provided a device for biomedical surgery, comprising an 
elongate tube-like structure Which is insertable into a body 
lumen, a surgical tool, arranged on the elongate tube-like 
structure, and a layered polymer microactuator, arranged in 
or on the elongate tube-like structure, for inducing geometri 
cal changes or movements to the surgical tool via an 
electrochemically induced change of volume of the polymer 
microactuator, the layered polymer microactuator being 
arranged for external electrical actuation. 

[0081] According to a second variant, there is provided a 
device for biomedical surgery, comprising an elongate tube 
like structure, Which is insertable into a body lumen, a 
carrier Which is insertable into the elongate tube-like struc 
ture, a surgical tool, arranged on the carrier, and a polymer 
microactuator, arranged in or on the carrier, for inducing 
geometrical changes or movements to the surgical tool via 
an electrochemically induced change of volume of the 
polymer microactuator, the polymer microactuator being 
arranged for external electrical actuation. 

[0082] In the second variant, a conductor may be arranged 
on the carrier. 

[0083] In the second variant, the carrier may be elongate. 

[0084] In the second variant, the carrier may be a needle. 

[0085] In the second variant, the elongate tube-like struc 
ture may be a catheter or a cannula. 

[0086] In either of the ?rst and second variants, the 
surgical tool may a knife, a needle, a dilator, a forceps, a 
scissors, a tWeeZers, a clamp, a clip, a stent, a connector or 
a graft. 

[0087] a guide-Wire may be insertable into the elongate 
tube-like structure. 

[0088] In either of the ?rst and second variants, the 
elongate tube-like structure may be a catheter or cannula. 

[0089] In either of the ?rst and second variants, the 
polymer microactuator may be arranged for external elec 
trical actuation through the elongate tube-like structure. 

[0090] In either of the ?rst and second variants, the layered 
polymer may comprise comprises at least one polymer layer. 
HoWever, in the second variant, this is not necessary. 

[0091] In either of the ?rst and second variants, the layered 
polymer may comprise a bi-layered polymer. 

[0092] In either of the ?rst and second variants, the layered 
polymer may comprise at least one non-polymer layer. 

[0093] In either of the ?rst and second variants, the layered 
polymer microactuator may comprise a conjugated polymer 
layer. 
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[0094] In either of the ?rst and second variants, the 
conjugated polymer layer may comprise a polymer is 
selected from the group consisting of pyrrole, aniline, 
thiophene, para-phenylene, vinylene, and phenylene poly 
mers and copolymers, including substituted forms of the 
different monomers. 

[0095] In either of the ?rst and second variants, the layered 
polymer microactuator may comprise at least tWo layers, 
Where an electrically activated volume change of said at 
least one conjugated polymer layer is arranged t cause a 
bending of said layered polymer actuator. 

[0096] In either of the ?rst and second variants, the device 
may comprise a multilayered polymer, Wherein an electri 
cally activated volume change of said conjugated polymer is 
arranged to cause a bending of said layered polymer micro 
actuator. 

[0097] In either of the ?rst and second variants, the 
surgical tool may comprise a clip arranged to join biological 
tissues or tissue parts, and arranged to hold the said tissues 
or tissue parts to alloW healing. 

[0098] In either of the ?rst and second variants, the 
surgical tool may comprise a clip arranged to join a bio 
logical tissue or tissue part to a non-biological part. 

[0099] In either of the ?rst and second variants, the 
surgical tool may comprise an expandable cylindrical object 
designed to be inserted, in a contracted state, into a biologi 
cal tube, and arranged to become expanded to keep said tube 
in an expanded state or to join tWo or more biological tubes. 

[0100] In either of the ?rst and second variants, the 
surgical tool may comprise a knife, Which is arranged for 
linear and/or angular movement. 

[0101] In either of the ?rst and second variants, the 
surgical tool may comprise a needle that is arranged on an 
actuator being arranged for linear and/ or angular movement. 

[0102] In either of the ?rst and second variants, the 
surgical tool may comprise a nerve connector. 

[0103] In either of the ?rst and second variants, the 
surgical tool may comprise an insertion device for making a 
temporary permanent hole through a membrane. 

[0104] In either of the ?rst and second variants, the 
insertion device may comprise a central member and a 
number of anchoring members, Which are bendable betWeen 
an insertion position, Wherein the insertion device is insert 
able through a hole in the membrane, and an anchoring 
position, Wherein the anchoring members are in ?xating 
engagement With the membrane. 

[0105] In either of the ?rst and second variants, the 
surgical tool may be releasable from the tube-like structure. 

[0106] Furthermore, there is provided a tool array com 
prising a device according to either of the ?rst and second 
variants, Wherein a number of identical surgical tools are 
arranged as an array extending on the carrier or tube-like 
structure, and Wherein the actuation of a surgical tool closest 
to the exit of the tube-like structure is arranged to release the 
surgical tool from the array and is to leave it at the point of 
exit of the tube-like structure in order to mount the surgical 
tool at or in a biological structure. 
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[0107] In the array, the surgical tool may be selected from 
a group consisting of a knife, a needle, a dilator, a forceps, 
a scissors, a tWeeZers, a clamp, a clip, a stent, a connector, 
a nerve connector and a graft. 

[0108] In the array, the surgical tool may comprise a clip 
arranged to join biological tissues or tissue parts, and 
arranged to hold the said tissues or tissue parts to alloW 
healing. 

[0109] In the array, the surgical tool may comprise an 
insertion device for making a temporary permanent hole 
through a membrane. 

[0110] In the array, the insertion device may comprise a 
central member and a number of anchoring members, Which 
are bendable betWeen an insertion position, Wherein the 
insertion device is insertable through a hole in the mem 
brane, and an anchoring position, Wherein the anchoring 
members are in ?xating engagement With the membrane or 
tissue. 

[0111] In the array, a number of identical tools may be 
located on the array extending along the tube-like structure, 
and Where each tool is individually actuatable. 

[0112] In the array, a number of identical tools may be 
located on the array extending along the tube-like structure, 
and each tool may be simultaneously actuatable. 

[0113] In the array, a number of non-identical tools may be 
arranged as an array extending along a length of the carrier 
or tube-like structure, and each tool may be individually 
actuatable. 

[0114] Furthermore, there is provided a method of bio 
medical surgery, comprising steps of inserting an elongate 
tube-like structure comprising a surgical tool arranged 
thereo, into a body lumen; the elongate tube-like structure 
having a layered polymer microactuator, arranged in or on 
the elongate tube-like structure, for inducing geometrical 
changes or movements to the surgical tool via an electro 
chemically induced change of volume of the polymer micro 
actuator; and supplying an electrical charge for electrical 
actuation of the polymer microactuator, Whereby said geo 
metrical changes or movements cause the tool to act upon a 
biological structure in said body lumen. 

[0115] In the method, a guide-Wire may be inserted into 
the elongate tube-like structure. 

[0116] In the method, a catheter or cannula may be used as 
the elongate tube-like. 

[0117] In the method, the polymer microactuator may be 
externally electrically actuated through the elongate tube 
like structure. 

[0118] Finally, there is provided a method of biomedical 
surgery, comprising steps of inserting an elongate tube-like 
structure into a body lumen; inserting a carrier With a 
surgical tool arranged thereon, into said tube-like structure, 
the carrier having a polymer, arranged in or on the carrier, 
for inducing geometrical changes or movements to the 
surgical tool via an electrochemically induced change of 
volume of the polymer microactuator; and supplying an 
electrical charge for electrical actuation of the polymer 
microactuator, Whereby said geometrical changes or move 
ments cause the tool to act upon a biological structure in said 
body lumen. 
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[0119] In the method, said electrical charge may be sup 
plied through a conductor arranged on the carrier. 

[0120] 
[0121] 
[0122] In the methods, the elongate tube-like structure 
may be a catheter or a cannula. 

[0123] In the methods, the geometrical changes or move 
ments may cause the surgical tool to position a structure. 

[0124] In the methods, the geometrical changes or move 
ments may cause the surgical tool to hold a biological or 
non-biological structure. 

[0125] In the methods, the geometrical changes or move 
ments may cause the surgical tool to cut a biological or 
non-biological structure. 

[0126] In the methods, the geometrical changes or move 
ments may cause the surgical tool to dilate a biological or 
non-biological structure. 

[0127] In the methods, the geometrical changes or move 
ments may cause the surgical tool to fortify a biological or 
non-biological structure. 

[0128] In the methods, the geometrical changes or move 
ments may cause the surgical tool to implant a biological or 
non-biological structure. 

[0129] In the methods, the geometrical changes or move 
ments cause the surgical tool to position a structure. 

In the method, an elongate carrier may be used. 

In the method, a needle may be used as a carrier. 

1. A device for biomedical surgery, comprising: 

an elongate tube-like structure Which is insertable into a 
body lumen, 

a surgical tool, arranged on the elongate tube-like struc 
ture, and 

a layered polymer microactuator, arranged in or on the 
elongate tube-like structure, for inducing geometrical 
changes or movements to the surgical tool via an 
electrochemically induced change of volume of the 
polymer microactuator, 

the layered polymer microactuator being arranged for 
external electrical actuation. 

2. The device as claimed in claim 1, Wherein a guide-Wire 
is insertable into the elongate tube-like structure. 

3. The device as claimed in claim 1, Wherein the layered 
polymer microactuator comprises a bi-layered polymer. 

4. The device as claimed in claim 1, Wherein the layered 
polymer microactuator comprises at least one non-polymer 
layer. 

5. The device as claimed in claim 1, Wherein the layered 
polymer microactuator comprises a conjugated polymer 
layer. 

6. The device as claimed in claim 5, Wherein the conju 
gated polymer layer comprises a polymer selected from the 
group consisting of pyrrole, aniline, thiophene, para-phe 
nylene, vinylene, and phenylene polymers and copolymers, 
including substituted forms of the different monomers. 

7. The device as claimed in claim 5, Wherein the layered 
polymer microactuator comprises at least tWo layers, Where 
an electrically activated volume change of said at least one 
conjugated polymer layer is arranged to cause a bending of 
said layered polymer actuator. 
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8. The device as claimed in claim 1, Wherein the surgical 
tool is selected from a group consisting of a knife, a needle, 
a dilator, a forceps, a scissors, a tWeeZers, a clamp, a clip, a 
stent, a connector, a graft, a nerve connector, and an inser 
tion device. 

9. The device as claimed in claim 8, Wherein the surgical 
tool is an insertion device for making a temporary perma 
nent hole through a membrane, the insertion device com 
prising a central member and a number of anchoring mem 
bers, Which are bendable betWeen an insertion position, 
Wherein the insertion device is insertable through a hole in 
the membrane, and an anchoring position, Wherein the 
anchoring members are in ?xating engagement With the 
membrane. 

10. The device as claimed in claim 1, Wherein the surgical 
tool is releasable from the tube-like structure. 

11. A tool array comprising a device as claimed in claim 
1, Wherein a number of identical surgical tools are arranged 
as an array extending on the carrier or tube-like structure, 
and Wherein the actuation of a surgical tool closest to the exit 
of the tube-like structure is arranged to release the surgical 
tool from the array and to leave it at the point of exit of the 
tube-like structure in order to mount the surgical tool at or 
in a biological structure. 

12. The tool array as claimed in claim 11, Wherein a 
number of identical tools are located on the array extending 
along the tube-like structure, and Where each tool is indi 
vidually actuatable. 

13. The tool array as claimed in claim 11, Wherein a 
number of identical tools are located on the array extending 
along the tube-like structure, and said tools are simulta 
neously actuatable. 

14. A tool array comprising a device as claimed in claim 
1, Wherein a number of non-identical surgical tools are 
arranged as an array extending along a length of the carrier 
or tube-like structure, and Wherein said tools are individu 
ally actuatable, and Wherein the actuation of a surgical tool 
closest to the exit of the tube-like structure is arranged to 
release the surgical tool from the array and to leave it at the 
point of exit of the tube-like structure in order to mount the 
surgical tool at or in a biological structure. 

15. A device for biomedical surgery, comprising: 

an elongate tube-like structure, Which is insertable into a 
body lumen, 

a carrier Which is insertable into the elongate tube-like 
structure, 

a surgical tool, arranged on the carrier, and 

a polymer microactuator, arranged in or on the carrier, for 
inducing geometrical changes or movements to the 
surgical tool via an electrochemically induced change 
of volume of the polymer microactuator, 

the polymer microactuator being arranged for external 
electrical actuation. 

16. The device as claimed in claim 15, Wherein the 
polymer microactuator comprises a conjugated polymer. 

17. The device as claimed in claim 16, Wherein the 
conjugated polymer comprises a polymer selected from the 
group consisting of pyrrole, aniline, thiophene, para-phe 
nylene, vinylene, and phenylene polymers and copolymers, 
including substituted forms of the different monomers. 

18. The device as claimed in claim 15, Wherein the 
polymer microactuator is a layered polymer microactuator. 
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19. The device as claimed in claim 18, Wherein the 
polymer microactuator comprises at least tWo layers, Where 
an electrically activated volume change of said at least one 
conjugated polymer layer is arranged to cause a bending of 
said layered polymer actuator. 

20. The device as claimed in claim 15, Wherein the 
surgical tool is selected from a group consisting of a knife, 
a needle, a dilator, a forceps, a scissors, a tWeeZers, a clamp, 
a clip, a stent, a connector, a graft, a nerve connector, and an 
insertion device. 

21. The device as claimed in claim 20, Wherein the 
surgical tool is an insertion device for making a temporary 
permanent hole through a membrane, the insertion device 
comprising a central member and a number of anchoring 
members, Which are bendable betWeen an insertion position, 
Wherein the insertion device is insertable through a hole in 
the membrane, and an anchoring position, Wherein the 
anchoring members are in ?xating engagement With the 
membrane. 

22. The device as claimed in claim 15, Wherein the 
surgical tool is releasable from the tube-like structure. 

23. A tool array comprising a device as claimed in claim 
15, Wherein a number of identical surgical tools are arranged 
as an array extending on the carrier or tube-like structure, 
and Wherein the actuation of a surgical tool closest to the exit 
of the tube-like structure is arranged to release the surgical 
tool from the array and is to leave it at the point of exit of 
the tube-like structure in order to mount the surgical tool at 
or in a biological structure. 

24. The tool array as claimed in claim 23, Wherein a 
number of identical tools are located on the array extending 
along the tube-like structure, and Where said tools are 
individually actuatable. 

25. The tool array as claimed in claim 23, Wherein a 
number of identical tools are located on the array extending 
along the tube-like structure, and Where said tools are 
simultaneously actuatable. 

26. A tool array comprising a device as claimed in claim 
15, Wherein a number of non-identical surgical tools are 
arranged as an array extending along a length of the carrier 
or tube-like structure, and Wherein said tools are individu 
ally actuatable, and Wherein the actuation of a surgical tool 
closest to the exit of the tube-like structure is arranged to 
release the surgical tool from the array and to leave it at the 
point of exit of the tube-like structure in order to mount the 
surgical tool at or in a biological structure. 

27. A method of biomedical surgery, comprising steps of: 

inserting an elongate tube-like structure comprising a 
surgical tool arranged thereon, into a body lumen; 

the elongate tube-like structure having a layered polymer 
microactuator, arranged in or on the elongate tube-like 
structure, for inducing geometrical changes or move 
ments to the surgical tool via an electrochemically 
induced change of volume of the polymer microactua 
tor; 

and supplying an electrical charge for electrical actuation 
of the polymer microactuator, 

Whereby said geometrical changes or movements cause 
the tool to act upon a biological structure in said body 
lumen. 
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28. The method as claimed in claim 27, wherein said 
geometrical changes or movements are cause the surgical 
tool to perform an activity selected from a group consisting 
of positioning a stucture, holding a structure, cutting a 
structure, dilating a structure, fortifying a structure and 
implanting a structure. 

29. A method of biomedical surgery, comprising steps of: 

inserting an elongate tube-like structure into a body 
lumen; 

inserting a carrier With a surgical tool arranged thereon, 
into said tube-like structure, 

the carrier having a polymer microactuator, arranged in or 
on the carrier, for inducing geometrical changes or 
movements to the surgical tool via an electrochemically 
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induced change of volume of the polymer microactua 
tor; and 

supplying an electrical charge for electrical actuation of 
the polymer microactuator, 

Whereby said geometrical changes or movements cause 
the tool to act upon a biological structure in said body 
lumen. 

30. The method as claimed in claim 29, Wherein said 
geometrical changes or movements cause the surgical tool to 
perform an activity selected from a group consisting of 
positioning a stucture, holding a structure, cutting a struc 
ture, dilating a structure, fortifying a structure and implant 
ing a structure. 


