A DEVICE, A KIT AND A METHOD FOR TREATMENT OF DISORDERS
IN THE HEART RHYTHM REGULATION SYSTEM Field of the Invention
The present invention relates to treatment of disorders in the heart rhythm
regulation system and, specifically, to a tissue lesion creating device, a kit
of shape-changing devices and a method for treating such disorders.
Background of Invention The circulation of blood in the body is controlled
by the pumping action of the heart. The heart expands and contracts by
the force of the heart muscle under impulses from the heart rhythm

regulation system. The heart rhythm regulation system transfers an
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2 The circulation of blood in the body is controlled

by the pumping action of the heart. The heart expands and
contracts by the force of the heart muscle under impulses
from the heart rhythm regulation system. The heart rhythn

regulation system transfers an electrical signal for

activating the heart muscle cells.
The normal conduction of electrical impulses through

the heart starts in the sinoatrial node, travels across
the right atrium, the atrioventricular node, fthe bundles
of His and thereafter spread across the ventricular
muscle mass. Eventually when the signal reaches the
myocytes specialized in only contracticn, the muscle cell
will contract and create the pumping function of the
heart (see Fig. 1).

The electrical impulses are transferred by specially
adapted cells. Such a cell will create and discharge a
potential over the cell membrane by pumping lons in and
out of the cell. Adjacent cells are joined end-to-end by
intercalated disks. These disks are cell membranes with a
very low electrical impedance. An activation of a
potential in a cell will propagate to adjacent cells
thanks to the low impedance of the intercalated disks
between the cells. While being at the embryonic stage,
all heart muscle cells, the myocytes, have the ability to



create and transfer electrical signals. During evolution the myocytes
specialize and only those cells necessary for maintaining a stable
heart-rate are keeping the ability to create and send electrical impulses.
For a more thorough explanation of the propagation of electrical signals

in the heart, see e.g. Sandoe, E. and Sigurd, B., Arrhythmia, Diagnosis

and Management, A Clinical Electrocardiographic Guide, Fachmed AG,
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SH¥E¥Fm€ﬁ§€dis areas outside the sinoatrial node. These
signals will be transmitted erratically all over the
heart. When more than one such ectopic site starts to
transmit, the situation becomes totally chaotic, in
contrast to the perfect regularity in a healthy heart,
where the rhythm is controlled from the sinocatrial node.
Atrial fibrillation is a very common disorder, thus
5% of all patients that undergo heart surgery suffer from
AF. 0.4-2% of a population will suffer from AF, whereas
10 % of the population over the age of 65 suffers from
AF. 160 000 new cases occur every year in the US and the
number of cases at present in the US is estimated to be

around 3 million persons. Thus, treatment of atrial
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fibrillation is an important topic.

Typical sites for ectopic premature signals in AF
may be anywhere in the atria, in the pulmonary veins
(PV}, in the coronary sinus (CS), in the superior vena
cava {SVC) or in the inferior vena cava (IVC). There are
myocardial muscle sleeves present around the orifices and
inside the SVC, IVC, C5 and the PVs. Especially around
the orifice of the left superior pulmonary vein (LSPV)

such ectopic sites are frequent, as well as at the



inside the SVC, IVC, CS and the PVs. Especially around the orifice of the
left superior pulmonary vein (LSPV) such ectopic sites are frequent, as
well as at the 3 orifice of the right superior pulmonary vein (RSPV). In AF
multiple small circles of a transmitted electrical signal started in an
ectopic site may develop, creating re-entry of the signal in circles and the
circle areas will sustain themselves for long time. There may be only one
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the re-entrant circuits sustain themselves continuously.
The patient will feel discomfort by the irregular heart
rate, sometimes in form of cannon waves of blood being
pushed backwards in the venous system, when the atria
contract against a closed arterio-—ventricle valve. The
irregular action of the atria creates standstill of blood
in certain areas of the heart, predominantly in the
auricles of the left and right atrium. Here, blood clots
may develop. Such blood clots may in the left side of the
heart get loose and be taken by the blood stream to the
brain, where it creates disastrous damage in form of
cerebral stroke. AF is considered to be a major cause of
stroke, which is one of the biggest medical problems
today.

Today, there are a few methods of treating the
problems of discrders to the heart rhythm regulation
system. Numerous drugs have been developed to treat AF,
put the use of drugs is not effective to a large part of
the patients. Thus, there has also been developed a
number of surgical therapies.

Surgical therapy was introduced by Drs. Cox, Boineau
and others in the late 1980s. The principle for surgical
treatment is to cut all the way through the atrial wall



system. Numerous drugs have been developed to treat AF, but the use of
drugs is not effective to a large part of the patients. Thus, there has also
been developed a number of surgical therapies. Surgical therapy was
introduced by Drs. Cox, Boineau and others in the late 1980s. The
principle for surgical treatment is to cut all the way through the atrial wall
4 by means of knife and scissors and create a total separation of the
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therefore not propagate to other parts of the heart.

It is necessary to literally cut the atria and the

SVC and the IVC in strips. When the strips are sewn
together they will give the impression of a labyrinth
guiding the impulse from the sincatriael node to the
atrioventricular node, and the operation was conseguently
given the name Maze. The cutting pattern is illustrated
in Fig. 2 and was originally presented in JL Cox, TE
Canavan, RB Schuessler, ME Cain, BD Lindsay, C Stone, PX
Smith, PB Corr, and JP Boineau, The surgical treatment of
atrial fibrillation. II. Intracperative
electrophysiclogic mapping and description of the
electrophysiologic basis of atrial flutter and atrial
fibrillation, J Thorac Cardiovasc Surg, 1991 101: 406~
426. The operation has a long-time success of curing
patients from AF in 90 % of the patients. However, the
Maze operation implicate that many suture lines have to
be made and reguires that the cuts are completely sealed,
which is a demanding task for every surgeon that tries
the method. The operation is time consuming, especially
the time when the patients own circulation has to be

stopped and replaced by extracorporeal circulation by



electrophysiologic mapping and description of the electrophysiologic
basis of atrial flutter and atrial fibrillation, J Thorac Cardiovasc Surg, 1991
101: 406- 426. The operation has a long-time success of curing patients
from AF in 90 % of the patients. However, the Maze operation implicate
that many suture lines have to be made and requires that the cuts are
completely sealed, which is a demand?ng task for every surgeon that tries
ithemethad.aThe:operationds Hmerconsuming: speeialy 1he timeswvbern
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f@gﬁ%ﬁfQBQSﬁEﬂ“EQQ“%@QQ%W%all. The damaged myocyte tissue
can not transfer signals any more and therefore the same
result may be achieved. Still the chest has to be opened,
and the heart stopped and opened. Further, the enerqgy
source has to be carefully controlled to affect only
tissue that i1s to be destroyed.

A large number of devices have now been developed
using various energy sources for destroying the myocyte
tissue. Such devices may use high radio frequency energy,
as disclosed in e.g. US 5,938,660, or microwaves,
ultrasound or laser energy. Recently, devices have been
developed for catheter-based delivery of high radio
frequency energy through the venous and or arterial
systems. However, this has so far had limited success due
to difficulties in navigation and application of energy
and also late PV stenosis has been reported. Further,
devices using coecling of tissue has used expanding argon
gas or helium gas to create temperatures of -160°C. Using
an instrument with a tip, tissue can be frozen and

destroyed.



tissue. Such devices may use high radio frequency energy, as disclosed
in e.g. US 5,938,660, or microwaves, ultrasound or laser energy.
Recently, devices have been developed for catheter-based delivery of
high radio frequency energy through the venous and or arterial systems.
However, this has so far had limited succegs due to difficulties in
navigation and application of energy and also late PV stenosis has been
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expanded delivered shape to a further expanded shape,
extending at least beyond an ocuter surface of said
tissue, in oxrder to create cutting action configured for
cutting said heart tissue and/or said body vessel.Thanks

20 to this aspect of the invention, the myocyte tissue may
be treated by simply inserting a device that is able to
change its shape into the vascular system of the heart.
This may be deone through the wvascular system, making the
insertion only slightly invasive. Thus, there 1s no need

25 for stopping the heart or cutting or treating of the
myocyte tissue with advanced or demanding methods.
Fmbodiments of the invention provide an entirely new
concept of treating disorders in the heart rhythm
regulation system and for cutting the heart wall.

30 Embodiments of the invention use an inherent force in the
device, which alters the shape of the device and thereby
affects the tissue in the position where the device has
been placed. The device is structured and arranged to
change its shape in such a way that it will penetrate and

35 cut through any tissue that is in the path of its change
of shape. Thus, by setting the shape of the device

properly and placing the device in a suitable position,



change its shape into the vascular system of the heart. This may be done
through the vascular system, making the insertion only slightly invasive.

Thus, there is no need 25 for stopping the heart or cutting or treating of

the myocyte tissue with advanced or demanding methods. Embodiments

of the invention provide an entirely new cgpgcept of treating disorders in

the heart rhythm regulation system and for cutting the heart wall. 30
EmBatiments sithBanvéntiohiusecatinherent¢oreeintive desice; which the
altersitheshapa0f the device andihereby affects the tissuainthes
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the tissue that needs treatment. The tissue that is penetrated will
destroyed and &fitta healing process ‘within t6& Boal OThe fissue will
then be replaced by 5 fibrous tissue, which is not able to transmit electrical
signals. Thus, the signal transmission in the treated heart tissue is
reduced or blocked and the 7 desired effect is achieved. Therefore, such
devices could be used for accomplishing the creation of a cutting pattern
for isolating ectopic sites causing disturbances to the heart rhythm
regulation system. The device may be structured and arranged to
penetrate through a wall of the vessel into the heart tissue. In this way,
the device will 'only need to be inserted into a desired position within the
body vessel. Then, the device may itself penetrate the body vessel



wall in order to access the heart tissue to be treated and thereafter the

device may continue its change of shape to penetrate the heart tissue.

The device may change shape such that it penetrates the body vessel

wall in its entirety. Alternatively, the device changes shape such that only

a part of the device will penetrate the7 vessel wall. The device may have

an initial elongate shape and the device is structured and arranged to
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s\eViCeIeseMS @M, part of the device will penetrate the
vessel wall.

The device may have an initial elongate shape and
the device is structured and arranged to change shape to
expand its dimensions in a direction transversally to its
elongate direction. Thanks to the elongate shape, the
device may interact with a substantial portion of tissue,
whereby the device will be stabilized and the risk of it
being transported by the blood fiow away from its desired
position is reduced. Further, the device may readily be
inserted to the desired position through the vascular
system, while having a small cross-section, and then
change its shape to increase its dimension in the
transversal direction. Thus, tissue outside the vessel in
the desired position may be treated.

The device may comprise a shape memory material.
This is suitable for providing the ability of the device
‘to perform the change of shape. The shape memory material
may serve to maintain the device in a first state while
the device is being inserted, the device in said first
state being structured and arranged to be inserted into a
body vessel adjacent the heart through the vascular

system, and to transfer the device to a second state when



initial shape in the first state allowing the device to be inserted through
the vascular system to a desired position in a body vessel. Further, the
device is self- transferable to a second shape and, during the change of
shape, the device will penetrate heart tissue. The shape memory material
will give the device a strong inherent cforce, driving the device to perform
the change of shape. Meanwhile, as long as the shape memory material
Lhenee attgatbd it Wit ¢ataimits shape obthe fitststated bpingiduited fori thin
tliRsertien g amyd@ﬁ%emﬁzsgQ}Qcﬂ%@@%@mﬁ@/ﬁéﬂaﬁing the
S memory_ material until. the devyice has been inserted into the
© Goarol poSioR- e deVISE Fhay Teadiy 58 inser(gd ifb s duswed thet

& posfidh thFsughltlie sAaseulds systsmi deurther, whed Tt SHapemefiiory
omatedal is actatedethee deyice will strive, towardsia charge ekshapeanth
: 4l spenetialg, and desyiay fseue on lis patl (o the;new Sharg. The shape

memory matgrlal may eaS|Ibie actlva?ede, e.0. By asgumlng a ra‘lsede
bRefpeidthrs! Whish Ry tdproviasd by the bodgeriseratfestimed
paeviceomayicompsise @ tansuerselyexpardable Hubulas pad. The devige
+ M3 m%ggtne tured and._arranged to he subjected 1o a

shape to expand%thé c?%s%?géct%}rg%ﬁhg I'ﬁjcif@'ulzfa%iru g;%%éu;ﬁ%a?%%egge of

SHEBGar paft CHEUMTS ehifidlily BETSIREEL thd \Ressk| WAl S theFsafeRapre
meganeyr ates:theidarttissiieputside tike dressekwall. dfithisdeviceisrent

£ dpseriediple, ap ariefLor yeinat itsonficedpigtheneath, e of shape.
cwcug‘tf%r]entlal ejxopansmn of the deviCe will treat the heart .Wa}LII tissue

MegBlikd e efitire Otftige *Fhis i e SPERANT STfAble, "ENES e ectSpiE "

arolin
acsitesften dre |edatéd ardumidharid: sdfdoent theforifivesof ted palironary

peveins M) 8aFuher; thestubular form is suitablg fopinsestion intais, by
not activating or by restraining the shape memory
material until the device has been inserted into the
desired position, the device may readily be inserted into
the desired position through the vascular system.
Further, when the shape memory material is activated, the
device will strive towards a change of shape and will
penetrate and destroy tissue on its path to the new
shape. The shape memory material may easily be activated,
e.g. by assuming a raised temperature, which may be
provided by the body temperature. '

The device may comprise a transversely expandable
tubular part. The device may then be structured and
arranged to be subjected to a change of shape to expand
the cross-section of the tubular part such that the
tubular part circumferentially penetrates the vessel wall
and thereafter penetrates the heart tissue outside the
vessel wall. If this device is inserted into an artery or
vein at its orifice into the heart, the circumferential
expansion of the device will treat the heart wall tissue
around the entire orifice., This is especially suitable,
since the ectopic sites often are located arcund and.

adjacent the orifices of the pulmonary veins (FV).



the vascular system. In an embodiment, the tubular part of the device is
funnel-shaped. This implies that the cross-section of the tubular part is
larger at one end and smaller at the other end. This feature of the device
is also very suitable for devices that are inserted at an orifice of a vessel
into the heart, since only a portion of the tubular part adjacent the heart
wall near the orifice needs to penetrate tissue outside the vessel. Thus,

rthe:leng thakassumes a larger-sross-seetior sfter the.changerefishapento

el Q,% dért}ﬁslleitgd clos%%st to the orifice to penetrate the heart wall tissue

around the orificey urther, the other end of the tubular part may have an
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tubular portions, which are intérconnected y a connecting member.
OhgEe tbliar bdriohs rayhe het BRuBRIVETENd Arrangéd ¥ Ehange
sshapé le expanditoy tliftesentrdiameters 0f bedransversebrexpantlable tof a
valiffesent degrees, This may be,ysed for,the same purpose s thee
t\gﬁjnnel-shape described above. Thus, at least one of the tubular portions

M BE shacturéf ARG aitan g8 6 EhahgB3hapd &6 éxpatidl S dixhister
ngegdorrésparchoithe tdiametenef the vessel where itds placedT muthis Way,
e s tuacgaiion il only senee fo keep fieclavise replage-ABDIREn e

tubular portion may then change shape to penetrate the heart tissue for
Oj{hesl%‘r%%\ mént purposes. Sﬁﬁ?hgeﬁi fﬁigéo%%gcﬁr?g F?m\[%%boejfjm%f es%cﬁe or
PeR6relidrs of NRirésecrnaceting the. ubidaraportions. Arcericéfthetubular

Fpartypay femean aiial epdq The atral enghis siriciised and arrangedde
<-£h2N0R $hape J9.exiend; radially from the lbjar part. \hen iadidlly s 35
the inner layers of the vessel wall. This smaller end
will then serve only to keep the device in place.

The tubular part may comprise at least two axially
separated tubular portions, which are interconnected by a
connecting member. These tubular portions may then be
structured and arranged to change shape to expand to
different diameters or be transversely expandable to
different degrees. This may be used for the same purpose
as the funnel-shape described above. Thus, at least one
of the tubular'portions may be structured and arranged to
change shape to expand its diameter to correspond to the
diameter of the vessel where it is placed. In this way,
this tubular portion will only serve to keep the device
in place. Another tubular.portion may then change shape
to penetrate the heart tissue for the treatment purposes.
Further, the connecting member may bhe one or more bars or
wires connecting the tubular portions.

An end of the tubular part may form an atrial end.
The atrial end is structured and arranged to change shape
to extend radially from the tubular part. When radially
extended the atrial end will form a flange for fixing the

device to the heart wall. A device being inserted at the



extended the atrial end will form a flange for fixing the device to the heart
wall. A device being inserted at the 10 orifice of a vessel into the heart
may then comprise a flange, which may extend into the heart wall for
improving the fixation of the device and also contributing to the treating of
the heart wall tissue. In this way, the;afrial end may serve to fixate a
device that is inserted into a vein leading to the heart. The atrial end may
Ctdmprige & plirali§ciskched @vetapping ehchatherhkrthisway,iseverl
fdifersnt paris-of the\atdakendicantributeta the fixatiopaf the device.
: Fur C r¢ch changes shape to extend into the heart wall tissue,
lﬁw%%ﬁélggadg%?am%g 8?&3@ pa teqr“‘ra}\l%f reated %e%?t%\/zﬂftﬁs%ue for
CRftdcivel  istlatiy d&BpitsietiThe affial bad meayrformaniatrdane . Tn
tHamgewhen t@deagmgdaiaum fﬁ@ﬂ}z_tf@et%bélﬁﬁ Ba&fil':léﬁ% the cf‘eéﬁii%éa
+Aarga around the orific the_vessel into the. heart may, be treated, and a
stable ixagg%%}%r%gi%e%gféé}orﬁplﬂ%% . ;Ln(:"zfilr%JL é%%oaf)metﬁf?thee eR/{fc'e

furthet &6nfbriseéh RUHINGRANTHEIRG SHactured had hirarged te ity
Cestehdraxially fromithe tithatar gart inrardewtohe dasestedinto a headnt
palrun apd said qutling armbeing, stuciyred and aranoed 1o change, ¢ 4,
a4 s@g%%to xtgggﬁrgdla!lr%/ from the tubular part. A cutting arm may creaie a
“Tesion dlong a"citting fife i fHe REGPWAIKETHIRS aS8pddid-Cutsiiay Be
1 xeRieVas ahdarspeafid partionwf , thetheasttwdlbhay:be treated. By dense
pansegting e quiting AIM.inlg a heartatiumthe cutting.arm wilk ipitially

isbg pElz%ced inside the heart wall, preferably in contact with the heart wall.

By urtﬁglgagf):r%%ﬁ%lf:ezlfbgﬁﬁomng the tubular part, to which the cutting
arm iseBnaéétéd] end may form an annular flange when

extending radially from the tubular part. Thus, the
entire area around the orifice of the vessel into the
heart may be treated, and a stable fixation may be
accomplished.

In an embodiment, the device further comprises.a
cutting arm being structured and arranged to initially
extend axially from the tubular part in order to be
inserted into a heart atrium and said cutting arm being
structured and arranged to change shape to extend
radially from the tubular part. A cutting arm may create
2 lesion along a cutting line in the heart wall. Thus, a
specific cut may be achieved and a specific portion of
the heart wall may be treated. By inserting the cutting
arm into a heart atrium, the cutting arm will initially
be placed inside the heart wall, preferably in contact
with the heart wall. By further appropriately positioning
the tubular part, to which the cutting arm is connected,
the cutting arm could strive to assume a shape, where it
extends outside the heart wall. The cutting arm will then
penetrate through the heart wall and thereby create én
elongate lesion.

The cutting arm may have a form comprising at least

one closed loop. The cutting arm will penetrate tissue



the cutting arm could strive to assume a shape, where it extends outside

the heart wall. The cutting arm will then penetrate through the heart wall

and thereby create an elongate lesion. The cutting arm may have a form
comprising at least one closed loop. The cutting arm will penetrate tissue

11 forming a lesion corresponding to the form of the cutting arm. As the
cutting arm comprises a closed Ioop,]a\]n islet of untreated tissue will be
ﬁ@mﬁd@?ﬁda Q?ﬁ@llﬁs%fﬂ@@pl}ﬂﬁiﬂihgh% guUtEng %%ﬂmc%eaéﬁeabl@&f@ing

ich ,will.cause a line of scar tissue that represents an, effective bloc .

a\élé\‘lpla'i ns%\%rg%gg act%téfnﬁ desited “Electricarsig naclg ° ﬁl%%jeo{\/%%z)lf there 1o 16t
0&2 BEtopRAdifR prageritin thielislet thisosatesic Sie Witk bé heffeetiverd
lisolatedidhelgutting, arm-may have aform comprisinga pluralityei clasedch
wIP9pS atanged s#geeq%e#jﬂggggag s Qther %%%{Onlfgéf;%%@é" direction of

the cutting arm. This implies that a dense pattern of t eatedéﬂssue may
fie GESIMBlisheeransavisralisRES R Be formed, possiBiigslating
eeéctopicisite$. Budher] sne s moresabutting isletscreateanlinecafgear site

plissiiey representing an gifective blackagainst prapagatien of, indesired

e_lﬁctrlcal signals. The device may comprise at least two cutting arms,
| c rranged to change shape to extend in different
Swhich 'ard $tlictufed ahis dto ch h din diff

radial Yirectionis: from thentubalar Fart Thistimplies thatdésions along
pdifferanteytting lines;mayhe.formed.in ordey tg.obtain adeasired-cytting-n
P t{gernjjlrrl1 tgeggart wall tissu ._The tubu_lar ag%of_ edgvi_cteirga b%‘

strictured and" HEnged 18 be insértsd s the cdrdfary sinus (Jgé_’).ufhe
Thibbilakpakimay thet; in adiststatesdfthsgegitet reated tissue may
be accomplished and several islets may be formed,
possibly isolating ectopic sites. Further, one or more
abutting islets create a line of scar tissue,
representing an effective block against propagation of
undesired electrical signals.

The device may comprise at least two cutting arms,
which are structured and arranged to change shape to
extend in different radial directions from the tubular
part. This implies that lesions along different cutting
lines may be formed in order to obtain & desired cutting
pattern in the heart wall tissue.

The tubular part of the device may be structured and
arranged to be inserted into the coronary sinus (CS). The
tubular part may then, in a first state of the device
before the device is subjected to a change of shape,
strive towards a shape that is curved along its
longitudinal direction to fit into the CS. Such a device
may be arranged to change shape to expand mainly at the
inside of the curve towards the heart wall. Hereby, a
portion of the heart wall along the CS may be treated.
Further, the device inserted into the CS may be arranged
to form a support for a cutting arm extending from a
tubular part inserted into a PV, after the cutting arm

has performed its change of shape.



before the device is subjected to a change of shape, strive towards a
shape that is curved along its longitudinal direction to fit into the CS. Such
a device may be arranged to change shape to expand mainly at the
inside of the curve towards the heart wall. Hereby, a portion of the heart
wall along the CS may be treated. Fyrther, the device inserted into the
CS may be arranged to form a support for a cutting arm extending from a
tubuldkpartsindetted ko a P¥eaftenthe tuttingrazmy has pesformeg itse s

nehangelaf shape, 12 +Ag Hsgd hereinytheterm "caranary.sinyg; implies, e
rnotn(%nIyﬂ%hrei[\()i&)mrtloBeof the vein at its o enll_ng to the right atrium, but alsc%1
fhe great cardiac venT eRteiding frofd B right Bt f8Pdraintiy Blood™

Tremm the heaiotissue: Thentubalar geetitn bednierteetinfrthie C8endypart
rhave:4.length corresponding to at least the distance between the two

lower RVs. This implies that suEgtantial rti nofglle heart wall may be _
treatelP ey thlébdlel‘[\%gre ?r?sre%te% into the' C JQ‘ I%uerﬁwelr,n the &§ ?na(\gl/gth%%y Bave

asdBHsn LuppBRTeRETHg Bems lextartiiy from (dbSIaRPaRs HAserasn
threeachooftbe dowerBY s nespectyely. dhegiass-sedionafthe tubular

phattiahedpseried nio the ¢ may.at least partly be eliptic. o this way,
_ the expansion mainly aﬁﬁe inside of thé curvé fowards - the heart wa
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Salsoquresenta tubulai:part: having:a erpssisgctin-that isratleastparths

1 elliptie.c Further, the, crassisection of the;wbular. parts may g yaried
mﬂmtep{ to suit the area around the vessel to be tréated. The cutUngg_ﬁéted
|

devic 1§ bETRSSHeTTto-fie €8 iy ISP Eorfifrisda cutthgim:
intrgctibed &%d mpEngéd least partly be elliptic. In this way,

- the expansion mainly at the inside of the curve towards
the heart wall may be achieved. Of course, devices to be
inserted in other vessels may also present a tubular part
having a cross-section that is at least partly elliptic.
Further, the cross-section of the tubular parts may be
varied infinitely to suit the area around the vessel to

be treated.

The cutting device to be inserted into the €S may
-also comprise a cutting arm being structured and arranged
to initially extend in an axial direction of the tubular
part in order to be inserted into the CS and being
structured and arranged to change shape to extend
radially from the tubular part. Thus, a specific cut
along a cutting line in the heart wall may be created
from a device inserted into the CS.

An outside surface of the device may be provided
with sharp edges. Thus, the ability of the device to
penetrate through tissue is increased, ensuring that the
device will perform its change of shape. All parts of a
device, such as the tubular part, the atrial end, and the
cutting arm as described above, may be provided with such

sharp edges.



to initially extend in an axial direction of the tubular part in order to be
inserted into the CS and being structured and arranged to change shape
to extend radially from the tubular part. Thus, a specific cut along a
cutting line in the heart wall may be created from a device inserted into
the CS. An outside surface of the deyice may be provided with sharp
edges. Thus, the ability of the device't® penetrate through tissue is
incredsedoensuridyy that the-«deyicennid pesfotmdtsachange of shape. All
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arm as describéd above, may be provided with such sh arge ges. 13 An

SGaide s UrAckBTHIRE BBvizeTHAY aRkd Gt e FiativRK S Brovidedifith ©
Wdrllgsthe diugs-maydet acapteditotipcreése hscuttng.effect throaght rate

tissyes i his: wallalsg increass the ghiliy;of the deyieg 1o p@ﬂ%”@tfu s may

bthrou tissue and treat the tissue, Also, the drugs may b apte l;_
prof P&ﬁﬁc%ﬁgt BRth Walf of the" G685 %n Whi &%’%ew&
vinsefeéd. The dihugcaddpted de increasesa tutting tefféct may be e. g any

one in-the greug of algohol glufaialdehyde, farmaldehyde, eameta;r@te@wqoe
Lenzymes like collagenase. Further, combl atlo of thes ay
“pé conlfé/mp%?e&lgrhe%% cﬁﬁag%ll?ﬁaave a OXIC effgct on %lssuelhqﬁé{n
f ereByipéimie an eadicp peheAtion. of tlezuevice HrbaglFtissde Thes e -
rdrughadapted {o peakhihita thickening ofthes vessel wallamay be e.g. any
0% I fhe-aroup of cidlosporin, faxfferol. rapamyein 30d [ARDUS: o

Further, any ‘Tombination o rugs may be contemplate
thEAdPatiRCOfthE Jdebaceﬁﬁaa@pgh BSSRARIRE HBEY RIAPCAER &ﬁe&ﬁheg
deeactien ihthugh tissue.

The drug adapted to prohibit a thickening of the
vessel wall may be e.g. any one in the group of
ciclosporin, taxiferol, rapamycin and tacrolimus.
Further, any combination of these drugs may be
contemplated. The penetration of the device through
tissue in the body may cause a healing reaction in the
body in the form of a local proliferative reaction in the
tissue. As a result of a thickening of the vessel wall,
the local proliferative reaction may cause a stenosis,
which is a very dangerous situation in the PV. The drug
adapted to prohibit a thickening of the vessel wall has
an anti-proliferative effect, i.e. 1t will prohibit a
local proliferative reaction and it will therefore
prevent the thickening of the vessel wall.

Moreover, the drugs may include any one in the group
of Endothelium Growth Factor, Heparin, amiodarone and
sotalol. Endothelium Growth Factor and Heparin are drugs
preventing thrombosis and increasing in-growth of
endothelium on the endothelial surface of the vessel wall
after penstration of the cutting device. Amiodarone and
sotalol are drugs designed to treat arrhythmias. Also,
other drugs with these or other effects may be

contemplated.



body in the form of a local proliferative reaction in the tissue. As a result
of a thickening of the vessel wall, the local proliferative reaction may
cause a stenosis, which is a very dangerous situation in the PV. The drug
adapted to prohibit a thickening of the vessel wall has an anti-proliferative
effect, i.e. it will prohibit a local proliaegative reaction and it will therefore
prevent the thickening of the vessel wall. Moreover, the drugs may include
any ohiecindhe greupeof BngothaliumeGravthd-acterpEleparinsamiotiarone

c8Rd 30t ndatheliump Growth, Fagtor apd Hepariniare drdS orming a

lgre,venting thrombosis and mcreasm% in-growth of enﬁjotheliur‘%on the
RAGthefiar Sdte st ihie veSsdiRfall after fenetratiort of 17E clfting ™
pdevicea Artioddrent anclusotals]. atesdrdgy dlesighed te treatarkiytimias.
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there is an ectopic sjte, present in an islet, this ectopic site will be
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The %Yéc%ren@gcbee at 'e?‘%tg"aaﬁc'Y bioresorbale , hﬂ&ﬁ&%@%@@
first be inserted fo a desire position and change’its shape to penetrate

ThRE deshoy fssteantdebirdat B ot derg ¥4 Bk Féark rifRfmT e
poegulation systenh Thercaltes, thraesired effecteaf there and destroy

tissue in crder to treat disorders to the heart rhythm
regulation system. Thereafter, the desired effect of the
device has been achieved and there is no further need fox
the device being maintained in the body. Thus, the device
may be designed in a bioresorbable material to thereaftex
be absorbed and repelled by the body or at least certain
parts located in especially inconvenient places may be
absorbed.

The device may be made of a shape memory polymer.
The shape memory polymer may provide an inherent force to
accomplish the change of shape, when the device has been
inserted to a desired position. Further, a shape memory
polymer may be resorbed by the body. Alternatively. the
device may be made of Nitinol or any other metal alloy,
which also has a shape memory for providing the inherent
force to accomplish the change of shape. Examples of
other shape memory alloys that may be used are alloys
made of titanium-palladium-nickel, nickel-titanium-
copper, gold-cadmium, iron-zinc-copper-aluminium,
titaniuvm-niobium-aluminium, uranium-niobium, hafnium-
titanium~nickel, iron-manganese-silicon, nickel-iron-
zinc-aluminium, copper-aluminium-iron, titanium-niobium,

zirconium-copper-zinc or nickel-zirconium-titanium. The



device has been achieved and there is no further need for the device
being maintained in the body. Thus, the device may be designed in a
bioresorbable material to thereafter be absorbed and repelled by the body
or at least certain parts located in especially inconvenient places may be
absorbed. The device may be made of a shape memory polymer. The
shape memory polymer may provide an inherent force to accomplish the

chal§& bf ShAfe, iHérw i device habDeeR HRened 164 desirbda"
positioas Eurthéry afshapermembry cpalyimer mayserestched: by the:bedy.he

Alterpatively, the,device mayhe,made of Nitinal ok apy other metal.alloy, 2114y
which also has a shape memory fj(é[\%rovq:m%the%ér;herent force to
accomplish te change of shabe. Examplesof dther5HAPE Mefidny®
Sallogs Gt Pl B used Bre alibys! hadd bEtitanikm-paliadiufesniekels ible for
nicke|-taniagneeppel, gold-gadmium, iron-zinc-copper-aluminium,

titaniurm-niobiuu ALY, Yranug:ioGium, Ry flaniumanickel,
iron-manganese-silicon, nickel-iron- zinc-aluminium, ,
copperalimiRitim-irBRL tanfinkRobARS ArcbhtinEospeancbpnaing
nickel-zkceniomttitanmmicfhe 25 devicke mayaltenhativelfbe formedtoent of

10exhibitan glasticity, farproyiding thejpherent force 4 Thus, the dpetal allay i+«
may be e.g. stainless steel,_a%ﬂamum allé)%/ or a magnesium alloy. The hich
et Tioy Ay Gisobs BN e fetobed by ind Body: iRy “hic
posSibfefol3€ g2 magha§iunt allGyss Aeed rling t-& setord aspediif the ssue
present tilvention; there:is provided adkit ofishapeschanging tissye eutting
devices as defined above for Hsgt%%of&%ﬁ%@%%'nath&?%tefhythm
regulation system, said kit. comprising: shape-c an%%lg tissue cutting
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system, and wherein the tissue cutting device is capable
of changing shape to the second state, which is an
expanded delivered shape, when located at szaid desired
position, the device in the expanded delivered shape

20  having a tubular part, which strives to a further
expanded state and a diameter that is larger than the
diameter of the vessel at the desired position, whereby
the device will become embedded into the tissue
surrounding the vessel at the desired positicn and

25 destroy the tissue by cutting action in order to prevent
it from transmitting electrical signals, wherein at least
one of the shape-changing tissue cutting devices is
adapted to be inserted to a desired position at the
orifice of a pulmonary vein in the heart, and at least
30  one of the shape-changing tissue cutting devices is
adapted to be inserted to a desired position in the
coronary sinus.

According to this aspect c¢f the invention, a kit of
shape-changing devices that may penetrate heart tissue
35 provides a possibility of placing the devices properly in
vessels adiacent the heart in order to penetrate
surrounding tissue and, thus, create lesions for

affecting the transmission of electrical signals in the



cutting device in the first state is in a temporary delivery shape and has
such dimensions as to be 15 insertable to a desired position within the
vascular system, and wherein the tissue cutting device is capable of
changing shape to the second state, which is an expanded delivered
shape, when located at said desired positigy, the device in the expanded
delivered shape 20 having a tubular part, which strives to a further
expandéd State and A dialfetePHaY iiGrgtt THars thet dratheter of the
vessel st the desiveth position awherebybihe deviceewill become embedded be
intodhe fissue swrouading thervessel atthe desired positign.and 25, -+ s¢
destro¥ t%e tissue %ﬁ cutting aqrtlion in order tq é;))égv nt .it from transmittin
electfical Sighals. Wherain at I8aSE 6né of tie- Sapeshaging tssie - 9 on
cuttie-deAcEsS adapted a6 belinsertel aradesired pbsiiopat itrnt 1s. In
orifice of a pulmonary vein in the heart, and at least 30 one of the
shape-changing tissue cutting devices is adapted to be inserted to a

desired position in the coronary sinus. According to this aspect of the
invention, a kit of shape-changing devices that may penetrate heart tissue
35 provides a possibility of placing the devices properly in vessels

adjacent the heart in order to penetrate surrounding tissue and, thus,

create lesions for affecting the transmission of electrical signals in the 15a
tissue. The kit may provide devices adapted to be inserted such that a
suitable pattern of lesions may be created through the heart wall. The kit
may comprise various numbers of shape-changing devices depending on

5 how severe the electrical disorder of the patient is. In 16 some cases, it
may be sufficient to treat the PV and the

51



CS, since the disease often starts in or around the PV. The
shape-changing devices inserted into the PV and the CS may be

expanded in the patient to come in contact with each other. Then, the
expansion will be stopped. Further, this ensures that all tissue between

the PV and the CS has been cut completely through and thus effectively
the entire heart wall between the PV and the CS has been cut through
SGB&LING A%6sioR belweePthesPV ahdithe TS anel- kealoristdroliNd Tipyhe

cand thenGs. Shuilaycontacts detween oiher shape-shanging gevices iy .
it be, established between.PVs and the.superior vena.c
e oA (N of Do Er eV afilne ats, che
dpdvcidhdiipaedied adlaptetftoid ingited MnteARE CEMBEY RS With
ealong atsubstantiablengthhef hep&Ssincorderitolbeable topreate afurther,
tglonoaleJgsign in the he T%%'E%@Jg‘?%%tét}%gé-gﬁs shapgrehanging: o
device that is adapted to be inserted into the PV may cg&grlse an arm,

hRRicRF5 the SecoRaRIRE il drrhhgas i coHdct the Shade-erigiRgy the
egievicesintthe:CS whIUS, ladesioarmay be kveated from=thesPNae the €8, cut

twhen the arm changes shape. Further, the .contactbetween the.amyand ng

the device in the CS fixates the position of the arm. The arm ma}Jy
LESHDRSe BTOMIR ifr'Af dtda #6 CorreSinClontactWithithe SRBPBChanging
bgdvieein theleS. Fhispimplies:thatrthe demimeays extend ipaskthe @80 be
lurthen seale alesipndn they head walhiron the CoJewaEdsthea mitrals ve)

valve. At least one of the shape-changing devices in the kit.may be, .
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Cshape-changing devices in the kit may be adapted to be inserted into the
SVC. Thys sthedeeated rattesn mayiedendiarousd the Ve anddbe SMC
iﬁiweﬂhe CS may extend along a substantial length of the
CS in order to be able to create an elongate lesion in
the heart wall adjacent the CS.

The shape-changing device that is adapted to be
inserted into the PV may comprise an arm, which in the
second state is arranged to contact the shape-changing
device in the €5. Thus, a lesion may be created from the
PV to the €8, when the arm changes shape. Furthexr, the
contact between the arm and the device in the CS5 fixates
the position of the arm.

The arm may comprise a trough in an area to come in
contact with the shape-changing device in the CS. This
implies that the arm may extend past the CS to further
create a lesion in the heart wall from the CS towards the
mitral valve.

At least one of the shape-changing devices in the
kit may be adapted to be inserted into the IVC. Also, at
least one of the shape-changing devices in the kit may be
adapted toc be inserted into the SVC. Thus, the treated
pattern may extend around the IVC and the SVC as well.

Further, at least one of the shape-changing device

that is adapted to be inserted into the SVC and the



Further, at least one of the shape-changing device that is adapted to be
inserted into the SVC and the 17 shape-changing device that is adapted
to be inserted into the IVC may comprise an arm, which in the second
state is arranged to form a connection between these shape- changing
devices. Thus, a lesion in the heart wall between the SVC and the IVC
may be created. The kit may comprise four shape-changing devices,

sbagle beingradiapteditovhie: inserted into adegpeectiveeBVbelhiesgerted into

+8Rapesehanging devices may,treatthe fissug ajound, each B, Theseee 15
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comprise @inearm, avhiah:is the:secar state isratipnget da gontactithel ces
shape-¢changing devige.in.a PV, -chapgi vige that is.
P ada%?e% to be@f?ls%ﬁe%?nt%%fﬁg i%%gn‘:%?%%rg%rgg r<'31]Igfa|\q‘r}na &v(\%/ﬁ?}:% coverasn

24 entfofthe iibutdrshapeBIdhe trbkelif tid $edbHa state. RIS te the
skhape-changing gdevice inay be insestéder PV. Thus, a lesion

between the PVs may be formed in order to furthexr isolate
the ectopic sites and create a cutting pattern that may
effectively treat disorders to the heart rhythm
regulation system.

At least one of the shape-changing devices in the
kit may be adapted to be inserted into the left atrial
appendage (LAA). This shape~changing device may be used
for isoclating the LAA totally from electrical contact
with the other parts of the heart.

Further, the shape-changing device that is adapted
to be inserted into the LAA may comprise an arm, which in
the second state is arranged to contact the shape-
changing device in a PV.

The shape-changing device that is adapted to be
inserted into the LAA may comprise a f£ilm, which covers
an end of the tubular shape of the device in the second
state. Thus, the shape-changing device may be inserted
with the end of the tubular shape of the device covering
the connection between the LAA and the rest of the left
atrium of the heart. In this way, the LAAR is excluded
from the blood circulating in the heart. Since the LRA is
not needed for a satisfactory function of the heart, this

will not affect the function of the heart. Further, an



with the end of the tubular shape of the device covering the connection

between the LAA and the rest of the left atrium of the heart. In this way,

the LAA is excluded from the blood circulating in the heart. Since the LAA

is not needed for a satisfactory function of the heart, this will not affect

the function of the heart. Further, an 18 gxglusion of the LAA effectively
prohibits thrombus_migration from the LAA, which may otherwise send
embBolfes fo-fie Briir C5using: cérebPalsrbked. RERESEGHE of thePmPus
shapéschanging devicesimethd2Rit mayilbenadepted td bevinsertettinto theoclies
right atrigl -appendage, 19 iAecarding e & third aspest of the present

invention, therf is provided a gu:%gical evice_wtgich [ struggured and,

S

arranged {0'be ﬁ%‘%gﬁeg ito 4 bo ye vés§éland i%rls%ﬁrslgqueﬁﬁ/cﬁsanb% the
“shapeétherein beharaetekizdd ip thz the deviceds sthictufetkand 9ht atrial
arrangedrta.change shape to extend at least partly outside the perimeter

or orifice of an outer wall of said vessel by tissue cutting action exerted by
said device through said shape change on said blood vessel from the
interior thereof. 20 Brief Description of the Drawings The invention will

now be described in further detail by way of example under reference to

the accompanying drawings, on which: Fig. 1 is a schematic view of the
transmission of electrical signals in the heart; Fig. 2 is a schematic view

of a pattern of cutting tissue of the heart wall according to the
Maze-procedure for treating disorders to the heart rhythm regulation



system; Fig. 3 is a schematic view of a simplified pattern according to the
Maze lllI-procedure, wherein the heart is seen from behind; Figs 4a-4c are
perspective schematic views of a tissue lesion creating device according
to an embodiment of the invention, wherein Fig. 4a shows the tissue
lesion creating device in a first, temporary shape, Fig. 4b shows the
tissue lesion creating device in a second, ‘permanent shape, and Fig. 4c
illustrates fHeREStE fesioh EreRling deditR Haviny sHalp cdgRePElys
5a-5mghowthe tisstie lesicrecreating device ofieFigs #la-4lzinsestedtinal: 1s
bodyvessel, Figs 6:12 show.different smhodiments of the; tissues lgsion,
creating device; quaffls st}woows a '[IS%l]l_e Iestllon creatlgg dev%_‘clcjah comprising
a cutfing &rm Acdording to 41 Sibiotiment 6t e invention: tive fisste
lesion ereating tevick Bainghstiow imsérted disto ssvesselwith fisel catting
ﬁrma gm%gm into @khfﬁg@t@m%@f@@ the tissue !ﬁ§iqu ﬁ@&atmm\@ce

as started,acting.on the heart wall _tissue;- Fig. 14.shows the tiss Si .
vt ncinls et ad e adal el inclfatan e JEEEE
a hE& Sl &t thetfsstie fesidniéreating dévics Prhbfates Yissde at thevice
orifiee, oba yassel, kg sthapshavis:thedissue lesion créating device=0f Eigom the
13 after the tigsug,|esian ereating device has 21 penetrated the heart wall
and the vessel wall at the orifice area and has completed a change of
shape; Fig. 15b shows the tissue lesion creating device of Fig. 13 after
the device has penetrated the heart wall and has completed a change of
shape similarly to Fig.



15a, but where the cutting arm of the device abuts another tissue lesion
creating device inserted into another vessel; Fig. 15c is a schematic view
showing the tissue lesion creating device of Fig. 13 after it has completed
its change of shape, wherein the tissue lesion creating device has been
inserted into the left superior pulmonagy vein and the cutting arm is
extr;d to the left atrial ap
FEWWithr-3 on-BitHe- vESSel ARdthe higart wall cut-off and shows the
tissuet lesiomereating devicelofriig. 12:afterdhe tevide hasf penéteated
atheheartyall 29d has sompleted 2 ghange of, shape.similagly Lo Fig. 15a,

aglét %here the tissue lesion “creating device comprises an atrial end
insfeatroriha doltiiy ahHS FigdlL 6753 Gfe schematic views of the heart
showikiggtissueilesionsareating: devivesinserfed into tifferenti bloodn of

eVessels adjacentdhg heat.and, lustrating.cutting patterns achieved by

theseEtilssueéesjon creating devices, wherein Figs 16-17 and 22-23 show

a cross- secfion that haSBaBhtdut throtih the &b té Redrt ariti Figs Y

©1g3Mesholy tHesathiaof the heart frone thil ngtside ofithe heastseendromrre

foehindekigsrfad2an shews arossseclion of the lpft,atrial gapendage

+80d a tissue lesion creating device inserted into the left atrial appendage,
wherein Fig. 24a shows the tissue lesion creating device before a change

of shape&ihas sthfted il Ee 246 sHoRE tRtissueiiBsibh Lérating 8bEs

a aftertherchange iof shapeFigs 2526 Wustrate tissue lesion ereating:art is

Sggﬁicg§oiﬁs%réqgiil%g the left atrial appendage and the right 22 atrial

appendage, the figures showing a cross-section . )
Figs 4a-4C are perspective schematic views of a

B

tissue lesion creating device according to an embodiment
of the invention, wherein Fig. 4a shows the tissue lesion
creating device in a first, temporary shape, Fig. 4b
shows the tissue lesion creating device in a second,
permanent shape, and Fig. 4¢ illustrates the tissue
lesion creating device having sharp edges;

Figs 5a-5b show the tissue lesion creating device of
Figs 4a-4b inserted in a body vessel;

Figs 6-12 show different embodiments of the tissue
lesion creating device;

Fig. 13 shows a tissue lesion creating device
comprising a cutting arm according to an embodiment of
the invention, the tissue lesion creating device being
shown inserted into a vessel with the cutting arm
extending into a heart atrium before the tissue lesion
creating device has started acting on the heart wall
tissue;

Fig. 14 shows the tissue lesion creating device of
Fig. 13 during the time when the cutting arm penetrates a
heart wall and the tissue lesion creating device
penetrates tissue at the orifice of a vessel;

Fig. 15a shows the tissue lesion creating device of

Fig. 13 after the tissue lesion creating device has



that has been cut through the atria of the heart; Figs 27-29 illustrate three
different embodiments of accessing the vascular system; Fig. 30
illustrates a guide wire being inserted into the coronary sinus; Fig. 31
illustrates a guide wire being inserted into the coronary sinus and a guide
catheter being inserted with its tip at,the orifice of the coronary sinus; Fig.
32 is a view similar to Fig. 31 showing a first tissue lesion creating device
rpepgiAsertbdting thea coromary sinus; Figs 38amtk34 husirateta ghile

owire-havinglasen inserted intathesleffatdumyEigs 35:37 Huatsate the
carryipg andlq%Io%ment of atissue Iesi<1n Creatin%gg\éig?rp rgg%nscgf a
delivery Fathetar; F194 338-40 ilfustiats the™depidymentora tissue  lesion
Fereatihg deficern the letesupsridraprilmensy nvdincandi Figseatdq Wall
aftiisttate therinsestien; of atissHg clesionoreating-deviceinia thednietior
- and erior, vena cave. Detaijled Description of a Preferred iment
i%%fe?ﬁﬁé’ n".(%ivlvgt}cfﬁ:i%s?ll (iémt élpl}gbl%%n% c%fgis%%ger%@%lt 8e hgeg;rl?%ﬁythm
arsuatfontsystatfy atmthellesding tdtvetfietR6d br feafitgithbsE®
aprofilems wilsbe 1described. In Fig. 1, a heart 2 is shown and the

contraling of the heart tythm s indicated, The heart, yhvihm issnarmelly

controlled from the sinoatrial node 4. The sinoatrial. node 4 transmitséﬁted
S

1 Bfetiicaf SiRASPhicR VareSpropaliated throughthé hbartReHi B5PMR
ipbspécialgeeltsiforhimoean electricat pathwaly L The eldoticab rsigais ting
adaflomdng, the electficalpathway will cgordinate Jthe heagapussle galisdonary
vgﬁﬂoﬁﬁﬂn%ﬁ%“¥%§€¥¥§ arm is extended to the left atrial
appendage opening;

Fig. 15d is a perspective view with a section of the
vessel and the heart wall cut-off and shows the tissue
lesion creating device of Fig. 13 after the device has
penetrated the heart wall and has completed a change of
shape similarly to Fig. 15a, but where the tissue lesion
creating device comprises an atrial end instead of the
cutting arm;

Figs 16-23 are schematic views of the heart showing
tissue lesion creating devices inserted inte different
blood vessels adjacent the heart and illustrating cutting
patterns achieved by these tissue lesion creating
devices, wherein Figs 16-17 and 22-23 show a cross-
section that has been cut through the atria of the heart
and Figs 18-21 show the atria of the heart from the
outside of the heart seen from behind;

Figs 24a-24b shows a cross-section of the left
atrial appendage and a tissue lesion creating device
inserted into the left atrial appendage, wherein Fig. Z4a
shows the tissue lesion creating device before a change
of shape has started and Fig. 24b shows the tissue lesion
creating device after the change of shape;

Figs 25-26 illustrate tissue lesion creating devices

inserted into the left atrial appendage and the right



coordinated contraction of the cells in a heart atrium 23 and heart
ventricle. The normal conduction of electrical impulses through the heart
starts in the sinoatrial node 4, travels across the right atrium, the
atrioventricular node 5, the bundles of His 6 and thereafter spread across
the ventricular muscle mass. In a disordered situation, electrical signals
are started in heart cells outside the “stnoatrial node 4, in so called ectopic

asites These celestyeal signalswill disiurbhe cagrdination:of the Jieash

cle cells. If several ectopic sites are resent,%h ignal transmission
Sibeir sotic. Thi v%n Irbél%hg s ap‘Fér?hﬁ' %ﬁg dasis

ecomes C !S e cause 0 miIC diseases, fsuch as
atrial FibAatidON~&Ad hirll fluter.sAr- existinghéfriocefok reatmgthesats ot

adiseaseésiip basedrardsolatingthe-egtepic sites in order to prevent the
electrical sig @Is. rted in these ectopic, sites. to propagate in the@ art, .
~wall. 'IchﬁaltJ!Is tf?e h%%rgf%a ngtcc%? caonqp 3(=3t(o:[e€fy fﬁ%orueghgfgﬁ?ﬁerlfﬁpst?n% tﬁe LRee

CREupIMG et REeR 16818 that transmit erratic electrical signals. The thus
created.desiari willlde:kealedanith:filbreus dssuer; awhiehi isyunable taed into

ciansmitslectical signals, Thus, he path afthe electical SIgnalSs - o g

blocked by this lesion. However, since the location of the ectopic sites
Wiy riotSalwiys bk KidvrPand H5sy b difftaitds Bt ming o Sice

thereMhight B& miudtiple ectopie sités, amrspeeial ieuttingl pattern hag beehirst
t developed whigh will effectivalyisolategeiopic sites, Thus, Hesame e

c %(tjtgg]r may, always be used regardless of the specific locations of the
ectopic dités'ih®aceh individual case. The procedure is called the
"MazE&i-grocéduria i of Ive tcompticateghcuttingygatterh 2miFig. 2aRa

i Mazerpatterntis ilustrateckiHeweveras is evident from Fig. 2, the cutting

Figs 35-37 illustrate the carrying and deployment of
a tissue lesion creating device by means of a delivery
catheter;

Figs. 38-40 illustrate the deployment of a tissue
lesion creating device in the left superior pulmonary
vein; and

Figs 41-44 illustrate the insertion of a tissue
lesion creating device into the inferior and superior

vena cava,

Detailed Description of a Preferred Embodiment

Referring now to Figs 1-3, the problems of disorders
to the heart rhythm regulation system and the leading
current method of treating these problems will be
described. In Fig. 1, a heart 2 is shown and the
contrelling of the heart rhythm is indicated. The heaxt
rhythm is normally controlled from the sincatrial node 4.
The sinocatrial node 4 transmits electrical signals which
are propagated through the heart wall by means of special
cells forming an electrical pathway. The electrical
signals feollowing the electrical pathway will coordinate
the heart muscle cells for almost simultaneocus and

coordinated contraction of the cells in a heart atrium




pattern is extensive and complex and requires a difficult surgery. Thus,
the Maze-pattern has been evolved in order to minimize the required
cuttings and simplify the pattern as much as possible. Currently, a Maze
Ill- pattern is used, as shown in Fig. 3. This pattern is not 24 as
complicated, but would still effectivezl% isolate the ectopic sites in most
cases. The Maze lll-pattern comprisés a cut 8 around the left superior
arpulmenaty veint (:SP\) anththerleftinferionputmonannveifi (EPAYEhdE -

. ngj 0,arqu 1 riof, pulmonary Aein- (RSPM) d
lmﬁ% ?ﬁée)grigrii{t%%ﬁé Bﬁgnoﬂlga%%e\t/eigh@%%%s/)gg c%%%nﬁecti the twgi

4 ot BN 16 QFSUR the CpdiiSHarg veinstPVi g cait 14 %rom this =
neeonnecting eub de theseoronarisinés 468) Faeuetd from HRISAP\VEIHOSS
e Jeft atrigl appendage, a.cuf 18 fromfhe infeder-uena gawa (VL) iothe

superior vena cava (SVC) ; a cut 20 connecting the cut Jlosarggggéla% the

e L P\ and 8 G182 beniiddn it ivie ahd the S\?&;la out 22 from the
s iqut48r betweenithedy Ciand thee8VTealofg tecright atefd - athlRPRall;
ell%r&afegi% é%%giﬁt%]s_thﬁfl;@bt &ir%adp%%pw%geom@ , @aalt taém ,w;hithés
ess com an ic ectively isolates the .ectopic sites, .has,bgeR
heea bﬁ%‘ﬁeﬁ?n gcﬁ%vé%ase%s{ asfleéru%:?n?ayer?g“t elrfe(;d.s%d. .Forrexa%i{}lge, tE%
theccbh@nae of Befpic.SirsBHArESIane SadaAd e orifides of fhe PVES 1€
caand: thereforeniymayike sufficientdo naakenthe cuts 8,110 afbuind ithé PVsen
Further,.as indi d with the lines 8' and 10', the cuts around the PVs
anrﬁaéhﬁgl oane%%ar%g%eegdh PV orifice instead . of in pairs. A c;ording to the
Jiistgh HERES

inveRtdbre ek ie prdvideers gelsitifty f tiffin tigh the Reart wall
bdsacnew manier: Thys,singilarpatterrs tocthe Mazeomdgatterf SHOUE™ -
+18ISQ be achieved aceordingtothis - Rew mannefiese ectopic sites to
propagate in the heart wall. Thus, the heart wall is cut
completely through for interrupting the coupling between
cells that transmit erratic electrical signals. The thus
created lesion will be healed with fibrous tissue, which
is unable to transmit electrical signals. Thus, the path
of the electrical signals is blocked by this lesion.
However, since the location cf the ectopic sites may not
always be known and may be difficult to determine oOr
since there might be multiple ectopic sites, a special
cutting pattern has been developed, which will
effectively isolate ectopic sites. Thus, the same pattern
may always be used regardless of the specific locations
of the ectopic sites in each individual case. The
procedure is called the “Maze”-procedure in view of the
complicated cutting pattern. In Fig. 2, the Maze-pattern
is illustrated.

However, as is evident from Fig. 2, the cutting
pattern is extensive and complex and reguires a difficult
surgery. Thus, the Maze-pattern has been evolved in order
to minimize the reguired cuttings and simplify the
pattern as much as possible. Currently, a Maze ITI-

pattern is used, as shown in Fig. 3. This pattern is not



However, as mentioned above, it may not in all cases be required that all
cuts of the Maze lll-pattern are made. Referring now to Figs 4-5, a heart
wall tissue lesion creating device 26 according to an embodiment of the
invention will be described and the new manner of performing the cuts
through the heart wall will be explaingd. The heart wall tissue lesion
creating device 26 (hereinafter called cutting device) is shown in Fig. 4a
2h & fifdt statet ptwhich tthercutting slevice 265825 ttilar ardbRas & fikste
cdieppater di The culingfavice,26 ds shawnin Fig. #bin s-secend state, in
c@{ﬂ%vcﬁitst'es cgttingtdeégicen% is&ub Iar;lg%ha;; a s&ggn% dia%ntgr Qf vein
which is larger than the fir8Fdiametér d5rhe c"ul%ﬁ)ng devidd 78" 16red
(BF B Shapimémerymbteriat ipid hasuthecdbility of igmoriziigVa and a
cpermapentishapedhat may asignificanty-differfrom-atemposaryshapena ry
+d1e sfiapeymemoary material wil uanster fiom I5 emparay IS, (zapy)
memorized, permanent shap% as a résponse t a suitable” stimulus. The

2 sfithblds’ may BEceRpsard - fra Faised tEmplrattife, slckasand the
pdmperatyrevatiove e.gv30C dhatumay bereausedibythedodycting cut

cPRBTALR, TP PR, MY o pUTaDl. fe combnadvith (e lelaasedl o
a re§tra|n|n means, which may keep the shape memorg material from

t&sdfing RS poftarsTRdpE SThe sidve meniorydtBfial oRE™ OF
veesigningia tlitting  tevice 26thatemay bewontractedantdSy'Smallz cut 206

cdemperaniqshape befere insgrlign ipfo:a, patient thusy the, gulting devige 18
o (S aehiar B oo THe (e BoraR) sdpe o the g devics
boigrig @liso- Hexible: vitistelby: guitifiy thecutting deviceré tHraligh ahe
avasewlaw systemaisdacilitated. Thisiipserion:ef the) euttingrdeviceraG:may
aﬁﬁe‘?x‘?ﬂa%ré“.edr‘ﬂlﬁ'% \,NexLl-k}pE?‘EV{]e rn, which is less complex and
which effectively isolates the ectopic sites , has been
established. In some cases, all cuts may not be needed.
For example, the occurrence of ectopic sites often starts
around the orifices of the PVs and, therefore, it may be
sufficient to make the cuts 8, 10 around the PVs.
Further, as indicated with the lines 8’ and 107, the cuts
around the PVs may be done along each PV orifice instead
of in pairs.

According to the invention, there is provided a
possibility of cutting through the heart wall in a new
manner. Thus, a similar pattern to the Maze III-pattern
should also be achieved according to this new manner.
However, as mentioned above, it may not in all cases be
required that all cuts of the Maze III-pattern are made.

Referring now to Figs 4-5, a heart wall tissue
lesion creating device 26 according to an embodiment of
the invention will be described and the new manner of
performing the cuts through the heart wall will be
explained. The heart wall tissue lesion creating device
26 (hereinafter called cutting device) is shown in Fig.

4a in a first state, in which the cutting device 26 is



percutaneous catheter techniques. This is an unaggressive procedure
and may be performed on a beating heart. Thus, the cutting device 26
may readily be positioned at a desired position within the vascular system
adjacent heart wall tissue to be treated. The cutting device 26 may then
be allowed to transfer to its memorized,, permanent shape when inserted
g)uttr)\&desired osition in _a blood vessel. As shown in Fig. 5a, the cutting

16Vice 25 i8"is8fed i its lentpctanpsiiape if a ddsirediisdsifen datnire 26
b@oéh@@geﬁzg.m@a regponse-0 esitmudlus,: 4 fhe hody temperature,
thecautting device 26,yill; thep strive towards changing its shapg and .
ogt:ég(lﬂlm%hgm permanent shape. The memorized, permanent shape of

the cutting déVice 56 Wit Rot-ftintoltha bicterissser 28, whtelsjtheing
daffinglevicel 26 Wilkforce itseltthroughe steraungingdissue £0r,obtaining has
the:permanery shapgers, SNOWNINFigah, 1, this way, the qutting devjce
§9d’¥ﬂ# 4 réggectietr?lgége vessel wall and thereafter tissue surrounding

the'b ooéi vessel 28, TisSte &I tha HeBerstiated ¥l Be Kiifed, whiche
Hifstart £ AkERig redétion ihithe bdy. ithere thiescutting device 264s its
ek 11 are aple 15 aneriL SICRTica) Sais o s pe kiled: The~
selis that are able ta transmit electrical signals may thus be killed. The
thealing process WTQ(lllcr:1LcI)rfurS“Leisltsoréﬂ the gﬁlit?/ g?r%ng%iti8Ie%tri‘%%fsslﬁﬁals

2RO THetS1OFE  theYttiRP dévide 26 awill reahec ethevability of traRSHitiig t

Tetecttiealcsignals throughethp heartywalh By-placiag seyerab«dindus may
gevicesinteligently,and designing ‘L'g?eperre nent, shape of the.cuting
md§$’£0§5 2W accordingly, the cutting devices o6 may penetrate heart wall
tisSUe to Create d PAHETET dhe cSrasfo R EHhaNI&ZE Rilp tierh:

assuming its permanent shape.

The shape memory material allows designing a cutting
device 26 that may be contracted into a small, temporary
shape before insertion into a patient. Thus, the cutting
device 26 may be inserted in this temporary shape to the
heart of a patient through the vascular system. The
temporary shape of the cutting device 26 is also
flexible, whereby guiding the cutting device 26 through
the vascular system is facilitated. This insertion of the
cutting device 26 may be performed with well-known
percutaneous catheter technigues. This is an unaggressive
procedure and may be performed on a beating heart. Thus,
the cutting device 26 may readily be positioned at a
desired position within the vascular system adijacent
heart wall tissue to be treated. The cutting device 26
may then be allowed to transfer to its nemorized,
permanent shape when inserted to the desired position in
a blood vessel.

As shown in Fig. 5a, the cutting device 26 is
inserted in its temporary shape in a desired position
within a blood vessel 2B. As a response to a stimulus,
©.g. the body temperature, the cutting device 26 will

then strive towards changing its shape and ocbtaining the



An example of a shape memory material is Nitinol, which is an alloy
composed of nickel (54-60%) and titanium. Small traces of chrome,
cobalt, magnesium and iron may also be present. This alloy uses a
martensitic phase transition for recovering the permanent shape. Shape
memory materials may also be formegd of shape memory polymers,
wherein the shape-memory effect is gsed on a glass transition or a
pmettingepaint iSueh shepe memont pelymers may: ba preduged byt the
cloEming;pelyimets of materials qr.combingtians qfmaterigls payitse 23,
suitable properties. For example, a shape memory polymer may be
BRBERY of Bhg6E-Eaprelabtohe} irméthtiylaté Softbined fith nt Bty 9"
sacytatecAlsg, bhiddegradable oihiatesbrioabié.ematerialsrmay. belused fore s

sfasming these shaps memory, polymers. inthisway, the cutting device 2611 1
fmagtbe designed such that it will be degraded or.absorl..”cdetg tthe go%y
aftérit REE perdhfied s CRaRGE bf g’ﬁrﬁ'e. F 27 EXSAPIe™A potyTactic
s aeidpohfhegand/er alpolyllycolic edcid Polyfiers pely te-caprotaciéné) o
pgﬁlﬁéﬁ%@%ﬁ\%%ﬁy 19@ lﬁ«??ﬂﬂ@&ﬁofr%ﬂg:% SQEQQI_ ”;&%%{ polyaerthatis

iodegradable. A special feature of the resorbable shape memary .
r%%l(flﬁ%?g. i%?hétt}}ﬁegé) %/YII" %ﬁﬁeear er%efn ‘leeﬁﬁgl?e épﬁgrlﬁaevir?gghég its
P aHEN Himing potamihl nretatile effsetsdt sttswide e difing v o b
hpalymer 01 INitinok majerialg,1stichasperiasationssanc.damage fo. other

jacent tissues, like lungs, oesophagus and great vessels like.the aorta.
ei § %%%t%a(;%egvjigg %%L?né%yagltgcﬁr}gtlsve%f bg ((;ir?heeﬁgto\ﬁefhigct!%(%éﬁa%sticity

PEGEPthat fhas £Striveaswards & pefhanent shhBe FHHE Aty be

e Aecamplishiedddyrforming:thie ctitting dévice 26tthea spitat-shgpelave.ge 26
w Stainless; steelor @ magaesiym atloy which isihiedegradable- The, eutting
Sg%wg §6HE%%E§ﬁu%wgrggg¥gﬂ%alls By placing several
cutting devices intelligently and designing the permanent
shape of the cutting devices 26 accordingly, the cutting
devices 26 may penetrate heart wall tissue to create a
pattern of cuts corresponding to the Maze III-pattern.

An example of a shape memory material is Nitinol,
which is an alloy composed of nickel (54-60%) and
titanium. Small traces of chrome, ccbalt, magnesium and
iron may also be present. This alloy uses a martensitic
phase transition for recovering the permanent shape.
Shape memory materials may also be formed of shape memory
polymers, wherein the shape-memory effect is based on a
glass transition or a melting point. Such shape memory
polymers may be produced by forming polymers of materials
or combinations of materials having suitable properties.
For example, a shape memory polymer may be created of
oligo{e~caprolactone) dimethacrylate combined with n-
butyl acrylate. Also, biodegradable or bioresorbable
materials may be used for forming these shape memory
polymers. In this way, the cutting device 26 may be
designed such that it will be degraded or absoriad by the

body after it has performed its change of shape. For



temporary shape and its permanent shape, as shown in Figs 4-5.
However, the shape memory may be used for bringing the cutting device
26 between any shapes. Some examples of shapes that are at least not
entirely tubular will be given below. The shape of the cutting device 26 in
its first state is preferably compact to facilitate insertion of the cutting
device 26 through the vascular syste%:]. Thus, a tubular shape is suitable,

chutgther shapes ey -be conseivablel freher; the/shape eldhe sutting) ic

2 \g'cl%o Iipﬁi}t:s seccind state ig. desigdngg suc tg%t thglch%ng%(ago%pﬁay
n orBer 136 oc

will provi perfetPa?l o%es'bcécﬁ’ig%eart fisste i

DBropapati6n bf naBdiral Tlectaes SRS AISS e 8hape dF theScutting
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The cutting device 26 may be tubular in both its
temporary shape and its pexmaﬁent shape, as shown in Figs
4-5. However, the shape memory may be used for bringing
the cutting device 26 between any shapes. Some examples
of shapes that are at least not entirely tubular will be
given below. The shape of the cutting device 26 in its
first state is preferably compact to facilitate insertion
of the cutting device 26 through the vascular system.
Thus, a tubular shape is suitable, but other shapes may
be conceivable. Further, the shape of the cutting device
26 in its second state is designed such that the change
of shape will provide penetration of specific heart
tissue in order to block propagation of undesired
electrical signals. Also, the shape of the cutting device
26 in its second state may be adjusted for fixing the
cutting device 26 to its desired position within the
body.

The cutting device 26 may be constructed of a net;
i.e. its shape may comprise meshes or loops. This implies
that a solid surface need not penetrate tissue, whereby

the penetration through tissue and the forming of



otherwise difficult to penetrate. Therefore, covering the surface of the
cutting device 26 with collagenase would particularly speed up the
process of penetrating tissue. The drugs are attached to the surface of
the cutting device 26 according to well-known methods of attaching
drugs to medical devices. One such,method is embedding drugs into or
under layers of polymers, which covéer the surface. Of course, other

d irfigthogistmay becusedf Simiartyy tdrilgs pdeveiting 2roribbsiscgnd
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sudead vessels will bedescribed-Aller seme of thaseicudlinghase would
particularly speed up the process of penetrating tissue.
The drugs are attached to the surface of the cutting
device 26 according to well-known methods of attaching
drugs to medical devices. One such method is embedding
drugs into or under layers of polymers, which cover the
surface. Of course, other methods may be used. Similarly,
drugs preventing thrombosis and increasing in-growth of
endothelium on the endothelial surface after penetration
of the cutting device 26 may be attached to the cutting
device 26. Such drugs would be e.g. Endothelium Growth
Factor, and Heparin. Also, other drugs designed to treat
arrhythmias may be attached to the cutting device
surface. Such drugs are e.g. amiodarone and sotalol.

Preferably, the inside of the cutting device 26
inserted intc a blood vessel will be in contact with the
blood stream inside the blood vessel. Such inside surface
of the cutting device 26 may as well be covered with
antithrombotic drugs. Such drugs would be e.g. Heparin,
Klopidogrel, Enoxaparin, Ticlopidin, Abciximab, and
Tircfiban.

Another way to increase the effectiveness of the
cutting device 26 is to attach a metallic part of the



devices may be delivered in a kit to be used for treatment of a disorder of
the heart rhythm regulation system. Alternatively, the cutting devices may
be delivered separately. Then, the required cutting devices for an
operation may be assembled for each specific patient or for a specific
disease pattern. The cutting device§ may also be provided in different
sizes to suit the size of the heart andthe vessels of the patient. Thus, a
cutompleteddtisassembled fosodevices desigmedi ¢ fit totheharidtomital

o 50Pslligns of he agiyal, iregtmentlocationso.order peachieerepiimal
results. Referring now tc%g\lﬁ;] 6, a first cutting device 30 ad
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oL Tayvary along thelength, offhe utting deyige 30¢ The J68 culting ng
evice 30 may be eS|gne%i 0 change shape such that the cross-section

degt e Firstacntieg devied 309¢ mdinly expandéd Bfthe® 7Ridk5f the curve
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s yiead.all flssus adiacent the ya- Motaowee, the fitstcuiting, 3 glevice 30
has a length of at least the distance between the two infe ot PVs;ltcan..
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fdhe 44PpEhe fiistrcutting teviee 36 midyeserfe BsSuPpoRPRF biher
pLHttingdeyicegjnserted inta ptherdlaathse pattern. The cutting
devices may also be provided in different sizes tO suit
the size of the heart and the vessels of the patient.
Thus, a complete kit is assembled from devices designed
to fit to the anatomical conditions of the actual
treatment locations in order to achieve optimal resulis.
Referring now to Fig. 6, a first cutting device 30
adapted to be inserted into the C3S is shown. This first
cutting device 30 has a tubular part 3Z, which is pre-
bent to assume a curved shape to fit to the curvature of
the CS. Thus, the first cutting device 30 will assume a
curved temporary shape within the CS. Further, the cross-—
section of the first cutting device 30 is smaller in a
distal end 34 to be inserted furthest into the C8 than at
a proximal end 36 to be placed at the orifice of the CS.
The cross-section of the first cutting device 30 may be
elliptic or circular or may vary along the length of the
cutting device 30. The first cutting device 30 may be
designed'to change shape such that the cross—section of
the first cutting device 30 is mainly expanded at the
inside of the curve towards the heart wall. Thus, the
first cutting device 30 will penetrate the heart wall

tissue adjacent the CS. Moreover, the first cutting



vessels adjacent the heart, as explained in more detail later on. In this
case, it may suffice that the first cutting device 30 is fixated into the CS
wall. There may also not be any need for the first cutting device 30
penetrating heart tissue itself, when treating the PV orifices solely. The
first cutting device 30 may also com%ise one or more cutting arms (not
shown), which, in the temporary shape of the first cutting device 30,
dextend along the tubldargart 3Z orin amaxial dinection stEthegqubgiar pa
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30 may be arranged to change shape such that the one or
more cutting arms extend in a radial direction from the
tubular part 32. Thus, during the change of shape, the
one or more cutting arms will penetrate through heart
tissue adiacent the CS.

Referring now to Figs 7a-b, a second cutting device
38 adapted to be inserted into the LIPV is shown. In Fig.
7a, the second cutting device 38 is illustrated in a
contracted, temporary shape, and in Fig. 7b, the second
cutting device 38 is illustrated in an expanded state.
‘This second cutting device 38 is adapted to be inserted
at the orifice of the LIPV into the heart. The second
cutting device 38 has a tubular part 40. As shown in Figs
7a-b, the tubular part 40 may comprise two or more
portions. A first portion 42 of the tubular part 40 to be
inserted closest to the LIPV orifice is arranged to
change shape to circumferentially penetrate the LIPV wall
and penetrate heart wall tissue around the LIPV. Thus, an
effective block against propagation of undesired
electrical signals is created around the orifice of the
LIPV. A second portion 44 of the tubular part 40 is

arranged to change shape to abut the vessel wall or only



44 will only serve to stabilize the second cutting device 38 in the axial

direction and it may not be needed. The first 42 and second portions 44

of the tubular part 40 are interconnected by a connecting member 46, in

the form of bars or wires. The first portion 42 may be funnel- shaped

having a larger diameter at the end closest to the orifice of the LIPV. The

funnel-shape will partly compensate for the increasing diameter of the
pditRV rtowards the orficevdtowaverathe diameter of thesfusaelbsiaped tion

4 firstportian, 4 n%%yr'{;gre(%sestea%@ig srextent thanshe LIRY tqwardsdhe ce
orifice, whereby the second cutting device 38 will penetrate de E%ggr m{@m

38he ReaftCtigstedk the bfifice Bhd2Rarthdr, TYsmislierdhd bt
£ fursriel Shaped fisst portibnr42 may.be &franfed te: nierelylpeharraté irtd

a @& abgt thevesselbwal for, Stébé@mgs@@ﬁﬁgoﬁt‘éﬁ%iﬁg ggyicen3& dtsform
f%l direction., The first portion 42 of the tubular ;Z)art 40 (g]ayfexteanrom
e

Blificeof thei T8V inside thé heahCfo” é%BSlﬁon Biitside the heart wall
slytiesrelby: ehel srmakier] end of this furrieb shaged-fret pordoR ko aRaRgdP the

o®utside therheart wall pThussibe firstRortiom42 enayi still penettage
Cct)%}ré)g%g heart |ssu throughout the entire_thic nessogf t@g@eﬁﬁtwall

oug% e smaﬁer &nd of the ﬁlnneﬁg}ta ed first portlon merely N
L PienBatesifte o idbifs thél pesset fallETRe ﬂtkﬁﬂ‘é’rtp%’ft R istypichiy et
slearanged 1@ shange tshape4o penetrate-acirewatarea of disgwe afouneht

0 %ﬂ@‘?%&%e%ﬁ\érﬁgwﬂsf é?ﬁﬂ%ﬁf RATE4Q paY:ialso de-ond

arranged to change shape to expand to such a degﬁee that it Wo d corye
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rdheny thefirst3Q and the second.cytting deyicgs 38ir contactyth each
mogér§mg§§§mggéguiﬁﬁgeﬁi abut the vessel wall for
stabilizing the second cutting device 38 in its axial
direction. The first portion 42 of the tubular part 40
may extend from the orifice of the LIPV inside the heaxt
to a position outside the heart wall, whereby the smailer
end of the funnel-shaped first portion is arranged
outside the heart wall. Thus, the first portion 42 may
still penetrate through heart tissue throughout the
entire thickness of the heart wall, even though the
smailer end of the funnel-shaped first portion merely
penetrates into or abuts the vessel wall.

The tubular part 40 is typically arranged to change
shape to penetrate a circular area of tissue around and
adjacent the LIPV. However, the tubular part 40 may alsc
be arranged to change shape to expand to such a degree
that it would come in contact with the first cutting
device 30 inserted into the CS, whereby the heart tissue
between the LIPV and the CS will be effectively treated.
Then, the first 30 and the second cutting devices 38 in
contact with each other will stabilize each other’s

positions.



positions. 32 The end of the tubular part 40 forms an atrial end 48, which
is arranged to be inserted extending into the heart atrium when the
second cutting device 38 is inserted into its desired position. Thus, as
shown in Fig. 7a, during insertion of the second cutting device 38, the
atrial end 48 will extend in an axial direction of the tubular part 40.
However, when the second cutting dévice 38 changes shape the atrial
end 48wilkbeifolded outwardly exteswling in@ radiahdireetiornctoitheé end
ubular. part.40, as shown,in Fig, 7b., The atrial.end 48 wil rng.its .
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4§“M§§ be formed of, for instance, a multiple of arches
overlapping each other. Each such arch will penetrate
through a piece of tissue adiacent the LIPV orifice and
leave a small islet of separated tissue, after having
penetrated through the tissue.

The second cutting device 38 may also comprise a
cutting arm 50. The cutting arm 50 is attached to the end
of the tubular part 40 to be inserted closest to the LIPV
orifice. In the temporary shape of the second cutting
device 38, as shown in Fig. 7a, the cutting arm 50
extends in an axial direction of the tubular part 40 for
facilitating insertion of the second cutting device 38.
In the permanent shape of the second cutting device 38,
the cutting arm 50 extends in a radial direction of the
tubular part 40, as shown in Fig. 7b. When the second
cutting device 38 is placed in its desired position, the
cutting arm 50 will extend into the heart atrium. Thus,
during the change of shape of the second cutting device
38, the cutting arm 50 will penetrate through the heart
wall tissue to assume a position extending radially from
the tubular part 40. This effect of the cutting arm 50
will be explained in more detall below with reference to

Figs 13-15. The cutting arm 50 will create a line



38, the cutting arm 50 will penetrate through the heart wall. tissue to
assume a position extending radially from the tubular part 40. This effect
of the cutting arm 50 will be explained in more detail below with reference
to Figs 13-15. The cutting arm 50 will create a line 33 blocking
propagation of undesired electrical signals in the heart wall. Thus, the
cutting arm 50 could make cutting lines for forming the desir INg.
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The cutting arm is constructed of seguential loops
in a longitudinal direction of the arm. As these loops
penetrate through the heart wall tissue, closed loops of
lesion lines will be formed, creating islets of untreated
tissue inside them. The lesion lines will present a block
of propagation of electrical signals.

Referring now to Fig 8, a third cutting device 54
adapted to be inserted into the RIPV is shown. This thixd
cutting device 54 presents similar features as the second
cutting device 38. Thus, the third cutting device 54 also
comprises a tubular part 56, which also may consist of
two or more tubular portions 58, 60, which are
interconnected by a connecting member 62. The tubular
part 56 of the third cutting device 54 presents similar
features as the tubular part 40 of the second cutting
device 38. The third cutting device 54 also comprises an
atrial end 64, similar to the atrial end 48 of the second
cutting device 38. Moreover, the third cutting device 54
also comprises a cutting arm 66, similar to the cutting
arm 50 of the second cutting device 38. This cutting arm
66 is arranged to change shape in order to extend
radially from the tubular part 56 towards the CS and come



part 56 of the third cutting device 54 presents similar features as the
tubular part 40 of the second cutting device 38. The third cutting device
54 also comprises an atrial end 64, similar to the atrial end 48 of the
second cutting device 38. Moreover, the third cutting device 54 also
comprises a cutting arm 66, similar tosthe cutting arm 50 of the second
cutting device 38. This cutting arm 66 is arranged to change shape in
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s egfdinel secand-and third:cutting devices 38, 54, Mbéeovirthe folneh fourth

cuqUtNgdece 68 alg0 GOMPNSeSprises a tubular part 70, which
may consist of two or more tubular portions 72, 74, which
are interconnected by a connecting member 76. The tubular
part 70 of the fourth cutting device 68 presents similar
features as the tubular part 40, 56 of the second and
third cutting devices 38, 54. The fourth cutting device
68 also comprises an atrial end 78, similar to the atrial
end 48, 64 of the second and third cutting devices 38,
54. Moreover, the fourth cutting device 68 also comprises
a cutting arm 80, similar to the cutting arm 66 of the
third cutting device 54. This cutting arm 80 is arranged
to change shape in order to extend radially from the
tubular part 70 towards the LIPV and come in contact with
the second cutting device 38 inserted into the LIPV. The
cutting arm 80 of the fourth cutting device 68 is
normally very short permitting adaptation to the short
distance between the LSPV and the LIPV, which is
typically a few millimeters to a centimeter. The fourth
cutting device 68 may also comprise another cutting arm
{not shown), which after the change of shape of the
fourth cutting device 68 would extend towards the left

atrium appendage orifice.



a cutting arm 80, similar to the cutting arm 66 of the third cutting device
54. This cutting arm 80 is arranged to change shape in order to extend
radially from the tubular part 70 towards the LIPV and come in contact
with the second cutting device 38 inserted into the LIPV. The cutting arm
80 of the fourth cutting device 68 is ,pormally very short permitting
adaptation to the short distance between the LSPV and the LIPV, which
is typicallyaifey milimeters ta aidentimeterf The dourth routtitgrdevice' 68
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COFitficient to penetrate t egt%&lsu%%rouna the RSPV. The fifth cgttin?1
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normally not comprise any cutting arm, since it would
normally be sufficient to penetrate the tissue around the
RSPV. The fifth cutting device 82 may anyhow comprise a
cutting arm adapted to extend towards any of the other
PVs,

Referring now to Fig. 11, a sixth cutting device 94
adapted to be inserted into the left atrial appendage
(LAA) or the right atrial appendage {RAA) is shown. The
sixth cutting device 94 comprises a tubular part 96,
which has an elliptic cross-section to fit into the
elliptic form of the orifice of the LAA. A sixth cutting
device 94 adapted to be inserted inte the RAA will have a
tubular part 96 with a less elliptic cross—-section to fit
the orifice of the RAA. The sixth cutting device 94 is
adapted to be inserted into the orifice of the LAA inside
the left atrium or into the orifice of the RAA inside the
right atrium. The sixth cutting device 94 will further
change shape by expanding its tubular part 96 through the
atrial wall at the orifice. Thus, the LAA or the RAA will
be completely cut off from electrical contact with the
rest of the heart tissue. The tubular part 96 of the
sixth cutting device 94 may be quite short extending from

the orifice of the atrial appendage along its wall into



adapted to be inserted into the left atrial appendage (LAA) or the right
atrial appendage (RAA) is shown. The sixth cutting device 94 comprises
a tubular part 96, which has an elliptic cross-section to fit into the elliptic
form of the orifice of the LAA. A sixth cutting device 94 adapted to be
inserted into the RAA will have a tulbydar part 96 with a less elliptic
cross-section to fit the orifice of the RAA. The sixth cuttin devic$ (?4 IS

r
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into the LAA may comprise a film 98 covering an end of
the tubular part 96 to be inserted closest to the orifice
of the LAA. When the tubular part 96 is expanded into the
heart wall, the film 98 will cover the orifice of the
LAA, excluding the LAAR from the blood circulating through
the heart, whereby a dislocation of thrombus and clot
formation in the LAA will be avoided.

Referring now to Fig. 12a, a seventh cutting device
100 adapted to be inserted into the IVC and the 3VC is
shown. The seventh cutting device 100 comprises two
pieces 102, 104, a first piece 102 to be inserted into
the SVC and a second piece 104 to be inserted into the
IVC. Kach piece 102, 104 of the seventh cutting device
100 comprises a tubular part 106, 108, which presents
similar features as the tubular part 40, 56, 70, 84 of
the second, third, fourth, and fifth cutting devices 38,
54, 68, 82. Fach tubular part 106, 108 may advantageously
be funnel-shaped, wherein an end having the largest
cross—section is adapted to be inserted closest to the
orifice of the IVC or the SVC, respectively. The seventh
cutting device 100 further comprises a connecting cutting

arm 110. The seventh cutting device 100 is arranged to



the tubular part 96 to be inserted closest to the orifice of the LAA. When
the tubular part 96 is expanded into the heart wall, the film 98 will cover
the orifice of the LAA, excluding the LAA from the blood circulating
through the heart, whereby a dislocation of thrombus and clot formation
in the LAA will be avoided. Referringfipw to Fig. 12a, a seventh cutting
device 100 adapted to be inserted into the IVC and the SVC is shown.
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oé@ﬁﬂi&&!xﬁﬁ@céeﬂﬁéﬁ@gng cutting arm 110 may comprise a
branch 112, which, after the change of shape of the
seventh cutting device 100, will extend from a point of
the cennecting cutting arm 110 laterally through the
right atrial wall, whereby this branch 112 will penetrate
the right lateral wall of the right atrium. As for the
cutting arms, the branch 112 may be constructed of one
loop or several seqguential loops in a longitudinal
direction of the branch 112. The seventh cutting device
100 may comprise a further cutting arm (not shown), which
may be attached to the tubular part 108 of the second
plece 104 that is inserted into the IVC. The seventh
cutting device 100 is then arranged to change shape such
that this further cutting arm will extend from the
tubular part 108 of the second piece 104 inserted into
the IVC towards and into the orifice of the €S. This
change of'shape will cause the further cutting arm to
penetrate through the heart wall tissue between the
orifice of the IVC and CS. This further cutting arm may
alternatively be arranged as a further branch of the
connecting cutting arm 110. The seventh cutting device

100 may, in a simple version for treating mild forms of



arm 110 is only attached to one of the first and second pieces 102, 104, it
will connect the first and the second pieces 102, 104 together after the
change of shape has occurred. The connecting cutting arm 110 may
comprise a branch 112, which, after the change of shape of the seventh
cutting device 100, will extend from a.point of the connecting cutting arm
110 laterally through the right atrial wall, whereby this branch 112 will
diperetrate the rightlaterat waltof thenrightatiarn i As forthe cButtifg BFHS,E

othebraneh, 112 may:be cansirucied ofane JeoR or srveralssequeatian o
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vesting deviees3813468:82.116 is attached to the tubular
part 118 and extends into the heart. In Fig. 13, the
cutting device 114 is shown in an intermediate shape,
which it has during insertion of the cutting device 114.
The cutting device 114 has carried to the illustrated
position on a catheter 113a while being restrained by a
restraining sheath 113b. The cutting device 114 is shown
when the tubular part 118 has been released while the
cutting arm 114 is still restrained by the restraining
sheath 113b. Thus, a change of shape has not yet been
fully commenced. In Fig. 14, the cutting device 114 is
shown during its action of changing its shape. Thus, the
cutting arm 116 is extending from the inside of the heart
into the heart wall tissue having penetrated heart tissue
during the shape-~change. The cutting arm 116 will
continue penetrating heart tissue in order to obtain the
permanent shape of the cutting device 114. In Fig. 1ba,
the cutting device 114 is shown after having completed
its change of shape. The tubular part 118 has now cut
through the vessel wall and penetrated heart tissue
around the vessel. Further, the cutting arm 116 is now
completely outside the heart. Thus, the cutting arm 1le

has now penetrated the entire heart wall and has



Referring now to Figs 13-15, the action of a cutting arm will be explained
in further detail. In Fig. 13, a cutting device 114 comprising a cutting arm
116 has been inserted into a blood vessel at the orifice of the opening
into the heart. The cutting device 114 comprises a tubular part 118, which
is inserted into the blood vessel. The cutting arm 116 is attached to the
tubular part 118 and extends into thé heart. In Fig. 13, the cutting device

+hil4 is,shown in.an infermediaie shapey whigh itthasduringeinsertiondie

the cutting device 114. The cutting deyice,114 has, carried e
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into the orifice of the LAA and thereby penetrating the
atrial wall between the LAA and the LSPV. In addition to
the cutting of the cutting arm 116, the tubular part 118
of the cutting device 114 inserted inside the vessel has
treated the vessel wall adjacent to the orifice, which
often contains ectopic sites. In Fig. 15d, the cutting
device 114 is shown comprising an atrial end 121, which
has penetrated the tissue around the orifice of the blood
vessel. |

Refexring now to Figs 16-26, there is shown cutting
patterns being obtained in a few different embodiments,
illustrating a few examples of sets of cutting devices
being inserted into blood vessels adjacent the heart and
the treatment obtained by these sets of cutting devices.
The treatment needed may differ from patient to patient
and other patterns may be conceivable using the concept
of inserting cutting devices into blood vessels adjacent
the heart.

In Fig. 16, the first, second, third, fourth and
fifth cutting devices 30, 38, 54, 68, 82 having been
inserted into the four PVs are shown. The cutting devices

30, 38, 54,68, 82 are shown in an intermediate shape,



15b, the cutting arm 116 of the cutting device 114 is shown abutting

another cutting device 120, which has been inserted into another blood

vessel. In this way, the cutting arm 116 has performed a lesion between

the two cutting devices, whereby an effective block against propagation

of undesired electrical signals has begn created. The position of the

cutting arm 116 is also stabilized after the change of shape by the cuttin
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formed from the LIPV and the RIPV to the CS. These cutls
12 and 14 are very difficult to accomplish using the
technique of inserting cutting devices into the blood
vessels. However, these cuts may be replaced by the more
easily accomplished cutting pattern formed by the arms 50
and 66 in combination with a cut formed by the first
device 30 inserted into the CS when expanded out of the
CS. Thus, with the arms 50 and 66 in direct contact with
the first cutting device 30 inserted in the C8, the sane
effect as from the cuts 12 and 14 in Fig. 3 is achieved.
The second cutting device 38 inserted into the LIPV 1is
further shown having a cutting arm extending to the LSPV.
The third cutting device 54 inserted into the RIPV 1s
further shown having a cutting arm extending to the RSPV.
The fourth cutting device 68 inserted into the LSPV is
shown having a cutting arm 80 extending to the LAR. The
fifth cutting device 82 inserted into the RSPV is shown
having a cutting arm extending to the fourth cutting
device 68. The cutting arms of the cutting devices 38,
54, 68, 82 may be arranged in any desired combination
between the cutting devices 38, 54, 68, 82 forming
connections between the cutting devices 38, 54, 68, 82.
However, the cutting arms may also be arranged freely,



which they present shortly after having been delivered to the desired
positions and before any penetration of heart wall tissue has begun. The
tubular parts 40, 56, 70, 84 of the second, third, fourth and fifth cutting
devices 38, 54, 68, 82 have expanded to abut the wall of its respective
PV. The cutting arms of the second, third, fourth and fifth cutting devices
38, 54, 68, 82 have been diverted from the axial direction of the tubular

w partier ahutthe dnside of lefvatsial watl of the heart Tdieh secont-Edttifig
E:’devic:e 38 inserted into the LIPV is shown having a cutting arm 50
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ogig‘gﬁﬁgg'@??eitﬂ"‘%%%%iEg" 68.82 mayhe arranaed in,any desiyed
inserted at the orifices of the SVC and the IVC. The
first and second pieces 102, 104 will treat the heart
tissue around the orifices of the SVC and the IVC,
respectively. In Fig. 19, the second piece 104 is shown
comprising a cutting arm 122, which extends from the
orifice of the IVC into the orifice of the €S, whereby
the cutting arm 122 penetrates heart tissue of the right
atrium free wail. In Fig. 20, the seventh cutting device
100 is shown comprising the connectingd cutting arm 110,
which extends between the first piece 102 inserted into
the SVC and the second piece 104 inserted into the IVC.
The connecting cutting arm 110 will penetrate heart
tissue in the right lateral aspect and the right lateral
to posterior aspect of the right atrial wall. In Fig. 21,
the seventh cutting device 100 is shown comprising a
pranch 112 of the connecting cutting arm 110. The branch
112 extends from a point on the connecting cutting arm
110 laterally, creating a vertical cut outwards in the
lateral right atrium wall. Alternatively, this branch 112
may be arranged as a further cutting arm extending fronm

the first piece 102 inserted into the svC.



between the cutting devices 38, 54, 68, 82 forming connections between

the cutting devices 38, 54, 68, 82. However, the cutting arms may also be

arranged freely, 41 without necessarily having contact to another cutting

device. In Fig. 17, the cutting devices shown in Fig. 16 are shown after

the change of shape of the devices has occurred. Now, the second, third,

fourth and fifth cutting devices 38, 54, 68, 82 have expanded out of the
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enabling the first cutting device 30 to penetrate tissue
close to the mitral valve. Also, there is a cutting arm
122 extending from the IVC to the orifice of the CS. In
Fig. 22, there is shown the connecting cutting arm 110
between the SVC and the IVC, whereas this connecting
cutting arm is not present in Fig. 23. The cutting
patterns shown in Figs 22 and 23 illustrate cutting
patterns that will effectively block propagation of
undesired electrical signals ip the heart tissue for most
patients suffering from disorders to the heart rhythm
regulation system. Thus, inserting cutting devices to
create these cuiting patterns may effectively treat most
patients suffering from disorders to the heart rhythm
regulation system. However, these cutting patterns do not
illustrate treatment of the atrial appendages, as will be
shown in Figs 24-26. It should be appreciated that the
cutting pattern of Figs 22 and 23 may be supplemented
with this treatment of the atrial appendages.

In Figs 24-26, there is shown the sixth cutting
devices 94 inserted into the LAA and the RAA. As shown in
Figs 24a~b in cross-section, the sixth cutting device 94
is inserted at the orifice of the appendage (Fig. Z4a)
and expanded at this position to penetrate through the



the seventh cutting device 100 is shown comprising a branch 112 of the

connecting cutting arm 110. The branch 112 extends from a point on the

connecting cutting arm 110 laterally, creating a vertical cut outwards in

the lateral right atrium wall. Alternatively, this branch 112 may be

arranged as a further cutting arm extending from the first piece 102

inserted into the SVC. 42 In Figs 22-23, the first, second, third, fourth,
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palevices tq creafe these cutting patierps may effgctivelyieptmest 98 will
exclude the LAA from blood contact with the rest of the
heart and thereby prohibit migration of thrombus or clot
formation from the LAAR to, for instance, the brain.

Now, a system for delivery of a cutting device into
a desired position in a blood vessel adjacent the heart
will be described. Each cutting device may be inserted
into its desired position using such a delivery system.
The delivery system allows a precise placement of each
cutting device into the heart and the big vessels of the
body. The delivery system has a restraining device, which
kxeeps the cutting device in its temporary shape. This
allows insertion into the blood vessel through catheters
having a small bore, making minimal trauma to the
patient. The restraining device may be a restraining
tube, into which the cutting device is forced in its
temporary shape. By cooling the cutting device, in case
of a cutting device made of Nitinol, it may be easier to
force the cutting device into the restraining tube. Once
inserted into the desired position, the cutting device
may be pushed out of the restraining tube by means of a
piston or the cutting device may be released by

retracting the restraining tube from its position over



patients suffering from disorders to the heart rhythm regulation system.
However, these cutting patterns do not illustrate treatment of the atrial
appendages, as will be shown in Figs 24-26. It should be appreciated that
the cutting pattern of Figs 22 and 23 may be supplemented with this
treatment of the atrial appendages. i Figs 24-26, there is shown the sixth
cutting devices 94 inserted into the LAA and the RAA. As shown in, Figs.
Ehey BT ERsEsCRRREBA - thElsisthutng devied 84118 inkefedatths 8ri?f§e
Nidgfithe hppehdagea(Rign24a)e andexpagded atthisspositionroigenétiate

cdfiauah the 43, beawall (Rig. 24b)y, The sixifi,culting dgvice Pd-has an
elliptic’cross-section to fit to the shape of the a %enedag%ln Fig. 25, sixth
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i n@n-124 extendingtothe L SRY cand the sixii cutiing-deviee 84 inserted
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defodrtihcadting-deyice.68 dnserted into the LSPV is shown having a cutting
arm 80 extending to the .LAA. The,sixth cutting de iC@ 9 ipserted into the
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decentasiarith thedeptefitber heart andthereby prahibipmigration oknd
onframbus, of clof Jormation from the LARto. iastances fog, brain. Now,

.a system for delivery of a cutting evice into qde_3|req position in a blofi%
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conventional technigues.

The operation is started by making a puncture of a
vein providing an access point to the vascular system of
the patient according to conventional techniques.
Usually, the femoral vein in the grein, as illustrated in
Fig. 27, the subclavian vein on the chest, or the
internal or external jugular vein on the neck, as
illustrated in Fig. 28, is used. Howevexr, other smaller
veins may be used instead. Also, in difficult cases when
the pulmonary veins cannot be accessed from the vein,
arterial access through the femoral artery in the groin
may be used, as illustrated in Fig. 29. This method will,
however, not be further discussed here. A delivery system
is used for inserting the above described cutting devices
into blood vessels adjacent the heart. First, an
introducer sheath 130 of the delivery system is inserted
at the puncture providing an access route into the
vascular system. Then, a diagnostic catheter of the
delivery system is inserted through the introducer sheath
130 into the vascular system. The diagnostic catheter is
manoeuvred through the vascular system into the C5. Next,

a guide wire 132 of the delivery system is inserted



The delivery system allows a precise placement of each cutting device

into the heart and the big vessels of the body. The delivery system has a
restraining device, which keeps the cutting device in its temporary shape.
This allows insertion into the blood vessel through catheters having a
small bore, making minimal trauma tg the patient. The restraining device
may be a restraining tube, into which the cutting device is forced in its
itempotary-shapenBy cooling the cuting device, inxasetefra tuttingthe C3
a%ed"%eﬂi‘?@ﬁe(’f#%-”@& 'Weayﬁ%?‘ﬁ@&&oléoéie the eytling device RO i ox
the restraining tubé. Once Inserted into the desired position, the cutting
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igescribed. The patiend isprepargd for aperation andch operationiisde
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tSshventioRial tedhhigiles® i@ dperbiich is'startétPly nﬁkfr?beajpgn%tu%l e
v nveirl peoviding an access-point be thewvastdlar systeieofpatient and

the guide catheter 134, through the guide catheter 134,
through the CS, the great cardiac vein and the anterior
vein parallel to the LAD all the way to the apex of the
heart.

Referring to Fig. 32, a delivery catheter 136 of the
delivery system for carrying the first cutting device 30
into the desired position has a guide wire channel
throughout its length. The end of the guide wire 132
outside the patient is then inserted into the guide wire
channel of the delivery catheter 136, whereby the
delivery catheter 136 may be inserted over the guide wire
132 and inside the guide catheter 134 into the C5. The
delivery catheter 136 has an inner part providing the
guide wire channel and cafrying the cutting device at a
distal portion. The delivery catheter 136 may further
comprise an outer, restraining part, which covers the
cutting device and keeps it in a contracted, temporary
state., The restraining part may be axially displaceable
in relation to the inner part. Thus, the restraining part
may be retracted for releasing the cutting device. In
this way, the first cutting device 30 is inserted into
the CS and may be located in its desired position. A
correct position is when the distal end 34 of the first



the patient according to conventional techniques. Usually, the femoral vein
in the groin, as illustrated in Fig. 27, the subclavian vein on the chest, or
the internal or external jugular vein on the neck, as illustrated in Fig. 28,
is used. However, other smaller veins may be used instead. Also, in
difficult cases when the pulmonary ¥gins cannot be accessed from the
vein, arterial access through the femoral artery in the groin, may be used,
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hcﬁe%’ HerRThe ghiae ire 132 il tért BRBAY TronT Sitsid® 1’ patien
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paégﬁ}(ﬁ{ed i itk SaFFHé iifice of the €35, &5 illtistrated in ig. 31.
fiNew, thetd isa gdidelwire AB20xténding dofh the cutside Bf fHéFatient
péﬁﬁhnent shape and the €S wall will not be able to
prevent the first cutting device 30 from obtaining its
permanent shape. In order to cbtain its permanent shape,
the first cutting device 30 will therefore penetrate
tissue in the path of the change of shape. In this way,
the first cutting device 30 will expand to penetrate the
heart tissue outside the CS, for instance the left atrium
wall. The penetrated tissue will be killed and replaced
by fibrous tissue, which is not able to transmit
electrical signals. Thus, a block against propagation of
undesired electrical signals may be created in this
manner.

As an option, the first cutting device 30 may be
inserted into the CS in a first separate session of the
treatment of a patient. Thus, this first cutting device
30 may be allowed to be well-anchored in the tissue
around the CS, before other cutting devices are inserted.
This is suitable since some of the other cutting devices
are adapted to contact the first cutting device 30
inserted into the CS in order to stabilize and fix their
positions. The first cutting device 30 will be well-

anchored within a few weeks, typically within three



the guide catheter 134, through the guide catheter 134, through the CS,
the great cardiac vein and the anterior vein parallel to the LAD all the way
to the apex of the heart. Referring to Fig. 32, a delivery catheter 136 of
the delivery system for carrying the first cutting device 30 into the desired
position has a guide wire channel throughout its length. The end of the
guide wire 132 outside the patient ié%hen inserted into the guide wire
webanneliof the deliveryecatheter 136 twherebyithe dielivery cathéter 136
pdiRt e imeTakoNT e dude ke L3 apdnsile e guide.eqihorer
134 into the CS. The delivery catheter 136 has an inner past rowdtlg the
ST Gite thalmel i Baifyifd HE Buiting devite a4 dis%%bfmon. he

palelivery cathéter 4386 may-further compriseian eates, restraifingysart,
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crdher@aflela the RA that is normally only present during
the fetal period in humans, this may be used and
enlarged, for instance by means of a balloon catheter
{not shown). If no PFQ is present (Fig 34}, a small
opening 142 must first be created by means of a long
flexible needle passed through a diagnostic catheter
inside the access vein. Again, the opening 142 in the
atrial septum may be enlarged by means of a balloon. ane
the needie is inside the LA, the catheter is passed over
the needle into the LA and the needle is retracted. A
guide wire 140 may now be advanced through the catheter
into the LA and further into the LIPV,

Referring now to Figs 35-37, the release of a
cutting device will be generally described. Thus, having
now placed the guide wire 140, the second cutting device
38 may be inserted to its desired position using a guide
catheter extending to the LIPV orifice and a delivery
catheter 144, as illustrated in Fig. 35, in a similar
manner as for the insertion of the first cutting device
30. The delivery catheter 144 has an inner part 1496
providing the guide wire channel. The tubular part 40 of
the second cutting device 38 is arranged in front of the

inner part 146 such that the inner part 146 of the



the delivery catheter 136 is withdrawn from the patient. However, the first
cutting device 30 is arranged to change shape to assume a shape having
much larger diameter than the natural diameter of the CS. Thus, the first
cutting device 30 will expand to its designed, permanent shape and the
CS wall will not be able to prevent #te first cutting device 30 from

btaining its permanent shape..In order to_obtain its permangnt shapeyon+
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supported by the first cutting device 30, which has been
inserted previously. The second cutting device 38 1is
advanced into a position where the atrial end 48 of the
second cutting device 38 is still outside the LIFV
orifice. When the correct position of the second cutting
device 38 is confirmed by means of fluoroscopy and/oxr
ultrasound, the distal end of the second cutting device
38 is released from the delivery catheter far inside the
PV, whereby the distal end will expand radially to fix
the position of the second cutting device 38. Next, a mid
portion of the second cutting device 38 and the atrial
end 48 is released, as illustrated in Fig. 36. Now, the
cutting arm 50 is released, as illustrated in Fig. 37,
and allowed to assume its radial extension from the
tubular part 40, whereby it will penetrate the heart wall
to contact the first cutting device 30.

Now, the guide wire 140 is retracted into . the LA.
The diagnostic catheter is inserted again and guided into
the RIPV, whereby the guide wire 140 may be inserted into
the RIPV. Thereafter, the diagnostic catheter is
withdrawn from the patient. Then, the third cutting
device 54 is inserted using a guide catheter extending to

the RIPV orifice and a delivery catheter 144 in a manner



all the cutting devices may alternatively be inserted during one session.
Now, a guide wire 140 is advanced inside a diagnostic catheter into the
left atrium (LA), as illustrated in Figs 33 and 34. In order to access the LA,
the atrial septum between the LA and the right atrium (RA) must be
penetrated. If the patient has a patent foramen ovale (PFO, Fig 33),
which is an opening between the A and the RA that is normally only

sinﬁmiaentgis;riﬂge ttn%@%%meaipda@ ?@r@ﬁ&%g&%@%%@d r?'&»%i) ce 38.
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devintoethed A and fertherdato the LAPMaReterring now:te Figs 35-87rthecase

of felrasentd, guiting device.wilbe generally described,. [hys, having, new
is plg %d the guide wire 140, the sgcond cuttin deV|ce__' 38 may be mser.t(.ed

ot AT FPSition G3IAG atguide TaifetdrextERding to e B/ Biffice
frognd-heetiveryl sathetertl 446 asllustrated in Fig.ids, iparsimitart manner
heaas fardhe inseriomefibe firgleutting.device 30, Jhedeliveryatheter 144
20 D SR EbAd otiog HEVUR 36 8arapodn HGA B e AGY Bt
10t PA6 BcH-that ik mer pard4brdfahaue ddlivery esthefekuannishds in
i gthedtabulan part 40-e front refit. Jhedeliyerycatheter 44 mayfudherd
usigangnﬂ%ége catheter 150 extending to the LSPV orifice
and a delivery catheter 144, as illustrated in Fig. 39,
in a manner similar to the insertion of the second and
thizxd cutting devices 38, 54. Thus, the orientation of
the cutting arm 80 of the fourth cutting device 68 is
letermined in the same manner as for the second and third
rutting devices 38, 54. The fourth cutting device 68 may
lave two cutting arms, which are adapted to extend
sowards the second cutting device 38 and towards the LAA.
laving correctly positioned the fourth cutting device 68,
‘he tubular part 70, the atrial end 78 and the one or two
utting arms 80 of the fourth cutting device 68 are
‘eleased in a manner similar to the release of the second
nd third cutting devices 38, 54, as further illustrated
n Fig. 40. Now, the cutting arms are released and
llowed to assume their radial extension from the tubular
art 70, whereby they will penetrate the heart wall to
ontact the second cutting device 38§ or extend to the
rifice of the LAA, respectively.

Again, the guide wire 140 is retracted into the LA

nd inserted into the RSPV. Then, the fifth cutiing
evice 82 is inserted using a gulde catheter 150
xtending to the RSPV orifice and a delivery catheter 144



outer, restraining part 148, which covers the cutting device and keeps it in
a contracted, temporary state. The restraining part 1.48 may be axially
displaceable in relation to the inner part 146. Thus, the restraining part
148 may be retracted for releasing the cutting device 38. The delivery
catheter 144 has a marker on the catineter outside the patient, as well as

. ax-ray marker 149 visible on the fluoroscopy, indiﬁwagén%securelxx#he third
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£ posttioncafthe secenrd culting Zieyice 88. Next, a mid portion of the

secop cuing.device 38 an the aiel end 48 elegsed anlustated cne

in Fig, 36. Now, the cutting arm 50 Is released, as illustrated.in Fig. 37., .
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. catheter is inserted again and guided into the , Where g s
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deailvater. isThithdrawh Hropy tHel patiett Viissn, He thirdacUtiiC Bevite 52 i@
pdrserteshusing aguide.catheter extending toutting device 94 is
inside the LAA, and a proximal end of the sixth cutting
device 94 is adjacent to the LAA orifice. The delivery
catheter 144 has a marker on the catheter outside the
patient, as well as a x-ray marker 149 visible on the
fluoroscopy, indicating securely the orientation of the
sixth cutting device 94 such that the elliptic shape of
the sixth cutting device 94 may be oriented in
correspondence to the elliptic shape of the LAA. When the
correct position of the sixth cutting device 94 1is
confirmed by means of fluoroscopy, a distal end of the
sixth cutting device 94 is released from the delivery
system far inside the LAA, whereby the distal end will
expand radially towards the wall of the LAA to fix the
position of the sixth cutting device 94. Next, a mid
portion of the sixth cutting device 94 and a proximal end
are released. Now, the sixth cutting device 94 is allowed
to change its shape to cut through the heart wall of the
LAA.

Now, the guide wire 140 is retracted from the LA
into the RA and inserted into the RAA. Then, another

sixth cutting device 94 is inserted using a guide



the RIPV orifice and a delivery catheter 144 in a manner 49 similar to the
insertion of the second cutting device 38. Thus, the orientation of the
cutting arm 66 of the third cutting device 54 is determined in the same
manner as for the second cutting device 38. Having correctly positioned
the third cutting device 54, the tubulay part 56, the atrial end 64 and the
cutting arm 66 of the third cutting device 54 are released g] amamer. .
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Next, the guide wire 140 1is retracted from the RAA
into the RA. If the access point to the vascular system
was created in the upper part of the body, the gui@e wire
140 extends through the SVC into the RA. Then, the guide
wire 140 is further inserted intc the IVC, as illustrated
in Fig. 41. On the other hand, if the accessrpoint to the
vascular system was created in the iower part of the
body, the guide wire 140 extends through the IVC into the
RA. Then, the guide wire 140 is further inserted into the
SVC. Thereafter, the seventh cutting device 100 1is
inserted using a guide catheter 150, as illustrated in
Fig. 42, and a delivery catheter 144 in a manner similar
to +the insertion of the other cutting devices. The
seventh cutting device 100 is placed in position in the
TVC, SVC and the RA, as illustrated in Fig. 43. The
delivery catheter 152 carries the seventh cutting device
100 on the inner part 154 of the catheter 152, The inner
part 154 comprises stops 156, which prevent the seventh
cutting device 100 from being axially displaced from the
inner part 154 during insertion of the device. Again, the
cutting device 100 is kept in a contracted, temporary

state by means of a restraining part 158. The correct



rifice of the LAA, respectively. Again, the guide wire 140 is retracted into

the LA nd inserted into the RSPV. Then, the fifth cutting evice 82 is
inserted using a guide catheter 150 xtending to the RSPV orifice and a
delivery catheter 144 50 in a manner similar to the insertion of the

second, third and fourth cutting deviges 38, 54, 68. Usually, the fifth

cutting device 82 has no cutting arm and therefore,only fla% aidsgl B%siti Neg

OTot HE it ClttiRG devfoe Y RBdds T8 be'dterifinad Having correctly
i1positionedale fifth idutting device 820 the-fubulanpartB4: ARd T6E aftfal

t@ﬁg&faafdthﬁgl%mwm%@%\é%e &8@@\4@?@@@ Hy3 manna '4H§%rt@nth

the release of the second, third, and fourth cutting devices 38, "

© %c%nggﬁﬁYth%egu}é)egmﬁ}%sliboi‘ér t‘gfg’&ea?rﬁ% & LA aﬁdg?méﬂﬁser%eod{}

whistgehd EAAL Theahthessixthireuttingt tlevicelDAisiasertdtPdsind 8 dorde™ 119

a GathetercldQ exdending ta the LAA prifice and aideliveryecatheter 144 ina

o f100eY similan o the insertion of the,other, quting fevices. Thosiklly
cutting device 94 is 4dvanced into a position where the entire sixth cutting

CUBRRETY B Midideithe 19VA driPa BRemAaRSHdBrthk Wik Laitting®

oxteviceD4is adiacent tathe/bAADrificanthe delivery: catetére4shdsan

tﬁ‘%arlé%ﬂ'%g%% ﬁ%thg@{@%%]jd(% he pagent asyellasaxiay markemntdd
| e py, Thai

visible on t 0rosco cating securely the ori&ntation o%tge Si‘zé%]
ANty deice-9n 3KGEl tHatdhe @ﬁi%ﬁé%hélﬁe%f e Sixth Elitting deVice 94
camayebé opientediinncarfespondenve to: thecellipticrshagpeof dse LAA. When

cdRE icorest positian At thesixth cuting.device 9448 sonfimaediby means

< oé;lu% oscopy, a distal Qnd of rée sixth Eugin e(j_tey_ircg 94 isar§ egégg_tfr?gh
T 1ae:kllvecfy sfs‘f‘é}n%ﬂﬁgﬁe 8 LAA, therégby the distalend will

is released from the delivery catheter 152 in the IVC or
svC, depending on where the distal end of the delivery
catheter is placed. Thereafter, the connecting cutting
arm 110 is released and finally a proximal end of the
seventh cutting device 100 is released, as illustrated in
Fig. 44.

Now, the guide wire 140 and the delivery catheter
152 is retracted outside the patient, since all parts of
the treatment kit have been implanted.

On special indication, for instance when it is
difficult to place the guide wire inside the FVs, an
arterial access may be used instead. The insertion
technique is identical, except that the access to the
vascular system is achieved by puncture of an artery and
that the cutting devices are delivered through the
arterial system instead of through the venous system.
After puncture of the artery, a catheter is advanced
through the aorta and passed by the aortic valve into the
left ventricle and finally into the LA. The gulde wire is
advanced intc the desired PV and the insertion of the
cutting device may then be achieved in the manner

described above.



expand radially towards the wall of the LAA to fix the position of the sixth
cutting device 94. Next, a mid portion of the sixth cutting device 94 and a
proximal end are released. Now, the sixth cutting device 94 is allowed to
change its shape to cut through the heart wall of the LAA. Now, the guide
wire 140 is retracted from the LA iri6 the RA and inserted into the RAA.

Then,, another, sixth cutting device 94 is inserted using a_gui i

S e A 10 e T B S B e Sl hat
thanRéysifilan gethiehinsartivhasiahe tothePduttify Hedéds Prd'gther -
shsigthscutiing-device 94 is-advances inte=g positier-wherestherentite sixthe

. GUtti evice 94 is inside the RAA, and roximal en e.si
o B ors T har hBTSR 06 Chib iR of
shelfing GBVice 94ie getBfhiHedCiRE ARBINErSimilaFtD heGusitiontty of
cuthei sixthpeutting device Qdiingerted intothe hAALWhensthegeomedt

prPQsition-of the sixt cytting, device 94is sconfirmaed, the sixih Cuiingneart .

device 94 inserted into the RAA is released in a manner similar to the
AT {efdase 67 the itk g 685icE BAEnEasd intthe 1R 6w the
shsixth, cuttivey devide 944ds alowed o thange it$ shapeltv taethrough-the

neheart wall of the RAA, Next the guide wire1404s etracted frgmihieiRAA
into thg RA._If the access point to the vascular e?}/csjfeme\l/cvgs C£%ated iq:@fn g
AL o B Parf St the Hot) ey fitd Rird A0 ekt has*throtgh the SVC into
dethicRA. THdn, the guiteo Wired140 tsifarthefinserte@ it BV, gt the
cuillustrated Hpdeg. 4L Onthe othafidandrif thesaceess peintdathe: set by
ar system was created.in the lawer part of the ,hody.-the guide wire
S Ehnae (o (e N TMOE R Thet e guide e Lo &
anﬁnﬁ%?ﬁﬁ@ﬁeﬁﬁﬁaﬁh@f external altering, foxr instance DY

means of x-ray radiation, ultrasound, electron beams, O
light of a defined wavelength, setting the time of the
polymers to be resorbed. However, the cutting devices may
aiso be left in the body after the change of shape, oI
only some of the cutting devices may be resorbed.

Tt should be emphasized that the preferred embodi-
ments described herein is in no way limiting and that
many alternative embodiments are possible within the
scope of protection defined by the appended claims.



SVC. Thereafter, the seventh cutting device 7.00 is inserted using a guide
catheter 150, as illustrated in Fig. 42, and a delivery catheter 144 in a
manner similar to the insertion of the other cutting devices. The seventh
cutting device 100 is placed in position in the IVC, SVC and the RA, as
illustrated in Fig. 43. The delivery cathéter 152 carries the seventh cutting
device 100 on the inner part 154 of the catheter 152. The inner part 154
comprises stops 156, which prevent the seventh cutting device 100 from
being axially displaced from the inner part 154 during insertion of the
~device. Again, the cutting device 100 is kept in a contracted, temporary

state by means of a restraining partcﬁ%.nﬁge correct 52 orientation of the
seventh cutting device 100 is obtained in a manner similar to the
positioning of the second, third and fourth cutting devices 38, 54, 68. The
seventh cutting devidel 560 Has b iFseriRtates ifte B pesifich: wirdre it
witkehangeshapedn sueh asyay Hat ttsaudtings airror uttingearms 122ue by
Wil dend in, ntendsd, dirggtons. Jue.the seyenifautiina devige 0.
may comprise a cutting arm 122 that extends towards the" orifice of the
C8it#6r a branch 112 that extends from the connecting cutting arm 110
of the seventhreutting ldevitevi0@:tolvards theclateralkivalhof therRAged to be
Whenthe .correct position of the, seventh cutingdgvice. 10, is; gonfimed

by means of fluoroscopy, a distal end of the sevent ,cutti?%% device 100 ig

th&deTiveR cathSter 152715 tekased froht the delivany cathater 15211 the

V& dr SVC ndeperting:en whete the distat endlo? taidelheyy siihetefed Lo

is plaged, Jhereafterthe conneeting autting -ami210 {sreleasedand to 2

il proximel end. o the seventh puting device 100 relpased 2.,
outer surface of said tissue, in order to create cutting
action configured for cutting said heart tissue and/or

said body vessel.

Z. The tissue cutting device as claimed 1n
claim 1, wherein the device is structured and
arranged to penetrate by said cutting action through a

wall of sald vessel inte said heart tissue.

3. The tissue cutting device as claimed in ciaim
1 or 2, wherein the device has an initial elongate shape
and wherein the device ig structured and arranged to
change shape from the temporary delivery shape to expand
its dimensions in a direction transversally tTo its
elongate direction to the expanded delivered shape and

further to the expanded shape.

4. The tissue cutting device as claimed in any
one of the preceding claims, wherein the device comprises

a shape memory material.



Now, the guide wire 140 and the delivery catheter 152 is retracted outside

the patient, since all parts of the treatment kit have been implanted. On

special indication, for instance when it is difficult to place the guide wire

inside the PVs, an arterial access maybe used instead. The insertion

technique is identical, except that the access to the vascular system is

achieved by puncture of an artery and that the cutting devices are

delivered through the arterial system instead of through the venous

system. After puncture of the artery, a catheter is advanced through the

aorta andpassediy-the aogtic:valve intedhe cleftvensricle andfimally intany

the |:A. The guide wire.is; advancerd jnto the desired R\. apd fhe insexfign. ; 5. o

of the cutting device may then be achieved in the manner described

above B3 TheTutihGd&ieES Rade hBhbeeh fefdased such that they

may change their shapes to obtain their permanent shapes. During the _

change; of shape, gagh cutling-device: will pgnetrate heart-tissugdn the, ciaim

path.of the change,of, shape. Thus, the euting dsyiees will now greate the .

cutling pattern-intended Tor forming blocks against. propagation of Hepea.

undesired electrical signals in the heart. After the cutting devices have

made their changeioé shape,thecneededjetfect of the sutting devicesrorclaim 5
Jpegheayt tissue is.completed. Thys.jfthe eutting devices are nade of,,

resorbable shape memory polymers, the cutting devices will be resorbed

25 tiffre aftet WBfMINATON of the” 2uttiRg procetfire " This tinfe for TESGTPHGR ST e
tcarebe setby tdetermigmation of the different ingredients of polymers and
also by means of external altering, for instance by means of x-ray

radiation, ulirasoupd. elegrgn beams. o ightof 8 defired Wavelenath. ¢,
setting the time of

7, wherein said tubular portions are transversely expandable

to different degrees.

9. The tissue cutting device as claimed in any
one of claims 5-8, wherein an end of the tubular part forms
an atrial end, said atrial end being structured and arranged

to change shape to extend radially from the tubular part.

10. The tissue cutting device as claimed in claim
9, wherein said atrial end comprises a plurality of arches

overlapping each other.

11. The tissue cutting device as claimed in claim 9
or 10, wherein said atrial end when extending radially from

the tubular part forms an annular flange.

1Z. The tTissue cutting device as claimed in any one
of claims 5-9, wherein said device further comprises a
cutting arm being structured and arranged to initially

extend axially from the tubular part in order to be



polymers to be resorbed. However, the cutting devices may also be left in
the body after the change of shape, or only some of the cutting devices
may be resorbed. It should be emphasized that the preferred embodi-
ments described herein is in no Way‘lim%tigg and that many alternative
embodiments are possible within the scope of protection defined by the
appended claims. 54 CLAIMS 1. A tissue cutting device configured for
reducing undesired signal transmission in heart tissue by isolating ectopic
sites thereof by cutting said heart tissue, wherein the device is structured
and arrangedta bezinseded imatemporary deliveryshapethrough the ing

wasgaular syster info.a-bady, vessel adiacggtthe,neart apdior intpthe o

heart and to be subsequently subjected to “a change of shape via an
Exparited’ déivdfed Shapdto'a *furthdF Expanded shape, extending at

least beyond an outer surface of said tissue, in order to create cutting

action copfigured forcuitingssaid heast:tissugandiar saidhodyesseh Z:1a1im
tE‘e tissue cutling, device as claimed in, claim 1, wherein the devieeis ..

stractlired and' arranged to pe%e?ra{% y Said cU?tlng action tﬁroug% a

@7aft of SarPFedsetinto said heart tissue. 3. The tissue cutting device as

claimed in claim 1 or 2, wherein the device has an initial elongate shape

and wherein the deyice.is structured and arrapged to change shape from., ;5

the temporary delivery shape to expand its dimensions in a direction
transvEr&aify't its” Blonyate difedtioh ©fe Bxparded G8IR/etéd 8Hage
and faithéytothecexpamdedshapes 4 rEhg tissseibutting eevice a4 each
claiaed imagy 1ongitudinal direction of the cutting arm.

15. The tissue cutting device as claimed in any
one of claims 12-14, wherein the device comprises at least
twe cutting arms, which are structured and arranged to
change shape to extend in different radial directions from

the tubular part.

1€. The tissue cutting device asz claimed in claim
5, wherein said body vessel, which the tubular part is
structured and arranged to be inserted into, is the

corcnary sinus.

17. The tissue cutting device as claimed in claim
16, wherein the tubular part, in a first state of the
device before the device is subjected tc a change of shape,
strives towards a shape that is curved along its

longitudinal direction to fit into the coronary sinus.

i8. The tissue cutting device as claimed in claim
le or 17, wherein the tubular part has a length
corresponaing te at least the distance between the two
lLower pulmonary veins.



one of the preceding claims, wherein the device comprises a shape
memory material. 55 5. The tissue cutting device as claimed in any one of
the preceding claims, wherein the device comprises a transversely
expandable tubular part. 6. The tissue gttting device as claimed in claim

5, wherein said tubular part of the device is funnel-shaped. 7. The tissue
~.cutting device as claimed in claim 5 or 6, wherein said tubular part
comprises at least two axially separated tubular portions, which are
interconnected by a connecting member. 8. The tissue cutting device as
claimediia claim 7Zhwhere#ssaid tubulanportiens are lansviexdelyc in any

gxpandable Jtoifferent degrees, 9 The tissug-gutling device.as,elaimed
in any one of clalms 5-8, wherein an end of the tubular part forms an

E\H%‘Iléﬁa 848 atrial éhd bERG Stritfured aRd arFanged to change shape

to extend radially from the tubular part. 10. The tissue cutting device as

claimedzio claim 9rwhereisaidatrial end comprisessa phuralityod arehesy

overla each otf I'ée -11. The tissue Cé’é‘icc? device as £laimed jn g@%@rises
u

or erein sai atrleil end SWhen exten ing ra yTrom the tub
5aﬁ%rw§an anRfiufae HaHgS H! Wt%%u@%ﬁttﬁw@f@éﬂ?éia§%lahﬁéa%ﬁlly
amy ene adfclaims 5% wheteinsaiddevice furtherdonprisegaa ttuftmgerder

arm @@'%%I&%@dl%aw%g%%ﬂg@g}y extend axialy:from thee +ing

tubular part in order to be% inserted into adheart atrium and said cucttln ctend
Arfh DRI StriEiured Aha Arfihged’th Thafge sRape 16 8xtendts” radially ="
frenhithé b dlappait €3 tTRe tissuecedtting device as claimed in claim

21. The tissue cutting device as claimed in any
one of the preceding claims, wherein an ocutside surface of

the device is provided with sharp edges.

22. The tissue cutting device as claimed in any
one of the preceding claims, wherein an outside surface of

the device is provided with drugs.

23, The tissue cutting device as claimed in claim
22, wherein said drugs include drug adapted to increase a

cutting effect through tissue.

24. The tissue cutting device as claimed in claim
23, wherein said drug adapied to increase a cutting effect
is any one in the group of alcochol, glutaraldehyde,

formaldehyde, and proteolytic enzymes like ccllagenase.

25. The tissue cutting device as claimed in claim
22, wherein said drugs include drug adapted to prohibit a
thickening of a wall of the body vessel in which the device
is inserted.

26. The tissue cutting device as claimed in claim

25, wherein saild drug adapted to prohibit a thickening is



12, wherein the cutting arm has a form comprising at least one closed
loop. 14. The tissue cutting device as claimed in claim 13, wherein the
cutting arm has a form comprising a plurality of closed loops arranged
subsequently to each other in a longituglipal direction of the cutting arm.
15. The tissue cutting device as claimed in any one of claims 12-14,
wherein the device comprises at least two cutting arms, which are
structured and arranged to change shape to extend in different radial
directions from the tubular part. 16. The tissue cutting device as claimed
#molabneb,iwherein saichhodyfvessel, vehich the, tubatar fartis, stragtered-in
and aranged.to be inserted into, is the coronary sinus. 17. The tissue
cutting device as claimed in claim 16, wherein the tubular part, in a first
state of the device before the device is subjected to a change of shape,
strives towards a Shapé: that isscurvéed afehgries” lorgitudlinal dirsetionito fitlaim
into t%@@f&ﬁm%giﬁwseibiﬁg‘éha H%@@?@ﬁ% dewviceias elaimed in.elaing

6 orl7 erein the t ar part ha 0 cqrrespondi lea
i Sl Detoar the g Tonbr Bmonay v, &7 10 Tha dleue” 1"
BUttinG Hevidesds eRaimad Ty aRf bhef ¢faims 16-18, wherein the
cross-section of the tubular part is at least partly elliptic. 20. The tissue

cutting deyice as elaimedjin any. ong:of claimg 16-19. whereimsaid.deyicer,
further comprises a cutting arm bﬁﬂg%,structurgd gnd arran%leddto |n|t|all¥l < a
ER8ndTTi al axXiAl HiFeCTioh of the bt Partinordel t5 e inSertad into ™
thretcoronarysdiags ahd saidlcatiing -arde BeikgStilctured and arranged to

change shape to extend
29. The tissue cutting device as claimed in any
cne of the preceding claims, wherein the device is at least

partiy bicresorbable.

30. The tissue cutting device as claimed in any
one of the preceding claims, wherein the device is made of

a shape memory polymer.

31, The tissue cutting device as claimed in any

one of claims 1-28, wherein the device is made of Nitinol.

32. The tissue cutting device as claimed in any
one of claims 1-28, wherein the device is made of stainless

steel, a titanium alloy or a magnesium alloy.

33. A kit of shape-changing tissue cutting devices
according toe any of claims 1-32 for treatment of
disorders in the heart rhythm regulation system, saild kit
comprising: shape-changing tissue cutting devices, which
each has a first and a second state, wherein the tissue
cutting device in the first state 1is in a temporary
delivery shape and has such dimensions as to be insertable
to a desired position within the vascular system, and

wherein the tissue



radially from the tubular part. 21. The tissue cutting device as claimed in
any one of the preceding claims, wherein an outside surface of the
device is provided with sharp edges. 22. The tissue cutting device as
claimed in any one of the preceding clgins, wherein an outside surface of
the device is provided with drugs. 23. The tissue cutting device as claimed
in claim 22, wherein said drugs include drug adapted to increase a
cutting effect through tissue. 24. The tissue cutting device as claimed in
claim 23, wherein said drug adapted to increase a cutting effect is any

ene i the cfeup ot alcohok gluaraldehyde - formeddenyde: and proteolyticond
gozymes like collagenase, 25, [he issue qutting device as claimed i, -+ o

claim "22, wherein said drugs include drug adapted to prohibit a

fhickghifg OF & WeiFofthé botlyVesSErin Whict-fhe'device i€ iHdertda26.

dhe tissue cuttingrde Viceyas ¢ladmedlin tkaim p25, twhereincsaid drages to a
adaptedtoprehibit athickeping:is 58 any one-in the-group;of ciglosparinihan
tzpdternl, rapamycin. and tacrolimys. 27. The tissue euting deviceas ;...
Claimed Th'claim 22, wherein Said driigs mclude any onelir fhe group of Y

Ehglofifelilit Gréwth PactoReHEpariiAMd armibdardife, sofdeieofaay ounding
other-antiagrythaic thikg .28 TThetissue icutting devicelas claimedi: anyssue

pue of the: preceding claims, M@é@“@@i‘%‘}%‘(ﬁ%}aaé’:@ peklike shape ; v ng
formrgzd of chlqsedq,loops. 29. The tissue cu ting device as claimed in any

BnE Of e frecBdifycidim< Wriérein the davice iFEPIeakt phrtyePe™
bioresdrbable. 39uFhe tissuencutting devicelas eldimeddnfamybe inserted to
a desired position at the orifice of a pulmonary vein in the
heart, and at least one of the shape-changing tissue
cutting devices is adapted to ke inserted to a desired

position in the coronary sinus.

34, The kit as claimed in claim 33, wherein the
shape-changing tissue cutting device that i1s adapted to be
inserted into the pulmonary veliln comprises an arm, which
in the second state 1s arranged to contact the shape-

changing tissue cutting device in the coronary sinus.

35. The kit asg claimed in claim 34, wherein said
arm comprises a trough in an area to come Iin contact with
the shape-changing tissue cutting device in the coronary

sinus.

36. The kit as claimed in any one of ciaims 33-
35, wherein at least one of the shape-changing tissue
cutting devices is adapted to be inserted into the

inferior vena cava.

37. The kit as c¢laimed in claim 3¢, wherein at
least one cof the shape-changing tissue cutting devices is

adapted to be inserted into the superior vena cava.



one of the preceding claims, wherein the device is made of a shape
memory polymer. 31. The tissue cutting device as claimed in any one of
claims 1-28, wherein the device is made of Nitinol. 32. The tissue cutting
device as claimed in any one of claimsg}28, wherein the device is made
of stainless steel, a titanium alloy or a magnesium alloy. 33. A kit of
shape-changing tissue cutting devices according to any of claims 1-32 for
treatment of disorders in the heart rhythm regulation system, said kit
comprising: shape-changing tissue cutting devices, which each has a first
and a sexond statehwherein the tisstemeutting devicenn the firststaters it

a lemporary. delivery shape »dc%%%aﬁ%d@fé‘ﬁ?@sé&é‘efﬁﬁ'}”%ﬁ%@b&%s
to a desjred position within_ the vascular system, and wherein the tissue

59 Thttily G&tisd-Btapabiof changhiy shapeto the seeBRd &the’ena cava
which id:an expandeddelered shape;avheniodated catsaitedésiced 1s
Rosition: the-deviee intheexpanded (delivered-shape-haviag a tuhylar

part, which strives to a fur%herhequnged state arrgg a gga%eter that is

comprises an.ar WHiC T che geco Le 1s arrgnged to
IargéE?*than thé didmeter Of the vessel af the é:eswedsposmon, whereﬁy ’

the HeviteSHil bREs e e RBEHEST It fcctissurstrfoutiiig $hé vesset
atthe desjreti-pdsitian and destroy the tissue by cutting action in order to
prevent it from transmitting electrical signals, wherein at least one of the

shape- changing tissue cutting devices is adapted to be inserted to, a

desired position at thE ofifice oF a pulmbRiary veif i e heart, ahdat® >3~
lgdist onecafaha shapechangivrgtissae scutting devises iscadaptéd o bessue
insertedig axdesireds position inte.e0ranap,ssinus.c34:d herkitas skaimgds a
in claim 33, Whereif the shane-changing tissue cutting device that is

respe lLve pulmonary 2l1n.

adap?ecf to be :

40. The kit as claimed in claim 39, wherein at
least one of the shape-changing tissue cutting devices is
adapted to be inserted into a pulmonary vein comprises an
arm, which in the second state is arranged to contact the
shape-changing tissue cutting device in another pulmonary

vein.

41. The kit as claimed in any one of claims 33-
40, wherein at least one of the shape-~changing tissue
cutting devices 1is adapted to be inserted into the left

atrial appendage.

42. The kit as claimed in claim 41, wherein the
shape-changing tissue cutting device that is adapted to
be inserted into the left atrial appendage comprises an
arm, which in the second state is arranged to contact the

shape-changing tissue cutting device in a pulmenary vein.

43. The kit as claimed in claim 41 or 42,
whereln The shape-changing tissuse cutting device that is

adapted to be inserted into the left atrial appsendage



inserted into the pulmonary vein comprises an arm, which in the second
state is arranged to contact the shape- changing tissue cutting device in

the coronary sinus. 35. The kit as claimed in claim 34, wherein said arm
comprises a trough in an area to comebih contact with the

shape-changing tissue cutting device in the coronary sinus. 36. The kit as
claimed in any one of claims 33- 35, wherein at least one of the
shape-changing tissue cutting devices is adapted to be inserted into the
inferior versa cava. 37. The kit as claimed in claim 36, wherein at least
anengfrthesshapechangingttissue cuttingsdevicesid adapted tobeulaxr
inserted into the superior vena cava, $0438.,The kit asclaimeddnslaimh e .
37, wherein at least one of the shape-changing tissue cutting devices that

is adapted to be inserted into the superior vena cava and the
shape-chénging tisdieciftiingdevicethiat i adapted orse inseftedifitd 35~
the inferiervena gava comprises arannwhish prthersecondstateds ue
arranged to form a connectign between these shape-changing. li R
g BSas 35T Kt S ars oreeot Sy cgp. € richs
vitieremthedgessinpiises four shape-changing tissue cutting devices,

each being adapted to be inserted into a respective pulmonary vein. 40.
The kit as claimed in claim 39, wherein at least one of the

shape-changing tissue cutting devices is adapted to be inserted into a
pulmonary vein comprises an arm, which in the second state is arranged

to contact the shape-changing tissue cutting device in another pulmonary
vein. 41. The kit as claimed in any one of claims 33-



40, wherein at least one of the shape-changing tissue cutting devices is
adapted to be inserted into the left atrial appendage. 42. The kit as
claimed in claim 41, wherein the shape-changing tissue cutting device
that is adapted to be inserted into the Igft atrial appendage comprises an
arm, which in the second state is arranged to contact the shape-changing
tissue cutting device in a pulmonary vein. 43. The kit as claimed in claim
41 or 42, wherein the shape-changing tissue cutting device that is
adapted to be inserted into the left atrial appendage 61 comprises a film,
which coxers an end aidhe tubulare shape of: thertissuestutting dewidcednd
the secand,state, 44. The itasclaimed In anyone;efclaims.33r 43,

wherein at least one of the shape-changing tissue cutting devices is

RIAPTEF TS BE et i theight -affiaf apperidstye” 62545 “K medichl "
devicedwhichss strustured-and afrangéed 10 be inseitetinto @ body vessel o
and-to,, subsequently change shape therein; chargeterizeddn-that theisice of
device is structi rfd agd arr%ngved to (ih%lagetshggg lo extend at IgasgiCm
Aty utefde’ Lie périmater Or Orifice of an outérwall 6f said vessel by
tissae catling acticn ©xersd by shitrdevice thfoughdaidPshapechangen saild
opisaid bleodsvassel-samihe interiesthereok hereot .



