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treatnment of disorders in the heart rhythmregul ation

system and, specifically, to a tissue | esion creating

device, a kit of shape -changing devices and a net hod

for treating such disorders . Background of Invention

The circulation of blood in the body is controlled by

t he punping action of the heart. The heart expands and

contracts b y the force of the heart nuscle under
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of His and thereafter spread across the ventricular
muscle mass. Eventually when the signal reaches the
myocytes specialized in only contraction, 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 ions 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
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nore thorough expl anati on of the propagation of
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1984. The heart function will be inpaired if there is
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533B¢ Bhe PGl 1@ 838t 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
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, 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



will sustain thenselves for long tine. There may be

only one ectopic site sending out signals leading to
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excitation resulting in atrial fibrillation. The

conditions may be chronic or continuous since they

never stop. In other cases there nmay be periods of

normal regul ar sinus rhythm between arrhythm as. The
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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 disorders to the heart rhythm regulation
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



propagati on of inpulses and thereby isolate the
ectopic sites, and thus maintain the heart in sinus
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atrial fibrillation. II. Intraoperative
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 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



mnimum still resulting in a good result in nost
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destroyed.



undesired signal transm ssion in heart tissue. The

device is structured and arranged to be inserted
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adj acent the heart and to be subsequently subjected to

a change of shape in order to penetrate into said

heart tissue. Thanks to this aspect of the invention,
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force penetrate the tissue that needs treatment. The
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electrical signals. Thus, the signal transmission in the

treated heart tissue is reduced or blocked and the
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wall in order to access the heart tissue to be treated
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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



shape, the device will penetrate heart tissue. The
shape nmenory material wll give the device a strong
WO vs0e8381 f orce, driving the device to perfor mPChE&P2004/012799
change of shape. Meanwhile, as |long as the shape
menory material is not activated it wll retain its
shape of the first state being suited for insertion
into a body vessel. Thus, g& not activating or by
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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 around and .

adjacent the orifices of the pulmonary veins (PV).



needs to penetrate tissue outside the vessel. Thus,

the end that assunes a | arger cross-section after the
web@sgessef shape will be inserted closest to tPEI/EP2004/012799

orifice to penetrate the heart wall tissue around the

orifice. Further, the other end of the tubular part

may have an expanded cross -section that is so snal

that it stays in the inner ?ayers of the vessel wall.
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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 be 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



device. Further, if each arch changes shape to extend

into the heart wall tissue, the atrial end forns a
waleovsp4gsat t ern of treated heart wall tissue fOPCT/EP2004/012799

effectively isolating ectopic sites. The atrial end

may form an annul ar flange when extending radially

fromthe tubular part. Thu the entire area around

the orifice of the vessel |ﬁ%o the heart nmay be
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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
a 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 an
elongate lesion.

The cutting arm may have a form comprising at least

one closed loop. The cutting arm will penetrate tissue



The cutting armmay have a formconprising a plurality
of cl osed | oops arranged subsequently to each other in
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possi bly isolating ectopic.sites. Further, one or nore
abutting islets create a |ine of scar tissue,
foreRies entlididi &N &ffeedomibl poto aged nsdrar @@agatel entm‘lng
und Sir d eI ctrical signals, The deyice n?é |selet
as B9 AF R h Aret e Flc Pgd andlS

ofammmnyatdd)mmangewﬂmﬁxbdcfdmmémmhmﬂldeftheenﬁosadlm
regii w1th t.ub I Thi I at

Og si g/}r?s(m] dng ae 5% ecrelnr%gu %ntl |pvﬁlgi %%%gﬁéngbhggétr)ﬁédWhmh

Wlérld@rawase cbtldine o fesiaredicigus ngh@’atr@pnesﬁntﬁeaﬁeart

wRlde itdes I dexiicsi By be
© struéturggﬁgﬁaqg¥%g%§£ t %5?%%%p§€d§|ntol

elestdnadyt it (GSMorRRY bl arthpare hﬁyaflh@ﬁtOPﬁC site
prfelsresltt s_trattazé)flélmec dedice defesecthecdevite bs

ect t.0 ge of shape, strive towards a shape

f?ﬁé% %éhﬁﬁﬁg' ‘%ﬂg its longitudinal direction to fit
i nt O?htehe:u(‘ﬁ&&ln‘gucalrna mie,vilrraara”reey mrrarcncarngsijSiogchange

pl%Q%HQ&épfﬁ¥ 'nl ff%?éé@l ?égEQﬁFE?r¥% each

ear he heart
Otﬁﬁﬂ1léﬁ@héQHﬁ§H§§Mnﬂﬂkﬁ§H¢Q%ﬁQm O?uthﬁeﬁutihégdéﬁﬁbe

Thh%SQE@Qé§t191§@% Rlmy ﬁ)&@éf@%ﬁdt&@at@arrt@sgu@p@m@ty
cutting armextendiing froma tub uIangart

f
bej RSS! @rﬁ\/sea‘fetr&l th%l%*a%tlﬁfﬁ@ BenfRaEed,
popenbaiyTEe d M ighange (il Shapeed 2 Pusthsed beeebm, mbre

rn1"cor nar S|n Iles ot onI portlon of
ab%%gl\rll "’{-1%’ L{iﬁ" ﬁagrﬁ{)]on? h& r?g?ff %’lgﬁrr{ but al so
rephr@sgmmq:aﬂdlaa‘ifa@weemm n@g&ll@ﬁtt heoppghtignr iodm
unﬁ%%1§%@'@ﬂ¥£é¥‘%%if§1 heart tissue . The tubular

part to be inserted 1n o t e CS may have a Ieng
cor FESpGETIHTE TR YarCTwassq rt d}%%%ﬂth'eW%e?%Eﬁ Phé %o

whliewe b Vst it ddWldRs dhaingesubst ankhak paapeotoof
ex%g%dhear%i¥¥erén@/ggafgf%gf¥ggylégg ggg%cghe tubular
part. This implies that lesions along different cutting
lines may be formed in order to obtain a 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.



inserted into the CS. Further, the CS may then serve
as a support for cutting arns extending from tubul ar
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The cutting device to be inserted into the CS 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.



Further, any conbi nation of these drugs may be
contenpl ated. These drugs will have a toxic effect on
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devi ce through tissue. The drug adapted to prohibit a
t hi ckening of the vessel wall may be e.g. any one in
the group of ciclosporin, %ﬁgiferol, rapanycin and
tacrolinmus. Further, any c i nati on of these drugs
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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 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 penetration of the cutting device. Amiodarone and
sotalol are drugs designed to treat arrhythmias. Also,
other drugs with these or other effects may be

contemplated.



conpared to a device having a conpl ete surface. The
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change its shape to penetrate and destroy tissue in

order to treat disorders to the heart rhythm

regul ati on system Thereafffr the desired effect of

t he devi ce has been achieved and there is no further
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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,
titanium-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



first and a second state, wherein the device in the

first state has such dinensions as to be insertable to
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wherein the device is capable of changi ng shape to the

second state when |ocated at said desired position. In

the second state, the deV|£§ has a tubul ar part, which
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pulmonary vein in the heart and at least one of the
shape-changing devices is adapted to be inserted to a
desired position in theAcoronary sinus.

According to this aspect of the invention, a kit of
shape-changing devices that may penetrate heart tissue
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
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

how severe the electrical disorder of the patient is. In



bet ween ot her shape -changing devices in the kit my
be established between PVs and the superior vena cava
wQ@ 3E)48381 i nferi or vena cava (1 VC or between POEEPME/012799
and the CS. The shape -changing device adapted to be
inserted into the CS may extend al ong a substanti al
l ength of the CS in order t@ be able to create an
el ongate lesion in the heart wall adjacent the CS. The
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ordevifee ildratvdrs adapt edw her ivseréed theoIvoeaSdCtand
CSt hel 7 shape -changing device that is adapted to b e

i'nserted into the I'VC nay conprise an arm which in
t he Tsec chd pst-athenics nar rdanged: taddwred at e oppetnported

tyween c | €iaThugngenl e&n en
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second state is arranged to contact the shape-changing
device in the CS. Thus, a lesion may be created from the
PV to the CS, when the arm changes shape. Further, the
contact between the arm and the device in the CS 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 to 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 |east one of the shape -changi ng devices
bei ng adapted to be inserted into a PV nay conprise an
wa@eows/owds8ch in the second state is arranged t OPCDEPZRO04/012799

t he shape -changi ng device in another PV. Thus, a

| esion between the PVs may be fornmed in order to

further isolate the ectopiﬁ sites and create a cutting

pattern that nay effectively treat disorders to the
shhganhEhythh@l cegulcat itea tsyst emapAled aastbontnoértdeé into

h -¢ch d th it, be
e Do Ao B e SFE ot diherBgi Doy Stabe Lo
athhgeéhapefochaﬂgmm@neet&@@ m@¢Wﬁ£nu&hES@rSh@@¢atlng
chSHelhé\Adtegg@'e'sy Q. ely Sl '-%%h lqlonctr?ecthé/gw her ot her

garts heart. Furt é shape -changi ng
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for isolating 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 film, 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 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



vascul ar systemto a desired position in a body
vessel, and providing a change of shape of the tissue

wo e®s0m888T eat i ng devi ce at said desired positiBOT/EPR2004/012799
penetrate heart tissue adjacent said body vessel.
According to this aspect of the invention, a nethod is
provi ded, whereby disorderi to the heart rhythm
regul ati on system nay be t 8ated without the need for
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be contahgdt he mbssueoﬁesh@ndnam@equ(hhapﬁeoﬂhu$$ t he
deéfgggra%ﬂgeiggekggon of a shape-changing device may be
accomplished by means of a catheter according to
conventional methods. Further, by releasing the shape-
changing device out of the catheter, it may change its
own shape without requiring further controlling by a
surgeon. The shape-changing devices may be designed
beforehand to create a desired pattern of lesions for
isolating ectopic sites in the heart wall. Thus, the
surgeon need only insert the shape-changing devices to
their correct positions. This method is only slightly
invasive, since it is intended to be inserted just by
means of skin puncture, and requires no surgical skills.
The method may further comprise restraining the
tissue lesion creating device in an insertion shape

during the inserting of the tissue lesion creating



tissue lesion creating device may be held below a
transition tenperature trigging a change of shape of
WO b@swisssue | esi on creating device. The net hodP@EEP2004/012799
further conprise releasing a restrain on the tissue
| esion creating device when it has been inserted into
the desired position for alfow ng said change of the
shape of the tissue |lesion creating device. The
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shape or by suspending the cooling of the tissue lesion
creating device. This release may control the initiation
of the change of shape of the tissue lesion creating
device.

According to a further aspect of the invention,
there is provided a medical device which is structured
and arranged to be inserted into a body vessel and
subsequently change shape therein. The medical device is
structured and arranged to change shape to extend at
least partly outside the perimeter or orifice of an outer
wall of said vessel. This medical device may be used to
penetrate tissue outside the vessel and thereby e.g.
destroy heart tissue for creating a block against

propagation of undesired electrical signals in the heart.



tissue lesion creating device according to an
enbodi nent of the invention, wherein Fig. 4a shows the
WO 2@s0ess8esi on creating device in a first, tenpor/aP3004/012799
shape, Fig. 4b shows the tissue | esion creating device
in a second, permanent shape, and Fig. 4c illustrates
the tissue IeS|on creatingo@device having sharp edges;
Fi gs 5a- 5b show the tlssue | esion creating device of
Briiefs DesscriiptiingerdfedHen lrdhadygyvessel ; Figs - 12 show
Govi e T RIRASTRRS Hot &8 tdssgfl]ésg'fﬂ £LEANLAY
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tis 14 shows the tissue_| esion creat
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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



Fig. 15d is a perspective viewwith a section of the
vessel and the heart wall cut-off and shows the tissue
wo emsomsssr eat i ng device of Fig. 13 after the deei/ER2008612799
penetrated the heart wall and has conpl eted a change
of shape simlarly to Fig. 15a, but where the tissue

| esion creating device conprises an atrial end instead
of the cutting arm Figs 16- 23 are schematic views of
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Figs 16-23 are schematic views of the heart showing
tissue lesion creating devices inserted into 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. 24a
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



Figs 35- 37 illustrate the carrying and depl oynent of

a tissue lesion creating device by neans of a delivery
wa@an0heisss1 Figs. 38- 40 illustrate the depl oyneet/ER{004012799

tissue lesion creating device in the left superior

pul nonary vein; and Figs 41- 44 illustrate the

insertion of a tissue lesign creating device into the

i nferior and superior vena?éava . Detail ed Descri ption
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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
controlling of the heart rhythm is indicated. The heart
rhythm is normally controlled from the sinocatrial node 4.
The sinoatrial node 4 transmits electrical signals which
are propagated through the heart wall by means of special
cells forming an electrical pathway. The electrical
signals following the electrical pathway will coordinate
the heart muscle cells for almost simultaneous and

coordinated contraction of the cells in a heart atrium




propagate in the heart wall. Thus, the heart wall is

cut conpletely through for interrupting the coupling
whedodmessscel | s that transmt erratic el ectri cabCT/EP2004/012799

signals. The thus created lesion will be healed with

fibrous tissue, which is unable to transmt electrica

signals. Thus, the path of §he el ectrical signals is

bl ocked by this | esion. However, since the |ocation of
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always be known and may be difficult to determine or
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 1s evident from Fig. 2, the cutting
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 III-

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



appendage. Thus, a pattern, which is |ess conpl ex and
which effectively isolates the ectopic sites , has
whe@s/oesssabl i shed. I n sone cases, all cuts mayPODEPINE4/012799
needed. For exanple, the occurrence of ectopic sites
often starts around the orifices of the PVs and,
therefore, it nmay be sufflggent to make the cuts 8, 10
around the PVs. Further 4ndicated with the lines
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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



The shape nenory material allows designing a cutting
device 26 that may be contracted into a small,
WO eowpousesly shape before insertion into a pati ePtT/EF{00£012799
the cutting device 26 may be inserted in this
tenporary shape to the heart of a patient through the
vascul ar system The tenporgyy shape of the cutting
device 26 is also flexible, whereby guiding the
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ther @as@utibirng yeheet HiCaHacilitated. 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 wvascular 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 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 28. As a response to a stimulus,
e.g. the body temperature, the cutting device 26 will
then strive towards changing its shape and obtaining the



signals through the heart wall. By placing severa

cutting devices intelligently and designing the
w@eoosmmssat shape of the cutting devices 26 accRCTERPNY)12799

the cutting devices 26 may penetrate heart wall tissue

to create a pattern of cuts corresponding to the Maze

Il1l-pattern. An exanple ofzg shape nmenory material is

Nitinol, which is an alloy”conposed of nickel (54-60%
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tlegﬁfmehéﬁglist? %%%g %d%%f%me, 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 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 absorbed by the
body after it has performed its change of shape. For



The cutting device 26 may be tubular in both its

tenporary shape and its permanent shape, as shown in
wo-2@s/048886 . However, the shape nmenory nay be PCSEHP1004/012799

bringing the cutting device 26 between any shapes.

Some exanpl es of shapes that are at |east not entirely

tubular will be given bel ow. The shape of the cutting

device 26 inits first staté is preferably conpact to
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fipepettatengst pss¥erably 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



The drugs are attached to the surface of the cutting
devi ce 26 according to well -known nethods of
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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 into 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
Tirofiban.

Another way to increase the effectiveness of the

cutting device 26 is to attach a metallic part of the



the size of the heart and the vessels of the patient.

Thus, a conplete kit is assenbled from devi ces
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actual treatnment locations in order to achieve optinma

results. Referring nowto Fig. 6, a first cutting

device 30 adapted to be inggrted into the CS is shown.

This first cutting device 30 has a tubular part 32,
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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 CS 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



nore cutting arnms extend in a radial direction from
the tubul ar part 32. Thus, during the change of shape,
WO b@somssor nore cutting arns will penetrate tPCDEBI004/012799
heart tissue adjacent the CS. Referring now to Figs
7a-b , a second cutting device 38 adapted to be
inserted into the LIPV is Bomn In Fig. 7a, the
second cutting device 38 |s illustrated in a
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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



stabilizing the second cutting device 38 in its axial

direction. The first portion 42 of the tubular part 40
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heart to a position outside the heart wall, whereby

the smaller end of the funnel -shaped first portionis

arranged outside the heartaywall. Thus, the first

portion 42 may still penetrate through heart tissue
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still penetrate through heart tissue throughout the
entire thickness of the heart wall, even though the
smaller 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 also
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.



| eave a small islet of separated tissue, after having

penetrated through the tissue. The second cutting
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cutting arm50 is attached to the end of the tubul ar

part 40 to be inserted closest to the LIPV orifice. In

the tenporary shape of the %gecond cutting device 38,

as shown in Fig. 7a, the cutting arm 50 extends in an
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orf‘f&eé‘fntgﬁgetg%% %ary 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 detail below with reference to

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



penetrate through the heart wall tissue, closed |oops
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present a bl ock of propagation of electrical signals.
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addptbed ato poet inasr¥2d 74towhhehRIPV is shown. This third
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



are interconnected by a connecting nenber 76. The
tubul ar part 70 of the fourth cutting device 68

w@e@somssl si m | ar features as the tubul ar partPADEPHB4/012799
of the second and third cutting devices 38, 54. The
fourth cutting device 68 al so conprises an atrial end
78, simlar to the atri al d 48, 64 of the second and
third cutting devices 38, 54. Mreover, the fourth
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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.



cutting arm adapted to extend towards any of the other
PVs. Referring nowto Fig. 11, a sixth cutting device
w@4do0adass8ed to be inserted into the |eft atri aPCT/EP2004/012799
appendage (LAA) or the right atrial appendage (RAA) is
shown. The sixth cutting device 94 conprises a tubul ar
part 96, which has an elliggtic cross -section to fit
into the elliptic formof the orifice of the LAA A
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PV Senetrat e through the heart tissue extending fromthe
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514 therdd 188vice 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
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



of the LAA. Wen the tubular part 96 is expanded into
the heart wall, the film98 will cover the orifice of
wo b@sko#e881 excl udi ng the LAA fromthe bl ood cirecl/ariongo12799
t hrough the heart, whereby a dislocation of thromnbus
and clot formation in the LAA will be avoi ded.
Referring nowto Fig. 12a,3@ seventh cutting device
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whi REfeaft ey nbe thamje .ofl 2shape ofvemgh cutting device
100 adapted to be inserted into the IVC and the SVC 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. Each 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. Each 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



seventh cutting device 100, will extend froma point
of the connecting cutting arm 110 |aterally through
wo b@soisget atrial wall, whereby this branch 11PCEP1004/012799
penetrate the right lateral wall of the right atrium
As for the cutting arnms, the branch 112 may be
constructed of one | oop or 3geveral sequential |oops in
a longitudinal direction of the branch 112. The
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loopt ernedivatelsbap@ential 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
piece 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 CS. 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



which it has during insertion of the cutting device
114. The cutting device 114 has carried to the

WO bdoasissat ed position on a catheter 113a whi | ePOBPEPZP04/012799
restrained by a restraining sheath 113b. The cutting
device 114 is shown when the tubular part 118 has been
rel eased while the cuttin rm114 is still restrained
by the restraining sheathqﬁgsb Thus, a change of

dléﬁﬁﬁ@k@aﬁon@ﬁeY@éapﬁeﬁh§ﬂﬁhyr§@ﬁmﬁﬁied sthEmg cbfisist

the cutting, device 114 sho u
of g S i Jsr%%asbﬂeecqhh@f %ﬂ%}%agt gsr f%%tte% Hleo
thexdendiwgi £t om t&e phsceelot mbg beamaylnp¢ ceariege @

h
Cu%ﬁlﬁ%té%ﬁgn %agﬁﬁ nc§$$|%§tgrn1ilghe F?§%§ngﬁﬁhg%éJﬁﬁ

pigeret1edi ni0hesay slssueach opuprics 8Bt aitdifHe end 103,
LoRRI SANLIL; S0aDPe, Of o Lhe, eULbhNggdlevuce 7814 92 R Flhe

a, e cutting device i s shown after .havi
%‘éf?@l e*flé?drdtsf@wah@e éﬁdsﬁé§§h THE CERBuCEY 15aY g 54,

68 hagz how cut through the vessel wall and penetrated

heart _tissue around the v rther h tt

ar MAAE T AW ohpl Ef%?yfg iérdgﬁthcﬁ%gh f'Cl'hléusdd]tgchmg
artutiingbaraxplséihas nowrpenbtratiedatile dmt iFie helatt a
culfldo 20y hag 39, L nerglor 6, £aused 268l Araliong s been

n e from orfifrce o | ood vessel wall
lMeth@@hlmhe sebkovddvadpadent hagr onidiice e the

op@§f§§r§£€g %héSHéak§ n@ﬁge@uWkﬁﬁgS@@wﬂaéIMlJ“meﬁfﬁees

as in_Figs . gt§#g cutthgjarm
a H&%u%?rtﬁ@rEuﬁiﬁngwﬁé9pcésliﬂs
ve 8861 heTh@U&ttﬁgngggme11|30,13w@|tgjadm hEerthmslemlebar
i pt 0. anot vesse t hi,s e Cytt
paﬁfnfi?6aﬂ g Fné& 8 FQ?lgh etmég%Ei e tﬁ% gﬁ??lng
cudEyngedevmberéby an ehbeot iive all dekeagEdisate shape,
théprgaﬂégﬂdﬁﬁlHQdﬁﬁ %%?l% el iGal éﬂﬂ%ﬁﬂéSdEﬁh@@eDl4

created e cutting arm

s als
Th@t%tﬁ-@@ddawéﬁ Lhé BRangersreshdse Wtﬁé%ﬁ%@g
poéj:méﬁﬁoﬁegt baﬁhelﬁetrh@_lgbh%l(lld tbgi@gﬂmemmd Iy a

ceshfoi Eha0LSpo=thnd 1Bhe CAFT A a7 £10 Tk Bopr© Shov
wh@ﬁtéhdedubeaamngammtalﬁhhamnhéananﬁlq&ﬂ?Qvahh% the
cu%@%ﬁ?bXI@SE%hriglggé ? r %@fﬁlﬂ@ﬁle“%H&*%béiﬁhiﬁfng
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. 15a,
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 116

has now penetrated the entire heart wall and has



the cutting of the cutting arm 116, the tubul ar part

118 of the cutting device 114 inserted inside the
woemsolssins treated the vessel wall adjacent tBCT/BB2004/012799

orifice, which often contains ectopic sites. In Fig.

15d, the cutting device 114 is shown conprising an

atrial end 121, which has netrated the tissue around

the orifice of the blood vessel . Referring now to
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has penetrated the tissue around the orifice of the blood

vessel.

Referring 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,



vessel s. However, these cuts may be replaced by the

nore easily acconplished cutting pattern fornmed by the
w@eovs/083sand 66 in conmbination with a cut fornmedr/By200de12799

first device 30 inserted into the CS when expanded out

of the CS. Thus, with the arns 50 and 66 in direct

contact with the first cutgpng device 30 inserted in

the CS, the sane effect as fromthe cuts 12 and 14 in
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the first cutting device 30 inserted in the CS, the same
effect as from the cuts 12 and 14 in Fig. 3 is achieved.
The second cutting device 38 inserted into the LIPV is
further shown having a cutting arm extending to the LSPV.
The third cutting device 54 inserted into the RIPV is
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 LAA. 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,



first and second pieces 102, 104 will treat the heart
ti ssue around the orifices of the SVC and the |VC
wo empoesssvel y. In Fig. 19, the second pi ece 10BCT/EP2004/012799
shown conprising a cutting arm 122, which extends from
the orifice of the IVCinto the orifice of the CS,
whereby the cutting arm 122 penetrates heart tissue of
the right atriumfree wall. In Fig. 20, the seventh
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atrium free wall. In Fig. 20, the seventh cutting device
100 is shown comprising the connecting 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
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.



Fig. 22, there is shown the connecting cutting arm 110
bet ween the SVC and the IVC, whereas this connecting
W@ aosionmsgsarmi s not present in Fig. 23. The cuPCT/RB2004/012799

patterns shown in Figs 22 and 23 illustrate cutting
patterns that will effectively bl ock propagation of
undesired el ectrical signajs in the heart tissue for
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regulation system. Thus, inserting cutting devices to
create these cutting 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. 24a)
and expanded at this position to penetrate through the



formation fromthe LAA to, for instance, the brain.

Now, a system for delivery of a cutting device into a
walemsnesssposition in a bl ood vessel adjacent tPeT/RREN1/012799
wi |l be described. Each cutting device nay be inserted

into its desired position using such a delivery
system The delivery syst 4[3 al l ows a precise placenent
of each cutting device into the heart and the big
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inpdgngter eeefirad position using such a dellvery 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
keeps 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



vein providing an access point to the vascul ar system

of the patient according to conventional techniques.
wasamalohsgs1 t he fenoral vein in the groin, as ilPOUFEPED€M2799

in Fig. 27, the subclavian vein on the chest, or the

internal or external jugular vein on the neck, as

illustrated in Fig. 28, isiased. However, other

smal l er veins nmay be used instead. Also, in difficult

thee st W rdenecpul Forease vef s edhRdRIbEcHLEEsT8H S S
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i.n the groin m e used, as jllustrated in FI% 29.
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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 CS. Next,

a guide wire 132 of the delivery system is inserted



heart . Referring to Fig. 32, a delivery catheter 136

of the delivery systemfor carrying the first cutting
walewsoe8880 i nto the desired position has a gui BET/BP1084/012799

channel throughout its |ength. The end of the guide

wire 132 outside the patient is then inserted into the

gui de wi re channel of the l'ivery catheter 136,

whereby the delivery catheter 136 nay be inserted over
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However, the first cutting device 30 is .arran to
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ouPPt8LNLAE LSitient 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 CS. The
delivery catheter 136 has an inner part providing the
guide wire channel and carrying 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



per manent shape. In order to obtain its pernmanent
shape, the first cutting device 30 will therefore

w@eosissse ti ssue in the path of the change of PEhapP®04/012799
In this way, the first cutting device 30 will expand
to penetrate the heart tissue outside the CS, for

instance the left atriumwal|l. The penetrated tissue
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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



(not shown) . If no PFOis present (Fig 34), a small
openi ng 142 nust first be created by neans of a | ong
wo b@gioldse1 needl e passed t hrough a di agnosti c cCBECTEPEN4/012799
i nside the access vein. Again, the opening 142 in the
atrial septumnay be enlarged by nmeans of a balloon.

Once the needle is inside t7he LA, the catheter is
passed over the needle |nto the LA and the needle is

wedl@d EEL(H a;duEA e wd re] A0 amyt oy devadeadletias

thro e catheter into. t LA.and ,furt to the
T e e R S
emhﬂﬂctemgb}dema:etmfhhe belzgﬂn@r:até ypdestv-pbedTh‘Fﬁlus the
pathlaﬁvri Pg,\]lrh_ w oln?ec d thef(%%l I ns %S%lggsss.gﬁ %g(‘:QIﬁQ

ng “device fo Its desired
trqeogidnton Tsisg a @mm@l@b@th@t @gaém@ﬁé?ngnit(? Ehd SEPp\For

a1 1 %@J@ssa ﬂféir;{ew il het gruidd, s E%tbhﬂ Usiofatved: i n

H‘gﬁ , In a manner as for t nsertlo ({1
all ef|Cr%*‘tt3ermt%@l@%ﬁuws@lt%%aaér’? ¥r§9 céhnﬁeetre 44

duﬂaﬁg ahd s st 146 providing the guide wire

I._ The, { ubul t, 40 of th tt
Gedlte. 75 TS rhrgedt1h 17 oAt BP PRo I ARGE part 146

aegmtsttzhatcattheetémeinparthé4}seﬁt thedei Véfy ,c&@shet er
1lfA4tB¥§Q§SI% tgb%§a£n8a§% ? 'Brﬁegn%oogddesénﬁhe LA,
del hejt% ﬂ

Ivery Ca er conprise_an ute
the eastmaalmm‘cpantbaﬂ@eemhthﬁ vaéf@ Fﬁ@ Etith G

(REANGnKEERSe 14 eﬂl@tflaega!t fﬁﬁteﬂe bgﬁm@h@r hast at @at‘léhﬁ:
restrai ning Fart di spl aceabl

e axia
forr%“%h‘b‘?ﬁ‘]t% PO nﬁeg %éh YEZ@SC TF1 s 20 KTt ai ngllﬂeen
thepamzt a];{JdB ﬂw ke tehtactefobnnligl eagwn@rtelasermtctumglg

d The del] 44 h
ng TR H R OB TS BETTHE’ Pl s Bl ad Swari s -t ay
en]rmrgk@i 1ﬂc9rVJ,lssbehJecenthme&haopés@oWlhoﬁdﬁ (S%?tq}i?gter

né@%’ﬂ&yy thffoﬁbepf?@tiganESEh% Qutityl QL )3r M@ Shaafl t he
second cutt| ng devi . The secon cuttlcﬁg %ﬁ;l ce 38

opeiRmw $ Htme el fhtfétabﬁo§if?%ﬁd\/\ﬁé(r EeRSp
fléﬂ&pfe |1’§b§&£@t§a§\@¥dg batotiba @utitlg@@o&mndi&a/widter
ex O contac an e su e |
?l devrees ‘éelﬁhlgﬂaﬁﬁgpgégnopnse%%e pjr ZLVI} otu%ea/
atdhel sesondn codving daﬂtacge@SbwsH@@Wl@n@éda Mg lgpon . Once
th@%eecﬂf V\Qe{g?iﬁg ahLi @ % 4%anhett|e§“ %.%C@'Hjsé‘étltdrﬁ@r

out si
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 146
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



orifice. Wien the correct position of the second

cutting device 38 is confirnmed by neans of fl uoroscopy
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cutting device 38 is released fromthe delivery

catheter far inside the PV, whereby the distal end

w Il expand radially to figg the position of the second
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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



che cutting arm 80 of the fourth cutting device 68 is
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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 cutting
evice 82 is inserted using a guide catheter 150
xtending to the RSPV orifice and a delivery catheter 144



cat heter 144 has a marker on the catheter outside the
patient, as well as a x-ray marker 149 visible on the

wo bawsesssppy, i ndicating securely the orient at PONERP{004/012799
the sixth cutting device 94 such that the elliptic
shape of the sixth cutting device 94 may be oriented
in correspondence to the eddiptic shape of the LAA
When the correct position of the sixth cutting device,
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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 is
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



140 extends through the SVC into the RA. Then, the
guide wire 140 is further inserted into the IVC, as
WO bdoasissated in Fig. 41. On the other hand, ifPCHhEP2004/012799
access point to the vascular systemwas created in the
| oner 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,
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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
IVC, 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



seventh cutting device 100 is released, as illustrated

in Fig. 44. Now, the guide wire 140 and the delivery
W@ ai0h098881 152 is retracted outside the pati ent PCHEPNE4/012799

all parts of the treatnment kit have been inplanted. On

special indication, for instance when it is difficult

to place the guide wire inskde the PVs, an arteri al

access may be used instead. The insertion technique is
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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 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 guide wire is
advanced into the desired PV and the insertion of the
cutting device may then be achieved in the manner

described above.



only sone of the cutting devices nmay be resorbed. It

shoul d be enphasi zed that the preferred enbodi nents
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alternative enbodi nents are possible within the scope

of protection defined by the appended clains.5 4
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many alternative embodiments are possible within the

scope of protection defined by the appended claims.



expandable to different degrees. 9. The tissue |esion
creating device as clained in any one of clains 5- 8,
wob@seisssan end of the tubular part forns an apPei/aP2004/012799
end, said atrial end being structured and55 arranged
to change shape to extend radially fromthe tubul ar
part. 10. The tissue |esiop4creating device as clai med
inclaim9, wherein said atrial end conprises a
plurality of arches over F&ppMAg each other. 11. The
ti ssue lesion creating device as claimed in claim9 or
10, mhereln said atri al ﬁg XtenQ&n ra |allg
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creatln% device as clained in claiml1l6, mhergln t he
anyyparaPipahe, gq@ngqqgnc%g%ﬂqg(ﬁhereln the device

comprises a shape memory material.

5. The tissue lesion creating device as claimed in
any one of the preceding claims, wherein the device
comprises a transversely expandable tubular part.

6. The tissue lesion creating device as claimed in
claim 5, wherein said tubular part of the device is
funnel-shaped.

7. The tissue lesion creating 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 lesion creating device as claimed in
claim 7, wherein said tubular portions are transversely
expandable to different degrees.

9. The tissue lesion creating 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



the device before the device is subjected to a change

of shape, strives towards a shape that is curved al ong
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sinus.5 6 18. The tissue lesion creating device as

claimed in claim16 or 17, wherein the tubul ar part
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15. The tissue lesion creating 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 lesion creating device as claimed in
claim 5, wherein said body vessel, which the tubular part
is structured and arranged to be inserted into, is the
coronary sinus.

17. The tissue lesion creating 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 shape that is curved along its

longitudinal direction to fit into the coronary sinus.
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23. The tissue lesion creatlng device as claimed in
claim 22, wherein said drugs include drug adapted to
increase a cutting effect through tissue.

24. The tissue lesion creating device as claimed in
claim 23, wherein said drug adapted to increase a cutting
effect is any one in the group of alcohol,
glutaraldehyde, formaldehyde, and proteolytic enzymes
like collagenase.

25. The tissue lesion creating 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 lesion creating device as claimed in
claim 25, wherein said drug adapted to prohibit a
thickening is any one in the group of ciclosporin,

taxiferol, rapamycin and tacrolimus.



Is adapted to be inserted to a desired position at the
orifice of a pulnobnary vein in the heart, and at
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sinus . 34. The kit as clainmed in claim33, wherein
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comprising:
shapeé-changing devices, which each has a first and a

second state, wherein the device in the first state has
such dimensions as to be insertable to a desired position
within the vascular system, and wherein the device is
capable of changing shape to the second state when
located at said desired position, the device in the
second state having a tubular part, which strives to 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 position and destroy the tissue in order to
prevent it from transmitting electrical signals,
wherein at least one of the shape-changing devices
is adapted to be inserted to a desired position at the

orifice of a pulmonary vein in the heart, and at least



42. The kit as clained in claim41l, wherein the shape
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the second state is arranged to contact the

shape-changi ng device in a pul nonary vein. 43. The kit
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inferior vena cava comprises an arm, which in the second
state is arranged to form a connection between these
shape-changing devices.

39. The kit as claimed in any one of claims 33-38,
wherein the kit comprises four shape-changing 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 devices being adapted to be
inserted into a pulmonary vein comprises an arm, which in
the second state is arranged to contact the shape-
changing 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 devices is
adapted to be inserted into the left atrial appendage.

42, The kit as claimed in claim 41, wherein the

shape-changing device that is adapted to be inserted into



restraining conprises keeping the tissue |esion

creating device inside a tube.60 51. The nethod
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conprises cooling the tissue |esion creating device.

52. The nethod according to any one of clainms 49-51,

further conprising releasih® a restrain on the tissue
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second state.

44. The kit as claimed in any one of claims 33-43,
wherein at least one of the shape-changing devices is
adapted to be inserted into the right atrial appendage.

45. A method for treatment of disorders in the heart
rhythm regulation system, said method comprising:

inserting a tissue lesion creating device through
the vascular system to a desired position in a body
vessel, and

providing a change of shape of the tissue lesion
creating device at said desired position to penetrate
heart tissue adjacent said body vessel.

46. The method according to claim 45, wherein said
tissue lesion creating device is inserted into a desired
position in the coronary sinus, in any of the pulmonary
veins, in the superior vena cava, in the inferior vena
cava, or in the left or right atrial appendage.

47. The method according to claim 46, further
comprising inserting another tissue lesion creating
device to another of the desired positions.

48. The method according to claim 47, further
comprising inserting a tissue lesion creating device into
each of the desired positions.

49. The method according to any one of claims 45-48,
further comprising restraining the tissue lesion creating
device in an insertion shape during the inserting of the
tissue lesion creating device. '

50. The method according to claim 49, wherein the
restraining comprises keeping the tissue lesion creating

device inside a tube.
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51. The method according to claim 49 or 50, wherein
the restraining comprises cooling the tissue lesion
creating device.

52. The method according to any one of claims 49-51,
further comprising releasing a restrain on the tissue
lesion creating device when it has been inserted into the
desired position for allowing said change of the shape of
the tissue lesion creating device.

53. A medical device which is structured and
arranged to be inserted into a body vessel and
subsequently change shape therein, characterized in that
the device is structured and arranged to change shape to
extend at least partly outside the perimeter or orifice

of an outer wall of said vessel.



