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(57) Abstract: The current invention concerns a catheterization system For performing an Interventional ablation procedure comprising:
a flexible guiding catheter comprising a distal end for Insertion and a proximal end for manipulation, the distal end of the guiding
catheter transformable from a substantially elongated shape for passage within the vasculature into a contact shape for contacting internal
tissue along a continuous band, the flexible guiding catheter comprising a guiding Iumen, and a flexible ablation catheter comprising
an ablation tip near a distal end, the ablation catheter Insertable or inserted into the guiding lumen of the guiding catheter, characterized
In that the guiding catheter comprises a continuous slit at or near the distal end of the guiding catheter, said silt arranged such that,
when the distal end of the guiding catheter is in said contact shape and contacts internal tissue along a continuous band, the silt defines
a functional opening between the guiding [umen and the internal tissue along said continuous band, through which slit said ablation
tip is capable of ablating said internal tissue along said continuous band. The Invention further concerns a guiding catheter and an

interventional ablation procedure.
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IMPROVED DEVICE FOR ABLATION

TECHNICAL FIELD

The invention pertalns to the technical fleld of surglcal tools and methods for ablating
tissue, in particular Intemal tissue, and more in particular ablating the Inner wall of a
vessel or argan, The Inventlon hereto concerns tools and methods which allow to
ablate & continuoUs band on the tissue, n particular a continuous clrcular, spiraling,
helical and/or substantially circumferential band. The toels and methods of the
Inventon are particulady adept at treating atrial fibrillation by creating a
crcumferential ablation band on the Inner wall of the pulmonary veln, thereby

‘obtaining pulmonary veln isolation. However, the tools and methods of the Invention

can also be used far other similar treatments where a continucus band on intemal-
Hssue needs to be ablated.

BACKGROUND

Atrial .ﬁbri'llattun (AF) Is an arrhythmla of the heart causing Irreqular electrical activity,
followed by disorganized and ineffective contractions. It is the most common serous
abnormal héart rhythm. AF can arise when electrical signals, typically travelling from a
pulmonary veln {PV) towards the left atrlum, triggetr the heart cells of the left atrium,
resulting in a discharge of these cells which is out of phase with the normal heart-
beating cycle.

A recently developed treatment of AF Is pultonary veln Isolation (PVI}. This procedure
involves blocking the eledtrical paths between one of more pulmonary velns and the
left atrlum by ablatlon of the inner wall of the PV, typically at the level of the antrum.
The ablatlon causes scar tissue, which ls non-conductive. For a good PVI, it is
necessary to ensure that no signals can travel down the PV towards the atrlum, and
thus it s necessary to ablate an essentially circumferential band. If the ablated band is
not circumferential, the risk that electtical slgnals travel down the PV to the left atrium
remains high, i.e. the better one is capable of‘ablattng a clrcumferential band, the
lower the risk of AF recurrence after the ablation procedure,

The dassic PVI procedure involves Inserting an ablatlon catheter In the femoral veln,
all the way to the right atrium, puncturing the interatrial septum, to be able to reach
the antrum of the PV with the ablation tip of the catheter. This ablation tip can be a tip
or, more typically, have the shape of a horseshoe. The dreumferentlal band Is then
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ablated by subsequent pressing of the ablation tip agvainst the inner wall of the PV,
hereby trying to ensure that a drcumferentlal band Is ablated.

However, the classic PVI procedure has the disadvantage that It does not always lead
to a clreumferentlal band, and that a second, third, or further, procedure needs to be

performed. It is clear that thls Is undeslrable.

An alternative methed, which limits the surgicsl procedure drastically, Is disclosed In
WO 2012/131107 Al, which discloses systems, devices and methods for the ablation
of a vessel's wall from the inslda, more specifically to Implant devices and to the
ablation of the wall of one or more pulmonary veins (PV) from the Inside, preferably -
traﬁsmural ablatlon and preferably at the level of the antrum. Hereby, one or mare
implént devices can be implanted in the vessels and can subsequently be heated by
external energy-providing means. | ’

Qther conditions exist which can be or could be treated by ablating signal-blocking

'bands, such as atrial tachycardia, atrial flutter, ventricular tachycatdla, or other focal

arrhythmlas, and further arterial hypertension, norepinephrine spillover, heart fallure,
nypertension related target organ damage, etc.

Document U5 5,873,865 A discloses a spiral catheter appatatus for aceess to, and
laser or other treatment within, cavitles and crgans in the human body, the apparatus

‘comprising a flexible, main catheter shaft deflnlng a central axls of the apparatus, the

catheter shaft having a proximal end, a distal end and a first hollow [umen reglon
extending therethrough, the catheter shaft further having a spiral portion adjacent the
distal end with a selected curvilinear shape, the curvilinear shape defining an inner

"arcuate sidewal! and an outer arcuate sidewall, the catheter shaft flexible enough to

assume a temporan'hi elongated shape such that the apparatus can be extended
through at least a portion of the body In the temporarily elongated shape and will
assume the selected curvilinear shape when extended Into a body cavity or organ, the
selected curvllinear shape serving to securely paosition the 4appara_tus adjacent a
selected surface within the body cavity ar orgah, at Iea‘st the spiral portion of the
catheter shaft having a plurality of gulde holes thereon, the plurality of guide holes
disposed at least on the outer arcuate sidewall in communleation with the first lumen
such that a distal end of a laser delivery means or other functional device can be
cantrollably advanced through the plurallty of gulde holes for laser or other treatment
on the selected surface. ‘The catheter of US 5,873,685 Is unsultable for ablating a

continuous band on the tissue,

PCT/IB2017/000732
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International patent application WO 08722176 Al discloses a guiding introducer
containing openings which is used with an ablation catheter of cardlac tissue. The
Introducer comprises a first proximal .secticm, generally elongated and hollow, and a
second distal secton, lumened with a plurality of openings. The openings have a
sufficient size to permit ablation of cardlac tlssue through them by an electrode of the
ablation catheter. The catheter allows point-per-point ablation by an ablatlon electrode
through the distinet openings. However, such a catheter Is not configured to achieve z
continuous band and also cannot ensure a continucus band to be ablated.
Furthermare, the ablation catheter Is larger than the openings and Is thus clearly not
meant to be In direct contact with the tissue, thereby limiting the possiblilty of
ablation by heat transfer.

‘There remalns @ need In the art for Improved devices, systems and methods For
ablating continuous bands on internal bssue, In partfeular on Inner walls of vessels and
orgains. In many applications, the continuous band need to form an essentlally closed

" loop, e.g. an essentlally clrcumferential band on a vessel's inner wall, or an essentlally

drecular band on an organ’s Inher or outer wall around an ostium.

There also remains a need in-the art for imprd\ted devices, systems and ‘methods
which allow the ablation of continuous bands in a short peried. Typically during the

- ablation procedure, monltoring of the positlon of the catheters is performed with

25

30

335

fluoroscopy. By shortening the procedure, the patlent’s body Is less exposed to

radiation.

The shape of vessels and organs can differ significantly from patlent to patlent. Hence,
there also remalns a need for devices, systems and methods, wherein the continuous
bands can be ablated on Internal tissue of vessels or walls of varying shape and size.
Hereby, preferably, the devices offer a flexiblifty which allows creating a continuous
ablation:band on the Intemnal tissue, for 8 multitude of shapes and sizes.

SUMMARY OF THE INVENTION

The present Invendon provides a catheterization system for performing .an

interventional ablation procedure. The system comprises: .

- a flexible guiding catheter comprlsing a distal end for Insertlon and a proximal

end for manipulation, the distal end of the guiding catheter transformable from a°
substantially elongated shap‘e for péssage_ within the vasculature Inta a contact shape

PCT/IB2017/000732
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for contacting Internal tissue along a continuous band, the flexible guiding catheter
comprising a guiding lurhen, and _

- a flexible ablation catheter comprising an ablation tp near a distal end, the
ablation catheter insertable or inserted into the guiding lumen of the guiding cathetér,
chatacterized In that the gulding catheter comprises a continuous slit at or near the
distal end of the guiding catheter, saltd slit arranged such that, when the distal end of
the gulding catheter Is in said contact shape and contacts internal tissue along a
continuous band, the sit defines a functlonal opening between the guiding lumen and
the internal tissue along said continuous band, through which slit sald ablation tip is
capable of ablating said internal tissue along said continuous band.

Flexible catheters are typically used in interventonal procedui‘es. The system of the
presént Invention comprises at least two catheters, one used for guiding and/or
positioning, and another used for performing the ablation. The shape of the distal end
of the guiding catheter can be changed from a substantlally elongated shape to a
contact shape. The elongated shape can be applied when the catheter Is being
Inserted Into the vasculature of a patlent, efther directly or within another catheter.
The contact shape can be applled whén the distal end of the guiding catheter Is
essentially at the position of whére the ablation procedure needs to take place, e.g. in
the antrum of a pulmonary vein or in the left atrium at or near a pulmonary vein I the
ablatlon procedure conslsts of pulmonary veln Isolation. Depending on the exact
procedure and on the specifics of the vessel’s or organ’s wall which needs to be
treated, the contact shape may be made to vary. The contact shape preferably Is
spiraling, hellcal or essentlally clrcular,'elllptlcal ot cylindrical. ‘

In the present invention, the intewenl':ional ablation procedure concerns a process in
which a continuocus band needs to be ablated, rather than local, point-like zones. An
ablation along a continuous band lIs typlcally necessary in prbcedures intended to
create lesions which bluck.elect'ripal signals. Such eledtrical slgnals may travel alang
specific paths, e.g. along nervés on the vessel or organ, the exact position of the
paths not always known or varylng from patlent to patlent. In these cases, ablation
needs to be performed over an extended area, i.c. a contlnuous band, In arder to
ascertaln that the signal-conducting path is betng blocked. Futthermare, the ablated

path preferably forms an essentially closed curve, such as an essentially complete -

drcumferential path, ;uch essentially closed curves defining at least two reglons of the
vessel or organ which are infended to be electrically isoiated from each other.

PCT/IB2017/000732
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In order to be able to perform the ablation over a continuous band, a continuous slit is
provided at or near the distal end of the gulding catheter, sald slit arranged such that,
when the distal end of the guiding catheter is in said contact shape and contacts
internal tissue along a continuous band, the slit defines a functional cpening between
the gulding lumen and the internal tissue along sald cantinucus band, through which
slit said ablation Hp is capable of ablating said Internal tissue along sald continuous
band. Hence, the system of the present inventian ‘is better capable . of ahlating. a
continuous band, preferably an essentially hellcal, spiral and/or circumferential band.
This is achieved by inserﬁhg the ablation catheter through the gulding lumen of the
gulding catheter, and by ablating the targeted tlssue with the ablatlon catheter
through the slit. 'A cortinuous ablated band can be achieved by moving the ablating Hp
of the ablation catheter during'ablatlon along at least part of sald slit, and preferably
along the entire slit. Alternatively, the ablation tip may comprise an ablative tip
portion extending over a pre-determined length of the ablation catheter, said pre-
determined length belng determined on the basls of the length of the continuous band
which needs to be ablated. Hence, the system of the present invention allows beter
ablation than the conventlonal techniques because it separaies the functlons of
positioning of the catheters and ablatlng of the tissue, thereby better controlling each
aspect, i,e. positioning can be bétter controlled due bo the distal end of the guiding
catheter which can be dedicated to providing the best contact shape, thereby ensuring
that the slit 1s posltioned In functlonal contact with the targeted ablation zone, and -
ablation can be better controlled due to the separate control of the ablating catheter
durlng‘ ablation. Furthermore, the typa of ablation tip and ablation .process can also be
selected rore freely, l.e. In functon of the best expected ablation results, and not
necessarily in function of the geometry of the treated vessel or organ. ‘

The present Inventlon also provides in a flexible guiding catheter comprising a dfstal
end for insertlon and a proximal end for manlpulation, the distal end of the guiding
catheter transformable from & substantially elongated shape for passage within the
vasculature Intg a contact shape for contacting internzl tissue along a continuous
band, the flexible gulding catheter comptising a gulding lumen, wherein the guiding
catheter comprises a continuous slit at or near the distal end of the gulding catheter,
sald siit arranged such that, when the distal end of the guiding catheter Is In sald
contact shape and contacts Internal tlssue along a continuous band, the slit defines a |
functional opening between the gulding lutnen and the intemal tssue along said
continuous band, through which slit said ablation tp is capable of ablating sald
internal Hasue along sald continuous band.

PCT/IB2017/000732



WO 2018/193283

10

15

20

25

30

35

6

The present Inventlon also provides in an interventional ablation procedure. This
method comprises the steps of:

- inserting a flexible guiding catheter into vasculature of a patlent, sald guiding
catheter comprising a guiding lumen and a continuous slit at or near a distal end of
the gulding catheter;

- positioning the distal end of said guiding catheber at an ablation treatment zone
and transforming the distal end of said guiding catheter into a contact shape, thereby
contacting Internal tssue along a continuous band, whereby sald slit provides a
funcdonal ﬁpening between the gulding lumen and the Intemal tssue along said
continuous band; | :

- Inserting a fexible ablatlon catheter Into the guiding lumen of said gulding
catheter; ‘ _

- ablating the internal tissue along said continuous band with sald ablation
catheter vla sald slit.

In an embediment, the method is followed by a step of rotating the guldlng catheter
while ablating, preferably by proximally manipulating the guiding catheter. Such a

rotatlen Is preferably performed over an angle of at least 1°, more preferably at least .

5° and even more preferably at least 107, and preferably at most 50°, more
preferably at most 75°, still more preferably at most 60°, yet more preferably at most
45°, most preferably between 10° and 45° such as 119, 12°, '13°, 14°, 15°, 16°, 17°,
180, 19°, 200, 21¢, 222, 239, 24°, 25°, 26°, 27°,-28°, 29°, 30°, 31°, 32°,"33°, 34°,
35°, 36°, 37°, 38°, 39°, 40° 41°, 42°, 43°, 44%, or any value therebetween.
Performing such a step may ensure that a complete circumferential lesion is obtalned,
even In the case the contact shape Is a spiral, a helical shape or an incomplete circular
shape. Although the present invention afready provides near cei'tatnty that a

clrcumferential leslon can be obtained without performing the extra rofating step, the

_extra rotating step may be deemed necessary, especially in the case of uncertaintles

with respect to e.qg. anatomlcal varlations such as uncommonly shaped vessels, e.g.
pulmonary veins.

Alternatively, or additlonally, the gulding catheter comprises an opening, such as a
local widening of the slit near a distal end or proximal end of the slit, through which
the ablation catheter can be extended, in particular further than through the other
portions of the slit. ‘

DESCRIPTION OF FIGURES

PCT/IB2017/000732
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Figures 1 to 6 show an ablation catheler according to the present invention from
different viewpolnts.
Figure 7 shows a further embuadiment of the present Inventlon.

DETAILED DESCRIPTION OF THE INVENTION

_ The present invention concerns a catheterization systerﬁ for performing .an

10
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20

25

30

35

nterventlonal ablatlon procedure and an interventional ablation procedure according
to the clalms and as Further speclfied In this document,

Unless otherwise defined, all terms used in disclosing the inventian, including technlical
and scientfic terms, have the meaning as commeonly understood by one of ordinary
skill in the art to which this inventlon belongs. By means of further guldance, term
definidons are included to better appreciate the teaching of the present invehtlon.

As used herein, the following terms have the following meanings:

YAY, "an®, and "the" as. used herein refers to both singular and plural referents unless
the context clearly dictates ctherwise. By way of example, "a compartment” refers to

one or more than one compartment.

“About” as used herein referring to a measurable value such a5 a parameter, an
amount, a temporal duration, and the llke, Is meant to encompass vartations of +/-
20% or less, preferably +/-10% or less, more preferably +/-5% or less, evén more
preferably +/-1% or less, and still mhre preferably +/-0.1% or less of and from the
specified Valmg, In so far such variations are appropriate to perform in the disclosed
invention. However, it is to be understood that the value ta which the modliler "about”
refers 15 ltself also specifically disclosed, '

"Comprise,” “comprising,” and "comprises" and “comprised of’ as used herein are
synonymous with “incude”, “including”, “includes” or “contain”, “contalning®,
“contains” and are Inclusive or open-ended terms that specifies the presence of what
follows e.g. component and do nhot exclude or preclude the presence of additional,
non-recited components, features, element, members, steps, knowh In the art or
disclosed thereln,

The term “rail” or “gutter” as used herein refers to a portlon, preferably located at or
near the distal end, of a guiding catheter comprising a slit, the portion belng arranged

PCT/IB2017/000732
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to guide another catheter, e.g. an ablation catheter or a sensing catheter, along the
slit.

The recltatlon of numerical ranges by endpoints includes all numbers and fractions
subsumed within that range, as well as the reclted endpoints. ’

In a Arst aspect, the invention provides catheterization system for performing an
interventicnal ablatl'un procedure. The system comprises a guiding catheter and an
ablation catheter. A gulding catheter according to the present invention ié. shown in
fligures 1 to 4.

In a preferred embodiment, the guiding catheter comprises a self-expanding distal
end, which Is transformatkle froh a substénﬁally elongated shape for passage within
the vasculature into a contact shape for contacting intemnal tissue along a contlnuous
band. In a preferred embodiment, the distal end comprises nitinol for allowing the
transforming of the distal end in a self-expanding rmanner. Note that the self
expanding distal end Is responslble for transforming the shape of tha guiding catheter
into the contacting shape, which preferably comprises a-helical shape, a spiral shape
ar an essehtially circular shape; but that the dlameter of the guiding catheter is
essentially fixed. The self-expanding distal end can hereby transform by curling up
into such a preferred hellcal shape, spiral shape or circular shape , thereby leaving the
dlameter of the guiding catheter unchanged. A particularly preferred embodiment thus
comprses a gulding catheter in which the distal end is provided with a nitinol wire or
nitinal structure alahg at least a portion of the distal end of the guiding catheter,
preferably provided essentlally In a dlametrically opposite half of the guiding catheter

- .with respect to the slit, whereln the nitinol wire or structure comprises an unexpanded -

30

state In which It Is substantially elongated for passage wiEhin the vasculature, and a
deployed state defining the contact shape of the distal end of the guiding catheter,
preferably the contact shape comprising a hellcal shape, spiral shape or clrcular shape.

" In an embodiment, the gulding catheter and/or the ablating catheter, and optionally

35

all additional catheters such as sensing catheters, are stecrable and/or deflectable.
Steerable and deflectable catheters allow rotation and/or deflection resp. of at least
the distal end of a catheter. Further, the catheters of the present inventlun may be
steerable fixed-curve, bi-directlonal, 4-way deflectable, uni-directional or -
omnldirectional.

PCT/IB2017/000732
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In a preferred embadiment, the catheterization system of the present Inventlon may
comprise a catheter-in-guide whereln at least one catheter is telescopically applicable
or applied in ancther catheter. In fig. 6, a lengthwise cross section of a catheterization
system is shown which comprises a catheter-in-gulde, In the shown embodiment, the
ablatlon catheter telescopically fits an ablation positioning catheter, which can be

inserted Into the guiding lumen of the gulding catheter either separately or
simultaneously with the ablation catheter. The ablation positioning catheter comptises
a distal end with an opening, the opening allowing the passage of at least the ablation
tip of the zbiation catheter, preferably such that the ablation fip can stick out of the
slit in the guiding catheter and can come Into direct contact with the internal tissue
during ablation. This can be achieved by a guiding stop at the distal end of the
ablatlon positiening catheter, which can gulde the distal end of the ablation cathster
with the ablation tip outwards, through the slit of the gulding catheter. With this
embodiment, the length of the ablation catheter which sticks out of the silt, can be
easily and accurately arranged proximally, which also allows an €asy and accurata
control of the pressure applied with the ablatlen Hp to the Internal tissue during the
procedure. A continuous band can be ablated by essentially flxing the position of the
ablation catheter ‘with respect to the ablation pesitioning catheter In an ablatlve
position, whereby the éblatlon tp sticks out of the slit and is in functional or direct
contact with the internal tissue, and subseguently moving the ablation catheter and -
ablation positioning catheter along the lumen of the guiding catheter, such the
ablation tip ablates a continuous band on the [nternal tissue as determined by the slit.

In preferred embodiments, the contact shape comprises a helical shape, a splral shape
or an essentlally drcular shape. In figures 1to 4, @ contact shape comprising an
essentially circular shape is lllustrated, a top view Is presented in fig. 4,

Preferably, the contact shape is selected taking into account the vessel ar organ onto
which the ablation is to be performed. In an embodiment, the contact shape may
preferably be essentially circular. A clrcular shape can be preferred If a clrcumferential
band needs to be ablated on the Inner wall of a vessel, such as is the case for ablation
in the antrum of a pulmonary veln to achleve PVI. A circular shape may also be
preferred in case a surrounding band needs to be ablated an an organ wall around the
entry or exit of a vessel, such as can be the case for ablation In the ostium of a
pulmonary veln for achieving PVI, the ablation band thereby surrounding the entry of
the pulmonary vein in the left atrium. In this latter case, a splraling shape may also be
preférred. A hellcal shape may be preferred if a helical band needs to be ablated on
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the inner wall of a vessel, such as ls the case for ablatlon In a renal artery ta treat
arterial hypertension,

The slit comprises a Vlength as measured along the guiding catheter, and a width as
measured in an essentially azimuthal direction with respect to the gulding catheter. By
definltion, the slit is-longer than it is wide. The width of the slit may vary along Its
tength, but preferably the width of the slit Is essentlally constant along its length.
Preferably, the slit comprises a length of at [east 1 am, mare preferably at least 1.5
cm, still more preferably at ieast 2 cm, yet more preferably at least 3 cm, at [east 4
cm, at least 5 cm, at least 65 cm or even longer. Possible lengths of the slit are 1.0 cm,
1.1 em, 1.2 cm, 1.3' cn, 1.4 cm,1.5em, 1.6 em, 1.7 em, 1.8 cm, 1.8 ¢cm, 2.0 cm, 2.1
cm, 2.2 cm, 2.3¢cm, 2.4 cm, 2,5 cm, 2.6 cm, 2.7 cm, 2.8 ¢m, 2.9 cm, 3.0 ¢m, 3.1 cm,
3.2 ¢m, 3.3 ¢m,- 3.4 am, 3.5 cm, '3.6 cm, 3.7 cm, 3.8 cm, 3.9 cm, 4,0 cm, 4.1 cm, 4.2

- cm, 4.3 an, 4.4 cm, 4.5 cm, 4.6 cm, 4.7 cm, 4.8 e¢m, 4.9 ¢m, 5.0 cm, 5.1 cm, 5.2 an,

15

20

5.3 cm, 5.4 cm, 5.5 cm, 5.6 am, 5.7 cm, 5.8 cm, 5.9 cm, 6.0 cm, 6.1 cm, 6.2 ¢m, 6.3
cm, 6.4 cm, 6.5 cm, 6.6 cm, 6.7 cm,.6.8 cm, 6.2 cm, ar any value there between or
even higher than 7 cm. Preferably, the slit comprises a width which Is smaller than 1
cm, more preferably smalier than 0.8 cm, still mare preferably smaller than 0.5 ¢cm,
Passlble widths of the slit are 1 ¢m, 0.9 ¢cm, 0.8 cm, 0.7 cm, 0.6 cm, 0.5 em, 0.4 cm,
0.3 em, 0.2 cm, 0.1 cm or any value therebeteween or even smaller than 0.1 cm. In

~ embodiments wherein a drcumferentlal band needs to be ablated on the thner well of

25

30

35

a vessel, such as is the case for ablation in the anttum of a pulmonary vein to achleve
PVI, the slit comprises é [ength which Is at least as long as the cifcumferenoe of the of
the vessel. _ . ‘

In an embodiment, the ablatlon catheter is a contact ablation catheter, L.e. It ablates
tissue by direct contact of the ablation tip with the tissue. A contact ablation catheter
can for instance be a heating catheter comprising an ablation tip which ablates tissue
by direct heat transfer from ablation tip to tissue. In embodiments where the ablation
catheter Is a contact ablation catheter, the slit comprises a width which is larger than
a width of the ablatlon tip of the contact ablation catheter in order bo allow passage of
at leats a portion of the ablation tip through the slit.

In an alternative embodiment, the ablation catheter is a contactless catheter, i.e. it
ablates tissue wlthout direct contact of the ablatlon tip with the tissue. In such an
embodiment, the slit may comprise a width which is larger than a width of the ablatlon
tip of the contactiess ablation catheter but preferably, the slit comﬁrises a width which
is smaller than a width of the ablation tip of the contactless ablation catheter.
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In related embodiments, It Is the Intentlon to subsequently use mare than one ablation
catheter, e.g. a contact ablation catheter and, subsequently or prior, a contactless
ablation catheter. This can be done using the same’ghiding catheter. The present
invention thus relates tc a system as described in this document, the system
comprising a plurality of ablation catheters which are each insertable into the guiding
lumen of the guiding catheter, The plurality of ablation cathefers may comprise a
contact ablation catheter and a contactless ablation catheter, In such embodiments,
the ablation tip of the contact ablation catheter Is smaller than a wldth of the slit and
the ablation tip of the contactless ablation catheter is preferabiy larger than a width of
the slit. ’

In a preferred embodiment, the guiding catheter comptises exactly one slit defining a
functional opening between the guiding lumen and the intemal tissue along the
continuous band, through which slit the abiation tip Is capable of ablating said internal
tissue along the continuous band. In an alternative embodiment, the gulding catheter
comprlsés a plurelity of slits, e.g. two, three, four or more slits, provided at least
partially adjacent to each other along the gulding catheter. Such an embodiment
allows for instance a double contnuous band to be ablated In a single procedure using.

"~ ohe, twe or more gblatien catheters.

20

25

30

35

In an embodiment, the siit Is located on the outward-lytng slde of the‘guiding catheter
when the distal end of the guiding catheter has the contact shape (see fig. 1). Such a
slit allows essentfally clreumferential or partially circumferential bands to be ablated
on the walls of a vessel. Hereby, the distal end of the guiding catheter in an elangated
Shape. can be inserted into the vessel, subsequently the distal end of the gulding
catheter can be transformed in an at least partially clrcumferentlal or helical contact
shape. As the slit is located on the outward-lying side of the guiding catheter, the slit
automatically faces the vessel’s Inner wall, which allows an easy and accurate
subsequent ablation along an at least partially drcumferentlal or hellcal band.

In another embodiment, the slit is located on the distal-lying side of the guiding
catheter when the distal end of the guiding catheter has the contact shape (see fig.
5). Such a silit allows essentially circular, spiraling, partlally circular of parttally
spiraling’ bands to be ablated on the walls of an argan, preferably said band
surrounding the entry or exit of a vessel into or out off sald organ. Hereby, the distal
end of the gulding catheter in an elongated shape Acan be inserted Into the organ,
subsequently the distal end of the gulding catheter can be transformed in an at least
pértially circular or spiralling contact shape. As the slit is located on the distal-lying
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side of the gulding catheter, the slit automatczlly faces the organ'é'wal[, preferably
the slit at least partially surrcunding the entry or exit of a vessel, e.g. the slit
preferably facing the ostium of a vessel, whlch allows- an easy and accurate
subsequent ablatlon along an at least partlally clrcular or spiraling band,

The gulding catheter comprises at least a guiding lumen. In a preferred embodiment,
the guiding catheter comptises one, two or more additional lumens. These additional -
lumens may comprise a sensing slit at or near the distal end of the gulding catheter,
sald sensing slit arranged such that the slit defines a functional opening between an
additional lumen and the Intemnal Elssue. In figures 2A_and 2B, a guiding catheter with
two additional fumens is shown in detail. These lumens preferably allow other
catheters to be positioned with a distal end at or near the targeted reglon, preferably
said other catheters comprising sensors. In a particularly preferred embodiment, the

"guiding catheter comprises a pressufe sensing lumen and/or a temperature sensing

[umen. Herein‘ the pressuré sensing lumen allows to posltion a pressure sensing
catheter with a distal end at or near the targeted ablation reglon and the temperature
sensing lumen allows to positfon a temperature sensing catheter with a distal end at
ar near the targeted ablation region.

In a preferred embodiment, the catheterizatlon system comprises a sensing catheter
for sensing a variable at or near the targeted ablatlon zone. In a particularly preferred
embodiment, the system comprises a pressure sensing catheter and/or a temperature
sensing catheter. Sensing catheters preferably comprise one or more sensors at or
near a distal end of said sensing catheters, &.g. a pressure sensing catheter preferably
f:ompn'ses pressure sensor at its distal end and a temperature sensing catheter
preferably comprises a temperature sensor at its distal end. These embodiments are

. preferably'mmbined with a gulding catheter comprising one, two or more additional

30

35

lumens as described here above. Sensing can be pérformed before, durlng and/for
after the procedure. '

in a preferred embadiment, the distal end of the guiding catheter comprises an end

"cap closing off at léast the guiding iumen and optionally the additicnal lumens, to
prevent the abiation catheter and optlona!lly sensing catheters from being insetted toc

far, Thig is shown in detall In figs. 3A and 3B.

In a preferred embodiment, the ablation catheter i5 a laser ablation catheter, an RF
ablation catheter, a DC ablation catheter ar a cryoablation catheter.
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In a preferred embodiment of the invention, the guiding lumen comprises a cross
sectlon which Is rotationally asymmetric around a longitudinal axE. Herein, the
longitudinal axis refers to an axls orlented along the catheter, essentially through the
geometrical center of the cross sections the [umen along the catheter. For instance,
the gulding lumen may have an essentially elliptical, triangular or rectangUIar Cross
section. Preferably in comblnation herewlth, the ablatlon catheter preferably comprises
a cross section which is rotatichally asymmettic around a longitudinal axis, the
rotational asymmetry belng essentially of the same shape and size as the rotatlonal
asymmetry of the cross section of the guiding lumen. With. such rotationally
asymmetric crbss sections, the ablation catheter Is prevented to rotate within the
gulding lumen during insertion into fhe guiding catheter, ensuring a better control of
the ablation tip of the ablation catheter at the position of the distal end of the guiding
catheter and thereby at the pasitlon of the slit. Thls embodiment is particularly
preferred IT the ablation catheter is a laser ablation catheter. In this case the ablation
tip-may comprise an outwardly orlented laser output region, i.e. a region where laser
light is arranged to come out from the ablatlon tip In the direction of the slit towards
the targeted tissue.

In ah embodiment, the slit Is open. In céses where the ablation catheter is arranged
for ablating tissue by contacting the tissue with the éblatlon tip, such an open slit is
necessary. Such can be the case for cryo-ablation, RF or DC abiatlon. In such cases it
is also preferred that the ablation tip Is of such dimensions that at least part of the
ablation tip sticks out of the slit in order ta contact the tissue, such as illustrated in fig.
6.

In an alternative embodiment, the slit is at least partially closed off fluidically, t.e, the
slit does not or only partially allow fluld, e.g. blood, to be exchanged between the
gulding lumen and thé patient’s body, e.qg. the patient’s vasculature. This embodlment
can be preferred in cases where the ablatlon catheter is arranged confactiess ablation,
as can be the case for laser ablatlon or thermal ablaton. For laser ablation in
partlcular, the slit may be functionally open for tha laser Hght by belhg transparent.
For thermal ablation, the slit may be functlonally open by comprising material of low ‘

thermal resistance.

In a preferred embodiment, at least one of the additional lumens is arranged for
applying cooling llquid, preferably along the (ength of the guiding catheter, to cool the
guiding catheter, and optionally the ablation catheter or other catheters, e.g. sensing
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catheters, during the procedure. The cooling qupid may also be used to cool the blood
and/or vasculature along the gulding catheter during the Interventional procedure.

In a preferred embodiment, at least one of the additional lumens comprises one or
more fluid openings at or near the distal end of the catheter and/or along, which
fluidically connect the additicnal lumen to the vasculature for allowing transfer or
exchange of flulds between vasculature and the additlonal lumen. Such additional
lumen may be used for Introducing fiulds Into the vasculature for treatment purposes,
e.g. fluids comprising active substances, or coollng purposes, e.g. far cooling down the
blood or the internal tissue or vasculature.

In an embodiment, the proximal end of the ablaon catheter is directly or indirecty
connected te an engine for moving the ablatioﬁ catheter along the guiding lumen of
the gulding catheter. Such an engine allows to better control the movernent of the
ablation catheter and thereby aiso the ablation tip, In particular during ablation of the
Intermal tissue. Preferably, the ablation catheter can be n’ioved_ at an essentially
constant speed, thereby allowing the achievement of a very regular ablation over the
entire ablation band. '

A further embodiment of the present invention |s shown In fig. 7. Here the catheter
systern comprises a sconce 01; entrenchment device which is proximally manlpulable,
preferably by a puilback wire which |s preferably connected to a pullback system. The
entrenchment device Is preferably positioned near the distal end of the slit in the
beginning of the procedure and comprises a slanted portion with respect to the
[ongitudinal direction 6f the gulding catheter, such that an ablation catheter’s tip Is
forced outwards towards and preferably through the slit when It 1s pushed distally. The
entrenchment can be pulled back while the ablation catheter 1s not such that the
ablation catheter’s Hp is pushed further autwards, or the entrenchment can be pushed
without moving the ablation catheter such that the ablation tip is retracted inwards.
Alternatively, ablation catheter and entrenchment device can be manlpulated similarly
such that the ablation Is performed along the slit with the distance between the
ablation tip and the guiding :;theter's outer wall belng the same during the procedure.
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CLAIMS

. Catheterization system for performing an intervenbional ablatlon procedure

comprising:

- 2 flexible guiding catheter comprising a distal end for insertion and a
proximal end for rnanipul'étion, the distal end of the gulding catheter
transformable from a substantially elongated shape far passage within the
vasculature into a contact shape for contacting intemal tissue along a
continuous band, the flexible gulding catheter compiising & guiding [umern,
and '

- a flexible ablation catheter comprising an ablation tip near a distal end, the
ablation catheter insertable or inserted Into the gulding lumen of the
gulding catheter, 4

characterized in that the gulding catheter comprises a continuous slit at or near
the distal end of the guiding ‘catheter, sald slit arranged such that, when the
distal end of the guiding catheter is in said contact shape and contacts Internal
tissue along a contlnuous band, the slit defines a functional opening between
the gulding lumen and the Internal tissue along sald continuous band, through
which slit said ablation tip is capable of ablating sald Internal tssue ainng said
continuous band. ‘

The catheterization systetn according to claim 1, wherein the guiding catheter

comprises a self-expanding distal end, which Is transformable from 2
substantlally elongated shape for passage within the vasculatura Into a contact
shape for contacting Internal tissue along a continucus band, preferably
wherein distal end comprises nitinol for allowing the transforming of the distal
end In a self-expanding manner. '

. The catheterizatlon system according to any of the previous caims, whereln

the contact shape is a clrcumferentlal contact shape.

. The catheterization system according to any of the previous clalms, whersain .

the contact shape comprises @ helical shape, a spiral shape or an essentlally
¢irgular shape.

. The catheterization system according to any of the previous clalms, wherein

the gulding catheter comprises one, two or more additiohal lumens.

. The catheterlzation system according to claim 5, wherein at least one of the

.additional lumens comprlses a sensing slit at or near the distal end of the
gulding catheter, said sensing siit amanged such that the slit deflines a
functional opening between the additional lumen and the internal tissue.
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The catheterization system according to any of the previous clalms, comprising
a sensing catheter for sensing a variable at or near the tafgeted ablation zone.
‘The catheterlzation system according to any of the claims 5 to 7, comprising a
temperature sensing catheter. ' ’

The catheterization system according to any of the claims 5 to 8, comprising a

pressure sensing catheter.

10.The catheterization system according to any of the previous daims, wherein

the ablation catheter is a laser ablation catheter, an RF sblatlon catheter, a DC
ablatlon catheter or a cryoablation catheter,

11, The catheterizaton system according to any of the previous claims, wherein

12.

13.

the guiding lumen comprises a cross section which is rotationally asymmetric
around a longltudinal axis of the guiding lumen and wherein the ablation
catheter comprises a cross sectlon which Is rotatichally asymmetric around a
langttudinal axis, pfeferably the rotational asymmetry of the ablation catheter
being essentfally of the same shape and size as the rotational asymmetry of .
the cross section of the gulding lumen. '

The catheterization system according to any of the previcus clalms, wherein
the ablation éatheter telescopically fits an ablation positloning catheter, which
comprises a distal end with an opening, the opening allowing the passage of at
least. the ablation tip of the ablation catheter, preferably such that the ablation
tip can stick aut of the slit in the guiding catheter and can come Into direct
contact with the internal tissue during ablation, '

A flexible guiding catheter comprlsing a distal end for Insertion and a proximal
end for manipulation, the distal end of the guiding cathster transformable from
a substantially elongated shape for passage within the vasculature Into a
contact shape for contacting Internal tissue along @ continuous band, the
flexible quiding catheter comprising a gutding lumen, and - '
characterzed in that the guiding catheter cdmprises & continuous slit at or near
the distal end of the guldihg cétheter, said slit arranged such that, when the
distal end of the gulding catheter is in sald contact shape and contacts Internal
tissue along a continuous band, the slit defines a functional opening between

_the guiding iumen and the Internal tissue along said continuous band, through

which slit said ablation tp s capable of ablating sald Internal tissue along said
continuous band.

i4. Interventlonal ablatlon procedure comprising the steps of:

- Inserting a flexlble gulding catheter Into vasculature of a patient, said
gulding catheter comprising a guiding lumen and a continuous slit at or
- near a distal end of the guiding catheter;
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positioning the distal end of sald gulding catheter at an ablation tréatment
zone and transforming the distal end of said guiding catheter Into a contact

shape, thereby contacting internal tissue aleng a continuous band, whereby

sald slit provides a functlonal opening between the guiding lumen and the
internal tissue along said continuous band;

Inserting a flexible ablation catheter into the guiding lumen of sald gulding
catheter;

ablating the internal tissﬁe along sald continuous band with sald ablation
catheter via said slit.



WO 2018/193283 PCT/IB2017/000732
1/5

Fig. 1

Self-expanding
Nitlnol quide rail

Standard catheter material

Multi-lumen
catheter




WO 2018/193283 PCT/IB2017/000732
2/5

Fig. 2B
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Fig. 5
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