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ELECTRICAL INTERCONNECTION FOR A
CATHETER

FIELD

[0001] The present invention relates to a catheter config-
ured to be inserted in a blood vessel. More particularly, the
present invention relates to mechanical and electrical assem-
bly of a catheter.

BACKGROUND

[0002] Fractional flow reserve measurement is an estab-
lished method for determining the extent of a stenosis in
cardiac arteries. A pulsating pressure is measured on a
proximal side and on a distal side of a stenosis, and the ratio
between the averages of the two pressure readings is used as
an indication of the degree of stenosis and the need for
treatment.

[0003] For measuring the pressure within a cardiac artery,
a catheter is inserted to a major artery of the patient at the
groin, neck or wrist, and the catheter is navigated through
the blood vessels to the intended destination to be investi-
gated.

[0004] Guide wires are typically tiny and equipped with a
flexible tip which facilitates navigation in blood vessels to
reach a lesion or vessel segment. Once the tip arrives at its
destination, it acts as a guide, which a larger and typically
stiffer catheter can rapidly follow for easier delivery to the
measurement and/or treatment site. A guide wire may also
serve as a visual guide to the operating personrel, as it is
typically made of material which is visible in X-ray imager.
Thus, the position of the guide wire can be seen at all times.
A fast exchange catheter is a catheter type known in the art
in which a guide wire is only disposed at the distal end of the
catheter.

DESCRIPTION OF THE RELATED ART

[0005] Portions of the invention were disclosed in a pub-
lication entitled_“Integration of a capacitive pressure sens-
ing system into the outer catheter wall for coronary artery
FFR measurements”, published on 2017 May 31 in Bio-
MEMS and Medical Microdevices 111, SPIE Proceedings,
which is before the effective filing date of the subject
application. However, this publication was authored by
Heikki Kuisma, who is inventor of the subject matter of this
application, and Frank Stam, Geng Gao, Jaakko Saarilahti,
David Gomes Martins, Anu Kérkkainen, Brendan Marrinan
and Sebastian Pintal, who are not inventors. Pursuant to AIA
35 U.S.C. Section 102(b)(1), this disclosure is not prior art
under 35 USC section 102 since it was made 1 year or less
before the effective filing date of this application, and the
disclosure was made the inventor or by another who had
obtained the subject matter disclosed directly or indirectly
from the inventor.

[0006] U.S. Pat. No. 5,226,423 discloses a medical device
integrated in a guide wire with a pressure sensor for mea-
suring pressure in stenotic vessels.

[0007] U.S. Pat. No. 4,815,472 discloses a multipoint
pressure-sensing catheter for measuring pressure in cardiac
arteries. This catheter is not configured to utilize a guide
wire.

[0008] US patent application 2013/0237864 discloses an
elongate intravascular guide wire in which where electronics
are added to the guide wire as a thicker bulging section.
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SUMMARY

[0009] An object is to provide a method and apparatus so
as to solve the problem of assembling electronic devices on
a catheter configured to carry the electronic devices into a
blood vessel. The objects of the present invention are
achieved with an apparatus according to the claim 1 and a
method according to the claim 15.

[0010] The preferred embodiments of the invention are
disclosed in the dependent claims.

[0011] The present invention is based on the idea of
disposing at least one electronic device within the volume of
a side wall of a tubular section of a catheter, and to provide
electrical connections for the at least one electrical device
with a flexible circuit board wrapped around the tubular
section of the catheter.

[0012] The present invention has the advantage that use of
the flexible circuit board allows fast, simple and reliable
assembly of the electronic devices on the catheter, but does
not significantly increase the diameter of the catheter nor
cause the catheter to become excessively rigid. Assembling
the electronic devices into the side walls of the catheter and
coupling them electrically utilizing the outer periphery of
the catheter body enables maintaining tubular form of the
catheter with a lumen also at the location with electronic
devices. The lumen facilitates use of guide wire for agile
navigation. The cardiac catheter is typically 0.66 mm in
diameter and thus the peripheral length is 2.07 mm. Utili-
zation of the periphery of the catheter body as the assembly
area for electronics and interconnections maximizes the
available area for the electronics and the interconnections,
thus enabling both increased functionality and complexity of
the electronic system and allowing use of relaxed design
rules for the interconnections, e.g. having 0.1 mm track and
spacing width instead of 0.025 mm, which would be typi-
cally required without wrapping the flexible circuit. The
large peripheral length also enables easy assembly of elec-
trical wires to the flexible circuit board by soldering or with
an electrically conductive adhesive.

[0013] According to a first aspect, an elongated catheter
comprising a tubular section with a side wall with essentially
annular cross-section defined by an outer surface and an
inner surface of the tubular section is provided. At least one
longitudinal installation recess is disposed in the outer
surface of the tubular section. A flexible circuit board is
wrapped around the tubular section. Electrical wiring is
disposed on the outer surface of the tubular section. At least
one electronic device is assembled on the flexible circuit
board and disposed within the at least one longitudinal
installation recess. The at least one electronic device is
interconnected via the flexible circuit board with the elec-
trical wiring.

[0014] According to a second aspect, the at least one
electronic device comprises at least one first electronic
device and at least one second electronic device. The at least
one first electronic device and the at least one second
electronic device are assembled on the flexible circuit board
and disposed within at least one longitudinal installation
recess. The at least one first electronic device is intercon-
nected via the flexible circuit board with the electrical wiring
and the at least one second electronic device is intercon-
nected via the flexible circuit board with the first electronic
device.
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[0015] According to a third aspect, at least predefined
portions of the flexible circuit board wrapped on the tubular
section essentially encircle the tubular section of the cath-
eter.

[0016] According to a fourth aspect, the at least one
installation recess extends a first predefined distance over
the longitudinal dimension of the catheter and the flexible
circuit board extends a second predefined distance along the
longitudinal dimension of the catheter. The second pre-
defined distance is greater than the first predefined distance,
and the flexible circuit board covers at least a majority of the
at least one installation recess on the outer surface of the
tubular section.

[0017] According to a fifth aspect, an essentially circular
cross-section of the wrapped flexible circuit board comprises
one or more essentially circular segments and at least one
chordal segment at the portion of the cross-section of the
wrapped flexible circuit board at which the at least one
electronic device is assembled on the flexible circuit board.
[0018] According to a sixth aspect, the depth of the at least
one installation recess is less than the distance between the
outer surface and the inner surface of the tubular section, but
more than the height of the at least one electronic device
within the installation recess.

[0019] According to a seventh aspect, the cross section of
the at least one installation recess is any one of a quadrangle
crossing the outer surface of the tubular section so that two
opposite sides of the quadrangle cross the outer surface of
the tubular section, and a minor chordal segment removed
from the outer surface of the tubular section.

[0020] According to an eighth aspect, the at least one
electronic device is of flip chip type.

[0021] According to a ninth aspect, a wrapping layer
configured to hold the flexible circuit board in place and to
confirm the outer periphery of the catheter is disposed
around the catheter at least over the second distance along
the longitudinal dimension of the catheter.

[0022] According to a tenth aspect, the wrapping layer
comprises adhesive heat shrinkable tubing.

[0023] According to an eleventh aspect, the electrical
wiring disposed on the outer surface of the tubular section is
configured to lead at least one of electrical power and a
control signal into at least one of the electronic devices and
to lead electrical signals out of at least one of the electronic
devices.

[0024] According to a twelfth aspect, a protective filling is
applied into the installation recess in which the at least one
electronic device is disposed. The protective filling config-
ured to surround the at least one electronic device on all
sides and to prevent direct contact of bodily fluids with the
at least one electronic device.

[0025] According to a thirteenth aspect, the flexible circuit
board further comprises at least one hole at least partially
collocated with the installation recess, the at least one hole
configured to enable application of protective filling into the
installation recess and/or to enable evacuation of air from
the installation recess during application of the protective
filling.

[0026] According to a fourteenth aspect, the flexible cir-
cuit board further comprises at least one elongated cut-out
collocated with at least one electronic device. The at least
one elongated cut-out is configured to prevent changes in the
internal pressure of the protective filling within the under-
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lying installation recess due to temperature changes by
allowing the protective filling to expand and contract.

[0027] According to a first method aspect, a method for
manufacturing an elongated catheter is provided. The cath-
eter comprises a tubular section with a side wall with
essentially annular cross-section defined by an outer surface
and an inner surface of the tubular section. The method
comprises assembling at least one electronic device on a
flexible circuit board. The method comprises wrapping the
flexible circuit board around the tubular section of the
catheter and disposing the at least one first electronic device
within at least one longitudinal installation recess in the
outer surface of the tubular section. The at least one instal-
lation recess extends over a first predefined distance over the
longitudinal dimension of the catheter. The method com-
prises interconnecting the at least one first electronic device
with electrical wiring disposed on the outer surface of the
tubular section via the flexible circuit board.

[0028] According to a second method aspect, the at least
one electronic device comprises at least one first electronic
device and at least one second electronic device, and the
method comprises assembling the at least one first electronic
device and the at least one second electronic device on the
flexible circuit board and disposed within the at least one
longitudinal installation recess, interconnecting the at least
one first electronic device is interconnected via the flexible
circuit board with the electrical wiring and interconnecting
the at least one second electronic device via the flexible
circuit board with the first electronic device.

[0029] According to a third method aspect, wrapping
causes at least predefined portions of the flexible circuit
board to essentially encircle the tubular section of the
catheter.

[0030] According to a fourth method aspect, the at least
one installation recess extends a first predefined distance
over the longitudinal dimension of the catheter, the flexible
circuit board extends a second predefined distance along the
longitudinal dimension of the catheter, and the second
predefined distance is greater than the first predefined dis-
tance. The method comprises disposing the flexible circuit
board so that it covers at least a majority of the at least one
installation recess on the outer surface of the tubular section.

[0031] According to a fifth method aspect, the method
further comprises disposing a wrapping layer configured to
hold the flexible circuit board in place and to confirm the
outer periphery of the catheter around the catheter at least
over a second distance along the longitudinal dimension of
the catheter.

[0032] According to a sixth method aspect, the method
further comprises applying a protective filling into the
installation recess in which the at least one electronic device
1s disposed. The protective filling is configured to surround
the at least one electronic device on all sides and to prevent
direct contact of bodily fluids with the at least one electronic
device.

[0033] According to a seventh method aspect, the method
further comprises manufacturing in the flexible circuit board
at least one hole configured to be at least partially collocated
with the installation recess. The at least one hole is config-
ured to enable application of protective filling into the
installation recess and/or to enable evacuation of air from
the installation recess during application of the protective
filling.
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[0034] According to an eighth method aspect, the method
further comprises manufacturing in the flexible circuit board
at least one elongated cut-out configured to be collocated
with at least one electronic device. The at least one elongated
cut-out is configured to prevent changes in the internal
pressure of the protective filling within the underlying
installation recess due to temperature changes by allowing
the protective filling to expand and contract.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] In the following the invention will be described in
greater detail, in connection with preferred embodiments,
with reference to the attached drawings, in which

[0036] FIGS. 1a to 14 illustrate a catheter assembly
according to a first embodiment.

[0037] FIG. 2 illustrates cross-section of a catheter.
[0038] FIG. 3 illustrates a lateral, longitudinal view of a
portion of a catheter portion according to a second embodi-
ment.

[0039] FIG. 4 illustrates a cross-section of a catheter.
[0040] FIGS. 5a to 5d illustrate a catheter assembly
according to a third embodiment.

[0041] FIG. 6 illustrates a schematic view of a longitudi-
nal cross-section a portion of a catheter.

[0042] FIGS. 7a to 7d illustrate a fourth exemplary
embodiment.
[0043] FIG. 8 illustrates a cross-section of a fifth exem-

plary embodiment.
[0044] FIG. 9 illustrates a cross-section of a sixth exem-
plary embodiment

DETAILED DESCRIPTION

[0045] The term distal end refers to the end of an elongate
catheter structure that is configured to be inserted into a
blood vessel, while the term proximal end refers to the end
of the catheter that remains outside of the body of the
patient. The term distal portion refers to a portion of the
catheter starting from the distal end and the term proximal
portion refers to any portion that resides between the distal
portion and the proximal end of the elongate catheter
structure.

[0046] Terms long and longitudinal refer to a direction
aligned with the longitudinal dimension of the elongate
catheter.

[0047] The term annular cross-section in this context
refers to a region in plane between two circumferential
perimeters, each with a circular or oval shape, a smaller
perimeter nested inside a larger perimeter. In a tubular
element, the larger perimeter is formed by an outer surface
of the tubular element, the smaller perimeter by an inner
surface of the tubular element. The term side wall refers to
the layer of material between the outer surface and the inner
surface of the tubular element. In case of two circular
perimeter shapes, the circles may be concentric or eccentric.
Thus, the term essentially annular cross-section refers herein
to any one of a concentric annular or an eccentric annular
cross-section. The term essentially annular cross section
further refers herein to tubular forms where the outer perim-
eter may include small deviations from the circular or oval
shape, for example a chord formed of an essentially straight
line connecting two points on the otherwise circular form.
Likewise, the term essentially circular refers herein to a
circular form that may include small deviations from the
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circular shape, for example a chord formed of an essentially
straight line connecting two points on the otherwise circular
form.

[0048] FIGS. 1a to 1k illustrate a catheter assembly
according to a first exemplary embodiment.

[0049] FIG. 1qa illustrates a lateral, longitudinal view of a
portion of a catheter body 120. The portion is preferably
tubular, comprising a lumen (not shown) traversing through
the catheter in the longitudinal direction s. The term catheter
body 120 refers to an elongate piece of flexible material. A
typical cardiac catheter body 120 has a diameter of 0.66 mm,
but in some occasions, the diameter may be up to 1 mm. Side
wall of the catheter body 120 defines the lumen. The catheter
body 120 is preferably annular, and the cross-sections of
both the outer surface of the catheter body 120 and the
lumen are preferably essentially circular. The essentially
circular cross-section of the outer surface of the catheter
body 120 is preferred because the catheter is configured to
be inserted in blood vessels with circular form. The essen-
tially circular cross-section of the lumen is preferred as it
facilitates ease of insertion of a typically circular guide wire
into the lumen. Diameter of the circular lumen may be for
example 0.33 mm. The annular catheter body 120 has a
radius rl, and its diameter 2*r1 may be for example 0.66
mm. Alternatively, the cross-section of the catheter body
may also be for example elliptic. A catheter body 120 having
an essentially annular cross-section may also have one or
more flat portions.

[0050] Within the side wall of the catheter body 120, an
oblong installation recess 125 is formed. The installation
recess 125 extends in the longitudinal direction s of the
catheter body 120 a first predetermined length s1, which
may vary between 0.5 mm and 10 mm. Width w1 of the
installation recess 125 is preferably less than the diameter
(2*r1) of the catheter body 120. The width w1 may vary for
example between 0.2 mm and 0.4 mm. The installation
recess 125 is shallow compared to the thickness of the side
wall into which it is formed, so that the installation recess
125 does not penetrate through the side wall. Thus, the
installation recess 125 does not reach the lumen. Thickness
of the side wall may be measured radially, and it does not
have to be equal on all sides of the catheter body 120. The
recess depth may vary for example between 0.1 mm and 0.2
mm. Electrical wiring 130 may be disposed on the outer
surface of the side wall of the catheter body 120. The
electrical wiring 130 may comprise one or more wires.
Thickness or diameter of wires of the electrical wiring 130
may be for example between 20 and 50 pm. The electrical
wiring 130 is configured to carry electrical power and
control signals from the proximal end of the catheter to one
or more electronic devices carried by the catheter, and to
carry electrical signals from the one or more electronic
devices towards the proximal end of the catheter. The
installation recess 125 may be at least partially filled with
protective filling as illustrated with light pattern fill of the
installation recess 125. The electrical wiring 130 is prefer-
ably not disposed at the section(s) of the side wall with the
one or more installation recesses 125.

[0051] FIG. 15 illustrates a flexible circuit board 100 with
wiring 110. The flexible circuit board may be made of any
suitable flexible circuit board material known in the art. For
example, plastic substrate such as polyimide, polyether ether
ketone (PEEK) or polyester may be utilized. The wiring 110
may be disposed on the flexible circuit board for example by
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laminating, printing, ink jetting or with photolithographic
methods known in the art. The flexible circuit board 100 may
have a thickness between 10 and 50 pum.

[0052] An electronic device 150 is assembled on the
flexible circuit board 100, so that chip pads of the electronic
device 150 are coupled through contacts 155 to the wiring
110 of the flexible circuit board 150. The wiring 110 may
comprise one or more contact pads 115 coupled to the wiring
110. In the disclosed embodiment, four contact pads 115 are
provided. The electronic device 150 may be for example flip
chip type. Contacts 155 of a flip chip type device comprise
solder bumps, which may be soldered with the wiring 110.
Other, non-limiting examples of known types of contacts
155 for flip chip devices are gold stud bumps and copper
pillars.

[0053] The FIG. 1c illustrates placement of the flexible
circuit board 100 with the assembled electronic device 150
on the catheter body 120. The electronic device 150 is
disposed in its entirety within the installation recess 150.
The flexible circuit board extends along the longitudinal
direction s over a second distance s2, which is greater than
the first distance, so that the installation recess 125 may be
entirely covered by the flexible circuit board 100. The
flexible circuit board extends preferably over a distance
between at least one electronic device 150 and ends of the
electrical wiring 130 so that these may be interconnected via
wiring 110 of the flexible circuit board. During the assembly,
the remaining space within the installation recess 125 not
occupied with the electronic device 150 may be filled with
protective filling configured to protect the electronic device
from contact with for example bodily fluids when in use.
Alternatively, or in addition, a layer of protective filling may
be applied on the electronic device 150 prior to disposing the
electronic device 150 into the installation recess 125. The
layer of protective filling is configured to protect the elec-
tronic device 150 from contacts with the bodily fluids. The
protective filling may also be applied in two phases, first
applying a layer on the electronic device and then filling the
remaining volume of the installation recess 125 after dis-
posing the electronic device 150 into the installation recess.
[0054] The electronic device 150 disposed in the installa-
tion recess 125 is preferably protected with protective filling
or coating, as illustrated with the light pattern fill in the
installation recess 125. The protective filling preferably
surrounds the electronic device at all sides. Even the con-
tacts 155 of the electronic device may be surrounded by the
protective filling except at the location in which the contacts
are coupled with the flexible circuit board.

[0055] Contact pads 115 of the flexible circuit board are
disposed on the catheter body side wall so that they even-
tually become collocated with the electrical wiring 130. In
order to facilitate a galvanic contact, at least part of the
wiring 110 and the contact pads 115 are disposed on the
surface of the flexible circuit board 100 facing the catheter
body 120. For ensuring proper electrical contact between the
contact pads 115 and the electrical wiring, contact pads may
be mechanically and electrically coupled to the electrical
wiring 130 for example by soldering or with electrically
conductive adhesive. In this example, the four contact pads
115 are configured to be coupled to four different wires of
the electrical wiring 130. Two of these wires are visible in
the figure, but two remain invisible in the figures as they are
located behind the catheter body. The number of contact
pads 115 and wires in the electrical wiring 130 may vary
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according to the application. Preferably, there is a plurality
of wires and contact pads 115.

[0056] While the electronic device 150 is oblong, the
installation recess 125 is preferably also oblong so that the
electronic device 150 fits nicely within the installation recess
125. Width w1 of the installation recess 125 is preferably
greater than the width w0 of the electronic device 150.
Length s1 of the installation recess 125 is preferably greater
than the length s0 of the electronic device 150.

[0057] FIGS. 1d to 1f illustrate a variation of the first
embodiment, in which the length s2 of the flexible circuit
board is smaller than that illustrated in the FIGS. 1a to 1c.
The flexible circuit board 100 in the FIG. 1e does not cover
the installation recess 125 in its entirety, but a minor portion
of the installation recess 125 remains uncovered. Majority of
the installation recess 125 is, however, preferably covered
by the flexible circuit board 100. The installation recess may
be empty before assembling the flexible circuit board 100, or
alimited amount of protective filling may be applied into the
installation recess 125 before the assembly to ensure that the
volume of the installation recess 125 under the electrical
device 150 becomes properly filled. The portion of the
installation recess 125 not covered by the flexible circuit
board may be utilized for applying the protective filling into
the installation recess 125 configured to protect the elec-
tronic device from contact with for example bodily fluids
when in use. This is illustrated by adding the pattern fill
representing the protective filling in the installation recess
125 only in the phase illustrated by the FIG. 1f

[0058] As understood by a skilled person, the variation
disclosed in the FIGS. 1e to 1f' may be applied with any of
the embodiments disclosed in this application.

[0059] FIGS. 1g and 1/ illustrate the result of wrapping of
the flexible circuit board 100 around the catheter body 120.
The flexible circuit board 100 now encircles the catheter
body side walls and the installation recess 125 with the
electronic device 150 in it, thus forming an essentially
circular form. For facilitating encircling, the width w2 of the
flexible circuit board 100 is preferably equal or slightly
greater than the circumference 27*rl of the catheter body
120, taking into account the effect of thickness of the flexible
circuit board 100. Any of solder bumps, metal coated
polymer bumps, gold stud bumps, copper pillars or any
similar known protruding contact elements that provide
coupling and a stand-off' between a semiconductor die acting
as the electronic device 150 and the flexible circuit board
100 may act as contacts 155 between chip pads of the
electronic device 150 and the wiring 110. The wiring 110 on
the flexible circuit board 100 provides electrical connections
to the electronic device 150. The contact pads 115 couple
electrical power and signals with the electrical wiring 130
provided at the side wall of the catheter body 120.

[0060] FIG. 2 illustrates a cross-section A-A of the tubular
section of the catheter of the first embodiment illustrated in
the FIGS. 1g and 1%. The essentially circular lumen 200 with
aradius or r2 is disposed within the side walls of the catheter
body 120. The cross-section may be characterized as essen-
tially annular, except for the installation recess. The catheter
body has a radius rl. In this embodiment, geometrical
centers of the catheter body 120 and the lumen 200 are not
collocated. Such eccentric placement of the lumen 200
enables varying the side wall thickness so that the side wall
may be greater on one side of the tubular portion of the
catheter body 120. This thicker side wall portion may be
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utilized for disposal of the installation recess 125. The
flexible circuit board 100 is wrapped around the catheter
body 120 so that the catheter body 120 becomes essentially
encircled by the flexible circuit board.

[0061] The installation recess 125 is disposed at the outer
surface of the side wall of the catheter body 120 so that the
recess opens to the periphery of the catheter body 120. In the
first embodiment, the cross-section of the installation recess
125 may be characterized as a quadrangle crossing the side
wall so that two opposite sides of the quadrangle cross the
outer surface of the side wall. The sides may be orthogonal,
as in this example, so that the quadrangle may be charac-
terized as a rectangle, or they may be oblique so that the
quadrangle may be characterized as a trapezoid. The width
of the installation recess is wl and the depth of the instal-
lation recess is d1. The electronic device 150 coupled to the
flexible circuit board 100 is disposed within the installation
recess 125 in its entirety. The electronic device 150 is
preferably of flip chip type known in the art. In a flip chip
electronic device, contacts 155 for electrically coupling the
device are provided via solder bumps or equivalent disposed
directly at the chip pads of a semiconductor chip. Contacts
155 are coupled with the wiring 110 of the flexible circuit
board 100. A flip chip type electronic device 150 is preferred
due to its small size, as no separate, bulky semiconductor
package is required. For protecting the electronic device 150
from for example bodily fluids, protective filling may be
applied to enclose the electronic device 150 disposed in the
installation recess 125. For example, silicone gel may be
used for protective filling. The protective filling may be
applied before or after assembling the electronic device 150
in the installation recess 125.

[0062] The resulting cross-section of the catheter with the
flexible circuit board 100 assembled is essentially annular,
but the portion with the electronic device 150 installed, the
outline of the cross-section is defined by a chord, in other
hands an essentially straight line connecting two points on
the otherwise circular form. Thus, there is flat portion in the
flexible circuit board 100. The flat portion of the wrapped
flexible circuit board 100 facilitates stability of the contact
between the contacts 155 and the wiring 110 on the flexible
circuit board. The flat portion may extend in the longitudinal
direction s at least over the entire length s1 of the installation
recess 125. In such case, the flat portion may be oblong, with
an area approximately equal to that of the installation recess
125. Alternatively, the flat portion may only appear in the
immediate vicinity of the contacts 155.

[0063] FIG. 2 further illustrates an embodiment of a
tubular section of a catheter where the thickness of the side
wall of the catheter body 120 is not even. The tubular section
may be characterized as essentially eccentric annular,
wherein the geometrical center of the lumen 200 is not
collocated with the geometrical center of the outer surface of
the side walls catheter body 120. Off center disposal of the
lumen 200 may provide more room for the installation
recess 125 within the side wall of the catheter body 120 by
allowing the side wall to be thicker in one sector of the
catheter body 120.

[0064] FIGS. 3 and 4 illustrate a second exemplary
embodiment. FIG. 3 illustrates a lateral, longitudinal view of
a portion of a catheter portion. FIG. 4 illustrates a cross-
section A-A of the catheter portion of the FIG. 3.

[0065] The assembly is in most aspects similar to that of
FIGS. 1 and 2, but the installation recess 125 is now formed
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by removing material from the side wall of the catheter
along a chord disposed on the outer surface of the side wall.
This type of chordal installation recess 125 may be benefi-
cial when the electronic device 150 is relatively wide, in
other words when the ratio between the width w0 of the
electronic device 150 and the diameter 2*r1 of the catheter
is more than 0.4, that is the upper limit allowed for an
electronic device in a quadrangle installation recess. The
chordal installation recess 125 may allow installation of an
electronic device 150 with a ratio up to 0.6 between the
width w0 of the electronic device 150 and the diameter 2*rl
of the catheter. The chordal installation recess 125 of FIGS.
3 and 4 formed by removing a minor section from the side
wall along a chord drawn on the outer surface of the side
wall may thus allow installing a wider electronic device than
the rectangular installation recess of FIGS. 1 and 2. Length
s1 of the chordal installation recess 125 shall be greater than
the length s0 of the electronic device 150, and less than the
overall length s2 of the flexible circuit board 100. Preferably,
the length s1 of the chordal installation recess 125 is less
than the length s2 of the flexible circuit board. The width w1
of the installation recess 125 is now defined by the crossing
points of the chord and the outer surface of the side wall of
the catheter body 120. The depth d1 of a chordal installation
recess 125 may be defined by height of the imaginary
segment removed from the circular outer surface of the
catheter body 120.

[0066] In the second embodiment, the installation recess
125 is preferably filled with protective filling. The protective
filling may be applied before or after the flexible circuit
board 100 is wrapped around the catheter body 120. When
the flexible circuit board 100 is wrapped around the catheter
body 120, the otherwise essentially circular cross-section of
the wrapped flexible circuit board has a section at the
location of the electronic device 150 defined by a chord.
While this section extends along the longitudinal axis of the
catheter body 120, a flat portion is created on the outer face
of the oblong tubular portion of the catheter with the
installation recess 125. The flat portion of the wrapped
flexible circuit board 100 facilitates stability of the coupling
between the contacts 155 of the electronic device 150 and
the wiring 110 on the flexible circuit board. The flat portion
may extend in the longitudinal direction over the entire
length of the installation recess 125, or it may only appear
only in the immediate vicinity of the solder bumps 155.

[0067] FIGS. 5a to 5d illustrate a lateral, longitudinal view
of a portion of a catheter according to a third embodiment.
In this embodiment, a single, oblong installation recess 125
is configured to house two electronic devices 150.

[0068] FIGS. 5a and 5c¢ also illustrate a variation in which
the flexible circuit board 100 is not configured to encircle the
catheter body 120 over the flexible circuit board’s entire
length s2, but the flexible circuit board 100 comprises
predefined portions 102 at which the width w2 of the flexible
circuit board 100 is large enough to enable it to fully encircle
the catheter. In other portions, the flexible circuit board 100
width is less than w2, so that the flexible circuit board 100
may only partially encircle the catheter body 120 on which
the flexible circuit board 100 is wrapped. In other words,
only predefined portions of the flexible circuit board 100
having the width w2 are wide enough to encircle the entire
catheter body 120, but the portions with a width less than w2
do not encircle the catheter body 120 entirely, but only
partially when wrapped. The predefined portions 102 that do
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not fully encircle the catheter may help retaining higher
flexibility of the catheter and preventing buckling of the
wrapped flexible circuit board when the catheter is bent.
[0069] This variation further illustrates one example on
enabling application of the protecting filling into the recess.
One or more holes 103 may be created in the flexible circuit
board 100. These one or more holes 103 are disposed at a
position that is at least partially collocated with an under-
lying installation recess 125, when the flexible circuit board
100 is wrapped around the catheter body 120. The holes 103
thus enable application of the protective filling into the
installation recess 125 configured to protect the electronic
device from contact with for example bodily fluids when in
use and evacuation of air from the installation recess during
application of the protective filling.

[0070] This variation further illustrates one example on
allowing free thermal expansion of the protective filling
disposed in the installation recess 125 on the electronic
device 150. An elongated cut-out 104 may be created into
the flexible circuit board 100, which is aligned with the
location of the electronic device 150 and preferably smaller
in dimensions that the electronic device 150. This cut-out
104 allows the protective filling covering the electronic
device 150 to expand and contract during temperature
changes without forcing the protective filling to flow hori-
zontally and without changing the pressure of the filling in
the installation recess 125. Such cut-out may be very useful
when the electronic device 150 is a pressure sensor. The
flexibility of the flexible circuit board may not be sufficient
to allow the protective filling to expand or contract without
causing a pressure change in the protective filling disposed
in the installation recess with the pressure sensor. If the
internal pressure of the protective filling changes, the expan-
sion or contraction of the protective filling may cause a
pressure measurement error. If the electronic device 150 is
a pressure sensor with a pressure sensitive membrane or a
diaphragm, the elongated cut-out 104 may be aligned with
the location of the pressure sensing membrane or diaphragm
and have the same dimensions as the membrane or dia-
phragm or it can be slightly smaller than the membrane or
diaphragm.

[0071] As understood by a skilled person, the variations
disclosed in the FIGS. 54 to 5S¢ may be applied with any of
the embodiments disclosed in this application.

[0072] The flexible circuit board 100 comprises further
wiring 111 configured to provide interconnections between
the two electronic devices 150. Wiring 111 may comprise a
plurality of wires. More particularly, wiring 111 is connected
between contacts 155 on the two electronic devices 150.
Similar to wiring 110, the wiring 111 may carry any one of
electrical power and signals. For example, one of the elec-
tronic circuits 150 may be a sensor device, and the other one
may be an interface device. The signals provided by the
sensor device may be input in the interface device, which
may process the signals from the sensor device and feed the
processed signals into the electrical wiring 130. The inter-
face device may for example be configured to perform at
least analog-to-digital conversion for one or more analog
detection signals provided by the sensor device and to feed
one or more digital signals towards external equipment at
the proximal end of the catheter via one or more wires of the
electrical wiring.

[0073] Disposing two electronic devices 150 within a
single installation recess 125 enables disposing the two
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electronic devices 150 near to each other, and facilitates
short interconnections between the electronic devices 150. A
short interconnection is beneficial for example when a signal
carried between the two electronic devices 150 is a sensitive,
small analog signal. On the other hand, two separate
recesses may have less effect on the flexibility of the
catheter, and also the volume of the protective filling mate-
rial may be smaller.

[0074] In a further embodiment, even more that two
electronic devices 150 may be interconnected to each other
with a single flexible circuit board 100. For example, one
interface device may be coupled to two or more sensor
devices so that a single interface device may serve two or
more sensor devices disposed along the catheter.

[0075] The FIG. 6 illustrates a schematic view of a lon-
gitudinal cross-section B-B of the portion of a catheter of the
FIG. 5d. The flexible circuit board 100 extends longitudi-
nally over the installation recess 125 filled with protective
filling. Additional wiring 111 interconnects defined contacts
155 of the two electronic devices 150. This cross-section
also shows how one of the coupling pads 115 makes a
contact with the electrical wiring 130 disposed on the outer
surface of the catheter body 120. This cross-section also
illustrates that the sides of the installation recess 125 may be
tilted, so that the cross-section of the installation recess
becomes a trapezoid.

[0076] FIGS. 7a to 7d illustrate a fourth exemplary
embodiment. In this embodiment, two separate oblong
installation recesses 125 are disposed successively in the
longitudinal direction of the catheter body 120. Each instal-
lation recess 125 is configured to house one electronic
device 150. The two electronic devices 150 are connected to
each other with wiring 111 disposed on the flexible circuit
board 100 similarly to that in the third embodiment, except
that the wiring 111 now extends between two separate
installation recesses 125.

[0077] The FIG. 8 illustrates a cross-section of a catheter
according to fifth exemplary embodiment. In this embodi-
ment, two electronic devices 150 are disposed side by side.
Similar to the first and second embodiment, the lumen 200
is not disposed at the geometrical center of the catheter body
120. Such eccentric disposal of the lumen 200 facilitates
increased volume of the catheter body 120 in one sector,
enabling creating the two radially adjacent, interconnected
installation recesses 125 with widths w1l and w1', which
installation recesses 125 in this embodiment are located
radially side by side but at different angle, thus covering two
adjacent sectors of the catheter body 120. The widths w1,
wl' of the two adjacent installation recesses 125 may be
equal or different. The depths d1, d1' of the installation
recesses 125 may also be equal of different.

[0078] The cross-section of the outer surface of the cath-
eter body 120 in this embodiment has two adjacent linear
sections defined by two chords crossing each other. Like-
wise, the cross-section of the catheter with the wrapped
flexible circuit board 100 now has two adjacent linear
sections defined by two chords. The flat sections are dis-
posed at least at the location of the coupling 155 of the
electronic devices with the wiring 110 of the flexible circuit
board 100. In the embodiment illustrated in the FIG. 8, the
joint between the two linear sections is drawn as an obtuse
angle. Instead of such distinct, obtuse angle, the joint
between the two adjacent flat areas may also be rounded.
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[0079] The FIG. 9 discloses a cross-section of a catheter
according to sixth exemplary embodiment. In this embodi-
ment, the lumen 200 is disposed at the center of the catheter
body 120. There are two electronic devices 150 disposed at
the same cross-section within two quadrangle installation
recesses 125 disposed on opposite sides of the catheter body
120. Each electronic device 150 is coupled to the flexible
circuit board 100 in the similar manner to the electronic
device 150 of the first embodiment. The flexible wiring
board 100 may have wiring to couple the two electronic
devices to electrical wiring disposed on the surface of the
catheter body 120 and/or wiring interconnecting at least
some contacts 155 of the two electronic devices 150.
[0080] The widths w1, wl' of the installation recesses 125
may be equal or different. The depths d1 and d1' of the
installation recesses 125 may also be equal or different, as
long as each installation recess 125 conforms with the
limitation of depth defined by thickness of the side wall of
the catheter body 120.

[0081] The catheter body may have sections with different
cross-section. The embodiments described above are pref-
erably implemented in a section of the catheter body which
is tubular, in other words which comprises a lumen within
the catheter body. Some catheters have a hollow lumen
which traverses essentially throughout the entire length of
the catheter, which length may be for example 180 ¢cm. In
some catheters, such as the earlier mentioned rapid exchange
catheters, a lumen configured for insertion of a guide wire is
disposed only at the distal portion of the catheter.

[0082] A catheter may have a plurality of electronic
devices or pairs of electronic devices disposed at different
distances from the distal end of the catheter. Each electronic
device, a pair of electronic devices or a plurality of elec-
tronic devices may be assembled using any one of the above
described embodiments, a combination thereof and a com-
bination of individual features varying between the embodi-
ments, and the catheter may therefore comprise a single or
a plurality of flat areas caused by one or more installation
recesses,

[0083] The wrapping of the flexible circuit board around
the catheter body is preferably ensured with some suitable
method to hold the flexible circuit board firmly in place. For
example, an adhesive, heat shrinkable tubing may be dis-
posed around the catheter, thus confirming the outer periph-
ery of the catheter. The tubing may be disposed so that it
covers the portion of the catheter with the flexible circuit
board. Preferably, the tubing extends longitudinally beyond
both the distal and the proximal end of the wrapped flexible
circuit board. The tubing may also extend over a longer
portion of the catheter, for example covering multiple sets of
electronic devices disposed at different locations along the
catheter body.

[0084] The flexible circuit board may comprise one or
more holes or openings. The holes or openings in the flexible
circuit board may be disposed at least partially in the area of
the underlying installation recess. The holes or openings in
the flexible circuit board may be utilized for purposes like
applying protective filling, evacuating air when applying the
protective filling, and allowing free thermal expansion of the
protective filling without increasing the internal pressure of
the protective filling. The flexible circuit board may not
extend around the periphery of the catheter body over the
flexible circuit board’s entire length, but the flexible circuit
board may be configured to extend around the periphery of
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the catheter body only at selected fixing locations and where
contacts to the electrical wiring are required on all sides of
the catheter body.

[0085] It is apparent to a person skilled in the art that as
technology advanced, the basic idea of the invention can be
implemented in various ways. The invention and its embodi-
ments are therefore not restricted to the above examples, but
they may vary within the scope of the claims.

1. An elongated catheter comprising a tubular section with
a side wall with essentially annular cross-section defined by
an outer surface and an inner surface of the tubular section,
the catheter comprising:

at least one longitudinal installation recess in the outer

surface of the tubular section;

a flexible circuit board wrapped around the tubular sec-

tion;

electrical wiring disposed on the outer surface of the

tubular section;

at least one electronic device assembled on the flexible

circuit board and disposed within the at least one
longitudinal installation recess; and

wherein the at least one electronic device is intercon-

nected via the flexible circuit board with the electrical
wiring.

2. The elongated catheter according to claim 1, wherein
the catheter further comprises:

the at least one electronic device comprises at least one

first electronic device and at least one second electronic
device,

wherein the at least one first electronic device and the at

least one second electronic device are assembled on the
flexible circuit board and disposed within at least one
longitudinal installation recess,

and wherein the at least one first electronic device is

interconnected via the flexible circuit board with the
electrical wiring and the at least one second electronic
device is interconnected via the flexible circuit board
with the first electronic device.

3. The elongated catheter according to claim 1, wherein at
least predefined portions of the flexible circuit board
wrapped on the tubular section essentially encircle the
tubular section of the catheter.

4. The elongated catheter according to claim 1, wherein
the at least one installation recess extends a first predefined
distance over the longitudinal dimension of the catheter, the
flexible circuit board extends a second predefined distance
along the longitudinal dimension of the catheter, wherein the
second predefined distance is greater than the first pre-
defined distance, and wherein the flexible circuit board
covers at least a majority of the at least one installation
recess on the outer surface of the tubular section.

5. The elongated catheter according to claim 1, wherein an
essentially circular cross-section of the wrapped flexible
circuit board comprises one or more essentially circular
segments and at least one chordal segment at the portion of
the cross-section of the wrapped flexible circuit board at
which the at least one electronic device is assembled on the
flexible circuit board.

6. The elongated catheter according to claim 1, wherein
the depth of the at least one installation recess is less than the
distance between the outer surface and the inner surface of
the tubular section, but more than the height of the at least
one electronic device within the installation recess.
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7. The elongated catheter according to claim 1, wherein
the cross section of the at least one installation recess is any
one of a quadrangle crossing the outer surface of the tubular
section so that two opposite sides of the quadrangle cross the
outer surface of the tubular section, and a minor chordal
segment removed from the outer surface of the tubular
section.

8. The elongated catheter according to claim 1, wherein
the at least one electronic device is of flip chip type.

9. The elongated catheter according to claim 1, wherein a
wrapping layer configured to hold the flexible circuit board
in place and to confirm the outer periphery of the catheter is
disposed around the catheter at least over the second dis-
tance along the longitudinal dimension of the catheter.

10. The elongated catheter according to claim 9, wherein
the wrapping layer comprises adhesive heat shrinkable tub-
ing.

11. The elongated catheter according to claim 1, wherein
the electrical wiring disposed on the outer surface of the
tubular section is configured to lead at least one of electrical
power and a control signal into at least one of the electronic
devices and to lead electrical signals out of at least one of the
electronic devices.

12. The elongated catheter according to claim 1, wherein
a protective filling is applied into the installation recess in
which the at least one electronic device is disposed, the
protective filling configured to surround the at least one
electronic device on all sides and to prevent direct contact of
bodily fluids with the at least one electronic device.

13. The elongated catheter according to claim 1, wherein
the flexible circuit board further comprises at least one hole
at least partially collocated with the installation recess, the
at least one hole configured to enable application of protec-
tive filling into the installation recess or to enable evacuation
of air from the installation recess during application of the
protective filling.

14. The elongated catheter according to claim 1, wherein
the flexible circuit board further comprises at least one
elongated cut-out collocated with at least one electronic
device, wherein the at least one elongated cut-out is con-
figured to prevent changes in the internal pressure of the
protective filling within the underlying installation recess
due to temperature changes by allowing the protective filling
to expand and contract.

15. A method for manufacturing an elongated catheter
comprising a tubular section with a side wall with essentially
annular cross-section defined by an outer surface and an
inner surface of the tubular section, the method comprising:

assembling at least one electronic device on a flexible

circuit board,

wrapping the flexible circuit board around the tubular

section of the catheter and disposing the at least one
electronic device within at least one longitudinal instal-
lation recess in the outer surface of the tubular section;
and

interconnecting the at least one electronic device with

electrical wiring disposed on the outer surface of the
tubular section via the flexible circuit board.

16. The method according to claim 15, wherein the at least
one electronic device comprises at least one first electronic
device and at least one second electronic device, and the
method comprises:
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assembling the at least one first electronic device and the
at least one second electronic device are assembled on
the flexible circuit board and disposed within at least
one longitudinal installation recess,

interconnecting the at least one first electronic device via
the flexible circuit board with the electrical wiring, and

interconnecting the at least one second electronic device
via the flexible circuit board with the first electronic
device.

17. The method according to claim 15, wherein the
wrapping causes at least predefined portions of the flexible
circuit board to essentially encircle the tubular section of the
catheter.

18. The method according to claim 15, wherein the at least
one installation recess extends a first predefined distance
over the longitudinal dimension of the catheter, the flexible
circuit board extends a second predefined distance along the
longitudinal dimension of the catheter, wherein the second
predefined distance is greater than the first predefined dis-
tance, and wherein the method comprises:

disposing the flexible circuit board so that it covers at least
a majority of the at least one installation recess on the
outer surface of the tubular section.

19. The method according to claim 15, wherein the
method further comprises:

disposing a wrapping layer configured to hold the flexible
circuit board in place and to confirm the outer periphery
of the catheter around the catheter at least over a second
distance along the longitudinal dimension of the cath-
eter.

20. The method according to claim 15, further compris-
ing:

applying a protective filling into the installation recess in
which the at least one electronic device is disposed,
wherein the protective filling is configured to surround
the at least one electronic device on all sides and to
prevent direct contact of bodily fluids with the at least
one electronic device.

21. A method according to claim 15, wherein the method
further comprises:

manufacturing in the flexible circuit board at least one
hole configured to be at least partially collocated with
the installation recess, the at least one hole configured
to enable application of protective filling into the
installation recess or to enable evacuation of air from
the installation recess during application of the protec-
tive filling.

22. The method according to claim 15, wherein the
method further comprises:

manufacturing in the flexible circuit board at least one
elongated cut-out configured to be collocated with at
least one electronic device, wherein the at least one
elongated cut-out is configured to prevent changes in
the internal pressure of the protective filling within the
underlying installation recess due to temperature
changes by allowing the protective filling to expand
and contract.
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