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The present invention relates to the field of
devices for invasive use. Furthermore, it relates to a
method for manufacturing such a device and to the use of

such a device.

BACKGROUND

A number of different devices for invasive use

are known, but in several cases their performance is not

entirely satisfactory.

EP-Al-1 714 610 shows a catheter wherein a
flexible printed circuit board is mounted in a tube. An
electronic component is mounted on the flexible printed
circuit board. This catheter is relatively complex which
makes manufacturing relatively expensive and which also

can have a negative impact on reliability.

In US-A-4 762 135 there is shown & cochlea
implant in the form of a single-sided flexible printed
wire board rolled into.a tube shape. This implant is not
suitable as an instrument that will be in contact with
body fluids since there is a risk that the electrical
conductors on the outside of the implant would be short

circuited by such body fluids.

In the article “Die separation and packaging of a
surface micromachined piezoresistive pressure sensor” by
Ingelin Clausen and Ola Sveen, published in Sensors and
Actuators A: Physical, Volume 133, Issue 2, 12 February
2007, Pages 457-466, the use of a pressure sensor for
invasive use is discussed. The pressure sensor is mounted

on a flexible printed circuit board which is placed in a
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silicone rubber catheter with the sensor inside the tip of
the catheter and the flexible printed circuit board being
integrated into the wall of the catheter. This catheter is
rather complex which makes the manufacturing quite

expensive and which also can have a negative impact on its

reliability.

US-Al-5 199 433 shows an esophageal catheter
comprising a structure with a flexible printed wire board
having electrodes and a sensor. The structure is attached
to a probe using adhesive. This construction is not
suitable for invasive applications since it has a
relatively large diameter. It can as well be cumbersome to
use, since the structure has to be attached to the probe

before use.

In US-A-5 902 330 there is shown a lead for a
cardiac pacemaker wherein the stimulation electrode is

glued to a supporting body.

In the article “Continuouslstroke volume and
cardiac output from intra-ventricular dimensions obtained
with impedance catheter”, Cardivascular Research, 1981,
15, 328-334, Baan J. et al., a method of measuring volume
and pressure in the left ventricle of the heart is
disclosed. Electrodes on the catheter are used for the
impedance measurement, typically 10-12 electrodes.
However, the catheters known from the background art are
too stiff and thick to be suitable for clinical use in

this method. They may for example cause arrhythmias.

In the doctoral thesis “New approaches to
monitoring of cardiac function”, Emil Sodergvist, 2006,

Division of Medical Engineering, Karolinska Institute, KTH
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School of Technology and Health, ISBN-10: 91-7178-507-8,
there is presented a method of measuring volume and
pressure in the left ventricle of the heart similar to the
one presented in the Baan et al. article cited above, but

where only four electrodes are needed.

To the best of our knowledge there is also no
rational production process available for the kind of
devices (catheters) that are discussed above. In general
the catheters are long (in the order of one meter) and
thin (between 0,3 and 3mm)- and are composed of several
electrical conductors and a 'guiding structure. These
conductors are usually insulated wires often as thin as
about 20-30 micrometer. The guiding structure is often a
flexible tube in which case the thin fragile wires need to
be inserted and pulled through the entire tube or some
other structure where the wires are attached. In both
cases cumbersome and critical (from the perspective of
production guality and efficiency) handling is needed to
assemble the catheters. The production is even more
delicate when measuring devices should be incorporated in
the catheter. In such cases mounting of the measuring
device often needs to be done in a separate tube and the-
thin wires pulled all the way through the longer tube. The
thin wires are often wire bonded to the measuring device
(chip). Finally the tubes are joined and the wires are
pulled back and attached to electrodes in the rear end of
the catheter. The attachments of the wires to the
electrodes are often difficult since the wires are very
thin and the space is limited where the wires are attached
to the electrodes. Such a catheter often consists of four

different tube sections that are joined together.
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Present production methods may lead to devices
with unsatisfactory performance. For example catheters for
simultaneous measuring of pressure and volume in the
ventricles of the heart are in some cases so thick and
stiff that they may cause arrhythmia and leakage through

the valves.

SUMMARY OF THE INVENTION

It is an object of the present invention to
provide a device for invasive use that is improved in
comparison to the known devices.

It is another object of the present invention to
provide a manufacturing method for a device for invasive
use, where the manufacturing method eliminates or at least
reduces some or all of the disadvantages connected with

the production methods known from the background art.

, Generally, a device for invasive use may
comprise a support member comprising a flexible material,
wherein the support member comprises at least one layer of
at least one electrically conductive line or pattern
thereon. The support member is at least partly formed into
an elongated tube shape, and the inside of the support
member is at least partly sealed from the outside of the
support member. At least one electrically conductive line
or pattern extends on the inside of the at least partly
tube shaped support member, and the support member
comprises at least one sensing, stimulating and/or

processing element.

In one embodiment the support member is at least
partly filled with a flexible resilient material, such as

an adhesive or a polymer.
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In another embodiment the support member is
completely filled with a flexible resilient material, such

as an adhesive or a polymer.

In a further embodiment the inside of the
support member is completely sealed from the outside of

the support member.

In yet. another embodiment the device for
invasive use is adapted to be provisionally located in a
body by surgical invasion while or for monitoring or

influencing the function of an organ.

In another embodiment the device for invasive
use is adapted to be provisionally located in a body by
surgical invasion while or for monitoring or influencing

the function of a heart.

In another embodiment the adjacent edges of the
support member are at least partly joined by welding.

In a further embodiment the adjacent edges of
the support member are at least partly joined by an

adhesive.

In yet another embodiment the at least one
sensing, stimulating and/or processing element comprises
at least one electronic component or
microelectromechanical system, provided on the inside of

the at least partly tube shaped support member.

In a further embodiment the support member has

at least one opening therein and at least one of the at
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least one sensing, stimulating and/or processing element

is aligned with said at least one opening.

In one embodiment the at least one electronic
component or microelectromechanical system is chosen among
a pressure sensor, a voltage sensor, a pH sensor, a
temperature sensor, a gas sensor, a component for
detecting or quantifying a reagent (for example a

protein), and a drug delivery device.

In another embodiment at least one electrode is
placed on the outside of the at least partly tube shaped

support member.

In yet another embodiment at least one electrode
is placed on the inside of the at least partly tube shaped

support member.

In a further embodiment at least four electrodes
are provided on the device for invasive use, said at least

four electrodes constituting a volume sensor.

In one embodiment there is provided at least one
reinforcing or rigidifying element on the inside of the

support member.

In another embodiment the at least one
reinforcing or rigidifying element extends beyond one or

both ends of the support member.

In yet another embodiment the at least one
reinforcing or rigidifying element comprises an optical

fibre or waveguide.
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In a further embodiment there is provided at
least one optical fibre or waveguide on the inside of the

support member.

In another embodiment the at least one electronic
component or microelectromechanical system is placed
adjacent a front end of the support member and in
operational contact with the at least one electrically
conductive line or pattern or said at least one optical

fibre or waveguide.

Generally, a method for manufacturing a device for
invasive use, may comprise the steps of;
- providing a support member comprising a flexible
material.
- providing a tool or jig comprising at least one hole
therein that is at least partly conical or funnel-shaped.
The tool or jig further comprises entrance means for
keeping an adhesive material in, or bringing an adhesive
material to, a liquid state. The tool or jig further
comprises exit means for solidifying the adhesive
material.

The method may further comprise the steps of:
- feeding the support member through the hole or through
hole so as to at least partly form the support member into
a tube shape.
- applying an adhesive material to the support member as
it is being fed throﬁgh the hole in the tool or jig,
whereby the adhesive material is continuously solidified
as the support member is being fed through the hole in the
tool.
- selecting an adhesive material with sufficient adhesive

strength to keep the support member in a tube shape.
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In one embodiment the method for manufacturing
further comprises the step of filling the support member
with adhesive material as the support member is being fed

through the hole in the tool or jig.

In another embodiment the method for
manufacturing further comprises the step of at least
partly joining the adjacent edges of the support member to
each other by means of the adhesive material. The adhesive
material is applied to at least one of the adjacent edges

of the support member.

In yet another embodiment the method for
manufacturing further comprises the step of heating the
entry area of the hole or through hole. The entry area is
heated with the entrance means so as to heat the adhesive
material. Further, the exit area of the hole is cooled
with the exit means so as to solidify the adhesive

material.

Alternatively, a method for manufacturing a
device for invasive use may comprise the steps of:
- providing a support member comprising a flexible
material.
- providing a tool or Jjig comprising at least one hole
therein that is at least partly conical or funnel-shaped.
- feeding the support member through the hole so as to at
least partly form the support member into a tube shape.
- welding the adjacent edges of the support member to each
other.

There is also provided a method of using the
device for invasive use. The device for invasive use may

be in any of the embodiments described above. The device
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for invasive use may for example be used diagnostically

or therapeutically.
In another embodiment of the method of using the

device for invasive use, salid device is used for

monitoring or influencing the function of a heart.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic drawing showing one example of the
device 100 for invasive use,

Fig. 2 is a detailed view of an electrode showing a via
hole 121 and a via conductor 123,

Figs. 3a, 3b are drawings showing one embodiment of the
device 100 for invasive use,

Fig. 4 is a cross section of one embodiment of the device
100 for invasive use,

Figs. b5a, 5b are figures showing the back end of one
embodiment of the device 100 for invasive use,

Figs. 6a, 6b are detailed views showing different methods
of mounting a pressure sensor 201,

Fig. 7 is a drawing showing the front end of the device
100 for invasive use in one embodiment,

Fig. 8 is a drawing showing the manufacturing principle of
the device 100 for invasive use,

Fig. 9 is a drawing showing one embodiment of a
manufacturing tool,

Fig. 10 is a detailed view of the manufacturing tool,
Fig. 11 is a view showing the support member,

Figs. 12, 13 show different aspects regarding
manufacturing,

Figs. 14-16 are different detailed views of the device 100

for invasive use,
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Figs. 17a, 17b are drawings showing a prototype device of
the device 100 for invasive use,

Fig. 18 is a detailed view showing the mounting of a
pressure sensor 303 on the prototype device 300,

Fig. 19 is an overview of a system 700 including the
device 100 for invasive use,

Figs. 20-22 show one example of the pressure sensor 201.
Figs. 23, 24 show examples of signals in the system 700.
Fig. 25 is a drawing showing the switches Switch 0 and

Switch 90.

DETAILED DESCRIPTION OF THE INVENTION

Before the invention is described in detail, it
is to be understood that this invention is not limited to
the particular component parts of the devices described or
process steps of the methods described as such devices and
methods may vary. It is also to be understood that the
terminology used herein is for purposes of describing
particular embodiments only, and is not intended to be
limiting. It must be noted that, as used in the
specification and the appended claims, the singular forms
"a," "an" and "the" also include plural referents unless
the context clearly dictates otherwise. Thus, for example,
reference to "a member" includes more than one such
member, and the like.

In this specification and in the claims which
follow, reference will be made to a number of terms which
shall be defined to have the following meanings:

The term “about” is used to indicate a deviation of +/- 2
% of the given value, preferably +/- 5 % and most
preferably +/- 10 % of the numeric values, when

applicable.

10
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With reference to the figures, the device 100 for
invasive use, the manufacturing thereof and its use will
now be described in an exemplary way.

With reference to Figs. 1-7, the device 100 for
invasive use described herein is generally a long (often
about 0,05-2,50m, advantageously about 0,1m - about 0,3m
or about 0,3m - about 1,8m), thin (diameter about 0,1-3mm,
advantageously about 0,3mm - about 2mm or about 0, 5mm -
about 1,5mm) and hollow probe that is inserted into organs
in the human body in order to support physicians through
measurement, stimulation and/or affecting the body in
other ways. The device 100 for invasive use may be
inserted into the body in various ways, e.g. through blood
vessels or directly through body tissue.

Different parameters may be measured, such as for
example pressure (blood or tissue pressure), partial
pressure of gases e.g. oxygen, temperature, flow velocity,
pH and the presence, concentration, composition or other
parameters regarding chemical substances. Chemical
sensors, for example FET-based chemical sensors, may be
used (Field Effect Transistor, FET). The diameter of an
artery or vein, or the volume of a cardiac chamber may be
measured, the presence of a stenosis may be discovered,
oxygen saturation may be measured. Regarding stimulation
or affecting, different organs such as for example the
heart may be stimulated or affected. Different ways of
stimulating or affecting may be used such as electrical
signals, heat, infusion of chemical substances and mapping
with ultra sound. Depending on the application the device
100 for invasive use may be longer or shorter. When the
device 100 for invasive use is inserted through for
example an artery or a vein it may be advantageous that
the device 100 for invasive use is approximately 50-250 cm

long. When the device 100 for invasive use is inserted

11
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through the aorta at the groin to reach the heart it may
be advantageous that the device 100 for invasive use is
about 120-240 cm long. When the device 100 for invasive
use is introduced at the throat/cervix to reach the heart
it may be advantageous that the device 100 for invasive
use is about 50-100 cm long.

When the device 100 for invasive use is inserted
into an organ directly through tissue it may be .
advantageous that the device 100 for invasive use is about
5-50 cm long, in some applications about 10-20 cm long..
When the device 100 for invasive use is introduced into-
the heart directly through the cardiac wall or through
myocardium it may be advantageous that the device 100 for
invasive use is about 30-60 cm long. The front end 107
(inside the body) may comprise at least one front end
electrode 111 that is in contact with the substance
surrounding the device 100 for invasive use. The at least
one front end electrode 111 may for example be used to
measure voltages generated by nerve signals or by
excitation electrodes. The front end 107 may as well
comprise at least one passive and/or active electronic
component or microelectromechanical system 200 on the
inside of the device 100 for invasive use. Such an
electronic component or microelectromechanical system 200
may e.dg. comprise a pressure sensor 201, for example of
the piezo electrical type, having contact with the
surrounding body fluid through an access hole 115 in the
device 100 for invasive use. The pressure sensor 201 may
comprise a piezo electrical crystal. Another example may
be a signal processing component, e.g. an amplifier used
to amplify weak signals measured by the front end
electrodes 111 or some other measuring element. For such a
component there is no need for an access hole 115 to the

surrounding body fluid. The at least one front end

12
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electrode 111 may also be used for stimulation with
electrical voltage or current as in pacing applications or
in the method described below, simultaneous measurement of
pressure and volume of the heart’s ventricles. Multiple
electronic components and/or microelectromechanical
systems 200 may be incorporated, it may for instance be
advantageous to use several pressure sensors for diagnosis
of stenosis in the coronary arteries to be able to measure

the pressure on both sides of the stricture.

General description of the construction and manufacturing

of the device 100 for invasive use described herein.

The basis for the device 100 for invasive use is
a flexible strip or foil, hereafter called support member
101. The support member 101 is advantageously long, thin
and narrow and advantageously comprises a suitable
insulating material, e.g. polyimide or a cycloaliphatic
polyolefine.

One non-limiting example of the latter is the
product Topas® COC (TOPAS Advanced Polymers GmbH,
Oberhausen, Germany or Ticona GmbH, Kelsterbach, Germany).
Advantageously the material for the support member 101 is
biologically-inert or bio-compatible. The device 100 for
invasive use may also be covered with a layer of
biocompatible hydrogel on the outside to reduce the
friction and for improved biocompatibility, e.g. to avoid
that blood coagulates on the outside of the device 100 for
invasive use. The measures of the support member 101 may
in one advantageous embodiment be 100 cm long, 1.5 mm wide
and 50 micrometer thick. But as described before, the
length, as well as the thickness and the width, may vary
depending on the application. The width may be in the
interval of 0,5-5 mm, more advantageously 1-3 mm, and the

thickness may be in the interval of 10-200 micrometer,

13
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more advantageously 30-70 micrometer, in one particular
embodiment 50 micrometer is used. Generally a greater
thickness results in a more rigid device 100 for invasive
use and a smaller thickness results in a less rigid one.
Now an embodiment will be described where electrically
conductive lines and patterns 111, 113, 117 are arranged
on both sides of the support member 101. At certain points
there are holes, called via holes, 121 in the support
member 101. The electrically conductive lines and patterns
111, 113, 117 on both sides of the support member 101 are
electrically connected through the via holes 121. In the
via holes 121 there are electrical conductors, via
conductors 123, connecting the electrically conductive
lines and patterns 111, 113, 117 on both sides of the
support member 101. Advantageously the via conductors 123
comprise electrically conductive material on the walls of
the via holes 121. The electrically conductive lines and
patterns 111, 113, 117 may comprise a suitable metal, e.g.
Copper or an electrically conductive polymer or another
electrically conductive material. The support member 101
with the electrically conductive lines and patterns 111,
113, 117 placed thereon or attached thereto may be called
a flexible printed wire board (flexible PWB) and the
electrically conductive lines and patterns 111, 113, 117
can for instance be attached to the support member 101
with standard flexible printed wire board manufacturing
equipment. When the support member 101 comprises layers of
electrically conductive lines and patterns 111, 113, 117
on both sides thereof (as in the embodiment described
here) it is hereafter called double sided support member.
On a first side 125 of the support member 101 (the side
that will become the “inside” of the device 100 for
invasive use) there are electrically conductive lines or

patterns 117 and on a second side 127 (the side that will
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become the "outside” of the device 100 for invasive use)
there are electrically conductive areas or patterns 111,
113 that will serve as electrodes inside the body (front
end electrodes 111) and as contacts to external electronic
and data processing equipment (back end electrodes 113).
The lines or patterns 117 on the first side 125 of the
support member 101 connect the front end electrodes 111
and/or the at least one electronic component and/or at
least one microelectromechanical system 200 with the back
end electrodes 113. On the first side 125 of the support
member 101 (“inside”) at least one electronic component
and/or at least one microelectromechanical system 200 may -
be mounted, it/they may for example be flip~chip mounted
or wire-bonded. Conducting adhesive, soldering or any
other suitable attachment method may be used. In some
cases packaged chips can be used, but normally the chips
are unpackaged (“naked”) to save space. When the at least
one electronic component and/or at least one
microelectromechanical system 200 have been mounted, the
support member 101 is at least partly rolled up into a
tube and simultaneously filled with adhesive or glue 601
that holds the support member 101 in a tube shape.
Formation of the support member 101 at least partly into a
tube is advantageously done by feeding the support member
101 through a hole 609 with a funnel-like opening 611
where the circumference of the hole 609 matches the width
of the support member 101. The width of the support member
101 substantially equals the circumference of the hole
609. The circumference of the hole 609 equals the diameter
of the hole 609 times =n When a single sided support member
101 is used it is advantageous that the width of the
support member 101 is the same as the circumference of the
hole 609. When a double sided support member 101 is used
it is advantageous that the width of the support member

15
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101 is slightly smaller than the circumference of the hole
609. This is necessary because elements on the second side
127 of the support member 101, such as the electrically
conductive areas or patterns 111, 113, needs some space in
the hole 609. After feeding the support member 101 through
the hole 609, the first 125 and second 127 side of the
support member 101 have respectively become inside and
outside of the at least partly tube shaped support member
101. An electronic component or microelectromechanical
system 200 that is used for measurement or stimulation may
be mounted over a hole or opening 115 in the support
member 101 so as to have contact to the surrounding body -
tissue and/or fluids whereas signal processing components
200 are totally concealed. Parameters that may be measured
include pressure, temperature, flow, pH, partial pressure
of oxygen, mapping with ultra sound etc. It is also
possible to combine different electronic components and/or
microelectromechanical systems 200 to achieve multi
functionality or to integrate several electronic
components or microelectromechanical systems 200 of one
kind to get extended fuhctionality. One such example could
be several pressure sensors 201 in order to improve
diagnosis of stenosis in the coronary arteries.

Fig. 5 shows how a optical conductor 129 may be
placed in the at least partly tube shaped device 100 for
invasive use. The optical conductor protrudes from the
back end of the device 100 for invasive use.

Fig. 6a shows in detail the mounting of a
pressure sensor 201 according to one suitable method. The
bond pads 201a-20lc on the pressure sensor 201 are
respectively attached to the bond pads 118a-118c on the
support member. The bond pads may be attached to each
other by for example soldering or conducting adhesive. The

pressure sensitive area 201d of the pressure sensor 201

16
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may comprise a pressure sensor membrane 20le. In addition
or alternatively there may also be provided a support
member membrane 131 mounted in the access hole 115 in the
support member 101. The pressure sensitive area 20l1d of
the pressure sensor 201 is placed in or over the access
hole 115 in the support member 101.

Fig. 6b shows in detail the mounting of a
pressure sensor 201 according to a method that may be
advantageous since it enables a strong or rigid fastening
or mounting of the pressure sensor 20l. In this embodiment
the bond pads 201a-201lc are placed on the upper side of
the ‘pressure sensor 201. Said bond pads 20la-20lc are
electrically connected to the electrically conductive
lines 207 on the underside of the pressure sensor 201 by
means of via holes 203a-203c which are provided with via
conductors 205a-205c. Advantageously the via conductors
205a-c comprise electrically conductive material on the
walls of the via holes 203a-c. That means that almost the
entire area (except the pressure sensitive area 201d and
the via holes 203a-c) of the underside of the pressure
sensor 201 can be used for mounting the pressure sensor
201 to the support member 101, e.g. by using an adhesive.
This enables a strong fastening of the pressure sensor
201. The bond pads 118a-118c on the support member 101 are
placed adjacent or next to the mounted pressure sensor
201. The bond pads 118a-118c on the support member 101 are
connected to respective bond pad 20la-201lc on the pressure
sensor 201 e.g. by means of wire bonding (wires 209%a-
209¢), e.g. by using gold wires. When the pressure sensor
201 is mounted and the bonding wires connected the
pressure sensor 201 including the bonding wires 209 may be
covered by e.g. silicone to protect the bonding wires and
further strengthen the mounting of the pressﬁre sensor

201.

17



WO 2007/139479 PCT/SE2007/000528

10

15

20

25

30

One advantage of using a support member 101
comprising electrically conductive lines or patterns 111,
113, 117 on both sides is that the back end electrodes 113
can be placed on the outside of the at least partly tube
shaped device 100 for invasive use. This is an advantage
when using the back end electrodes 113 to connect the
device 100 for invasive use to external electronic and
data processing equipment. Placing the back end electrodes
113 on the outside enables an uncomplicated construction
of the contact for connecting the device 100 for invasive

use to external electronic and data processing equipment.

It is also possible to manufacture a device 100
for invasive use with the same functionality as described
above but based on a multi layer concept where several
support members 101, with one or two layers of
electrically conductive lines and patterns 111, 113, 117
arranged thereon, are placed on top of each other.

It is as well possible to manufacture a device
100 for invasive use with the same functionality as
described above but based on a single sided support
member. That is, a support member with electrically
conductive lines or patterns 111, 113, 117 on only one
side. In this case the conductive area for the front end
and back end electrodes is put on the inside of the at
least partly tube shaped support member 101 and access to
the eléctrodes from the outside is arranged by removing
part of the support member 101, preferably by laser
ablation (fig. 14). This approach has the advantage of
avoiding fitting of electrically’conductive patterns or
lines 111, 113, 117 on both sides of the support member
101 which may be cumbersome over long distances.

The back end electrodes 113 may in this case also

be contacted with means of a contact that is inserted
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inside the at least partly tube formed support member 101.
Another possibility is to let the part of the support
member 101 where the back end electrodes 113 are placed to
remain flat, i.e. not to form this part into a tube (fig.
15). In this way the back end electrodes 113 may be
contacted by means of a flat contact.

Another feature that may be advantageous is to
provide the device 100 for invasive use with an effective
shielding by adding a mesh of thin metal lines on the
outside of the support member 101 (fig. 16). This may
often be advantageous since signal levels (of the signals-
in the electrical conductors in the device 100 for
invasive use) generally are low and the hospital
environment often quite noisy electromagnetically. Noisy
meaning that the level of electromagnetic radiation in
general is relatively high in a hospital environment.

When the device 100 for invasive use is
introduced into a canal, such as an artery or a vein, in
the body it may be advantageous to introduce a catheter
guide prior to the device 100 for invasive use which is
then introduced inside the catheter guide. When the device
100 for invasive use is in its end position the catheter
guide is withdrawn over the device 100 for invasive use.
When the catheter guide is withdrawn it is necéssary to
hold the device 100 for invasive use so that it is not
withdrawn together with the catheter guide. Consequently,
the device 100 for invasive use has to be long enough
(basically twice as long as needed from a clinical point
of view) so that it can be held in position during the
withdrawal of the catheter guide. However, the main part
of the device 100 for invasive use that is outside of the
body is only used for this purpose, to enable the device
100 for invasive use to be kept in position while the

catheter guide is being withdrawn. Traditionally, devices
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for invasive use, such as catheters, have been
manufactured as fuliy functional devices to their entire
length. This may be disadvantageous since the part of the
catheter being outside of the body often is relatively
long, around 100 cm is not unusual, and may get damaged or
be hindering when the patient is treated, examined or
otherwise handled.

Due to the construction of the device 100 for
invasive use described herein it is possible to
manufacture the part of the device 100 for invasive use
that is not needed from a clinical point of view as a
“non-functional” part 135 (from a clinical point of viéw),
a “dummy”, in a convenient way. According to such an
embodiment the support member 101 has the full length
needed, but the back end electrodes 113 are placed close

to the point where the device 100 for invasive use enters

the body (or the point where the device 100 for invasive

use protrudes from the body through the insertion hole).
In this way the part of the device 100 for invasive use
that extends behind thé back end electrodes 113 may
comprise merely the support member 101 and it may be cut
off or otherwise separated from the rest of the device 100
for invasive use after the catheter guide has been
withdrawn. The separation of the “non-functional” part 135
may be facilitated by means of for example a perforation
137. In this way the device 100 for invasive use only
extends a short distance outside the body and the risk
that the device 100 for invasive use should be hindering
or damaged is reduced substantially.

To use a catheter guide is a commonly used procedure.
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Prototype device

The device 100 for invasive use described herein
has been verified by the design and manufacture of a
prototype device 300 for the simultaneous measurement of
pressure and volume of the heart’s left ventricle. The
prototype device 300 is shown in figs. 17 and 18. The
prototype device 300 is described in detail below.

A prototype support member 301 made of a flexible
material was provided with electrically conductive lines
and patterns 311, 313, 317, in the form of conductor lines
317 on the first side 325 and electrodes 111, 113 on the
second side 327 of the prototype support member 301, using
standard technology. The dimensions of the prototype
support member 301 were: length 35 cm, width 2,1 mm and

thickness 50 pm. On the first side 325 of the prototype
support member 301 (“inside” of the finished prototype
300) 7 conductor lines 317a-317g were placed/manufactured
(fig. 17), 3 of them terminating near a hole 315 over
which a pressure sensor chip 303 later was to be mounted
(soldered). At the termination (near the hole 315) of each
of these 3 lines a soldering pad 318a-318c, in electrical
contact with respective line, was placed. The other 4
lines were terminated at via holes 321 connecting the
lines to front end electrodes 31la-311d on the second side
327 of the prototype support member 301 (“outside” of the
finished device). The via holes 321 connect the lines to
the outside electrodes 311, 313 by means of electrically
conductive material (via conductors) 323 on the walls of
the via holes 321. The front end electrodes 311a-311d were
placed with two electrodes on each side of the pressure
sensor chip 303. In this embodiment 4 front end electrodes
311 were used but depending on the measurement method or
application fewer or more electrodes may be used. The

arrangement of the electrodes is adapted to the

21



10

15

20

25

30

WO 2007/139479 PCT/SE2007/000528

measurement method or application in gquestion. For the

conductor lines 317 and the electrodes 111, 113 the metal

copper was used, approximately 20 pm thick. On the first
side 325 (“inside”) the conductor lines 317 were covered
with a layer of a suitable material (for example tin or
silver+gold) to enable soldering of the pressure sensor
chip 303. On the second side 327 (“outside”) the
electrodes 111, 113 were covered with a layer of a
material suitable (for example gold) to make the device
100 for invasive use suitable to be inserted into the
body:. That is, to make the device 100 for 'invasive use

biocompatible or biologically inert.
The conductor lines 317 were 100 um wide with

distances of 100 pm between the lines. The bond pads 303a-
303c on the pressure sensor 303 were respectively attached
to the bond pads 318a-318c on the prototype support member
301. The pressure sensitive area 303d of the pressure
sensor 303 may comprise a pressure sensor membrane 303e
(not shown) Solder paste was applied to the bondipg pads
318a-318c (fig. 18) by screen printing and the pressure
sensor chip 303 was put in place with standard surface
mounting electronic production equipment. Subsequently the
chip was soldered in a furnace using a suitable
temperature curve or profile with a peak temperature of
about 230° C.

Having soldered the sensor chip 303 the prototype
support member 301 was fed through a funnel-like opening
611 and a through-hole 609 in a tool or jig 600 (figs. 8-
10) where the diameter of the through-hole 609 was 0,7 mm.
The funnel-like opening 611 was heated in the upper part
to 140° C where also a suitable adhesive was provided, in
this case PolyCaproLacton (PCL) was used. This adhesive

melted and filled the interior of the support member while

22



10

15

20

25

30

WO 2007/139479 PCT/SE2007/000528

it was formed to a tube by feeding it through the tool or
jig 600. The lower portion of the through-hole 609 was
cooled by a Peltier-cooler to enable the adhesive to
crystallize. The pressure sensor chip 303 was of a kind
adapted to be contained in the small space inside the tube

shaped prototype support member 301.

In this way a thin, long rod was formed with a

diameter and flexibility suitable for the use as a device
.for invasive use for insertion through a vein in the neck

-to reach the right ventricle of the heart or through the

aorta to reach the left ventricle of the heart. When the
front end of the device is placed in either of the heart’s
ventricles it can be used to monitor pressure/volume
loops. The length of the prototype device 300 needs to be
increased to make it suitable for some clinical
applications but this can be accomplished with existing
techniques for the production of flexible printed wire
boards in a way easily derivable for the person skilled in

the art.

Further exemplary description of the device 100 for

invasive use

It may be advantageous to provide the device 100
for invasive use with a reinforcing or rigidifying element
103 on the inside of the at least partly tube shaped
support member 101. The reinforcing or rigidifying element
103 may be provided along the entire length of the device
100 for invasive use or merely along a portion of the
length of the device 100 for invasive use.

The reinforcing or rigidifying element 103 may
for example comprise a wire or string made of for example
metal or polymer, and/or the reinforcing or rigidifying

element 103 may comprise the solidified or crystallized
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adhesive or glue, for example the solidified or
crystallized PolyCaproLakton, PLC. The reinforcing or
rigidifying element 103 may also comprise a lumen. If the
reinforcing or rigidifying element 103 comprises a lumen
(or at least one lumen) it may be used for taking samples
from inside the body or for distributihg substances, like -
medicine, to the body.

By varying the rigidity of the reinforcing oxr
rigidifying element 103 the rigidity of the device 100 for
invasive use can be adapted to different applications, for
example the application where the device 100 for invasive
use is inserted to the desired location directly through
tissue. The device 100 for invasive use may for example be
inserted through myocardium and subsequently withdrawn
without causing trauma. To vary the rigidity of the
reinforcing or rigidifying element 103 may be an advantage
since a well adapted degree of rigidity may positively
influence the usability of the device 100 for invasive use
in a certain application.

To facilitate handling and insertion of the
device 100 for invasive use through for instance a
catheter guide, the reinforcing or rigidifying element 103
may be double as long as the support member 101 and extend
beyond the back end 109 of the device 100 for invasive use
(see fig. 3b). After insertion of the device 100 for
invasive use the part of the reinforcing or rigidifying
element 103 extending beyond the back end 109 may be cut
off. The reinforcing or rigidifying element 103 may also
extend (e.g. about 5-30mm, advantageously about 7-13 mm)
beyond the front end 107 of the support member 101 and so
replacing or complementing the soft tip 105 (see fig. 1).
If the reinforcing or rigidifying element 103 extends
beyond the front end 107 of the support member 101 it is

advantageous that the extending part of the reinforcing or
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rigidifying element 103 is bent, for example by using
heat, and biocompatible. The length, diameter, rigidity,
curvature and other characteristics of the part of the
reinforcing or rigidifying element 103 extending beyond
the front end 107 of the support member 101 are adapted to.
the application or use in question. The reinforcing or
rigidifying element 103 may in this way enable an
effective and precise guidance of the device 100 for
invasive use e.g. in a network of blood vessels.

If the device 100 .for invasive use is used for
monitoring parameters in the ventricle/s of the heart it
may be advantageous to provide the device 100 for invasive
use with a reinforcing or rigidifying element 103 since
the device 100 for invasive use is bent very frequently as
a result of the pumping motion of the heart. Without a
reinforcing or rigidifying element 103 the device 100 for
invasive use may be damaged by the frequent bending. This
of course also applies to other applications where the
device 100 for invasive use is subjected to frequent
bending.

It may also be advantageous to provide the device
100 for invasive use with a soft tip 105 integrated at the
front end of the device 100 for invasive use (fig. 7). The
tip 105 is advantageously formed when cutting the flexible
support member 101 that is used for the device 100 for
invasive use. In this way the tip 105 constitutes an
integrated part of the device 100 for invasive use. The
tip 105 is advantageous when the device 100 for invasive
use is inserted into the body, for example when the device
100 is inserted into a ventricle of the heart. Also when
the device 100 for invasive use has been inserted and is
in its end position the soft tip 105 ensures that the
surrounding tissue, muscle or artery or vein is not

damaged or penetrated. In one advantageous embodiment the
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support member 101 is around 50 micrometer thick and the
tip 105 is approximately O.7mm wide, ca 30mm long, and
includes a fine graded transition to the approximately 2mm
wide part of the support member 101. These measures make
the tip 105 soft and prevents that the heart is injured or
disturbed (for example arrhythmia) when the device 100 for
invasive use e.g. is inserted, withdrawn or in its end
position. .

It is an advantage that the tip 105 is an
integrated part of the device 100 for invasive use, for
example the tip 105 can not fall off. In some of the
devices for invasive use (often called catheters) known
from the background art separate tips of for example
platinum have been used and in some cases they have fallen
off while the device was inside the body. This is a
disadvantage since 1t can create a dangerous situation for
the patient and/or render the examinatién that is carried
out with the device difficult.

It may be advantageous to attach the device 100
for invasive use to another structure, e.g. a medical
device such as a feeding probe. When the device 100 for
invasive use is attached to a feeding probe nerve signals
from the diaphragm may be measured with the at least one
front end electrode 111 of the device 100 for invasive
use. The attachment may be accomplished by means of for

example an adhesive or some other attachment means.

Manufacturing of the device 100 for invasive use described

herein

The part of the manufacturing method for the
device 100 for invasive use described herein, that relates
to the formation of the support member 101 at least partly
into.a tube shape will now be described more in detail. In

fig. 8 the principle of the manufacturing method is shown.
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Generally, when manufacturing the device 100 for
invasive use, an elongated support member 101 is at least
partly brought into a tube shape and the inside of the
tube shaped support member 101 is at least partly sealed
from the outside. The support member 101 has at least one
electrical conductor on one or both sides of the support
member 101 and may advantageously be equipped with at
least one electropic component and/or at least one .
microelectromechanical system 200. It may be an advantage
to mount the at least one electronic component and/or at
least one microelectromechanical system 200 on the inside
of the at least partly tube shaped support member 101 but
at least one component or system may also be mounted on
the outside of the a least partly tube shaped support
member 101, especially if it is integrated in the support
member 101. Advantageously, the at least one electronic
component and/o: at least one microelectromechanical
system 200 is mounted on the support member 101 before the
support member 101 is, at least partly, formed into a tube
shape.

In one embodiment of the manufacturing method
described herein the device 100 for invasive use is
equipped with a reinforcing or rigidifying element 103 on
the inside of the at least partly tube shaped support
member 101.

In this embodiment the support member 101 is
provided with a tip 105 at at least one of the ends of the
support member. The tip 105 is narrower than the rest of
the support member and may have a length of approximately
10 to 50 mm, preferably 15 to 30 mm. When forming the
support member 101 at least partly into a tube shape, a
jig or tool 600 made out of a block of material like metal
or plastic is used. The metal used may for example be

steel, brass, copper or any other alloy. A suitable
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plastic may for example be polymethacrylate, known as
Plexiglass™.

The jig or tool 600 is provided with a small hole
609 having a funnel-like opening 611. The hole 609 and the
funnel-like opening 611 are adapted not to .damage the
support member 101 or the conductive patterns 111, 113 or
other elements provided on the second side 127 of the
support member 101. For example may a lining be ppovided
in the hole 609 and/or funnel-like opening 611.

The tip 105 of the support member 101 is.threaded
trough the funnel-like opening 611 and the small hole 609.
The opening 611 is filled with an adhesive or glue 601, it
may be advantageous to use PolyCaprolacton (PCL) which has
a good adhesion to polyimide. The adhesive or glue 601 may
be distributed by means of a dispenser. Generally, an
adhesive 601 is selected that has a good adhesion to the
material of the support member 101. The adhesion between
the adhesive 601 and the support member 101 needs to be
good to maintain the support member 101 in a tube shape.
The adhesive 601 is melted and fills the support member
101. When the support member 101 is pulled through the
lower part of the hole, it is cooled and the PCL
crystallizes (it becomes solid) and forms a reinforcing or
rigidifying element 103. The reinforcing or rigidifying
element 103 may comprise the solidified adhesive material,
a separate reinforcing or rigidifying element or a
combination of the solidified adhesive material and the
separate reinforcing or rigidifying element. The separate
reinforcing or rigidifying element, e.g. a wire or the
like, is placed on the inside of the support member 101.
The principle of how the support member 101 is formed is
shown in figs. 8 and 9. If there are via holes 121 in the
support member these will filled with adhesive material

as the support member 101 is being fed through the tool
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600. The adhesive material will fill the via holes 121
completely and will substantially be in line with the
outside surface of the support member 101. If the device
100 for invasive use is not covered with a biocompatible
5 material, like a biocompatible hydrogel, it is

advantageous that the adhesive material used is
biocompatible.

Now the manufacturing steps will be ‘described

more in detail. The jig or tool 600 comprises three

10 layers, an upper heating layer 603, a middle. insulation

layer 605 and a bottom cooling layer 607. A hole 609 with
a diameter of 0.7mm passes through the three layers in the

Jig or tool 600. The upper layer 603 is heated to a

temperature between +75 and +200°C and the lower layer 607

15 1is cooled to a temperature between -10 and +25°C. A higher

heating temperature requires a lower cooling temperature,

but it may be advantageous to use a temperature of

+140°Cin the upper layer 603 and +5°Cin the lower layer

607. The middle layer 605 is used as insulation layer.

20 The support member 101 is 2mm wide and at least

one of the ends of the support member 101 is provided with
a 0.7mm wide tip 105. One of the tips is, in an
advantageous embodiment, ca 30 mm long, and includes a

fine graded transition to the 2mm wide part of the support

25 member 101. That tip 105 is pulled down into the funnel-

like opening 611, which has a maximum diameter of 7.9 mm

and connects to‘the hole 609 having a diameter of 0.7 mm.

It may be advantageous to use a steel wire loop that is

threaded withAthe tip 105 of the support member 101 to

30 pull down the support member 101 through the hole 609.
Advantageously the width of the support member

101 substantially corresponds to the diameter of the hole

609 times w. In this way the support member 101 is formed
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into a tube without any overlap so that one of the longer
edges of the support member 101 abuts or faces the other
longer edge of the support member 101.

The funnel-like opening 611 is shaped as shown in
figs. 9 and 10. One side of the funnel-like opening 611 is
substantially vertically leading down to the hole 609 and
the inclination-angle of the funnel-like opening 611 gets
gradually smaller as one moves from the'substantially
vertical side towards the opposite side of the funnel-like
opening 611 where the inclination-angle is approximately
40-70 degrees, advantageously 60 degrees. The hole 609 may
be lined, e.g. with a lining tube 613 as shown in fig. 10.
The lining of the hole 609 is advantageous since it is a
convenient way to ensure that the hole 609 has a smooth
surface that will not damage the support member 101. The
tube 613 extends a certain distance (in fig. 10 2, 2mm)
passed the joint between the layers 603 and 605 to ensure
that no adhesive or glue 601 enters the joint between the
layers 603 and 605. In fig. 10 the lining tube 613 has an
outer diameter of 2mm, which of course is Jjust ‘an example
and may be varied depending on the circumstances. In fig.
10 the figuring 0, 7mm denotes the diameter of the support
member 101.

The front part of the support member 101 is
placed with the side that will later be the outside of the
device 100 for invasive use in contact with the
substantially vertical side of the funnel-like opening
611. The rest of the support member 101 is leaned

backwards from the funnel-like opening 611 with an angle

of about 40-60°. This is done by attaching a thread to the

‘free end of the support member 101 and letting it rest on

a stick fastened a few decimetres diagonally behind the

jig or tool 600.
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When the tip 105 is pulled, the support member
101 is folded to fit into the hole 609 and the tip 105 is
pulled until a length of approximately 5-10mm of the 2mm
wide folded support member 101 has exited the hole 609.

By letting the support member 101 lean backwards
it is forced to stay close to the approximately vertical
side of the funnel-like opening 611 to prevent adhesive or
glue 601 from flowing down into the hole 608 on the
outside of the support member 101. If adhesive 601 would
attach to the outside of the support member 101 that could
interfere with the access hole 115 and the membrane 131
that may be placed in the access hole 115. The leaning
also makes the support member 101 automatically fold with
the side, which later will be the inner wall of the
catheter, on its inside.

Four to five PCL-pellets are placed in the
opening of the funnel-like opening 611 and while the
pellets melt, the piece of support member 101 coming out
through the hole 609 in the jig or tool 600 is attached to
a clip (not shown). The clip is coupled to a pulling
mechanism by a thread, the pulling mechanism may for
example be driven by a motor such as a DC~motor.

When the PCL is melted, it becomes transparent
and soft. Then the pulling mechanism is activated or
started and pulls the support member 101 through the hole
609 at a speed of up to about 7cm/min or faster but
advantageously 1-5 cm/min and more advantageously about
2.8cm/min. The speed depends of the heating and cooling
temberatures. That is because the pulling speed has to be
slow enough to let the melted PCL flow into the support
member 101 and also to let the PCL crystallize while
passing the cooling part of the hole 6009.

To prevent the clip from turning around and

giving a spiral shaped joint to the support member 101,
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means are provided to prevent the clip from turning. For
example, the clip may be held in place with a stiff board,
which the clip leans towards as it moves downwards.

When the whole support member 101 has passed
through the hole 609, the support member 101 is caught by
hand and released from the clip. It may in some cases be
desirable not to form the last part of the support member
101 into a tube shape. In this case the supply of adhesive
601 is simply stopped when the end of the support member
101 is approaching and the last part of the support member
101 is drawn through the jig -or tool 600 without supply of
adhesive 601.

It may also be possible to pull the support
member 101 through the tool or jig 600 at an angle so that
the joint between the edges of the support member 101
forms a spiral so that the edges of the support member 101
overlap one another to provide a more rigid device 100 for
invasive use. It may also be possible to make the spiral

shape so that there is no overlap of the side edges of the

" support member 101. In this way, glue or adhesive 601 may

be applied to the inside surface close to the side edges
to form the support member 101 into a tube shape that is
more rigid than when the joint between the side edges is
straight.

An alternative to filling the at least partly
tube shaped support member 101 with glue or adhesive 601
may be to feed a meltable string of solid glue or adhesive
or another suitable polymer/additive with appropriate
diameter through the funnel-shaped opening 611 and hole
609 simultaneously with the support member 101. A layer
or primer may be applied to the inside of the support
member 101 to enhance the adhesion between the meltable
string and the inner surface of the support member 101

during the roll-up process. The layer may also protect
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the at least one electronic component and/or at least one
microelectromechanical system 200 from the glue or
adhesive 601 if necessary. Examples of such layers are
Polycaprolacton lacquer and Parylene. A non-limiting
example of Parylene is the product Parylene HT™ (Specialty.
Coating Systems, Indianapolis, USA). The meltable string
may melt (partly, only on the surface, or fully) and fill
the support member 101 in the upper end and be solidified
in the lower end as described above. Any other method of
at least partly forming .a tube of the support member 101
may also be used, even though the method described here
may be advantageous.

It is also possible to use an adhesive that can

be solidified by means of UV-radiation.

It is as well possible to use welding, for
example laser welding, to weld the adjacent edges of the
support member 101 to each other. In this case the jig or
tool 600 may be provided with welding equipment that welds
the edges of the support member 101 to each other as the
support member 101 is drawn through the jig or tool 600.
In fhis case the support member 101 may also be provided
with a separate reinforcing or rigidifying element 103 as
the support member 101 is drawn through the jig or tool
600. The reinforcing or rigidifying element 103 may
advantageously be provided on the inside of the at least
partly tube shaped support member 101.

The reinforcing or rigidifying element 103 may be
attached to the clip together with the tip 105. The
reinforcing or rigidifying element 103 may comprise at
least one optical fibre or waveguide 129 for providing a
communication possibility between the back end electrodes
113 and the at least one electronic component and/or at

least one microelectromechanical system 200 and/or at
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least one front end electrode 111 of the device 100 for
invasive use. The at least one optical fibre or waveguide
may be used in addition to, or instead of, the
electrically conductive lines or patterns 117.

When using welding to join the adjacent edges of
the support member 101 to each other, so as to at least
partly form the support member 101 into a tube shape, the
front end of the support member 101 may be sealed with an
adhesive, by means of the reinforcing or rigidifying
element 103, or by means of a plug of a suitable material.

It is possible to produce devices 100 for
invasive use in great numbers efficiently. The support
members 101 may be manufactured simultaneously in great
numbers. In one example, support members 101 are
manufactured from sheets or panels 133 of a suitable
material as shown in Fig. 11. Common widths of the panels
or sheets 133 are 30 or 45cm, which allows hundreds of
support members 101 (approximately 1-2 mm wide) to be
manufactured simultaneously. The support members 101 are
separated by perforations (done for example by milling or
laser ablation) to make it easy to separate them. This
allows simultaneous formation of several devices 100 for
invasive use as depicted in Fig. 12. Water may be used to
cool the bottom part or cooling layer 607 of the tool or
jig 600. It is also possible to make the production
continuous as indicated in Fig. 13. The support members
101 are preferably separated from one another by a
suitable perforation or other suitable technologies. The
perforation may be added before the perforated sheet or
panel 133 enter the tool or jig 600. Here two standard
methods are combined with the device 100 for invasive use
described herein in a continuous production process.
First, the support members 101 are subjected to standard

process steps used today by manufacturers of flexible
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printed wire boards, such as via drilling, pattern
formation by lithography and etching. Conductors may also
be formed by ink jet printing or in other ways. Next, the
at least one electronic component and/or at least one
microelectromechanical system 200 is attached by standard
pick-and-place equipment using conducing glue, soldering
or some other method. Finally, the sheet or panel 133 is
fed into a tool or jig 600 with several parallel holes 609
with funnels-shaped openings 611. The feeding mechanism is
omitted in the figure. This would constitute a fully
continuous process. Devices 100 for invasive use can be

cut off in batches after passage of the tool or jig 600.

Hence, the device 100 for invasive use described
herein is manufactured with proven methods used in
electronics production, apart from the formation of the
support member 101 into a tube shape, or at least partly
into a tube shape. However, as described above, this
latter step can be performed so as to give the finished
device 100 excellent mechanical properties and where the
device 100 has a construction of low complexity. This
gives the device 100 high réliability and it can be
manufactured cost effective and still have outstanding

electrical and mechanical properties.

One advantage with the device for invasive use
described herein is that the construction is relatively
simple. Thereby reliability can be improved. Basically the
support member (101) itself constitutes a device suitable
for invasive use. Since the construction is relatively
simple the device 100 for invasive use may also be
manufactured relatively inexpensive which facilitates the
use of the device 100 for invasive use as a single use

article.
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The manufacturing process brings advantages for
example in terms of automation. The manufacturing process
is also easy to implement in a bigger scale since several

devices can be manufactured in parallel.

It may also be advantageous to provide the
support member 101 with a sharp point for facilitating the
insertion of the device 100 for invasive use through
tissue to an organ. The sharp point may be in the form of

a needle..

It may also be advantageous that the device 100
for invasive use is adapted to extend from an organ at

least to a point of surgical incision.

It may furthermore be advantageous that the
device 100 for invasive use is adapted to extend from the

heart at least to the groin.

System

The device 100 for invasive use may be used as
part of a system for monitoring, examining or treating a
patient. As an example of such a system, a system 7OOVfor
monitoring the heart will be described (see in particular
figs. 3, 19-25). The system 700 enables the function of
the left ventricle of the heart to be monitored in real
time, during for example invasive heart examination, heart
operation or post operative treatment. The system 700
comprises the device 100 for invasive use, an accompanying
contact (not shown) and equipment for signal processing
and displaying. A device 100 for invasive use, which is
thin, supple and comprises a soft tip 105, is introduced
or inserted through an artery in the groin so that the

front end 107 of the device 100 for invasive use is placed
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in the left ventricle of the heart. A catheter guide is
advantageously used when the device 100 for invasive use
is introduced.

Advantageously the device 100 for invasive use
may be inserted into the femoral aorta and pushed through
the aorta and into the left ventricle of the heart. With
the device 100 for invasive use volume and pressure in the
left_ventricle of the heart can be measured and a
Pressure- Volume diagram can be displayed. A physician can
in this Pressure- Volume diagram read or derive parameters
for -the function of the heart and diagnose illness or
malfunction. The device 100 for invasive use is-in this
case implemented as a multi-functional device combining
means for conductance/impedance measurement (front end
electrodes 111) with a pressure sensor 201.

The volume measurement functions as an impedance
measurement. On the device 100 for invasive use, four
front end electrodes 11la-111d are placed, two of them
excitation electrodes 1llla, 111d and between these, two
measurement electrodes 111b, 11llc. The device 100 for
invasive use 1is placed so that the fore part is
substantially aligned with the longitudinal axis of the
left ventricle. The excitation electrodes 11la, 111d are
placed to be on a level with the apex of the heart (apex
cordis) and the base of the heart (basis cordis). The two
excitation electrodes 1lla, 111d are fed with a voltage
Uexcitation 80 that an alternating current Iexcitation With the
frequency 20 kHz and the intensity 100 micro-ampere flows
between the two excitation electrodes, this is in
accordance with the standard IEC-601. Advantageously
alternating current is used to avoid interference with
cardiac electro-physiology. An electromagnetical field
will be generated in the left ventricle, which creates a

voltage Upeasurea that may be measured with the two
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measurement electrodes 111lb, 1llc. The measured voltage
Uneasurea Will be proportional to the impedance Zpeas.elec.
between the two measurement electrodes 111b, 1llc
according to the equation:

Uneasured=Zmeas.elec. * Lexcitation (1) .

The impedance Zpeas.elec. Will in turn be dependent

on the volume in the ventricle. The volume can be

~calculated from the equation:

V=p*L2/G (2)
where p denotes the resistivity of the blood, L

- denotes the distance between the two-measurement

electrodes 111b and 111c, and G denotes the measured
conductance, which is the real part of the inverted value
of the impedance Zmpeas.elec.. The measured voltage Upeasured 1S
amplified, filtered, demodulated, used to compute the
volume V using equations (1) and (2), and the signal is
then subjected to an analog-to-digital (A/D) conversion so
that it conveniently can be presented graphically. The
demodulation follows the principle of phase sensitive
rectifier which means that the phase of the AC signal
Uneasured 1S compared to Uexcitaion and the signal Upeasureq 1S
converted into two DC-voltage levels where one correspond
to the real valued voltage over the impedance and the
other to the imaginary wvalued part. In this case the
impedance is the impedance present between the two
measurement electrodes. The demodulation works as follows.
The signal Upeasureda 1S divided into two signals where one is
phase shifted 180°. Both signals Ugeasured @aNd Ugeasurea (+180°)
are then switched in two switches, switch 0 and switch 90.
Each of the two switches are controlled by a control
pulse, where one control pulse (CP_0) has the same phase
as the signal Uexcitation and the other (CP_90) is phase
shifted +90° in relation to Uexcitation- Switch 0 is

controlled by CP_0 and switch 90 is controlled by CP_ 90.
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'Both switches have both the signals Uneasured @NA Upeasured

(+180°) as inputs. The switches will then let Ugeasureq P2Ss
when the control pulse is high (logic 1), and let Upeasured
(+180°) pass when the control pulse is low (logic 0). For
both of these output signals from the switches (Uneasured sw o
and Upeasurea sw 90) the mean value is computed (Upeasured sw_0_mean
and Uneasured_sw 90 mean) - These mean value levels will
correspond proportionally to the real and imaginary valued
voltages over the impedance in the left ventricle. The
mean value of the output signal.from switch 0
(Uneasured sw 0 mean) Will correspond-to the real valued
voltage, the mean value of the output signal from
switch 90 (Uneasured sw 90 mean) Will correspond to the
imaginary valued voltage. With Unecasured sw 0 mean @nd Iexcitation
the conductance G can be computed using eqg. (1) and
inverting the result and hence also the volume V according

to equation (2) can be computed.

In fig. 23a the input signals for switch 0 are
shown. Reference sign 23al denotes the control pulse CP 0
to switch 0, 23a2 denotes Upeasureds 2323 denotes Upeasured
(+180) . The measured signal Upeasurea Nas the same phase as
the contrdl pulse CP 0 which corresponds to a real valued
impedance. |

In fig. 23b the input signals for switch 90 are
shown. Reference sign 23bl denotes the control pulse CP_90
to switch 90, 23b2 denotes Ugeasurear 23b3 denotes Upeasurea
(+180) .

In fig. 24 the outputs from the switches switch 0
and switch 90 are shown (Upeasured sw 0 @Nd Uneasured sw 90)
together with their respective mean values (Uneasured sw 0 mean
and Uneasured_sw 90 mean) -

Both of these signals (Uneasured sw 0 mean and

Uneasured_sw_90 mean) are then subjected to an analog-to-digital
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(A/D) conversion. In fig. 25 the circuit diagram of the
switches is shown.

The system works well as an impedance meter and
measures the impedance with good accuracy approximately
+0.5 ohm. The measurement of the volume is however an
approximation and is dependent on that the system is
adjusted for a specific positioning of the device 100 for
invasive use. Optimally the fore part of the device 100
for invasive use will be placed along the vertical axis of
the left ventricle. The accuracy of the volume measurement
will be approximately *3 ml, but be better for lower
volumes (under 120 ml). The impedance of the blood is much
lower than that of the surrounding tissues which is vital
for the measurement to work. However, the surrounding
tissues will give a contribution to the measured impedance
which will have to be compensated for. By injecting a well
known volume of saline solution and measure the change in
impedance, the contribution to the impedance from the
surrounding tissues can be calculated. Another method is
to calibrate the system to the patient’s volume measured
by other measurements, for example the measurement of
stroke volume done with thermo dilution or ultrasound.

For the pressure measurement a pressure sSensor
201 is used. The pressure sensor 201 is mounted on the
device 100 for invasive use between the two measurement
electrodes 111b and 111lc that is used for the volume
measurement. The pressure sensor 201 is a MEMS-chip (Micro
Electro Mechanical Systems) that in this embodiment
comprises two resistors, Rp and Rt. When the pressure
exerted on the pressure sensor 201 changes, the resistance
for one of the resistors (Rp,) changes in proportion to the
change in pressure. The pressure sensor 201 contains a
half bridge that is connected to two other resistors R; and

R, to form a complete Wheatstone bridge. The resistors R;
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and R, may for example be incorporated in the unit for
Amplification or Filteriqg or they may be placed on the
device 100 for invasive use. Figs. 3 and 17 show the
embodiment where the resistors R; and R; are placed outside
the device 100 for invasive use. A voltage (E in fig. 20)
of the direct current type, a DC voltage, of approximately
1-2 Volts is connected to the Wheatstone bridge and the
output signal Upressure from the Wheatstone bridge will be
proportional to the pressure exerted on the pressure
sensor 201. The sensitivity of the pressure measurement
depends on the type of pressure sensor 201 used. For a
number of common pressure sensors the sensitivity may vary
from 28.6 uv/V/kPa to 102,1 uvV/V/kPa. Four pressure
sensors based on the same principle have been used for
evaluation. The sensitivity of the pressure sensors is
dependent on their geometry. The larger the sensor is, the
larger is its pressure sensitive membrane and therefore
its sensitivity.

The output signal Upressure from the pressure sensor
201 is amplified, filtered and subjected to an analog-to-
digital (A/D) conversion so that it conveniently can be
presented graphically (see fig. 19). Varying values of the
components in the pressure sensor 201, for example varying
resistance values of the resistors, will cause imbalance
in the Wheatstone bridge. This imbalance can not be
neglected but has to be compensated for, such an imbalance
may influence the measured/computed pressufe value with as
much as +/- 20 kPa

Since the pressure sensor 201 is not ideal,
calibration data for each device 100 for invasive use are
saved in a memory placed in a contact (not shown) that is
used to connect the device 100 for invasive use to the
equipment for signal processing and displaying. Each

device 100 for invasive use 1s provided with a dedicated
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contact containing calibration data for that particular
device 100 for invasive use. The calibration data will
include the sensitivity of the pressure sensor 201 and its
contribution to the imbalance in the Wheatstone bridge. It
is advantageous to calibrate the system to the atmospheric
pressure prevailing when the device 100 for invasive use
is used. When calibrated the accuracy for the pressure
measurement will.be good, approximately +/- 133 Pa. An
accuracy in this range is advantageous for the application
of monitoring heart function.

In figs. 20-22 R, is the pressure sensitive
resistor. Rt 1s a reference resistor with the same
temperature dependence as Ry and hence has the function of
compensating for temperature. The pressure sensor 201 is
connected to the resistors R; and R; and to ground by means
of three connectors, for example bond pads, 201la-20l1c. The
numbers 1, 2 and 3 denotes the connection points for the
connectors 201a-201c (figs. 6, 20-22). The frame around.
the resistor Ry, in fig. 22 symbolises the pressure
sensitive area 201d kwhibh may include a pressure sensor

membrane 20le) on the pressure sensor 201.

Also the use of the device 100 for invasive use
according to the invention brings advantages since several
examinations relating to invasive use can be done more
easily and/or to a lower cost, and also examinations that
have not been able to perform previously can now be
performed with the device 100 for invasive use described

herein.

Although particular embodiments have been
disclosed herein in detail, this has been done by way of
example for purposes of illustration only, and is not

intended to be limiting with respect to the scope of the

42



WO 2007/139479 PCT/SE2007/000528

10

15

20

25

30

appended claims that follow. In particular, it is
contemplated by the inventor that wvarious substitutions,
alterations, and modifications may be made to the
invention without departing from the spirit and scope of

the invention as defined by the claims.
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Reference signs

Device for invasive use - 100

support member (e.g. foil) - 101

Reinforcing or rigidifying element (wire, solidified glue,
optical fibre or the like) - 103

Tip (elongated, thin) of support member - 105

Front end of support member - 107

Back end of support member - 109

Front end electrodes - 111

Back end electrodes - 113

Access-hole in support member, for pressure sensor - 115
Conductive lines or patterns on the first side, inside of
the support member — 117

Soldering or bond pad on support member - 118

Via holes - 121

Via conductors — 123

First side of the support member 101 — 125

Second side of the support member 101 ~ 127

Optical fibre or waveguide - 129

Support member membrane — 131

Sheet or panel of material suitable for the support member
- 133

“Non-functional” or “dummy” part - 135

Perforation for the “non-functional” part - 137

electronic component or microelectromechanical system -
200

Pressure sensor - 201

Bond pads on pressure sensor — 20la-201c

Pressure sensitive area on pressure sensor — 201d
Pressure sensor membrane — 20le

Via holes on pressure sensor — 203a-203c

Via conductors in via holes on pressure sensor - 205a-205c
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Electrical conductors on underside of pressure sensor -—
207 |

Bonding wires connecting bond pads 118a-118c on support
member with bond pads 201a-20lc on pressure sensor — 209a-

20%8¢

Prototype - 300

Prototype support member - 301

Pressure sensor on prototype — 303

Front end of prototype support member - 307

Back end of prototype support member - -309

Hole in prototype support member, for pressure sensor -
315

Conductive lines or patterns prototype support member -
317

Bond pads on prototype support member, for pressure sensor
- 318a-318c¢

Via conductors on prototype support member - 323

First side of the prototype support member 301 - 325
Second side of the prototype support member 301 - 327

Tool or jig — 600

Adhesive or glue - 601

Heating layer of tool or jig — 603
Insulation layer of tool or jig — 605
Cooling layer of tool or jig — 607

Through hole through hole or jig — 609
Funnel-shaped opening in tool or jig - 611

Lining tube for tool 600 - 613

System - 700
Signals in the system - 26al-26a3, 26bl-26b3
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CLAIMS
1.

3.

A device (100) for invasive use, comprising a

support member (101) comprising a flexible

‘material, wherein:

a. the support member (101) comprises at least one
layer of at least one electrically conductive

line or pattern (117) thgreon;

b. the support member (101). at least partly is
formed into an elongated tube shape, and the
inside of the support member (101) at least
partly is sealed from the outside of the support
member (101);

c. at least one electrically conductive line or
pattern (117) extends on the inside of the at
least partly tube shaped support member (101);

d. the support member (101) comprises at least one
sensing, stimulating and/or processing element

(111, 113, 200, 201).

. A device (100) for invasive use according to claim

1, wherein the support member (101) is at least
partly filled with a flexible resilient material,

such as an adhesive or a polymer (601).

A device (100) for invasive use according to claim
1, wherein the support member (101) is completely
filled with a flexible resilient material, such as

an adhesive or a polymer (601).
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10.

. A device (100) for invasive use according to claim

‘1, wherein the inside of the support member (101)

is completely sealed from the outside of the

support member (101).

. A device (100) for invasive use according to claim

1, wherein the device (100) for invasive use is
adapted to be provisionally located in a body by
surgical invasion for monitoring or influencing the

function of an organ..

. A device (100) for invasive use according to claim

5, wherein the device (100) for invasive use is
adapted to be provisionally located in a body by
surgical invasion for monitoring or influencing the

function of a heart.

. A device (100) for invasive use according to claim

1, wherein the adjacent edges of the support member

(101) are at least partly joined by welding.

. A device (100) for invasive use according to claim

1, wherein the adjacent edges of the support member

(101) are at least partly joined by an adhesive.

. A device (100) for invasive use according to claim

1, wherein the at least one sensing, stimulating
and/or processing element comprises at least one
electronic component or microelectromechanical
system (200), provided on the inside of the at
least partly tube shaped support member (101).

A device (100) for invasive use according to

claim 1, wherein the support member (101) has at
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least one opening (115) therein and at least one of
the at least one sensing, stimulating and/or
processing element (200, 201) is aligned with said

at least one opening (115).

11. A device (100) for invasive use according to
claim 9, wherein the at least one electronic
component or microelectromechanical system (200,
201) is chosen among a pressure sensor, a voltage
sensor, a pH sensor, a temperature sensor, a gas
sensor, a component for detecting or quantifying a

reagent, and a drug delivery device.

12. A device (100) for invasive use according to
claim 1, wherein at least one electrode (111, 113)
is placed on the outside of the at least partly
tube shaped support member (101).

13. A device (100) for invasive use according to
claim 1, wherein at least one electrode (111, 113)
is placed on the inside of the at least partly tube
shaped support member (101).

14. A device (100) for invasive use according to
claim 12 or 13 wherein at least four electrodes
(111, 113) are provided, said at least four

electrodes constituting a volume sensor.

15. A device (100) for invasive use according to
claim 1 wherein there is provided at least one
reinforcing or rigidifying element (103) on the

inside of the support member (101).
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16. A device (100) for invasive use according to
claim 15 wherein the at least one reinforcing or
rigidifying element (103) extends beyond one or

both ends of the support member (101).

17. A device (100) for invasive use according to
claim 15 or 16 wherein the at least one reinforcing
or rigidifying element (103) comprises an optical

fibre or waveguide (129).

18. A device -(100) for invasive use according to any
one of the claims 9 or 11 wherein there is provided
at least one optical fibre or waveguide (129) on

the inside of the support member 101.

19. A device (100) for invasive use according to any
one of the claims 9, 11 or 18 wherein the at least
one electronic component or microelectromechanical
system (200, 201) is placed adjacent a front end
(107) of the support member (101) and in
operational contact with the at least one
electrically conductive line or pattern (117) or

said at least one optical fibre or waveguide (129).

20. A method for manufacturing a device (100) for
invasive use, comprising the steps of: providing a
support member (101) comprising a flexible
material; providing a tool or jig (600) comprising
at least one, at least partly conical or funnel-
shaped, hole (609, 611) therein, the tool or jig
(600) further comprising:

entrance means (603) for keeping an adhesive

material (601) in, or bringing an adhesive material
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21.

22.

23.

(601) to, a liguid state;

exit means (607) for solidifying the
adhesive material (601);

the method further comprising:

feeding the support member (101) through

the hole (609, 611) so as to at least partly form
the support member (101) into a tube shape;

applying an adhesive material (601) to the
support member (101) as it is being fed through the
hole (609, 611) in the tool or jig (600), whereby
the adhesive material (601) is continuously -
solidified as the support member (101) is being fed
through the hole (609, 611) in the tool;

selecting an adhesive material (601) with
sufficient adhesive strength to keep the support

member (101) in a tube shape.

A method according to claim 20, further
comprising; filling the support member (101) with
adhesive material (601) as the support member (101)°
is being fed through the hole (609, 611) in the
tool or jig (600).

A method according to claim 20, further
comprising; at least partly joining the adjacent
edges of the support member (101) to each other by
means of the adhesive material (601) by applying
said adhesive material (601) to at least one of the

adjacent edges of the support member (101).

A method according to any of the claims 20-22
, further comprising; heating the entry area of the
hole (609, 611) with the entrance means (603) so as

to heat the adhesive material (601); and cooling
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the exit area of the hole (609, 611) with the exit
means (607) so as to solidify the adhesive material

(601) .

24. A method for manufacturing a device (100) for
invasive use, the method comprising: providing a
support member comprising a flexible material
(101) ; providing a tool or jig (600) comprising at
least one, at least partly conical or funnel-
shaped, hole (609, 611) therein; feeding the
support member (101) through the hole (609, 611) so
as to at least partly form the support member (101)
into a tube shape; welding the adjacent edges of

the support member (101) to each other.

25. Method of using a device (100) for invasive use

according to any one of the claims 1-19.
26. A method according to claim 25 wherein the

device (100) is used for monitoring or influencing

the function of a heart.
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