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(57) ABSTRACT

A catheter for measuring a flow of blood through a body
tissue comprises a light emitter for emitting light into the
body tissue and at least one light receiver for receiving light
reflected in the body tissue and back to the catheter. The light
emitter and the at least one light receiver are arranged in the
catheter, wherein the catheter comprises a middle piece and a
first and a second connection tube. The middle piece has a
distal fastening piece for fastening to the first connection tube
and a proximal fastening piece for fastening to the second
connection tube, wherein the light emitter and the at least one
light receiver are arranged in the middle piece.
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CATHETER FOR MEASURING THE BLOOD
FLOW OF A BODY TISSUE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation-in-part of
U.S. patent application Ser. No. 13/057,579, filed Feb. 8,
2011, which is a U.S. National Phase Application pursuant to
35 US.C. §371 of International Application No. PCT/
CH2009/000241 filed Jul. 7, 2009, which claims priority to
Swiss Patent Application No. 1229/08 filed on Aug. 6, 2008.
The entire disclosure content of these applications are here-
with incorporated by reference into the present application.

FIELD OF THE INVENTION

[0002] Thepresent invention relates to a catheter, a catheter
system and a tube for measuring the flow of blood through a
body tissue, particularly through a cerebral tissue. The inven-
tion furthermore relates to a catheter for cerebral diagnostics
and/or therapy.

BACKGROUND

[0003] Various devices for measuring the flow of blood
through a body tissue are known from the prior art. To mea-
sure the flow of blood through the cerebral tissue of the brain,
catheter-type measurement devices are used which carry
measurement sensors at their catheter tip. Such catheter
probes are inserted into the cerebral tissue though an opening
made in the cranium, in order to carry out a measurement of
the flow of blood through said tissue. A number of measure-
ment methods are known for this purpose, for example ther-
mal diffusion, ultrasound methods, and near-infrared spec-
troscopy in association with an indicator.

[0004] Forexample, BP 1464 276 Al discloses a measure-
ment device for determining the flow of blood, in which
device two octodes are placed on the surface of the head at a
distance from each other. One of the octodes is connected to
aradiation source which emits radiation with a near-infrared
wavelength. Some of the radiation reflected on the cerebral
tissue strikes the second octode, such that the intensity can be
determined by an evaluation unit. Indocyanine green is used
as the indicator, and a beam of light at a wavelength of
between 780 and 910 nm is used. In this method of perform-
ing a near-infrared spectroscopy measurement, account must
be taken of a large number of external influences that have a
disadvantageous impact on the measurement of the flow of
blood. The beam of light cannot be conveyed directly to the
tissue that is to be measured, and instead it first has to pass
through the skin, the skull cap, the dura mater, etc., in order to
reach the tissue that is to be examined. As a result, the mea-
surement signal is weakened and distorted by absorption and
scattering, for example. It is therefore only possible to mea-
sure areas of tissue near to the surface of the head. Areasin the
interior of the brain, for example near the floor of the ven-
tricle, can be examined only with inadequate precision by this
method.

[0005] EP 1504 715 discloses a catheter with a light-emit-
ting optical conductor and a light-receiving optical conduc-
tor, the ends of which optical conductors are arranged at a
predetermined distance from each other.

[0006] Another device for measuring the flow of blood
within the cranium is known from U.S. Pat. No. 5,579,774,
for example. A catheter probe, inserted into the interior of the
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brain, comprises a measurement sensor for carrying out laser
Doppler flowmetry. The beam of light of a helium-neon laser
at 632.8 nm is guided in the axial direction via a light con-
ductor to the measurement area, which lies distally in a con-
tinuation of the probe. Some of the incident light is absorbed
and reflected by the surrounding tissue and some by the
circulating blood. The reflected light is guided through at
least one optical fibre to a processing unit. The light reflected
from the moving red blood cells undergoes a Doppler shift,
from which it is possible to determine the flow rate. The head
ofthe catheter probe has a rounded tip whose diameter widens
conically in the distal direction. The blunt tip is pushed
through the opening in the cranium and through the subjacent
tissue as far as the measurement area lying within the brain.
The whole surface of the blunt tip presses against the cerebral
tissue and exerts a pressure that can leave behind permanent
damage in the brain.

SUMMARY

[0007] According to one aspect of the invention a device is
made available which measures the flow of blood through a
body tissue, in particular through deep-lying cerebral tissue,
and which is easy and inexpensive to produce and does not
distort the measurement.

[0008] According to another aspect of the invention a
device is made available which measures the flow of blood
through a body tissue, in particular through deep-lying cere-
bral tissue, and which has the narrowest possible configura-
tion and permits insertion of the device with minimal trauma,
i.e. with minimal injury, into cerebral tissue.

[0009] According to another aspect of the invention a
device is made available which measures the flow of blood
through a body tissue, in particular through deep-lying cere-
bral tissue, and which permits insertion of the measurement
device with minimal trauma into cerebral tissue.

[0010] According to another aspect of the invention a
device is made available which measures the flow of blood
through a body tissue, in particular through deep-lying cere-
bral tissue, and which permits reliable measurement of the
flow of blood.

[0011] According to another aspect of the invention a
device 1s made available which measures the flow of blood
through a body tissue, in particular through deep-lying cere-
bral tissue, and which is transportable along with a patient.
[0012] Inapreferred embodiment of the catheter according
to the invention, a single optical fibre is present as optical
conductor for the light to be emitted and for the reflected light,
and a photodetector and a drainage channel for drainage are
present.

[0013] In another preferred embodiment of the catheter
according to the invention, a single optical fibre is present as
optical conductor for the light to be emitted, as are a photo-
detector in the catheter for the reflected light, and a drainage
channel for drainage.

[0014] In another preferred embodiment of the catheter
according to the invention, the above-described head part is
present, as are a pressure sensor and a drainage channel for
drainage.

[0015] Said drainage channel can additionally or alterna-
tively be used as a guide channel. In a catheter made of a
largely flexible material, a stiff wire can be pulled through the
guide channel, making it easier to insert the catheter into the
body tissue.
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[0016] A preferred embodiment of the invention is a device
for measuring the flow of blood through a body tissue com-
prises a catheter with a catheter head for insertion into the
interior of a body tissue, an optical conductor inside the
catheter, a light source for emitting a beam of light into the
body tissue by means of the optical conductor, and a process-
ing unit for determining the rate of blood flow by means of a
beam of light reflected from the body tissue. According to the
invention, the catheter has a middle piece with a recess, a
cutting, an aperture or an indentation which is oriented
inwards into the middle piece and is provided laterally with
respect to the longitudinal axis of the catheter. The recess or
the like can have a round, oval or parabola-shaped inner
surface or, in the case of an indentation for example, can be
made up of a plurality of walls. According to the invention,
the recess or the like has a surface area from which the optical
conductor opens out and from which the beam of light thus
emerges, and a further surface area which lies opposite the
surface area from which the optical conductor opens out and
which is oriented at least partially obliquely with respect to
the axis of the optical conductor and preferably also obliquely
with respect to the longitudinal axis of the catheter. For sim-
plicity, the two surface areas are referred to herein below as
the light exit surface or light exit surface area and as the
reflection surface or reflection surface area. The optical con-
ductor emerges from the light exit surface in such a way that
the beam of light emitted from the light source is directed to
the reflection surface and is deflected by the latter into the
surrounding body tissue. The beam of light is absorbed and
reflected in the body tissue in a manner characteristic of the
flow of blood, as a result of which a reflection light beam is
formed which is reflected on the reflection surface and
coupled into the optical conductor. The reflection light beam
is preferably focussed on the reflection surface. The reflection
light beam is transmitted through the optical conductor to the
processing unit, where the rate of blood flow can be deter-
mined from this delivered signal by comparison with the
input signal according to the emitted beam of light.

[0017] The catheter thus forms a probe or catheter probe for
measuring the flow of blood through the body tissue. The
catheter has a specially designed catheter head, as is
explained further below, as a result of which it is especially
suitable for measurements on cerebral tissue, particularly on
deep-lying cerebral tissue. The optical conductor can be
formed, for example, by a fibre-optic cable or another light
conductor, which is routed through the catheter to the middle
piece and to the light exit surface of the latter. The reflection
surface can itself have a surface roughness that is of sufficient
quality, preferably of mirror-like quality, to allow it to reflect
the beam of light from the light conductor. Preferably, a
reflector, for example a mirror, is arranged on the oblique
surface so as to reflect the beam of light into the surrounding
body tissue. It is also advantageous if the reflection surface
area has a curved shape in order, on the one hand, to reflect the
incident beam of light into the tissue in a focussed manner
and, on the other hand, to ensure that the light reflected on the
tissue is fed into the optical conductor. In the configuration of
the recess with its associated surface areas, the distance
between the exit point of the emitted beam of light from the
optical conductor and the opposite reflection surface is known
and is provided such that the optical conductor focuses the
emitted beam on the focal point of the reflection surface if the
latter has a curved shape. The emitted beam of light is pref-
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erably reflected at an angle of 45° into the surrounding tissue.
However, other angles of reflection are also conceivable, e.g.
in a range of 30°-60°.

[0018] The recess is preferably filled or sealed or plugged
with a material transparent to light. The outer surface of the
filler material is preferably flush with the circumferential
surface of the surrounding area, such that a smooth transition
is obtained. Epoxy resin, for example, can be used as filler
material. By filling the recess, it is possible to avoid air
inclusions in the beam path.

[0019] It is preferable to use a light source with coherent
light, e.g. a laser or a laser diode, which can emit light in the
near infrared range between 780 and 910 nm. Light in this
wavelength range is able to penetrate biological tissue. It is
preferable to specifically use wavelengths that are suitable for
a chosen measurement technique. Light with wavelengths of
785 nm, 850 nm and 905 nm is preferably used, which in
particular is absorbed and reflected by oxygenated and
deoxygenated haemoglobin and the marker substance
indocyanine green. It is also advantageous to use a pulsed
light beam or pulsed light beams of variable frequency. The
parts of the incident beam of light reflected on the tissue are
transformed in the processing unit by means of an analog-
digital converter into a meaningful signal relating to the time
profile of the presence of oxygenated and deoxygenated
blood and of the marker substance.

[0020] Itis also possible, however, to use a light source that
emits light over a broad wavelength spectrum, for example a
source of white light. The relevant wavelength ranges for
measurement of the flow of blood can then be detected by a
spectrometer. However, sources of coherent light have the
advantage of requiring less energy.

[0021] The catheter probe is also suitable for tissue areas
lying far within the brain. For this purpose, the distance
between the catheter head and the middle piece is advanta-
geously variable. A connection element, e.g. in the form of a
tube, of greater or lesser length can be used depending on the
desired measurement range or the desired depth of penetra-
tion into the brain. The catheter head can be inserted into the
brain as far as the ventricle floor, for example, which then
serves inter alia as reference point for locating the middle
piece. The measurement of the flow of blood can thus be
performed directly in situ in the areas of body tissue that are
of interest.

[0022] The device for measuring the flow of blood through
abody tissue according to the invention also preferably com-
prises a holder which is placed on the surface of the head, over
an insertion opening in the cranium, and which holds the
catheter probe in a predetermined position. The holder has,
for example, a contact surface for placing onto the surface of
the head and, protruding from this contact surface, a guide
tube for the catheter. The holder can avoid penetration of
infectious substances into the brain during a measurement. It
acts as a barrier against pathogens and contaminants. The
guide tube is preferably arranged perpendicularly on the con-
tact surface, such that it guides the catheter head perpendicu-
larly through the cranium and then holds it perpendicularly in
position. In this position, the catheter probe can be turned
about its axis without being deflected from its position and
damaging surrounding tissue. By turning the probe, the
attainable measurement field is greatly enlarged. A measure-
ment can be performed in a 360° sector around the middle
piece of the catheter probe.
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[0023] The catheter probe can also have at least one X-ray
marker, which can indicate the position and orientation of the
probe in the tissue when an X-ray measurement is being
carried out.

[0024] Ifthe catheter head and the middle piece are made of
metal, their position can be monitored by X-ray methods. In
principle, however, other biocompatible materials are also
conceivable, in which case the monitoring by X-ray methods
can be achieved by opal additives, by electronic components
already used in the catheter, or by markers. Moreover, the
catheter can be provided with a scale for the depth of penetra-
tion into the body tissue and also with an angle scale for
indicating the angle position of the middle piece. These fea-
tures permit a precise locating of the measurement area in the
brain.

[0025] Atthe same time, the catheter probe can be equipped
with additional measurement sensors. For example, a tem-
perature measurement sensor, e.g. a thermistor or a thermo-
coupler, can be provided in the middle piece. The temperature
sensor can be arranged in an outer area of the middle piece,
e.g.inachannel. Since metal has an excellent heat conduction
coefficient, it is possible, at the same time as measuring the
flow of blood through the tissue surrounding the middle
piece, to also detect the temperature of the tissue. Contact
with the tissue is not necessary in this case. However, if the
middle piece is made of plastic, contact between measure-
ment sensor and tissue must be ensured. The leads needed for
the measurement can be routed through the catheter to the
processing unit, in which the temperature signal is received
and converted. However, it is also possible to arrange a tem-
perature measurement sensor in a tube area between the tip of
the probe and the middle piece.

[0026] Moreover, the catheter head and the middle piece of
the catheter can be provided with a passage or a drainage
channel that permits drainage of the surrounding tissue
through the catheter. For this purpose, the catheter head, for
example, has at least one opening which leads to the sur-
rounding tissue and which is connected to the drainage chan-
nel, such that fluid can be aspirated from the tissue through
the channel. Arranged near the drainage opening, there is
preferably at least one pressure sensor which is designed, on
the one hand, to determine the pressure in the surrounding
tissue and, on the other hand, to determine the pressure in the
drainage channel. In the event of an occlusion and a subse-
quent change of pressure in the drainage channel, a signal can
be output to the processing unit, such that an alarm can be
triggered. In principle, it is also possible to deliver liquid to
the tissue by way of the drainage opening, i.e. to inject liquid.

[0027] According to a further aspect of the present inven-
tion, a catheter head for insertion into a body tissue is pro-
vided which is divided into an insertion area and an adjoining
connection area. The insertion area comprises several aper-
tures in its surface. Moreover, the insertion area has a diam-
eter that increases in the direction of the connection area. The
apertures are provided in the insertion area in such a way that
webs extending in the direction of the connection area are
formed between the apertures along the surface of the catheter
head. The webs begin in an area of the insertion area with a
small diameter and end in an area with a greater diameter.

[0028] This inventive design of the catheter head permits
gentle and largely atraumatic insertion of the catheter head
into and through the body tissue, particularly a cerebral tis-
sue. During insertion of the catheter head, the tissue is ini-
tially spread apart only by the frontmost area and by the
surface of the webs. The tissue is not yet stressed in the area
of the apertures between the webs. After this initial spreading,
the catheter head is inserted farther and the tissue areas at the

Sep. 17, 2015

apertures are also widened by the circumferential surface of
the connection area. In this procedure, only minimal direct
pressure is applied to the tissue.

[0029] The connection area of the catheter head is prefer-
ably circular or oval and has a uniform diameter. The diameter
is preferably at most 3 mm. The insertion area is closed at the
frontmost area of the tip and, for example, is parabola-shaped,
round, or in the form of a truncated cone. The apertures can
extend in an elongate shape from the insertion area to the
connection area. Because of the increasing diameter of the
insertion area, the webs between the apertures are curved in
the longitudinal direction of the catheter. In a plan view of the
tip, this results in a cross-shaped or star-shaped arrangement
of the webs, depending on the number of apertures.

[0030] In one embodiment of the invention, the apertures
have openings or are preferably formed completely by open-
ings. The edges or boundaries of the apertures or openings are
rounded or bevelled so as to provide a smooth transition of the
adjoining surfaces. Inside it, the catheter head can have a
channel which, together with a channel of the catheter, can
form a drainage line in the proximal direction. The channel is
connected to the openings that form the apertures. It is thus
possible to use the openings as drainage openings for removal
or delivery of fluid from or to the surrounding tissue. In order
to form the drainage channel, a fastening piece suitable for
fastening to a connecting pipe, preferably to a flexible tube
part, of the catheter can adjoin the connection area in the
longitudinal direction. The diameter of the connecting pipe or
of the tube part on the fastening piece corresponds substan-
tially to the diameter of the connection area, so as to give a
smooth transition between these structural parts.

[0031] In apreferred embodiment, the recess consists of at
least two windows. In apreferred embodiment these windows
are located in an upper part of the middle piece, such as the lid.
[0032] The light emitter and light receiver can also be
arranged in a stiff element, such as the tip element. The stiff
element can also be the combination of the middle piece and
the tip element being combined with each other without hav-
ing a flexible tube element in between. The structure and
layout of the catheter device as described herein however
remains the same. This embodiment is therefore claimed as a
separate invention as well.

[0033] Inanother embodiment, only one of the light emitter
and the light receiver is arranged in the middle piece and the
other one, preferably the light receiver, is arranged in the tip
element. The first flexible tube part is preferably present
between the tip element and middle piece. This enables to
variably change the distance between the light emitter and the
light receiver. The light receiver is preferably a photodetector.
The structure and layout of the catheter device as described
herein however remains the same. This embodiment is there-
fore claimed as a separate invention as well.

[0034] In a variant of the embodiments described above,
more than one light receiver, preferably more than one pho-
todetector, is present, wherein the light receivers are arranged
at a distance to each other. They can all be arranged in the
middle piece or in the tip element or some of them are
arranged in the middle piece and some are arranged in the tip
element.

[0035] In a preferred embodiment, a smooth transition of
the structural parts of the device is enabled by using a second
tube consisting of an inner and an outer tube, wherein the
middle piece is attached to the outer tube only, the outer tube
thereby protruding the inner tube. This kind of double tube
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can be used for other catheters and other kind of devices as
well. For example, in another embodiment of the catheter
device, the light emitter and light receiver are arranged in the
tip element and no middle element is present. In still another
embodiment, the middle piece and the tip element are com-
bined with each other without having a flexible tube element
in between. In both embodiments, the inventive tube as
described above can be used as well. This combination of
double tubes forming one single tube with a step in its one end
or both ends is therefore claimed as a separate invention as
well.

[0036] In a preferred embodiment, the catheter is covered
with a protection sleeve. The sleeve covers the catheter along
its length. The protection sleeve comprises a distal end which
protrudes a distal end of the catheter. The protection sleeve is
open at its distal end and extends at a distance to the catheter
located within the sleeve, wherein the protection sleeve is not
transparent at least for visible light. This facilitates zero set-
ting of a sensor of the catheter, especially of a light sensitive
pressure sensor. This kind of protection sleeve can be used
with other catheters as well, such as catheters with no middle
piece but with light sensitive sensors arranged in a tip ele-
ment. This protection sleeve is therefore claimed as a separate
invention as well.

[0037] More variants of the invention and additional inven-
tive embodiments are described in the dependent claims.
Note is made that combinations of the features of the different
dependent claims can be made as well and are part of this
disclosure in order to obtain additional embodiments not
described in the following in detail.

BRIEF DESCRIPTION OF THE FIGURES

[0038] An embodiment according to the present invention
is shown in the drawings. Features of the measurement device
that are evident from the figures are to be regarded as belong-
ing to the scope of the disclosure and are not to be interpreted
in any way as limiting the invention. In the drawings:

[0039] FIG. 1 shows an overall view of a measurement
device according to the present invention;

[0040] FIG. 2 shows a three-dimensional view of a catheter
head according to the present invention;

[0041] FIG. 3 shows a front view of the catheter head
according to FIG. 2;

[0042] FIG. 4 shows a longitudinal section through the
catheter head according to FIG. 3; and

[0043] FIG. 5 shows a three-dimensional view of a first
embodiment of a middle piece of a measurement device
according to the present invention,

[0044] FIG. 6a shows alongitudinal section through a mea-
surement device according to F1G. 1 along a first longitudinal
plane;

[0045] FIG. 65 shows alongitudinal section through a mea-

surement device according to FIG. 1 along a second longitu-
dinal plane perpendicular to the first plane;

[0046] FIG. 7 shows a three-dimensional view of a second
embodiment of a middle piece of a measurement device
according to the present invention;

[0047] FIG. 8 shows a longitudinal section through a mea-
surement device from FIG. 1 according to the second embodi-
ment;

[0048] FIG. 9 shows a perspective view of a middle piece
according to the invention;

[0049] FIG. 10 shows a perspective view of a lid of the
middle piece according to FIG. 9;
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[0050] FIG. 11 shows a view of the distal end of a lower part
according to FIG. 9;

[0051] FIG. 12 shows a view of the proximal end of the
lower part of the middle piece according to FIG. 9,

[0052] FIG. 13 shows a perspective view of the lower part
according to FIG. 12;

[0053] FIG. 14 shows a top view of the lower part according
to FI1G. 12;
[0054] FIG. 15 shows a longitudinal section through the

lower part according to FIG. 12 with optical conductor and
circuit board;

[0055] FIG. 16 shows a schematic view of the measurement
device according to the invention;

[0056] FIG. 17 shows a three-dimensional view of a cath-
eter head according to the present invention, in another
embodiment;

[0057] FIG. 18 shows a measurement device according to a
second embodiment of the invention;

[0058] FIG. 19 shows an enlarged perspective view of a part
of the embodiment according to FIG. 18;

[0059] FIG. 20 shows the measurement device according to
FIG. 19 in an exploded view;

[0060] FIG. 21 shows a longitudinal section of a middle
piece according to FIG. 19;

[0061] FIG. 22 shows an enlarged longitudinal sectional
view of a proximal end of the measurement device according
to FIG. 18;

[0062] FIG. 23 shows an enlarged longitudinal sectional
view of the middle piece of the measurement device accord-
ing to FIG. 18;

[0063] FIG. 24 shows an longitudinal enlarged sectional
view of a distal end of the measurement device according to
FIG. 18;

[0064] FIG. 25 shows a side view of a part of the measure-
ment device according to FIG. 18;

[0065] FIG. 26 shows a cross-sectional view along the
plane A-A of FIG. 25;

[0066] FIG. 27 shows a cross-sectional view along the
plane B-B of FIG. 25;

[0067] FIG. 28 shows a cross-sectional view along the
plane C-C of FIG. 25;

[0068] FIG. 29 shows a perspective view of a lower part of
the middle piece according to FIG. 20;

[0069] FIG. 30 shows aperspective view of an upper part of
the middle piece according to FIG. 20,

[0070] FIG. 31 shows a perspective view of the middle
piece of F1G. 20;

[0071] FIG. 32 shows a side view of the middle piece of
FIG. 31;
[0072] FIG. 33 shows an enlarged cross-section of a second

tube part and the middle piece;

[0073] FIG. 34 shows the measurement device of F1G. 18
with a protection sleeve;

[0074] FIG. 35 shows a longitudinal sectional view of the
device and the sleeve of FIG. 34,

[0075] FIG. 36 shows an enlarged view of part X of FIG.
35,

[0076] FIG. 37 shows an enlarged view of partY of FIG. 35
and

[0077] FIG. 38 shows a cross-sectional view along B-B of
FIG. 35.
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DETAILED DESCRIPTION

[0078] In the following description, the end with the cath-
eter tip is designated as the distal end of the catheter probe,
and the opposite end is designated as the proximal end.
[0079] FIG.1shows ameasurement device according to the
present invention which has a tip element 1 as catheter head,
a first connection tube 2, a middle piece 3, and a second
connection tube 4. The first and second connection tubes 2, 4
are each preferably made from a flexible tube part. The text
below therefore refers to a tube part, although this is also
understood to mean other types of connection tubes 2, 4 that
permit insertion of the catheter into the body tissue.

[0080] Thetip element 1 is provided at the distal end of the
measurement device. At the proximal end, the measurement
device has a plug connector (not shown) or is guided directly
into a processing unit for conversion and evaluation of the
measurement signals. The tip element has several elongate
openings 5, which form apertures in the surface of the cath-
eter head. The openings 5 are provided for drainage of fluid in
the surrounding tissue. Moreover, a round opening 6, in
which a pressure sensor can be arranged, is provided between
two elongate openings 5. However, the pressure sensor can
also be arranged adjacent to, but not between, these irrigation
openings 5. Electronic or optomechanical means, for
example a silicon micromembrane, can be used as pressure
sensors. The middle piece 3 has an indentation or aperture 16
into which a light conductor opens and through which light,
delivered through the light conductor, can be emitted into the
surrounding medium. The first tube part 2 can be varied in
length depending on the intended nature of use of the mea-
surement device.

[0081] FIG. 2 shows a three-dimensional view of the cath-
eter head in the form of the tip element 1. The tip element can
be made of plastic or of metal. The tip element is divided into
adistal insertion area and an adjoining connection area. In the
insertion area, it has an oval, parabola-shaped or round tip 8.
The insertion area has a diameter increasing from the tip 8 in
the direction of the connection area. The tip 8 is closed at its
centre. It is followed shortly thereafter by one or more elon-
gate apertures or openings 5, which are arranged alongside
oneanother in the circumferential direction. The embodiment
shown in FIG. 2 has four openings, of which two can be seen
in FIG. 2. Between the elongate openings 5, webs 11 are
formed in the circumferential area and extend from the con-
nection area into the tapering area of the tip 8 and are thus
slightly curved. The edge areas of the elongate openings 5 are
rounded or trimmed, so as to give a gentle transition from the
circumferential surface of the catheter head to the edge areas
of the openings 5. The slight curvature of the webs means that,
in the tip area, they run towards the centre or radially towards
one another. The space between two adjacent elongate open-
ings 5, which space forms the webs 11, is approximately as
wide as the width of one elongate opening. Because of the
slight curvature of the webs, this circumferential area tapers
in the direction of the tip.

[0082] At the proximal end, the tip element 1 has a fasten-
ing piece 9, which is adjoined by the first tube part 2. The
fastening piece 9 is part of the connection area or adjoins the
latter. The fastening piece 9 is designed like a sleeve. A
tubular structure can be placed with a form fit over the cir-
cumference of the fastening piece 9. In the circumferential
wall of the fastening piece 9, a channel 10 extends in the
longitudinal direction all the way from the distal end into the
insertion area. The channel 10 serves for the passage of pres-
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sure measurement elements. For example, electrical or opti-
cal leads can be routed through the channel 10 as far as the
opening 6, in which a pressure sensor can be arranged.
[0083] The elongate openings 5 serve for the drainage of
the surrounding tissue. The drainage fluid is conveyed
through an axially extending channel 12, which extends into
the insertion area of the catheter head. It is an advantage of the
present invention that the pressure sensor can be arranged
between the elongate openings 5 and therefore carries out a
pressure measurement at the same level in the surrounding
tissue where a fluid can be discharged via the drainage open-
ing.

[0084] If the tip and the middle piece are made of plastic,
the tip preferably has an X-ray marking, so as to allow the
positioning of the tip to be checked.

[0085] FIG. 3 shows a schematic front view of a tip element
1. At the centre, the tip 8 can be seen as the frontmost curve of
the catheter head. Arranged around this centre are the four
apertures in the form of elongate openings 5 which, in plan
view, form a free space between each other. The circumfer-
ential areas between the elongate openings 5 form the webs
11, which extend from the centre of the tip 8 to the outer
circumference of the connection area and form akind of guide
structure for the tip element 1 upon insertion into a cerebral
tissue. The webs 11 appear in a cross-shaped arrangement in
the plan view in FIG. 3. When the catheter head is inserted
into the tissue, the tip 8, whose diameter is smaller than the
diameter of the overall tip element, and the surface of the
webs 11 are pressed directly onto the tissue. At first, no
pressure is applied to the tissue in the area of the apertures,
that is to say in the area of the elongate openings 5. The tissue
is gently braced and spread apart by the webs 11, such that the
catheter head can penetrate into the tissue and, in doing so,
causes minimal trauma. It is only after the tissue in the inser-
tion area of the tip element 1 has been initially widened by the
webs 11 that the tissue is spread open completely across the
entire diameter of the connection area. By means of this
design of the catheter head of the measurement device, it is
possible to insert the measurement device into interior areas
of the brain virtually without injury.

[0086] FIG. 4 shows a cross section along the longitudinal
axis of a tip element 1. It can be clearly seen that the tip
element 1 in the insertion area and the tip 8 has a smaller
diameter, which increases in the proximal direction as far as
the connection area, which is adjoined by the fastening piece
9. The channel 10 extends in a straight line in the longitudinal
direction as far as the opening 6, which is provided for a
pressure sensor. In the interior, the four elongate openings 5
are adjoined by a guide channel 12, which is provided for
removal of drainage fluid. In this view, the frontmost area of
the tip 8 is shown as being pointed, which ensures that the
widening of the tissue is optimized while no damage can be
caused by scratching or cutting. The tip 8, or the cross section
through the webs 11 of the catheter head, is substantially
parabola-shaped.

[0087] FIG. 17 shows an embodiment of a tip element 1 in
an alternative to FIG. 2. Identical parts are provided with
identical reference signs. The tip 8 is once againrounded. The
openings 5 lie closer to one another than in the embodiment
according to FIG. 2, and they are separated from one another
only by short webs. The webs preferably have a width that is
amultiple smaller than the width of the individual openings.
The drainage channel 12 extends axially offset in relation to
the longitudinal centre axis of the tip part 1. The pressure
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sensor channel 10, or the channel for other electrical lines, is
in this case open. The pressure sensor is preferably arranged
on that side of the openings 5 lying opposite the tip 8 or is
located in the middle piece.

[0088] FIG. 5 shows a middle piece 3 according to the
present invention. The middle piece 3 has a distal fastening
piece 13 and a proximal fastening piece 14. The fastening
pieces 13 and 14 are similar to the fastening piece 9. They are
sleeve-shaped and have a central passage for a drainage chan-
nel 12" for drainage of fluid and, in their circumferential wall,
they have a continuous channel 10 for leads serving the pres-
sure sensor in the tip element 1. The guide channel or drainage
channel 12' in the middle piece 3 is analogous to the channel
12 in the tip element 1 and forms a continuation thereof.
[0089] On the middle piece 3, a middle area 15 is formed
between the proximal fastening piece 13 and the proximal
fastening piece 14. In the embodiment according to FIG. 5,
the middle area 15 has a wedge-shaped indentation 16 which,
instead of extending all the way to the drainage channel 12/,
leaves the latter closed. At its proximal end, the indentation 16
extends with a light exit surface 17, from which an optical
conductor emerges, perpendicular to the longitudinal axis. At
its distal end, the indentation 16 has a reflection surface 18,
which preferably extends at a 45° angle to the longitudinal
axis of the middle piece 3 and to the surface 17. A channel 20,
which ends in the light exit surface 17 of the indentation 16,
extends through the circumference of the distal fastening
piece 14 and the proximal end of the middle piece 3, in the
longitudinal direction of said middle piece 3. The opening of
the channel 20 in the indentation 16 thus lies opposite the
oblique surface 18. The channel 20 is provided for guiding a
light conductor. The light conductor can also extend past the
light exit surface and protrude into the indentation 16. The
light from the light conductor strikes the opposite reflection
surface 18. A mirror or other type of reflector, arranged on the
reflection surface 18, reflects the light from the light conduc-
tor into the surrounding tissue around the middle piece 3. The
reflector can be mounted as a separate element on the reflec-
tion surface 18, or the reflection surface 18 itself can be
configured as a reflector surface. For example, a gold coating
canbe provided as reflection surface. It is also possible for the
surface 18 or the reflector to have a slightly curved shape,
such that the incident beam of light is widened slightly. The
indentation 16 is filled with epoxy resin, such that the surface
of the middle area 15 is cylindrical.

[0090] An individual optical fibre is preferably suitable as
light conductor. There are preferably not more than five opti-
cal fibres present. Two or three fibres can likewise be used.
[0091] FIGS. 6a and 65 each show longitudinal sections
through a first embodiment of a catheter probe according to
the present invention, these longitudinal sections being offset
by 90° to each other. FIG. 6a shows, from left to right, a tip
element 1, a first tube part 2, a middle piece 3 and a second
tube part 4 according to the view from FIG. 1. The first tube
part 2 has one end pushed over the fastening piece 9 of the tip
element 1 and has the other end pushed over the fastening
piece 13 of the middle piece 3. In the interior of the first tube
part, between the tip element 1 and the middle piece 3, there
is another flexible tube 21 that interconnects the guide chan-
nels 12 and 12' of the tip element and of the middle piece. The
channels 12 and 12' form, together with the tube 21, a drain-
age channel for fluid that is intended to be removed from the
tissue surrounding the catheter tip, by way of the openings 5.
The length of the tube parts 4 and 21 can be varied, such that
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the position of the middle piece 3 in the tissue can also be
adjusted, i.e. tube parts of different lengths can be fitted
between the tip element and the middle piece.

[0092] The wedge-shaped indentation 16 with the light exit
surface 17 and the reflection surface 18 can be seen on the
middle piece 3. The channel 20 opens into the light exit
surface 17. The light exit surface 17 extends substantially
perpendicular to the longitudinal axis of the catheter,
although it could also be arranged at an angle thereto. An
optical conductor, guided through the channel 20, is guided
onwards through the second tube part 4 to a light source (not
shown).

[0093] A temperature measurement channel 22 is also pro-
vided in the circumferential wall of the middle piece 3, on the
proximal side, said temperature measurement channel 22
beginning on the side of the second tube part 4 and ending
roughly at the centre of the middle piece 3. The temperature
measurement channel 22 1s provided for a temperature sensor
that measures the temperature of the surrounding tissue. The
temperature sensor is arranged at this point near the outer
periphery of the catheter and is able to measure the tempera-
ture in the tissue without impediment or distortion. Leads (not
shown) run from the temperature sensor through the second
tube part 4 to the processing unit and transmit a temperature
signal to the processing unit.

[0094] FIG. 65 shows, within the tip element 1, the pressure
sensor channel 10 which extends from the proximal end ofthe
tip element 1 as far as the opening 6. In the opening 6, there is
apressure sensor whose leads run through the channel 10 and
the space between the first tube part 2 and the inner tube 21 as
far as a channel 10" in the middle piece 3. At the proximal end
of the middle piece, the leads emerge from the channel 10" and
are routed further through the second tube part 4 as far as the
processing unit, to which they transmit a signal correspond-
ing to the pressure in the medium surrounding the tip element
1 or in the guide channel 12. The processing unit is able to
control the drainage of fluid through the drainage channel
depending on the pressure signal from the pressure sensor.
Manual drainage can also be performed.

[0095] The channel 12' on the middle piece 3 is widened
conically at its distal end. This funnel-shaped opening facili-
tates insertion of a guide wire, which is used to guide the
catheter probe during insertion into the body tissue.

[0096] The optical light conductor and the leads for the
pressure sensor and temperature sensor can be routed freely
within the interior of the second tube part 4. However, an
inner tube can also be provided in this tube part, such that the
leads are routed through the space between the outer tube and
inner tube. The second tube part 4 can be adjoined by a plug
in which the leads end. The plug can be fitted directly to the
processing unit or to another plug, which in turn leads to the
processing unit.

[0097] When examining a body tissue, for example the
cerebral tissue in the interior of the brain, an opening is made
in the cranium. A holder for the catheter is provided over the
opening and holds the catheter as far as possible perpendicu-
lar to the surface of the head during insertion and also in the
inserted state. Thus, the holder on the one hand covers the
opening in the head and on the other hand ensures that the
catheter is not accidentally deflected from its intended path
during its insertion and during measurements. In this way, it
is possible to avoid contamination of the area being examined
and to avoid unnecessary damage to the surrounding tissue.
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[0098] The catheter probe is inserted carefully through the
tissue as far as a desired measurement position, for example
until it rests on the floor of a ventricle. The inventive design of
the catheter head means that in doing so there is only a
minimal impact on the cerebral tissue, such that the tissue is
not unnecessarily damaged and the measurement is not dis-
torted.

[0099] To measure the flow of blood through the cerebral
tissue, light in the near infrared range is conveyed through the
light conductor in the channel 20 to the reflection surface 18.
The light source can, for example, also be provided on the
processing unit itself. The beam of light directed onto the
surface 18 is reflected there and sent out into the cerebral
tissue. There, it is absorbed and reflected among other things
on the oxygenated and deoxygenated haemoglobin and, if
appropriate, on the indocyanine green. Some of the reflected
light falls back onto the reflection surface 18, as a result of
which it is fed into the light conductor in the channel 20 by
reflection on the surface 18. The channel guides the reflected
light back to the processing unit, in which it is evaluated by,
for example, an analog/digital converter. At the same time, the
temperature in the measured tissue can be determined by the
temperature sensor in the channel 22, and the pressure in the
area surrounding the tip of the probe can be determined by the
pressure sensor. If necessary, drainage can be performed
immediately via the channel 12, 12'.

[0100] By means of the measurement probe being guided
by the holder, the probe can be turned in its measurement
position without thereby being deflected and damaging the
surrounding tissue. By turning the probe, the measurement
range in the tissue can be greatly widened. It is possible to
cover a measurement field that extends through 360° around
the middle piece 3. The tube parts between the tip and the
middle piece can be flexible or rigid.

[0101] FIG. 7 shows a second embodiment of a middle
piece according to the present invention. In this design of the
middle piece, the drainage channel 12' is eccentric to the
longitudinal axis. In this way, the middle piece can be con-
structed with a smaller diameter. Moreover, the recess
according to the invention is provided here in the form of an
aperture 16' which is sunk in a curved or rounded shape into
the middle piece. An inner surface 23 thus formed comprises
a light exit surface area at the proximal area, and, lying
opposite this at the distal area, it has a reflection surface area.
In terms of’its function, the light exit surface area corresponds
to the light exit surface 17 from the embodiment according to
FIGS. 1 to 6, and the reflection surface area accordingly
corresponds in terms of its function to the reflection surface
18. The light-conducting channel 20 opens out from the light
exit surface area. Light emitted from an optical conductor in
the light-conducting channel 20 strikes the opposite reflection
surface area, from which it is reflected into the surrounding
tissue. The curvature of the aperture 16' is designed such that
light reflected from the tissue is focussed into the optical
conductor.

[0102] FIG. 8 shows a longitudinal section through a mea-
surement device with a middle piece according to FIG. 7, but
the drainage channel 12' is arranged in a central position here.
The aperture 16' reaches almost as far as the drainage channel
12' but leaves the latter closed. The curvature or roundness of
the aperture 16' is such that light from the channel 20 is
oriented directly onto the focal point. The other elements of
the measurement device in this embodiment correspond to
those from FIGS. 6a and 64.

Sep. 17, 2015

[0103] FIGS. 9 to 14 show the middle piece 3 according to
the invention in a preferred embodiment. Identical parts are
provided with the same reference signs as in the above
examples. The middle piece 3 is made of plastic and is pref-
erably produced by injection moulding. Tt is composed of at
least two parts, namely a lower part 31 and a lid 30. Both are
configured as half tubes, as can be seen in FIG. 10 for the lid
30. Together they form a tubing with a middle area 15, a distal
fastening piece 13 and a proximal fastening piece 14. Grooves
130, 140 are provided extending radially about the circum-
ference of the two fastening pieces 13, 14 in order to permita
connection to adjoining tubes. These grooves serve as adhe-
sive grooves for a form fit and force fit. An equivalent groove
can be seen in FIG. 17.

[0104] Instead of flexible tubes, rigid connector parts can
also be present on both sides or on one side.

[0105] In contrast to the above examples, the recess in
which the mirror, the fibre end and any measuring means are
arranged is now covered by the lid 30. The lid 30 can be
connected to the lower part with a form fit and/or a force fit
and/or a materially cohesive fit.

[0106] Lid 30 and lower part 31 are preferably made from
the same material. At least the 1id 30, however, must be made
from a material that is transparent for the optical wavelength
used. They are preferably made of polyamide or polycarbon-
ate.

[0107] Ascanbeseen from FIG. 9, thelower part 31 and the
1id 30 form a common inner drainage channel 12' with a cable
channel 120. The drainage line already described above and
any measurement lines extend through this drainage channel
12" as far as the distal head part of the catheter.

[0108] FIG. 11 shows the distal end of the middle piece 3
with the drainage channel 12'. FIG. 12 shows the inner proxi-
mal end of the middle piece 3 not visible in FIG. 9. A light
conductor channel 20 extends parallel to the drainage channel
12" but spaced apart therefrom. Here too, it is preferable touse
exactly one optical fibre as light conductor. However, there
can also be up to five optical fibres, in particular two or three.
[0109] Under the aperture 16, the drainage channel 12'
extends along the entire length of the middle piece 3.

[0110] FIGS.13to 15 show the lower part 31 in detail. Ithas
the aperture 16. A receiving area 150 for the electronics is
present in this aperture 16. Proximal and distal receiving
surfaces 151, 152 are formed integrally on both end areas of
the receiving area 150. A circuit board 24 can be secured, for
example adhesively affixed or screwed, onto these plane
receiving surfaces 151, 152.

[0111] A photodetector 25 can be secured on the circuit
board 24. Itis also possible for a temperature sensor 26 and/or
apressure sensor 27 to be present. However, these sensors can
also be arranged at another location. As has already been
mentioned above with reference to the other examples, the
pressure sensor is preferably arranged in the tip element 1.
[0112] An inclined surface 180 is present outside this
receiving area 150. This inclined surface 180 can itself be
designed as areflection surface. However, it preferably serves
as a holder for a mirror 18. The mirror 18 in this example is a
plane-parallel mirror, such that the inclined surface 180 is
also designed as a plane surface. The inclined surface 180 is
preferably oriented at a45° angle to the longitudinal direction
of the middle piece 3.

[0113] The light conductor channel 20 extends in the lower
part 31 and ends adjacent to the inclined surface 180. The
light conductor 32 is shown in FIG. 15. It will be seen that it
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ends before the mirror 18, such that light emitted from the
light conductor 32 is deflected from the mirror 18 and con-
veyed radially outward.

[0114] In this example, light reflected in the tissue is no
longer fed back via the light conductor and evaluated. It is
instead detected by the photodetector, and an electrical signal
is transferred to an external evaluation unit via a signal line.
The cables necessary for this purpose run inside the cable
channel 120.

[0115] This middle piece 3 can be used with one of the tip
elements 1 described above. However, it can also be used with
other tip elements 1.

[0116] FIG. 16 shows the overall system. The catheter or
the probe 40 is provided at the end of the drainage channel
with an y-connector with a Luer lock. A first line 42, which
comprises electrical conductors and also at least one optical
conductor, is connected with a distal end to the probe 40. In
the area of the proximal end, it has a calibration unit 43, and
it is provided at this end with a first plug 44. This plug 44
permits a connection to a portable electronics unit 45. This
electronics unit 45 preferably comprises a potential insulator,
an A/D converter, a pre-amplifier, and a light source for cou-
pling light into the optical conductor that leads to the middle
piece 3 of the catheter.

[0117] The portable electronics unit 45 is to an evaluation
unit 48 via a second, purely electrical line 46, which in turn is
provided with a second plug 47. A third line represents the
mains supply cable. However, the evaluation unit 48 can of
course also be battery-operated.

[0118] The advantage of this overall system is that the
electronics unit 45 is relatively close to the patient. The sen-
sitive optical lines can therefore be made relatively short.
[0119] In the examples described above, an optical glass
fibre is preferably used in the near infrared range. Its diameter
is preferably approximately 0.6 mm inclusive of its sheath
and approximately 0.2 mm without its sheath. The length of
the middle piece 3 is preferably 20 to 30 mm, and its diameter
is preferably 3 mm. The mirror surface preferably measures
1x1 mm. The drainage channel preferably has a diameter of
0.9 to 1.5 mm, preferably 1.0 or 1.2 mm. The width of the
circuit board is preferably 1.4 mm. A 9-pole or 10-pole cable,
which extends as far as the plug 44, is normally used inside
the middle piece 3.

[0120] FIGS. 18 to 40 show a second embodiment of the
inventive measurement device. Same elements have the same
reference numbers.

[0121] The measurement device comprises, as shown in
FIG. 18, a tip 1 as described above, the first tube part 2, the
middle piece 3 and the second tube part 4 ending in the
y-connector 41. The y-connector 41 comprises two or more
ports 420, wherein at least one of them is closed by a cap 410.

[0122] Ascanbeseenin FIG. 22, the light conductor 32, the
purely electronic line 46 and a pressure sensor line 460 extend
through the open port 420, wherein the closed other port is
used for introducing guide wires and/or for fluid transfer.

[0123] As also shown in FIG. 22, the y-connector 41 may
comprise a data chip 480, such as an EEPROM, which iden-
tifies the device. For example, it can coniprise information
about the sensors, calibration data, date about the first use of
the device and manufacturing data. Reference number 481
refers to a mounting aid for the light conductor 32, the second
line 46 and the pressure sensor line 46". It is for example a
nose protruding into the inner space of the y-connector 41.
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[0124] The second tube part 4 preferably consists of two
tubes, an inner second tube 4' and an outer second tube 4".
This can be seen in FIG. 33. The inner second tube 4' has a
slightly smaller diameter than the outer second tube 4". They
are preferably bonded to each other along at least a part of
their length.

[0125] The distal end of the outer second tube 4" protrudes
the distal end of the inner second tube 4' so that only the outer
second tube 4" extends over the proximal fastening piece 14
of the middle piece 3 and is connected to it. The inner second
tube 4' ends at a distance to the proximal fastening piece 14.
This reduces the outer diameter of the device wherein the
second tube part 4 has nevertheless a sufficient thickness to
ensure stability of the tube when introduced into the patient.
At the proximal end of the second tube part 4 the two ends of
the inner and outer second tube 4', 4" preferably end in a
common plane. In other embodiments, they end in a step as
well.

[0126] The first tube part 2 may be likewise made of an
inner and an outer tube, the outer tube protruding the inner
tube at least at the proximal end, preferably also at the distal
end. In this embodiment however, the first tube part 2 is
shaped like the well-known catheter tubes.

[0127] Note is taken that FIG. 20 shows the inner second
tube 4' in a protruding state. This is for better view only and
should not be in contradiction to the above mentioned
description. In addition, the electronic lines and the fiber
optic, i.e. the light conductor, extend outside of the first and
second tube parts 2, 4, which is for better view as well. Inthe
assembled device, they extend inside these tube parts 2, 4.
[0128] The middle piece 3 of this embodiment comprises a
lid or an upper part 30 and a lower part 31 as can be best seen
in FIGS. 29 to 32. The two parts 30, 31 are preferably formed
as halftubes which can be fixed to each other so that they form
together a tube. As shown in FIG. 30, the upper part 30
comprises a notch 304 on both sides of this diameter. The
lower part 31 as shown in FIG. 29 comprises a corresponding
adjustment longitudinal nose 310 on both sides which
engages this notch 304.

[0129] The middle piece 3 comprises the distal fastening
piece 13 and the proximal fastening piece 14 for connection
with the first tube part 2 and the second tube part 4 respec-
tively. In the embodiment shown, an X-ray marker 303 is
preferably placed in a hole 302 of the distal fastening piece
13, as shown in FIG. 20. In other embodiments, the X-ray
marker is preferably arranged in the tip element 1 and more
preferably at its distal end.

[0130] The inner side of the lower part 31 is preferably
smooth and comprises not recesses or protrusions.

[0131] The upper part 30 of the middle piece 3 comprises
two openings or windows 300, 301 which form two parts ofa
recess. The distal first window 300 is for receiving signals
from the patient, the proximal second window 301 for emit-
ting light into the patient. The first window 300 is closed with
a sensor cover 33, the second window 301 is closed with a
mirror holder 34 as shown in FIGS. 19 to 21.

[0132] In other embodiments, the light source is directly
placed in this second window 301 and no light conductor is
present. In this case, the light source is preferably an LED or
a laser chip, preferably a bare die.

[0133] The sensor cover 33 and the mirror holder 34 are
preferably transparent for the at least one wavelength used in
this device. Preferably they are made of polycarbonate. Pref-
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erably a wavelength of 808 nm and/or 905 nm is used. Other
wavelength may be used as well.

[0134] The lower part 31 is preferably transparent as well
so that it can be bonded to the upper part 30 more easily using
UV light. Also the fixation of the elements arranged within
the middle piece 3 can be established more easily when the
lower part is transparent. Preferably the lower part is not only
transparent for UV light but also for visible light so that
elements arranged within the part are visible when mounted
and fixed.

[0135] Preferably, the upper part 30 is made of none-trans-
parent material. Preferably, it is made of PEEK (polyether
ether ketone). A none-transparent upper part 30 has the
advantage, that scattered or reflected light can only reach the
photodetector 25 through the first window 300.

[0136] The upper part 30 comprises a channel with an out-
let opening 305 directed to the second window 301. The light
conductor 32 extends to this opening so that light can be
guided along the longitudinal axis of the device to a mirror 18
arranged in the second window. The mirror 18 is fixed in the
window. The window holder 34 holds the mirror 18 in a
specific angle relative to the longitudinal axis of the device. A
mounting hole 306 shown in FIG. 21 arranged at the bottom
of the second window 301 helps to mount the mirror 18 at the
predetermined place and angle.

[0137] A sensor plate is arranged below the first window
300. This sensor plate comprises at least the photodetector 25,
but preferably also the temperature sensor 26 and/or other
sensors. In a first variant, only one photodetector 25 is
present. In other variants, more than one photodetector is
present, especially when more than one wavelength is used.
[0138] As can be seen in FIG. 23, the at least one photode-
tector 25 is arranged in the first window 300 and covered by
the sensor cover 33.

[0139] Using two windows instead of only one has the
advantage, that the accuracy of the measurement is improved
since no light can be forwarded within the middle piece 3
from the light conductor to the photodetector. This arrange-
ment optimizes the optical path.

[0140] The temperature sensor 26 is preferably arranged
under the none-transparent region of the upper part 30
between the first and the second window 300, 301. Preferably
adiode is used as a temperature sensor. Since it is arranged in
an area where no light can enter, the temperature measure-
ment is not disturbed by emitted or reflected light.

[0141] As shown in FIGS. 19, 20 and 24, the pressure
sensor 27 is arranged in the distal tip element 1. Preferably it
is a sensor chip and more preferably a bare die. In this
embodiment, it is arranged at the proximal side of the drain-
age outlets of the tip element 1. In other embodiments it is
arranged at the distal end of the tip element, i.e. in front of the
drainage openings.

[0142] The tip element 1 comprises a cavity 100 being
closed with a sealing element 19, such as a sealing compound
made of silicone.

[0143] The pressure sensor 27 is arranged in this cavity
100, wherein the electronic pressure sensor line 46" extends
from the sensor 27 along the device to the y-connector 41.
[0144] FIGS. 26 to 28 show cross-sections along the
device, as shown in FIG. 25. In FIG. 26, the distal tip element
1 with the drainage channel 12 can be seen as well as the
cavity 100 closed with the sealing element 19. As can be seen,
aspace 110 is present under the pressure sensor 27. The space
1101s connected to a pressure equalization channel 46' which
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extends to the outside of the device, so that the sensor 27 is
exposed to ambient pressure. In other embodiments, the pres-
sure sensor is an absolute pressure sensor or a fiber-optic
Sensor.

[0145] 1In FIG. 27, the distal end of the first tube part 2 is
arranged over and bonded to the fastening piece 9 of the tip
element 1, as can also be seen in FIGS. 20 and 24.

[0146] InFIG.27,the pressure equalization channel 46' and
the pressure sensor line 46" can be seen. The pressure equal-
ization channel 46' formed within the tip element 1 changes
now into a pressure equalization tube 460 extending along the
longitudinal axis of the device.

[0147] FIG. 28 shows the first sensor cover 33 arranged
over the photodetector 25, the pressure sensor line 46" and the
pressure equalization tube 460 as well as the inside tube 21.
[0148] FIGS. 34 to 38 show an optional feature for the
inventive measurement devices described above. The inven-
tive measurement device is usually adjusted to zero shortly
before use. It may also be calibrated as well. In the state of the
art, such measurement devices are therefore immersed into
water or another appropriate liquid. Since pressure sensors or
also other sensors are light sensitive, the water reservoirhas to
be none-transparent for the relevant wavelengths. Usually it is
black so that no visible light can reach the sensor during zero
adjustment. It may also be non-transparent for other or only
for other wavelength, depending on the sensibility of the
pressure sensor to a specific wavelength.

[0149] It is an additional inventive idea to store the mea-
surement device in a none-transparent protection sleeve 50
covering at least the sensor parts of the device. The protection
sleeve is at least none-transparent for the relevant wave-
lengths, i.e. the wavelengths which the sensor is sensible of.
Preferably, the protection sleeve is black.

[0150] Preferably the sleeve 50 is pushed over the distal end
of the y-connector 41 and protrudes the distal end of the tip
element 1. It is arranged at a distance to the tubes 2, 4, the
middle piece 3 and the tip element 1, as can be seen in FIGS.
35 to 38. This sleeve serves as protection when the device is
transported.

[0151] Forzero adjustment or calibration, the measurement
device can be immersed together with the protection sleeve 50
in any kind of container, since no light can reach the sensor in
any case. The sleeve 50 is only be removed from the mea-
surement device shortly before the device is actually intro-
duced into the patient. This simplifies the handling of the
device and reduces mishandling.

[0152] Note is made that the embodiment according to
FIGS. 18 to 38 can be combined and varied following the
teaching and disclosure of the previously described embodi-
ments as well.

LIST OF REFERENCE NUMBERS
[0153] 1 tip element
[0154] 100 cavity
[0155] 110 space
[0156] 2 first tube part
[0157] 3 middle piece
[0158] 30 upper part/lid
[0159] 300 first window
[0160] 301 second window
[0161] 302 hole
[0162] 303 marker
[0163] 304 notch
[0164] 305 outlet opening
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[0165] 306 mounting hole

[0166] 31 lower part

[0167] 310 adjustment nose

[0168] 311 gap

[0169] 32 light conductor

[0170] 33 sensor cover

[0171] 34 mirror holder

[0172] 4 second tube part

[0173] 4'inner second tube

[0174] 4" outer second tube

[0175] 5 elongate opening

[0176] 6 round opening

[0177] 8tip

[0178] 9 fastening piece

[0179] 10, 10" pressure sensor channel
[0180] 11 web

[0181] 12, 12' drainage channel

[0182] 120 cable channel

[0183] 13 fastening piece, distal

[0184] 130 distal adhesive groove
[0185] 14 fastening piece, proximal
[0186] 140 proximal adhesive groove
[0187] 15 middle area

[0188] 150 receiving area for electronics
[0189] 151 proximal receiving surface
[0190] 152 distal receiving surface
[0191] 16, 16' recess, indentation, aperture
[0192] 17 light exit surface

[0193] 18 reflection surface/mirror
[0194] 180 inclined surface

[0195] 19 sealing element

[0196] 20 light conductor channel
[0197] 21 inside tube

[0198] 22 temperature measurement channel
[0199] 23 inner surface with light exit surface area and

reflection surface area

[0200] 24 circuit board

[0201] 25 photodetector

[0202] 26 temperature sensor

[0203] 27 pressure sensor

[0204] 40 probe

[0205] 430 marking number

[0206] 431 marking ring

[0207] 440 stop collar

[0208] 41 y-connector

[0209] 410 cap

[0210] 420 port

[0211] 42 first line (optoelectronic)
[0212] 43 calibration

[0213] 44 first plug

[0214] 45 portable electronics unit
[0215] 46 second line (purely electronic)
[0216] 46 pressure equalization channel
[0217] 46" pressure sensor line
[0218] 460 pressure equalization tube
[0219] 47 second plug

[0220] 48 evaluation unit

[0221] 480 data chip (EEPROM)
[0222] 481 mounting guide

[0223] 49 third line

[0224] 50 protection sleeve

1. A catheter for measuring a flow of blood through a body
tissue, wherein a light emitter for emitting light into the body
tissue and at least one light receiver for receiving light
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reflected in the body tissue and back to the catheter are
arranged in the catheter, wherein the catheter comprises a
middle piece and a first and a second connection tube,
wherein the middle piece has a distal fastening piece for
fastening to the first connection tube and a proximal fastening
piece for fastening to the second connection tube, and
wherein the light emitter and the at least one light receiver are
arranged in the middle piece.

2. The catheter according to claim 1, wherein the middle
piece is rigid.

3. The catheter according to claim 1, wherein the catheter
further comprises a rigid head part, wherein the head part has
a third fastening piece for fastening to the first connection
tube, such that thehead part is arranged at a distance from the
middle piece.

4. The catheter according to claim 1, wherein at least the
first connection tube is flexible.

5. The catheter according to claim 1, wherein the middle
piece is made of metal or plastic.

6. The catheter according to claim 1, wherein the middle
piece comprises at least a first and a second window, wherein
the light emitted from the light emitter is emitted through the
second window into the body tissue and the light reflected in
the body tissue is received by the at least one light receiver
through the first window.

7. The catheter according to claim 6, wherein the first and
the second window are arranged on the same side of the
middle piece.

8. The catheter according to claim 6, wherein the middle
piece comprises an upper part and a lower part being con-
nected to each other, wherein the at least first and second
window are arranged in the upper part.

9. The catheter according to claim 8, wherein the upper part
is not transparent for the wavelength used.

10. The catheter according to claim 8, wherein the lower
part is transparent at least for a wavelength used during
assembly of the lower and upper part.

11. The catheter according to claim 10, wherein the lower
part is transparent for visible light and/or for UV light.

12. The catheter according to claim 6, wherein a tempera-
ture sensor is arranged in the middle part between the first and
the second window.

13. The catheter according to claim 12, wherein the tem-
perature sensor is a diode.

14. The catheter according to claim 1, wherein the second
connection tube comprises an inner tube having a distal end
and an outer tube having a distal end, wherein the distal end of
the outer tube protrudes the distal end of the inner tube and
wherein the second tube is attached to the proximal fastening
piece with the outer tube only.

15. The catheter according to claim 14, wherein the inner
tube is bonded to the outer tube.

16. The catheter according to claim 1, wherein the light
emitter is an optical conductor that has a distal end, and
wherein the distal end is held in the middle piece.

17. The catheter according to claim 1, wherein a pressure
sensor and/or a temperature sensor are arranged in the middle
piece or in the tip element.

18. The catheter according to claim 1, wherein the at least
one light receiver is a photodetector arranged in the middle
piece.
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19. The catheter according to claim 18, wherein a receiver
in which a circuit board is secured is present in the recess, and
wherein at least the photodetector is arranged on the circuit
board.

20. The catheter according to claim 1, wherein a mirror is
present in the middle piece, lies opposite a light exit surface
area of the light emitter and deflects light issuing from the
light emitter into the body tissue.

21. The catheter according to claim 1, wherein it has a
drainage channel extending through the middle piece.

22. The catheter according to claim 1, wherein the catheter
has a smooth and unchanging diameter at least along the first
tube, the middle piece and the second tube.

23. A catheter system with a catheter and a protection
sleeve covering the catheter along its length, wherein the
protection sleeve comprises a distal end which protrudes a
distal end of the catheter, wherein the protection sleeve is
open at its distal end and extends at a distance to the catheter
located within the sleeve and wherein the protection sleeve is
not transparent at least for visible light.

24. The catheter system according to claim 23, wherein the
catheter is a catheter according to claim 1.

25. A catheter comprising a tube made of a flexible material
and a stiff element attached to the tube, wherein the tube
comprises an inner tube having a first end and an outer tube
having a second end located on the same side as the first end,
wherein the first end of the outer tube protrudes the second
end of the inner tube, wherein the tube is attached to the stiff
element with the outer tube only.
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26. The catheter according to claim 25, wherein the inner
tube is bonded to the outer tube.

27. The catheter according to claim 25, wherein the inner
tube is arranged concentrically in the outer tube.

28. A tube of a catheter according to claim 25, wherein the
tube comprises an inner tube having a first end and an outer
tube having a second end located on the same side as the first
end, wherein the first end of the outer tube protrudes the
second end of the inner tube, wherein the tube is attached toa
stiff element with the outer tube only.

29. A catheter for measuringa flow of blood through a body
tissue, wherein a light emitter for emitting light into the body
tissue and at least one light receiver for receiving light
reflected in the body tissue and back to the catheter are
arranged in the catheter, wherein the catheter comprises a
connection tube and a stiff element, wherein the light emitter
and the at least one light receiver are arranged in the stiff
element, wherein the stiff element comprises at least a first
and a second window, wherein the light emitted from the light
emitter is emitted through the second window into the body
tissue and the light reflected in the body tissue is received by
the at least one light receiver through the first window,
wherein the stiff element comprises an upper part and a lower
part being connected to each other, wherein the at least first
and second window are arranged in the upper part, wherein
the upper part is not transparent for the wavelength used.

30. The catheter according to claim 29, wherein the lower
part is transparent at least for a wavelength used during
assembly of the lower and upper part.
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