Probe for neasuring the oxygen content in biological
tissue and a ca- theter conprising a probe of this
type The invention relates to a probe for neasuring
t he oxygen content in bio- 5 logical nmaterial
according to the preanble of claim1. In addition, the
in- vention relates to a catheter conprising a probe
of this type. The neasurenent of oxygen is a subject
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oxthpter camprisinga lieq)ﬂ"tmy@gieobi nis inportant for
assessing the supply to the bio logical material, in
particular the tissue. Further exanples of biologica
ternms of the oxygen content
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interstitial fluid corresponds to the av bility of
o- xygen on a cellular |evel. The neasurenent of
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xygen on a cellular level. The measurement of oxygen in tissue is used in
particular in the cardiovascular and neurosurgical fields, and also in the
field of transplant medicine. In the above cases, catheters comprising sen-

sor systems or probes which specifically react to oxygen are predominantly

used for measurement.

A probe of the type mentioned at the outset is known from WO 93/05702
Al. Further probes which measure the oxygen parameters of tissue using
fibre optics are known from US 5,673,694, US 5,995,208, US 5,579,774
and the publications cited therein. A further fibre optic oxygen probe is
known from J.1. Peterson et al., Anal Chem. 1984, 56, 62-67. Further fibre
optic probes are known from US 4,752,115 A, US 5,142,155 A and US
4,861,727 A.
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nmeasur enent nethod for neasuring, using fibre optics,
the par- tial pressure of the physically dissolved,
i.e. free oxygen, is dynam c oxy- gen quenching. In
this nmethod, a fluorescent dye.enbedded in a matri X,
for exanple a platinumconplex, is fitted on the

di stal end of the optical fibre. 5 The fluorescent dye

IS tically excited via,the fibre, generally by |aser
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optic sensors are extrenely sensi- tive to scattere
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radiated in using a lock-in technique. In this method, the fact that long-
lived fluorescent states are statistically more susceptible to the radiation-
free collision processes of dynamic oxygen quenching is used. The known
20  fibre optic sensors nevertheless exhibit a sensitivity, albeit at a reduced le-
vel, to scattered light and intensity-influencing factors even if the lock-in
technique is used during measurement. In addition, it has been found that
using the known fibre optic sensors in the same tissue region results in very
different values for the free oxygen content, which makes interpreting a

25  single measurement therefrom almost impossible.

[t 1s therefore an object of the present invention to develop a probe of the
type mentioned at the outset in such a way that the sensttivity of the fibre at

the measuring location is reduced with regard to disruptive environmental



different values for the free oxygen content, which
makes interpreting a 25 single neasurenent therefrom
al rost inpossible. It is therefore an object of the
present invention to develop a probe of the type
mentioned at the outset in sugh a way that the
sensitivity of the fibre at the neasuring location is
reduced with regard to disruptive environnental -3-
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ac@hgk according to the invention by a probe with
th ea- 5 tures set forth in the characterising part
of claim1. It has been found according to the
invention that form ng a gas conpart- nent encl osing
t h&@hdiohjedt i adhievebatdonding\to ahe Dwegton beranpaibeevitin the fea-
simul - taneogusly |iquid-jnperneabl e nenbrane

5 adtwgs sgfdenid ip the shargstszsisingeparbohelaynrl ng vol ume
around the dye. The neasuring volune is no |onger re-
duced to the imediate material or tissue surrounding
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tive volume thus results in a medicinally usable indication of the oxygen

supply at a local level, but not at isolated points, in the biological tissue
surrounding the probe. Therefore the condition of the tissue can be as-
sessed to a higher standard than by measurement at purely 1solated points,
20  which is allowed by the fibre optic measuring methods of the prior art. At
the same time, the membrane protects the distal fibre portion in the gas
compartment in such a way that the risk of disturbing the measurement at
that location is avoided. The robustness of the fibre optic sensor according
to the invention is further increased by using the aforementioned lock-in
25  technique. Using the fibre optic sensor, the oxygen content of tissue, but
also of other biological material, for example body fluids such as blood or
liquor, can be measured. The oxygen-sensitive dye may be, for example, a

platinum complex or a ruthenium complex. The oxygen-sensitive dye 15

either present as a coating or incorporated at least into portions of the




10

15

20

25

conmpartnment in such a way that the risk of disturbing
the neasurenent at that |ocation is avoided. The
robustness of the fibre optic sensor according to the
invention is further increased by using the

af orementioned | ock-in 25 teghnique. Using the fibre
opti c sensor, the oxygen content of tissue, but also
of other biological material, for exanple body fluids
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nghagigres contained in the volune and thus lost in an
undesirable manner. 10 A uniform nenbrane thickness
according to claim2 prevents tine snear- ing of the
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thickness does not mean that the membrane thickness is exactly constant

over the entire surface of the membrane. Small deviations from an average
membrane thickness which do not affect the aforementioned homogeneous
sensor characteristic in practice are acceptable. Examples of tolerable de-

viations of this type are, for example, in the region of 200 um. An oxygen

sensitive dye with long-lasting fluorescence can compensate for disruptive
effects caused by deviations in membrane thickness. For this reason, a pla-
tinum complex with a fluorescence duration of up to 60 ps is advantageous

for a homogeneous sensor characteristic.

A gas compartment according to claim 3 can be produced with a membrane
that can be manufactured cost-effectively. If the longitudinal axis of the gas
compartment is Jocated parallel to the fibre axis and at a distance there-
from, the gas compartment may be formed with a large continuous free

volume which is suitable for arranging further components of the probe, in
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menbr ane thi ckness which do not affect the

af orenenti oned honogeneous sensor characteristic in
practice are acceptable. Exanples of tolerable de-
viations of this type are, for exanple, in the region
of 200 gm An oxygen 20 sensigdive dye with

| ong-1lasting fluorescence can conpensate for

di sruptive effects caused by deviations i n menbrane
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When the axes coincide, a configuration is
particularly appropri- ate, in which the distal end
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gualrty. A nmenbrane according to claim4 can be sinply
produced since the mem 10 bran tube can be forned,

for exanple, by cutting a continuous tube to |ength.
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A membrane according to claim 6 adapts well to the surrounding tissue in

such a way that distortion of the measurement is prevented.

The gas compartment being filled with air according to claim 7 prevents
the gas composition from changing during storage of the probe before use.
Alternatively, it is possible to fill the probe before use with a gas or a gas
mixture, which comprises molecules which are so large that they cannot
diffuse through the oxygen-permeable membrane to the exterior. Also in
this case, the gas compartment is filled for storage of the probe before use,

without changing.

Water vapour permeability according to claim 8 enables the sensors located

in the gas compartment to become adapted more rapidly to the ambient
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15 properties. A nmenbrane according to claim6 adapts
well to the surrounding tissue in such a way that

di stortion of the neasurenent is prevented. 20 The gas
conpartnent being filled with air according to claim7
prevents the gas conpositi o from changi ng during

storage of the probe before use. Alternatively, it is
possible to fill the probe before use with a gas or a
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FEP. 10 A further object is to provide a catheter with
whi ch neani ngful neasure- nent is achieved by a probe
according to the inventjon. This object is achieved
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The temperature sensor allows a thermal dependence of the oxygen content
measurement to be compensated. The preferably provided pressure sensor
allows an additional pressure measurement to be taken, which, when com-
bined with the oxygen content measurement, provides valuable tissue-
specific information. As a result of a combined measurement of this type in
which the oxygen content and pressure are measured, the extent to which
the dynamics of the oxygen content and the pressure characteristic are cor-
related can be tested, for example. A correlation of the tissue pressure and
the oxygen partial pressure can thus be determined. Detecting different
physiological parameters using a single catheter reduces the risk of infec-
tion and bleeding 1n companson with applying a plurality of individual ca-
theters with separate catheter application points. The preferably partly me-
tallic catheter tip allows it to be seen in image-producing processes, CT for

example. As a result, targeted positioning in the desired region is possible.
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15 The tenperature sensor allows a thermal dependence
of the oxygen content neasurenent to be conpensat ed.
The preferably provided pressure sensor allows an
addi ti onal pressure nmeasurenent to be taken, which,
when com bined with the oxygen content measurenent,
provi des val uable tissue 20 specific information. As a
result of a conbined nmeasurenent of this type in

whi.ch .the gxygen content angd. pressuye are neasured, X
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theters, wth separate catheter application points. The
pr @Fé‘%‘?'y partly nme- tallic catheter tip allows it to
be seen in imge-produci ng processes, CT for exanple.
As a result, targeted positioning in the desired
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probe. A tenperature sensor according to claim10
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Embodiments of the invention will be described in greater detail in the fol-

lowing with reference to the drawings. These show:

Fig. 1 a schematic longitudinal cross-section of a probe for measuring the

oxygen content in biological tissue;
Fig. 2 a view similar to Fig. 1 of the probe in which a distal fibre portion of
an optical fibre is pushed further into a gas compartment defined by

a membrane;

Fig. 3 a cross-section along hne IHI-IIT in Fig. 2;
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content neasurenent. The values are also reliable in
the case of hypother- ma and hypertherma as a result
of the continuous tenperature correction. A catheter
tip according to claim 1l results in a reduction in
the nunber of 15 individual _gat heter conponents.
Enbodi ments of the invention Wil be described in
greater detail inthe fol- lowwng with reference to
t he, drawi ngs. These, show. 20 Fi a schemati c

alglﬂr%

| oFitg- Huaicmﬁs s¢Ftien siidar tertheyrof peropgh anfgihgr pagodi-
t he gon gl? in biological tissue; Fig. 2 a
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Vi ew Si of the probe in which a distal
fibre portion of an optical fibre is pushed further
into a gas conpartnent defined by 25 a nenbrane; Fig.
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Fig. 4 a cross-section simlar to that of Fig.

t hr oughofa ptehentor negdsuring theaxygem contenslin bl@aoglca!s tigsue;

| ongi tudi nal section through a catheter with a further
enbodi ment 5 of a probe for neasuring the oxygen
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cross-section simlar to that of Fig. 5 through a
further enbodi- 10 nent of a catheter; and Fig. 8 a

f rBig 7va erosacseotioln sunilar tothibatanfrkign ¥/thrbugh aFﬁlg%eﬁ embodi-
1 to 3 show a first enbodi nent of a probe for

measur i wgnt ﬁgaéﬁ tam; aq<£ content in biological tissue.
The probe 1 can be a conponent of a catheter, for
exanpl e of the type shown in Fig. 5. The probe 1

CORfRY. BS£Frofl vl hé@rdfighoghe arrOwPVOiiAEigend 3, which

is re-

Fig. 1 to 3 show a first embodiment of a probe for measuring the oxygen
content in biological tissue. The probe 1 can be a component of a catheter,

for example of the type shown in Fig. 5.

The probe 1 comprises an optical fibre 2. A proximal end 3, which is re-
mote from the biological tissue to be tested, can be optically coupled to a
light source on the one hand, and a light sensor on the other. The optical

fibre 2 may be a single fibre or a fibre bundle.

An oxygen-sensitive dye 5 is arranged on a distal end face 4 of the optical
fibre 2 which faces the biological tissue to be tested. The dye 5 is optically
coupled to the distal end face 4 of the optical fibre 2. The distal end face 4
is coated with the dye 5. A distal fibre portion 6 including the distal end
face 4, together with the dye 3, is enclosed by an oxygen-permeable, lig-
uid-impermeable membrane 7. The membrane 7 is configured to be water

vapour-permeable. The membrane defines, in the enclosed region, a gas
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note fromthe biological tissue to be tested, can be
optically coupled to a 20 light source on the one
hand, and a |light sensor on the other. The optica
fibre 2 may be a single fibre or a fibre bundle. An
oxygen-sensitive dye 5 is arganged on a distal end
face 4 of the optical fibre 2 which faces the

bi ol ogi cal tissue to be tested. The dye 5 is optically
25 coupl ed of the opti
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The seFecat eéé\fregr?ons to be coated are those which can
be "seen” by 5 the distal end face 4, i.e. to which
there is a direct optical path fromthe distal end
f dde membrang 7 hag asnifoemithickness whengat defines tho gas com-
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least in the d:stal fibre portion 6.

In the embodiment shown in Fig. 1 to 3, the membrane 7 is made of sili-
cone rubber. Alternatively, the membrane 7 may also be made of one of the
following materials: polyethylene (PE), Teflon (PTFE) or tetrafluoroethyl-
ene-hexafluoropropylene copolymer (FEP). The membrane 7 is sufficiently
flexible to be deformable under the influence of gas pressure in the gas
compartment 8. The shape of the gas compartment 8 can thus be adapted to

the respective gas pressure present as a function of ambient pressure.

According to the application, the fibre 2 can be positioned in different ways
relative to the membrane 7 in the probe 1. In the position in Fig. 1, the fibre
2 1s inserted merely a short way into the gas compartment 8 in such a way

that the distal fibre portion 6 enclosed by the membrane 7 is short com-
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least in the distal fibre portion 6. In the enbodi nent
shown in Fig. 1 to 3, the nenbrane 7 is nmade of sili-
cone rubber. Alternatively, the nenbrane 7 may al so be
made of one of the 20 follow ng materials:

pol yet hyl ene (PE), Teflon (PI§E) or tetrafl uoroethyl
ene- hexaf | uor opr opyl ene copol yner (FEP). The nenbrane
7 is sufficiently flexible to be deformabl e under the
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conpartnent 8 in such a way that the distal fibre
portion 6 inserted therein is approximtely half as

I as the gas.c tment 8. In the position shown
igﬂ%@?‘?’z“ﬁ ed i the Following mengeR vith the fibre 5 is
| ocated symetrically centrally in the gas com

partnment 8 so there is diffusion Iength symmetry in
telmaspxebetmaprﬁbﬁﬂl}owm Dedthétef EompRiging=9d 8Fotd) & initially
menbrane 7. The probe 1 is used in the follow ng
minereght intoothEheegsuoing positopt inonisd liy awiatient Theet dustcexnpart-

conpri si said prope, is initially brought into the
T lﬁgﬂlfé‘;‘wth&ar g@fow ths rrRbe lgaps%tBotﬁﬁbe light source
Cafgahd light sensor are proximally coupled to the fibre 2. The membrane 7

is surrounded externally by the biological tissue of the patient. Free oxy-
gen, 1.e. oxygen not bound to haemoglobin, can diffuse through the mem-
brane 7 from the outside, thus penetrating the gas compartment 8. Since the
gas compartment 8 1s closed off from the outside in a liquid-tight manner,

neither liquid nor tissue can penetrate the gas compartment 8.

The dye 5 is tuned to the wavelength of the coupled light in such a way
that, as a result of the light coupled into the dye 5 under the influence of the
oxygen molecules present in the gas compartment 8, light, in an amount
thereof which can be measured by the light sensor, fed back from the dye 5
into the optical fibre 2 is a function of the concentration of the free oxygen
in the gas compartment 8. The uniform thickness of the membrane 7 defin-
ing the gas compartment 8 correspondingly ensures a uniform penetration

time of the free oxygen from the biological tissue surrounding the mem-
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ment 8 is filled with air before the probe 1 is used.
Both the |ight source and the light sensor are
proximally coupled to the fibre 2. The nmenbrane 7 15
is surrounded externally by the biological tissue of
the patient. Free oxy- gen, jj.e. oxygen not bound to
haenogl obi n, can diffuse through the nem brane 7 from
the outside, thus penetrating the gas conpartnent 8.

Si nce the as conpartnment 8 js closed off fro he
odraneé intg tge B8 GPEPATtEIsNt falMisasuring, giTpe{uq ﬁ%f@f ey

tissue can.peneirate t .gas conpartnment 8. 20 The dye
53696?%?1%‘“8595%%5 Mlggﬂg?h of the coupled light in

such a way that, as a result of the |light coupled
into the dye 5 under the influence of the oxygen

noflecathesntisfsghttfed batk fogatheahmpmintoi fibre 2 aghtresilhof
an anmount thereof which can be neasured by the |jght
sahs bght ¢euplpd flom thmlightsouies igtothe; s 4 ﬁénwidavsmg
fi i f ti f .th t.rat j

ot Baht 36hsPrel S anpinar FRERERTERbE LmPhuft ot R HEEn
Chi o

IR g BN R s aumebbieopag oxyucn o

PaRRhbab HaBmoiglsinof e. i@ dxygenpiyhebiblogival bissue surround-
bi ol ogi cal tissue surrounding the nem-11- brane 7

i rihg thémegatwrane FpAltermmatively, itvis possiblnjtoemeasuse theophase shift
diff t ) ti ti h t ise.. The .
e Tes-bpFlg eht e BAKoR e e RRassyd B° cAPBIECAEY) tine

2 | i L ant

< 3FF LB e bBop 55 &RGnple O Sinck T Ritell s Jomp RS are
S e Rfticall{ infordRuEdpt e {esh Sagden-indnted sadiati®nSiee erambition

the oxygen content in the gas conpartnent 8 and is
t hoshanormaslstatedfy 4 hellisiopgemocesst theienage duration of the fluo-

h | obin, i.e. fre « L0 the biolagical ... .
TS5 B a%o HHCH FRITIONEE (e fadDaok DR &F Ffeaepich in
' bR Is % S IndREARMNE pﬁgs% MR $0a80L 14 the radiated signal which

can be used as a lock-in reference.

In the configuration shown in Fig. 1 to 3, the membrane 7 is configured as
one piece. The material of the membrane 7 provides a seal against the opti-

cal fibre 2 in the region of the fibre entry into the gas compartment 8.

In a variant of the probe 1 which, for the sake of simplicity, will also be
described with reference to Fig. 1 to 3, the membrane 7 comprises a mem-
brane tube 11 which defines the jacket wall of the cylindrical gas com-
partment 8. An end-face end of the membrane tube 11 which is remote
from the fibre has a sealing cover 12. The sealing cover can be made of the
same material as the membrane tube 11. Alternatively, it is possible to pro-
duce the sealing cover 12 from a different, in particular completely fluid-

impermeable, material to that of the membrane tube 11 as it s sufficient for
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10 of the fed-back light as a function of the phase of
the coupled light, using the lock-in technique for
exanple. Since long-lived states of the dye 5 are
statistically nore susceptible to an oxygen-induced
radi ation-free transition the normal state by a
collision process, the average duration of the fluo-
rescent states, which contribute to the fed-back

l'ight, is Shlfted which in 15 turn results_ in a
atreng tbeel lstel be oxmearrp@rénqab - Hdermembrane wbgdd) on

i g aing e B °f seisuingl b HBFRE Hiarhling ing L3
¢ Wﬁléﬁ? E’%}?ge ?r?ade hQ 88 m%tﬁﬁaf@st t‘fl’é' sgghﬂ%fzﬁf@r fEnbrane

provides a a al nst e opti - bre 2 in
the regi on of the flbre entry into the gas conpart nent

8. In a variant of the probe 1 which, for the sake of
s iTiplcoofigyratidn of thegoobe 1 inligr4 Mfermfnom thett of &Eng.el too3

Fi g. 1t03 t he nmenmbrane 7. co br ane
¢ e anthafcthe@ﬁﬂﬁwwr}tée rrgldna@ axg 9 Of ghe probe in Fig.
ndrl
WSS F Bt BAIRS GBRY AR DR pe Daf PAmbRAEAPE, Bl s
?ﬁra@eis ARl R0 11F BUE W 2the gaes c?ﬁﬁﬁdr&ﬁeﬁ%’ﬁfth‘é%nﬁ%u%ﬂﬂl
sane nateri a he nmenbrane tube .
Akhewnat IFvgl 4/had 4 gr&tmmlnheus frep rvolurﬂeluewt}heh firdlerng
cover 12 froma different, in particular conpletely
f pamgponemisefarexBMmple furtker sgnsqrs, maxbesccomanedated. ane

tube 11 as it is sufficient for -12- the nenbrane tube
11 to be oxygen-perneable. The nenbrane tube 11, on

tzhg%ss S5 6 3Rt LAiRef:) R Syith & FAALCDHIRRIARIN b8 pHtY P

a sealing ring can be e of the sane

maherdatHet@s] 4 edesefibed th thévtblloﬂﬁn% bnlkhe icdifferg o ahapwas
of the probe 1 in Fig. 4 differs fromthat of Fig. |

t pre¥ionsdy etaged m tdianon teFigad todmbanpanents whisih aafrasppnd
aX| 9 of the n Fi 4 does not coincide wth
6 PECHRNSY] SPIH ?‘h&“@'&@f TERTNC 8Nt 1 4 iye the same

reference numerals and are only described if they differ in terms of con-
struction and function from the components in Fig. 1 to 4. The catheter 14
has a housing 15. In the configuration shown said housing is made from
titanium, but it may also be made of another material. The housing 15 is
made of one piece and is structurally divided into a distal housing portion
16, a centre housing portion 17 and a proximal housing portion 18. The
distal housing portion 16 is covered at its distal end by an atraumatic cathe-
ter tip 19. At the periphery of the distal housing portion 16, the catheter tip

19 merges into the membrane tube 11 of the membrane 7.

The catheter tip 19 is a sealing cover of the membrane 7. A proximal pe-
ripheral end portion 20 of the membrane 7 i1s pushed onto a peripheral step
21 of the centre housing portion 17. The outer diameter of the peripheral

step 21 is slightly greater than the inner diameter of the membrane tube 11.



parallel thereto. In this way, the gas conpartnent 8
in the configuration shown in Fig. 4 has a greater
conti nuous free volunme in which further 10 conponents,
for exanple further sensors, may be accomopbdat ed. Fig.
5 and 6 show a catheter 14 wijgh a further
configuration of a probe 1. The catheter 14 is
described in the following only if it differs to what
was previously stated in relation to Fig. 1 to 4.
Components whi ch correspond 15 to those previously

de Behi G B PR RRET 1 M8 didtal BobidlA ool 6 Wi i

erence nunerals an are on escri

di fh @hnilar bpAdER2 DIwhicHis fﬁfrt @Fﬂhle%?s B fhplaviedt @rhﬁd i8on-
t he conmponents in Fig to 4 catheter 14 has a

houeditad bygerforatibus Zfb 0 & gulindiical inteoion of theddistal hionsing por-
5 AnboRd Waickris 350 Ta bﬁ%&é&m%ﬁ%ﬁ%ﬁﬁ%&gmm portion
I
ol B BetiaaIPre 2V e a5} R Bihet ) Tn, i itesion, Fyriper
pr g the!fiie USinialBPpAdsedthiSugh B %eal?ﬂg%@dy be %ﬂ‘hé‘lg is inserted
portion 16 is covered at its distal end b

at metheratentredaulsmg pationily 4l catt be madpef) ﬁ»hexampte t;ﬂmone
di stal housing portion 16, the catheter tip 19 ner

i nfbberd tham ghe ﬁbt;e 2 pagses {ough psyhindrival méermreo “the

cat heter p.l1l9 s a cove e 7.

10 A BrSbho Bune poidh 15 Boi oo e oitd 24 e anir e
7 d%Hé ifh3Ph &M i
ol eSS perpheEt LRPE ol e pRKHERGRME Bortion
peig.pheral step 21 is slightly greater than the inner
di aneter of the nenbrane tube 11. -13- Between the
nenbrane tube 11 and the distal housing portion 16,

Sl e SB BoT 2L o ad S48 i
15 a ﬁ%l deRtte Hoidg B éikioR 1 Pdnd i@%h%hé& %\thﬂ@féss'u%uﬂﬁfn g outer
wall of the centre housing portion 17. A pressure sensor 28 is arranged in
the sealing body 24. The pressure sensor 28 is connected to a central con-
trol and evaluation unit (not shown) by a signal line 29 which extends
through the sealing body 24, the proximal housing portion 18 and the ca-
20 theter tube 25.

As in the configuration shown in Fig. 4, in the probe 1 shown in Fig. 5 and
6, the gas compartment longitudinal axis 9 does not coincide with the fibre
axis 10 so there is a large continuous free volume in the interior defined by
25  the distal housing portion. A temperature sensor 30 is arranged 1n said inte-
rior. A proximal end of the temperature sensor 30 1s inserted into the seal-

ing body 24 in a sealed manner. A signal line 31 connects the temperature

sensor 30 to the central control and evaluation unit. The signal line 31 also
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5 tion 16 which is also part of the gas conpartnent 8.
The distal fibre portion 6 of the optical fibre 2
with the dye 5 is inserted into said interior. Further
on, the fibre 2 initially passes through a sealing
body 24 which is inserted _.ijgJhe centre housing
portion 17 and can be nmade of, for exanple, silicone
rubber. Further on, the fibre 2 passes through a

cylindrjcal ,ipteri.or r axi hous

o bpss et e Sraliteboc A B¢ pRopiad Bousg Rotfipm drand
t ontoaperlpheral step 26 fornmed in
t%%?tg% na ousing portion 18. An outer wall 27 of
the sealing body 24 is arranged in a housing wi ndow in
15 the centre housing portion 17 and is aligned with

t Adedunctoomdf thy ecasheter 14aill befdestmbedin the folowiimgyonly if

Cdhere o sirente ¢ e addy enﬁ%sntsfl% T decthegate
byt ERThEe R gt SrrdRihg AR i e Hilknl RS oRIR don-

besht ofthe bhﬁo@kﬁ%ﬁéﬁ'e sh%ﬁh&ﬂx RAE Ch@Rtekd 439 Qnéd%ﬁrédiwnh
20 theter tube 25. As in the conflguratlon shown in

Fitlge prbbei Inaddoedingabehd abénenescripiiog with eegdrd & tlteh&)r@‘@lra-
conpartnent |ongitudinal axis 9 does not coincide with

tﬂ@nfShBWél ngigs 110 4s At thresame Gme, Fhf‘r@fés%ﬁtei‘(ﬁﬂé‘@@Yﬁh%bw'

ntFRishut £ ShE i R AL v nE BT L 2131 mepeyred
' 'B $Ré 95és§ﬁ19c eSO 28 gnertﬁé 'télﬂger%ﬂﬂe% tﬁéﬂg%st ﬁﬁgﬁ:ﬁhh‘ﬁ% is

SOor I's Inserté nto t seal - I ng In a

S a@daedrddﬁtr}ﬂﬂre temperg10ad sensoe3® 1T heomeﬁmIrSmEhEvalues are fed,
tenperature sensor 30 to the central control and
evid thmsngnﬁl dimies 29and i, dothe canteal gontapkand avalugfiggsesit, to

oo b SRl g, Do, 2 oh0e PRI M Mected.
Aﬁer thermal equilibrium has been established, the temperature in the gas
compartment 8, which is measured by the temperature sensor 30, corre-
sponds to the temperature of the biological tissue surrounding the distal
housing portion 16 of the catheter 14. Water vapour which permeates
through the membrane tube 11 and penetrates the gas compartment 8 is
responsible for this temperature equalisation, and is also the basis for the

rapid temperature measurement.

As a result of the temperature measured by the temperature sensor 30, the
temperature dependence of the water vapour partial pressure in the oxygen
partial pressure measurement can be taken into account via the optical fibre

2.

Fig. 7 and 8 show a further configuration of a catheter comprising a probe

for measuring the oxygen content in biological tissue. Components which
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The function of the catheter 14 will be described in
the followwing only if 5 there is a difference to the
use of the probe 1 of Fig. 1 to 4. After the cathe-

ter 14 is brought into the nmeasuring position in the
patient, the oxygen con- tgqg_of t he bi ol ogi cal tissue
surroundi ng the catheter 14°Ts neasured with the

probe 1 according to the above description with regard
to the configura- tion shown in Fig. 1. to 4. At the
shave praviously been despribsdayith raferepge to Eigiloto1@hpvg)thegame
tissue on the pressune sensor .28 via the ouaer wal | 27
| tetpenct numerals and il ndidy, Xeldined peu dRAdyally’
tenperature in the gas conpartnent 8 is neasured by
the tenperature sensor 30. The neasurenent val ues are

f Btle cathietert Reskidvam il Flg. Temd2®didtds &bm tauttodfFigehundb pre-
control and evaluation unit, to which the |ight

sdomaranghydin the shaphof thermembutnet hand thsharrangeneent of the sen-
CSRRET Bk aamhohion Ut T B2 e e B ot
8 Lchsi S . . 0

e LS4 RS P Kot SR SORSR iR 1980008 B0put s

t bi® fHRer §HEdseBRAV AR htiB padd TR gad@diBpMEmRAL §1 Phe 1dedd 33 is
the catheter 14. Water vapour which perneates throu??h
e

t tistatbndneemed bylae ¢htl fane npanebnapediahd4 gdkch is made o
conpartnment. 8 | s ZﬂQl responsi hle for this tenperature
§

etfRe Mendandding the samednatrabhisknespis theemembpang tube

t at ur neasur.ene .. As ar U .1h . .

¢ EMnEbE P B BHFEAT T4 matkehsrfiieaty At Bke tagortions

U SRS RithtEr aﬁ Bé%mdﬁfﬁémnw_ an¥ pBAWN RAAicha] way that
pressure I n the oxygen partial pressure

méesnembeaic pantione3 4, adgathémy ith dloc portions isarrohadimgt sacdl
fibre 2. Fig. 7 and 8 show a_ further configuration of
amesthiane portim fpem theatipuamdic qathetgptiByt he Gremplrane por-

‘iééﬁﬁ’ 97 1§ SRigNLd'iR tltl)eI ﬁ'log\g\'n%%l in' Flsg’sg%y p%?ﬁéi%%%ﬁlg\.’\%% tE)pti-
cal fibre 2 with the dye 5 is inserted into the recess 33 of the catheter tip 32

in the configuration shown in Fig. 7 and 8.

In the configuration shown in Fig. 7 and 8, the gas compartment longitudi-
nal axis 9 also does not coincide with the fibre axis 10, but is arranged at a

distance therefrom and parallel thereto.

In the configuration in Fig. 7 and 8, the temperature sensor 30 is not ar-

ranged in the gas compartment 8, but in the proximal housing portion 18,

The function of the catheter 14 shown in Fig. 7 and 8 corresponds to that of
the catheter shown in Fig. 5 and 6. In the case of the catheter 14 shown in
Fig. 7 and 8, the temperature is measured in the region of the proximal

housing portion 18 in such a way that, to correctly allow for the tempera-
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have previously been described with reference to Fig.
1 to 6 have the sane reference nunerals and will not
be expl ai ned again individually. The catheter 14 shown
in Fig. 7 and 8 differs fromthat of Fig. 5 and 6 pre-
5 donminantly in the shape of {ghe nenbrane 7 and the
arrangenent of the sen- sors. In the configuration
shown in Fig. 7 and 8, a catheter tip 32 is not ma- de

of sol.id terial., as in the conf.iguration, shown in
Fi fre éemf&aee,ce o tha water s@ppwHBH A LRSS TS it g pedessaty for the

part of the S .coppartment 8. rec I: .

G Srutersrp oE PR S IRRhs i HafoRiRafe Briplifi hgusing
hSifiohS Rhey § AT thé istAMous-

m’%ﬁ"gl thic rgées gﬁggét%ezt%@nbr aﬁééin?{tlggggfl. 'Ithe ist e

mejtirpitiondt | on 34 nerges seanmlessly at its edge into

portions of the catheter tip 32 surrounding said

menbrane portion in such a way that the nmenbrane

p l.on 34, together with the portiagns, sunrowndi n

S b latintaner i BeRNR foufiplenes v iRaisslAR (R BV € SE TV AL luo-

Aoy SRR PR SRR o3 sy ion

s

fr ading. The o

caind Q@ES a? 10024 alinatelvdoh. Tepitaisfhiidrestenot dutdtinsedeathe-
33 of the catheter tip 32 in the configuration shown

i nniBhgare7appraxidnately & pe at 8% iaipsatirhbon ehdwnpiaximatgly # ps
and 8, the gas conpartnment |ongitudi- 20 nal axis 9

al #d WobsAhSMUEBIHEi de with the fibre axis 10, but is
arranged at a distance therefromand paralle

thereto. In the configuration in Fig. 7 and 8, the
tenperature sensor 30 is not ar- ranged in the gas
conpartment 8, but in the proxinml housing portion 18.
25 The function of the catheter 14 shown in Fig. 7 and
8 corresponds to that of the catheter shown in Fig. 5
and 6. In the case of the catheter 14 shown in Fig. 7
and 8, the tenperature is neasured in the region of

t he proxi mal
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housi ng portion 18 in such a way that, to correctly
allow for the tenpera -16- ture dependence of the

wat er vapour partial pressure, it is necessary for the
tenperature of the biological tissue in the region of
the proximal housing portion 18 to correspond to the
tenperature in the region of the distal hous- ing
portion 16. 5 Platinum or ruthenium conpl exes nmay be
used as the dye 5. Typical fluo- rescence durations of
pl@aimeam conpl exes are 60 s at 0 % air saturation and
20 ps at 100 % air saturation. Typical fluorescence
durations of ruthe- niumare approximately 6 Rs at 0 %

aiyr ' ' | | idi T
oot L RpBE £l £ AR ARE IR bRRLE) orfercip LSl oglea el
oxygen il enleabtond eptial €ibke (Mtweliichlcan bei groxanall e aptically

one optical fibre (2) which can be proxi ma.llﬁ .

opt i cal lopupkddouplight sovree vip gne eadyanrdtoq ighheensagvia the
and to a Jight sensor via the other, - with an

oxygen- ptive dye (5) which is arranged at a di stal
end fagge e fd: ol | ; d
coupled ]ﬁ]é ;% to%&g&!i:] Egﬁ%@{é fl?‘é LSJ q?ﬁlcp a%tg ng g‘?% %1 b(:/l d}Simb1 reél

together with the dy i s enclosed by an .
oxygehapacteeisetdn that gdistalifihre postitn €6 )rindvding the ylistal end
whi ch, in _the encl osed region, de- fines a gas
conpanedEhrtopeficenatdbe dye ( hs inraglarod iy af gXEeeurperpesble,

the l]dcfﬁ?d-(ir@p'enlnge?olgﬁerﬁ@ane (7) which, in the enclosed region, de-
fines a gas compartment (8) enclosing the distal end face (4) with the
dye (5), the dye (5)

- being provided as a coating on the distal end face (4) and/or on the

portion fh&] (4)i dFethe gi'be@ gze)fmldoii; opéitalendoiled abae(cd)
€ )

membrane (7) delimiting the gas compartment (8) or

- being incorporated into at least a portion of a wall of the membrane

.

2. Probe according to claim 1, characterised in that the thickness of the

membrane (7) is uniform where it defines the gas compartment (8).

3. Probe according to claim 1 or 2, characterised in that the gas com-
partment (8) is, at least in portions, in the form of a cylinder, the longi-
tudinal axis (9) of which is parallel to or coincides with the fibre axis

(10} in the distal fibre portion (6).

4. Probe according to any one of claims 1 to 3, characterised in that the

membrane (7) comprises a membrane tube (11), the ends (12, 13) of
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- being provided as a coating on the distal end face
(4) and/or on the 15 nenbrane (7) delimting the gas
conpartnent (8) or - being incorporated into at |east
a portion of a wall of the nenbrane (7). 2. Probe
according to claim1l, characfgrised in that the

t hi ckness of the 20 nenbrane (7) is uniformwhere it
defines the gas conpartnent (8). 3. Probe according to

claiml. or 2, characterised in that the gas_com

par t rﬁé’llﬂc?wy spgf,égagwagenqtratqufﬁmd fordefiming shergas
a cyl|j ongi - tudinal axis (9) of which is
par al +<§‘ﬁ§%%m%ﬁ?§3[ ncides with the fibre axis 25 (10)
in the distal fibre portion (6). 4. Probe according to

any one of claims I to 3, characterised in that the

meftbr Brobe (actoriinpto sep one oEohimnd tbuhehaiddterisbd iw thiat the
(12, 13) .of -18- which are seal ed agai nst penetration
of | imamprans (ds formeyl fram eresof thematerialshsilicene rebber, PE,

Pr ob or di to any one of clains 1 to 4,
chargl():’fgﬁioggiﬁn that the 5 nenbrane (7) is forned
fromone of the materials: silicone rubber, PE, PTFE
or FEP. 6. Probe according to any one of clains 1 to

5, 6.c robetaetosktly thanhahe bhelaiti® Mo INeharactefised in that the
sufficiently flexible to be deformabl e under the

i nf | unembranece )a$ suffipsenthyr Beghlegtoibe ddfermyalsle under the influ-

conpartment (8). 7. Prohe according to any one of
cl ai rf81c§ C{}& éﬁs)l?,fﬁ%ﬁ“é%%fé CHEd COR oy r(g)- gas

conpartnent (8) is filled with air before insertion of
the probe (1). 15 8. Probe according to any one

ClAi MrobetaBcdrdind & Aoyt 61id SLElaihs 1 Ha6, bhsrdtREKE&DE (At the
is configured to be water vapour-perneabl e.
gas compartment (8) is filled with air before insertion of the probe (1).

8. Probe according to any one claims 1 to 7, characterised in that the

membrane (7) is configured to be water vapour-permeable.

9. Catheter (14)
- with a probe (1) according to any one of claims 1 to 8,
- with a temperature sensor (30) for measuring the temperature of
the biological material surrounding the catheter,
- and preferably comprising a pressure sensor (28) for measuring the

pressure in the biological matenial surrounding the catheter (14).

10. Catheter according to claim 9, characterised in that the temperature

sensor (30) 1s arranged, at least in part, 1n the gas compartment (8).



9. Catheter (14) - with a probe (1) according to any
one of clains 1 to 8 20 - with a tenperature sensor
(30) for neasuring the tenperature of the biologica
material surrounding the catheter, - and preferably
conprising a pressure sensory§28) for neasuring the
pressure in the biological material surrounding the
catheter (14). 25 10. Catheter according to claim?9,

c rised in.that .the te a sensor (30) is
gufelel Booorline ielpdr o FIY Vilb @ésewﬁa&la(lmxcharac-

(2, e o EAOL S0 BB B or e

cat heﬁanbtane ﬁ&@(l%f&@@ﬁeﬁﬁ@ﬁhé(me di stal sealing of
the nenbrane tube (11) of the rane (7).




