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Description

[0001] The present invention relates to a sensor and
an apparatus for analysing gases present in blood and
particularly for determining gases that, like ammonia, hy-
drogen sulfide and nitrogen monoxide, are present in
blood in minimum amounts inthe order of parts per million
or even lower.

[0002] Itis well known that several pathological condi-
tions may be identified by analysing the gases present
in blood. The techniques commonly used for these anal-
yses require taking blood samples through various meth-
ods and the subsequent storing of these samples in en-
vironments that are isolated, thermostated, etc., until the
time of the actual analysis. This has various drawbacks
well known to those skilled in the art, as well as the im-
possibility of carrying out a continuous monitoring of the
tension of the various gases presentin blood. In order to
overcome such drawbacks it has been already suggest-
ed to dispense with the taking of blood samples and to
carry out the determination of the gases present in blood
through another way, such as for instance through a tran-
scutaneous way or by analysing saliva samples. These
techniques, in addition to being non-invasive, also allow
a continuous monitoring of blood gases and the tech-
nique for sampling the gases through transcutaneous
way in particular has been employed since the beginning
in the prenatal diagnostics for determining oxygen and
CO, present in blood.

[0003] Apparatuses for analysing blood gases are
known, generally comprised of gas sampling probes con-
nected through pipings to apparatuses provided with sen-
sors for measuring the gases. Numerous sensors for an-
alysing blood gases are known, e.g. based on measuring
galvanic cells that allow to measure the concentration of
one or more gases.

[0004] Patent US 5007424, e.g., describes a polaro-
graphic/amperometric sensor for measuring the oxygen
partial pressure in blood by means of a Clark-type elec-
trode arrangement. The sensor may be provided with a
pH electrode for the simultaneous determination of CO,
partial pressure in blood.

[0005] Patent US 4840179 discloses a thermostated
device for the simultaneous and continuous measure-
ment of oxygen and CO, present in blood, based on the
principle of pH measurement in an electrolyte. The gas
sampling is carried out transcutaneously. However, in
order to ensure satisfactory measurements of oxygen
and CO,, it is necessary to heat the skin at temperatures
of about 42°C in order to enhance its permeability and
consequently the flow of gas.

[0006] A problem of galvanic sensors known in the art
is that they do not allow to detect the presence of traces
of blood gases (such as ammonia, hydrogen sulfide and
nitrogen monoxide), which may be related to several
pathological conditions. In particular, the gaseous am-
monia present in blood may reveal liver and kidney dys-
functions, in which the concentrations increase beyond
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the physiological values of 0,1-0,6 ppm.

[0007] The measurement and the monitoring of gase-
ous ammonia could allow a rapid and sure diagnosis of
diseases like hyperammoniaemia and hypoammoniae-
mia, diabetes and hypertension, as well as the diagnosis
of infection from Helicobacter Pylori. The transcutaneous
determination of gaseous ammonia could also be used
in haemodialysis treatments and in periodic check-ups.
[0008] In the article "Identification of ammonia in gas
emanated from human skin and its correlation with that
in blood" by K. Nose et al., published on Analytical Sci-
ences, December2005, vol. 21, page 1471 and following,
there is described an experimental study through which
it has been possible to detect the presence of gaseous
ammonia emanated from the skin and to measure its
amount. The article underlines the need for collecting the
gases transcutaneously by using methods that are non-
painful for the patient and in real time, thus allowing to
continuously monitor the variations of gaseous ammonia
in blood, as well as to make measuring apparatuses also
for domestic use.

[0009] Itis therefore an object of the present invention
to provide a sensor and an apparatus for determining
blood gases, in particular traces of gases such as am-
monia, hydrogen sulfide and nitrogen monoxide, in real
time and by means of an analytical technique which is
non-invasive, non-manipulative and non-destructive.
Said object is achieved with a sensor and an apparatus,
whose main features are disclosed in claim 1 and 11,
respectively, while other features are disclosed in the re-
maining claims.

[0010] The sensor according to the present invention
is a measuring galvanic cell specifically made for detect-
ing and measuring gases that, like ammonia, hydrogen
sulfide and nitrogen monoxide and present in blood gas-
es in minimum amounts in the order of parts per million
or even lower.

[0011] An advantage of the sensor according to the
present invention is that is has response and recovery
times in the order of seconds, thus being able to be ad-
vantageously employed for real time and continuous
measurements. -

[0012] Moreover, the sensoraccording to the invention
does not require any heating of the patient’s skin in order
to enhance the permeability thereof to blood gases. In
fact, thanks to the miniaturization of the measuring elec-
trode, minimum amounts of gas are enough for carrying
out correct and accurate measurements. The risk of skin
bums is therefore completely eliminated.

[0013] Another advantage is that the sensor is very
compact and thus allows a low cost manufacturing of
measuring apparatuses having a reduced size, being
portable and also suitable for the domestic use.

[0014] Still another advantage of the sensor according
to the present invention is that it may be used together
with different types of sampling probes, suitable for both
the transcutaneous sampling and the in-vitro analyses
of blood or saliva samples, thus allowing the maximum
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flexibility of use of the measurement apparatuses in
which it is inserted.

[0015] PatentUS 3886058 discloses an electro-chem-
ical gas-detection device comprising a galvanic cell pro-
vided with a galvanic reference element and a galvanic
measuring element immersed in an electrolytic solution.
The galvanic measuring element comprises a measuring
electrode on which a hydrophilic wick is transversally ar-
ranged. The free ends of the wick are both immersed in
the electrolytic solution. The wick provides a path for
ohmic contact of the electrolyte across the sensing sur-
face of the measuring electrode, thus accomplishing an
electrode/electrolyte interface for the detection of gases.
[0016] The device described in the above mentioned
patent provides the same advantages of the invention in
terms of response and recovery times, but does not teach
how to configure the sensorin order to solve the technical
problem of measuring small amounts of blood gases and
in particular traces of gases such as ammonia, hydrogen
sulfide and nitrogen monoxide.

[0017] Further advantages and features offered by the
sensor and apparatus according to the present invention
will become clear to those skilled in the art from the fol-
lowing detailed and non-limiting description of some em-
bodiments thereof with reference to the attached draw-
ings, wherein:

- figure 1 shows a cross-sectional view of the sensor
according to the present invention;

- figure 2 shows a schematic view of a measuring ap-
paratus including the sensor of figure 1;

- figure 3 shows a cross-sectional view of a first em-
bodiment of a sampling probe that can be used with
the apparatus of figure 2;

- figure 4 shows a cross-sectional view of a second
embodiment of a sampling probe that can be used
with the apparatus of figure 2;

- figure 5 is a graph shoving the trend over time of
gaseous ammonia concentration measured during
a transcutaneous sampling with the apparatus of fig-
ure 2;

- figure 6 is a graph showing the trend over time of
gaseous ammonia concentration measured with the
apparatus of figure 2 on blood samples taken at reg-
ular intervals during a haemodialysis cycle; and

- figure 7 is a graph showing the trend over time of
gaseous ammonia concentration measured with the
apparatus of figure 2 on samples of discharged dia-
lytic fluid taken at regular intervals during a haemo-
dialysis cycle.

[0018] Referring to figure 1, there is seen that the gal-
vanic sensor according to the present invention compris-
es a duct 1 suitable for being crossed by a flow of gas
and provided with an inlet opening 2 and an outlet open-
ing 3. Duct 1 may be made of any suitable material. For
instance it may be a glass tube, which has a T shape in
a preferred embodiment. Outlet 3 is arranged at a trans-
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verse arm 1 a of the tube.

[0019] The sensor according to the present invention
further includes a reference galvanic element, comprised
of a container 4 containing an electrolytic solution 5 and
of a reference electrode 6 inserted in container 4. Con-
tainer 4 is fixed to duct 1, e.g. by friction or by means of
a threaded connection. The measuring galvanic element
of the sensor comprises a measuring electrode 7 ar-
ranged substantially transversally to the axis of duct 1
and a filiform element 8 having a high capillarity, e.g. a
braided cotton yam, anchored to container 4 and having
a first end 8a contacting the measuring electrode 7 and
a second end 8b contacting the electrolytic solution 5. In
the embodiment shown in the drawing, the filiform ele-
ment 8 is mounted in a position substantially coincident
with the axis of duct 1.

[0020] The working solution wets the measuring elec-
trode 7 by going up through the filiform element 8 by
capillarity, i.e. element 8 acts as a wick. Therefore, be-
tween the measuring electrode 7 and the reference elec-
trode 6 a potential difference based on the redox poten-
tials of the two galvanic elements is present and can be
measured.

[0021] Ina preferred embodiment, the measuring elec-
trode 7 and the reference electrode 6 are small metal
bars made of stainless steel, however other materials
already known for the use as electrodes may be used.
[0022] Inthe sensoraccording to the presentinvention,
the galvanic element containing the measuring electrode
is extremely miniaturized, as the volume of electrolytic
solution wetting the measuring electrode 7 is determined
by the very small size of the contact area between the
first end 8a of the filiform element 8 and the measuring
electrode 7. For example, if the electrode has a diameter
of 1 mm and the filiform element has a diameter of 0,1
mm, and the filiform element forms a complete coil
around the electrode, the volume of electrolytic solution
wetting electrode 7 is in the order of 1 pl.

[0023] On the basis of a plurality of tests carried out
by the inventor with standard solutions containing a
known amount of gas, it was possible to verify that such
a very small volume of electrolytic solution obtained
through the wicking effect of element 8 is suitable to de-
tect amounts of gas in the order of 0,1 ppm or even lower.
Similarly, by suitably choosing the diameter of the filiform
element, the diameter of the electrode and the size of
the contact area between the filiform element and the
measuring electrode it is possible to achieve, through an
adequate calibration, the desired sensibility for a correct
measurement of the amounts of the desired blood gases
present in blood.

[0024] This particular feature of the present invention
allows to carry out analyses of the gases presentin blood
with minimum amounts of sampled gas and make it suit-
able for measuring gases that, like ammonia, hydrogen
sulfide and nitrogen monoxide, are presentin traces only.
Therefore, in the case of a transcutaneous sampling
there is no need for heating the patient’s skin in order to
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enhance its permeability and collect a larger amount of
blood gases. Moreover, the response times of the sensor
are much faster since they only depend on the kinetics
of the reactions occurring between the analysed gas and
the electrolytic solution used in the sensor.

[0025] In the case of ammonia, for example, the elec-
trolytic solution 5 employed may be e.g. a diluted aque-
ous solution of ammonium chloride.

[0026] In addition, the electrolytic solution employed
must be chosen so as to avoid interferences by the other
gases present in blood. In the case of a diluted aqueous
solution of ammonium chloride there are no interferences
from oxygen, which does not react with it. In order to
avoid that CO, reacts with water, there may be advan-
tageously exploited the fact that the reaction kinetics of
CO, is much slower than that of ammonia. Thus, by suit-
ably setting the time during which the flow of gas crosses
the sensor, it is possible to completely avoid interferenc-
es by CO,.

[0027] The choice of the electrolytic solution, the ma-
terial and the geometry of the filiform element and the
number of its coils around the measuring electrode, as
well as the measuring times, are important parameters
in the configuration of the sensor, which simultaneously
contribute in defining its sensibility and rapidity of re-
sponse.

[0028] Figure 2 shows an apparatus for analysing
blood gases, which comprises a galvanic sensor 9 ac-
cording to the present invention as well as a first device
10 connected thereto and suitable for detecting a poten-
tial difference between the electrodes, e.g. a potentiom-
eter. A second device 11, e.g. a personal computer, is
connected to the first device 10 and is suitable for
processing and storing potential difference data detected
by the first device 10. As described above, a potential
difference is present between the measuring electrode
7 and the reference electrode 6, which is based on the
redox potentials of the two galvanic elements. Therefore,
by measuring this potential difference over time with a
potentiometer and by acquiring, storing and processing
the measurements continuously, it is possible to carry
out a real time monitoring of the ammonia contained in
blood gases.

[0029] Asshowninthe drawing, the apparatus accord-
ing to the present invention further comprises a probe 12
for sampling the gases. A downstream end of probe 12
is connected to the galvanic sensor 9 and an upstream
endto asource 13 of a carrier gas, e.g. ambient air, which
is suitable for transporting the gases present in blood
towards the galvanic sensor 9. The carrier gas is pumped
from source 13 by means of a pump 14 and filtered and
purified through a series of filters 15 arranged down-
stream of pump 14. Between filters 15 and probe 12 a
flow bypass 16 is arranged, allowing to direct the carrier
gas alternately towards probe 12, and consequently to-
wards the galvanic sensor 9, or directly towards the gal-
vanic sensor 9 without crossing probe 12.

[0030] The connections among the various above-de-
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scribed components of the apparatus, i.e. the galvanic
sensor 9, probe 12, source 13, pump 14, filters 15 and
flow bypass 16, are made through tubes 17 that are im-
permeable to gases. These tubes 17 may be made of
PTFE or stainless steel and preferably have an inner di-
ameter of about 1 mm, suitable for ensuring a flow rate
of carrier gas preferably comprised between 1 and 5 ml/s.
[0031] Figure 3 shows a first embodiment of probe 12,
particularly suitable for the transcutaneous sampling of
the gases. The probe is comprised of a bell-shaped mem-
ber having a base with an opening 18 in order to allow a
transcutaneous retrieval of the gases. The bell-shaped
member is also provided with an inlet 19 and an outlet
20 suitable for allowing a flow of the carrier gas through
the bell. In particular, inlet 19 is connected to a tube 17a
coming from the bypass 16 and outlet 20 is connected
to a tube 17b leading to the galvanic sensor 9. The base
opening 18 of the bell-shaped member defines an area
not larger than 1 cm2, which is necessary for ensuring
an adequate flow of blood gases into the bell.

[0032] Figure 4 shows a second embodiment of probe
12, which may be employed either for sampling gases
through transcutaneous way or for sampling gases from
blood or saliva samples collected in an analysis cell.
[0033] Probe 12is comprised of a small tube of porous
material, e.g. PTFE, having a pore diameter in the order
of microns. Similarly to the bell-shaped probe, the small
tube of porous PTFE is inserted between tubes 17a and
17b and is crossed by the carrier gas. In order to allow
the retrieval of a sufficient amount of gas, the portion of
the small tube comprised between the ends of tubes 17a
and 17b has a length preferably comprised between 1
and 2 cm.

[0034] In the case of a transcutaneous sampling, the
small tube is bent like a "U" and arranged astride the
finger of a patient, who closes the hand thus retaining
probe 12.

[0035] When sampling gases from samples of blood
or saliva contained in an analysis cell, tubes 17aand 17b
are airtightly inserted in a cap closing the cell, so that the
small tube is suspended above the sample to be ana-
lysed.

[0036] During the operation of the apparatus, a flow of
carrier gas is pumped through probe 12 for a preset
measuring time ty;, e.g. 10 s, during which blood gases
collected by probe 12 are taken and transported to the
galvanic sensor 9 thus hitting the measuring electrode
7. When measuring ammonia, a portion of the molecules
of ammonia enters in solution in the ammonium chloride
contained inside the end of the filiform element 8 con-
tacting the measuring electrode 7, thus forming NH,* and
OH- ions. Negative OH- ions bond to iron ions already in
solution, thus altering the redox potential of the measur-
ing element according to Nernst law. Therefore potenti-
ometer 10, which is connected to electrodes 6 and 7,
detects a potential difference that is different from the
initial potential difference and may be related to the con-
centration of ammonia present in blood gases through a
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suitable calibration of the galvanic sensor 9. Subsequent-
ly, by acting on the flow bypass 16, the carrier gas is
made to flow directly towards the sensor for a recovering
time tg, e.g. 50 s, during which the initial conditions of
the galvanic sensor are restored.

[0037] A standard reference cell 21 may be optionally
arranged between filters 15 and bypass 16, said cell con-
taining a solution of the gas to be analysed at a known
concentration, e.g. an aqueous solution of ammonia. In
this way it is possible to set different starting conditions
ofthe galvanic sensor 9, thus obtaining more or less rapid
recovering times according to the established operation
mode of the apparatus.

[0038] By repeating measuring and recovering cycles
of the sensor over time, it is possible to carry out contin-
uously the analysis of the gases present in blood, thus
allowing the diagnosis of the different pathologies that
may be related to blood gases as well as the monitoring
of the patient.

[0039] The following examples show some cases of
use of the apparatus and sensor according to the present
invention.

Example 1

[0040] An apparatus for the analysis of gases was pre-
pared, comprising a galvanic sensor according to the
present invention, a potentiometer and a computer suit-
able to acquire, store and process the measurements of
potential difference taken by the potentiometer. The ap-
paratus was also provided with a probe for the transcu-
taneous sampling of blood gases of the type shown in
figure 4, and with a source of carrier gas, ambient air in
particular, connected to a pump and a series of filters,
as well as to a flow bypass, by means of a piping made
of PTFE and having a diameter of 1,2 mm.

[0041] The galvanic sensor was provided with a refer-
ence element containing a diluted aqueous solution of
ammonium chloride. The filiform element used was a cot-
ton yarn having a diameter of 0,1 mm and wound so as
to form one coil around a measuring electrode made of
stainless steel and having a diameter of 1 mm.

[0042] The sampling probe was applied astride the
middle finger of a healthy patient at the metacarpal joint,
so as to be easily retained in position by closing the hand.
[0043] Three capsules containing a dose of 0,5 g of
ammonium chloride each were initially administered to
the patient. Subsequently the apparatus was turned on
activating a flow of carrier gas at a flow rate of 3 ml/s. By
acting on the bypass, the flow of carrier gas was alter-
nately pumped through the probe for a measuring time
of 10 s, thus transporting blood gases retrieved by the
probe towards the sensor, and directly towards the sen-
sor for a recovering time of 20 s.

[0044] The apparatus was continuously operated for
30 minutes, detecting for each interval of measuring time
and recovering time values of potential difference pro-
portional to the concentration of ammonia in blood gases.
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These values are set forth in Table 1 below and illustrated
in the graph of figure 5.

[0045] As it may be seen, after about 5 minutes from
the administration of ammonium chloride, the values of
the concentration of gaseous ammonia progressively in-
crease up to a maximum value and then decrease to
values that are equal to the initial ones.

TABLE 1
Time [min] | AE [mV] | C NH;[ppm atm]

0 2.7 56

5 2.7 56

8 3.2 67

9 34 71

10 3.8 79

11 4.8 100

13 43 90

15 3.8 79

16 35 73

17 3.2 67

18 3.1 65

19 2.7 56

20 2.7 56

23 2.7 56

30 2.7 56
Example 2
[0046] A gas analysing apparatus similar to the appa-

ratus described in Example 1 was prepared by airtightly
inserting the probe into the cap of an analysis cell suitable
for containing blood samples.

[0047] The apparatus was used during a haemodialy-
sis cycle in the same fashion described in Example 1.
During the haemodialysis cycle a patient had, as usual,
a snack after about 30 minutes from the beginning of the
treatment and had lunch and drank a coffee after about
60 minutes from the snack.

[0048] Samples of blood in the order of 1 g were taken
at regular 30-minute intervals for a period of 4 hours by
inserting a syringe in a tube transporting the patient’s
blood towards the inlet of the haemodialysis machine.
These blood samples were treated with buffer solutions
suitable for bringing the pH at a known level, e.g. 9,1.
[0049] The data detected by the sensor are set forth
in Table 2 below and in the graph of figure 6 and show
how the variations in the concentration of the ammonia
contained in blood gases may be related to the assump-
tion of food by the patient and to the subsequent digestion
step. In particular, the content of ammonia initially de-
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creases as an effect of the filtering operated by the
haemodialysis machine and increases after the assump-
tion of food during the digestion step.

TABLE 2
Time [min] | AE [mV] | C NH;3 [ppm atm]

0 -26.5 60.8

30 -26.0 59.6

60 -23.0 52.8

90 -22.7 52.4
120 -231 53.0
150 -24.6 56.4
180 -23.9 54.8
210 -21.5 49.3
240 -21.8 50.0

[0050] Foracomparative purpose, Example 2 was re-

peated on samples of discharged dialytic fluid taken dur-
ing the same haemodialysis treatment, thus proving the
correlation between the variations in the concentration
of gaseous ammonia in blood and the variations in the
concentration of ammonia in the discharged dialytic fluid.
The data detected by the sensor are set forth in Table 3
below and in the graph of figure 7.

TABLE 3
Time [min] | AE [mV] | C NH; (ppm atm)

5 -37.8 20.7
30 -6.5 3.6
60 -6.8 3.7
90 -9.8 54
120 -13.0 71
150 -21.0 11.5
180 -20.9 114
210 -20.8 11.3
240 -21.0 11.5

[0051] The above described and illustrated embodi-
ments of the sensor and apparatus according to the in-
vention are only examples susceptible of numerous var-
iants. In particular, it is possible to make other sampling
probes according to the parts of the body chosen for an-
alysing the gases present in blood, such as, for example,
compact tubular probes made of silicon rubber that may
be inserted in the oral cavity of the patient between the
palate and the tongue.
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Claims

10.

A sensor for analysing gases comprising a duct (1)
suitable for being crossed by a flow of gas and pro-
vided with an inlet opening (2) and an outlet opening
(3), a galvanic reference element comprised of a
container (4) containing an electrolytic solution (5)
in which a reference electrode (6) is inserted, and a
galvanic measuring element comprising a measur-
ing electrode (7) and a wick (8) associated to said
measuring electrode (7) and suitable for defining an
electrode/electrolyte interface thereon, character-
ized in that said container (4) is fixed to said duct
(1) and the measuring electrode (7) is arranged
transversally to the axis of the duct (1), the wick (8)
being in the form of a filiform element anchored to
the container (4) and having a first end (8a) contact-
ing the measuring electrode (7) and a second end
(8b) contacting said electrolytic solution (5), the wick
(8) forming at least one coil around the measuring
electrode (7).

A sensor according to the previous claim, charac-
terized in that the volume of electrolytic solution (5)
wetting the measuring electrode (7) is in the order
of 1 pl.

A sensor according to one of the previous claims,
characterized in that the duct (1) is a T-shaped
glass tube, the gas inlet (2) being arranged at one
end of the tube and the gas outlet (3) being arranged
on a transverse arm (1a) of the tube.

A sensor according to one of the previous claims,
characterized in that the electrolytic solution (5) is
a diluted aqueous solution of ammonium chloride.

A sensor according to one of the previous claims,
characterized in that the measuring electrode (7)
is a small metal bar.

A sensor according to the previous claim, charac-
terized in that the measuring electrode (7) is made
of stainless steel.

A sensor according to one of the previous claims,
characterized in that the reference electrode (6) is
a small metal bar.

A sensor according to the previous claim, charac-
terized in that the reference electrode (6) is made
of stainless steel.

A sensor according to one of the previous claims,
characterized in that the wick (8) is made of cotton.

A sensor according to the previous claim, charac-
terized in that the wick (8) is a braided cotton yarn.
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An apparatus for analysing blood gases, character-
ized by comprising a galvanic sensor (9) according
to any of claims 1-10, a first device (10) connected
thereto and suitable for measuring a potential differ-
ence between the measuring electrode (7) and the
reference electrode (6) of the sensor (9), and a sec-
ond device (11) connected to said first device (10)
and suitable for acquiring, storing and processing
the potential difference measurements taken by the
first device (10).

An apparatus according to claim 11, characterized
by further comprising a probe (12) for sampling blood
gases, the galvanic sensor (9) being connected
downstream of the probe (12) and a carrier gas
source (13) being connected upstream of the probe
(12), the carrier gas being pumped from said source
(13) by means of apump (14) andfiltered and purified
by means of a series of filters (15) arranged down-
stream of said pump (14), a flow bypass (16) being
arranged between said filters (15) and said probe
(12) and the components (9, 12, 13, 14, 15, 16) of
the apparatus being connected through a piping of
gas impermeable tubes (17).

An apparatus according to the previous claim, char-
acterized in that said probe (12) for sampling gases
is comprised of a bell-shaped member having an
opening (18) in the base suitable for allowing a tran-
scutaneous retrieval of the gases.

An apparatus according to the previous claim, char-
acterized in that the probe (12) is also provided with
an inlet (19) and an outlet (20), said inlet (19) being
connected to a tube (17a) coming from the bypass
(16) and said outlet being connected to a tube (17b)
leading towards the galvanic sensor (9).

An apparatus according to the previous claim, char-
acterized in that the opening (18) in the base of the
probe (12) defines an area not larger than 1 cm?2.

An apparatus according to claim 12, characterized
in that said gas sampling probe (12) is comprised
of a small tube made of porous material, said tube
having its ends respectively inserted between a tube
(17a) coming from the bypass (16) and a tube (17b)
leading towards the galvanic sensor (9), and having
a free portion suitable for allowing the retrieval of the
gases.

An apparatus according to the previous claim, char-
acterized in that said porous material is PTFE and
the pore diameter is in the order of microns.

An apparatus according to claim 16 or 17, charac-
terized in that the free portion of the small tube of
porous material comprised between the ends of the

10

15

20

25

30

35

40

45

50

55

19.

20.

tubes (17a, 17b) has a length comprised between 1
and 2 cm..

An apparatus according to any of claims 12-18, char-
acterized in that said carrier gas source (13) is suit-
able for providing ambient air.

An apparatus according to any of claims 12-19, char-
acterized in that the tubes (17) connecting its var-
ious components are made of a material chosen be-
tween PTFE and stainless steel.

Patentanspriiche

1.

Sensor zum Analysieren von Gasen, umfassend ei-
nen Kanal (1), der geeignet ist, um von einem Gas-
strom durchquert zu werden und der mit einer Ein-
lassoffnung (2) und einer Auslasséffnung (3) verse-
hen ist, ein galvanisches Referenzelement, umfas-
send einen Behélter (4), der eine Elektrolytlésung
(5) enthalt, in die eine Referenzelektrode (6) einge-
bracht ist, und ein galvanisches Messelement, um-
fassend eine Messelektrode (7) und einen dieser
Messelektrode (7) zugeordneten Docht (8), der ge-
eignet ist, um eine Elektrode/Elektrolyt-Schnittstelle
darauf zu definieren,

dadurch gekennzeichnet, dass

der Behalter (4) an dem Kanal (1) befestigt ist und
die Messelektrode (7) querlaufend zu der Achse des
Kanals (1) angeordnet ist, der Docht (8) in der Form
eines fadenférmigen Elements ausgebildet ist, das
an dem Behalter (4) verankert ist und ein die Mes-
selektrode (7) kontaktierendes erstes Ende (8a) und
ein die Elektrolytldsung (5) kontaktierendes zweites
Ende (8b) hat, der Docht (8) zumindest eine Win-
dung um die Messelektrode (7) herum bildet.

Sensornach dem vorstehenden Anspruch, dadurch
gekennzeichnet, dass das Volumen der Elektroly-
tlésung (5), die die Messelektrode (7) benasst, im
Bereich von 1 plist.

Sensornach einemder vorhergehenden Anspriiche,
dadurch gekennzeichnet, dass der Kanal (1) eine
T-férmige Glasrohre ist, wobei der Gaseinlass (2) an
einem Ende der Rdéhre angeordnet ist und der Gas-
auslass (3) an einem Querarm (1a) der Réhre an-
geordnet ist.

Sensornach einemder vorhergehenden Anspriiche,
dadurch gekennzeichnet, dass die Elektrolytlo-
sung (5) eine verdiinnte wassrige Losung von Am-
moniumchlorid ist.

Sensornach einemder vorhergehenden Anspriiche,
dadurch gekennzeichnet, dass die Messelektrode
(7) eine kleine Metallstange ist.
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Sensor nach dem vorhergehenden Anspruch, da-
durch gekennzeichnet, dass die Messelekirode
(7) aus Edelstahl hergestellt ist.

Sensor nach einem der vorhergehenden Anspriche,
dadurch gekennzeichnet, dass die Referenzelek-
trode (6) eine kleine Metallstange ist.

Sensor nach dem vorhergehenden Anspruch, da-
durch gekennzeichnet, dass die Referenzelektro-
de (6) aus Edelstahl hergestellt ist.

Sensor nach einem der vorhergehenden Anspriche,
dadurch gekennzeichnet, dass der Docht (8) aus
Baumwolle hergestellt ist.

Sensor nach dem vorhergehenden Anspruch, da-
durch gekennzeichnet, dass der Docht (8) ein ge-
flochtenes Baumwollgarn ist.

Vorrichtung zur Analyse von Blutgasen, dadurch
gekennzeichnet, dass diese umfasst: einen galva-
nischen Sensor (9) nach einem der Anspriiche 1 bis
10, ein erstes Geréat (10), das daran angeschlossen
istund geeignetist, eine Potentialdifferenz zwischen
der Messelektrode (7) und der Referenzelektrode (6)
des Sensors (9) zu messen, und ein zweites Geréat
(11), das mit dem ersten Gerat (10) verbunden ist
und geeignet ist, die Potentialdifferenzmessungen,
die von dem ersten Gerat (10) vorgenommen wer-
den, zu erfassen, zu speichern und zu verarbeiten.

Eine Vorrichtung nach Anspruch 11, dadurch ge-
kennzeichnet, dass diese ferner umfasst: einen Te-
ster (12) zum Sampeln von Blutgasen, den galvani-
schen Sensor (9), der stromab des Testers (12) an-
geschlossen ist und eine Tragergasquelle (13), die
stromauf des Testers (12) angeschlossen ist, wobei
das Tragergas von dieser Quelle (13) mittels einer
Pumpe (14) gepumpt wird und mittels einer Reihe
von Filtern (15), die stromab der Pumpe (14) ange-
ordnet sind, gefiltert und gereinigt wird, eine Umge-
hungsleitung (16), die zwischen den Filtern (15) und
dem Tester (12) angeordnet ist, und wobei die Kom-
ponenten (9, 12, 13, 14, 15, 16) der Vorrichtung
durch ein Rohrleitungssystem aus gasundurchlassi-
gen Roéhren (17) verbunden sind.

Eine Vorrichtung nach dem vorhergehenden An-
spruch, dadurch gekennzeichnet, dass der Tester
(12) zum Sampeln von Gasen ein glockenférmiges
Element umfasst, das eine Offnung (18) in der Basis
aufweist zur Ermdglichung einer transkutanen Ge-
winnung von Gasen.

Eine Vorrichtung nach dem vorherigen Anspruch,
dadurch gekennzeichnet, dass der Tester (12) fer-
ner einen Einlass (19) und einen Auslass (20) auf-
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weist, wobei der Einlass (19) mit einer von der Um-
gehungsleitung (16) kommenden Réhre (17a) ver-
bunden ist und wobei der Auslass mit einer zu dem
galvanischen Sensor (9) fihrenden Réhre (17b) ver-
bunden ist.

Eine Vorrichtung nach dem vorherigen Anspruch,
dadurch gekennzeichnet, dass die Offnung (18)
in der Basis des Testers (12) einen Bereich definiert,
der nicht gréBer als 1 cm? ist.

Eine Vorrichtung nach Anspruch 12, dadurch ge-
kennzeichnet, dass der Gassampling-Tester (12)
eine kleine Rohre aus porésem Material umfasst,
wobei die Enden der Réhre jeweils zwischen einer
von der Umgehungsleitung (16) kommenden Réhre
(17a) und einer zu dem galvanischen Sensor (9) fiih-
renden Réhre (17b) eingefligt sind und die einen frei-
en Bereich aufweist, der geeignet ist, um die Gewin-
nung von Gasen zu erméglichen.

Eine Vorrichtung nach dem vorherigen Anspruch,
dadurch gekennzeichnet, dass dieses pordse Ma-
terial PTFE ist und dass der Porendurchmesser in
der GroRenordnung von Mikrometern ist.

Vorrichtung nach Anspruch 16 oder 17, dadurch ge-
kennzeichnet, dass der freie Bereich der kleinen
R&hre aus porésem Material, der sich zwischen den
Enden der Réhren (17a, 17b) befindet, eine Lange
zwischen 1 und 2 cm aufweist.

Vorrichtung nach einem der Anspriiche 12 bis 18,
dadurch gekennzeichnet, dass die Tragergas-
quelle (13) geeignet ist, um Umgebungsluft bereit-
zustellen.

Vorrichtung nach einem der Anspriiche 12 bis 19,
dadurch gekennzeichnet, dass die Réhren (17),
die die verschiedenen Komponenten der Vorrich-
tung verbinden, aus einem Material hergestellt sind,
das aus PTFE oder Edelstahl ausgewahlt ist.

Revendications

Capteur pour analyser des gaz, comprenant un con-
duit (1) approprié pour étre traversé par un écoule-
ment de gaz et muni d’'une ouverture d’entrée (2) et
d’une ouverture de sortie (3), un élément de référen-
ce galvanique constitué par un récipient (4) conte-
nant une solution électrolytique (5) dans laquelle est
insérée une électrode de référence (6), etun élément
de mesure galvanique comprenant une électrode de
mesure (7) et une méche (8) associée a ladite élec-
trode de mesure (7), et approprié pour définir une
interface électrode/électrolyte sur celui-ci, caracté-
risé en ce que ledit récipient (4) est fixé audit conduit
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(1) et en ce que I'électrode de mesure (7) est dis-
posée transversalement par rapport a I'axe du con-
duit (1), la méche (8) se présentant sous la forme
d’un élément filiforme ancré au récipient (4) et com-
portant une premiére extrémité (8a) venant en con-
tact avec I'électrode de mesure (7) et une deuxieme
extrémité (8b) venant en contact avec ladite solution
électrolytique (5), la méche (8) formant au moins un
enroulement autour de I'électrode de mesure (7).

Capteur selon la revendication précédente, carac-
térisé en ce que le volume de solution électrolytique
(5) mouillant I'électrode de mesure (7) est de I'ordre
de 1 pl.

Capteur selon I'une des revendications précéden-
tes, caractérisé en ce que le conduit (1) estun tube
de verre en forme de T, l'orifice d’entrée de gaz (2)
étant disposé a une extrémité du tube et I'orifice de
sortie de gaz (3) étant disposé sur un bras transver-
sal (1 a) du tube.

Capteur selon I'une des revendications précéden-
tes, caractérisé en ce que la solution électrolytique
(5) estune solution aqueuse diluée de chlorure d’'am-
monium.

Capteur selon I'une des revendications précéden-
tes, caractérisé en ce que I'électrode de mesure
(7) est une petite barre métallique.

Capteur selon la revendication précédente, carac-
térisé en ce que I'électrode de mesure (7) est réa-
lisée en acier inoxydable.

Capteur selon I'une des revendications précéden-
tes, caractérisé en ce que I'électrode de référence
(6) est une petite barre métallique.

Capteur selon la revendication précédente, carac-
térisé en ce que I'électrode de référence (6) estréa-
lisée en acier inoxydable.

Capteur selon I'une des revendications précéden-
tes, caractérisé en ce que la méche (8) estrealisée
en coton.

Capteur selon la revendication précédente, carac-
térisé en ce que la meche (8) est un fil de coton
tressé.

Appareil pour analyser des gaz sanguins, caracté-
risé en ce qu’il comprend un capteur galvanique (9)
selon l'une quelconque des revendications 1 a 10,
un premier dispositif (10) connecté a celui-ci et ap-
proprié pour mesurer une différence de potentiel en-
tre I'électrode de mesure (7) et I'électrode de réfé-
rence (6) du capteur (9), et un deuxieme dispositif
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(11) connecté audit premier dispositif (10) et appro-
prié pour acquérir, mémoriser et traiter les mesures
de différence de potentiel effectuées par le premier
dispositif (10).

Appareil selon la revendication 11, caractérisé en
ce qu’il comprend de plus une sonde (12) pour
échantillonner des gaz sanguins, le capteur galva-
nique (9) étant relié en aval de la sonde (12), et une
source de gaz porteur (13) étant reliée en amont de
la sonde (12), le gaz porteur étant pompé a partir de
ladite source (13) a I'aide d’'une pompe (14), et filtré
et purifié a 'aide d’'une série de filtres (15) disposés
en aval de ladite pompe (14), une dérivation d’écou-
lement (16) étant disposée entre lesdits filtres (15)
et ladite sonde (12) et les composants (9, 12, 13, 14,
15, 16) de I'appareil étant reliés par I'intermédiaire
de tubulures de tubes imperméables aux gaz (17).

Appareil selon la revendication précédente, carac-
térisé en ce que ladite sonde (12) pour échantillon-
ner des gaz est constitué par un élément en forme
de cloche comportant une ouverture (18) dans la ba-
se, appropriée pour permettre une récupération
transcutanée des gaz.

Appareil selon la revendication précédente, carac-
térisé en ce que la sonde (12) est également munie
d’un orifice d’entrée (19) et d’un orifice de sortie (20),
ledit orifice d’entrée (19) étant relié a un tube (17a)
venant de la dérivation (16) et ledit orifice de sortie
étant relié a un tube (17b) menant vers le capteur
galvanique (9).

Appareil selon la revendication précédente, carac-
térisé en ce que I'ouverture (18) dans la base de la
sonde (12) définit une surface qui n’est pas supé-
rieure a 1 cm2.

Appareil selon la revendication 12, caractérisé en
ce que ladite sonde d’échantillonnage de gaz (12)
est constituée par un petit tube constitué par un ma-
tériau poreux, ledit tube ayant ses extrémités res-
pectivement insérées entre un tube (17a) venant de
la dérivation (16) et un tube (17b) menant vers le
capteur galvanique (9), et comportant une partie libre
appropriée pour permettre la récupération des gaz.

Appareil selon la revendication précédente, carac-
térisé en ce que ledit matériau poreux est du poly-
tétrafluoroéthyléne, et en ce que le diamétre de pore
est de I'ordre des micrométres.

Appareil selon la revendication 16 ou 17, caractéri-
sé en ce que la partie libre du petit tube de matériau
poreux incluse entre les extrémités des tubes (17a,
17b) a une longueur comprise entre 1 et 2 cm.



19.

20.

17 EP 2 135 066 B1

Appareil selon I'une quelconque des revendications
12 a2 18, caractérisé en ce que ladite source de gaz
porteur (13) est appropriée pour délivrer de I'air am-
biant.

Appareil selon I'une quelconque des revendications
12 2 18, caractérisé en ce que les tubes (17) reliant
ses différents composants sont réalisés en un ma-
tériau choisi entre le polytétrafluoroéthyléne et l'acier
inoxydable.
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